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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through ISO technical committees. Each member body interested in a subject for which a
technical committee has been established has the right to be represented on that committee.
International organizations, governmental and non-governmental, in liaison with ISO, also take part in
the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
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— extension of the error model (addition of covariances, cross-covariances and time series as
error model implementation);

— refinement of the terms, for example, value as measured-, tracked- and predicted quantity
value;

— new measures to link signals with their origin, that means linking signals at object level with, for
example, detection entities;

— harmonisation of the document, for example, to achieve a better readability;

<+ update and add figures for clarification.

Any feedback or questions on this document should be directed to the user’s national lstandards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

(Highly-)automated driving (AD) functions for road vehicles require a situation awareness of the
surroundings of the vehicle and, preferably, a comprehensive scene understanding. For the fast and
reliable recognition of real-world objects, a sensor suite is necessary to provide information for the
fusion unit. Utilisation of different sensor technologies like radar, lidar, camera and ultrasonic with
different detection capabilities is indispensable to ensure both complementary and redundant
information. The fusion unit analyses and evaluates the different sensor signals and finally generates a

dynamic surround model with sufficient scene understanding.

While currént partly-automated functions utilise only particular objects (for example, vehicles,
pedestrians) road markings) to generate a simple surround model, it is necessary for future) highly-
automated driving functions to merge not only the recognised objects but also to include other se
specific properties and characteristics of these objects for the generation of a coherent surysound njodel

of the surr
maximise the reusability of development and validation efforts for the different funct

ndings. To minimise the development efforts for the sensors and the fusion unit a1

jons on the s¢

and fusion ynit side, a standardised logical interface layer between the sensor suite and the fusion
and a standardised logical interface layer to the sensor suite are worthwhile and beneficial for bot|

sensor supplier and the system supplier.

nsor-

nd to
nsor
unit
h the

N .
( AD function 1 J AD function 2 ] . AD function 3 j
I .
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Fusediobjects, free space information and so forth
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Raw data: Raw data: Raw data: Raw data:
Réflestions Reflections Frames Reflections
n | — | e—— 1 | e——
Interface | Interface | | Interface | |__Interface |
\ measuring ) \ measuring ) \ measuring / \ measuring )
Key
1  logical interface layer between the fusion unit and AD functions
2 logical interface layer between a single sensor as well as a single sensor cluster and the fusion unit
3 interface layer on raw data level of a sensor’s sensing element(s) and its processing

Figure 1 — Architecture: sensors/sensor clusters - fusion unit - AD functions

The logical interface layer between a single sensor as well as a single sensor cluster and the fusion unit
(see Figure 1, key 2) addresses the encapsulation of technical complexity as well as objects including

viii
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free space areas, features and detections to enable object-level, feature-level and detection-level fusion.
Additional supportive information of the sensor as well as the sensor cluster will supplement the data

for the fusion unit.

| Interface I | Interface I

| Interface I

| Interface I | Interface I
\ measuring / \ measuring /

Key

| Interface I
\ measuring )

( ECU2 ) (_ _EcU3 )
Input
Camera Ultrasonic R
processing processing processing processing

| Interface I

| Interface I
\ measuring /

1  lpgical interface layer between other in-vehicle electronic control units/(ECUs) (for example, odometry) and a single

densor or a single sensor cluster

Figure 2 — Architecture: ECUs’ sensorinput - sensors/sensor clusters

The logical interface layer between an electroni¢’control unit and a single sensor as well as a single
sens¢r cluster (see Figure 2, key 1) addresses the input of a single sensor as well as a sjngle sensor

clustpr.
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Road vehicles — Data communication between sensors
and data fusion unit for automated driving functions —
Logical interface

1 S$cope

This document is applicable to road vehicles with automated driving functions. The docum
the Ipgical interface between in-vehicle environmental perception sensors (for example,
camdra, ultrasonic) and the fusion unit which generates a surround model anhd interpre
arouhd the vehicle based on the sensor data. The interface is described in ,a modular a
representation and provides information on object level (for example, pdtentially moving
obje¢ts, static objects) as well as information on feature and detéction levels based
techmology specific information. Further supportive information is available.

This [document does not provide electrical and mechanical intefface specifications. Raw da
are aJso excluded.

2 ormative references
Therp are no normative references in this document:
3 erms and definitions

For the purposes of this document, the‘following terms and definitions apply.

ISO gqnd IEC maintain terminology, databases for use in standardization at the following addx

— ISO Online browsing platferm: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1 Architectural components

3.1.1
fusign
act of uniting signals (3.3.1) from two or more sensors (3.1.5) as well as sensor clusters (3.1.6

bnt specifies
radar, lidar,
ts the scene
nd semantic
bjects, road

on sensor

fa interfaces

esses:

) to create a

surrqund model (3.1.7)

3.1.2
fusion unit

computing unit where the fusion (3.1.1) of sensor (3.1.5) data as well as a sensor cluster (3.1.6) data is

performed

3.1.3
interface

shared boundary between two functional units, defined by various characteristics pertaining to the
functions, physical interconnections, signal (3.3.1) exchanges and other characteristics of the units, as

appropriate

[SOURCE: ISO/IEC 2382:2015, 2124351, modified — Notes to entry have been removed.]
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logical interface
interface (3.1.3) between a sensor (3.1.5) as well as a sensor cluster (3.1.6) and the fusion unit (3.1.2),
defined by logical characteristics

Note 1 to entry:
Note 2 to entry:

Note 3 to entry:

Logical means a semantic description of the interface.
Mechanical and electrical interfaces are excluded.

This document uses the term interface as a shortcut for the term logical interfaces.

3.1.5
sensor
in-vehicle u
least one log

Note 1 to ent

3.1.6
sensor clus
group of sen

Note 1 to ent
EXAMPLE

3.1.7
surround
represent

3.1.8
in-vehicle d
communicat

Note 1 to ent
with each oth

3.2 Terms

3.2.1
detection

sensor techmmologysspecific entity represented in the sensor coordinate system (3.7.18) based on a §

measuremen

nit which detects entities external of the vehicle with pre-processing capabilities,servi
ical interface (3.1.4)

y: A sensor may use one or more sensing elements.

Ler
sors (3.1.5) of the same technology serving common logical ifiterfaces (3.1.4)

'y: A sensor cluster can exceptionally consist of only one sensor.

A stereo camera, a surround-view camera, an ultrasoni¢;sensor array, a corner radar system.

odel

al':ron of the real world adjacent to the ego-vehicle

ommunication
ion network used in vehicles'to connect devices to exchange information

'y: A in-vehicle commuhigation connects, for example, electric control units and sensors (
er.

for logical interface layers

t£34.5) of a sensor (3.1.5)

ng at

3.1.5)

ingle

Note 1 to entry: A small amount of history can be used for some detection signals (3.3.1), for example, model-
free filtering may be used in track-before-detect algorithms.

3.2.2

detection level
set of logical interfaces (3.1.4) that provides detections (3.2.1)

3.2.3
feature

sensor technology specific entity represented in the vehicle coordinate system (3.7.16) based on
multiple measurements (3.4.5)

© IS0 2023 - All rights reserved
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Note 1 to entry:  Multiple measurements can originate from a sensor cluster (3.1.6).

Note 2 to entry:  Multiple measurements can originate from multiple measurement cycles (3.4.1).

Note 3 to entry:  The term feature is used in this document not as function or group of functions as specified in

ISO/SAE PAS 22736:2021.

3.2.4
feature level
set of logical interfaces (3.1.4) that provides features (3.2.3)

3.2.
objeft
repr¢sentation of a real-world entity with defined boundaries and characteristics in
coordinate system (3.7.16)

Note [l to entry: The geometric description of the object is in the vehicle coordinate)system.

Note R to entry:  Object signals (3.3.1) are basically sensor technology independent. Sensor techn
signals may extend the object signals.

EXAMPLE A potentially moving object (3.6.1), a road object (3.6.2),4 Static object (3.6.3), a free spq
(3.6.4).

3.2.
objeft level
set of logical interfaces (3.1.4) that provides objects(3.2.5)

3.2.
senspr input
datafreceived by a sensor (3.1.5) or a sensor cluster (3.1.6) via the in-vehicle communication

3.3 $tructure terms

3.3.
signal
entity consisting of one ormore values and which is part of a logical interface (3.1.4)

3.3.
logidal signal greup
grouping of signals (3.3.1) that has a logical relationship and a name for the grouping

the vehicle

blogy specific

ce area object

3.1.8)

attribute-based differentiation
Note 1 to entry:  An attribute is defined by a list of enumerators.
3.4 Measurement terms

3.4.1
measurement cycle

time period from the start of a data acquisition event to the start of the next data acquisition event

Note 1 to entry: A measurement cycle of one sensor (3.1.5) is a consistent view of an observed scene and not

overlapping in time.

© IS0 2023 - All rights reserved
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measured quantity value
value of a quantity resulting from a measurement (3.4.5)

3.4.3

tracked quantity value
value of a quantity determined from observed sequential changes, using information related to the
same characteristic

3.4.4

predicted
value of a ¢
characterist

EXAMPLE
values (3.4.3)

[SOURCE: Ii
added to the

3.4.5
measuremeg
processing 1

3.4.6
tracking

uaut;t_y va}uc
uantity assessed before it is actually observable, using information related to the
c

Related information can be recent and previous measured quantity values (3.4.2)tracked qu
and state variables.

LV 192-13-02, modified — EXAMPLE has been added and the werd/"quantity” has
term.]

tnt
esult of a measurement cycle (3.4.1)

computation process used to calculate the tracked quantity value (3.4.3) of a quantity

3.4.7
prediction

computation process used to obtain the predicted quantity value (3.4.4) of a quantity

[SOURCE: IF

3.4.8
error
discrepancyj
quantity val,

V 192-11-01]

between a medsured quantity value (3.4.2), tracked quantity value (3.4.3) or pred
pie (3.4.4) or-condition, and the true, specified or theoretically correct reference qug

value or condition

Note 1 to ent
activation of

'y:  Anerror within a system can be caused by failure of one or more of its components, or 1
h systematic fault.

bame

intity

been

icted
ntity

y the

[SOURCE: IEV 192-03-02, modified — “computed, observed or measured value” was modified to

“measured quantity value, tracked quantity value or predicted quantity value

“reference q

3.4.9
accuracy

» o«
)

uantity value”, Note 1 to entry has been adapted and Note 2 to entry was deleted.]

value” was modified to

closeness of agreement between a measured quantity value (3.4.2), tracked quantity value (3.4.3) or

predicted qu

Note 1 to entry:

antity value (3.4.4) and a true quantity value

The concept accuracy is not a quantity and is not given a numerical quantity value. A

measurement (3.4.5), tracking (3.4.6) or prediction (3.4.7) is said to be more accurate when it offers a smaller error

(3.4.8).
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Note 2 to entry:  The term accuracy should not be used for trueness (3.4.10) and the term precision (3.4.11)
should not be used for accuracy, which, however, is related to both these concepts.

Note 3 to entry:  Accuracy is sometimes understood as closeness of agreement between measured, tracked or
predicted quantity values that are being attributed to the measurand.

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified — The terms "measurement accuracy" and "accuracy
of measurement” were deleted, definition was extended for tracked or predicted quantity values
and the Notes to entry have been adapted.]

3.4.10

truepess
closgness of agreement between the average of an infinite number of replicated measuted quantity
valugs (3.4.2), tracked quantity values (3.4.3) or predicted quantity values (3.4.4),and |a reference
quanitity value

Note|l to entry: Trueness is not a quantity and thus cannot be expressed ntuimerically, but measures for
closehess of agreement are given in the ISO 5725 series.

Note P to entry:  Trueness is inversely related to systematic error but is notrelated to random erroft.

Note B to entry:  The term accuracy (3.4.9) should not be used for tréieness.

[SOURCE: ISO/IEC Guide 99:2007, 2.14, modified — The tetms "measurement trueness" and "trueness
of mpasurement” were deleted, definition was extended for tracked or predicted quantity values and
the Notes to entry have been adapted.]

3411

precjsion
closgness of agreement between indications or measured quantity values (3.4.2), tracked quantity value
(3.4.8) or predicted quantity values (3.4.4) obtained by replicate measurements (3.4.5), tra¢king (3.4.6)
or pridiction (3.4.7) on the same or similar measurands under specified conditions

Note[l to entry: Precision is wsually expressed numerically by measures, trackings or predictions of
cision, such as standard(deviation, variance or coefficient of variation under the specified [conditions of
rement, tracking or prediction.

toentry: The (specified conditions can be, for example, repeatability conditions of measurement,

ediate precision/conditions of measurement or reproducibility conditions of measurement (4ee ISO 5725-

Note B to entry* Precision is used to define measurement, tracking or prediction repeatability, |[intermediate
measprement or prediction precision and measurement, tracking or prediction reproducibility.

Note £To entry:  Sometimes precision 1s erroneously used to mean accuracy (3.2.9J.
Note 5 to entry:  Precision is inversely related to random error but is not related to systematic error.

[SOURCE: ISO/IEC Guide 99:2007, 2.15, modified — The term "measurement precision” was deleted,
the word “objects” was replaced by “measurands”, definition was extended for tracked or predicted
quantity values, the Notes to entry have been adapted and Note 5 to entry has been added.]

3.4.12
measurement error
measured quantity value (3.4.2) minus a reference quantity value

© IS0 2023 - All rights reserved 5
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The concept of measurement error can be used both:

a) when there is a single reference quantity value to refer to, which occurs if a calibration is made by means
of a measurement standard with a measured quantity value having a negligible measurement uncertainty or
if a conventional quantity value is given, in which case the error (3.4.8) is known, and

b) if a measurand is supposed to be represented by a unique true quantity value or a set of true quantity
values of negligible range, in which case the error is not known.

Note 2 to entry: Measurement error should not be confused with production error or mistake.

[SOURCE: IS
were delete

3.4.13
tracking er
quantitative

3.4.14
prediction
quantitative

3.4.15
error modd
model used

3.4.16
fixation

O/IEC Guide 99:2007, Z2.16, modifled — The terms error and  error of measuren
| and the Notes to entry have been adapted.]

ror
statement about the tracked quantity value (3.4.3) and the reference quantity value

PITOr
statement about the predicted quantity value (3.4.4) and thexeference quantity value

1
Lo estimate the error (3.4.8)

short tempgral holds of movements that keep alignment of the eyes to a particular point within an|

of interest w
for a given t

[SOURCE: I
3.5 Requir

3.5.1
conditional
required un

Note 1 to ent

thich falls on the fovea (the middle of thé retina responsible for our central, sharpest vi
me period

0 15007:2020, 3.1.4, modified — Notes to entry have been deleted.]

ement level terms

Her certain specified conditions

y:  One.of three obligation statuses applied to a requirement level (3.5.4) of a logical intq

(3.1.4) specifficationy~indicating the conditions under which the signal (3.3.1) or logical signal group (3.3

required. In

bther.cases, the signal or logical signal group is optional. See also mandatory (3.5.2) and op

hent"

area
sion)

rface
.2) is
tional

(3.5.3).

[SOURCE: ISO/IEC 11179-3:2023, 3.2.77, modified — Note 1 to entry has been adapted and Note 2 to
entry has been removed.]

3.5.2
mandatory

always required

Note 1 to entry:

One of three obligation statuses applied to a requirement level (3.5.4) of a logical interface

(3.1.4) specification, indicating the conditions under which the signal (3.3.1) or logical signal group (3.3.2) is

required. See

also conditional (3.5.1) and optional (3.5.3).
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[SOURCE: ISO/IEC 11179-3:2023, 3.2.75, modified — Note 1 to entry has been adapted and Note 2 to

entry has been removed.]

3.5.3
optional
permitted but not required

Note 1 to entry: One of three obligation statuses applied to a requirement level (3.5.4) of a log

ical interface

(3.1.4) specification, indicating the conditions under which the signal (3.3.1) or logical signal group (3.3.2) is

required. See also conditional (3.5.1) and mandatory (3.5.2).

[SOURCE: ISO/IEC 11179-3:2023, 3.2.76, modified — Note 1 to entry has been adapted annd Note 2 to

entry has been removed.]

requirement level
definition of the obligation status of a logical interface's (3.1.4) logical signal group (3.3.2), 4
as well as a signal's identifier or signal's enumerator

Note [l to entry:  Each requirement level entry has one of three possible gbligation statuses applie
(3.5.1), mandatory (3.5.2) or optional (3.5.3).

3.6 Road user relevant entity types

Note [l to entry: A representation of a potentiallyymoving object is part of logical interfaces (3.1.4)

EXAMPLE A vehicle, a bicycle, a pedestrian, an obstacle.

guide or inform road users

Note 1 to entry:  Other marks could be text, numbers, arrows or combinations.
EXAMPLE A lane marking, Botts' dots.

[SOURCE: ISO 6707-1:2020, 3.3.5.80, modified — "user" was modified to "road users",
added and the Note 1 to entry and EXAMPLE have been added.]

3.6.2.2

road boundary
structure that limits the road

© IS0 2023 - All rights reserved
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A curb stone, a guard rail, the end of the surface of the road.

road surface
surface supporting the tyre and providing friction necessary to generate shear forces in the road plane

(3.7.6)

Note 1 to entry:

[SOURCE: IS

3.6.3
static objec
real-world s

Note 1 to ent

EXAMPLE
(3.6.3.4).

3.6.3.1
general lan
real-world s

Note 1 to ent
EXAMPLE

3.6.3.2
traffic sign
traffic releva

The surface may be flat, curved, undulated or of other shape.

0 8855:2011, 2.6]

t
tationary entity which can be used for information and/or localisation

'y:  Arepresentation of a static object is part of logical interfaces (3.1.4) on object level (3.2.6).

A general landmark (3.6.3.1), a traffic sign (3.6.3.2), a traffic sign board (3.6.3.3), a traffid

dmark
tationary entity which can be used for localisation

y: A stationary traffic sign (3.6.3.2) or traffic light (3.6;3.4) is also regarded as a general landn

A building, a tunnel, a bridge, a sign gantry structure, a tree.

int, authorised sign that limits, regulates, warns, guides or informs road users

light

hark.

Note 1 to entfy: One traffic sign usually «onsists of one main sign (3.6.3.2.1) and none, one or sgveral
supplementany signs (3.6.3.2.2).

EXAMPLE A speed limit which is restricted for trucks.

3.6.3.2.1

main sign

traffic sign (3.6.3.2) which gives a general message, obtained by a combination of colour and geonjetric
shape and which, bythe addition of a graphical symbol or text, gives a particular message for road ysers
[SOURCE: IS been

replaced byl
definition.]

3.6.3.2.2

0 3864 1 2011, 3.12, modified — The orlglnal term was safety sign", "51gn" has

supplementary sign
traffic sign (3.6.3.2) that is supportive of a main sign (3.6.3.2.1) and the main purpose of which is to

provide add

[SOURCE:

ISO 3864-1:2011, 3.14, modified —

itional clarification

"traffic sign" now replaces

replaces "traffic sign".]

3.6.3.3
traffic sign

board

the

"sign" and "main sign"
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traffic relevant, authorised sign board that limits, regulates, warns, guides or informs road users by
abstract representations of lanes and streets ahead to control traffic on the road

3.6.3.4
traffic light
traffic relevant, official lights

Note 1 to entry:  One traffic light consists of one or several light spots with different light colours and/or shapes.

EXAMPLE A pedestrian traffic light.

3.6.4
free space area object
area |entity of the road surface (3.6.2.3) that can be driven on and is free of obstacles that can limit
driving

Note [l to entry: A representation of a free space area object is part of logical intepfaces (3.1.4) dn object level
(3.2.9).

3.7 Axis and coordinate system terms

3.7.
reference frame
geonjetric environment in which all points remain fixed with respect to each other at all timps

[SOURCE: ISO 8855:2011, 2.1]

3.7.2
axis system
set of direction vectors

3.7.3
coordinate system
numbering convention used td assign a unique ordered trio of values to each point in a reference frame
(3.7.1) and which consists of‘an axis system (3.7.2) plus an origin point

[SOURCE: ISO 8855:20'11;2.4, modified — "(x, y, z)" has been removed from the definition.]

3.7.

cart¢sian coordinate system
set of numericdl coordinates (x, y, z), which are the signed distances to the YZ-, ZX- and XY-planes using
a set|of three orthogonal directions associated with X, Y and Z axes

Note 1 to entry: A right-handed axis system (3.7.2) is assumed throughout this document, where: Z = XxY.

3.7.5
spherical coordinate system
set of one distance vector and two angles associated with radial distance, azimuth and elevation

Note 1 to entry:  The azimuth angle is the angle in XY-plane [of a cartesian coordinate system (3.7.4)] of the axis
system (3.7.2) counted from the X-axis. The elevation angle is the angle from the azimuth direction in the XY-plane

of the axis system towards the direction of the distance vector, that is XY-plane has an elevation angle = 0 rad.

Note 2 to entry: The angles of the spherical coordinate system have increasing values in counterclockwise
direction.

© ISO 2023 - All rights reserved 9
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3.7.6
road plane

plane representing the road surface (3.6.2.3) within the front tyre contact patches and the vehicle road-
level reference point (3.7.13)

Note 1 to entry:  See Figure 3.

Note 2 to entry:  For tyre contact patches, see ISO 8855:2011, 4.1.5.

Key
1  vehicle front

2a vehicle’s front tyre contact patches

2b vehicle’s fear tyre contact patches

3 vehicle roid-level reference point (3.7.13)

4  vehicle rdad plane

Figure'3 — Road plane

[SOURCE: IS0 8855:2011, 2.7, modified— “tyre contact patch” was modified to "front tyre contact
patches and| the vehicle road-level feférence point”, the figure has been added and the Notes to entry
have been mjodified.]

3.7.7
road level
point related to a road.plane (3.7.6)

3.7.8
vehicle unsE)rung mass

unsprung mass

mass that is not carried by the suspension, but is supported directly by the tyres

[SOURCE: ISO 8855:2011, 4.11, modified — The term "vehicle unsprung mass" has been added.]

3.7.9
vehicle sprung mass
sprung mass

mass that is supported by the suspension, that is the total vehicle mass less the vehicle unsprung mass
(3.7.8)

[SOURCE: ISO 8855:2011, 4.12, modified — The term vehicle sprung mass has been added and Note 1
to entry has been removed.]
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3.7.10
vehicle rear-axle reference point
point fixed in the vehicle sprung mass (3.7.9) and located at the centre of the rear-axle

3.7.11

vehicle sprung mass axis system

axis system (3.7.2) fixed in the reference frame (3.7.1) of the vehicle sprung mass (3.7.9), so that the X-
axis is substantially horizontal and forwards (with the vehicle at rest) and is parallel to the vehicle's
longitudinal plane of symmetry, additionally the Y-axis is perpendicular to the vehicle's longitudinal
plane of symmetry and points to the left with the Z-axis pointing upward

Note [l to entry:  The axis system is a set of three orthogonal directions associated with X, Y and-Z axes.

3.7.12

vehi¢le rear-axle coordinate system
cartgsian coordinate system (3.7.4) based on the vehicle sprung mass axis systém, (3.7.11) with the origin
located at the vehicle rear-axle reference point (3.7.10)

Note [l to entry:  The vehicle rear-axle coordinate system is a vehicle coordinate system (3.7.16).

Note P to entry:  See Figure 4.

Key
1 yfehicle front

2 ehicle rear-axle/reference point (3.7.10)

Figure 4 — Vehicle rear-axle coordinate system

3.7.13
vehicle road-level reference point
point at road level (3.7.7) located in the middle of the rear tyre contact patches

Note 1 to entry:  For tyre contact patches, see ISO 8855:2011, 4.1.5.

3.7.14

vehicle road-level axis system

axis system (3.7.2) fixed in the reference frame (3.7.1) of the vehicle unsprung mass (3.7.8), so that the X-
axis is parallel to the vehicle's longitudinal plane of symmetry and points into forward moving direction
and the Y-axis is perpendicular to the vehicle's longitudinal plane of symmetry and points to the left
with the Z-axis pointing upward

© ISO 2023 - All rights reserved 11
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Note 1 to entry:  Vehicle road-level axis system’s XY-plane is parallel to the ego-vehicle’s road plane (3.7.6).

Note 2 to entry:  The axis system is a set of three orthogonal directions associated with X, Y and Z axes.

3.7.15

vehicle road-level coordinate system

cartesian coordinate system (3.7.4) based on the vehicle road-level axis system (3.7.14) with the origin
located at the vehicle road-level reference point (3.7.13) at the vehicle road level (3.7.7)

Note 1 to entry:  The vehicle road-level coordinate system is a vehicle coordinate system (3.7.16).

Note 2 to entfy:  See Figure 5.

Key
1  vehicle front

2 vehicle rofd-level reference point (3.7.13)
3 vehicle road plane (3.7.6)

Figure 5 — Vehicle road-level coordinate system

3.7.16
vehicle coordinate system
cartesian coprdinate system (3-7.4) which is either the vehicle rear-axle coordinate system (3.7.12) dr the
vehicle roadilevel coordindte system (3.7.15)

Note 1 to entfy:  See Figure 6.
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Key
1 ehicle rear-axle reference point (3.7.10) of the vehicle rear-axle coordinate system (3.7.12)

2 ehicle road-level reference point (3.7.13) of the vehicle road-level coordinate system (3.7.15)

Figure 6 — Vehicle coordinate systems

3.7.17
senspr axis system
axis gystem (3.7.2) fixed in the reference frame (3.7.1) of the sensor (3.1.5)

Note [l to entry: The X-axis [of a cartesian coordinate system (3.7.4)] is in viewing direction of the sensor and the
Z-axi§ pointing upward.

3.7.18
senspr coordinate system

spheftical coordinate system (3.7.5) based.on the sensor axis system (3.7.17) at a defined orjgin point of
the sensor (3.1.5)

Note [l to entry:  The origin point\ef the sensor coordinate system has to be selected in a way that detections
(3.2.1) could easily be specified/in'a spherical coordinate system. For example, the origin point of a camera sensor

is thelvirtual projection centre\of the camera’s optics.

Note P to entry:  See Figure 7.
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Key

1  sensor (3.
2 detection
d radial dis
a  azimuth 3
B elevation
3.7.19

affine coordinate system

coordinate S
affine basis)

Note 1 to ent

Note 2 to ent
ordinate) and

Note 3 to ent
(with the dirg

R
¥

¥
1
NG

1.5) with origin point of the sensor coordinate system
(3.2.1)

ance

ngle

angle

Figure 7 — Sensor.coordinate system

ystem (3.7.3) of an object((3:2.5) with an ordered set of non-collinear direction vector
and a defined origin point

'y:  The length of the direction vectors may not be normalised.

'y:  For a planar affine coordinate system of an object, a pair of direction vectors (absciss
an origin point are necessary to define the affine coordinate system.

y:  Ajight-handed axis system (3.7.2) is assumed for a three-dimensional affine coordinate sy
ction vectors abscissa, ordinate and applicate).

S (an

h and

rstem

Note 4 to entry:  See Figure 8.

14
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"4
1
Key
1 rigin point of the affine coordinate system
U  U-axis - abscissa of the affine coordinate system
V  V-axis - ordinate of the affine coordinate system
Figure 8 — Affine coordinate system
4 Abbreviated terms
A2] assign to interface
AD automated driving
AER alternative entity representation
C conditional
CDI camera detection interface
CFI camera feature interface
CslI common sensor inputinterface
D dimensional
DLI detection leyél interface
ECU electronic-eontrol unit
EM errorimodel
FFT fast Fourier transform
FLI feature level interface
FLP front-left position of the ego-vehicle
FOV field-of-view
FRP front-right position of the ego-vehicle
FSAOI free space area object interface

FWHM full width at half maximum

GPS global positioning system
HW hardware

ID identifier

IQR interquartile range

© IS0 2023 - All rights reserved
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IR infrared

IRI international roughness index

IV implicit value

LDI lidar detection interface

LL list length

LSG logical signal group

M mandatory

NIR hear infrared

0 pptional

OLI pbject level interface

PMOI potentially moving object interface
RCS Fadar cross section

RDI radar detection interface

RDOI road object interface

RL requirement level

RLP fear-left position of the ego-vehicle
RRP rear-right position of the ego-vehicle
SHII Kensor health information interface
SII sensor input interface

SNR Kignal to noise ratio

SOI Ktatic object interface

SPI sensor performance interfacé

SSI supportive sensor interface

UDI ultrasonic detection interface

UFI ultrasonic feature-interface

UTL unrolling tuple-list

VRO value representation optimisation
5 Structure of the interface description

5.1 General

The scope of this document are logical interfaces of sensors and sensor clusters. Therefore, the
following parts of this document use the term interface as a shortcut for the defined term “logical

interface” (3.1.4). The interface descriptions have the following structure:

— a description of each interface by logical signal group (LSGs), signal names and requirement levels

(RLs) (including conditional requirements) and additional options;

— adetailed description of each signal in Annex A;

— generic options and generic conditional requirements in Annex B, which shall be used.

16
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The requirement level attribute “conditional” shall be an element used in this document. The logical
interlink as well as complex dependencies between signals of an interface shall be defined in an

inter

face’s subclause as a profile subclause of the interface.

5.2 Signal

Table 1 provides an overview of a signal used by an interface which is defined in subclause
“Interface” (5.3). All signals are specified in Annex A. Signal names shall be unique. Similar signals on
different interface levels have the interface level added to the signal name to guarantee a unique signal

naming.
Talbhla 1 Cianal Sianal g o
TAUIC L \JlSllal- Jlsllal IIALIIIC
Name Name of the signal and optional list of signal identifiers
Each signal respectively signal identifier is implemented by exactly one value.
Description | Definition of the signal
Valug¢ type Definition of the signal’s value type Unit Unit definition of the signal|value
and thionally the number of values, In this’”de¢ument, the unit defines no
spec1f1c.a111y the pumber of application or network
dimensions defined by the number of répresentation of the signal|value (for
identifiers example, a scaling factor, a fix point
(default dimension: 1D vector) representation, linear or nojn-linear
increasing values).
In general, for each signal with value type “enumeébation”, a list of enumerators o exemplary
enuﬂ:erators is defined in an additional table (sée' Table 2) in Annex A. Each list of exemplary
enumerators is informative. During the system .design phase, specific enumerators shallf be defined,
basefl upon the list of exemplary enumerators.(See Annex A). This can be done by adding hew, using a

subs
enu
enu
diffe
phas

Each
one
with

of enumerators, rathet than addressing multiple classes in the enumerators.

i

et of or adapting the existing exemplaryenumerators. The implementation of a list o
erators shall contain at least oné-enumerator and should have default ones

rent classes. Enumerators of different classes may be otherwise specified during the sy
e by separated enumeration:signal identifiers.

enumeration with exemplary enumerators shall implement default enumerators (B.]
enumerator shall be(defined for each implemented exemplary enumeration list. An
exemplary enumerations may be clustered by multiple enumerations to deal with diffq

Table 2 — Enumeration: <Signal name>

f exemplary
(B.1.7). An

eration with exemplary enumerators may allow output of multiple enumerators lbelonging to

stem design

|.7). At least
enumerator
rent classes

Name

Description RL enumerator

Name

of the'enumerator Definition of the enumerator Requirement level of the en

umerator

(the Sighariraim

the name of the enumerator)

H ic—abkh satad-1n raRdataiix ndition o X
lsllﬂl ITaIric 15 duurvvialtctu it \Auauuau.u y, CUIIUITIVUIIAr vl

or “exemplary”

optional)

5.3 Interface

Table 3 provides an overview of a logical interface. An interface is comprised of signals. Signals can be
part of a logical signal group (LSG) for ease of logical grouping.

©ISO

2023 - All rights reserved
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Table 3 — Interface: <Interface name>

RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Name of the | Requirement Name of the signal, Requirement level for signal: | Additional options
logical level for LSG: optional: {list of signal mandatory, conditional or for the signal:
signal group | mandatory, identifiers} with a optional is specified for the —  areference to
(LSG) - fora | conditional or reference to a clause in | signal, including all signal a clause in
logical optional Annex A identifiers, or for each signal Annex B
group of Conditional RL identifier individually — areference to
TT}Ultiple Wwith a reference Condifional RL'with a a profile
signals to a clause in reference to a clause in subclatse
Annex B Annex B

Areas in the
The valid nu

interface table marked in grey indicate that the enclosed signals are part of @list of ent
mber of entities is defined at the beginning of the grey area (specifically, grey area heag

If an interface provides multiple interface entity types (for example, the road object interface [R

provides ro
types at ond
horizontal li

A condition
optional [se

An LSG shal

hd surface, road markings and road boundaries), the interface may require not all €
e (see specified in B.2.3). Different entry types of an interface are separated with a d
Ine.

1] LSG requirement level shall define the conditions. Under“all other conditions, the L
e the definition conditional (3.5.1)].

have at least one signal that is mandatory. If a sigial of an optional LSG is used, all si

of the LSG shall be considered as defined on their signal requirement levels.

In case of a
requiremen

Symbol "

If only one §
of each sign

Signals with|
and/or are

applicability
mandatory 3

list, the requirement level of the signal “Number of valid <...>” and its LSG are the
level of all signals in the list.

" indicates that LSG belongs to another-L.SG, that means the LSG is a nested LSG.

ignal requirement level is defined/for a signal with signal identifiers, the requirement
] identifier individually corresponds to the requirement level for the signal.

RL mandatory and static ‘or fixed values, which are defined during the system design 1
implicitly known by, the’sensor and the fusion unit may be optimised. In this cas
of optimisation metheds of B.1 are allowed which essentially means that, for examplg
ignals will not be-explicitly transferred by the interface message. During the system d

phase, additional measures_from Annex B are applicable and shall be defined for the sensor as w

the sensor c

5.4 Speci

Table 4 proj

uster.

fic sighal grouping

ities.
ler).

DOI]
ntity
uble

SG is

bnals

base

level

hase
b the
b, the
Psign
bl as

ides an overview of a specific signal grouping, for example, an LSG, which refers a sp

bcific

signal grouping of another subclause and extends the specific signal grouping to achieve similar

interfaces.

Table 4 — Specific signal grouping: <Name for LSG(s)>

S

RL signal Option

ignal

18
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Name of the signal, optional:
{list of signal identifiers} with
areference to a clause in

Requirement level for signal: mandatory,
conditional or optional is specified for the
signal, including all signal identifiers, or for

Additional options for the
signal:

areference to a clause in

Annex A

each signal identifier individually Annex B

Conditional RL with a reference to a clause
in Annex B

subclause
Optional: information of the RL for the
signal’s LSG, if it is not mandatory

a reference to a profile

Symbol . ” indicates that the signal belongs to a list of signals.

Unch
spec

5.5

If m
inter
signg
defin

6 1
6.1

The
threg

anged, inherited signals, signal requirement levels and signal options of the referenced
fic signal grouping are marked in grey.

Profile

ultiple signals of an interface have an interface-specific semantic” interdepen
dependency is described in a profile subclause and additional compléx conditions are
| which is contained in the profile has an annotation of the profile/in the signal’s op
ition of the interface (see column “Option” in Table 3 and Tabley):

Logical interface from a sensor as well as a sensor cluster to a fusion
General

him of this document is to support different levels of fusion. Therefore, the docume
logical interface levels (detection-, featureand object level). Supportive sensor inte

com

lement the interfaces of the three logical interface levels. Detections, features,

subclause’s

dency, this

Tfined. Each

ion-column

nnit

nt provides
faces (SSIs)
objects and

suppprtive sensor information are the basis-for a fusion unit. A tracking algorithm within the sensor

solel

or the sensor cluster using their0wn information, results in objects with limited

fusiojn unit can improve these and is able to merge the information on different levels, using
as well as feature- and/or detection-level fusion. In order to perform object-level fiision from a

fusio
sens
worl
the
comi
or ed

r suitel, sufficient evidenée'in the form of correlated detections belonging to a par
l entity shall be provided by each sensor and sensor cluster. An advantage of feature-le

It)ssible creation of an, object in the common fusion unit out of detections, feature

g from a sensor stite, which would not have resulted in an object recognition within
ich sensor clustep itself. Detection-level fusion may use machine learning algorithny

com

lexity. Future vehicles will integrate a sensor suite with many sensors and sensor cl

different sensofitechnologies. Different technologies will complement each other to achig
and teliable fusion.

Supplortive sensor interfaces are provided so that the fusion is able to process the reliabilit}
meagurément method or data. These interfaces are sensor technology independent, specifically there

quality. The
object-level

ticular real-
vel fusion is
5 or objects
each sensor
1s to handle
usters using
bve a robust

 of the used

are uniform interfaces for various sensor technologies. These supportive sensor interfaces are also used
for the implementation of safety concepts.

Sensor input interfaces are used to provide data and parametrise the sensors or the sensor cluster from
other devices via the in-vehicle communication.

Figure 9 shows the interfaces that are in the scope of this document.

11t consists of two or more different and independent sensors or sensor clusters.
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7.3 Potentially 7.4 Road object 7.5 Static object 7.6 Free space area
moving object interface interface object interface
; interface “Road surface “General landmarks, “Free space shape
Object level , Interta g oo i sp pe,
) Potencially road markings, traffic signs, traffic static obstacles”
movable entities” road boundaries” signs boards, traffic
lights”
8.3 Camera 8.4 Ultrasonic
Feature level feature interface feature interface
9.3 Radar 9.4 Lidar 9.5 Camera 9.6 Ultrasonic
detection detection detection detection
Detectidn level interface interface interface interface
“Detections” “Point cloud” “Shapes” *Bchos”
Supportive sensor interface: Sensor input interface:
10.3 Sensor 10.4 Sensor
performance health information 11.3 Common
interface interface sensor input
“Current field-of- “Component HW interface
view” status”

Figure 9 — Interfaces in the scope of this document

The interfaces covered in the scope of this document are the following:
— objects:

— Potgntially moving object interface (7.3): with specific attributes for, for example, lights,
pedestrian;

— Rodd object interface (7.4); road surface, road markings, road boundaries;

— Statlic object interface7.5): general landmarks, traffic signs, traffic sign boards, traffic light

@

— Freg space areagbjéct interface (7.6): free space areas;
— sensor gr sensorcluster specific features:

— Camera feature interface (8.3);

— Ultgasonic feature interface (8.4);

— sensor or sensor cluster specific detections:
— Radar detection interface (9.3);
— Lidar detection interface (9.4);
— Camera detection interface (9.5);
— Ultrasonic detection interface (9.6);
— supportive information:

— Sensor performance interface (10.3): with specific sensor-attributes for, for example, current
field-of-view (FOV) segments, object recognition rates, reference target recognition rates;
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— Sensor health information interface (10.4): with specific attributes for, for example, generic
sensor statuses, calibration information, sensor cluster definition;

— sensor or sensor cluster specific input:
— Common sensor input interface (11.3).

A sensor as well as a sensor cluster can provide several logical interfaces. They can provide none, one or
several interfaces on object level. Additionally, a sensor as well as a sensor cluster can provide a sensor
technology specific interface on feature- as well as detection level. Each sensor as well as each sensor
cluster shall provide at least one interface either on object-, feature- or detection level to fulfil this
document. Supportive sensor interfaces can be provided optionally. Sensors and sensor clusters may
serve interfaces on all levels. Sensors mainly serve detection level interfaces (DLIs) whereas sensor
clusters mainly serve feature level interfaces (FLIs) and/or object level interfaces |(OLIs). Sensor
clusters are based on sensors and therefore, sensor clusters without a group of defined sensors should
be ayoided. If a sensor cluster offers no DLIs, the sensor cluster can be considered as a single sensor
with|multiple sensing elements. A sensor cluster provides consistent data over all its interfaces. The
fusion unit does not have to use each provided interface of the sensor or sensor cluster. The provided

interfaces can be used by other applications (for example, AD functions),)not only by thg fusion unit
along.
Potentially St.atic object Potentially
h p interface ; ;
moving object / moving object
Dbject level interface X interface
NN
Camera feature Camera feature
interface interface
Feature level A
Camefa Camera Camera Camera
detection detection detection detection
Detection level interface interface interface interface
Supportive Sensor S¢nsor health
performarce information
sensor intenfice Sfensor Sfensor Sfensor Sia;ensor interface
ihterface: ON D performance performance performance performance
n . A interface interface interface interface
Figure 10 —Example of a camera sensor cluster and its sensor and sensor cluster interfaces

In Figure 10, sensor 1, sensor 2, sensor 3, sensor 4 and sensor sub-cluster {1, 2} and {3, 4} belong to the
sensor cluster {1, 2, 3, 4}. The information of all sensors and sensor clusters belongs together and may
be referenced between the interfaces. In this example, different combinations of sensors provide
interfaces:

— the sensor cluster with the list of the signal “Sensor ID” (A.1.4) values {1, 2, 3, 4} provides the static
object interface (SOI), sensor performance interface (SPI) and sensor health information interface
(SHID;

— the sensor sub-cluster with the list of the signal “Sensor ID” (A.1.4) values {1, 2} provides
potentially the moving object interface (PMOI), camera feature interface (CFI);
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the sensor sub-cluster with the list of the signal “Sensor ID” (A.1.4) values {3, 4} provides PMO],

— the sensors with signal “Sensor ID” (A.1.4) value 1, 2, 3 or 4 provide each a camera detection

interfac

e (CDI) and SPI;

— the sensor or sensor cluster provides no free space area object interface;

the sensor or sensor cluster may not receive a sensor input interface.

6.2 Genericinterface header

Table 5 defines the structure of (6.2) as a specific signal grouping. This header is used by each interface

of this document and is adapted or extended accordingly. However, all the interface headers haye at

least these dr similar signals.

Table 5 — Specific signal grouping: Generic interface header
Signal RL signal Optien

Interface vergion ID {major, minor, patch} Mandatory Profile: Uniqueness of\interface versioning (6.4)

(A1.1)

Interface ID (PA.1.2) Optional Profile: Uniqueness of interface versioning (6.4)
Default enumerators (B.1.7)

Number of vdlid serving sensors (A.1.3) Mandatory ProfileiJniqueness of interface versioning (6.4)
Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)

Sensor 1T} (A.1.4) Mandatory Profile: Uniqueness of interface versioning (6.4)
Alternative VRO (B.1.3)

Time stamp - <...> (A.1.5) Mandatory

<...> counter [A.1.6) Optional Redundancy (B.1.2)
Signal: Time stamp - <...> (A.1.5)

Interface cycle time (A.1.7) Optional

Interface cycle time - variation\(4.1.8) Optional

Data qualifier] (A.1.9) Mandatory Default enumerators (B.1.7)

Interface spe¢ific headerextensions

Recognised <|..>4 capability (A.1.10) Optional

Recognised <t>—status{A++H Optienal Redundaney{B-1+23
Signal: Recognised <...> - capability (A.1.10)
Default enumerators (B.1.7)

Number of valid <...> (A.1.12) Mandatory Optimise LL (B.1.1)

6.3 Generi

c interface entity

The interface entities define the set of signals without the header signals of the interface. Each logical
interface provides at least one list of interface specific entities (except SHII and CSII). The number of
valid entities of each interface entity type list is defined by the signal “Number of valid <...>” (A.1.12)
(see Table 5). Interfaces with multiple entity types may not implement all interface entity type lists [see
(B.2.3) for conditional entity types]. The signals “Recognised <...> - capability” (A.1.10) and “Recognised

22
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<..> - status” (A.1.11) determine the minimal performance of the sensor for the interface entity type

list, for example, at full load.

6.4 Profile: Uniqueness of interface versioning

The concatenation of the signal’s “Interface version ID {major, minor, patch}” (A.1.1) value,
Sensor ID” (A.1.4) values of a provided interface is a unique

«

“Interface ID” (A.1.2) value and the signal’s

the signal’s

identifier for the interpretation of the interface message implementation. The signal “Number of valid
serving sensors” (A.1.3) is also included. The order of the signal’s “Sensor ID” (A.1.4) values is also
relevant. If a sensor could provide an interface more than once, this profile is adjusted in the

corresponding interface to distinguish each interface implementation of one interface.

Senspr input interfaces define a profile for uniqueness of interface versioning (11.2.3).

7 Objectlevel

7.1 | General
The

sens
recof
track
exist
vehid

bbject level interfaces (OLI) originate from several sensors. Therefere, at object lev
r cluster is always used, even if a single sensor is servingithe interface. The Q
pnised real-world entities and recognition is based on historical data. Recognised
ed and filtered over time. Model-based algorithms classifyythese objects and rate th
bnce probability value. The sensor cluster refers its recegnised objects to one of twg
le coordinate systems [see signal “Vehicle coordinate system type - header” (A
properties, and therefore the signals of the recognised pbjects, are generally independent g
cluster’s sensor technology. Additional properties of:the recognised objects can depend o1
techmology and complement the object descriptionsof the interface. These sensor technolog
signgls are grouped in LSGs for each sensor technélogy.

To link recognised objects with non-OLI interface entities of the sensor cluster or its s
recognised object has a unique signal’s “Object ID” (A.2.2) value that does not change ov
which is referenced by these entitiessThe signal’s “Object ID” (A.2.2) value can only be reu
obje¢t has not been recognised for a defined amount of time and the sensor cluster and th
are therefore certain that the gbject is no longer visible. Specifically, a reidentification o
recognised object with the same signal’s “Object ID” (A.2.2) value, after it has not been v
sensgr cluster for some time,.iS not guaranteed.

To li
uniq
indi
The
upd

k recognised objects of the sensor cluster’s OLIs, the set of related objects use the sam
e signal’s “Object' grouping ID” (A.2.3) value to link all related objects. One dedicate
te that the 6bjéct is not linked to another object.

bject récognition algorithm is based on multiple measurements of the sensor cl
ed over time. For this reason, the entire object properties are not assigned to the

el, the term
LIs provide
objects are
em with an
predefined
.1.20)]. The
f the sensor
h the sensor
y dependent

bnsors, each
er time and
bed after the
b fusion unit
f a previous
isible to the

e consistent
H value may

ister and is
time of one
hce's objects

singl
fit ta
signals (tracked or predicted quantity values) of the object at this estimated point in time.

e measurement, but to an estimated point in time at which the properties of the interf:

On object level the following interfaces are available:

— Potentially moving object interface (7.3);
— Road object interface (7.4);
— Static object interface (7.5);

— Free space area object interface (7.6).
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7.2 Generic object level interface

Table 6 defines the generic structure of an OLI.

Table 6 — Generic object level interface

Structure Multiplicity Option

Generic object level header (7.2.1) 1

Generic object level entity (7.2.2), specifically an individual object Multiple Size type:

level entity list dynamic/fixed

Each OLI’s individual object level entity list can also be a set of different, specific object type lists [for

example, for subclause “Road object interface” (7.4) there are two entity lists for the object typ€s:|road

marking and road boundary and a single entity for the object type: road surface].

7.2.1 Genetjic object level header

Table 7 defipes the interface header in subclause “Generic object level header” (7:2.1) and the chgnges

due to the adaptation in comparison to the generic interface header in suhg¢lause “Generic interface

header” (6.2).

Table 7 — Specific signal grouping: Generic objectlevel header
Signal RL signal Option

Interface vergion ID {major, minor, patch} Mandatory | Profile; Uniqueness of interface versioning (6/4)

(A.1.1)

Interface ID (A.1.2) Optional Profile: Uniqueness of interface versioning (6}4)
Default enumerators (B.1.7)

Number of vdlid serving sensors (A.1.3) Mandatory | Profile: Uniqueness of interface versioning (6}4)
Optimise LL (B.1.1)
Alternative UTP (B.1.6)
Key: Sensor ID (A.1.4)

Sensor 10 (A.1.4) Mandatory | Profile: Uniqueness of interface versioning (6}4)
Alternative VRO (B.1.3)

Time stamp  prediction (A.1.5.1) Mandatory

Cycle countey (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - prediction (A.1.5.1)

Interface cycle time (Ax1Y7) Optional

Interface cycle time'- variation (A.1.8) Optional

Data qualifier {A-1+9)} Mamdatory Defauttemumerators(B:1:7)

OLI specific header extensions

Recognised <...> - capability (A.1.10) Optional

Recognised <...> - status (A.1.11) Optional Redundancy (B.1.2)
Signal: Recognised <...> - capability (A.1.10)
Default enumerators (B.1.7)

Number of valid <...> (A.1.12) Mandatory | Optimise LL (B.1.1)

24
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The following LSGs, which normally shall be provided by the sensor cluster in another interface, may be
added to this header, if, for example, the other interface is not implemented by the sensor cluster (see
B.3.3):

— Interface: SPI; LSG “Information: vehicle coordinate system” (see Table 51);
— Interface: SHII; LSG “Calibration” (see Table 53);
— Interface: SHII; LSG “Sensor cluster” (see Table 53).

7.2.2 Generic object level entity

Tabl¢ 8 defines the generic signal grouping “Generic object level entity status” for eachr©Ll| object type,
except of road surface.

Table 8 — Specific signal grouping: Generic object level entity-status

Signal RL signal Option
Exist¢nce probability — object level (A.2.1) Mandatory
Objeqt ID (A.2.2) Mandatory Alternative A21 (B.3.2)
Objedt grouping ID (A.2.3) Optional
Age (A.2.4) Mandatory
Number of valid observations - object level Optional Optimise LL (B.1.1)
(A2.9) Alternative UTL (B.1.6)

Key: Time stamp reference -|object
level (A.2.6)

* n recent messages of the inferface [see
“Time stamp reference - objgct
level” (A.2.6)]

T{me stamp reference - object level.(A:2.6) | Mandatory Alternative VRO (B.1.3)

Observation status - object leyel'{A.2.7) Mandatory Redundancy (B.1.2)
Signal: Object ID (A.2.2), Timp stamp -
prediction (A.1.5.1)

Default enumerators (B.1.7)

Track quality (A.2.8) Optional

Measprement status'— object level (A.2.9) Mandatory Default enumerators (B.1.7)

Each|interface type adds individual properties to the interface entity types. Geometric information of
the ¢bjeet'references the vehicle coordinate system [see signal “Vehicle coordinate system type -
header”{A.1.20]]. Detections and features of the sensor cluster and its sensors shall referenke objects of
the OLIs with the signal “Object ID” (A.2.2). Potentially connected objects of a sensor cluster shall be
linked together, and the sensor cluster shall use the same signal’s “Object grouping ID” (A.2.3) value for
all objects of this connected object group.

7.3 Potentially moving object interface

At object level, the potentially moving object interface (PMOI) contains the list of objects that could
potentially move and are relevant for driving situations. This includes all objects that currently move,
have moved (see Figure 11) and that are not definitely static three-dimensional structures. Table 9
defines the logical structure of the potentially moving object interface. The object interface defines sets
of signals for more detailed potentially moving object types (for example, lights, persons).
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Table 9 — Potentially moving object interface

RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0

Information: M Interface version ID {major, minor, M Profile:
interface patch} (A.1.1) Uniqueness of
interface
versioning (6.4)

Interface ID (A.1.2) 0 Profile:
Uniqueness of
interface
versioning|(6.4)

Default
enumerators
(B.1.7)

Number of valid serving sensors M Profile:
(A.1.3) Uniqueness of
interface
versioning (6.f)
Optimise LL
(B.1.1)
Alternative UTL
(B.1.6)

Key: Sensor 1L
(A1.4)

Size type: dynamic/fixed
Size #: Number of valid serving sensors (A.1.3)

Sensor ID (A.1.4) M Profile:
Uniqueness of
interface
versioning (6.f)

Alternative VRO
(B.1.3)

Time stdmp - prediction (A.1.5.1) M

Cyclecounter (A.1.6.1) 0 Redundancy
(B.1.2)
Signal: Time
stamp -
prediction
(A.15.1)

Interface cycle time (A.1.7) 0

Interface cycle time - variation
(A.1.8)

Data qualifier (A.1.9) M Default
enumerators
(B.1.7)

Motion type (A.1.13) M Profile: Motion
type (7.3.3)
Default

enumerators
(B.1.7)
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RL LSG ) RL signal )
LSG Signal Option
M/C/0 M/C/0
Potentially M Recognised potentially moving 0
moving objects - capability (A.1.10.1)
objects
Recognised potentially moving 0 Redundancy
objects - status (A.1.11.1) (B.1.2)
Signal:
Recognised
potentially
TIOVINgE objects —
capabllity
(A.1.1D.1)
Default
enumerators
(B.1.7
Number of valid potentially M Optimiise LL
moving objects (A.1.12.1) (B.11
Size type: dynamic/fixed
Size #: Number of valid potentially moving-objects (A.1.12.1)
M Existence probability - object M
Poterjtially level (A.2.1)
moving Object ID (A.2.2) M Alternative A21
objecf status
(B.3.2
Object grouping ID (A.2.3) 0
Age (A.2.4) M
Number of valid observations - 0 Optimiise LL
object level (A.2.5) (B.1.1
Alternative UTL
(B.1.6
Key: Time stamp
referepce -
object{level
(A.2.6
*nregent
messages of the
interface [see
“Time[stamp
referepce -
object
level” (A.2.6)]
Size type: dynamic/fixed
Size #: Number of valid observations - object level (A.2.5)
Time stamp reference - M Alternative VRO
object level (A.2.6) (B.1.3)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0

Observation status - object M Redundancy
level (A.2.7) (B.1.2)

Signal: Object ID
(A.2.2), Time
stamp -
prediction
(A.1.5.1)

Default
enumerators
(B.1.7)

Track quality (A.2.8) 0

Measurement status - object M Default
level (A.2.9) enumerators
(B.1.7)

M Tracking motion model 0 Default
Potentially (A.2.10) enumerators
moving (B.1.7)
object
information

Number of valid potentially M Optimise LL
moving object classifications (B.1.1)

(A.2.11) Alternative UTL
(B.1.6)
Key: Potentially
moving object
classification
type (A.2.12)

Size type: dynamigc/fixed
Size #: Number'ef valid potentially moving object classifications (A.2.11)

Potentialljzmoving object M Alternative VRO
classification type (A.2.12) (B.1.3)
Default
enumerators
(B.1.7)
Potentially moving object M
classification type -
confidence (A.2.13)

M Reference point (A.2.14) 0 Default
Potentially enumerators
moving (B.1.7)
object Positi . o .
" osition - object level {x, y, z} {M, M, O} Profile: Motion
position (A.2.15) state vector
(7.3.4)
Position - object level {x, y, z} - {M, M, 0} Profile: Motion
error (A.2.16) state vector
(7.3.4)
Implementation
EM (B.4.1)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Orientation {yaw, pitch, roll} {C (B.2.1) Profile: Motion
(A.2.17) Relevant: camera, O, O} state vector
(7.3.4)
Orientation {yaw, pitch, roll} - 0 Profile: Motion
error (A.2.18) state vector
(7.3.4)
Implementation
EMB}4.1)
Road level (A.2.19) 0 Redurjdancy
(B.1.2
Signalt {z} of
Positipn - object
level {, y, z}
(A.2.1p)
Default
enumerators
(B.1.7
C(B.2.1) Bounding box extent {length, {M, M, 0}
Poterjtially Relevant: width, height} (A.2.20)
mb(?vi '8 camera Bounding box extent {length, 0 Implementation
gofﬁing width, height} - error (A.2.21) EM (B}4.1)
box
Clearance of the object'{height} 0
(A.2.22)
Included geometric structures 0 Default
(A.2.23) enumerators
(B.1.7
M Velacity {x, y, z} - object level {C,C,C(B.2.2) Profil¢: Motion
Poterjtially (A2.24) Signal: Position {z} type (7.3.3)
moving (A.2.15)} (B.2.1) Profil¢: Motion
object Relevant: except ultrasonic | giate Vector
dynamics (7.3.4
Velocity {x, y, z} - object level - 0 Profil¢: Motion
error (A.2.25) type (7.3.3)
Profil¢: Motion
state yector
(7.3.4]
Implementation
EM (B.4.1)
Acceleration {x, y, z} (A.2.26) 0 Profile: Motion
type (7.3.3)
Acceleration {x, y, z} - error 0 Profile: Motion
(A.2.27) type (7.3.3)
Implementation
EM (B.4.1)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Instantaneous centre of C(B.2.2)
rotation {x, y} (A.2.28) Signal: Rotation rate at
instantaneous centre of
rotation {yaw} (A.2.30)
Instantaneous centre of 0 Implementation
rotation {x, y} - error (A.2.29) EM (B.4.1)
Rotation rate at instantaneous 0 Profile: Motion
centre of rotation {yaw} type (7.3.3)
(A.2.30) Profile: Motion
state vector
(73:4)
Rotation rate at instantaneous 0 Brofile: Motion
centre of rotation {yaw} - error type (7.3.3)
(A2.31) Profile: Motion
state vector
(7.3.4)
Implementatign
EM (B.4.1)
Movement status (A.2.32) 0 Default
enumerators
(B.1.7)
C(B.2.1) Number of valid lights (A.2.33) M Optimise LL
Potentially Relevant: (B.1.1)
moving Camera Alternative UTL
object’s (B.1.6)
lights Key: Light typg
(A.2.34)
Size type=dynamic/fixed
Size #; Number of valid lights (A.2.33)
Light type (A.2.34) M Alternative VRO
(B.1.3)
Default
enumerators
(B.1.7)
Light status (A.2.35) M Default
enumerators
(B1.7)
0 Number of valid persons M Optimise LL
Potentially (A.2.36) (B.1.1)
I(R;?Zlcr;_g Size type: dynamic/fixed
pe]rsorlls Size #: Number of valid persons (A.2.36)
Number of valid person M Optimise LL
type roles (A.2.37) (B.1.1)
Alternative UTL
(B.1.6)

Key: Person type
role (A.2.38)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Size type: dynamic/fixed
Size #: Number of valid person type roles (A.2.37)
Person type role (A.2.38) M Alternative VRO
(B.1.3)
Default
enumerators
(B.1.7)
Person type role - M
confidence (A.2.39)
Number of valid person 0 Optimfise LL
gestures (A.2.40) (B.1.1
Alternative UTL
(B.1.6
Key: Person
gesturle
indication type
(A.2.40)
Size type: dynamic/fixed
Size #: Number of valid persen gestures (A.2.40)
Person gesture M Alternative VRO
indication type (A.2:41) (B.1.3
Default
enumerators
(B.1.7
Persengesture 0
indication type -
confidence (A.2.42)
Person gesture direction 0 Default
type (A.2.43) enumerators
(B.1.7
Person gesture direction 0
type - confidence
(A.2.44)
Number of valid person’s M Optimfise LL
body part poses (A.2.45) (B.1.1
Alternative UTL
(B.1.6)
Key: Person
body part
(A.2.46)
Size type: dynamic/fixed
Size #: Number of valid person’s body part poses (A.2.45)
Person body part M Alternative VRO
(A.2.46) (B.1.3)
Default
enumerators
(B.1.7)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Person body part M
orientation {yaw, pitch,
roll} (A.2.47)
Person body part 0 Implementation
orientation {yaw, pitch, EM (B.4.1)
roll} - error (A.2.48)
Person body part origin 0
{x,y,z} (A.2.49)
Person body part origin 0 Implementation
{x,y, z} - error ( A.2.50) EM (B.441)
Eye state (A.2.51) 0 Default
enumerators
(B.1.7)
Eye state - confidence 0
(A.2.52)
Viewing fixation time 0
(A.2.53)
Viewing fixation time - 0 Implementatign
error (A.2.54) EM (B.4.1)
Viewing fixation direction 0 Default
(A.2.55) enumerators
(B.1.7)
Viewing fixation direction - 0
confidence (A.2.56)
Action type (A.2:57) 0 Default
enumerators
(B.1.7)
Actientype - confidence 0
(A-2-58)
Number of valid person 0 Optimise LL
accessories (A.2.59) (B.1.1)
Alternative UTL
(B.1.6)
Key: Person
accessory
classification
type (A.2.60)
Size type: dynamic/fixed
Size #: Number of valid person accessories (A.2.59)
Person accessory M Alternative VRO
classification type (B.1.3)
(A-2.60) Default
enumerators
(B.1.7)
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RLLSG

RL signal

LSG Signal Option
M/C/0 M/C/0
Person accessory 0
classification type -
confidence (A.2.61)
Accessory connection to 0 Default
person type (A.2.62) enumerators
(B.1.7)
Included geometric 0 Default
structure of accessory enumerators
(A.2.63) (B.1.7
Lane 0 Object lane association (A.2.64) M Default
relatdd enumerators
inforfnation (B.1.7
Angle between object edge and 0
lane {left edge right lane, right
edge left lane} (A.2.65)
Angle between object edge and 0 Implementation
lane {left edge right lane, right EM (B}4.1)
edge left lane} - error (A.2.66)
Percentage side lane {left, 0
right} (A.2.67)
Motion 0 Angular position {azimuth} M
relatdd (A.2.68)
information Angular velocity {azimuth} M
(A.2.69)
Chmera C(B.2.1) Scale change)~ object level M
sensdr Relevant: (A270)
technjology Ccamera
specific
Rhdar C(B.2.1) Entity radar cross section M
sensdr Relevant: (A271)
techrjology radar
specific
Lidar C)(B.2.1) Entity lidar reflectivity (A.2.72) M
sensdr Relevant:
technology lidar
specific
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Key
vehicle

pedestriah

potentially moving object - classification unknown, for example, “Potentially moving ebject classification type” (A.2.[12)

with defafilt enumerator “PMOCT_Unknown”

7.3.1 Potenitially moving object header

Figure 11 — Example for potentially moving objects

Table 10 defines the interface header in subclause “Patentially moving object header” (7.3.1) ang the
changes duq to the adaptation in comparison to the'generic interface header in 7.2.1. The header qf the

PMOI can cgntain a list of valid potentially movingobject entities (see 7.3.2)

Table 10 — Specific signal grouping: Potentially moving object header

Signal RL signal Option

Interface vergion ID {major, minor, patch} Mandatory | Profile: Uniqueness of interface versioning (6}4)

(A1.1)

Interface ID (A.1.2) Optional Profile: Uniqueness of interface versioning (6}4)
Default enumerators (B.1.7)

Number of vdlid serving'sensors (A.1.3) Mandatory | Profile: Uniqueness of interface versioning (6}4)
Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)

Sensor ID (A.1.4) Mandatory | Profile: Uniqueness of interface versioning (6.4)
Alternative VRO (B.1.3)

Time stamp - prediction (A.1.5.1) Mandatory

Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - prediction (A.1.5.1)

Interface cycle time (A.1.7) Optional

Interface cycle time - variation (A.1.8) Optional

Data qualifier (A.1.9) Mandatory | Default enumerators (B.1.7)
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Signal RL signal Option

Motion type (A.1.13) Mandatory | Profile: Motion type (7.3.3)

Default enumerators (B.1.7)

Recognised potentially moving objects - Optional
capability (A.1.10.1)

Recognised potentially moving objects - Optional Redundancy (B.1.2)
status (A.1.11.1) Signal: Recognised potentially moving objects -
capability (A.1.10.1)

Default enumerataors (R 1 7)

Number of valid potentially moving objects Mandatory | Optimise LL (B.1.1)
(A112.1)

The following LSGs, which normally shall be provided by the sensor cluster in another interface, may be
addefd to this header, if, for example, the other interface is not implemented by‘the sensor{cluster (see
B.3.

— interface: SPI; LSG “Information: vehicle coordinate system” (see Table51);
— interface: SHII; LSG “Calibration” (see Table 53);

— interface: SHII; LSG “Sensor cluster” (see Table 53).
7.3.7 Potentially moving object entity

Each| potentially moving object describes a recognised real-world object and consists of several LSGs.
Each| object, which may move, even if it might-have not moved yet since first recognition| of the real-
worlfl object, is an entity of potentially moving objects.

A potentially moving object is described(by the following LSGs for potentially moving ¢bjects with
attrilbutes for different parts (for example; vehicle, pedestrian).

— Status: the status describes general information of the tracked potentially moving [object. This
information is based on history of the object tracking. Table 11 defines the sigrjal grouping
|Potentially moving object-entity status”. It defines this status LSG of the potentially mpving object
and redefines the signal grouping “Generic object level entity status” (see Table 8).

— lnformation: thé&imformation describes properties such as the confidence of an object type.

osition: the position describes the geometric position of the object relative to[the vehicle
¢oordinate system [see signal “Vehicle coordinate system type — header” (A.1.20)].

— Tounding box: the object bounding box describes the 3D rectangular hull that ¢ncloses the
ecegnised object

— Dynamics: the dynamics describe the motion information of the tracked potentially moving object
with respect to the motion type defined by the signal “Motion type” (A.1.13) [see Profile: Motion

type (7.3.3)].
— Lights: the lights describe the status of the tracked potentially moving object’s lights.
— Persons: the persons describe recognised person type, its gestures and poses of the tracked

persons if the tracked potentially moving object may be a pedestrian or include persons (for
example, the driver of a vehicle).
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object in relation with real-world lanes.

information in the camera projection plane.

Lane related information: the lane related information describes the tracked potentially moving
Motion related information: the motion related information describes additional motion
information of the tracked potentially moving object.

Camera sensor technology specific: the camera sensor technology specific data describe dynamic

Radar sensor technology specific: the radar sensor technology specific data describe different

surface prd-material-properties-of the-petentially-moving-ebjectwith-respeetto-theradar:

— Lidar sensor technology specific: the lidar sensor technology specific data describes different
surface |and material properties of the potentially moving object with respect tothe/lidai (for
examplg, reflection strength of a surface).

Table 11 — Specific signal grouping: Potentially moving object entity status
Signal RL signal Option

Existence prdbability - object level (A.2.1) Mandatory

Object ID (A.3.2) Mandatory Alternative™A2I (B.3.2)

Object grouping ID (A.2.3) Optional

Age (A.2.4) Mandatory

Number of vdlid observations - object level Optional Optimise LL (B.1.1)

(A2.5) Alternative UTL (B.1.6)

Key: Time stamp reference - object level
(A.2.6)

* n recent messages of the interface [see
“Time stamp reference - object

level” (A.2.6))

Time starhp reference - object level (A.2)6) | Mandatory Alternative VRO (B.1.3)

Observatifon status - object level((A.2.7) Mandatory Redundancy (B.1.2)

Signal: Object ID (A.2.2), Time stamp —
prediction (A.1.5.1)
Default enumerators (B.1.7)

Track quality|(A.2.8) Optional

Measurement status="object level (A.2.9) Mandatory Default enumerators (B.1.7)

Potentially moving objects or other object entities on object level may be linked together (for example, a

truck with a trailer or a construction site vehicle with a traffic sign at the rear of the vehicle) by using
the same signal’s “Object grouping ID” (A.2.3) value in all connected objects.

7.3.3 Profile: Motion type

The signal “Motion type” (A.1.13) defines the interpretation of the signal “Velocity {x, y, z} - object level”
(A.2.24)", “Velocity {x, y, z} - object level - error” (A.2.25), “Acceleration {x, y, z}" (A.2.26), “Acceleration
{x, y, z} - error” (A.2.27), “Rotation rate at instantaneous centre of rotation {yaw}” (A.2.30) and
“Rotation rate at instantaneous centre of rotation {yaw} - error” (A.2.31) values.
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7.3.4 Profile: Motion state vector

A potentially moving object entity provides a motion state vector. The sensor may provide a full or
enhanced error model according to B.4.1.3.5. For example, the motion state vector of the sensor is
provided together with an enhanced error model {“Position - object level {x, y, z}" (A.2.15), “Velocity {x,
y, Z} - object level” (A.2.24), “Orientation {yaw, pitch, roll}” (A.2.17) and “Rotation rate at instantaneous
centre of rotation {yaw}” (A.2.30)}.

The resulting error model based on variances, covariances and cross-covariances (see B.4.1.3.4 and

B.4.1

Orieptation x Position — error
Rotafion rate x Position — error

Ina
obje

instantaneous centre of rotation {yaw} - error” (A.2.31); the additional signals-may be proy
oss-covariances. All covariances of the motion state vector errdr)model are symmetric and

of cif
therg
elem

For ¢
for e
{yaw
“Veld
z} -

obje
pitch
erroj
Tabl

profi
cova

.3.5) may provide a symmetric nD matrix:

Position — error (A.2.16) Position x Velocity — error Position x Orientation — error

Position x Rotation rate — error

Velocity — error (A.2.25)
Orientation x Velocity — error
Rotation rate x Velocity — error

Velocity x Orientation — error
Orientation — error(A.2.17)
Rotation rate x Orientation — error

Velocity x Rotati
Orientation x Rq
Rotationyrate

elocity x Position — error

dition to existing error signals “Position - object level {x, y, z} - error” (A.2.16), “Veloc
t level - error” (A.2.25), “Orientation {yaw, pitch, roll} - error” (A.2.18).and “Rota

fore additional optimisation methods are applicable; this means only half of 1
ents need to be provided.

xample, the LSG “Potentially moving object motion state/vector cross-covariances” n
kample, “Position {x, y, z} x Velocity {x, y, z} - object level' -"error”, “Position {x, y, z} X

pitch, roll} - object level - error”. The redundant symnmetrical signals for the cross-
city {x, y, z} x Position {x, y, z} - object level - error’,“Orientation {yaw, pitch, roll} x P|
pbject level - error” may be skipped. Similar, the(symmetric covariances of the signal
tlevel {x,y, z} - error” (A.2.16), “Velocity {x, yz} - object level - error” (A.2.25), “Orien
, roll} - error” (A.2.18) and “Rotationrate at instantaneous centre of rotatic
” (A.2.31) may not transmit redundant values (see optimisation method B.1.5).

e 12 provides a subset of the PMO['with the relevant signals for the motion state v
le and the additional signals in-the LSG “Potentially moving object motion state v
Fiances”.

Table 12 — Signal grouping: Exemplary motion state vector cross-covariances

nrate — error
tation rate — error
— error (A.2.30)

ity {X,y, z} -
tion rate at
rided as sets

on-diagonal

hay provide,
Orientation
covariances:
osition {x, y,
b “Position -
tation {yaw,
n {yaw} -

bctor of this
ector cross-

LSG

p
movi
posit

Profile: M
vector (7.

M Position - object level {x, y, z} {M, M, 0}

(A.2.15)

btentially
g object

otion state
3.4)

on Profile: M

vector (7.

Position - object level {x, y, z} -
error (A.2.16)

{M, M, O}

otion state
3.4)

{C(B.2.1)
Relevant:

Profile: M
vector (7.

Orientation {yaw, pitch, roll}
(A.2.17)

otion state
3.4)

camera, 0, 0}

0 Profile: M

vector (7.

Orientation {yaw, pitch, roll} - error
(A.2.18)

otion state
3.4)
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Potentially Velocity {x, y, z} - object level {C,C, C(B.2.2) | Profile: Motion state
moving object (A.2.24) Signal: vector (7.3.4)
dynamics Position {z}
(A.2.15)}
(B.2.1)
Relevant:
except
ultrasonic
Velocity {x, y, z} - object level - 0 Profile: Motion state
error (A.2.25) vector (7.3.4)
Rotation rate at instantaneous 0 Profile: Motien/state
centre of rotation {yaw} (A.2.30) vector (7.314)
Rotation rate at instantaneous 0 Profile: Motion state
centre of rotation {yaw} - error vector (7.3.4)
(A.2.31)
Potentiallly Position {x, y, z} x Velocity {x, y, z} - 02 Implementation EM
moving object object level - error (B.4.1)
motion state Position {x, y, z} x Orientation {yaw, 0 Implementation M
vector cross- . :
. pitch, roll} - object level - error (B.4.1)
covariances
Position {x, y, z} x Rotation rate at 0 Implementation M
instantaneous centre of rofation (B.4.1)
{yaw} - object level - ertror
Velocity {x, y, z} x Qrientation {yaw, 0 Implementation EM
pitch, roll} - objectlevel - error (B.4.1)
Velocity {x, y, z} x Rotation rate at 0 Implementation M
instantaneous centre of rotation (B.4.1)
{yaw}\- object level - error
Qrtientation {yaw, pitch, roll} x 0 Implementation M

Rotation rate at instantaneous
centre of rotation {yaw} - object
level - error

(B.4.1)

aThe signal’s|RL is optienal by definition of B.4.1.3.5 but for this profile (7.3.4) it should be defined as
mandatory dyiring the'system design phase so that at least one signal is mandatory in the LSG.

Additionally

in “most cases the description of the signals in planar space (XY-plane) is suffi

rient.

mawvaithar ha anly 92N (hacition unlacitg) Ar 1) (Ariantation ot

ation

Therefore, Below—covarianees
, Derow—ovaraheesSthay—ereer—oe oy PpoSitiot;

rate).

VETOCICy O (O ICtd oo, 1O

Optimisation method may be also applied by selection of most relevant covariance matrix elements (or
cross-covariance matrix elements).

Missing covariance values shall be substituted by suitable values in the fusion tracking system to

guarantee a stabile tracking.

7.4 Road object interface

The road object interface (RDOI) consists of a general road surface information and two types of
objects: road markings and road boundaries (see Figure 12). Table 13 defines the logical structure of

the road object interface.
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LSG

RL LSG
M/C/0

Signal

RL signal
M/C/0

Option

Information:
interface

Interface version ID {major, minor,
patch} (A.1.1)

M

Profile:
Uniqueness of
interface
versioning (6.4)

Interface ID (A.1.2)

Profile:
Uniqueness of

interfdce
yersioning (6.4)
Defaulf

enumgrators
(B.1.7)

Number of valid serving sensors
(A.1.3)

Profile:
Uniquéness of
interface
versioning (6.4)
Optimjse LL
(B.1.1)
Alternative UTL
(B.1.6)
Key: S¢nsor ID
(A.1.4)

Size type:dynamic/fixed
Size #:(Number of valid serving sen

sors (A.1.3)

Sensor ID (A.1.4)

M

Profile:
Uniquéness of
interface
versioning (6.4)

Alternptive VRO
(B.1.3)

Time stamp - prediction (A.1.5.1)

Cycle counter (A.1.6.1)

Redundancy
(B.1.2)

Signal{ Time stamp

- predjction
(A.1.5.11)

Interface cycle time (A.1.7)

© IS0 2023 - All rights reserved

Interface cycle time - variation
(A.1.8)

Data qualifier (A.1.9)

Default
enumerators
(B.1.7)
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LSG

RL LSG
M/C/0

Signal

RL signal
M/C/0

Option

Colour model type (A.1.14)

C(B.2.1)
Relevant:
camera

Profile: Colour
model for RDOI
(7.4.3)

Alternative VRO
(B.1.3)

Use enumeration
to define colours
by defining colour

values and the
applied calour
model for-each
enumerator.

Default
enumerators
(B.1.7)

Road surfade

C(B.2.3)
multiple

entity types

Road type - object level (A.2.73)

Default
enumerators
(B.1.7)

Road type - confidence (A.2.74)

Number of valid road surface
classifications (A.2.75)

Optimise LL
(B.1.1)

Alternative UT|L
(B.1.6)
Key: Road surface
classification type
- object level
(A.2.76)

Size type: dynamic/fixed

Size #: Number of valid road surface classifications (A.2.75)

40

Road surface classification type - M Alternative VRO
object level (A.2.76) (B.1.3)
Default
enumerators
(B.1.7)
Road surface classification type - M
confidence (A.2.77)
Road surface roughness - object 0
tevel (A2-78)
Road surface texture - object level 0
(A.2.79)
Number of valid road surface 0 Optimise LL
condition classifications (A.2.80) (B.1.1)
Alternative UTL
(B.1.6)
Key: Road surface
condition

classification type
- object level
(A.2.81)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Size type: dynamic/fixed
Size #: Number of valid road surface condition classifications (A.2.80)
Road surface condition M Alternative VRO
classification type - object level (B.1.3)
(A.2.81) Default
enumerators
(B.1.7)
Road surface condition M
classification type - confidence
(A.2.82)
Track quality (A.2.8)
Measurement status - object level 0 Defaulk
(A.2.9) enumerators
(B.1.7)
Roafl markings C(B.2.3) Recognised road markings - 0
multiple capability (A.1.10.2)
tity t
entity types Recognised road markings'< status 0 Redundancy
(A1.11.2) (B.1.2)
SignalfRecognised
road njarkings -
capability
(A1.10.2)
Defaul
enumerators
(B.1.7)
Number of valid road markings M Optim|se LL
(A1.12.2) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid road markings (A.1.12.2)
Road marking M Existence probability - object M
status level (A.2.1)
Object ID (A.2.2) M Alterngtive A2I
(B.3.2)
Object grouping ID (A.2.3) 0
Agn (A 2 A.) M

© IS0 2023 - All rights reserved

41



https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150:2023(E)

RLLSG

RL signal

LSG Signal Option
M/C/0 M/C/0
Number of valid observations - 0 Optimise LL
object level (A.2.5) (B.1.1)
Alternative UTL
(B.1.6)
Key: Time stamp
reference - object
level (A.2.6)
* nrecent
messages of thle
interface {see
“Time.stamp
reference - object
level” (A.2.6)]
Size type: dynamic/fixed
Size #: Number of valid observations - gobject level (A.2.5)
Time stamp reference - object M Alternative VRO
level (A.2.6) (B.1.3)
Observation status - object M Redundancy
level (A.2.7) (B.1.2)
Signal: Object ID
(A.2.2), Time
stamp - predidtion
(A.1.5.1)
Default
enumerators
(B.1.7)
Track'quality (A.2.8) 0
Measurement status - object level M Default
(A:2.9) enumerators
(B.1.7)
Road mafrking M Number of valid road marking M Optimise LL
information classifications (A.2.83) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid road marking classifications (A.2.83)
Road marking type (A.2.84) M Default
enumerators
(B.1.7)
Road marking type - M
confidence (A.2.85)
Road object lane association 0 Default
(A.2.86) enumerators
(B.1.7)
Road object lane association - 0
confidence (A.2.87)
Arrow orientation {yaw} 0
(A.2.88)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Arrow direction (A.2.89) C(B.2.2) Default
* The signal | enumerators
“Road (B.1.7)
marking
type” (A.2.8
4) has
“RMT_Arro
w” or a
similar
enumerator
defined
during the
system
design
phase.
<] Road M Number of valid sign 0 Optimjse LL
mar (ing Sign classifications (A290) (Bll]
information Alternative UTL
(B.1.6)
Key: Sign

classif]cation type
(A.291)

Size type:dynamic/fixed
Size #; Number of valid sign classifications (A.2.90)

© IS0 2023 - All rights reserved

Sign classification type M Alternative VRO

(A.2.91) (B.1.3)
Defaulf
enumgrators
(B.1.7)

Sign classification type - M

confidence (A.2.92)

Sign value (A.2.93) 0

Sign value unit (A.2.94) 0 Defaulf
enumerators
(B.1.7)

Sign text (A.2.95) 0

Sign text font (A.2.96) Defaul
emtmerators
(B.1.7)

Sign text - confidence 0

(A.2.97)

Number of valid entity 0 Optimise LL

states (A.2.98) (B.1.1)
Alternative UTL
(B.1.6)

Key: Entity state
(A.2.99)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Size type: dynamic/fixed
Size #: Number of valid entity states (A.2.98)
Entity state (A.2.99) M Alternative VRO
(B.1.3)
Default
enumerators
(B.1.7)
Road C(B.2.1) Size type: dynamic/fixed
marking megsage Relevant: Size #
colour tone camera * Implicit list length — Optimise LL (B.1.1): dependS on
Colour model type (A.1.14)
Colour value - object M Profile: Colour
level (A.2.100) model for RDQI
(7.4.3)
Colour tone - confidence - 0 Profile: Colour]
object level (A.2.101) model for RDQI
(7.4.3)
Road C(B.2.1) Size type: dynamic/fixed
marking background | Relevant: Size #
colour tone camera * Implicit list length - Optimise LL (B.1.1): depends on Coloyir
model type (A.1:14)
Colour value*- object level M Profile: Colour
(A.2.100) model for RDOI
(7.4.3)
Colour'tone - confidence - 0 Profile: Colour]
object level (A.2.101) model for RDQI
(7.4.3)
Road marking C(B.2.1) Number of valid connections M Optimise LL
connections Relevant: [A2102) (Bll)
camera, Alternative UT|L
lidar (B.1.6)
Key: Connectign
type (A.2.103)
Size type: dynamic/fixed
Size #: Number of valid connections (A.2.102)
Cenneetiontype{A2103} M Alterrative VRO
(B.1.3)
Default
enumerators
(B.1.7)
Connection grouping ID M
(A.2.104)
Vertex point {x, y, z} (A.2.105) {M, M, 0}
Vertex point {x, y, z} - error {M, M, 0} Implementation
(A.2.106) EM (B.4.1)
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RL LSG . RL signal ]
LSG Signal Option
M/C/0 M/C/0
Vertex point - confidence {x, y, 0
z} (A.2.107)
Road marking C(B.2.1) Number of valid polynomials M Optimise LL
polynomials Relevant: (A.2.108) (B.1.1)
camera,
lidar Size type: dynamic/fixed

Size #: Number of valid polynomials (A.2.108)

Polynomial coefficient y {c0, M
c1, c2, c3} (A.2.109)

Polynomial coefficient z {c0, 0
c1, c2, c3} (A.2.110)

Polynomial y - error (A.2.111) 0 Implementation
EM (B4.1)

Polynomial z - error (A.2.112) 0 Implementation
EM (B4.1)

Polynomial range x {begin, M

end} (A.2.113)

Extent {width, height} - 0

polynomial (A.2:114)

Extent {width; height} - 0 Implementation

polynomial - error (A.2.115) EM (B{.1)

Extent {width, height} - 0

polynomial - confidence

(A.2.116)

Number of valid data ranges 0 Optim|se LL

(A.2.117) (B.1.1)

Size type: dynamic/fixed
Size #: Number of valid data ranges (A.2.117)

Supported data range x M
{begin, end} (A.2.118)
Supported axis (A.2.119) M
Road marking C(B.2.1) Polyline interpolation method M Defaul
polylines Relevant: (A.2.120) enumgrators
camera, (B.1.7
Hear
Number of valid polylines M Optimise LL
(A.2.121) (B.1.1)

Size type: dynamic/fixed
Size #: Number of valid polylines (A.2.121)

Number of valid vertices M Optimise LL
(A.2.122) (B.1.1)

Size type: dynamic/fixed
Size #: Number of valid vertices (A.2.122)
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RL LSG ) RL signal )
LSG Signal Option
M/C/0 M/C/0
Vertex point {x, y, z} {M, M, 0}
(A.2.105)
Vertex point {x, y, z} - {M, M, 0} Implementation
error (A.2.106) EM (B.4.1)
Vertex point - confidence 0
{x,y,2} (A.2.107)
Exterrt{width; freigity = ©
vertex (A.2.123)
Extent {width, height} - 0 Implementatign
vertex - error (A.2.124) EM (Bw4.1)
Extent {width, height} - 0
vertex - confidence
(A.2.125)
Road boundaries C(B.2.3) Recognised road boundaries - Q
multiple capability (A.1.10.3)
tity t
entity types Recognised road boundaries - status 0 Redundancy
(A.1.11.3) (B.1.2)
Signal: Recognlised
road boundarips -
capability
(A.1.10.3)
Default
enumerators
(B.1.7)
Number of valid road boundaries M Optimise LL
(A.1.12.3) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid road boundaries (A.1.12.3)
Road bofindary M Existence probability - object M
status level (A.2.1)
Object ID (A.2.2) M Alternative A2[
(B.3.2)
Object grouping ID (A.2.3) 0
Age (A.2.4) M
Number of valid observations - 0 Optimise LL
object level (A.2.5) (B.1.1)
Alternative UTL
(B.1.6)

Key: Time stamp
reference - object
level (A.2.6)

*n recent
messages of the
interface [see
“Time stamp
reference - object
level” (A.2.6)]
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Size type: dynamic/fixed
Size #: Number of valid observations - object level (A.2.5)
Time stamp reference - object M Alternative VRO
level (A.2.6) (B.1.3)
Observation status - object M Redundancy
level (A.2.7) (B.1.2)
Signal: Object ID
(A.2:2), Time
stamp|- prediction
(A1.5.1)
Default
enumerators
(B.1.7)
Track quality (A.2.8) 0
Measurement status - object level M Defaulf
(A.2.9) enumgrators
(B.1.7)
Road boundary M Number of valid road boundary M Optimjse LL
information classifications (A2126) (Bll]
Alternative UTL
(B.1.6)
Key: Rpad
boundary type
(A.2.127)
Size type: dynamic/fixed
Size #: Number of valid road boundary classifications (A.2.126)
Road boundary type (A.2.127) M Alternative VRO
(B.1.3)
Default
enumerators
(B.1.7)
Road boundary type - M
confidence (A.2.128)
Road object lane association 0 Defaul
(A.2.86) enumerators
(B.1.7
Road object lane association - 0
confidence (A.2.87)
Road C(B.2.1) Size type: dynamic/fixed
boundary colour Relevant: Size #
tone camera

* Implicit list length - Optimise LL (B.1.1): depends on Colour
model type (A.1.14)

Colour value - object level M Profile: Colour
(A.2.100) model for RDOI
(7.4.3)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Colour tone - confidence - 0 Profile: Colour
object level (A.2.101) model for RDOI
(7.4.3)
Road boundary C(B.2.1) Number of valid polynomials M Optimise LL
polynomials Relevant: (A2108) (Bll)
camera,
lidar. radar Size type: dynamic/fixed
Ciga H. Nogahawr of i d ol ale (A D 1000
Size-#+Numberef-valid-pelyromials (A2108}
Polynomial coefficient y {c0, M

c1, c2, c3} (A.2.109)

Polynomial coefficient z {c0, 0
cl, c2,c3} (A.2.110)

Polynomial y - error (A.2.111) 0 Implementatign
EM (B.4.1)

Polynomial z - error (A.2.112) 0 Implementatign
EM (B.4.1)

Polynomial range x {begin, M

end} (A.2.113)

Extent {width, height} <« 0

polynomial (A.2.114J

Extent {width,. height} - 0 Implementatign

polynomial --€rror (A.2.115) EM (B.4.1)

Extent {width, height} - 0

polynomial - confidence

(A2.116)

Number of valid data ranges 0 Optimise LL

(A.2.117) (B.1.1)

Size type: dynamic/fixed
Size #: Number of valid data ranges (A.2.117)

Supported data range x M
{begin, end} (A.2.118)
Supported axis (A.2.119) M
Road boyindary, C(B.2.1) Polyline interpolation method M Default
polylines Relevant: (A.2.120) enumerators
€atRers; B8-1+7A
lidar, radar
Number of valid polylines M Optimise LL
(A.2.121) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid polylines (A.2.121)
Number of valid vertices M Optimise LL
(A.2.122) (B.1.1)

Size type: dynamic/fixed
Size #: Number of valid vertices (A.2.122)
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RL LSG . RL signal .
LSG Signal Option

M/C/0 M/C/0
Vertex point {x, y, z} {M, M, 0}
(A.2.105)
Vertex point {x, y, z} - {M, M, 0} Implementation
error (A.2.106) EM (B.4.1)
Vertex point - confidence 0

{x,y,2} (A.2.107)

Exterrt{width; freight = ©

vertex (A.2.123)

Extent {width, height} - 0 Implementation
vertex - error (A.2.124) EM (B§.1)
Extent {width, height} - (0]
vertex - confidence
(A.2.125)
~— TR T 8 2P0 T e 088 T et T et Ve 0y
e — 2 28.2% %% 'n.-::-"' n..::l'"'.l.l
; —
\
\ \
\ \
b \

Key
1joad Surface; relevant for the ego-vehicle

Hoad/marking
=3

3 road boundary
Figure 12 — Example for road objects

7.4.1 Road object header

Table 14 defines the interface header in subclause “Road object header” (7.4.1) and the changes due to
the adaptation in comparison to the generic interface header in 7.2.1. The header of the RDOI can
contain a list of valid road marking entities, a list of valid road boundary entities and/or a single road
surface entity (see 7.4.2).
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Table 14 — Specific signal grouping: Road object header

Signal RL signal Option
Interface version ID {major, minor, patch} Mandatory Profile: Uniqueness of interface
(A.1.1) versioning (6.4)
Interface ID (A.1.2) Optional Profile: Uniqueness of interface
versioning (6.4)
Default enumerators (B.1.7)
Number of valid serving sensors (A.1.3) Mandatory Profile: Uniqueness of interface
Verstoning (6:4)
Optimise LL (B.1.1)
Alternative UTL (B.1/6)
Key: Sensor ID (A.1.4)
Sensor ID|(A.1.4) Mandatory Profile: Uniqueness of interfgce
versioning (6.4)
Alternative' VRO (B.1.3)
Time stamp - prediction (A.1.5.1) Mandatory
Cycle counter] (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - predictjon
(A.1.5.1)
Interface cycle time (A.1.7) Optional
Interface cycle time - variation (A.1.8) Optional
Data qualifieq (A.1.9) Mandatory Default enumerators (B.1.7)

Colour model

type (A.1.14)

Conditional (B.2.1)
Relevant: camera

Profile: Colour model for RDPI
(7.4.3)

Alternative VRO (B.1.3)
Use enumeration to define
colours by defining colour
values and the applied colouf
model for each enumerator.

Default enumerators (B.1.7)

Recognised road markings - capability RL LSG Optional
(A.1.10.2) conditional
. . (B.2.3) -

Recognised r¢ad markings - status multiple Optional Redundancy (B.1.2)

(A.1.11.2) entity types Signa.l: Recognise(.i.road
markings - capability (A.1.1(.2)
Default enumerators (B.1.7)

Number of valid road markings (A.1.12.2) Mandatory Optimise LL (B.1.1)

Recognised road boundaries - capability Optional

(A.1.10.3)

Recognised road boundaries - status Optional Redundancy (B.1.2)

(A.1.11.3) Signal: Recognised road
boundaries - capability
(A.1.10.3)
Default enumerators (B.1.7)

Number of valid road boundaries (A.1.12.3) Mandatory Optimise LL (B.1.1)
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The following LSGs, which normally shall be provided by the sensor cluster in another interface, may be
added to this header, if, for example, the other interface is not implemented by the sensor cluster (see
B.3.3):

interface: SPI; LSG “Information: vehicle coordinate system” (see Table 51);
interface: SHII; LSG “Calibration” (see Table 53);

interface: SHII; LSG “Sensor cluster” (see Table 53).

7.4.2 Road object entity

Each
the rlevant road surface for the ego-vehicle. They consist of several LSGs.

The 1

A rod

road object describes a recognised real-world road limitation (road marking or road-b

oad surface is described by the road surface LSG. The road surface provides®o-LSG “St
d marking is described by the following LSGs for road marking.

Status: the status describes the general information of a tracked road_marking. This in|
Ibased on history of the object tracking. Table 15 defines the sighal’ grouping “Road
gtatus”. It defines this status LSG of the road marking and redéfines the signal group
dbject level entity status” (see Table 8).

felated to the road marking.

$ign information: the sign information describes optional the sign symbol of the ro
which may be equivalent to a traffic sign as traffic main sign.

(Colour tone: the colour tone describes«the main colour of the message text and the b3
the road marking.

The contour of a road marking could be described by polynomials and/or pd
onnections:

Connections: the.contour can be connected with other road markings contours
and each connection has a common vertex point at the connection of the road marK

Polynomijals: the polynomials of a road marking describe the detailed shape and
3D vector space with polynomial lines. Different polynomials describe the y and z
contour independently.

oundary) or

htus”.

ormation is
bject entity
ng “Generic

Information: the information describes the road marking type and different visual properties

ad marking,

ckground of

lylines and

of the road

(ings.

bounds in a
yalues of the

vector space with multiple line segments and a defined interpolation method.

Polylines: the polylines of a road marking describe the detailed shape and b011nds in a 3D

A road boundary is described by the following LSGs for road boundary:

— Status: the status describes the general information of a tracked road boundary. This information is
based on history of the object tracking. Table 15 defines the signal grouping “Road object entity
status”. It defines this status LSG of the road boundary and redefines the signal grouping “Generic

object level entity status” (see Table 8).

Information: the information describes the road boundary type and different visual properties

related to the road boundary.

Colour tone: the colour tone describes the main colour of the road boundary.

© IS0 2023 - All rights reserved
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— The contour could be described by polynomials and/or polylines:

— Polynomials: the polynomials of a road boundary describe the detailed shape and bounds in a
3D vector space with polynomial lines. Different polynomials describe the y and z values of the

contour independently.

— Polylines: the polylines of a road boundary describe the detailed shape and bounds in a 3D
vector space with multiple line segments and a defined interpolation method.

Table 15 — Specific signal grouping: Road object entity status

Signal RL signal Option

Existence pijobability — object level (A.2.1) Mandatory

Object ID (A}2.2) Mandatory Alternative A2I (B.3.2)

Object grouping ID (A.2.3) Optional

Age (A.2.4) Mandatory

Number of yalid observations - object level Optional Optimise LL (B.1*1)

(A.2.5) Alternative UTL (B.1.6)
Key: Time stamp reference - object level
(A.2.6)
* n'vecent messages of the interface [s¢e
“Time stamp reference - object
level” (A.2.6)]

Time stgmp reference - object level (A.2.6) Mandatogy; Alternative VRO (B.1.3)

Observalion status - object level (A.2.7) Mandatory Redundancy (B.1.2)
Signal: Object ID (A.2.2), Time stamp -
prediction (A.1.5.1)
Default enumerators (B.1.7)

Track quality (A.2.8) Optional

Measurement status - object level (A.2.9) Mandatory Default enumerators (B.1.7)

Road markings and road bouhdaries can be represented either by polynomials of degree 3 ar by

polylines cdnsisting of one (ey*more segments merged at the vertex points (see Figure 13 and see
informative [figures in Annex/A for details: Figure A.11 and Figure A.14).
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1 eal-world scene
2 bolyline contour representation
Lx  xthpolyline
lxy ythvertex point [signal “Vertex point {x,y, z}” (A.2.105)] of the xth polyline
3 bolynomial contour representation

Nx  xth polynomial
ange begin of the xth polynomial [see “Polynomial range x {begin, end}” (A.2.113)]

ange end of the xth polynomial [see “Polynomial fange x {begin, end}” (A.2.113)]

Figure 13 — Example for alternative contour representations
ad marking

road marking contours ,are* specified with road marking polynomials and/or ro
03) and the

The
polylines and refer to connections of road markings by the signal “Connection type” (A.2.1
1 “Connection grouping 1D” (A.2.104). Each road marking connection is defined by a unique signal

signg
“Conpection grouping ID”)(A.2.104) value and connects two or more road marking contours

7.4.3

Profile: Colotirymodel for RDOI
pe” (A.1.14)
scribed by a

brofile is'relevant for camera sensor technology (B.2.1). The signal “Colour model ty
e the colour

The
definles the-¢olour model for the interface. Depending on the colour model, each colour is de
number of colour values [see signal “Colour value - object level” (A.2.100)] to defin
nce — object

The confidence of the colour tone is provided by the signal “Colour tone - confide

fixed|

tone

level” (A.2.101).
The interface provides colour tones for road markings and road boundaries.

7.5 Static object interface
The static object interface (SOI) consists of four types of entities: general landmarks, traffic signs (traffic

main sign and additional supplementary signs), traffic sign boards and traffic lights (see Figure 14).

Table 16 defines the logical structure of the static object interface.

Table 16 — Static object interface
RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
53
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0

Information: interface M Interface version ID {major, minor, M Profile:

patch} (A.1.1) Uniqueness of
interface
versioning (6.4)

Interface ID (A.1.2) 0 Profile:
Uniqueness of
interface

verstening{6-4)
Default
enumerators
(B.1A)

Number of valid serving sensors M Profile:

(A.1.3) Uhiqueness of
interface
versioning (6.4)
Optimise LL
(B.1.1)
Alternative UTL
(B.1.6)

Key: Sensor ID
(A1.4)

Size type: dynamic/fixed
Size #: Number, 0f;valid serving sensors (A.1.3)

Sensor ID (A31.4) M Profile:
Uniqueness of
interface
versioning (6.4

Alternative VRD
(B.1.3)

—

Time stamp - prediction (A.1.5.1) M

Cycle counter (A.1.6.1) 0 Redundancy
(B.1.2)
Signal: Time stamp
- prediction
(A1.5.1)

Interface cycle time (A.1.7)

Interface cycle time - variation 0
(A.1.8)

Data qualifier (A.1.9) M Default
enumerators
(B.1.7)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Colour model type (A.1.14) C(B.2.1) | Profile: Colour
Relevant: | model for SOI
camera (7.5.3)
Alternative VRO
(B.1.3)
Use enumeration
to define colours
by defining colour
values|and the
applied colour
model for each
enumeyrator.
Defaulf
enumeyrators
(B.1.7)
Gengral landmarks C(B.2.3) | Recognised general landmarks - 0
multiple | capability (A.1.10.4)
entity .
types Recognised general landmadrks - 0 Redunflancy
status (A.1.11.4) (B.1.2)
Signal:|Recognised
generall landmarks
- capability
(A.1.1Q.4)
Default
enumeyrators
(B.1.7)
Number of valid general landmarks M Optimise LL
(A.1.12.4) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid general landmarks (A.1.12.4)
Feneral landmark M Existence probability - object M
statys level (A.2.1)
Object ID (A.2.2) M Alternative A21
(B.3.2)
Object grouping ID (A.2.3) 0
Age (A.2.4) M
Numberof vatid observations = © Optimmise LL

© IS0 2023 - All rights reserved

object level (A.2.5)

(B.1.1)

Alternative UTL
(B.1.6)

Key: Time stamp
reference - object
level (A.2.6)

*n recent
messages of the
interface [see
“Time stamp
reference - object
level” (A.2.6)]
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RL LSG . RL signal .
LSG Signal Option
M/c/0 M/C/0
Size type: dynamic/fixed
Size #: Number of valid observations - object level (A.2.5)
Time stamp reference - M Alternative VRO
object level (A.2.6) (B.1.3)
Observation status - object M Redundancy
level (A.2.7) (B.1.2)
Qignal- ﬂh}'prf 1D
(A.2.2), Time
stamp - predidtion
(A.1.5.1)
Defatilt
ehumerators
(B.1.7)
Track quality (A.2.8) 0
Measurement status - object M Default
level (A.2.9) enumerators
(B.1.7)
General Jlandmark M Number of valid general M Optimise LL
information landmark classifications (B.1.1)
(A2.129) Alternative UTL
(B.1.6)
Key: General
landmark
classification type
(A.2.130)
Size type: dynamic/fixed
Size #: Number of valid general landmark classifications
(A.2.129)
General landmark M Alternative VRD
classification type (A.2.130) (B.1.3)
Default
enumerators
(B.1.7)
General landmark M
classification type -
confidence (A.2.131)
General [andmark vt Reference point {A-2-1%) © DBefautt
position enumerators
(B.1.7)
Position - object level {x, y, z} {M, M, O}
(A.2.15)
Position - object level {x, y, z} - {M, M, O} | Implementation
error (A.2.16) EM (B.4.1)
Orientation {yaw, pitch, roll} {C(B.2.1)
(A.2.17) Relevant:
camera, O,
0}
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RLLSG

RL signal

LSG Signal Option
M/C/0 M/C/0
Orientation {yaw, pitch, roll} - 0 Implementation
error (A.2.18) EM (B.4.1)
General landmark C(B.2.1) Bounding box extent {length, {M, M, 0}
bounding box Relevant: width, height} (A.2.20)
camera
Bounding box extent {length, 0 Implementation
width, height} - error (A.2.21) EM (B.4.1)
Traffic signs C(B.2.3) | Recognised tratfic signs - capability 0
multiple | (A.1.10.5)
tit
(:n leZ Recognised traffic signs - status 0 Redundancy
P (A.1115) (B.1.2)
Signal:|Recognised
traffic pigns -
capability
(A.1.10.5)
Defaulf
enumejrators
(B.1.7)
Number of valid traffic'signs M Optimise LL
(A.1.12.5) (B.1.1)
Size type: dyniamic/fixed
Size #: Nuinber of valid traffic signs (A.1.12.5)
Traffic main sign M Existence probability — object M
statys level(A.2.1)
Object ID (A.2.2) M Alternative A2I
(B.3.2)
Object grouping ID (A.2.3) 0
Age (A.2.4) M
Number of valid observations - 0 Optimise LL
object level (A.2.5) (B.1.1)
Alternative UTL
(B.1.6)

Key: Time stamp
refere:tce - object

level (4.2.6)

*n recgnt

© IS0 2023 - All rights reserved

messages of the
interface [see

“Time stamp

reference - object
level” (A.2.6)]

Size type: dynamic/fixed

Size #: Number of valid observations - object level (A.2.5)

Time stamp reference -
object level (A.2.6)

M

Alternative VRO

(B.1.3)
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RL LSG . RL signal .
LSG Signal Option
M/c/0 M/C/0
Observation status - object M Redundancy
level (A.2.7) (B.1.2)
Signal: Object ID
(A.2.2), Time
stamp - prediction
(A15.1)
Default
enumerators
(B.1.7)
Track quality (A.2.8) 0
Measurement status - object M Default
level (A.2.9) enumerators
(B.1.7)
Traffic nfain sign M Number of valid sign M Optimise LL
information classifications (A290) (Bll)
Alternative UTL
(B.1.6)
Key: Sign
classification type
(A.2.91)
Size type: dynami¢/fixed
Size #: Numbertof valid sign classifications (A.2.90)
Sign classification type M Alternative VRD
(A.291 (B.1.3)
Default
enumerators
(B.1.7)
Sign classification type - M
confidence (A.2.92)
Sign value (A.2.93) M
Sign value unit (A.2.94) M Default
enumerators
(B.1.7)
Sign text (A.2.95)
Sign text font (A.2.96) 0 Default
enumerators
(B.1.7)
Sign text - confidence 0
(A.2.97)
Number of valid entity states M Optimise LL
(A.2.98) (B.1.1)
Alternative UTL
(B.1.6)
Key: Entity state
(A.2.99)
Size type: dynamic/fixed
Size #: Number of valid entity states (A.2.98)
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LSG Signal Option
M/C/0 M/C/0
Entity state (A.2.99) M Alternative VRO
(B.1.3)
Default
enumerators
(B.1.7)
Sign geometry (A.2.132) 0 Default
enumerators
(B-1.7]
[c] Traffic main sign C(B.2.1) Size type: dynamic/fixed
mesgage colour tone Relevant: Size #
camera * Implicit list length - Optimise LL (BA:?): depends on
Colour model type (A.1.14)
Colour value - object M Profilef Colour
level (A.2.100) model for SOI
(7.5.3)
Colour tone - confidence - 0 Profilef Colour
object level (A.2.101) model for SOI
(7.5.3)
Traffic main sign C(B.2.1) Size type: dynamic/fixed
bacKground colour tone Relevant: Size #
camera * Implicit list length - Optimise LL (B.1.1): depends pn Colour
model;type (A.1.14)
€olour value - object level M Profilef Colour
(A.2.100) model for SOI
(7.5.3)
Colour tone - confidence - 0 Profilef Colour
object level (A.2.101) model for SOI
(7.5.3)
Traffic main sign lane 0 Number of valid lane relevance M Optimise LL
relevance classifications (A.2.133) (B.1.1)
Alternative UTL
(B.1.6)
Key: Lane
relevamnce
classification type
(A.2.134)

Size tune: dvnamic/fixed
J P J /A

Size #: Number of valid lane relevance classifications (A.2.133)

type - confidence (A.2.135)

Lane relevance classification M Alternative VRO

type (A.2.134) (B.1.3)
Default
enumerators
(B.1.7)

Lane relevance classification M
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LSG Signal Option
M/c/0 M/C/0
Traffic main sign M Reference point (A.2.14) 0 Default
position enumerators
(B.1.7)
Position - object level {x, y, z} {M, M, 0}
(A.2.15)
Position - object level {x, y, z} - {M, M, O} | Implementation
error (A.2.16) EM (B.4.1)
Orientation {yaw, pitch, roll} {C(B.2.1)
(A.2.17) Relevant:
camera, O,
0}
Orientation {yaw, pitch, roll} - 0 Implementation
error (A.2.18) EM (B.4.1)
Traffic main sign 0 Bounding box extent {length, {0, M, M}
bounding bgx width, height} (A.2.20)
Bounding box extent {length, 0 Implementation
width, height} - error (A.2.21) EM (B.4.1)
Supplemjentary signs M Number of valid traffic M Optimise LL
supplementary signs (A2.136) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid traffic supplementary signs (A.2.136)
Supplementary M Existende)probability - M
Sign status object level (AZl)
Age (A.2.4)
Number of valid 0 Optimise LL
observations - object level (B.1.1)
(A-2.5) Alternative UTL
(B.1.6)

Key: Time stamip
reference - object
level (A.2.6)

*nrecent
messages of th
interface [see
“Time stamp

rafaranca-—ghie

11°

60

~
Tererence oyCL

level” (A.2.6)]

Size type: dynamic/fixed

Size #: Number of valid observations - object level (A.2.5)

Time stamp reference -
object level (A.2.6)

M

Alternative VRO
(B.1.3)
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RLLSG

RL signal

LSG Signal Option
M/C/0 M/C/0
Observation status - M Redundancy
object level (A.2.7) (B.1.2)
Signal: Object ID
(A.2.2), Time
stamp - prediction
(A15.1)
Default
enumerators
(B.1=7)
Track quality (A.2.8) 0
Measurement status - object M Defaulf
level (A.2.9) enumejrators
(B.1.7)
[Q Supp]ementary M Number of valid M Optimise LL
signlinformation supplementary sign (B.1.1)
classifications (A.2.137) Alternative UTL
(B.1.6)
Key:
Supplementary
sign clssification
type (4.2.138)

Size type: dynamic/fixed

© IS0 2023 - All rights reserved

Sizé #: Number of valid supplementary sign classifications

(A.2.137)

Supplementary sign M Alternative VRO

classification type (B.1.3)

(A.2.138) Default
enumeyrators
(B.1.7)

Supplementary sign M

classification type -

confidence (A.2.139)

Sign value (A.2.93) M

Sign value unit (A.2.94) M Defaulf
enumejrators
(B.1.7)

Siogn toevt (A2 Q80 Q

t=] \§ J

Sign text font (A.2.96) 0 Default
enumerators
(B.1.7)

Sign text - confidence 0

(A.2.97)

Number of valid entity M Optimise LL

states (A.2.98) (B.1.1)

Alternative UTL

(B.1.6)

Key: Entity state
(A.2.99)
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LSG Signal Option
M/C/0 M/C/0

Size type: dynamic/fixed
Size #: Number of valid entity states (A.2.98)

Entity state (A.2.99) M Alternative VRO
(B.1.3)
Default
enumerators
(B.1.7)
C(B.2.1) Size type: dynamic/fixed
Supplementary sign Relevant: Size #
message colpur tone Ccamera * Implicit list length - Optimise LL (B.1.1):dépénds dn
Colour model type (A.1.14)
Colour value - object M Profile: Colour
level (A.2.100) model for SOI
(7.5.3)
Colour tone - confidence 0 Profile: Colour
- object level (A.2.101) model for SOI
(7.5.3)
Supplementary C(B.2.1) Size type: dynamic/fixed
sign backgrdund colour Relevant: Size #
tone camera * Implicit list leéngth - Optimise LL (B.1.1): depends on
Colour model type (A.1.14)
Colourwvalue - object M Profile: Colour
level((A.2.100) model for SOI
(7.5.3)
Colour tone - confidence - 0 Profile: Colour
object level (A.2.101) model for SOI
(7.5.3)
Supp]ementary M Relative position (A2140) M Default
sign positior enumerators
(B.1.7)
Relative position order M
(A.2.141)
Traffic sign|boards C (B.2.3) | Recognised traffic sign boards - 0
multiple | capability (A.1.10.6)
entity . .
tvpes Recognised traffic sign boards - 0 Redundancy
Status (A 1. 11.6) (B1:2)
Signal: Recognised
traffic sign boards
- capability
(A.1.10.6)
Default
enumerators
(B.1.7)
Number of valid traffic sign boards M Optimise LL
(A.1.12.6) (B.1.1)

Size type: dynamic/fixed
Size #: Number of valid traffic sign boards (A.1.12.6)
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LSG Signal Option
M/C/0 M/C/0
Traffic sign board M Existence probability — object M
status level (A.2.1)
Object ID (A.2.2) M Alternative A21
(B.3.2)
Object grouping ID (A.2.3) 0
Age (A.2.4) M
Number of valid observations - 0 Optimise LL
object level (A.2.5) (B.11)
Alternative UTL
(B.1.6)
Key: Time stamp
reference - object
level (4.2.6)
*nrecegnt
messages of the
interfare [see
“Time tamp
refererjce - object
level” (A.2.6)]
Size type: dyhamic/fixed
Size #: Number of valid observations - object level (|A.2.5)
Time'stamp reference - M Alternative VRO
object level (A.2.6) (B.1.3)
Observation status - object M Redunflancy
level (A.2.7) (B.1.2)
Signal:|Object ID
(A.2.2), Time
stamp |- prediction
(A.1.5.1)
Default
enumejrators
(B.1.7)
Track quality (A.2.8) 0
Measurement status — object M Defaulf
level (A.2.9) enumejrators
(B.1.7)
Traffic sign board 0 Number of valid entity states 0 Optimise LL
information (A.2.98) (B.1.1)
Alternative UTL
(B.1.6)

Key: Entity state
(A.2.99)

Size type: dynamic/fixed

Size #: Number of valid entity states (A.2.98)
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RLLSG

RL signal

LSG Signal Option
M/C/0 M/C/0
Entity state (A.2.99) M Alternative VRO
(B.1.3)
Default
enumerators
(B.1.7)
Traffic sign board C(B.2.1) Size type: dynamic/fixed
colour tone Relevant: Size #
camera * Implicit list length — Optimise LL (B.1.1): depends on Colotir
model type (A.1.14)
Colour value - object level M Profile: Golour
(A.2.100) maodelfor SOI
(7:5.3)
Colour tone - confidence - 0 Profile: Colour
object level (A.2.101) model for SOI
(7.5.3)
Traffic sign board M Position uv_origin {x, y, z} M Profile: Detectijon
position (A.2.142) references for BD
detections (7.5(4)
Position uv_origin {x, y, zf< M Profile: Detection
error (A.2.143) references for BD
detections (7.5(4)
Implementation
EM (B.4.1)
Position u’end {x, y, z} (A.2.144) M Profile: Detectjon
references for BD
detections (7.5/4)
Position u_end {x, y, z} - error M Profile: Detection
(A.2.145) references for BD
detections (7.5(4)
Implementation
EM (B.4.1)
Position v_end {x, y, z} (A.2.146) M Profile: Detection
references for BD
detections (7.5(4)
Position v_end {X, y, z} - error M Profile: Detection
(A.2.147) references for BD
detections (7.54)
Implementation
EM (B.4.1)
Ratio U- to V-axis (A.2.148) 0
Ratio U- to V-axis - error 0 Implementation
(A.2.149) EM (B.4.1)
Traffic sign board C(B.2.3) Number of valid traffic sign M Optimise LL
regions multiple board regions (A.2.150) (B.1.1)
traffic si
rabolec‘rs(;gn Size type: dynamic/fixed
entity Size #: Number of valid traffic sign board regions (A.2.150)
types
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Traffic sign board M Existence probability - M
region status object level (A.2.1)
Age (A.2.4) M
Number of valid 0 Optimise LL
observations - object level (B.1.1)
(A2.5) Alternative UTL
(B16)

KeytEime stamp
refererice - object
level (A.2.6)

*n recgnt
messages of the
interfare [see
“Time ftamp
referernce - object
level” (A.2.6)]

Size type: dynamje/fixed

Size #: Numberiof Valid observations - object leyel (A.2.5)

Time stamp reference - M Alternative VRO
object level (A.2.6) (B.1.3)
Observation status - M Redunglancy
object level (A.2.7) (B.1.2)
Signal:{Object ID
(A.2.2), Time
stamp [- prediction
(A15.1D)
Default
enumeyrators
(B.1.7)
Track quality (A.2.8) 0
Measurement status - object M Defaulf
level (A.2.9) enumejrators
(B.1.7)
Sign board entity ID 0 Alternative A2I
(A.2.151) (B.3.2)
Number of valid entity ID 0 Optimise LL
TDFDV'Q'I"\{"QC f\]"\jﬂf‘f ID‘Yﬂ] (B I I '
(A2.152) Alternative A2I
(B.3.2)

Size type: dynamic/fixed

Size #: Number of valid entity ID references - object level

(A.2.152)

Sign board entity ID
reference - object level
(A.2.153)

M
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0

Traffic sign board 0 Number of valid entity states M Optimise LL
region information (A.2.98) (B.1.1)
Alternative UTL
(B.1.6)

Key: Entity state
(A.2.99)

Size type: dynamic/fixed
Size #: Number of valid entity states (A.2.98)

Entity state (A.2.99) M Alternative VRD
(B.1,3)
Default
enumerators
(B.1.7)
Border width {u, v} 0
(A.2.154)
Border width {u, v} - error 0 Implementation
(A.2.155) EM (B.4.1)
Traffic sign board region’< 0
confidence (A.2.156)
Traffiic sign board | C(B.2.1) Number of valid ¢alour M Optimise LL
region coloufr tone Relevant: tones (A.2.157) (B.1.1)
camera Alternative UTL
(B.1.6)

Key: Colour tone
type (A.2.158)

Size type: dynamic/fixed
Size #: Number of valid colour tones (A.2.157)

Colour tone type M Alternative VRD
(A.2.158) (B.1.3)

Size type: dynamic/fixed
Size #

* Implicit list length - Optimise LL (B.1.1): depends dn
Colour model type (A.1.14)

Colour value - object M Profile: Colour
level (A.2.100) model for SOI
(7 C 21
533
Colour tone - confidence - 0 Profile: Colour
object level (A.2.101) model for SOI
(7.5.3)
Traffic sign board M Number of valid vertex M Optimise LL
region vertex points points (A.2.159) (B.1.1)

Size type: dynamic/fixed
Size #: Number of valid vertex points (A.2.159)

Local position {u, v} M
(A.2.160)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Local position {u, v} - M Implementation
error (A.2.161) EM (B.4.1)
Traffic sign board C(B.2.3) Number of valid traffic sign M Optimise LL
guiding graphs multiple board guiding graphs (A.2.162) (B.1.1)
traffic si
rabolzrs(;gn Size type: dynamic/fixed
entity Size #: Number of valid traffic sign board guiding graphs
N (A2.162)
L)’ P\’J AY 7
[€] Traffic sign board M Existence probability - M
guiding graph status object level (A.2.1)
Age (A.2.4) M
Number of valid 0 Optimise LL
observations - object level (B.1.1)
(A2.5) Alternative UTL
(B.1.6)

Key: Time stamp
referernce - object
level (4.2.6)

*nrecent
messages of the
interfafe [see
“Time ftamp
refererice - object
level” (A.2.6)]

Size type: dynamic/fixed
Size #: Number of valid observations - object leyel (A.2.5)

Time stamp reference - M Alternative VRO
object level (A.2.6) (B.1.3)
Observation status - M Redunfancy
object level (A.2.7) (B.1.2)
Signal:|Object ID
(A.2.2), Time
stamp |- prediction
(A15.1D)
Default
enumeyrators
(B.1.7)
Track quality (A.2.8) 0
Measurement status - object M Default
level (A.2.9) enumerators
(B.1.7)
Sign board entity ID 0 Alternative A21
(A.2.151) (B.3.2)
Number of valid entity ID 0 Optimise LL
references - object level (B.1.1)
(A2.152) Alternative A2I
(B.3.2)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0

Size type: dynamic/fixed
Size #: Number of valid entity ID references - object level

(A.2.152)
Sign board entity ID M
reference - object level
(A.2.153)
Traffie Sig‘.’l beard Q Traffic sign board gniding M
guiding graph graph - confidence (A.2.163)
information
Traffjic sign board M Number of valid vertex M Optifise LL
guiding graph vertex points (A.2.159) (B.L.1)
points Alternative UTL
(B.1.6)
Key: Local position
ID (A.2.164)
Size type: dynamic/fixed
Size #: Number of validiévertex points (A.2.159)
Local position ID M Alternative VRD
(A.2.164) (B.1.3)
Local position'fu, v} M
(A.2.160)
Localposition {u, v} - M Implementation
error(A.2.161) EM (B.4.1)
Traffiic sign board M Number of valid edges M Optimise LL
guiding graph edges (A.2.165) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid edges (A.2.165)
Local position ID M
reference {begin, end}
(A.2.166)
Edge type (A.2.167) M Default
enumerators
(B.1.7)
Edge width {u, v} 0
(A.2.168)
Edge width {u, v} - error 0 Implementation
(A.2.169) EM (B.4.1)
Border width {u, v} 0
(A.2.154)
Border width {u, v} - 0 Implementation
error (A.2.155) EM (B.4.1)
Edge curve type 0 Default
(A.2.170) enumerators
(B.1.7)
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RLLSG

RL signal

LSG Signal Option
M/C/0 M/C/0
Arrow type (A.2.171) 0 Default
enumerators
(B.1.7)
Number of valid entity M Optimise LL
states (A.2.98) (B.1.1)
Alternative UTL
(B.1.6)
Key: Entity state
(A2.99)
Size type: dynamic/fixed
Size #: Number of valid entity stdtes’(A.2.98)
Entity state (A.2.99) M Alternative VRO
(B.1.3)
Defaulf
enumejrators
(B.1.7)
[c] Traffic sign board M Number of valid-celour M Optimise LL
guidlng graph edge tones (A2157) (Bll)
colopir tone Alternative UTL
(B.1.6)
Key: Colour tone
type (4.2.158)
Size type: dynamic/fixed
Size #: Number of valid colour tones (A.2.157)
Colour tone type M Alternative VRO
(A.2.158) (B.1.3)
Size type: dynamic/fixed
Size #
* Implicit list length - Optimise LL (B.1.1)} depends
on Colour model type (A.1.14)
Colour value - M Profile} Colour
object level model for SOI
(A.2.100) (7.5.3)
Colour tone - confidence 0 Profile} Colour
- object level (A.2.101) model for SOI
(7.5.3)
Traffic sign board C(B.2.3) Number of valid traffic sign M Optimise LL
text multiple board texts (A.2.172) (B.1.1)
traffic si
rabolzrs(;gn Size type: dynamic/fixed
entity Size #: Number of valid traffic sign board texts (A.2.172)
types
Traffic sign board M Existence probability - M
text status object level (A.2.1)
Age (A.2.4) M
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RLLSG

RL signal

LSG Signal Option
M/c/0 M/C/0
Number of valid 0 Optimise LL
observations - object level (B.1.1)
(A-2.5) Alternative UTL
(B.1.6)
Key: Time stamp
reference - object
level (A.2.6)
* precent
messages of the
interfacefsee
“Time Stamp
reference - object
level” (A.2.6)]
Size type: dynamic/fixed
Size #: Number of valid observations,= object level (A.2.3)
Time stamp reference - M Alternative VRD
object level (A.2.6) (B.1.3)
Observation status - M Redundancy
object level (A.2.7) (B.1.2)
Signal: Object IID
(A.2.2), Time
stamp - predidtion
(A15.1)
Default
enumerators
(B.1.7)
Track quality (A.2.8) 0
Measurement status - object M Default
level (A.2.9) enumerators
(B.1.7)
Sign board entity ID 0 Alternative A2
(A.2.151) (B.3.2)
Number of valid entity ID 0 Optimise LL
references - object level (B.1.1)
(A2.152) Alternative A2
(B.3.2)
Size type: dynamic/fixed
Size #: Number of valid entity ID references - object level
(A.2.152)
Sign board entity ID M
reference - object level
(A.2.153)
Traffic sign board M Sign text (A.2.95)
text information Sign text font (A.2.96) 0 Default
enumerators
(B.1.7)

70
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LSG Signal Option
M/C/0 M/C/0
Sign text - confidence 0
(A.2.97)
Number of valid entity states 0 Optimise LL
(A.2.98) (B.1.1)
Alternative UTL
(B.1.6)
Key: Entity state
GWAE)]
Size type: dynamic/fixed
Size #: Number of valid entity states (A.2.98)
Entity state (A.2.99) M Alternative VRO
(B.1.3)
Defaulf
enumeyrators
(B.1.7)
[g Traffic sign board M Size type: dynamic/fixed
text colour tone Size #
* Implicit listlength - Optimise LL (B.1.1): depenlds on
Colour modeltype (A.1.14)
Colour‘value - object M Profilef Colour
level\(A.2.100) model for SOI
(7.5.3)
Colour tone - confidence - 0 Profilef Colour
object level (A.2.101) model for SOI
(7.5.3)
<] Traffic sign board M Bounding box {Ugegin, UEnd, M
text bounding box VBegin, VEnd} (A.2.173)
Bounding box {uBegin, UEnd, 0 Implerhentation
VBegin, VEnd} — error (A.2.174) EM (B.p.1)
Traffic sign board C(B.2.3) Number of valid traffic sign M Optimise LL
iconf and symbols multiple board icons and symbols (B.1.1)
traffic sign (A.2.175)
board . -
entity Size type: dynamic/fixed
types Size #: Number of valid traffic sign board icons and fymbols
(A.2.175)
G| Traffic sign board M Existence probability - M
icon or symbol status object level (A.2.1)
Age (A.2.4) M
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RL signal

LSG Signal Option
M/C/0 M/C/0
Number of valid 0 Optimise LL
observations - object level (B.1.1)
(A-2.5) Alternative UTL
(B.1.6)
Key: Time stamp
reference - object
level (A.2.6)
* precent
messages of the
interfacefsee
“Time Stamp
reference - object
level” (A.2.6)]
Size type: dynamic/fixed
Size #: Number of valid observations,= object level (A.2.3)
Time stamp reference - M Alternative VRD
object level (A.2.6) (B.1.3)
Observation status - M Redundancy
object level (A.2.7) (B.1.2)
Signal: Object IID
(A.2.2), Time
stamp - predidtion
(A.1.5.1)
Default
enumerators
(B.1.7)
Track quality (A.2.8) 0
Measurement status - object M Default
level (A.2.9) enumerators
(B.1.7)
Sign board entity ID 0 Alternative A2
(A.2.151) (B.3.2)
Number of valid entity ID 0 Optimise LL
references - object level (B.1.1)
(A2.152) Alternative A2
(B.3.2)
Size type: dynamic/fixed
Size #: Number of valid entity ID references - object level
(A.2.152)
Sign board entity ID M
reference - object level
(A.2.153)
Traffic sign board M Icon and symbol type M Default
icon or symbol (A.2.176) enumerators
information (B.1.7)
Icon and symbol type - 0
confidence (A.2.177)
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LSG Signal Option
M/C/0 M/C/0
Number of valid entity states 0 Optimise LL
(A.2.98) (B.1.1)
Alternative UTL
(B.1.6)
Key: Entity state
(A.2.99)
Size type: dynamic/fixed
Size #: Number of valid entity states (A.2.98)
Entity state (A.2.99) M Alternative VRO
(B.1.3)
Defaulf
enumejrators
(B.1.7)
C] Traffic sign board M Bounding box {uBegin, UEnd, M
icon|or symbol bounding VBegin, VEnd} (A.2.173)
box Bounding box {uBegin, UEnd, 0 Implermentation
VBegin, VEnd } — error/(/A.2.174) EM (B.#.1)
Traffic sign board C(B.2.3) Number of valid traffic sign M Optimijse LL
objeft references multiple board object references (B.1.1)
traffic sign (A.2.178)
board ; e
entity Size type: dynamic/fixed
types Sizé #: Number of valid traffic sign board object refgrences
(A.2.178)
[c] Traffic sign board M Existence probability - M
objeft reference status object level (A.2.1)
Age (A.2.4) M
Number of valid 0 Optimise LL
observations - object level (B.1.1)
(A.2.5) Alternative UTL
(B.1.6)
Key: Time stamp
refererjce - object
level (4.2.6)
*nrecegnt

messages of the
interfare [see

© IS0 2023 - All rights reserved

“Time stamp
reference - object
level” (A.2.6)]

Size type: dynamic/fixed

Size #: Number of valid observations - object level (A.2.5)

Time stamp reference -
object level (A.2.6)

M

Alternative VRO
(B.1.3)
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74

RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Observation status - M Redundancy
object level (A.2.7) (B.1.2)
Signal: Object ID
(A.2.2), Time
stamp - prediction
(A.1.5.1)
Default
enumerators
(B.1.7)
Track quality (A.2.8) 0
Measurement status - object M Default
level (A.2.9) enumerators
(B.1.7)
Sign board entity ID 0) Alternative A2
(A.2.151) (B.3.2)
Number of valid entity ID 0 Optimise LL
references - object level (B.1.1)
(A.2.152) Alternative A2
(B.3.2)
Size type: dynanii¢/fixed
Size #: Number of valid entity ID references - object levdl
(A.2.152)
Sign board entity ID M
reference - object level
(A:2.153)
Traffic sign board M Object ID reference - object M a
object referdnce level (A.2.179)
information Object ID reference - 0
confidence (A.2.180)
Trafflic Sjgn board M Bounding box {UBegin, UEnd, M
object refergnce VBegin, VEnd} (A.2.173)
bounding bgx Bounding box {uBegin, UEnd, 0 Implementation
VBegin, VEnd} — error (A.2.174) EM (B.4.1)
Traffic sign board C(B.2.3) Number of valid traffic sign M Optimise LL
occlusion multiple board occlusions (A.2.181) (B.1.1)
traffic sign :
board Size type: dynamic/fixed
entity Size #: Number of valid traffic sign board occlusions (A.2.181)
types
Traffic sign board M Existence probability - M
occlusion status object level (A.2.1)
Age (A.2.4) M

© IS0 2023 - All rights reserved



https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150:2023(E)

RL LSG RL signal

LSG Signal Option
M/C/0 M/C/0
Number of valid 0 Optimise LL
observations - object level (B.1.1)
(A2.5) Alternative UTL
(B.1.6)

Key: Time stamp
reference - object
level (A.2.6)

* preepent

messages of the
interfare [see
{Time tamp
reference - object
level” (A.2.6)]
Size type: dynamic/fixed
Size #: Number of valid obServations - object leyel (A.2.5)
Time stamp reference = M Alternative VRO
object level (A.2.6) (B.1.3)
Observation status’- M Redungancy
object level (A2.7) (B.1.2)
Signal:{Object ID
(A.2.2), Time
stamp [- prediction
(A.1.5.1)
Default
enumejrators
(B.1.7)
Track quality (A.2.8) 0
Measurement status - object M Default
level (A.2.9) enumejrators
(B.1.7)
Sign board entity ID 0 Alternative A2I
(A.2.151) (B.3.2)
Number of valid entity ID 0 Optimise LL
references - object level (B.1.1)
(A2.152) Alterngtive A2I
(B.3.2)
Size type: dynamic/fixed

Size #: Number of valid entity ID references - object level

(A.2.152)
Sign board entity ID M
reference - object level
(A.2.153)
Traffic sign board 0 Occlusion type (A.2.182) M Default
occlusion information enumerators
(B.1.7)
Occlusion type - confidence 0
(A.2.183)
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RL LSG . RL signal .
LSG Signal Option
M/c/0 M/C/0
Traffic sign board M Number of valid vertex M Optimise LL
occlusion vertex points points (A.2.159) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid vertex points (A.2.159)
Local position {u, v} M
(A.2.160)
Local position {u, v} - M Implementatiojn
error (A.2.161) EM (B.4.1)
Traffic lights C(B.2.3) | Recognised traffic lights - 0
multiple | capability (A.1.10.7)
entity . -
types Recognised traffic lights - status 0 Redundancy
(A1.11.7) (B.1.2)
Signal: Recognijsed
traffic lights -
capability
(A.1.10.7)
Default
enumerators
(B.1.7)
Number of valid traffic lights M Optimise LL
(A1.12.7) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid traffic lights (A.1.12.7)
Traffic light status M Existenee probability - object M
level(A.2.1)
Object ID (A.2.2) M Alternative A2
(B.3.2)
Object grouping ID (A.2.3) 0
Age (A.2.4)
Number of valid observations - 0 Optimise LL
object level (A.2.5) (B.1.1)
Alternative UTL
(B.1.6)
Key: Time stamp
reference — object

level (A.2.6)

*n recent
messages of the
interface [see
“Time stamp
reference - object
level” (A.2.6)]

Size type: dynamic/fixed
Size #: Number of valid observations - object level (A.2.5)

Time stamp reference - M Alternative VRO
object level (A.2.6) (B.1.3)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0

Observation status - object M Redundancy

level (A.2.7) (B.1.2)

Signal: Object ID
(A.2.2), Time
stamp - prediction
(A.1.5.1)

Default
enumerators
(B.1z7)

Track quality (A.2.8) 0

Measurement status - object M Defaulf
level (A.2.9) enumejrators
(B.1.7)

Traffic light M Number of valid structure light M Optimise LL
information classifications (A.2.184) (B.1.1)

Alternative UTL
(B.1.6)
Key: Structure
light clpssification
type (4.2.185)

Size type:dynamic/fixed
Size #:Number of valid structure light classifications (A.2.184)

Structure light classification M Alternative VRO
type (A.2.185) (B.1.3)
Defaulf
enumejrators
(B.1.7)
Structure light classification M
type - confidence (A.2.186)
Traffic light position M Reference point (A.2.14) 0 Default
enumejrators
(B.1.7)
Position - object level {x, y, z} {M, M, 0}
(A.2.15)
Position - object level {x, y, z} - {M, M, O} | Implementation
error (A.2.16) EM (B.g.1)
Orientation {yaw, pitch, roll} {C(B.2.1)
(A.2.17) Relevant:
camera, O,
0}
Orientation {yaw, pitch, roll} - 0 Implementation
error (A.2.18) EM (B.4.1)
Minimum visibility distance M
(A.2.187)
Traffic light bounding | C (B.2.1) Bounding box extent {length, {0, M, M}
Relevant: width, height} (A.2.20)
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RLLSG

RL signal

LSG Signal Option
M/c/0 M/C/0
box Camera Bounding box extent {length, 0 Implementation
width, height} - error (A.2.21) EM (B.4.1)
Traffic light spots M Total number of traffic light 0
spots (A.2.188)
Total number of traffic light 0
spots = confidence (A 21 RQ)
Number of valid traffic light M Optimise LI
spots (A.2.190) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid traffic light spots (A.2:190)
Traffic llght spot M Existence probability - M
status object level (A.2.1)
Age (A.2.4) M
Number of valid 0 Optimise LL
observations - object level (B.1.1)
(A.2.5) Alternative UTL
(B.1.6)

Key: Time stamip
reference - object
level (A.2.6)

*nrecent
messages of the
interface [see
“Time stamp

reference - object
level” (A.2.6)]

Size type: dynamic/fixed

78

Size #: Number of valid observations - object level (A.2.3)
Time stamp reference - M Alternative VRD
object level (A.2.6) (B.1.3)
Observation status - M Redundancy
object level (A.2.7) (B.1.2)
Signal: Object IID
(A.2.2), Time
stamp - predigtion
(A15.1)
Default
enumerators
(B.1.7)
Track quality (A.2.8) 0
Measurement status - object M Default
level (A.2.9) enumerators
(B.1.7)
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RLLSG

RL signal

LSG Signal Option
M/C/0 M/C/0
Traffic light spot M Number of valid light shape M Optimise LL
information classifications (A.2.191) (B.1.1)
Alternative UTL
(B.1.6)
Key: Light shape
classification type
(A.2.192)
SiZe type: dynamic/fixed
Size #: Number of valid light shape classificationk (A.2.191)
Light shape classification M Alternative VRO
type (A.2.192) (B.1.3)
Defaulf
enumejrators
(B.1.7)
Light shape classification M
type - confidence
(A.2.193)
Light shape value C(B.2.2)
(A.2.194) * The
signal
“Light
shape
classificati
on
type” (A.2.
192) has
“LSCT_Cou
ntdownSe
cond”,
“LSCT_Cou
ntdownPe
rcent” or a
similar
enumerat
or defined
during the
system
design
phase.
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RLLSG

RL signal

LSG Signal Option
M/C/0 M/C/0
Traffic light spot C(B.2.1) Number of valid colour M Optimise LL
colour Relevant: classifications (A.2.195) (B.1.1)
Camera Alternative UTL
(B.1.6)
Key: Colour
classification type
(A.2.196)
SiZE€ type: dynamic/fixed
Size #: Number of valid colour classifications (A.2.195)
Colour classification type M Alternative VRD
(A.2.196) (B4=3)
Default
enumerators
(B.1.7)
Colour classification type M
- confidence (A.2.197)
Number of valid light mode M Optimise LL
classifications (A.2.198) (B.1.1)
Alternative UTL
(B.1.6)
Key: Light mode
classification type
(A.2.199)
Size‘type: dynamic/fixed
Size #: Number of valid light mode classifications (A.2.198)
Light mode classification M Alternative VRD
type (A.2.199) (B.1.3)
Default
enumerators
(B.1.7)
Light mode classification M
type - confidence
(A.2.200)
Traffic light.spot M Position - object level {x, y, {M, M, 0}
position z} (A.2.15)
Position - object level {x, y, {M, M, O} | Implementation
z} - error (A.2.16) EM (B.4.1)
Number of valid lane 0 Optimise LL
relevance classifications (B.1.1)
(A.2.133) Alternative UTL
(B.1.6)
Key: Lane
relevance
classification type
(A.2.134)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0

Size type: dynamic/fixed
Size #: Number of valid lane relevance classifications

(A.2.133)

Lane relevance M Alternative VRO

classification type (B.1.3)

(A.2.134) Default
enumerators
(B.17)

Lane relevance M

classification type -

confidence (A.2.135)

a  |Reference only SOI traffic sign or traffic light

PR
I

1  gdenerallandmark

2a 1haifsign of a traffic sign

2b supplementary sign of a traffic sign
3 traffic light (with 3 traffic light spots)
4 traffic sign board (with guiding graph and a traffic main sign, which is a referenced traffic sign entity)

Figure 14 — Example for static objects

7.5.1 Static object header

Table 17 defines the interface header in subclause “Static object header” (7.5.1) and the changes due to
the adaptation in comparison to the generic interface header in 7.2.1. The header of the SOI can contain
a list of general landmarks, a list of valid traffic signs and/or a list of valid traffic light entities (see
7.5.2).
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Table 17 — Specific signal grouping: Static object header

Signal RL signal Option
Interface version ID {major, minor, patch} | Mandatory Profile: Uniqueness of interface
(A.1.1) versioning (6.4)
Interface ID (A.1.2) Optional Profile: Uniqueness of interface
versioning (6.4)
Default enumerators (B.1.7)
Number of valid serving sensors (A.1.3) Mandatory Profile: Uniqueness of interface
Verstoning (6:4)
Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)
Sensor ID|(A.1.4) Mandatory Profile: Uniqueness of interface
versioning (6.4)
Alternative VRO (B.1.3)
Time stamp - prediction (A.1.5.1) Mandatory
Cycle countey (A.1.6.1) Optional Redundancy (B.1.2)
Sighal: Time stamp - prediction
(A.1.5.1)
Interface cycle time (A.1.7) Optional
Interface cycle time - variation (A.1.8) Optional
Data qualifieq (A.1.9) Mandatory Default enumerators (B.1.7)

Colour model type (A.1.14)

Conditional((B.2.1)
Relevanti-camera

Profile: Colour model for SOI
(7.5.3)

Alternative VRO (B.1.3)

Use enumeration to define coloyrs
by defining colour values and thle
applied colour model for each
enumerator.

Default enumerators (B.1.7)

Recognised general landmarks ~capability | RL LSG Optional
(A.1.10.4) conditional
! (B.2.3) ]
Recognised general landmarks - status multipl Optional Redundancy (B.1.2)
ple : .
(A.1.11.4) entity types Signal: Recognised .g.eneral
landmarks - capability (A.1.10.4)
Default enumerators (B.1.7)
Number of valid general landmarks Mandatory Optimise LL (B.1.1)
(A1.12.4)
Recognised traffic signs - capability Optional
(A.1.10.5)
Recognised traffic signs - status (A.1.11.5) Optional Redundancy (B.1.2)
Signal: Recognised traffic signs -
capability (A.1.10.5)
Default enumerators (B.1.7)
Number of valid traffic signs (A.1.12.5) Mandatory Optimise LL (B.1.1)
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Signal RL signal Option

Recognised traffic sign boards - capability Optional

(A.1.10.6)

Recognised traffic sign boards - status Optional Redundancy (B.1.2)

(A.1.11.6) Signal: Recognised traffic sign
boards - capability (A.1.10.6)
Default enumerators (B.1.7)

Number of valid traffic sign boards Mandatory Optimise LL (B.1.1)

(A1.12.6)

Recognised traffic lights - capability Optional

(A.1.10.7)

Recognised traffic lights - status (A.1.11.7) Optional Redundancy (B.1.2)
Signal: Recognised traffic lights -
capability-{A.1.10.7)
Default enumerators (B|1.7)

Numll)er of valid traffic lights (A.1.12.7) Mandatory Optimise LL (B.1.1)

The following LSGs, which normally shall be provided by the sensor cluster in another inter
added to this header, if, for example, the other interface is nét implemented by the sensor
B.3.

— interface: SPI; LSG “Information: vehicle coordinate@ystem” (see Table 51);

interface: SHII; LSG “Calibration” (see Table 53J;

interface: SHII; LSG “Sensor cluster” (see(Table 53).

7.5.7 Static object entity

static object describes a recognised real-world general landmark, traffic sign, traffic s
light. They consist of seyeral LSGs. The traffic sign consists of a main sign and none,
supplementary signs. A main _sign is a traffic sign that can be followed on its own (for exa
sign)l. A supplementary sign is a sign with conditions under which the main sign is valid (
under wet conditions.enly). A traffic sign board may consist of regions on the board, gui
text strings, icons and-symbols, referenced object entities (for example, traffic signs, traffi
occlysions.

A gemeral landmark is described by the following LSGs.

tatus:the status describes general information of the tracked general landmark. This
isbased on history of the object tracking. Table 18 defines the signal grouping “Static

face, may be
cluster (see

gn board or
bne or more
mple, a stop
for example,
ling graphs,
C lights) and

information
bbject entity

status . efines this status of the general landmar
“Generic object level entity status” (see Table 8).

Information: the information describes the general landmark type and confidence.

Position: the position describes the position information of the tracked static object.

static object.
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Bounding box: the bounding box describes the 3D rectangular hull that encloses the recognised

83


https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150:2023(E)

A traffic sign is described by the following LSGs.

A traffic sign} board is deseribed by the following LSGs (see key 1 in Figure 15).

Main sign status: the main sign status describes general information of the tracked main sign. This
information is based on history of the object tracking. Table 18 defines the signal grouping “Static
object entity status”. It defines this status LSG of the main sign and redefines the signal grouping
“Generic object level entity status” (see Table 8).

Main sign information: the main sign information describes the semantic of the main sign.

Main sign colour tone: the main sign colour tone describes visual properties of the main sign’s
message text and the background.

Main sign lane relevance: the main sign lane relevance describes the lanes, which are releva:l\t for
the maih sign and its supplementary signs.

Main sipgn position: the main sign position describes the geometric position and. érientation of the
main sign.

Main sign bounding box: the main sign bounding box describes the.3D rectangular hulll that
enclose$ the recognised main sign.

A list of[supplementary signs assigned to the main sign:

— Supplementary sign status: the supplementary sign status describes general informatipn of
thetracked supplementary sign. This information is based on history of the object tracking and
is dssociated to the main sign. A supplementary sigh uses a subset of signals of the dignal
grojiping “Static object entity status” (Table 18) foi this LSG.

— Supplementary sign information: the (supplementary sign information describegy the
supplementary sign type and confidence.

— Supplementary sign colour tone:’the supplementary sign colour tone describes visual
projperties of the supplementary'sign’s message text and the background.

— Supplementary sign position: the supplementary sign position describes the qualitfative
posfition of the supplementary sign with respect to the main sign and other supplementary
signs.

Traffic pign board status: the sign board status describes general information of the tracked traffic
sign board. This information is based on history of the object tracking. Table 18 defines the dignal
groupintg “Static object entity status”. It defines this status LSG of the sign board and redefines the
signal gtowping “Generic ohject level entity status” (see Tahle 8)

Traffic sign board information: the sign board information describes the general information of
the traffic sign board.

Traffic sign board colour tone: the sign board colour tone describes visual properties of the
traffic sign board.

Traffic sign board position: the position describes the rectangular shape of the tracked traffic sign
board. It defines the affine coordinate system of the traffic sign board.

A traffic sign board entity uses multiple traffic sign board entity types as regions, guiding graphs, text,
icons and symbols, referenced object entities and occlusions.

84
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— A list of traffic sign board regions which are assigned to the traffic sign board (see key 2 in Figure
15 and Figure 16):

Region status: the region status describes general information of the tracked
region is associated to a sign board type entity or the sign board. A region uses
signals of the signal grouping “Static object entity status” (Table 18) for this LSG
signals for a hierarchical association of traffic sign board type entities.

region. The
a subset of
and extends

Region information: the region information describes the information of the region on the

traffic sign board.

Region colour tone: the region colour tone describes visual properties of the Ts
traffic sign board.

Region vertex points: the region vertex points describe the region witha list of
vertex points for the region by affine coordinates of the traffic sign*board objec
system.

gion on the

relative 2D
t coordinate

— A list of traffic sign board guiding graphs which are assigned to the'traffic sign board
Figure 15 and Figure 17):

see key 3 in

Guiding graph status: the guiding graph status describes general information of]
guiding graph. The guiding graph is associated to a-sign board type entity or the s
symbol uses a subset of signals of the signal grouping “Static object entity status” (
this LSG and extends signals for a hierarchicaliassociation of traffic sign board type

Guiding graph information: the guiding graph information describes the inform
guiding graph on the traffic sign board.

Guiding graph vertex points: the guiding graph vertex points describe the guidin
a list of relative 2D verteXx points by affine coordinates of the traffic sign b

coordinate system.

Guiding graph edges:-the guiding graph edges describe the edges of the guiding d
traffic sign boardsand references vertex points for each edge.

Guiding graph edge colour tone: the guiding graph edge colour tone desd

the tracked
ign board. A
'able 18) for
entities.

ation of the

y graph with
oard object

rraph on the

ribes visual

properties of a guiding graph edge on the traffic sign board.

list of-traffic sign board text strings which are assigned to the traffic sign board (
igure-15), which is no referenced traffic sign (some text strings on the traffic sign b

ecognised as a referenced traffic sign main or supplementary sign object [see LSG
gard nh}'pr‘f rpﬁ:rpnr'pc"])-

tee key 4 in
ard may be
‘Traffic sign

— Text status: the text status describes general information of the tracked text. The text string is
associated to a sign board type entity or the sign board. A text string uses a subset of signals of
the signal grouping “Static object entity status” (Table 18) for this LSG and extends signals for a
hierarchical association of traffic sign board type entities.

— Text information: the text information describes the text string on the traffic sign board.

— Text colour tone: the text colour tone describes visual properties of the text string on the
traffic sign board.
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— Text bounding box: the text bounding box describes the bounding box of the text string by
affine coordinates of the traffic sign board object coordinate system.

A list of traffic sign board icons and symbols which are assigned to the traffic sign board (see key 5
in Figure 15):

— Icon or symbol status: the icon or symbol status describes general information of the tracked
icon or symbol. The icon or symbol is associated to a sign board type entity or the sign board.
An icon or symbol uses a subset of signals of the signal grouping “Static object entity
status” (Table 18) for this LSG and extends signals for a hierarchical association of traffic sign

14 )
board typeentires:

— Icon or symbol information: the icon or symbol information describes the recognised’icpn or
synmbol on the traffic sign board.

— Icon or symbol bounding box: the icon or symbol bounding box describes’the bounding box
of the icon or the symbol by affine coordinates of the traffic sign board/object coordinate
system.

A list offtraffic sign board object references for object entities which,are’assigned to the traffid sign
board (for example, traffic sign or traffic light). Due to the possibitity of insufficient separabiljty of
traffic sjgns or traffic lights and traffic sign boards that are too‘elose to the traffic sign board, the
traffic sjgn board related object entities are always referenced.(see key 6a, 6b and 6c in Figurg 15).
The pogsible lack of accuracy in the separation of traffic sign'board and traffic signs or traffic :Igghts
may link traffic signs or traffic lights to the traffic sign board as object references (see Figure 18):

— Objlect reference status: the object reference’status describes general information O‘E the
tragked referenced object entity. The object.entity is associated to a sign board type entity or
the|sign board. An object reference uses a subset of signals of the signal grouping “Static object
entlty status” (Table 18) for this LSG anidextends signals for a hierarchical association of traffic
sign} board type entities.

— Obijlect reference information:the object reference information describes the semantic qf the
refgrenced object entity onhetraffic sign board.

box of the referencéd object entity by affine coordinates of the traffic sign board odbject

— Obj[zct reference bounding box: the object reference bounding box describes the bounding
coofrdinate system.

A list offtraffic_sign board occlusion areas which are assigned to the traffic sign board (for exaple,
occlusign by graffiti, a heavy truck, a tree branch) (see key 7 in Figure 15):

— Ocdlusig atusth . g 3 R4 H 3 sion
area on the traffic sign board. The occlusion is associated to a sign board type entity or the sign
board. An occlusion uses a subset of signals of the signal grouping “Static object entity
status” (Table 18) for this LSG and extends signals for a hierarchical association of traffic sign
board type entities.

— Occlusion information: the occlusion information describes the semantic of the occlusion area
on the traffic sign board.

— Occlusion vertex points: the occlusion vertex points describe the occlusion with a list of

relative 2D vertex points for the shape of the occlusion by affine coordinates of the traffic sign
board object coordinate system.
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A traffic light is described by the following LSGs.

Light status: the traffic light status describes general information of the tracked traffic light. This
information is based on history of the object tracking. Table 18 defines the signal grouping “Static
object entity status”. It defines this status LSG of the traffic light and redefines the signal grouping
“Generic object level entity status” (see Table 8).

Light information: the information describes the certainty and the type of the tracked traffic light.

Light position: the position describes the position information of the tracked traffic light.

Light bounding box: the bounding box describes the 3D rectangular hull that encloses
fraffic light.

A list of traffic light spots assigned to the traffic light:

Spot status: the traffic light spot status describes general information-of the tracke
This information is based on history of the object tracking and is"associated to the
A traffic light spot uses a subset of signals of the signal“grouping “Static 9
status” (Table 18) for this LSG.

Spot information: the traffic light spot information déscribes the semantic of the {
spot.

Spot colour: the traffic light spot colour describes the basic light colour of the t
spot.

Spot position: the traffic light spot position describes the position of the tracke
which is relative to the vehicle coordinate system [see signal “Vehicle coordinate s}
header” (A.1.20)]. All traffic light(spots are inside the traffic light's bounding boj
“Bounding box extent {length, width, height}” (A.2.20)].

the tracked

d light spot.
traffic light.
bject entity

racked light

racked light

d light spot
ystem type -
¢ [see signal
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Hamburg

N m—-————

Key
1  traffic sigh board
described by an affine coordinate system
2 region on|the traffic sign board - region for motorway informatien
described by a shape with vertex points
3 guiding graph on the traffic sign board
described by vertex points and connecting edges
4 text string on the traffic sign board - text string “Beplin”
described by a bounding box
5  icon or symbol on the traffic sign board —(cen for industrial park
described by a bounding box
6a referencefl object entity on the trafficsign board - traffic sign as traffic main sign
described by a bounding box
6b referencef object entity on‘the traffic sign board - traffic sign as traffic main sign including text string “Hamburg”
described by a bounding box
6¢c referencefl object eitity on the traffic sign board - traffic light
described by a bounding box

7  occlusionfapea of the traffic sign board - for example, graffiti or vegetation

d b 1 1 el e - b A . § - 1 e 4=l e £L. - 1 1
€SCribeq oy a sITape WITIT VET tE€X POTIILS, WITICIT IS TeIeValrt ror tIe tratilc sigirooara

Figure 15 — Example for a traffic sign board and its specific entities including their bounding
box, graph or shape
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1  THE MAGIC ROUNDABOUT

Ring road

»

>

<«

Town

I \

-

Oxford

~N /7

egion 1 - title

centre

egion 2 - guiding graph, text and traffic signs,;Which are referenced traffic sign entities

Figure 16 — Example of a traffic sign board with regions with borderlines

@ (Il

=

= =

Figure 17 — Example for a traffic sign board with guiding graph and “Entity state” (A.2.99) =

enumerator “ES_PartlyOutOfService”
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Key
1  traffic sigh board

2 traffic light which may be a referenced traffic sign entity of the traffic sign board (see key 1)
3 traffic sigh which may be a referenced traffic sign entity of the traffic sigirboard (see key 1)

Figure 18 — Example of a traffic sign board, traffic sign and traffic light which may not b
separated exactly

Table 18 — Specific signal grouping: Static object entity status

W

Signal RL signal Option

Existence prdbability - object level (A.24) Mandatory

Object ID (A.3.2) Mandatory Alternative A2I (B.3.2)

Object grouping ID (A.2.3) Optional

Age (A.2.4) Mandatory

Number of vdlid observations - object level Optional Optimise LL (B.1.1)

(A2.5) Alternative UTL (B.1.6)
Key: Time stamp reference - object level
(A.2.6)
* n recent messages of the interface [see
“Time stamp reference - object
level” (A.2.6)]

Time stamp reference - object level (A.2.6) Mandatory Alternative VRO (B.1.3)

Observation status - object level (A.2.7) Mandatory Redundancy (B.1.2)
Signal: Object ID (A.2.2), Time stamp -
prediction (A.1.5.1)
Default enumerators (B.1.7)

Track quality (A.2.8) Optional

Measurement status - object level (A.2.9) Mandatory Default enumerators (B.1.7)

20
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Profile: Colour model for SOI

The profile is relevant for camera sensor technology (B.2.1). The signal “Colour model type” (A.1.14)
defines the colour model for the interface. Depending on the colour model, each colour is described by a
fixed number of colour values [see signal “Colour value - object level” (A.2.100)] to define the colour
tone. The confidence of the colour tone is provided by the signal “Colour tone - confidence - object
level” (A.2.101).

The interface provides colour tones for traffic main signs, supplementary signs and traffic sign board

entity types.
7.5.4_Profile: Detection references for 3D detections
As the different sensor types have different strength, some of them are very precise\in § coordinate
systdm closer to its nature. To enable the fusion unit to make use of it, a mechanism is’provided to map
deteg¢tion of the detection level to entities of the object level.
The profile is relevant, if, for example, a fusion unit benefits from additional information ¢f detections
(for example, detections defined in sensor coordinates), which the sensor-cltster has used| to generate
signgls on object level.
The fonfidence of the position (in cartesian coordinates) of a traffic' sign board [see signal “Position
uv_origin {x, y, z}” (A.2.142)] and the confidence of the extensjetr of the traffic sign board|[see signals
“Position u_end {x, y, z}" (A.2.144) and “Position v_end {x, y, z}/ (A.2.146)] may be low and § fusion unit
may |combine detections from different sensor technologiés: Logical interfaces may extenf the signals
accofding to the cross-interface optimisation (see B.3.4)"to reference detections to add the additional
information of detections (see Table 19). Additionally;-the fusion unit may combine detgctions from
diffefent sensor technologies to reduce the corresponding error signals [“Position uv_origin {x, y, z} -
errof” (A.2.143), “Position uv_origin {x, y, z}.& error” (A.2.143) and “Position v_end|{x, y, z} -
errot” (A.2.147)].
Table 19 — Signal grouping: Exemplary detection references for traffic sign boargd affine
coordinates
Traffic sign board M Position uv_origin {x, y, z} M Profilef Detection
posifion (A.2.142) references for 3D
detections (7.5.4)
Position uv_origin {x, y, z} - M Profilef Detection
error (A.2.143) referenjces for 3D
detections (7.5.4)
Position u_end {x, y, z} (A.2.144) M Profilef Detection
referenjces for 3D
detections (7.5.4)
Position u_end (X, y, Zj — error ™M Profile: Detection
(A.2.145) references for 3D
detections (7.5.4)
Position v_end {x, y, z} (A.2.146) M Profile: Detection
references for 3D
detections (7.5.4)
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Position v_end {x, y, z} - error M Profile: Detection
(A.2.147) references for 3D
detections (7.5.4)
Detections to Number of valid sensing M Optimise LL
generate signals elements which generate the (B.1.1)
“Position uv_origin {x, y, signal “xxx” - Annex B.3.4 Alternative UTL
z}” (A.2.142) and (Table B.2) for signals “Position (B.1.6)

12 LA D 14900

“Position uvporigimr{x;y;

z} - error” (4.2.143)

uv_VuUl ;5;!1 {A, y, LJJ' kn-A-LTZJ aud
Position uv_origin {x, y, z} -
error” (A.2.143)

Key: Number gf
valid serving
sensors-~Anngx
B.3.4+(Table B.B),
Sefnsor ID
reference - Anhex
B.3.4 (Table B.4)

Size type: dynamic/fixed

Size #: Number of valid sensing eletments which generate th
signal “xxx” - Annex B.3.4 (Table B:2) for signal “Position

uv_origin {x, y, z}" (A.2.142)

[0

Number of valid serving
sensors - Annex B.3.4%(Table
B.3)

0

Alternative VRD
(B.1.3)

a

Size type: dyhamic/fixed

Size #: Number of valid serving sensors - Annex B.3.4 (Tpble

Annex B.3.4 (Table B.5)

B.3)
Senisor ID reference - M a
Annex B.3.4 (Table B.4)
Time stamp - measurement 0] b
(A.1.5.2)
Cycle counter (A.1.6.1) 0 Redundancy
(B.1.2)
Signal: Time stamp
- measurement
(A.1.5.2)
b
Detection ID reference - M

Detections to
generate signals
“Position u_end {x, y,
z}” (A.2.144) and

“Position u_end {x, y, z} -

error” (A.2.145)

92

Numberof vatid semnsing
elements which generate the
signal “xxx” - Annex B.3.4
(Table B.2) for signals “Position
u_end {x,y, z}” (A.2.144) and
“Position u_end {x, y, z} -
error” (A.2.145)

Optimise tE
(B.1.1)
Alternative UTL
(B.1.6)

Key: Number of
valid serving
sensors - Annex
B.3.4 (Table B.3),
Sensor ID
reference - Annex
B.3.4 (Table B.4)
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Size type: dynamic/fixed

Size #: Number of valid sensing elements which generate the
signal “xxx” - Annex B.3.4 (Table B.2) for signal “Position u_end

{x,y,z}" (A.2.144)

Number of valid serving
sensors - Annex B.3.4 (Table
B.3)

Alternative VRO

(B.1.3)

a

Size type: dynamic/fixed

Size #: Number of valid serving sensors - Annex B.3.4 (Table

B.3)
Sensor ID reference - M X
Annex B.3.4 (Table B.4)
Time stamp - measurement o b
(A.1.5.2)
Cycle counter (A.1.6.1) 0 Redunflancy
(B.1.2)
Signal:{Time stamp
- meagurement
(A1.5.2)
b
Detection ID reference - M
Annex B.34(Table B.5)
Detections to Number ofivalid sensing M Optimise LL
gengrate signals elements-which generate the (B.1.1)
“Posjition v_end {, y, signal “xxx” - Annex B.3.4 Alternative UTL
z}” (A.2.142) and (Table B.2) for signals “Position (B.1.6)
“Posfition v_end {x, y, z} - veend {x,y, z}" (A.2.142) and Key: Njimber of
errof” (A.2.147) “Position v_end {x, y, z} - valid serving
error” (A.2.147) sensork — Annex
B.3.4 (Table B.3),
SensonID
reference — Annex
B.3.4 (Table B.4)
Size type: dynamic/fixed
Size #: Number of valid sensing elements which genferate the
signal “xxx” - Annex B.3.4 (Table B.2) for signal “Pogition v_end
{x,y,z}" (A.2.142)
Number of valid serving 0 Alternative VRO
sensors - Annex B.3.4 (Table (B.1.3)

© IS0 2023 - All rights reserved

B.3)

a

Size type: dynamic/fixed

Size #: Number of valid serving sensors - Annex B.3.4 (Table

B.3)

Sensor ID reference -
Annex B.3.4 (Table B.4)

M
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Time stamp - measurement 0 b

(A1.5.2)

Cycle counter (A.1.6.1) 0 Redundancy
(B.1.2)
Signal: Time stamp
- measurement
(A.1.5.2)
b

Detection ID reference - M

Annex B34 (Tah]n B ':)

a  Signals
sensor
b Signals

are required, if the signal “Detection ID” (A.4.2) is not unique for different DLIs) off the

luster.

are required, if the signal “Detection ID” (A.4.2) is not unique for differentineasurement
cycles of the DLI.

The mechan
light, landm

ism of the profile based on a traffic sign board definition, but can- also be used for traffic
hrks, lane markings, static or potentially moving objects.

7.6 Free space area object interface

The free sp3
19). Table 2

ce area object interface (FSAOI) consists of one type of\areas: free space area (see Fjgure
D defines the logical structure of the free space area abject interface.

Table 20 — Free space area object interface

LSG

RL LSG
M/C/0

Signal

RL signal
M/C/0

Option

Information
interface

M

Interface version ID {major, minor,
patch} (A.1.1)

M

Profile:
Uniqueness of
interface
versioning (6.4

—

Intenface ID (A.1.2)

Profile:
Uniqueness of
interface
versioning (6.4

Default
enumerators
(B.1.7)

—

Number of valid serving sensors
(A1.3)

Profile:
Uniqueness of
interface

94

versioning (6.4)
Optimise LL
(B.1.1)
Alternative UTL
(B.1.6)

Key: Sensor ID
(A1.4)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Size type: dynamic/fixed
Size #: Number of valid serving sensors (A.1.3)
Sensor ID (A.1.4) M Profile:
Uniqueness of
interface
versioning (6.4)
Alternative VRO
(B.1:3)
Time stamp - prediction (A.1.5.1)
Cycle counter (A.1.6.1) 0 Redundancy
(B.1.2)
Signal Time stamp
- predjction
(A.1.5.1)
Interface cycle time (A.1.7) 0
Interface cycle time - variation
(A.1.8)
Data qualifier (A.1.9) M Defaulg
enumgrators
(B.1.7)
Fre¢ space areas C(B.2.3) Recognised freg’space areas - 0
multiple capability (A-1.10.8)
tity t
entity types Recognised free space areas - status 0 Redundancy
(A.1.11:8) (B.1.2)
Signal{Recognised
free space areas -
capability
(A.1.10.8)
Defaul
enumgrators
(B.1.7)
Number of valid free space areas M Optimjse LL
(A.1.12.8) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid free space areas (A.1.12.8)
FTee space area v Existence probability =object )1
status level (AZl]
Object ID (A.2.2) M Alternative A21
(B.3.2)
Object grouping ID (A.2.3) 0

© IS0 2023 - All rights reserved
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Number of valid observations - 0 Optimise LL
object level (A.2.5) (B.1.1)
Alternative UTL
(B.1.6)

Key: Time stamp
reference - object

level (A.2.6)
* precent
messages of thle
interface {see
“Time.stamp
reference - object
level”(A.2.6)]
Size type: dynamic/fixed
Size #: Number of valid observations - object level (A.2.5)
Time stamp reference - object M Alternative VRO
level (A.2.6) (B.1.3)
Observation status - object M Redundancy
level (A.2.7) (B.1.2)
Signal: Object ID
(A.2.2), Time
stamp - predidtion
(A15.1)
Default
enumerators
(B.1.7)
Track'quality (A.2.8) 0
Measurement status - object level M Default
(A:2.9) enumerators
(B.1.7)
Free spafe area M Free space type (A.2.201) M
information
Polyline interpolation method M Default
(A.2.120) enumerators
(B.1.7)
Number of valid free space area M Optimise LL
shapes (A.2.202) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid free space area shapes (A.2.202)
Free space 0 Road type - object level M Default
area road surface (A.2.73) enumerators
(B.1.7)
Road type - confidence M
(A.2.74)

96 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150:2023(E)

RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Number of valid road surface 0 Optimise LL
classifications (A.2.75) (B.1.1)
Alternative UTL
(B.1.6)
Key: Road surface
classification type
- object level
(A.2.76)
Size type: dynamic/fixed
Size #: Number of valid road surface classifications [A.2.75)
Road surface classification M Alternative VRO
type - object level (A.2.76) (B.1.3)
Defaulf
enumgrators
(B.1.7)
Road surface classification M
type - confidence (A22:77)
Road surface roughness - 0
object level (A.2.78)
Road surfacetexture - object 0
level” (A.2.79)
Numberof valid road surface 0 Optimise LL
condition classifications (B.1.1)
(A.2.80) Alternative UTL
(B.1.6)
Key: Rpad surface
conditjon
classification type
- objeqt level
(A.2.81)
Size type: dynamic/fixed
Size #: Number of valid road surface condition clasgifications
(A.2.80)
Road surface condition M Alternative VRO
classification type - object (B.1.3)
level (A.2.81) Defaul
enumdrators
(B.1.7)
Road surface condition M
classification type -
confidence (A.2.82)
Free space M Limitation geometry type M
area shape (A.2.203)
Shape type - object level M Default
(A.2.204) enumerators
(B.1.7)

© IS0 2023 - All rights reserved
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Sector common vertex point {C(B.2.2),C
{x,y,z} (A.2.205) (B.2.2), 0}
* The signal
“Shape type
- object
level” (A.2.2
04) has
“ST_Sector”
or a similar
enumerator
defined
during the
system
design
phase.
Sector common vertex point {C (B.22)) C | Implementatidn
{x,y, z} - error (A.2.206) (B.2¢2),0} | EM (B.4.1)
»The signal
“Shape type
- object
level” (A.2.2
04) has
“ST_Sector”
or a similar
enumerator
defined
during the
system
design
phase.
Sector common vertex point - 0
confidence {x, y, z} (A.2.207)
Number of valid vertices M Optimise LL
(A.2.122) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid vertices (A.2.122)
Freelspace M Vertex point {X, y, z} {M, M, O}
area vertex (A.2.105)
Vertex point {x, y, z} - {M, M, O} Implementatign
error (A.2.106) EM (B.4.1)
Vertex point - confidence 0
{x,v,2} (A.2.107)
Free M Limitation reason M Default
space area vertex (A.2.208) enumerators
limitation (B.1.7)
Limitation moving C
probability (A.2.209)
Limitation {radial extent, 0
height} (A.2.210)
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RL LSG . RL signal .
LSG Signal Option

M/C/0 M/C/0
Limitation {radial extent, 0 Implementation
height} - error (A.2.211) EM (B.4.1)
Limitation- confidence 0
{radial extent, height}
(A.2.212)
Clearance {height} 0
(A.2.213)
Clearance {height} - error 0 Implementation
(A.2.214) EMY(B#.1)
Clearance - confidence 0
{height} (A.2.215)
Object ID reference - 0
object level (A.2.179)

1  ljmitation edge

2 f 1% H I 4+ D LADD AY e “per p H p= iadD Fio A ldD namlc”
ee-spaceareashape—signal-Freespacetype’ {(A2201)—+=—enumerater EST PereeivedimitedByStatieAnd Dy

t limitation {height} information of the height of the limitation

Figure 19 — Example for free space area objects

7.6.1 Free space area object header

Table 21 defines the interface header in subclause “Free space area object header” (7.6.1) and the
changes due to the adaptation in comparison to the generic interface header in 7.2.1.
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Table 21 — Specific signal grouping: Free space area object header

Signal RL signal Option

Interface version ID {major, minor, patch} (A.1.1) Mandatory | Profile: Uniqueness of interface versioning
(6.4)

Interface ID (A.1.2) Optional Profile: Uniqueness of interface versioning
(6.4)
Default enumerators (B.1.7)

Number ofvallid serving sensors (A.1.3) Mandatory | Profile: Uniqueness of interface versionilllg
(6.4)

Optimise LL (B.1.1)

Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)

Sensor ID|(A.1.4) Mandatory Profile: Uniqueness of interface versioning
(6.4)
Alternative VRO(B.1.3)
Time stamp  prediction (A.1.5.1) Mandatory
Cycle countey (A.1.6.1) Optional Redundancy (B.1.2)
Signal:*Time stamp - prediction (A.1.5.1)
Interface cycle time (A.1.7) Optional
Interface cycle time - variation (A.1.8) Optional
Data qualifier] (A.1.9) Mandatory | Default enumerators (B.1.7)

Recognised fifee space areas - capability (A.1.10.8) | Optional

Recognised fifee space areas - status (A.1.11.8) Optional Redundancy (B.1.2)
Signal: Recognised free space areas -
capability (A.1.10.8)

Default enumerators (B.1.7)

Number of vdlid free space areas (A.1-12.8) Mandatory | Optimise LL (B.1.1)

The following LSGs, which nérmally shall be provided by the sensor cluster in another interface, may be
added to this header, if, for example, the other interface is not implemented by the sensor cluster| (see
B.3.3):

— interfacp: SPI; &LSG“Information: vehicle coordinate system” (see Table 51);

v

— interfacp(SHII; LSG “Calibration” (see Table 53);

— interface: SHII; LSG “Sensor cluster” (see Table 53).

7.6.2 Free space area object entity

Each free space area object describes a recognised free space area and, additionally, its limitation. It
consists of several LSGs.

A free space area and, additionally, its limitation is described by the following LSGs for free space area.

— Status: the status describes the general information of a tracked free space area or limitation. This
information is based on history of the object tracking. Table 22 defines the signal grouping “Free
space area object entity status”. It defines this status LSG of the free space area and redefines the
signal grouping “Generic object level entity status” (see Table 8).
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— Information: the information describes the free space type and the geometric specification
method.

— Road surface: the road surface describes the surface of the road inside the defined shape (only for
free space area shape and not for the limitation).

— Shape: the shape specifies the shape’s properties of the defined sector or the closed polyline.

— Vertex: the vertex describes the geometric free space area shape or the boundary.

R ertev_limitation: the vertev limitation (2s roference of an ohiect entituy Jcoe clan 1 “Ob]ect ID
ertex tation:the vertex limitation {asreferen f an objectentity | ign

teference - object level” (A.2.179)]} describes the limitation at the geometric boundary of the

yertex of the free space area, for example, of a limitation or an underdriveable structure.

Table 22 — Specific signal grouping: Free space area object entity status

Signal RL signal Option
Exist¢nce probability — object level (A.2.1) Mandatory
Objeqt ID (A.2.2) Mandatory | AlternativeA2I (B.3.2)
Objedt grouping ID (A.2.3) Optional
Age (A.2.4) Mandatory
Number of valid observations - object level Optional Optimise LL (B.1.1)
(A2.1) Alternative UTL (B.1.6)

Key: Time stamp reference - object lpvel (A.2.6)

* n recent messages of the interface [see “Time
stamp reference - object level” (A.2.6)]

T|me stamp reference - object level (A.2.6)| Mandatory | Alternative VRO (B.1.3)

Opservation status - object level (A.2'7) Mandatory | Redundancy (B.1.2)
Signal: Object ID (A.2.2), Time stamp| -

prediction (A.1.5.1)
Default enumerators (B.1.7)

Track quality (A.2.8) Optional

Measprement status >object level (A.2.9) Mandatory | Default enumerators (B.1.7)

8 Featurelevel

8.1 | General

The feature level interfaces (FLI) originate from several sensors of a sensor cluster. Therefore, at
feature level, the term sensor cluster is always used, even if a single sensor is serving the interface. The
FLIs provide recognised features, where recognition is based on multiple sensors of the sensor cluster, a
small amount of historical data or no historical data at all. The sensor cluster refers its recognised
features to one of two predefined vehicle coordinate systems [see signal “Vehicle coordinate system
type - header” (A.1.20)]. The feature properties depend on the sensor technology of the sensor cluster.
To bring recognised features in relation to entities of other interface levels, each recognised feature has
a unique signal’s “Feature ID” (A.3.2) value. The uniqueness of the signal’s “Feature ID” (A.3.2) value is
only guaranteed within the sensor cluster’s interfaces.

Wrong link-relations between detections or objects and features shall be prevented. Specifically, the
reuse of the signal’s “Feature ID” (A.3.2) values shall not lead to a misinterpretation of the link-relation
between entities of the sensor cluster’s interfaces.
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On feature level the following interfaces are available:

— Camera feature interface (8.3);

— Ultrasonic feature interface (8.4).

There is no FLI for radar or lidar sensor clusters defined.

8.2 Generic sensor cluster feature interface

Table 23 defines the generic structure of an FLL

Table 25 — Generic sensor feature interface

Structure Multiplicity Option
Generic sensqr cluster feature header (8.2.1) 1
Generic sens¢r cluster feature entity (8.2.2), specifically an individual Multiple Size type:
feature list inFerface entity dynamic/fixed
8.2.1 Genetlic sensor cluster feature header
Table 24 defines the interface header in subclause “Generic sensor cluster feature header” (8.2.1) and
the changes|due to the adaptation in comparison to the generic interface header in 6.2.
Table 24 — Specific signal grouping: Generic sensor.cluster feature header
Signal RL signal Option
Interface vergion ID {major, minor, patch} Mandatory | Profile: Uniqueness of interface versioning (6/4)
(A.1.1)
Interface ID (A.1.2) Optional Profile: Uniqueness of interface versioning (6/4)
Default enumerators (B.1.7)
Number of vdlid serving sensors (A.1.3) Mandatory | Profile: Uniqueness of interface versioning (6/4)
Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)
Sensor ID[(A.1.4) Mandatory Profile: Uniqueness of interface versioning (6(4)
Alternative VRO(B.1.3)
Time stamp - prediction (A4.5.1) Mandatory
Cycle counter] (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - prediction (A.1.5.1)
Interface cycletime (A.1.7) Optional
Interface cycle time - variation (A.1.8) Optional
Data qualifier (A.1.9) Mandatory | Default enumerators (B.1.7)
FLI sensor technology specific header extensions
Recognised features - capability (A.1.10.9) Optional
Recognised features - status (A.1.11.9) Optional Redundancy (B.1.2)
Signal: Recognised features - capability
(A.1.10.9)
Default enumerators (B.1.7)
Number of valid features (A.1.12.9) Mandatory | Optimise LL (B.1.1)
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The following LSGs, which normally shall be provided by the sensor cluster in another interface, may be
added to this header, if, for example, the other interface is not implemented by the sensor cluster (see
B.3.3):

— interface: SPI; LSG “Information: vehicle coordinate system” (see Table 51);
— interface: SHII; LSG “Calibration” (see Table 53);
— interface: SHII; LSG “Sensor cluster” (see Table 53).

8.2.2 Generic sensor cluster feature entity

Tabl¢ 25 defines the generic signal grouping “Generic sensor cluster feature entity status”|for each FLI
and dlefines the status of a feature [see also Table 8 (7.2.2) for generic object level entities].

Table 25 — Specific signal grouping: Generic sensor cluster feature entity status

Signal RL signal Option

Exist¢nce probability - feature level Mandatory

(A3.D

Featyre ID (A.3.2) Conditional (B.3.1) | Alternative A2I (B.3.2)

Exist: DLI

Objedt ID reference - feature level Conditional (B.3.1) | Alternative A2I (B.3.2)

(A3.3) Exist: OLI

Time|stamp difference - feature level | Mandatory Optimise IV (B.1.5)

(A3.4)

Number of valid observations - Optional Optimise LL (B.1.1)

feature level (A.3.5) Alternative UTL (B.1.6)
Key: Time stamp reference - feature lgvel (A.3.6)
* n recent messages of the interface [s¢e “Time
stamp reference - object level” (A.2.6)

T|me stamp reference - feature Mandatory Alternative VRO (B.1.3)

level [A.3.6)

Observation status - féatiire level | Mandatory Redundancy (B.1.2)

(A3.7) Signal: Feature ID (A.3.2) (if unique ovier time),
Time stamp - prediction (A.1.5.1)
Default enumerators (B.1.7)

Each|interface type adds individual properties to the interface entity type. Geometric information of the
feature Aeferences the vehicle coordinate system [see signal “Vehicle coordinate system type -
header”(A.1.20)]. Features reference objects of the sensor cluster. Likewise, detections from individual
sensors of a sensor cluster are referencing features.

8.3 Camera feature interface

Table 26 defines the logical structure of the camera feature interface (CFI).
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Table 26 — Camera feature interface

RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0

Information: M Interface version ID {major, minor, M Profile: Uniqueness
interface patch} (A.1.1) of interface
versioning (6.4)

Interface ID (A.1.2) 0 Profile: Uniqueness
of interface
versioning (6.4)
Default
enumerators,(B.1.7)

Number of valid serving sensors (A.1.3) M ProfilexUniqueness
of interface
versioning (6.4)
Optimise LL (B.1.]1)
Alternative UTL
(B.1.6)

Key: Sensor ID
(A1.4)

Size type: dynamic/fixed
Size #: Number of valid serving sensers (A.1.3)

Sensor ID (A.1.4) M Profile: Uniquenelss
of interface
versioning (6.4)
Alternative VRO
(B.1.3)

Time stamp - prediction (A.1.5.1)

Cycle counter,(A:1.6.1) 0 Redundancy (B.1{2)
Signal: Time stamjp
- prediction
(A.1.5.1)

Interface cycle time (A.1.7)

Interface cycle time - variation (A.1.8)

Data qualifier (A.1.9) M Default
enumerators (B.1].7)

Colour model type (A.1.14) M Profile: Colour
model for CFI (8.3.3)

Alternative VRO
(B.1.3)

Use enumeration to
define colours by
defining colour
values and the
applied colour
model for each
enumerator.

Default
enumerators (B.1.7)
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RL LSG RL signal

LSG Signal Option
M/C/0 M/C/0
Features M Recognised features - capability 0
(A.1.10.9)
Recognised features - status (A.1.11.9) 0 Redundancy (B.1.2)

Signal: Recognised
features - capability
(A.1.10.9)

Default
enumerators (B.1.7)

Number of valid features (A.1.12.9) M Optimise[LL (B.1.1)

Size type: dynamic/fixed
Size #: Number of valid features (A.1.12.9)

Status M Existence probability - feature level M
(A3.1)
Feature ID (A.3.2) C(B.3.1) Alternatiye A2I

Exist: DLI (B.3.2)

Feature grouping ID (A.3.8) 0
Object ID reference - feature level C(B.3.1) Alternatiye A21
(A.3.3) Exist: OLI (B.3.2)
Time stamp difference % feature level M Optimise(lV (B.1.5)
(A.3.4)
Number of valid-ebservations - 0 Optimise(LL (B.1.1)
feature level(A:3.5) Alternative UTL

(B.1.6)
Key: Tim¢ stamp
reference - feature
level (A.3]6)

* n recent messages
of the int¢rface [see
“Time stamp
reference - object
level” (A.2.6)]

Size type: dynamic/fixed
Size #: Number of valid observations - feature level (A.3.5)

Time stamp reference - feature M Alternatiye VRO
level (A.3.6) (B.1.3)

Observation status - feature level M Redundancy (B.1.2)
(A.3.7) Signal: Feature ID

(A.3.2) (if unique
over time), Time
stamp - prediction
(A.1.5.1)

Default
enumerators (B.1.7)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Shape M Number of valid shape classifications M Optimise LL (B.1.1)
information - feature level (A.3.9) Alternative UTL
(B.1.6)
Key: Shape
classification type -
feature level
(A.3.10)
SiZe type: dynamic/fixed
Size #: Number of valid shape classifications - feature level (A.3.9)
Shape classification type - feature M Alternative VRO
level (A.3.10) (B.1.3)
Default
enumerators (B.1.7)
Shape classification type - M
confidence - feature level (A.3.11)
Shape M Size type: dynamic/fixed
colour tone Size #
* Implicit list length - Optimise LL {B.1.1): depends on Colour model type
(A.1.14)
Colour value - feature level M Profile: Colour
(A.3.12) model for CFI (8.3.3)
Colour tone - confidence X feature 0 Profile: Colour
level (A.3.13) model for CFI (8.3.3)
Shape points M Shape type - feature level (A.3.14) M Default
enumerators (B.1.7)
Number of\valid shape points - M Optimise LL (B.1.1L)
featurglevel (A.3.15)
Size type: dynamic/fixed
Size #: Number of valid shape points - feature level (A.3.15)
Point existence probability - M
feature level (A.3.16)
Position - feature level {x, y, z} M
(A.3.17)
Position - feature level {x, y, z} - M Implementation EM
nrrnr(AQ1Q) (RA.‘I)
Shape 0 Number of valid shape reference M Optimise LL (B.1.1)

reference points

points - feature level (A.3.19)

106

Size type: dynamic/fixed

Size #: Number of valid shape reference points - feature level (A.3.19)

Point existence probability - M
feature level (A.3.16)

Position - feature level {x, y, z} M
(A.3.17)
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RL LSG . RL signal .
LSG Signal Option
M/c/0 M/C/0
Position - feature level {x, y, z} - M Implementation EM
error (A.3.18) (B.4.1)
Shape surface normal {x, y, z} 0
(A.3.20)
Shape surface normal {x, y, z} - 0 Implementation EM
error (A.3.21) (B.4.1)
Transiation rate {X, ¥, Zf — feature 9]
level (A.3.22)
Translation rate {x, y, z} - feature 0 Implementation EM
level - error (A.3.23) (B4.1)
Rotation rate {yaw, pitch, roll} - 0
feature level (A.3.24)
Rotation rate {yaw, pitch, roll} - 0 Implementation EM
error - feature level (A.3.25) (B.4.1)
Scale change - feature level 0
(A.3.26)
Scale change - feature leyel~ 0 Implementation EM

error (A.3.27)

(B.4.1)

8.3.1 Camera feature header

Tabl¢ 27 defines the interface header in subclause “Camera feature header” (8.3.1) and the rhanges due
to the adaptation in comparison to the gereric interface header in 8.2.1. The header of|the CFI can
contain a list of valid camera feature entities (see 8.3.2).

Table 27 — Specific signal grouping: Camera feature header

Signal RL signal Option

Interface version ID {major, minor, Mandatory Profile: Uniqueness of interface versioning (6.4)

patchf} (A.1.1)

Interface ID (A.1.2) Optional Profile: Uniqueness of interface versioning (6.4)
Default enumerators (B.1.7)

Number of valid-sérving sensors (A.1.3) | Mandatory Profile: Uniqueness of interface versioning (6.4)
Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)

Sensor ID (A.1.4) Mandatory Profile: Uniqueness of interface versioning (6.4)
Alternative VRO (B.1.3)

Time stamp - prediction (A.1.5.1) Mandatory

Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - prediction (A.1.5.1)

Interface cycle time (A.1.7) Optional

Interface cycle time - variation (A.1.8) Optional

Data qualifier (A.1.9) Mandatory Default enumerators (B.1.7)
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Colour model type (A.1.14) Mandatory Profile: Colour model for CFI (8.3.3)
Alternative VRO (B.1.3)
Use enumeration to define colours by defining
colour values and the applied colour model for each
enumerator.
Default enumerators (B.1.7)

Recognised features - capability Optional

(A.1.10.9)

Recognised features - status (A.1.11.9) Optional Redundancy (B.1.2)
Stgmat—Recognised-features =capabitity (A--16:5
Default enumerators (B.1.7)

Number of vdlid features (A.1.12.9) Mandatory Optimise LL (B.1.1)
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Key
1  ghape with shape points

2 dhape reference point with approximated tangential plane and orientation normal

Figure 20 — Example for a camera feature shape

Table 28 — Specific signal grouping: Camera feature entity status

Signal RL signal Option
Exist¢nce probability - feature level Mandatory
(A3.1)
Featyre ID (A.3.2) Conditipnal Alternative A2I (B.3.2)
(B.3.1)
Exist: DLI
Feature grouping ID (A.3.8) Optional
Objedt ID reference - feature level Conditional Alternative A2I (B.3.2)
(A.3.3) (B.3.1)
Exist: OLI
Time|stamp difference - feature level Mandatory Optimise IV (B.1.5)
(A.3.4)
Number of valid ebservations - feature | Optional Optimise LL (B.1.1)
level [A.3.5) Alternative UTL (B.1.6)
Key: Time stamp reference - feature level (A.3.6)
* n recent messages of the interface [see|“Time
stamp reference - object level” (A.2.6)]
Time stamp reference - feature Mandatory Alternative VRO (B.1.3)
level (A.3.6)
Observation status - feature level Mandatory Redundancy (B.1.2)
(A.3.7) Signal: Feature ID (A.3.2) (if unique over time),
Time stamp - prediction (A.1.5.1)
Default enumerators (B.1.7)

8.3.3 Profile: Colour model for CFI

The signal “Colour model type” (A.1.14) defines the colour model for the interface. Depending on the
colour model, each colour is described by a fixed number of colour values [see signal “Colour value -
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feature level” (A.3.12)] to define the colour tone. The confidence of the colour tone is provided by the
signal “Colour tone - confidence - feature level” (A.3.13).

The interface provides colour tones for features.

8.4 Ultrasonic feature interface

Table 29 defines the logical structure of the ultrasonic feature interface (UFI).

Table 29 — Ultrasonic feature interface

RL LSG
LSG

RL signal

M/C/0

Sional
&

M/C/0

ﬂpﬁnn

Information: M
interface

Interface version ID {major, minor,
patch} (A.1.1)

M

Profile!
Uniqueness of
interface
versioning (6]4)

Interface ID (A.1.2)

Profile:
Uniqueness of
interface
versioning (6]4)

Default
enumerators
(B.1.7)

Number of valid serving sensors (A.1:3)

Profile:
Uniqueness of
interface
versioning (6]4)
Optimise LL
(B.1.1)

Alternative UL
(B.1.6)
Key: Sensor ID
(A1.4)

Sizetype: dynamic/fixed

Size #: Number of valid serving sensors (A.1.3)

Sensor ID (A.1.4)

M

Profile:
Uniqueness of
interface
versioning (6]4)

Alternative VRO
(B.1.3)

110

Time stamp - prediction (A.1.5.1)

Cycle counter (A.1.6.1)

Redundancy
(B.1.2)
Signal: Time
stamp -
prediction
(A15.1)

Interface cycle time (A.1.7)

Interface cycle time - variation (A.1.8)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Data qualifier (A.1.9) M Default
enumerators
(B.1.7)
Features M Recognised features - capability 0
(A.1.10.9)
Recognised features - status (A.1.11.9) 0 Redundancy
(B.1.2)
Signall:
Recognised
features -
capability
(A.1.10.9)
Defaylt
enunjerators
(B.1.7)
Number of valid features (A.1.12.9) M Optimise LL
(B.1.1)
Size type: dynamic/fixed
Size #: Number of valid features (A.1.12.9)
Status M Existence probability - feature level M
(A.3.1)
Feature ID (A.3.2) C(B.3.1) Alterpative A2l
Exist: DLI (B.3.2)
Object ID'reference - feature level C(B.3.1) Alternhative A2I
(A.3.3) Exist: OLI (B.3.2)
Time stamp difference - feature M Optimise IV
level (A.3.4) (B.1.3)
Number of valid observations - 0 Optimise LL
feature level (A.3.5) (B.1.1)
Alternhative UTL
(B.1.64)
Key: Time
stamp reference
- featjure level
(A.3.6)
*nrecent
messages of the
interface [see
“Time stamp
reference -
object
level” (A.2.6)]
Size type: dynamic/fixed
Size #: Number of valid observations - feature level (A.3.5)
Time stamp reference - feature M Alternative VRO
level (A.3.6) (B.1.3)
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RLLSG

RL signal

LSG Signal Option
M/C/0 M/C/0
Observation status - feature level M Redundancy
(A.3.7) (B.1.2)
Signal: Feature
ID (A.3.2) (if
unique over
time), Time
stamp -
prediction
(A.1.5.1)
Default
enunierators
(B.4.7)
Segment M Number of valid ultrasonic feature M Optimise LL
information classifications (A.3.28) (B.1.1)
Alternative U[TL
(B.1.6)
Key: Ultrasonic
feature
classification
type (A.3.29)
Size type: dynamic/fixed
Size #: Number of valid ultrasoenic feature classifications (A.3.28)
Ultrasonic feature clasgification M Alternative VRO
type (A.3.29) (B.1.3)
Default
enumerators
(B.1.7)
Ultrasonic feature classification M
type=‘confidence (A.3.30)
Segment M Number of valid points (A.3.31) M Optimise LL
points (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid points (A.3.31)
Position - feature level {x, y, z} {M, M, 0}
(A.3.17)
Position - feature level {x, y, z} - {M, M, 0} Implementatjon
error (A.3.18) EM (B.4.1)
Orientation - feature level (0]
{pitch} (A.3.32)
Orientation - feature level 0] Implementation
{pitch} - error (A.3.33) EM (B.4.1)
Extent {height} - feature level 0
(A.3.34)
Extent {height} - feature level - 0 Implementation
error (A.3.35) EM (B.4.1)
Velocity {x, y} - feature level 0
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Velocity {x, y} - feature level - 0 Implementation
error (A.3.37) EM (B.4.1)
Trilateration status (A.3.38) M Default
enumerators
(B.1.7)
Measurement status - feature 0 Default
level (A.3.39) enumerators
(BA.T)

8.4.1 Ultrasonic feature header

Tablé¢ 30 defines the interface header in subclause “Ultrasonic feature header”(8/4.1) and

the changes

due fo the adaptation in comparison to the generic interface header in 8.2.1The header of the UFI can
contqin a list of valid ultrasonic feature entities (see 8.4.2).
Table 30 — Specific signal grouping: Ultrasonic feature header
Signal RL signal Option
Interface version ID {major, minor, patch} Mandatory Profile? Uniqueness of interface versjoning
(A1.D (64)
Interface ID (A.1.2) Optional Profile: Uniqueness of interface versjoning
(6.4)
Default enumerators (B.1.7)
Number of valid serving sensors (A.1.3) Mandatory Profile: Uniqueness of interface versjoning
(6.4)
Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)
Sensor ID (A.1.4) Mandatory Profile: Uniqueness of interface versjoning
(6.4)
Alternative VRO (B.1.3)
Time|stamp - predictien (A.1.5.1) Mandatory
Cycle|counter (A.1.61) Optional Redundancy (B.1.2)
Signal: Time stamp - prediction (A.1{5.1)
Interface cyele time (A.1.7) Optional
Interfacecycle time - variation (A.1.8) Optional
Data qualifier (A.1.9) Mandatory Default enumerators (B.1.7)
Recognised features - capability (A.1.10.9) Optional
Recognised features - status (A.1.11.9) Optional Redundancy (B.1.2)
Signal: Recognised features - capability
(A.1.10.9)
Default enumerators (B.1.7)
Number of valid features (A.1.12.9) Mandatory Optimise LL (B.1.1)
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The following LSGs, which normally shall be provided by the sensor cluster in another interface, may be
added to this header, if, for example, the other interface is not implemented by the sensor cluster (see
B.3.3):

— interface: SPI; LSG “Information: vehicle coordinate system” (see Table 51);
— interface: SHII; LSG “Calibration” (see Table 53);
— interface: SHII; LSG “Sensor cluster” (see Table 53).

8.4.2 Ultrasonic feature entity

Each featurg of an ultrasonic sensor cluster describes a recognised feature and consists of several LiSGs.
— Status: fthe status describes general information of the feature. This information is based on pasic
feature history information. Table 31 defines the signal grouping “Ultrasonic feature-entity status”.
It defings this status LSG of the feature and redefines the signal grouping “Generic sensor cljister
feature pntity status” (see Table 25).
— Segment information: the segment information describes the attributes ofthe tracked segment.
— Segment points: the segment points describe the geometric vertices of the hull for the feature
segment.
Table 31 — Specific signal grouping: Ultrasonicfeature entity status
Signal RL signal Option
Existence prgbability - feature level Mandatory
(A3.1)
Feature ID (Al3.2) Conditional (B.3.1) | Alternative A2l (B.3.2)
Exist: DLI
Object ID refgrence - feature level Conditional (B.3.1) | Alternative A2I (B.3.2)
(A.3.3) Existy OLI
Time stamp difference - feature level | Mandatory Optimise IV (B.1.5)
(A3.4)
Number of vdlid observations — Optional Optimise LL (B.1.1)
feature level {A.3.5) Alternative UTL (B.1.6)
Key: Time stamp reference - feature level (A.3]6)
* n recent messages of the interface [see “Timg
stamp reference - object level” (A.2.6)]
Time stamppreference - feature Mandatory Alternative VRO (B.1.3)
level (A.3.6)
Observation status - feature level | Mandatory Redundancy (B.1.2)
(A3.7) Signal: Feature ID (A.3.2) (if unique over time),
Time stamp - prediction (A.1.5.1)
Default enumerators (B.1.7)

9 Detection level
9.1 General

Normally the detection level interfaces (DLI) originate from one sensing element. Therefore, at
detection level, the term sensor is always used, even if, for example, a combination of emitting as well as
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sensing elements are serving the interface. The DLIs provide recognised detections. The detections may
be based on limited historical data and are rated with individual existence probability values.
Detections are defined in the individual sensor coordinate system of the sensor’s sensing element. The
properties of the detections depend on the sensor technology. The uniqueness of the signal’s “Feature
ID” (A.3.2) values as well as the signal’s “Object ID” (A.2.2) values is only guaranteed within the sensor
cluster’s interfaces of the sensor. To bring recognised detections in relation to entities of other interface
levels, each recognised detections has an optional, unique signal’s “Detection ID” (A.4.2) value. The
uniqueness of the signal’s “Detection ID” (A.4.2) value is only guaranteed within the sensor cluster’s

inter

faces.

Wrong link-relations between features or objects and detections shall be prevented. Specifically, the

reusq
relat

Ond

e of the signal’s “Detection ID” (A.4.2) values shall not lead to a misinterpretation
on between entities of the sensor cluster’s interfaces.

btection level the following interfaces are available:

— Radar detection interface (9.3);

— 1

—
9.2 (

Tabl

Lidar detection interface (9.4);

[amera detection interface (9.5);
Jltrasonic detection interface (9.6).
heneric sensor detection interface

e 32 defines the generic structure of a DLI.

Table 32 — Generic Sensor detection interface

of the link-

Structure Multiplicity Option
Generic sensor detections header (9.2.1) 1
Genefic sensor detections entity (9.2.2); specifically an individual Multiple Sife type:
deteqtion list interface entity dyngmic/fixed
9.2.1 Generic sensor detections header
Tabl¢ 33 defines the interface header in subclause “Generic sensor detections header” (9.2.1) and the
changes due to the adaptation in comparison to the generic interface header in 6.2.

Table 33 — Specific signal grouping: Generic sensor detections header

Signal RL signal Option

Interfaee version ID {major, minor, patch} Mandatory Profile: Uniqueness of interface versioning

(A1.B f6-43

Interface ID (A.1.2) Optional Profile: Uniqueness of interface versioning
(6.4)
Default enumerators (B.1.7)

Number of valid serving sensors (A.1.3) Mandatory Profile: Uniqueness of interface versioning
(6.4)
Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)
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Sensor ID (A.1.4) Mandatory Profile: Uniqueness of interface versioning
(6.4)
Alternative VRO (B.1.3)
Time stamp - measurement (A.1.5.2) Mandatory
Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - measurement (A.1.5.2)
Interface cycle time (A.1.7) Optional
Interface cycle time - variation (A.1.8) Optional
Data qualifier| (A.1.9) Mandatory Default enumerators (B.1.7)
DLI sensor tefhnology specific header extensions
Recognised dptections - capability Optional
(A.1.10.10)
Recognised dptections - status (A.1.11.10) Optional Redundancy (B.1.2)
Signal: Recognised detections - capability
(A.1.10.10)
Default enumeratots (B.1.7)
Number of valid detections (A.1.12.10) Mandatory Optimise LL (B.1.1)
Optimise AER (B.1.4)
The following LSGs, which normally shall be provided by the sensor in another interface, may be added
to this headér, if, for example, the other interface is not implemented by the sensor (see B.3.3):
— interfacp: SPI; LSG “Information: vehicle coordinate system” (see Table 51);
— interfacp: SPI; LSG “Information: sensor pose” (see Table 51);
— interfacp: SHII; LSG “Calibration” (see Table'53);
— interfacp: SHII; LSG “Sensor cluster*(see Table 53).
9.2.2 Geneljic sensor detections entity
Table 34 defines the sensor grouping “Generic sensor detections entity status” for each DLI and defines
the status of the detection{see also Table 8 (7.2.2) for generic object level entities and Table 25 (§.2.2)

for generic gensor clusterfeature entities].

Table 34.°— Specific signal grouping: Generic sensor detections entity status

Signal RL signal Option

Existence probability — detection level (A.4.1) Mandatory

Detection ID (A.4.2) Optional Alternative A2I (B.3.2)

Object ID reference - detection level (A.4.3) Conditional (B.3.1) | Alternative A2I (B.3.2)
Exist: OLI

Feature ID reference (A.4.4) Conditional (B.3.1) | Alternative A2l (B.3.2)
Exist: FLI

Time stamp difference - detection level (A.4.5) Mandatory Optimise IV (B.1.5)

Each interface type adds individual properties to the interface entity type. Detections are described in
the sensor coordinate system. Detections reference entities of the OLI and FLI of the sensor or the

sensor cluster of the sensor.
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9.3 Radar detection interface

Table 35 defines the logical structure of the radar detection interface (RDI).

Table 35 — Radar detection interface

ISO 2315

0:2023(E)

RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Information: M Interface version ID {major, M Profile: Uniqueness of
interface minor, patch} (A.1.1) interface versioning
(6.4)
Interface ID (A.1.2) 0 Profile:niqueness of
interface versioning
(6:4)
Default enugnerators
(B.1.7)
Number of valid serving M Profile: Uniqueness of
sensors (A.1.3) interface versioning
(6.4)
Optimise LL|(B.1.1)
Alternative UTL (B.1.6)
Key: Sensor|ID (A.1.4)
Size type: dynamic/fixed
Size #: Number of'valid serving sensors (A.1.3)
Sensor ID (Act,4) M Profile: Uniqueness of
interface versioning
(6.4)
Alternative VRO (B.1.3)
Time/stamp - measurement M
(A1.5.2)
Cycle counter (A.1.6.1) 0 Redundancy (B.1.2)
Signal: Tim¢g stamp -
measurement (A.1.5.2)
Interface cycle time (A.1.7) 0
Interface cycle time -
variation (A.1.8)
Data qualifier (A.1.9) M Default enugnerators
(B.1.7)
Informatton: M Radiat vclul,it_'y alubisuit_y € {321) Profite-Radar
ambiguity domain domain {begin, end} (A.1.15) Relevant: ambiguity (9.3.3)
technology
specific
Range ambiguity domain C(B.2.1) Profile: Radar
{begin, end} (A.1.16) Relevant: ambiguity (9.3.3)
technology
specific
Angle azimuth ambiguity C(B.2.1) Profile: Radar
domain {begin, end} (A.1.17) Relevant: ambiguity (9.3.3)
technology
specific
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RLLSG

RL signal

LSG Signal Option
M/C/0 M/C/0
Angle elevation ambiguity C(B.2.1) Profile: Radar
domain {begin, end} (A.1.18) Relevant: ambiguity (9.3.3)
technology
specific
Detections M Recognised detections - 0
capability (A.1.10.10)
Recognised detections - 0 Redundancy (B.1.2)
status (A.1.11.10) Signal: Recognised
detections - capability
(A.1.10.10)
Default enumerators
(B.1.2)
Number of valid detections M Optimise LL (B.1.1)
(A.1.12.10) Alternative UTL (B.1.6)
Key: Position {radia
distance, azimuth,
elevation} (A.4.17)
identifiers {azimuth
elevation}
Optimise AER (B.1.4
Size type: dynamic/fixed
Size #: Number of validtdetections (A.1.12.10)
Status M Existence probability - M
detection level (A.4.1)
DetectionID’(A.4.2) 0 Alternative A2I (B.3{2)
Object ID reference - C(B.3.1) Alternative A2I (B.3{2)
détection level (A.4.3) Exist: OLI
Time stamp difference - M Optimise IV (B.1.5)
detection level (A.4.5)
Informatipn M Radar cross section M
(A.4.6)
Radar cross section - 0 Implementation EM
error (A.4.7) (B.4.1)
Signal to noise ratio - M
detection level (A.4.8)
Signal to noise ratio - 0 Implementation EM
detection level - error (B.4.1)
(A.4.9)
Multi target probability 0
(A.4.10)
Ambiguity grouping ID C(B.2.1) Profile: Radar
(A4.11) Relevant: ambiguity (9.3.3)
ambiguity
Detection ambiguity C(B.2.1) Profile: Radar
probability (A.4.12) Relevant: ambiguity (9.3.3)
ambiguity
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Free space probability 0
(A4.13)
Number of valid detection 0 Optimise LL (B.1.1)
classifications (A.4.14) Alternative UTL (B.1.6)
Key: Detection
classification type
(A.4.15)
Size type: dynamic/fixed
Size #: Number of valid detection classifications (A414
Detection M Alternative VRO (B.1.3)
classification type Default enumerators
(A4.15) (B.1.7)
Detection M
classification type -
confidence (A.4.16)
Ppsition M Position {radial distance, {M, M, 0} Alternative YRO (B.1.3)
azimuth, elevation} Signal: {azimuth,
(A4.17) elevation}
Position {radial distance, M, M, 0} Implementation EM
azimuth, elevation} - (B.4.1)
error (A.4.18)
Dlynamics M Relative velocity {radial M
distance}’'(A.4.19)
Relative velocity {radial 0 Implementaftion EM
distance} - error (A.4.20) (B.4.1)

9.3.1 Radar detections headeéer

Tabl¢ 36 defines the interfacé header in subclause “Radar detections header” (9.3.1) and
due fo the adaptation inCepmparison to the generic interface header in 9.2.1. The header of]

contqin a list of valid fadar detection entities (see 9.3.2).

Table 36 — Specific signal grouping: Radar detections header

the changes
the RDI can

Signal

RL signal

Option

Interface*version ID {major, minor,
patch}'(Al1.1)

Mandatory

Profile: Uniqueness ¢

f interface

versioning (6.4)

Interface ID (A.1.2)

Optional

versioning (6.4)
Default enumerators

Profile: Uniqueness of interface

(B.1.7)

Number of valid serving sensors (A.1.3)

Mandatory

versioning (6.4)
Optimise LL (B.1.1)

Profile: Uniqueness of interface

Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)
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Signal RL signal Option
Sensor ID (A.1.4) Mandatory Profile: Uniqueness of interface
versioning (6.4)
Alternative VRO (B.1.3)
Time stamp - measurement (A.1.5.2) Mandatory
Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp -
measurement (A.1.5.2)
Interface cycletime A7) Optiomat
Interface cycle time - variation (A.1.8) Optional
Data qualifier| (A.1.9) Mandatory Default enumerataors (B.1.7)
Radial velociffy ambiguity domain {begin, | RL LSG Conditional (B.2.1) | Profile: Radar.ambiguity (9.3/.3)
end} (A.1.15) mandatory | Relevant:
technology specific
Range ambigtity domain {begin, end} Conditional (B.2.1) | ProfilesRadar ambiguity (9.3/.3)
(A.1.16) Relevant:
technology specific
Angle azimuth ambiguity domain {begin, Conditional (B.2.1)¢ | Profile: Radar ambiguity (9.3.3)
end} (A.1.17) Relevant:
technology specific
Angle elevatipn ambiguity domain Conditional (B.2.1) | Profile: Radar ambiguity (9.3/.3)
{begin, end} (|A.1.18) Relevant:
technology specific
Recognised dptections - capability Optional
(A.1.10.10)
Recognised dptections - status Optional Redundancy (B.1.2)
(A.1.11.10) Signal: Recognised detectionf —
capability (A.1.10.10)
Default enumerators (B.1.7)
Number of vdlid detections (A.1.12:10) Mandatory Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Position {radial distancg,
azimuth, elevation} (A.4.17)
identifiers {azimuth, elevation}
Optimise AER (B.1.4)
The following-ESGs, which normally shall be provided by the sensor in another interface, may be added

to this header, if, for example, the other interface is not implemented by the sensor (see B.3.3):

120

interface: SHII; LSG “Calibration” (see Table 53);

interface: SPI; LSG “Information: sensor pose” (see Table 51);

interface: SHII; LSG “Sensor cluster” (see Table 53).

interface: SPI; LSG “Information: vehicle coordinate system” (see Table 51);
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9.3.2 Radar detections entity

Each detection of a radar sensor describes a measured detection and consists of several LSGs.

Status: the status describes general information of the detection. It is based on current

information

and does not include historical information. Table 37 defines the signal grouping “Radar detections
entity status”. It defines this status LSG of the detection and redefines the signal grouping “Generic

sensor detections entity status” (see Table 34). There is no radar feature interface
therefore radar detections cannot reference radar features.

Information: the information describes the radar specific information of the detection.

defined and

J’osition: the position describes the position information of the detection in the senso

q

gystem of the detection.

Dynamics: the dynamics describe the dynamic information of the detection in

oordinate system of the detection.

Table 37 — Specific signal grouping: Radar detections entity status

r coordinate

the sensor

Signal RL signal Option
Existence probability - detection level (A.4.1) Mandatory
Detedtion ID (A.4.2) Optional Alternative A2I (B.3.2)

Objedt ID reference - detection level (A.4.3) Conditional (B.3.1) | Alternative A2I (B.3.2)
ExistiOLI

Time|stamp difference — detection level (A.4.5) Mandatory Optimise IV (B.1.5)

9.3.3 Profile: Radar ambiguity

The signal “Ambiguity grouping ID” (A:4.11) and the signal “Detection ambiguity probabi

are 1
signg
has t
end}

handatory, if the radar sensor technology has one or more technology depending amb

he specific ambiguity: ambiguity corresponding to signal “Radial velocity ambiguity do

Is corresponding to the following domains of the signal are mandatory, if the sensoi

' (A.1.15), signal “Range*ambiguity domain {begin, end}” (A.1.16), signal “Angle azimut

lity" (A.4.12)

iguities. The
technology
main {begin,
h ambiguity

domain {begin, end}” (Ac1.37) and/or signal “Angle elevation ambiguity domain {begin, end}” (A.1.18).
9.4 Lidar detection’interface
Tablg¢ 38 defines:the logical structure of the lidar detection interface (LDI).
Table 38 — Lidar detection interface
RL LSG ) RL Signal )
LSG Signal Dption
M/C/0 S M/C/0
Information: M Interface version ID {major, minor, patch} M Profile:
interface (A.1.1) Uniqueness of
interface
versioning (6.4)
Interface ID (A.1.2) 0 Profile:
Uniqueness of
interface
versioning (6.4)
Default
enumerators
(B.1.7)
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RL LSG ) RL Signal )
LSG Signal Option
M/C/0 M/C/0

Number of valid serving sensors (A.1.3) M Profile:
Uniqueness of
interface
versioning (6.4)
Optimise LL
(B.1.1)
Alternative UTL

(B 16)
le=2r -y

Key: SensoryD
(A.1.4)

Size type: dynamic/fixed
Size #: Number of valid serving sensors (A.1.3)

Sensor ID (A.1.4) M Profile:
Uniqueness ¢f
interface
versioning (6.4)

Alternative VRO
(B.1.3)

Time stamp - measurement (A.1.5.2)

Cycle counter (A.1.6.1) 0 Redundancy
(B.1.2)
Signal: Time
stamp -
measurement
(A.1.5.2)

Interface cycletime (A.1.7)

Interface cycle'time - variation (A.1.8)

Data qualifier (A.1.9) M Default
enumerators
(B.1.7)

Detections M Recognised detections - capability 0
(A.1.10.10)

Recognised detections - status (A.1.11.10) 0 Redundancy
(B.1.2)
Signal:
Recognised
dat 43
capability
(A.1.10.10)
Default
enumerators
(B.1.7)
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RL LSG . RL Signal .
LSG Signal Option
M/C/0 M/C/0
Number of valid detections (A.1.12.10) M Optimise LL
(B.1.1)
Alternative UTL
(B.1.6)
Key: Position
{radial distance,
azimuth,
elevation}
(A4.17)
identifiers
{azimuth,
elevgtion}
Optimise AER
(B.1.#)
Size type: dynamic/fixed
Size #: Number of valid detections (A.1$12:10)
Status M Existence probability — detection lével M
(A4.1)
Detection ID (A.4.2) 0 Alterjnative A21
(B.3.2)
Object ID reference detection level C(B.3.1) Alternative A2I
(A.4.3) Exist: OLI (B.3.R)
Time stamp difference - detection level M Optimise IV
(A.4.5) (B.1.p)
Irfformation M Reflectivity (A.4.21) M
Reflectivity - error (A.4.22) 0 Implpmentation
EM (B.4.1)
Free space probability (A.4.13)
Number of valid detection 0 Optimise LL
classifications (A.4.14) (B.1.1)
Alternative UTL
(B.1.p)
Key:[Detection
classjification
type|(A.4.15)
Size type: dynamic/fixed
Size #: Number of valid detection classifications (A.4.14)
Detection classification type M Alternative VRO
(A.4.15) (B.1.3)
Default
enumerators
(B.1.7)
Detection classification type - M
confidence (A.4.16)
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RL LSG . RL Signal .
LSG Signal Option
M/C/0 M/C/0
Position M Position {radial distance, azimuth, M Alternative VRO
elevation} (A.4.17) (B.1.3)
Signal:
{azimuth,
elevation}
Position {radial distance, azimuth, M Implementation
elevation} - error (A.4.18) EM (B.4.1)
Extent {height} - lidar (A.4.23) 0
Extent {height} - lidar - error (A.4.24) C(B.2.2) Implementation
Signal: Extent | EM.(Bi4.1)
{height} -
lidar (A.4.23)
Dynamics 0 Relative velocity {radial distance} M
(A.4.19)
Relative velocity {radial distance} - 0 Implementation
error (A.4.20) EM (B.4.1)

9.4.1 Lidar|detection header

Table 39 defines the interface header in subclause “Lidar detection header” (9.4.1) and the change$ due
to the adapgation in comparison to the generic interface h€ader in 9.2.1. The header of the LD[ can

contain a list of valid lidar detection entities (see 9.4.2).

Table 39 — Specific signal grouping: Lidar detection header

Signal RL signal Option

Interface vergion ID {major, minor, patch} | Mamdatory | Profile: Uniqueness of interface versioning (6.4)

(A1.1)

Interface ID (A.1.2) Optional Profile: Uniqueness of interface versioning (6.4)
Default enumerators (B.1.7)

Number of vdlid serving sensors (A4:3) Mandatory | Profile: Uniqueness of interface versioning (6.4)
Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)

Sensor ID[(A.1.4) Mandatory Profile: Uniqueness of interface versioning (6.4)

Alternative VRO (B.1.3)

Time stamp nreastrentent (AlSZ)

MM dok
Vidliudtul y

Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - measurement (A.1.5.2)
Interface cycle time (A.1.7) Optional
Interface cycle time - variation (A.1.8) Optional
Data qualifier (A.1.9) Mandatory | Default enumerators (B.1.7)
Recognised detections - capability Optional

(A.1.10.10)
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Signal RL signal Option

Recognised detections - status (A.1.11.10) | Optional Redundancy (B.1.2)

(A.1.10.10)
Default enumerators (B.1.7)

Signal: Recognised detections - capability

Number of valid detections (A.1.12.10) Mandatory | Optimise LL (B.1.1)

Alternative UTL (B.1.6)

(A.4.17) identifiers {azimuth, elevation}

Key: Position {radial distance, azimuth, elevation}

Optimise AER (B.1.4)

The 1

to this header, if, for example, the other interface is not implemented by the sensor{(see B.3.

interface: SPI; LSG “Information: vehicle coordinate system” (see Table 51);
interface: SPI; LSG “Information: sensor pose” (see Table 51);
interface: SHII; LSG “Calibration” (see Table 53);

interface: SHII; LSG “Sensor cluster” (see Table 53).

9.4.2 Lidar detection entity

§tatus: the status describes general information of the detection. It is based on current

¢
gensor detections entity status” (se€;'Table 34). There is no lidar feature interface
fherefore lidar detections cannotireference lidar features.

lnformation: the informatien‘describes the lidar specific information of the detection.

osition: the positiondescribes the position information of the detection in the senso
gystem of the detection.

Dynamics: thé.dynamics describe the dynamic information of the detection in
oordinate System of the detection.

Table 40 — Specific signal grouping: Lidar detection entity status

detection of a lidar sensor describes a measured-detection and consists of several LSGY.

ollowing LSGs, which normally shall be provided by the sensor in another internface, may be added

B):

information

Ind does not include historical information. Table 40 defines the signal grouping “Lidar detection
ntity status”. It defines this status LSG of the detection and redefines the signal grouping “Generic

defined and

I coordinate

the sensor

Signal RL signal Option
Existence probability — detection level (A.4.1) Mandatory
Detection ID (A.4.2) Optional Alternative A2I (B.3.2)
Object ID reference - detection level (A.4.3) Conditional (B.3.1) | Alternative A2I (B.3.2)
Exist: OLI
Time stamp difference - detection level (A.4.5) Mandatory Optimise IV (B.1.5)

9.5 Camera detection interface

Table 41 defines the logical structure of the camera detection interface (CDI). Camera detections use
shapes and points to define detections.
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Table 41 — Camera detection interface

LSG

RL LSG
M/C/0

Signal

RL Signal

M/C/0

Option

Information:
interface

126

Interface version ID {major,
minor, patch} (A.1.1)

M

Profile:
Uniqueness of
interface
versioning (6.4)

Interface ID (A.1.2)

Profile:
Unigueness of

interface
versioning.(6,4)
Default

enumerators
(B'.7)

Number of valid serving sensors
(A.1.3)

Profile:
Uniqueness of
interface
versioning (6.4)
Optimise LL
(B.1.1)
Alternative UTL|
(B.1.6)

Key: Sensor ID
(A14)

Size type: dynamic/fixed

Size #: Number of ¥alid serving sensors (A.1.3)

Sensor ID (A.1:4)

M

Profile:
Uniqueness of
interface
versioning (6.4)

Alternative VRO
(B.1.3)

Time stamp - measurement
(A.1.5.2)

Cycle counter (A.1.6.1)

Redundancy
(B.1.2)
Signal: Time stamp
- measurement
(A.1.5.2)

Interface cycle time (A.1.7)

Interface cycle time - variation
(A.1.8)

Data qualifier (A.1.9)

Default
enumerators
(B.1.7)
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RL LSG . RL Signal .
LSG Signal Option
M/C/0 M/C/0
Colour model type (A.1.14) M Profile: Colour
model for CDI
(9.5.3)
Alternative VRO
(B.1.3)
Use enumeration
to define colours
by defining colour
valuesand the
applied [colour
model for each
enumerptor.
Default
enumerptors
(B.1.7)
Shapps C(B.2.3) Recognised shapes - capability 0
multiple (A.1.10.11)
tit
entity types Recognised shapes - status 0 Redundpncy
(A.1.11.11) (B.1.2)
Signal: Recognised
shapes 1 capability
(A.1.10.11)
Default
enumerptors
(B.1.7)
Number oflvalid shapes M Optimisge LL
(A.1.12:31) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid shapes (A.1.12.11)
Shape status M Existence probability - M
detection level (A.4.1)
Detection ID (A.4.2) 0 Alternative A2l
(B.3.2)
Object ID reference - C(B.3.1) Alternative A21
detection level (A.4.3) Exist: OLI (B.3.2)
Feature ID reference (A.4.4) C(B.3.1) Alternative A2I
Exist: FLI (B.3.2)
Time stamp difference - M Optimise IV (B.1.5)
detection level (A.4.5)
Shape M Free space probability 0
(A4.13)
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RL LSG . RL Signal .
LSG Signal Option
M/C/0 M/C/0
information Number of valid shape M Optimise LL
classifications - detection (B.1.1)
level (A.4.25) Alternative UTL
(B.1.6)
Key: Shape
classification type
- detection level
(A.4.26)
Size type: dynamic/fixed
Size #: Number of valid shape classifications - detection level\(A.4.25)
Shape classification type - M Altetnative VRO
detection level (A.4.26) (B.1:3)
Default
enumerators
(B.1.7)
Shape classification type - M Default
confidence - detection enumerators
level (A.4.27) (B.1.7)
Shape ambiguity grouping ID C(B.2.1)
(A.4.28) Relevant:
ambiguity
Shape colpur M Size type: dynamic /fixed
tone Size #
* Implicit list length - Optimise LL (B.1.1): depends on Colour modgl
type (A.1.14)
Colour\value - detection M Profile: Colour
level (A.4.29) model for CDI
(9.5.3)
Colour tone - confidence - 0 Profile: Colour
detection level (A.4.30) model for CDI
(9.5.3)
Shape points M Shape type - detection level M Default
(A.4.31) enumerators
(B.1.7)
Number of valid shape points M Optimise LL
- detection level (A.4.32) (B.1.1)

Size type: dynamic/fixed

Size #: Number of valid shape points - detection level (A.4.32)

Point existence probability M
- detection level (A.4.33)
Position {radial distance, {0, M, M}
azimuth, elevation}
(A4.17)
Position {radial distance, {C (B.2.2) Implementation
azimuth, elevation} - error Signal: Position | EM (B.4.1)
(A.4.18) {radial distance}
(A4.17), M, M}
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RLLSG

RL Signal

LSG Signal Option
M/C/0 M/C/0
Shape 0 Number of valid shape M Optimise LL
reference points reference points - detection (B.1.1)
level (A.4.34)
Size type: dynamic/fixed
Size #: Number of valid shape reference points - detection level
(A.4.34)
DetectiontD-reference M 2
detection level (A.4.35)
Point{s C(B.2.3) Recognised detections - 0
multiple capability (A.1.10.10)
tit
entity types Recognised detections - status 0 Redundpncy
(A.1.11.10) (B.1.2)
Signal: Recognised
detections -
capability
(A.1.10.10)
Default
enumerptors
(B.1.7)
Number of valid detections M Optimisge LL
(A.1.12.10) (B.1.1)
Size type: dynamic/fixed
Size #: Number of valid detections (A.1.12.10)
Pbint status M Existence probability - M
detection level (A.4.1)
Detection ID (A.4.2) 0 Alternative A21
(B.3.2)
Object ID reference - C(B.3.1) Alternative A21
detection level (A.4.3) Exist: OLI (B.3.2)
Feature ID reference (A.4.4) C(B.3.1) Alternative A2l
Exist: FLI (B.3.2)
Time stamp difference - M Optimisg IV (B.1.5)
detection level (A.4.5)
Pbint M Position {radial distance, {0, M, M}
information azimuth, elevation} (A.4.17)
Position {radial distance, {C (B.2.2) Implementation
azimuth, elevation} - error Signal: Position | EM (B.4.1)
(A.4.18) {radial distance}
(A.4.17), M, M}
Point existence probability - M
detection level (A.4.33)
Extent {azimuth, elevation} 0
(A.4.36)
Extent {azimuth, elevation} - 0 Implementation
error (A.4.37) EM (B.4.1)
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RL LSG . RL Signal .
LSG Signal Option
M/C/0 M/C/0
Point colour M Size type: dynamic/fixed
tone Size #
* Implicit list length - Optimise LL (B.1.1): depends on Colour model
type (A.1.14)
Colour value - detection M Profile: Colour
level (A.4.29) model for CDI
(9.5.3)
Colour tone - confidence - 0 Profile: Colour
detection level (A.4.30) model for€DI
(9.5.3)
Point (0} Translation rate {radial M
dynamics distance, azimuth, elevation} -
detection level (A.4.38)
Translation rate {radial 0 Implementation
distance, azimuth, elevation} - EM (B.4.1)
detection level - error
(A.4.39)

a Referend

e only CDI points detections.

9.5.1 Came

Table 42 de|
due to the a
contain a lis

ra detection header

Table 42 — Specific signal grouping: Camera detection header

fines the interface header in subclause “Camera detection header” (9.5.1) and the chgnges
Haptation in comparison to the generic interface header in 9.2.1. The header of the CD|l can
F of valid camera detection entities (see 9:5.2).

Signal RL signal Option
Interface vergion ID {major, minor, patch}*Mandatory | Profile: Uniqueness of interface versioning (6.4)
(A1.1)
Interface ID (A.1.2) Optional Profile: Uniqueness of interface versioning (6.4)
Default enumerators (B.1.7)
Number of vdlid serving sensors (A.1.3) Mandatory | Profile: Uniqueness of interface versioning (6.4)

Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)

Y

Sensor |

MM dok
Vidliudtul y

A} £:1 h & (B e ) q q oA
I'TUILIICT, UlllbluCllCDD Ul TIITI 14dlT VTl DlUllllls LU."I‘J

At
Alternative VRO (B.1.3)
Time stamp - measurement (A.1.5.2) Mandatory
Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - measurement (A.1.5.2)
Interface cycle time (A.1.7) Optional
Interface cycle time - variation (A.1.8) Optional
Data qualifier (A.1.9) Mandatory | Default enumerators (B.1.7)
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Signal RL signal Option

Colour model type (A.1.14) Mandatory | Profile: Colour model for CDI (9.5.3)
Alternative VRO (B.1.3)
Use enumeration to define colours by defining
colour values and the applied colour model for each
enumerator.
Default enumerators (B.1.7)

Recognised shapes - capability Optional

(A.1.10.11)

Recognised shapes - status (A.1.11.11) Optional Redundancy (B.1.2)
Signal: Recognised shapes - capability’(4.1.10.11)
Default enumerators (B.1.7)

Number of valid shapes (A.1.12.11) Mandatory | Optimise LL (B.1.1)

Recognised detections - capability Optional

(A.1.10.10)

Recognised detections - status (A.1.11.10) | Optional Redundancy (B.1.2)
Signal: Recognised detections - capability
(A.1.10.10)
Default énumerators (B.1.7)

Number of valid detections (A.1.12.10) Mandatory | Optimise LL (B.1.1)

The following LSGs, which normally shall be provided-by the sensor in another interface, may be added
to this header, if, for example, the other interface ishot implemented by the sensor (see B.3.B):

— interface: SPI; LSG “Information: vehicle goordinate system” (see Table 51);
— interface: SPI; LSG “Information: sensor pose” (see Table 51);
— interface: SHII; LSG “Calibratign™ (see Table 53);

— interface: SHII; LSG “Sensor<cluster” (see Table 53).

9.5.2 Camera detection-entity

Each| detection ofya,camera sensor describes a measured shape- or point detection and consists of

several LSGs.

A shape is described by the following LSGs for shape.

— Shape'status: the shape status describes general information of the detection of a shapg. It is based

aen-current information and does not include historical information. Table 43 definds the signal

grouping “Camera detection entity status”. It defines this status LSG of the detection and redefines
the signal grouping “Generic sensor detections entity status” (see Table 34).

— Shape information: the information describes the camera specific information of the detection

shape.

— Shape colour tone: the colour tone describes visual properties of the shape detection.

— Shape points: the shape points describe the geometric vertices of the hull for the shape detection

in the sensor coordinate system.
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— Shape reference points: the shape reference points are small distinctive segments which are part
of the detection's shape.

A point is described by the following LSGs for point.

Point status: the point status describes general information of the detection of a point. It is based

on current information and does not include historical information. Table 43 defines the signal
grouping “Camera detection entity status”. It defines this status LSG of the detection and redefines

the sign

al grouping “Generic sensor detections entity status” (see Table 34).

Point information: the information describes the geometric information of the detection point in

the seng

or coordinate system.

Point c¢lour tone: the colour tone describes visual properties of the point detection.

— Point dynamics: the point dynamic describes information of the point detectionin the s¢nsor
coordinpte system.
Table 43 — Specific signal grouping: Camera detection entity status
Signal RL signal Option
Existence prdbability — detection level (A.4.1) Mandatory
Detection ID (A.4.2) Optional Alternative A2I (B.3.2)
Object ID refgrence - detection level (A.4.3) Conditional{B.3.1) | Alternative A2I (B.3.2)
Exist: OLI
Feature ID reference (A.4.4) Conditional (B.3.1) | Alternative A2l (B.3.2)
Exist: FLI
Time stamp difference — detection level (A.4.5) Mandatory Optimise IV (B.1.5)
9.5.3 Profile: Colour model for CDI
The signal “Colour model type” (A.1.14)defines the colour model for the interface. Depending on the

colour mods
detection le
signal “Colo

The interfac

el” (A.4.29)] to define'the colour tone. The confidence of the colour tone is provided b
ir tone - confidence™ detection level” (A.4.30).

e provides coléurtones for shape- and point detections.

9.6 Ultraso¢nic detection interface

Table 44 def

ines the logical structure of the ultrasonic detection interface (UDI).

], each colour is described by a fixed number of colour values [see signal “Colour value -

y the
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Table 44 — Ultrasonic detection interface

RL LSG ) RL Signal )
LSG Signal Option
M/C/0 M/C/0

Information: M Interface version ID {major, minor, patch} M Profile:
interface (A.1.1) Uniqueness of
interface
versioning (6.4)

Interface ID (A.1.2) 0 Profile:
Uniqueness of
interface
versipning (6.4)

Defaylt
enunjerators
(B.1.7)

Number of valid serving sensors (A.1.3) M Profile:
Uniquyieness of
interface
versipning (6.4)

Profile:
Ultragonic
sensdr cluster
(9.6.3)
Optimise LL
(B.1.1)
Alterpative UTL
(B.1.6)

Key: $ensor ID
(A14)

Size type:)dynamic/fixed
Sizé#: Number of valid serving sensors (A.1.3)

Sensor ID (A.1.4) M Profile:
Uniquyieness of
interface
versipning (6.4)

Profile:
Ultrasonic
sensqr cluster
(9.6.3)

Alternative VRO
(B.1.3)

Time stamp - measurement (A.1.5.2) M

Cycle counter (A.1.6.1) 0 Redundancy
(B.1.2)

Signal: Time
stamp -
measurement
(A.1.5.2)

Interface cycle time (A.1.7)

Interface cycle time - variation (A.1.8) 0
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RLLSG

RL Signal

LSG Signal Option
M/C/0 M/C/0
Data qualifier (A.1.9) M Default
enumerators
(B.1.7)
Detections M Recognised detections - capability 0
(A.1.10.10)
Recognised detections - status (A.1.11.10) 0 Redundancy
(B.1.2)
Signal:
Recognised
detections -
capability
(A:1.10.10)
Default
enumerators
(B.1.7)
Number of valid detections (A.1.12.10) M Optimise LL
(B.1.1)
Optimise AER
(B.1.4)
Size type: dynamic/fixed
Size #: Number of valid detectionsy(A.1.12.10)
Status M Existence probability — detection level M
(A4.1)
Detection ID (A.4.2) 0 Alternative ARI
(B.3.2)
Object ID referertice - detection level C(B.3.1) Alternative ARI
(A.4.3) Exist: OLI (B.3.2)
Feature ID reference (A.4.4) C(B.3.1) Alternative ARI
Exist: FLI (B.3.2)
Time stamp difference - detection level M Profile:
(A.4.5) Ultrasonic
sensor clustef
(9.6.3)
Optimise IV
(B.1.5)
M Second sensor ID reference (A.4.40) C Profile:
Information Profile: Ultrasonic
Ultrasonic sensor cluster
sensor cluster | (9-63)
(9.6.3)
Reflectivity (A.4.21) 0
Position M Distance (A.4.41) M
Distance - error (A.4.42) M Implementation
EM (B.4.1)
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RL LSG
M/C/0

LSG

Signal

RL Signal
M/C/0

Option

Extent {height} - ultrasonic (A.4.43)

C(B.2.1)
Relevant:
technology
specific

(A.4.44)

Extent {height} - ultrasonic - error 0

Implementation
EM (B.4.1)

Tablg 45 defines the interface header in subclause “Ultrasonic detection header” (9.6.1) and|the changes
due fo the adaptation in comparison to the generic interface header in 9.2.1. The header of{the UDI can
contain a list of valid ultrasonic detection entities (see 9.6.2).

Table 45 — Specific signal grouping: Ultrasonic detection-header

Signal RL signal Option

Interface version ID {major, minor, patch} | Mandatory | Profile: Uniqueness of interface versioning (6.4)

(A1)

Interface ID (A.1.2) Optional Profile:'Uniqueness of interface versioning (6.4)
Default enumerators (B.1.7)

Number of valid serving sensors (A.1.3) Mandatory | Préfile: Uniqueness of interface versioning (6.4)
Profile: Ultrasonic sensor cluster (9.6.3)
Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)

Sensor ID (A.1.4) Mandatory | Profile: Uniqueness of interface versioning (6.4)
Profile: Ultrasonic sensor cluster (9.6.3)
Alternative VRO (B.1.3)

Time[stamp - measurement (A.1.5.2) Mandatory

Cyclelcounter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - measurement (A.1.5.2)

Interface cycle time [A1.7) Optional

Interface cycledfinie - variation (A.1.8) Optional

Data fjualifier(A.1.9) Mandatory | Default enumerators (B.1.7)

Recognised detections - capability Optional

(A.1.10.10)

Recognised detections - status (A.1.11.10) | Optional Redundancy (B.1.2)
Signal: Recognised detections - capability
(A.1.10.10)
Default enumerators (B.1.7)

Number of valid detections (A.1.12.10) Mandatory | Optimise LL (B.1.1)

Optimise AER (B.1.4)

The UDI may provide all detections of either the emitting or the sensing ultrasonic sensor. Each
detection will provide the corresponding sensor by the signal “Second sensor ID reference” (A.4.40). If
the UDI provides detections for a sensor-sub-cluster, the first signal “Sensor ID” (A.1.4) provides the
emitting sensor and the following signal “Sensor ID” (A.1.4) provides the sensing sensor. In case of a
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concurrent emitting and sensing sensor element the signal “Sensor ID” (A.1.4) provides only one ID for
both elements (see 9.6.3).

The following LSGs, which normally shall be provided by the sensor in another interface, may be added
to this header, if, for example, the other interface is not implemented by the sensor (see B.3.3):

— interface

— interface

— interface

: SHII; LSG “Calibration” (see Table 53);

: SPI; LSG “Information: sensor pose” (see Table 51);

: SPI; LSG “Information: vehicle coordinate system” (see Table 51);

— interfac

9.6.2 Ultrag

onic detection entity

p: SHII; LSG “Sensor cluster” (see Table 53).

Each detection of an ultrasonic sensor describes a measured detection and consists ofseveral LSGs

— Status:
and do
detectio
“Generi

— Information: The information describes the ultrasonic specific information of the echo (see F

21).

the status describes general information of the detection. It is based on clrrent inform
ps not include historical information. Table 46 defines the signal grouping “Ultra
n entity status”. It defines this status LSG of the detection and redefines the signal groy
C sensor detections entity status” (see Table 34).

Table 46 — Specific signal grouping: Ultrasonic detection entity status

htion
sonic
Iping

gure

Signal RL signal Option
Existence prdbability - detection level (A.4.1) Mandatory
Detection ID (A.4.2) Optional Alternative A2l (B.3.2)
Object ID refdrence - detection level (A.4.3) Conditional (B.3.1) | Alternative A2I (B.3.2)
Exist: OLI

Feature ID re

ference (A.4.4)

Conditional (B.3.1)
Exist: FLI

Alternative A2I (B.3.2)

Time stamp d

ifference - detection level (A.4.5)

Mandatory

Optimise IV (B.1.5)
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Key

1 yltrasonic sender (?j - emitting ultrasonic element

2 ltrasonic receiver m - sensing ultrasonic element

3 dbstacle’s reflection point (0)

4  dllipse (theoretically possible points of an obstacle’s reflection)

a  (istance from the emitting ultrasonic element to the oebstacle’s reflection point := |@ - @1

b (distance from the obstacle’s reflection point to the'sensing ultrasonic element := |@j - Wl

dv 1pean distance of the echo of a reflection between emitting ultrasonic element (see key 1), obstacle’s refleg

=

ey 3) and sensing ultrasonic element (see'key 2) := (a + b)/2
dr distance of a direct reflection between-obstacle and the emitting and sensing ultrasonic element (see key 1]
h  Height of the obstacle

Figure 21 — Example for an ultrasonic sensor cluster with separate emitting and
elements-on the example of two received echoes of one emitted pulse

9.6.3 Profile: Ultrasonic sensor cluster

An ultrasonicsensor cluster (see Figure 22) may serve this interface in different ways (see T

tion point (see

sensing

able 47).

and one for

1. Tach virtual sensor (which is based on two different real sensors, one for emitting
ensing) and real sensor (which is based on one real sensors, which is emitting and

sensing its

emitted pulse) provide a separate interface. The emitting and sensing sensors are defined in the
header of the interface message. Real sensors, which emit and sense their own echo, provide a DLI
with the signal “Sensor ID” (A.1.4) of the sensor (one ID). Virtual sensors provide a DLI with the

first signal “Sensor ID” (A.1.4) of the emitting sensor and the second of the sensing

sensor (two

IDs). The RL of the signal “Second sensor ID reference” (A.4.40) is optional and the signal would be

redundant.

2. Each real sensor provides a separate interface, including all detections of the virtual sensors.

Virtual sensors may serve no interface.

a. The signal “Sensor ID” (A.1.4) provides the ID of the emitting sensor. The sensing sensor of the
detection is referenced by the signal “Second sensor ID reference” (A.4.40), which is mandatory
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for a sensor cluster. The measurement cycle of the sensor cluster’s UDIs may not overlap in
time.

b. The signal “Sensor ID” (A.1.4) provides the ID of the sensing sensor. The emitting sensor of the
detection is referenced by the signal “Second sensor ID reference” (A.4.40), which is mandatory
for a sensor cluster. The measurement cycle of the sensor cluster’s UDIs may overlap in time.

The signal “Second sensor ID reference” (A.4.40) is optional for a single ultrasonic sensor.

All emitting and/or sensing ultrasonic sensors may provide the SPI sensor origin point and sensor axis
system, in detail the LSG “Information: sensor pose” (see Table 51). Even if the ultrasonic detections are
clustered in|the interface (see Profile: Ultrasonic sensor cluster (9.6.3) - option 2a or 2b) or the,drigin
point and s¢nsor axis system of a virtual sensor is calculated of the sensor poses of the real sénsors’
SPIs.

Key
1 ultrasonif sender and receivér (SR)
real sens¢r {SR} origin

ultrasonif receiver-(R1)

ultrasonif reeéiver (R2)

virtual sensor {SR, R1} origin

Ul s W N

virtual sensor {SR, R2} origin

Figure 22 — Example for an ultrasonic sensor cluster of 3 ultrasonic elements for one echo and
the resulting sensor origins
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Table 47 — Example of UDIs for 3 emitting and sensing elements; one echo - Profile relevant

signals

Profile: Ultrasonic sensor

Profile: Ultrasonic sensor cluster

Profile: Ultrasonic sensor cluster

{Sensor ID = {SR, R1}}

Detection {
Second sensor ID reference = R2

cluster (9.6.3) - (9.6.3) - (9.6.3) -
option 1 (9 UDI) option 2a (3 UDI) option 2b (3 UDI)
UDI { UDI { UDI {
{Sensor ID = SR} {Sensor ID = SR} {Sensor ID = SR}
Detection {} Detection {
} Second sensor ID reference = SR Detection {
Time stamp difference = dtsrsr Second sensor ID reférence = SR
} Time stamp difference 5 dtsr+ dtsrsr
Detection { }
Second sensor ID reference = R1
Time stamp difference = dtsgrr1 }
uDI|{ } UDI£

{Sensor ID = R1}

{Sensor ID = {SR, R2}}
D

[

ection {}

Detection {}
) Time stamp difference = dtsrrz Detection {
} Second sensor ID reference = SR
} Time stamp difference 5 dtsr+ dtsrr1
}
}
UDI[{ UDI {

{Sensor ID = R2}

Detection {
Second sensor ID refere
Time stamp difference 5

}

nce = SR
dtsr+ dtsrr2

10 $uppertive sensor interfaces

10.1| General

Sensors and sensor clusters serve supportive sensor interfaces (SSI). A fusion unit may derive the
sensor cluster’s SSI's information of the sensors’ SSIs of the sensor cluster. Therefore, in this clause for
SSI, the term sensor is always used, even if a sensor cluster is serving the interface. The SSIs provide
additional, general information of a sensor’s or sensor cluster’s health and performance. Table 48
provides an overview over the differences and boundaries between the SSls.
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Table 48 — Brief overview over the differences and boundaries between the SSIs

Sensor performance

Sensor health information

Relevant for] safety concept

Misalignment: hardware and,seftware
calibration

Relevant E/E information

Impairment on observed field | Impairment on sensor surface | Sensor internal
— rain, fog — dirt, dust — operation
— snow — condensation — diagnosis
— particles (air) — scratch — defects
— and so forth — and so forth — cleaning
— Dosition calibration
— and so forth
Classification into several measurement ranges Global information for the complete-senspr

The followin]

g supportive sensor interfaces are available:

— Sensor performance interface (10.3);

— Sensor lealth information interface (10.4).

Supportive
information

sensor interface messages (see 10.3 and 10.4) may”be required to correctly inte
from object-, feature- and detection level interface. Data consistency over the sernsor’s

[pret

interfaces shall be assured. Supportive sensor interfaces have’LSGs which the sensor shall provide|If an

SSIis not pr

bvided, the SSI relevant LSG will be provided:cby other interfaces as defined (see B.3.3).

10.2 Generic supportive sensor interface
Table 49 defines the generic structure of an SSI:
Table 49 — Generic supportive sensor interface
Structure Multiplicity Option
Generic supportive sensor header (10.2.1) 1
Generic supportive sensor entity~(10.2.2), specifically an individual SPI: multiple as Size typs:
supportive densor entity (list) well as dynamic/figed
SHII: 1

The multipl
interface.

The geomet

city ofithe individual supportive sensor interface entity list depends on the individugl SSI

icAnformation of the SSIs references the vehicle coordinate system (QPP Qignn] “Vdhicle

coordinate system type - header” (A.1.20)] as well as the sensor coordinate system.

10.2.1 Generic supportive sensor header

Table 50 defines the interface header in subclause “Generic supportive sensor header” (10.2.1) and the
changes due to the adaptation in comparison to the generic interface header in 6.2. Each individual SSI
may define the signal “Time stamp - <...>” (A.1.5) during the system design phase.

Table 50 — Specific signal grouping: Generic supportive sensor header

Signal RL signal Option
Interface version ID {major, minor, patch} | Mandatory | Profile: Uniqueness of interface versioning (6.4)
(A1.1)
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Interface ID (A.1.2) Optional Profile: Uniqueness of interface versioning (6.4)
Default enumerators (B.1.7)

Number of valid serving sensors (A.1.3) Mandatory [ Profile: Uniqueness of interface versioning (6.4)
Optimise LL (B.1.1)
Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)

Sensor ID (A.1.4) Mandatory Profile: Uniqueness of interface versioning (6.4)
Alternative VRO (B.1.3)

Timfstamp — <..> (A.1.5) Mandatory

Mespgage counter (A.1.6.2) Optional

Intefface cycle time (A.1.7) Optional

Intefface cycle time - variation (A.1.8) Optional

Datq qualifier (A.1.9) Mandatory | Default enumerators-(B!1.7)

SSI §pecific header extensions

Nunpber of valid <...> (A.1.12) Mandatory [ Optimise LL (BJI.1)

The LSGs, which normally shall be provided by the sensor<asvwell as the sensor cluster in another
interface, may be added to this header, if, for example, thetother interface is not implemgnted by the
sensgr or sensor cluster (see B.3.3). For each SSI these LSGs-are individual.
10.2|2 Generic supportive sensor entity
No generic LSG is defined for the interface entitytypes of all SSIs.
10.3 Sensor performance interface
Table¢ 51 defines the logical structure ofthe sensor performance interface (SPI).
Table 51 — Sensor performance interface
RLASG . RL Signal .
LSG Signal Dption
M/C/0 M/C/O
Information: M Interface version ID {major, M Profile:
intefface minor, patch} (A.1.1) Uniquleness of
interface
versidning of SPIs
(10.3.p)

Interface ID (A.1.2) 0 Profilg:
Uniquleness of
interface
versioning of SPIs
(10.3.3)

Default
enumerators
(B.1.7)

Number of valid serving sensors M Profile:

(A.1.3) Uniqueness of
interface
versioning of SPIs
(10.3.3)

Optimise LL
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RL LSG . RL Signal )
LSG Signal Option
M/C/0 M/C/0
(B.1.1)
Alternative UTL
(B.1.6)
Key: Sensor ID
(A.1.4)
Size type: dynamic/fixed
Size #: Number of valid serving sensors (A.1.3)
Sensor ID (A.1.4) M Profile:
Uniqueness’of
interface
versioning of SPIs
(10:3.3)
Alternative VRO
(B.1.3)
Time stamp - <...> (A.1.5) M
Message counter (A.1.6.2) 0
Interface cycle time (A.1.7) 0
Interface cycle time - variation 0
(A.1.8)
Data qualifier (A.1.9) M Default
enumerators
(B.1.7)
Interface applicability (A.1.19) 0 Profile:
Uniqueness of
interface
versioning of §PIs
(10.3.3)
Default
enumerators
(B.1.7)
Information| M Vehicle coordinate system type M Optimise IV
vehicle Needcflogical signal | - header (A.1.20) (B.1.5)
coordinate group (B.3.3)
system 1. SHII Header,
2. Redundant on OLI,
FLI and DLI Header
Information: ™ Sensor origin point {X, ¥, Zf - ™
sensor pose Need of logical signal | header (A.1.21)
B.3.3
1g201;111; Igleade)r Sensor origin point {x, y, z} - 0 Implementation
2 DLI Header error (A.1.22) EM (B.4.1)
Sensor orientation {yaw, pitch, M
roll} - header (A.1.23)
Sensor orientation {yaw, pitch, 0 Implementation
roll} - error (A.1.24) EM (B.4.1)
Information: 0 Vanishing point {azimuth, M
sensor elevation} (A.1.25)
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RLLSG RL Signal

LSG Signal Option
M/c/0 M/C/0
surrounding Vanishing point {azimuth, 0 Implementation
elevation} - error (A.1.26) EM (B.4.1)
Segments M Number of valid field-of-view M Optimise LL
segments (A.1.12.12) (B.1.1)
Alternative UTL
(B.1.6)
Key: Segment
azimuth -

suppdrtive sensor
level {begin, end}
(A.5.1) and
Segment elevation
- supportive
sensof level
{begin, end}

(A.5.2

Size type: Dynamic/fixed
Size #: Number of yalid field-of-view segments (A.1{12.12)

btatus M Segment azimuth'= M Alternative VRO
supportive sensor level (B.1.3
{begin, end}{'A.5.1)
Segment elevation - 0 Alterrjative VRO
supportive sensor level (B.1.3

{begin, end} (A.5.2)

Measurement grid 0
resolution {radial distance,
azimuth, elevation} (A.5.3)

Beam divergence {azimuth, 0
elevation} (A.5.4)
Range gain (A.5.5) 0
Blockage status (A.5.6) M Default
enumerators
(B.1.7
Field-of-view 0 Number of valid field-of- M Optinjise LL
reduction view reduction reasons (B.1.1
(A5.7) Alternjative UTL
(B16)

Key: Field-of-view
reduction reason
type (A.5.8)

Size type: Dynamic/fixed
Size #: Number of valid field-of-view reduction reasons

(A.5.7)

Field-of-view reduction M Alternative VRO

reason type (A.5.8) (B.1.3)
Default
enumerators
(B.1.7)
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RL LSG ] RL Signal )
LSG Signal Option
M/C/0 M/C/0
Field-of-view reduction M
reason type - confidence
(A.5.9)
Real-world C (B.3.1) Number of valid M Optimise LL
object Exist: OLI recognisable object types (B.1.1)
recognition and in scope of signal (A.5.10) Alternative UTL
capabilities “Interface (B.1.6)
H Lalie” (A 1 10
appreadhity (- ) Key: Recognised
object type
(A5.11)

Size type: Dynamic/fixed
Size #: Number of valid recognisable object types (A.5.1D)

Recognised object type M Alternative VRO
(A5.11) (B.1.3)
Default
enumerators
(B.1.7)
Detection range radial M
distance {begin, end}
(A.5.12)
True positiye rate 0
(A.5.13)
False-positive rate 0
(A.514)
Positive predictive value 0
(A.5.15)
Referente C(B.3.1) Number of valid reference M Optimise LL
target Exist: FLI, DLI target types (A.5.16) (B.1.1)
recognition and in scope of-sigial - _ s
capabilities “Interface Size type: Dynamic/fixed
applicability*(A.1.19) Size #: Number of valid reference target types (A.5.16)
Reference target type C(B.2.1) | Default
(A.5.17) Relevant: | enumerators
camera (B.1.7)
Radar cross section C(B.2.1)
reference target (A.5.18) Relevant:
radar
Reflectivity reference C(B.2.1)
target (A.5.19) Relevant:
lidar,
ultrasonic
Detection range radial M
distance {begin, end}
(A.5.12)
True positive rate 0
(A.5.13)
Relative radial velocity 0
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RL LSG ) RL Signal )
LSG Signal Option
M/C/0 M/C/0
range {begin, end}
(A.5.20)
Signal to noise ratio - M Optimise IV
supportive level (A.5.21) (B.1.5)
Spatial separability 0

{radial distance, azimuth,
elevation} (A.5.22)

Velocity separability 0
{radial distance, azimuth,
elevation} (A.5.23)

The
coor

[«

J

[«

— ]

— 1

linate system and its origin. This affects the signals:

egment azimuth - supportive sensor level {begin, end} (A.5.1);
egment elevation - supportive sensor level {begin, end} (A.5.2);
leasurement grid resolution {radial distance, azimuth, elevation} (A.5.3);

Detection range radial distance {begin, end} (A.5.12);

— Relative radial velocity range {begin, end} (A.5.20);

[«

J

patial separability {radial distance, azimuth, elevation} (A.5.22);

signals referring to angles as well as distances in the segments alwdys’ refer to| the sensor

— VYelocity separability {radial distance; azimuth, elevation} (A.5.23).
The forrelation between vehicle- and sensor coordinate system is determined by the se¢nsor origin
point and the sensor orientation‘ef the sensor (LSG “Information: sensor pose” - see Table 51).
10.3|1 Sensor performance header
Tabl¢ 52 defines the .interface header in subclause “Sensor performance header” (10.3.1) and the
changes due to the adaptation in comparison to the generic interface header in 10.2.1. The Header of the
SPI cpn contain adist-of valid FOV segment entities (see 10.3.2).
Table 52 — Specific signal grouping: Sensor performance header
Signal RL signal Option
Intekface version ID {m;\jnr minor Mandatory Profile: Hniqnpnpcc ofl interface

patch} (A.1.1)

versioning of SPIs (10.3.3)

Interface ID (A.1.2) Optional Profile: Uniqueness of interface
versioning of SPIs (10.3.3)

Default enumerators (B.1.7)

(Al

Number of valid serving sensors Mandatory Profile: Uniqueness of interface

.3) versioning of SPIs (10.3.3)

Optimise LL (B.1.1)

Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)
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signal group (B.3.3)

1. SHII Header,
2. Redundant on
OLI, FLI and DLI
Header

Signal RL signal Option

Sensor ID (A.1.4) Mandatory Profile: Uniqueness of interface
versioning of SPIs (10.3.3)
Alternative VRO(B.1.3)

Time stamp - <...> (A.1.5) Mandatory

Message counter (A.1.6.2) Optional

Interface cycle time (A.1.7) Optional

Interface cycle time - variation Optional

(A.1.8)

Data qualifi¢r (A.1.9) Mandatory Default enumerators (B:1)7)

Interface applicability (A.1.19) Optional Profile: Uniqueness.of interfage
versioning of SPIs,(10.3.3)
Default enumerators (B.1.7)

Vehicle coordinate system type - RL LSG mandatory | Mandatory OptimisedV(B.1.5)

header (A.120) Need of logical

segments (A.1.12.12)

Sensor origih point {x, y, z} - header | RL LSG mandatory | Mandatory
(A1.21) Need of logical
Sensor origih point {x, y, z} - error | Signal group (B.3.3)"gptional Implementation EM (B.4.1)
(A.1.22) 1. SHII Header,
- : ) 2.DLI Header
Sensor orientation {yaw, pitch, roll} Mandatory
- header (Al.23)
Sensor orientation {yaw, pitch, roll} Optional Implementation EM (B.4.1)
- error (A.124)
Vanishing ppint {azimuth, RL LSG optional Mandatory
elevation} (f.1.25)
Vanishing ppint {azimuth, Optional Implementation EM (B.4.1)
elevation} -|error (A.1.26)
Number of yalid field*of*view Mandatory Optimise LL (B.1.1)

Alternative UTL (B.1.6)
Key: Segment azimuth -

suppaortive sensar level {hegin
end} (A.5.1) and Segment
elevation - supportive sensor
level {begin, end} (A.5.2)

The following LSGs, which normally shall be provided by the sensor
another interface, may be added to this header, if, for example, the other interface is not implemented

by the sensor or sensor cluster (see B.3.3):

— interface: SHII; LSG “Calibration” (see Table 53);

— interface: SHII; LSG “Sensor cluster” (see Table 53).
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The following LSGs, which shall be provided by the sensor as well as the sensor cluster in this interface,

may

be added to another header (see B.3.3):

interface: SPI; LSG “Information: vehicle coordinate system” (see Table 51);

interface: SPI; LSG “Information: sensor pose” (see Table 51).

10.3.2 Sensor performance entity

Each sensor performance segment for FOV of a sensor describes the performance in this segment and
consists of several LSGs.

For
earli
the ij
gene
gene

10.3

This
the
appl

10.4

The

sens
inter

Tabl

q

o

tatus: the status describes the geometry of the FOV segment.

¢xtrinsic or intrinsic) for an FOV reduction.

Real-world object recognition rates: the real-world object recognition rates d
¢stimated recognition rates for real-world recognition of different real-world objects.

Reference target recognition rates: the reference target recognition rates describe t}
fecognition rates for synthetic, well-defined recognition of different synthetic, well-defi

wo valid but geometric overlapping FOV segments (azimuth-, elevation range), the vz
er defined segment in the list will always stay valid. So-typically, the segments will be ¢
1side to the outside (due to timing reasons, special¥egions of interest are more import
Fal FOV segments and the special regions of interest need to be known to be subtract
ral FOV segment).

3 Profile: Uniqueness of interface versioning of SPIs

bensor. To identify the differént interface implementations of the SPI the signa
fcability” (A.1.19) is additionally-used to define uniqueness.

Sensor health information interface
ubclause “Sensor health information interface” (10.4) (SHII) provides a qualitive state

br’'s health status,vMore detailed information of sensor statuses can be provide
faces.

e 53 defines:the logical structure of the sensor health information interface.

Table 53 — Sensor health information interface

Field-of-view reduction causes: the FOV reduction causes describe the causes (for example,

escribe the

le estimated
ned objects.

lues for the
lefined from
ant than the
ed from the

profile extends the profile of 6.4.;A(sensor cluster may provide this interface more than once for

1 “Interface

bment of the
d via other

RLLSG RL Signal

LSG

DN

Signal Opti
L= r

M/C/0 M/C/0

Information:
interface

M Interface version ID {major, minor, M

patch} (A.1.1)

Profile: Uniqueness of
interface versioning (6.4)

Interface ID (A.1.2)

(B.1.7)

Profile: Uniqueness of
interface versioning (6.4)

Default enumerators
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RLLSG RL Signal

LSG Signal Option
M/c/0 M/C/0
Number of valid serving sensors M Profile: Uniqueness of
(A.1.3) interface versioning (6.4)

Optimise LL (B.1.1)

Alternative UTL (B.1.6)
Key: Sensor ID (A.1.4)

Size type: dynamic/fixed

Size #: Number of valid serving sensors (A.1.3)

Sensor ID (A.1.4) M Profile: Uniqueness)of

interface versioning (64)
Alternative VRO (B.1.3]}

Time stamp - <...> (A.1.5) M

Message counter (A.1.6.2) 0

Interface cycle time (A.1.7) 0

Interface cycle time - variation 0

(A.1.8)

Data qualifier (A.1.9) M Default enumerators
(B.1.7)

Status M Number of valid sensor operation M Optimise LL (B.1.1)

modes (A.5.24) Alternative UTL (B.1.6)
Key: Sensor operation
mode (A.5.25)

Size type: Dynamie/fixed
Size #: Number.of valid sensor operation modes (A.5.24)

Sensor operation mode (A.5.25) M Alternative VRO (B.1.3}
Default enumerators
(B.1.7)
Sensor defect recognised (A.5.26) M Default enumerators
(B.1.7)
Sensor defect reason (A.5.27) M Default enumerators
(B.1.7)
Supply voltage status (A.5.28) M Default enumerators
(B.1.7)
Sensor temperature status (A.5.29) M Default enumerators
(B.1.7)
Number of valid sensor input signal M Optimise LL (B.1.1)
statuses (A.5.30) Alternative UTL (B.1.6)
Key: Sensor input signal
type (A.5.31)
Size type: Dynamic/fixed
Size #: Number of valid sensor input signal statuses (A.5.30)
Sensor input signal type M Alternative VRO (B.1.3)
(A5.31) Default enumerators
(B.1.7)

148 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150:2023(E)

RL LSG ] RL Signal )
LSG Signal Option
M/C/0 M/C/0
Sensor input signal status M Default enumerators
(A.5.32) (B.1.7)
Sensor externally disturbed 0 Default enumerators
(A.5.33) (B.1.7)
Sensor transmit power reduced 0 Default enumerators
(A.5.34) (B.1.7)
Sensorhreating status tA5:35) © Defauitemnumerators
(B.1.7)
Sensor cleaning status (A.5.36) 0 Default'enumerators
(B.2.%)
Sensor time sync (A.5.37) 0 Default enumerators
(B.1.7)
Sensor time sync offset value C(B.22)
(A.5.38) *The
signal
“Sensor
time
sync” (A.5.
37) has
“STS_Offset
"ora
similar
enumerato
r defined
during the
system
design
phase.
Calipration 0 Number of valid sensor- M Optimise LL (B{1.1)
Need of calibratable components (A.5.39) Alternative UTL (B.1.6)
logical signal Key: Sensor-calibratable
group component (A.5.40)
(B:33)
1YSPI Size type: Dynamic/fixed
Header, Size #: Number of valid sensor-calibratable components (A.5.39]
2.DLI
Header Sensor-calibratable component M Alternative VRO (B.1.3)
3. FLI (A.5.40) Default enumerators
Header (B.1.7)
4. redundant . .
on OLI Sensor calibration status M Default enumerators
Header (A.5.41) (B.1.7)
Calibration process state 0 Default enumerators
(A.5.42) (B.1.7)
Sensor origin point - correction {x, 0
y, 2} (A.5.43)
Sensor origin point - correction {x, 0 Implementation EM (B.4.1)
y, z} - error (A.5.44)
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RL LSG . RL Signal .
LSG Signal Option
M/C/0 M/C/0
Sensor origin translation - 0
correction limit {Xbegin, Xend, Ybegin,
Yend, Zbegin, Zend} (A545)
Sensor orientation - correction 0
{yaw, pitch, roll} (A.5.46)
Sensor orientation - correction 0 Implementation EM (B.4.1)
{yaw, pitch, roll} - error (A.5.47)
Sensor pose angle - correction limit 0
{yaWbegin, YaWend, pitChbegin,
pitchend, rollbegin, rollend} (A.5.48)
Sensor 0 Number of valid sensors (A.5.49) M
cluster Need of - —
logical signal Size type: Dynamic/fixed
group Size #: Number of valid sensors (A.5.49)
(B.3.3)
1.SPI Sensor ID reference (A.5.50) M
Header,
2.
Redundant
on OLI, FLI
and DLI
Header
10.4.1 Sengor health information header
Table 54 defines the interface header in subclause “Sensor health information header” (10.4.1) anf the

changes dug
SHII contain

to the adaptation in comparison tothe generic interface header in 10.2.1. The header (
s only one sensor information entity (see 10.4.2).

Table 54 — Specific signal'grouping: Sensor health information header

f the

Signal RL signal Option

Interface vetsion ID {major, minor; patch} Mandatory | Profile: Uniqueness of interface versioning (p.4)

(A1.1)

Interface ID|(A.1.2) Optional Profile: Uniqueness of interface versioning (p.4)
Default enumerators (B.1.7)

Number of yalid serving sensors (A.1.3) Mandatory | Profile: Uniqueness of interface versioning (p.4)
Optimise LL (B.1.1)
Alternative UTL (B-1.6)
Key: Sensor ID (A.1.4)

Sensor ID (A.1.4) Mandatory | Profile: Uniqueness of interface versioning (6.4)
Alternative VRO (B.1.3)

Time stamp - <...> (A.1.5) Mandatory

Message counter (A.1.6.2) Optional

Interface cycle time (A.1.7) Optional

Interface cycle time - variation (A.1.8) Optional

Data qualifier (A.1.9) Mandatory | Default enumerators (B.1.7)
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There is only one global entity in the SHIIL. Therefore, the sensor provides no list of SHII entities and a

signal “Number of valid <...>” (A.1.12) is additionally not provided.

The following LSGs, which normally shall be provided by the sensor as well as the sensor cluster in
another interface, may be added to this header, if, for example, the other interface is not implemented

by the sensor or sensor cluster (see B.3.3):

— interface: SPI; LSG “Information: vehicle coordinate system” (see Table 51);

— interface: SPI; LSG “Information: sensor pose” (see Table 51).

(see B.3.3):
terface: SHII; LSG “Calibration” (see Table 53);

to another header

— interface: SHII; LSG “Sensor cluster” (see Table 53).
10.4{2 Sensor health information entity

Senspr health information of a sensor describes global sensor statuses.ahd consists of sever
interface provides only one sensor health information entity for the entire sensor and
entitjes.

Status: the status describes the global statuses of the sensor.

— (alibration: the status describes the statuses and4nformation of the sensor calibration

his interface,

hl LSGs. This
not a list of

— Sensor cluster: the sensor cluster defines the'set of sensors which defines the sensor cluster.

11 $ensor input interface

11.1 General

The pensor input interface (SI):provides information and parametrisation for a sensor
cluster. The sensor receives theSlls via the in-vehicle communication. Each SII can be sent {
or s¢nsor cluster by different ECUs. Also, several ECUs can provide complementary |
interface (for exampleZene ECU provides weather information, and a second ECU pr
inforimation of the CSH). During the system design phase, each received Slls of a sensor
cluster and the ECUs that originate these interfaces shall be defined. The information sot
way how the signals are provided shall be defined during the system design phase to me

and gystem désign requirements (for example, that the fusion unit may provide certain SlIs)|

11.2 Géneric sensor input interface

or a sensor
o the sensor
barts of the
pvides road
or a sensor
irce and the
bt the safety

Table 55 defines the generic structure of a SIL

Table 55 — Generic sensor input interface

Structure Multiplicity Option
Generic sensor inputs header (11.2.1) 1
Generic sensor inputs entity (11.2.2) 1

11.2.1 Generic sensor inputs header

Table 56 defines the interface header in subclause “Generic sensor inputs header” (11.2.1) and the

changes due to the adaptation in comparison to the generic interface header in 6.2.
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Table 56 — Specific signal grouping: Generic sensor detections header

Signal RL signal Option

Interface version ID {major, minor, patch} (A.1.1) Mandatory Profile: Uniqueness of interface
versioning of SII (11.2.3)

Interface ID (A.1.2) Optional Profile: Uniqueness of interface
versioning of SII (11.2.3)
Default enumerators (B.1.7)

Sender ID (A.1.27) Mandatory Profile: Uniqueness of interface
verstoningof SH{1t2:3)

Time stamp|- <...> (A.1.5) Mandatory

Message coynter (A.1.6.2) Optional

Interface cy¢le time (A.1.7) Optional

Interface cyg¢le time - variation (A.1.8) Optional

Data qualifi¢r (A.1.9) Optional Default enumeérators (B.1.7)

11.2.2 Generic sensor inputs entity

Each SII prgvides only one entity per interface. No generic LSG is défined for the interface entity fypes

of all SlIs.

11.2.3 Proffile: Uniqueness of interface versioning of SII

This profile|adapts the profile of 6.4. A sensor or sensorscluster may receive this interface more|than
once (for example, different ECUs). To identify different senders of the SII a signal “Sender ID” (A.[L.27)

is used.

11.3 Common sensor input interface

The subclause “Common sensor input interface” (11.3) (CSII) provides the generic input of a senspr or

sensor clustpr.

Table 57 defines the logical structure of the common sensor input interface.

Table 57 — Common sensor input interface

RL LSG ) RL signal .
LSG Signal Option
M/C/0 M/C/0
Information| M Interface version ID {major, minor, M Profile: Uniqueness of
interface patch} (A.1.1) interface versioning of Il
1233
Interface ID (A.1.2) 0 Profile: Uniqueness of
interface versioning of SII
(11.2.3)
Default enumerators (B.1.7)
Sender ID (A.1.27) M Profile: Uniqueness of
interface versioning of SII
(11.2.3)
Time stamp - <...> (A.1.5) M
Message counter (A.1.6.2) 0

152

© IS0 2023 - All rights reserved



https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150:2023(E)

RLLSG

RL signal

(A.6.22)

LSG Signal Option
M/c/0 M/C/0
Interface cycle time (A.1.7) 0
Interface cycle time - variation 0
(A.1.8)
Data qualifier (A.1.9) Default enumerators (B.1.7)
Sensor 0] Sensor operation mode command M Default enumerators (B.1.7)
operation (A.6.1)
Envijronmental 0 Weather condition (A.6.2) 0 Default enunienators (B.1.7)
infofmation:
Lrvlec;thm; on Fog (A.6.3) 0 Default enumerators (B.1.7)
Precipitation (A.6.4) 0 Defaultenumerators (B.1.7)
Number of valid absorption models 0 Optimise LL (B.1.1)
(A.6.5) Alternative UTL|(B.1.6)
Key: Absorption wavelength
(A.6.7)
Size type: Dynamic/fixed
Size #: Number of valid absorptien'models (A.6.5)
Absorption coefficient (A.6.6) M
Absorption wavelength((A.6.7) M Alternative VR(Q| (B.1.3)
Default enumerators (B.1.7)
Ambient illuminatien'(A.6.8) 0 Default enumerators (B.1.7)
Air temperature(A.6.9) M
Air temperature - error (A.6.10) 0 Implementation EM (B.4.1)
Atmospheric pressure (A.6.11) 0
Atmospheric pressure - error 0 Implementation/ EM (B.4.1)
(A.6.12)
Relative humidity (A.6.13) 0
Relative humidity - error (A.6.14) Implementation/ EM (B.4.1)
Environmental 0 Global time stamp (A.6.15) M
infofmation:
timg
Environmental 0 Road type - input level (A.6.16) M Default enumerators (B.1.7)
inf tion:
;r(l);é'ma on Road surface temperature (A.6.17) 0
Road surface water film (A.6.18) 0
Road surface freezing point (A.6.19) 0
Road surface ice coverage (A.6.20) 0
Road surface classification type - 0 Default enumerators (B.1.7)
input level (A.6.21)
Road surface roughness - input level 0
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RLLSG

RL signal

RLP, RRP} (A.6.45)

LSG Signal Option
M/C/0 M/C/0
Road surface condition classification 0 Default enumerators (B.1.7)
type - input level (A.6.23)
Road surface texture - input level 0
(A.6.24)
Vehicle state 0 Vehicle coordinate system type - M Optimise IV (B.1.5)
input level (A.6.25)
Vehiclestate Teference pointtype O
(A.6.26)
Velocity {x, y, z} - input level {M, M, 0}
(A.6.27)
Velocity {x, y, z} - error - input level 0 Implementation EM (B.4.1)
(A.6.28)
Acceleration {x, y, z} - input level 0
(A.6.29)
Acceleration {x, y, z} - error - input 0 Implementation EM (B.4.1)
level (A.6.30)
Jerk {x} (A.6.31) 0
Jerk {x} - error (A.6.32) 0 Implementation EM (B.4.1)
Rotation rate {yaw, pitch, roll} < {M, O, 0}
input level (A.6.33)
Rotation rate {yaw, pitch;voll} - 0 Implementation EM (B.4.1)
error - input level (A.6.34)
Angular wheel position {FLP, FRP, 0
RLP, RRP} (A.6.35)
Angular wheel velocity {FLP, FRP, M
RLP, RRP}(A.6.36)
Angular wheel velocity {FLP, FRP, 0 Implementation EM (B.4.1)
RL:P, RRP} - error (A.6.37)
Slip angle {FLP, FRP, RLP, RRP} 0
(A.6.38)
Active suspension {FLP, FRP, RLP, 0
RRP} (A.6.39)
Steering angle (A.6.40)
Steering angle - error (A.6.41) Implementation EM (B.4.1)
Vehicle global position {latitude,
longitude, altitude} (A.6.42)
Vehicle global position {latitude, 0 Implementation EM (B.4.1)
longitude, altitude} - error (A.6.43)
Vehicle global orientation {yaw, 0
pitch, roll} (A.6.44)
Wheel rotation direction {FLP, FRP, 0 Default enumerators (B.1.7)
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RL LSG . RL signal .
LSG Signal Option
M/C/0 M/C/0
Wheel tick count {FLP, FRP, RLP, 0 Redundancy (B.1.2)
RRP} (A.6.46) Signal: Angular wheel
position {FLP, FRP, RLP,
RRP} (A.6.35) or Angular
wheel velocity {FLP, FRP,
RLP, RRP} (A.6.36)
Gear position (A.6.47) 0 Default enumerators (B.1.7)
Brake activation level (A.6.48) 0 Default enumerators (B.1.7)
Vehicle motion state (A.6.49) 0 Default edunterators (B.1.7)
Reglon 0 Current region (A.6.50) M Default'enumerators (B.1.7)
nfobmati
tntormation Current traffic flow type (A.6.51) M Default enumerators (B.1.7)
Vehjcle 0 Trailer type (A.6.52) 0 Default enumerators (B.1.7)
fi ti
conjiguration Park brake state (A.6.53) 0 Default enumerators (B.1.7)
Vehicle body position {z} (A.6.54) M Optimise 1V (B.1.5)
Vehicle body orientation {pitch, roll} 0
(A.6.55)
Sengor pose 0 Sensor origin point {x, y, z} —input M Optimise 1V (B.1.5)
level (A.6.56)
Sensor orientation {yaw, pitch, roll} M Optimise IV (B.1.5)
- input level (A.6.57)
PM(QI operation 0 Reporting interface PMOI - M Default enumerators (B.1.7)
command (A:6:58.1)
RD(QI operation 0 Reporting/interface RDOI - M Default enumerators (B.1.7)
command (A.6.58.2)
SOI pperation 0 Reporting interface SOI - command M Default enumerators (B.1.7)
(A.6.58.3)
FSAPI Q Reporting interface FSAOI - M Default enumerators (B.1.7)
operation command (A.6.58.4)
FLI pperation 0 Reporting interface FLI - command M Default enumerators (B.1.7)
(A.6.58.5)
DLI pperation 0 Reporting interface DLI - command M Default enumerators (B.1.7)
(A.6.58.6)
SPI JlJCl dtiUll G RC}JUI tills iutcx deC SPI = LUlllllldllC‘l }v{ Dcfau}t CITUIIITI atOI'S (B.1.7)
(A.6.58.7)
Number of valid region-of-interest 0 Optimise LL (B.1.1)
segments (A.6.59) Alternative UTL (B.1.6)
Key: Segment azimuth -
input level {begin, end}
(A.6.60) and Segment
elevation - input level
{begin, end} (A.6.61)
Size type: Dynamic/fixed
Size #: Number of valid region-of-interest segments (A.6.59)
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RL LSG . RL signal .
LSG Signal Option

M/c/0 M/C/0
Segment azimuth - input level 0 Alternative VRO (B.1.3)
{begin, end} (A.6.60)
Segment elevation - input level 0 Alternative VRO (B.1.3)
{begin, end} (A.6.61)
Resolution type {azimuth, M Default enumerators (B.1.7)
elevation} (A.6.62)

SHII operatiptr O Reporting imterface SHit=—commmand ™ BefauttenmumeratorstBil.7)
(A.6.58.8)

11.3.1 Com

Table 58 dg
changes dug

mon sensor input header

Table 58 — Specific signal grouping: Sensor input header

fines the interface header in subclause “Common sensor input header? (11.3.1) and the
to the adaptation in comparison to the generic sensor inputs header in‘11.2.1.

Signal RL signal Option

Interface vefsion ID {major, minor, patch} (A.1.1) Mandatory Profile: Uniqueness of interface
versioning of SII (11.2.3)

Interface ID|(A.1.2) Optional Profile: Uniqueness of interface
versioning of SII (11.2.3)
Default enumerators (B.1.7)

Sender ID (4.1.27) Mandatory Profile: Uniqueness of interface
versioning of SII (11.2.3)

Time stamp|- <...> (A.1.5) Mandatory

Message counter (A.1.6.2) Optional

Interface cy¢le time (A.1.7) Optional

Interface cy¢le time - variation (A.1.8) Optional

Data qualifi¢r (A.1.9) Optional Default enumerators (B.1.7)

The signal “
11.3.2 Com

The commo
parameteris

mon sensorinput entity

oty Forthn A chn o o

[ime stamp >xw>" (A.1.5) shall be defined during the system design phase.

Anat o lict of At ng

h senser input for a sensor describes global ego-vehicle information and requests s¢nsor
ation for the interfaces and consists of several LSGs. This interface provides only

one

common senserit

dynamic environmental information for the ego-vehicle.

vehicle is currently driving.
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Sensor operation: the sensor operation defines the global operation mode for the sensor.

Environmental information: the environmental information weather, time and road describe the

Vehicle state: the vehicle state describes the dynamic states of the ego-vehicle.

Region information: the region information describes the geographical region in which the ego-
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— Vehicle configuration: the vehicle configuration describes the ego-vehicle and the attached trailer
to the ego-vehicle.

— Sensor pose: the sensor pose describes the sensor coordinate system in the ego-vehicle coordinate
system.

— <Interface> operation: the <interface> operation defines operation mode for each of the sensor’s
interfaces and provides additional parametrisations (for example, the LSG “SPI operation” defines
the resolution type for field-of-view segments).
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Annex A
(normative)

Interface signals

A.1 Header signals

Interface h

erent

definitions 3
for exampl
prediction”

A.1.1 Inten

re required for different interfaces, the interface-specific signal is defined in a subcl

Table A.1 — Signal: Interface version ID {major, minor, patch}

Quse,

p, the signal “Time stamp - <..>"(A.1.5) and the specific signal “Time(‘stamp -
[A.1.5.1).
face version ID {major, minor, patch}

Name Interface version ID {major, minor, patch}
Descriptior The signal “Interface version ID {major, minor, patch}*(A.1.1) provides the version

information of the interface.

Requirement:

The signal “Interface version ID {major, minor, patch}” (A.1.1) is assigned in the system dg¢sign

phase.
Value type 3D vector value Unit (1,1,1)

A.1.2 Interface ID
Table«A.2 — Signal: Interface ID

Name Interface ID
Descriptior The signal “Interface ID” (A.1.2) is used to uniquely identify the originated interface type of the

message.

Additional ihformation:

The €numerators may differentiate the sensor’s sensor technology.

The signal “Interface ID” (A.1.2) is necessary, for example, for a service-oriented architectufe.
Value type enumeration Unit 1

Table A.3 — Enumeration: Interface ID - Example enumerators
Name Description RL enumerator
[ID_PotentiallyMovingObjects | The message was sent by PMOL. “exemplary”
[ID_RoadObjects The message was sent by RDOL. “exemplary”
[ID_StaticObjects The message was sent by SOI. “exemplary”
[ID_FreeSpaceAreaObjects The message was sent by FSAOL “exemplary”
[ID_CameraFeatures The message was sent by the sensor technology specific | “exemplary”
FLI. The sensor or sensor cluster uses camera sensing
elements.
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[ID_UltrasonicFeatures The message was sent by the sensor technology specific | “exemplary”
FLI. The sensor or sensor cluster uses ultrasonic sensing
elements.

IID_RadarDetections The message was sent by the sensor technology specific | “exemplary”
DLI. The sensor or sensor cluster uses radar sensing
elements.

[ID_LidarDetections The message was sent by the sensor technology specific | “exemplary”
DLI. The sensor or sensor cluster uses lidar sensing
elements.

[ID_fameraDetections The Tessage was Semnt by e Sensor tecnotogy specific | “exemplary”
DLI. The sensor or sensor cluster uses camera sensing
elements.

[ID_PltrasonicDetections The message was sent by the sensor technology specifio | “exemplary”
DLI. The sensor or sensor cluster uses ultrasonic sehsing
elements.

[ID_BensorPerformance The message was sent by SPI. “exeqlplary”

[ID_BensorHealthInformation | The message was sent by SHII. “exer+plary”

[ID_CommonSensorInput The message is sent to the sensor.ef sensor cluster as “exerllplary”
input for the sensor.

A.1.3 Number of valid serving sensors

Table A.4 — Signal: Number of valid serving sensors

Name Number of valid serving sensors

Destription The signal “Number of valid serving sensors” (A.1.3) provides the number of valid sensors
serving the interface.

Valye type [0...] integer value Unit 1

A.1.4 SensorID

Table A.5 — Signal: Sensor ID

Name SensorD

Destription The signal “Sensor ID” (A.1.4) which uniquely identifies the sensor and link|the data of
different sensors’ interfaces.

Additional information:

[T 1S Tequired to assoclate the logical Interfaces ol one Sensor or a sensor cluster with its
Sensors.

Each signal “Sensor ID” (A.1.4) value shall serve independently at least one interface.
The signal “Sensor ID” (A.1.4) is necessary, for example, for a service-oriented architecture.

Requirement:
The signal's “Sensor ID” (A.1.4) value is assigned during the system design phase.

Value type integer value Unit 1
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A.1.5 Time stamp - <...>

The time stamp is defined depending on the level of the interface. It is either the most consistent time of
the measurement or the predicted time at which the message is consistent. An additional time stamp
difference specifies an individual measurement point with a time offset of each entity relative to the
time stamp of the message. The time stamps can also be used to link the data of different interfaces of a

sensor cluster.

A.1.5.1 Time stamp - prediction

Table A.6 — Signal: Time stamp - prediction

Name Time stamp - prediction

Descriptior The signal “Time stamp - prediction” (A.1.5.1) provides the time stamp at which the entities of
the interface are consistent (not the time at which it was processed or.at) which [it is
transmitted) in the vehicle-global synchronised time. Clock synchronisation'shall be ensyred,
depending on bus technology.
Additional information:
The time stamp that was used for the prediction or tracking. Specifically, the time stamp cgn be
the same as or differ from the base time stamp(s) of the, for€xample, underlying detectign or
feature’s entity list(s).
The signal is used for tracked or predicted quantity values.
Time stamps are consistent for all vehicle electronig,control units (ECUs).

Value type real value Unit S

A.1.5.2 Time stamp - measurement

Table A.7 — Signal: Time stamp - measurement

Name Time stamp - measurement

Descriptior The signal “Time stamps=“measurement” (A.1.5.2) provides the time stamp at which the
measurement was taken (not the time at which it was processed or at which it is transmifted)
in the vehicle-global synchronised time. Clock synchronisation shall be ensured, depending on
bus technology.
Additionalinformation:
The signal’'s “Time stamp - measurement” (A.1.5.2) value shall be selected so that it |s as
congsistent as possible with the measured entities and the associated time error is minimunj.
Each entity of a detection list may have, for example, the signal “Time stamp differerjce -
detection level” (A.4.5) for its measurement (for example, for integrating sensor technologies).
In-case-of a-contintous-orasubdivided-measurementeyelethe-sigral—Time stamp-difference -
detection level” (A.4.5) shall be used to differentiate the real measured point in time of the
entity acquisition.
Time stamps are consistent for all vehicle electronic control units (ECUs).

Value type real value Unit S

A.1.6 <...>counter

A continuous value that defines the order of the logical interface’s messages. The logical interface
messages may be sent cyclically or non-cyclically, for example, event triggered.
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A.1.6.1 Cycle counter

Table A.8 — Signal: Cycle counter

Name Cycle counter

Description The signal “Cycle counter” (A.1.6.1) provides the continuous up counter to identify the message
cycle of the interface. It counts up per every cycle of a complete prediction, tracking or a single
measurement.
Additional information:
This information can be determined from signal’s “Time stamp - <...>” (A.1.5)yvalue and the
sensor’s cycle period [see the signal “Interface cycle time” (A.1.7) and “Interface [cycle time -
variation” (A.1.8)].
Each sensor as well as each sensor cluster uses a local sensor cycle counter per intgrface.

Valye type [0...] integer value Unit 1

A.1.6.2 Message counter

Table A.9 — Signal: Message counter

Name Message counter

Desgription The signal “Message counter” (A.1.6.2) proyides the continuous up counter to |identify the
message sequence of the interface. It counts up per every sent message.
Additional information:
Interfaces with a signal “Message. counter” (A.1.6.2) may send messages nontcyclical, for
example, event triggered.
Each sensor as well as each'sensor cluster uses a local sensor message counter per [interface.

Valye type [0...] integer value Unit 1

A.1.7 Interface cycle time

Table A.10 — Signal: Interface cycle time

Name Interface cycle time

Destription The  signal “Interface cycle time” (A.1.7) provides the representative cycle time of the
interface’s messages.
Normally, each interface sends the complete interface message cyclically. The perfiod between
two messages can vary. Each interface header defines the interface’s cycle time and the
variation of the cycle time [see signal “Interface cycle time - variation” (A.1.8)].
Additional information:
If the signal “Interface cycle time - variation” (A.1.8) is 100 %, the message is sent in the case
one or several signals have changed their value.

Value type [0...] real value Unit S

A.1.8 Interface cycle time - variation

Table A.11 — Signal: Interface cycle time - variation

Name

Interface cycle time - variation
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Description The signal “Interface cycle time - variation” (A.1.8) provides the possible variation of the
expected representative cycle time [see signal “Interface cycle time” (A.1.7)] of the interface’s
messages.

Additional information:

If the signal “Interface cycle time - variation” (A.1.8) is 100 %, the message is sent in the case
one or several signals have changed their value, for example, the possible, allowed cycle time
for the next cycle: 0 s < next cycle time < infinity s. This may indicate that the next cycle is
triggered by an event.

EXAMPLE  The duration between two sequentially sent messages of an interface is)ig the
range [interface cycle time x (1 - interface cycle time variation / 100 %), interface cycle/time /
(1 - interface cycle time variation / 100 %)].

Value type [0...] real value Unit %

A.1.9 Datalqualifier

Table A.12 — Signal: Data qualifier

Name Data qualifier

Descriptior The signal “Data qualifier” (A.1.9) expresses whether.the content of the entity list(s) of the
interface can be used or not. It can change dynamically over time and inform about temporal
restrictions.

Value type enumeration Unit 1

Table A.13 — Enumeration: Data qualifier - Example enumerators

Name Description RL enumerator

DQ_Normal The entities and information of the interface can | “exemplary”
be used without restrictions.

DQ_NotAvailable The entities and information of the interface are | “exemplary”
not available.
DQ_ReducelnCoverage The entities are not complete due to a restricted | “exemplary”

coverage (for example, restricted view).

DQ_ReducelpPerformance The entities are not complete due to a restricted | “exemplary”
performance.

DQ_ReducelnCoverageAndPerformance | The entities are not complete due to a restricted | “exemplary”
coverage and restricted performance.

DQ_TestMode The sensor or the sensor cluster is running in test | “exemplary”
mode and outputs differ from normal operation
mode.

DQ_Invalid The measurement, tracking or prediction cycle | “exemplary”

was invalid, no predicted, tracked or measured
entity will be transferred.

A.1.10Recognised <...> - capability
The performance of the sensor as well as the sensor cluster determines how many entities the sensor

cluster’s interface can recognise (except SHII), for example, at full load. For example, a value of 0
informs that the sensor may not recognise any object/feature/detection at the moment.
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A.1.10.1 Recognised potentially moving objects - capability

Table A.14 — Signal: Recognised potentially moving objects - capability

Name Recognised potentially moving objects - capability

Description The signal “Recognised potentially moving objects - capability” (A.1.10.1) provides the
performance of the sensor cluster’s interface. It determines how many entities the sensor
cluster is guaranteed to recognise, for example, at full load with respect to the current scenario.

Value type [0...] integer value Unit 1

A.1.10.2 Recognised road marKings - capability

Table A.15 — Signal: Recognised road markings - capability

Name Recognised road markings - capability

Desgription The signal “Recognised road markings - capability” (A.1.10.2) provides the perforjnance of the
sensor cluster’s interface. It determines how many entities th€ sensor cluster is gharanteed to
recognise, for example, at full load with respect to the currentScenario.

Valye type [0...] integer value Unit 1

A.1.10.3 Recognised road boundaries - capability

Table A.16 — Signal: Recognised road’-boundaries - capability

Name Recognised road boundaries - capability

Destription The signal “Recognised road boundaries - capability” (A.1.10.3) provides the pefformance of
the sensor cluster’s interface. It determines how many entities the sensor cluster i$ guaranteed
to recognise, for example, at full-load with respect to the current scenario.

Valye type [0...] integer value Unit 1

A.1.10.4 Recognised general landmarks - capability

Table A.17-—Signal: Recognised general landmarks - capability

Name Recognised-general landmarks - capability

Desgription The-signal “Recognised general landmarks - capability” (A.1.10.4) provides the pefformance of
the sensor cluster’s interface. It determines how many entities the sensor cluster i$ guaranteed
to'recognise, for example, at full load with respect to the current scenario.

Valye type [0...] integer value Unit 1

A.1.10.5 Recognised traffic signs - capability

Table A.18 — Signal: Recognised traffic signs - capability

Name Recognised traffic signs - capability

Description The signal “Recognised traffic signs - capability” (A.1.10.5) provides the performance of the
sensor cluster’s interface. It determines how many entities the sensor cluster is guaranteed to
recognise, for example, at full load with respect to the current scenario.

Value type [0...] integer value Unit 1
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A.1.10.6 Recognised traffic sign boards - capability

Table A.19 — Signal: Recognised traffic sign boards - capability

Name Recognised traffic sign boards - capability

Description The signal “Recognised traffic sign boards - capability” (A.1.10.6) provides the performance of
the sensor cluster’s interface. It determines how many entities the sensor cluster is guaranteed
to recognise, for example, at full load with respect to the current scenario.

Value type [0...] integer value Unit 1

A.1.10.7 Recognised traffic lights - capability

Table A.20 — Signal: Recognised traffic lights - capability

Name Recognised traffic lights - capability

Descriptior The signal “Recognised traffic lights - capability” (A.1.10.7) provides the)performance of the
sensor cluster’s interface. It determines how many entities the sensor(cluster is guaranteg¢d to
recognise, for example, at full load with respect to the current scenarig,

Value type [0...] integer value Unit 1

A.1.10.8 Recognised free space areas - capability

Table A.21 — Signal: Recognised free space'areas - capability

Name Recognised free space areas - capability

Descriptior The signal “Recognised free space areas - @apability” (A.1.10.8) provides the performange of
the sensor cluster’s interface. It determines how many entities the sensor cluster is guaranteed
to recognise, for example, at full load with respect to the current scenario.

Value type [0...] integer value Unit 1

A.1.10.9 Recognised features - capability

Table A.22 ~ Signal: Recognised features - capability

Name Recognised features’- capability

Descriptior The signal “Recognised features - capability” (A.1.10.9) provides the performance of the sensor
cluster’s¢intérface. It determines how many entities the sensor cluster is guaranteed to
recognise; for example, at full load with respect to the current scenario.

Value type [Os:Finteger value Unit 1

A.1.10.10 *ecognised detections - capability

Table A.23 — Signal: Recognised detections - capability

Name Recognised detections - capability
Description The signal “Recognised detections - capability” (A.1.10.10) provides the performance of the
sensor cluster’s interface. It determines how many entities the sensor cluster is guaranteed to
recognise, for example, at full load with respect to the current scenario.
Value type [0...] integer value Unit 1
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A.1.10.11 Recognised shapes - capability

Table A.24 — Signal: Recognised shapes - capability

Name Recognised shapes - capability
Description The signal “Recognised shapes - capability” (A.1.10.11) provides the performance of the sensor
cluster’s interface. It determines how many entities the sensor cluster is guaranteed to
recognise, for example, at full load with respect to the current scenario.
Value type [0...] integer value Unit 1
A.1.11Recognised <...> - status

The

All adlaptions of the signal use the same list of example enumerators.

Table A.25 — Enumeration: Recognised <...> - status - Example enumerators

performance of the sensor cluster’s interface determines a state of the recognition prpcess under,
for example, full load (except SHII).

Name Description RL epumerator

R<.J>S_Normal The performance of the sensor’s or the senser-cluster’s interface is | “exemplary”
enough to process all recognised entities.

R<.|>S_PreLimits | The performance of the sensor’s or the sensor cluster’s interface is close | “exemplary”
to the limits to process all recognised entities.

R<.|>S_Limits The performance of the sensor’s onthe sensor cluster’s interface is not | “exemplary”
enough to process all recognisedcentities.

A.1.11.1 Recognised potentially moving ebjects - status

Table A.26 — Signal:-Recognised potentially moving objects - status

Name Recognised potentially moving objects - status
Desgription The signal “Recegnised potentially moving objects - status” (A.1.11.1) determines|{whether the
sensor cluster’s interface can process all recognised entities or whether it works at the sensor
cluster’s-performance limits.
Valye type enumeération Unit 1
A.1.11.2 Recognised road markings - status

Table A.27 — Signal: Recognised road markings - status

Nanpe Recognised road markings - status

Description The signal “Recognised road markings - status” (A.1.11.2) determines whether the sensor
cluster’s interface can process all recognised entities or whether it works at the sensor
cluster’s performance limits.

Value type enumeration Unit 1

A.1.11.3 Recognised road boundaries - status

Table A.28 — Signal: Recognised road boundaries - status

Name

Recognised road boundaries - status
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Description The signal “Recognised road boundaries - status” (A.1.11.3) determines whether the sensor
cluster’s interface can process all recognised entities or whether it works at the sensor
cluster’s performance limits.

Value type enumeration Unit 1

A.1.11.4 Recognised general landmarks - status

Table A.29 — Signal: Recognised general landmarks - status

Name Recognised general landmarks - status

Descriptior The signal “Recognised general landmarks - status” (A.1.11.4) determines whether the sensor
cluster’s interface can process all recognised entities or whether it works at the| sensor
cluster’s performance limits.

Value type enumeration Unit 1

A.1.11.5 Recognised traffic signs - status

Table A.30 — Signal: Recognised traffic signs - status

Name Recognised traffic signs - status

Description The signal “Recognised traffic signs - status” (A.1.11%5) “determines whether the sensor
cluster’s interface can process all recognised entitiéshor whether it works at the sensor
cluster’s performance limits.

Value type enumeration Unit 1

A.1.11.6 Refcognised traffic sign boards - status

Table A.31 — Signal: Recognised traffic sign boards - status

Name Recognised traffic sign boards & 'status

Descriptior The signal “Recognised traffic’sign boards - status” (A.1.11.6) determines whether the sensor
cluster’s interface can/Pprocess all recognised entities or whether it works at the sensor
cluster’s performancé limits.

Value type enumeration Unit 1

A.1.11.7 Recognised traffic lights - status

Table A.32 — Signal: Recognised traffic lights - status

Name Reeognised traffic lights - status

Descriptior The signal “Recognised traffic lights - status” (A.1.11.7) determines whether the sensor
cluster’s interface can process all recognised entities or whether it works at the sensor
cluster’s performance limits.

Value type enumeration Unit 1

A.1.11.8 Recognised free space areas - status

Table A.33 — Signal: Recognised free space areas - status

Name Recognised free space areas - status
Description The signal “Recognised free space areas - status” (A.1.11.8) determines whether the sensor
cluster’s interface can process all recognised entities or whether it works at the sensor
cluster’s performance limits.
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Value type

enumeration Unit 1

A.1.11.9 Recognised features - status

Table A.34 — Signal: Recognised features - status

Name Recognised features - status

Description The signal “Recognised features - status” (A.1.11.9) determines whether the sensor cluster’s
interface can process all recognised entities or whether it works at the sensor cluster’s
performance limits.

Valjie type enumeration Unit 1

A.1.11.10 Recognised detections - status

Table A.35 — Signal: Recognised detections - status

Name Recognised detections - status

Desfription The signal “Recognised detections - status” (A.1.11.10)\determines whether| the sensor
cluster’s interface can process all recognised entitiescor whether it works af the sensor
cluster’s performance limits.

Valye type enumeration Unit 1

A.1.11.11 Recognised shapes - status

Table A.36 — Signal: Recognised shapes - status

Name Recognised shapes - status

Destription The signal “Recognised shapes-= status” (A.1.11.11) determines whether the senjsor cluster’s
interface can process all(recognised entities or whether it works at the senpor cluster’s
performance limits.

Valye type enumeration Unit 1

A.1.12Number of valid <,..>

Each|interface (except SHII) sends one or more lists of entities with defined entity types. For each list,

the number of valid tsansferred entities is known.

A.1.12.1 Numberof valid potentially moving objects

Table A.37 — Signal: Number of valid potentially moving objects

Name Number of valid potentially moving objects

Description The signal’s “Number of valid potentially moving objects” (A.1.12.1) value defines the number
of valid entities in the potentially moving object list of the PMOI.
Additional information:
The entries in the list may or may not be sorted.
All those entities of the list which can be used by the fusion unit are regarded as valid.
The list includes a complete and prioritised set of valid entities for the signal’s “Time stamp -
<...>” (A.1.5) value and not only a differential list between two sequential time stamps.

Value type [0...] integer value Unit 1
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A.1.12.2 Number of valid road markings

Table A.38 — Signal: Number of valid road markings

Name Number of valid road markings

Description The signal’s “Number of valid road markings” (A.1.12.2) value defines the number of valid
entities in the road marking list of the RDOI.

Additional information:
The entries in the list may or may not be sorted.

All those entities of the list which can be used by the fusion unit are regarded as valid.

The list includes a complete and prioritised set of valid entities for the signal’s “Tirhe,stamp -
<...>” (A.1.5) value and not only a differential list between two sequential time stamps.

Each road marking has polynomial or polyline, for example, containing > 2 vertices.

Value type [0...] integer value Unit 1

A.1.12.3 Number of valid road boundaries

Table A.39 — Signal: Number of valid road boundaries

Name Number of valid road boundaries

Descriptior The signal’s “Number of valid road boundaries” (A.1:12.3) value defines the number of yalid
entities in the road boundary list of the RDOI.

Additional information:
The entries in the list may or may not be Sorted.
All those entities of the list which can be used by the fusion unit are regarded as valid.

y

The list includes a complete and:prioritised set of valid entities for the signal’s “Time stamp -
<...>” (A.1.5) value and not only @ differential list between two sequential time stamps.

Each road boundary has polynomial or polyline, for example, containing > 2 vertices.

Value type [0...] integer value Unit 1

A.1.12.4 Number of valid general landmarks

Tablé A 40 — Signal: Number of valid general landmarks

Name Numberx of valid general landmarks

Descriptior The.signal’s “Number of valid general landmarks” (A.1.12.4) value defines the number of yalid
entities in the general landmark list of the SOI.

Additional information:
The entries in the list may or may not be sorted.
All those entities of the list which can be used by the fusion unit are regarded as valid.

The list includes a complete and prioritised set of valid entities for the signal’s “Time stamp -
<...>” (A.1.5) value and not only a differential list between two sequential time stamps.

Value type [0...] integer value Unit 1
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A.1.12.5 Number of valid traffic signs

Table A.41 — Signal: Number of valid traffic signs

Name Number of valid traffic signs

Description The signal’s “Number of valid traffic signs” (A.1.12.5) value defines the number of valid entities
in the traffic sign list of the SOI.

Additional information:
The entries in the list may or may not be sorted.
All those entities of the list which can be used by the fusion unit are regarded asvalid.

The list includes a complete and prioritised set of valid entities for the signalis™Tlime stamp -
<...>” (A.1.5) value and not only a differential list between two sequential.time stanpps.

Valuie type [0...] integer value Unit 1

A.1.12.6 Number of valid traffic sign boards

Table A.42 — Signal: Number of valid trafficisign boards

Nampe Number of valid traffic sign boards

Destription The signal’s “Number of valid traffic sign boards”{A.1.12.6) value defines the number of valid
entities in the traffic sign board list of the SOL

Additional information:
The entries in the list may or may net,be sorted.
All those entities of the list which can be used by the fusion unit are regarded as valid.

The list includes a complete,and prioritised set of valid entities for the signal’s “Tlime stamp -
<...>” (A.1.5) value and netonly a differential list between two sequential time stamps.

Valye type [0...] integer value Unit 1

A.1.12.7 Number of valid traffic lights

Table A.43 — Signal: Number of valid traffic lights

Nampe Number of valid traffic lights

Desgription The signal’s “Number of valid traffic lights” (A.1.12.7) value defines the number of yalid entities
in the traffic light list of the SOI.

Additional information:

The entries in the list may or mav not be sorted

All those entities of the list which can be used by the fusion unit are regarded as valid.

y

The list includes a complete and prioritised set of valid entities for the signal’s “Time stamp -
<...>” (A.1.5) value and not only a differential list between two sequential time stamps.

Value type [0...] integer value Unit 1

A.1.12.8 Number of valid free space areas

Table A.44 — Signal: Number of valid free space areas

Name Number of valid free space areas
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Description The signal’'s “Number of valid free space areas” (A.1.12.8) value defines the number of valid
entities in the free space area list of the FSAOL

Additional information:
The entries in the list may or may not be sorted.
All those entities of the list which can be used by the fusion unit are regarded as valid.

y

The list includes a complete and prioritised set of valid entities for the signal’s “Time stamp -
<...>” (A.1.5) value and not only a differential list between two sequential time stamps.

Value type [0...] integer value Unit 1

A.1.12.9 NImeer of valid features

Table A.45 — Signal: Number of valid features

Name Number of valid features

Descriptior The signal’s “Number of valid features” (A.1.12.9) value defines the number of valid entitips in
the feature list of an FLI.

One measurement can generate not only unique features, if there-are, for example, ambigyities
in camera shape or colour classification.

Additional information:
The entries in the list may or may not be sorted.
All those entities of the list which can be used by:the fusion unit are regarded as valid.

The list includes a complete and prioritised set of valid entities for the signal’s “Time stamp -
<...>” (A.1.5) value and not only a differentiallist between two sequential time stamps.

Value type [0...] integer value Unit 1

A.1.12.10 Number of valid detections

Table A.46 —'Signal: Number of valid detections

Name Number of valid detections

Description The signal’s “Number of valid detections” (A.1.12.10) value defines the number of valid entities
in the detection'list of a DLI.

One measurement can generate more than one similar detection, if there are ambiguities.

Additienal information:
The'entries in the list may or may not be sorted.
All those entities of the list which can be used by the fusion unit are regarded as valid.

[T

The list includes a complete and prioritised set of valid entities for the signal’s “Time stamp -
<...>” (A.1.5) value and not only a differential list between two sequential time stamps.

Value type [0...] integer value Unit 1

A.1.12.11 Number of valid shapes

Table A.47 — Signal: Number of valid shapes

Name Number of valid shapes
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Description The signal’s “Number of valid shapes” (A.1.12.11) value defines the number of valid entities in
the detection list of the CDI or CFI.

Additional information:
The entries in the list may or may not be sorted.
All those entities of the list which can be used by the fusion unit are regarded as valid.

The list includes a complete and prioritised set of valid entities for the signal’s “Time stamp -
<...>” (A.1.5) value and not only a differential list between two sequential time stamps.

Value type [0...] integer value Unit 1

A.1.12.12 Number of valid field-of-view segments

Table A.48 — Signal: Number of valid field-of-view segments

Name Number of valid field-of-view segments

Destription The signal’s “Number of valid field-of-view segments” (A.1.12.42) value defines the number of
FOVs sensor- or sensor cluster-segments of the SPI.

Additional information:
The entries in the list may or may not be sorted.
All those entities of the list which can be used by:the fusion unit are regarded as valid.

The list includes a complete and prioritised, set of valid entities for the signal’s “Tlime stamp -
<...>” (A.1.5) value and not only a differential list between two sequential time stamps.

Valye type [0...] integer value Unit 1

A.1.13Motion type

Table'A.49 — Signal: Motion type

Name Motion type

Desgription The signal “Motion type” (A.1.13) provides the applied motion type of the interface’s motion
signals.

Valye type enumeration Unit 1

Table A.50 — Enumeration: Motion type - Example enumerators

Name Description RL epumerator
MT _[Relative The interface sends relative motion values of the object described | “exemplary”

in ego-vehicle coordinate system {x, y, z}. 1]“
MT_Absolute The interface sends absolute motion values of the object in world | “exemplary”

coordinate reference system, using the ego-vehicle axis system

{x,y, z}.

A.1.14Colour model type

Table A.51 — Signal: Colour model type

Name Colour model type
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Description The signal “Colour model type” (A.1.14) provides the applied colour model for the colour
signals of the interface.
Additional information:
The signal “Colour model type” (A.1.14) defines also the number of elements for the signal
“Colour values” (see A.2.100, A.3.12, A.4.29).

Value type enumeration Unit 1

Table A.52 — Enumeration: Colour model type - Example enumerators

Name Description RL enumerdtor

CMT_Grey The colour type is grey scale, and 1 colour value is provided. “exemplary”

CMT_RGB The colour type is red, green, blue and 3 colour values are provided. “exemplary”

CMT_HSV The colour type is hue, saturation, value and 3 colour values are’ {y“exemplary”
provided.

CMT_LUV The colour type is luminance and colour coordinates U, V and 3. colour | “exemplary”
values are provided.

CMT_RGBIR| The colour type is red, green, blue, infrared and 4 coleuft values are | “exemplary”
provided.

CMT _ColourlList | Each value references a predefined colour and.1“colour value for | “exemplary”

reference values is provided.

Requirement:

By using the enumerator “CMT_CelourList” the signal’s “Colour
values” (see A.2.100, A.3.12, A.4.29)walues are defined during the system
design phase.

A.1.15Radial velocity ambiguity domain-{begin, end}

Table A.53 — Signal:Radial velocity ambiguity domain {begin, end}

Name Radial velocity ambiguity domain {begin, end}

Descriptior The signal “Radial velocity ambiguity domain {begin, end}” (A.1.15) provides a descriptidn of
the Dopplerambiguity caused by under-sampling.

Value type 2D veetorreal value Unit (m/s, m/s)

A.1.16RanT ambiguity domain {begin, end}

Table A.54 — Signal: Range ambiguity domain {begin, end}

Name Range ambiguity domain {begin, end}

Description The range of the ambiguity domain is defined by {begin} and {end}. The defined range is only
one possible solution for an ambiguous measurement method (for example, under-sampling).

Value type 2D vector real value Unit (m, m)

A.1.17Angle azimuth ambiguity domain {begin, end}

172

Table A.55 — Signal: Angle azimuth ambiguity domain {begin, end}
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Name Angle azimuth ambiguity domain {begin, end}

Description The azimuth angle of the ambiguity domain is defined by {begin} and {end}. The defined
azimuth angle is only one possible solution for an ambiguous measurement method.

Value type 2D vector real value Unit (rad, rad)

A.1.18Angle elevation ambiguity domain {begin, end}

Table A.56 — Signal: Angle elevation ambiguity domain {begin, end}

Nanre ATgie elevation ambiguity domati { begit, end s

Destription The elevation angle of the ambiguity domain is defined by {begin} and {end}. [The defined
elevation angle is only one possible solution for an ambiguous measurement methgd.

Valuie type 2D vector real value Unit (rad, rad)

A.1.19Interface applicability

Table A.57 — Signal: Interface applicability

Name Interface applicability

Desgription The signal “Interface applicability” (A.1.19) defines the interface(s) for which th¢ message is
relevant for.

The implementation of the interface may/provide several interfaces with different signal’s
“Interface applicability” (A.1.19) enumerators.

Additional information:

The signal “Interface applicability” (A.1.19) is necessary, for example, for a seryice-oriented
architecture.

Valuie type enumeration Unit 1

Table A.58 — Enumeration: Interface applicability - Example enumerators$

Name Description RL enumerator
IA_QLI The applicability of the interface is for all OLIs. “exellnplary"
IA_HLI The applicability of the interface is for the FLI. “exellnplary"
IA_DLI The applicability of the interface is for the DLI. “exellnplary"
IA_HLIAndDLI The applicability of the interface is for FLI and DLI. "exellnplary"
IA_HMOI The applicability of the interface is for the PMOI. "exellnplary"
IA_RDOI The applicability of the interface is for the RDOI. “exemplary”
1A_SOI The applicability of the interface is for the SOI. “exemplary”
IA_FSAOI The applicability of the interface is for the FSAOI. “exemplary”
IA_All The applicability of the interface is for all provided interfaces. “exemplary”

A.1.20Vehicle coordinate system type - header

Table A.59 — Signal: Vehicle coordinate system type - header

Name Vehicle coordinate system type - header
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Description The signal “Vehicle coordinate system type - header” (A.1.20) defines the reference vehicle
coordinate system for the interfaces of the sensor cluster.

Value type enumeration Unit 1

Table A.60 — Enumeration: Vehicle coordinate system type - header

Name Description RL enumerator

VCST_RearAxle | Use definition “vehicle rear-axle coordinate system” (3.7.12) for the ego- | Mandatory
vehicle coordinate system of the sensor or sensor cluster.

VCST_Roadlfevel [ Use definition “vehicle road-tevet coordinate System  (3-7.15) for the Mandatory
ego-vehicle coordinate system of the sensor or sensor cluster.

A.1.21Sensor origin point {x, y, z} - header

Table A.61 — Signal: Sensor origin point {X, y, z} - header

Name Sensor origin point {x, y, z} - header

Descriptior The signal “Sensor origin point {x, y, z} - header” (A.1.21) provides-the position of the origin of
the sensing element’s sensor coordinate system in the egdzvehicle coordinate system |[see
signal “Vehicle coordinate system type - header” (A.1.20)].

Additional information:
The signal “Sensor origin point - correction {x, y;z}*{(A.5.43) is already applied.

Value type 3D vector real value Unit (m, m, m)

A.1.22Sensor origin point {x, y, z} - error

Table A.62 — Signal:Sensor origin point {x, y, z} - error

Name Sensor origin point {x, y, z} “error

Descriptionn | The uncertainty of the-sensor origin point calibration should be included in the interface {x, y,

z}.

Additional information:

If only thé€ trueness error [see "Error model implementation” (B.4.1) and "Multiple error value
types"(B#.1.3.2)] in the overall system is known, the sensor origin point error shall not be §ent.

No-high'dynamic motion of the ego-vehicle is compensated by the signal.
The signal “Sensor origin point - correction {x, y, z} - error” (A.5.44) is already applied.

Value type cr‘:ﬂnrllvprfnr,/mnfrw real value | Unit See ngn:ﬂ Sensor origin point {Y AV 7} -

(see B.4.1) header” (A.1.21).

A.1.23Sensor orientation {yaw, pitch, roll} - header

Table A.63 — Signal: Sensor orientation {yaw, pitch, roll} - header

Name Sensor orientation {yaw, pitch, roll} - header
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Description The signal “Sensor orientation {yaw, pitch, roll} - header” (A.1.23) provides the relative
orientation of the sensor axis system with respect to the ego-vehicle axis system [see signal
“Vehicle coordinate system type - header” (A.1.20)].

The sensor orientation represents the current orientation of the sensor origin point to the best
knowledge. It includes the pose estimation given by the calibration. The uncertainty of this
estimation is given with the corresponding error. The estimation does not include effects due
to short-time dynamics, such as pitch angle changes during braking, but can include long-time
effects resulting from, for example, luggage in the trunk.

Additional information:

The signal “Sensor orientation {yaw, pitch, roll} - header” (A.1.23) is given with|{yaw, pitch,
roll} angles, which have to be separated in a defined procedure.

For example, the rotations are to be performed yaw first (around the Z-axis), pitch second
(around the new Y-axis) and roll third (around the new X-axis) following the definition
according to ISO 8855:2011.

The signal “Sensor orientation - correction {yaw, pitch, roll}” (A.5/46) is already applied.

Valuie type 3D vector real value Unit frad, rad, rad)

A.1.24Sensor orientation {yaw, pitch, roll} - error

Table A.64 — Signal: Sensor orientation {yaw, pitch, roll} - error

Name Sensor orientation {yaw, pitch, roll} - error

Desgription | The uncertainty of the sensor orientation.calibration should be included in the interface {yaw,
pitch, roll}.

Additional information:

If only the trueness error im the overall system is known, the sensor orientation error shall not
be sent.

No high dynamic mation of the ego-vehicle is compensated by the signal.
The signal “Senserorientation - correction {yaw, pitch, roll} - error” (A.5.47) is already applied.

Valye type scalar/vector/matrix real value | Unit See signal “Sensor orientation {yaw, pitth, roll} -
(see B4.1) header” (A.1.23).

A.1.25Vanishingpoint {azimuth, elevation}

Table A.65 — Signal: Vanishing point {azimuth, elevation}

Name Vanishing point {azimuth, elevation}

Description Asetof Hines T the inmage prame that torrespomnds toa set of parattet surface tines in the 3D
world space converges to a common point in the image space, known as the signal “Vanishing
point {azimuth, elevation}” (A.1.25).

Additional information:

Figure A.1 shows the distance estimation using the vanishing point.

Value type 2D vector real value Unit (rad, rad)
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Key

1  camera sgnsor

2 image plahe (enlarged)

3 vanishingpoint

4  ego-vehide X-axis direction

5  image cerjtre of the camera sensor

6  optical ax]s of the camera

7  image of 4 point on road level of the camera sensor

8  distance qf a recognised entity (in X-axis direction of the ego-vehicle coordinate system)

Figure A.1 — Example for distange estimation

A.1.26Vanishing point {azimuth, elevation} - error

Table A.66 — Signal: Vanishing point {azimuth, elevation} - error

Name Vanishing point {azimuth, elevation} - error

Description) | The signal “Vanishing point {azimuth, elevation} - error” (A.1.26) provides the uncertainty of the
signal “Vanishing point {azimuth, elevation}” (A.1.25).

Value type | | scalar/vector/matrix real | Unit | See signal “Vanishing point {azinuth,
value elevation}” (A.1.25).
(see B.4.1)

A.1.27Sendpr ID

Table A.67 — Signal: Sender ID

Name Sender ID

Description The signal “Sender ID” (A.1.27) uniquely identifies the sender (for example, an ECU) and
connects the data of different senders’ interfaces and merges the data.

Value type integer value Unit 1

A.2 Object level entity signals

Signals are defined for the entities of subclauses 7.3-7.6 in this subclause (see Table A.68-Table A.336).
These interfaces are located at OLI.

Normally, the OLI originates from several sensors. Therefore, at object level, the term sensor cluster is
always used, even if a single sensor is serving the interface.
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A.2.1 Existence probability - object level

Table A.68 — Signal: Existence probability - object level

Name Existence probability - object level

Description The signal “Existence probability - object level” (A.2.1) represents the recognition quality and
sensor’s certainty that the object exists. A higher value indicates an object which is more
certain to exist while a lower value indicates a potential false positive object.

Additional information:

Low values may be possible in the first cycles of the object’s appearance.

Use as confidence measure where a low value means less confidence and a highvalue indicates
strong confidence.

Valuie type [0...100] real value Unit %

A.2.2 ObjectID

Table A.69 — Signal: Object ID

Name Object ID

Desgription The signal “Object ID” (A.2.2) provides the uniqueID of the object within the obje¢t lists of the
sensor cluster’s interfaces.

Additional information:

The signal’s “Object ID” (A.2.2) value is only unique for each sensor cluster's recognised
entities of its OLIs.

The signal’s “Object ID” (A.2.2)walue is unique for the same entity in multiple cycle

12}

Reuse of the signal’s “ObjectID” (A.2.2) value is possible under defined conditions.

Requirement:
The reuse of thesignal’s “Object ID” (A.2.2) value shall be well-defined.

Valye type integer value Unit 1

A.2.3 Object grouping ID

Table A.70 — Signal: Object grouping ID

Nampe Object grouping ID
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Description A sensor cluster can group objects from the same object interface or different OLIs of the
sensor cluster which are linked together. All objects from one real-world entity should have the
same signal’s “Object grouping ID” (A.2.3) value. The ID is unique considering all OLIs of a
sensor cluster. In cases in which it is not clear, if it is, for example, a single traffic participant or
multiple, the link can be used.

EXAMPLE 1 Long vehicles (for example, a truck with a trailer) can be described by two
potentially moving objects. In this case the same value for the signal “Object grouping
ID” (A.2.3) logically connects or links one object with the other object.

EXAMPLE 2 A construction site vehicle (as a potentially moving object) with a traffic sigh (as
static object) at the rear of the vehicle.

Additional information:
The signal “Object grouping ID” (A.2.3) = 0 if object is not associated with anether object.

Requirement:
The reuse of the signal’s “Object grouping ID” (A.2.3) values shall be well defined.
Value type integer value Unit 1
A.2.4 Age

Table A.71 — Signal:Age

Name Age

Descriptior The signal “Age” (A.2.4) provides thecamount of time that this object has been currg¢ntly
tracked.

Additional information:

The signal “Age” (A.2.4) =\current time stamp - time stamp when the tracking or predi¢tion
for this object has been'initiated.

Value type [0...] real value Unit s

A.2.5 Numbper of valid observations - object level

Table'A.72 — Signal: Number of valid observations - object level

Name Nwmber of valid observations - object level

Descriptior The signal “Number of valid observations - object level” (A.2.5) provides the current numbjer of
valid tuples [specifically the signal “Time stamp reference - object level” (A.2.6) and
“Observation status - object level” (A.2.7)].

Value type [0...] integer value Unit 1

A.2.6 Time stamp reference - object level

Table A.73 — Signal: Time stamp reference - object level

Name Time stamp reference - object level

Description The signal “Time stamp reference - object level” (A.2.6) provides a reference to a previously
sent interface message with the referenced time stamp for signal “Time stamp - <...>” (A.1.5).
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Value type

real value Unit

A.2.7

Observation status - object level

Table A.74 — Signal: Observation status - object level

Name Observation status - object level
Description The signal “Observation status - object level” (A.2.7) provides the observation status of the
object, which was recognised in a previous cycle [see signal “Time stamp reference - object
level” (A.2.6) which references the cycle].
Vallte type enumeration Unit 1
Table A.75 — Enumeration: Observation status - object level - Example.enumerators
Name Description RL enhumerator
OS_True | The object was observed in the referenced cycle. “exellnplary"
0S_False | The object was not observed in the referenced cycle. It may be predicted in the “exellnplary"
referenced cycle.
A.2.8 Track quality
Table A.76 — Signal: Track quality
Name Track quality
Desgription The signal “Track quality” (A.2.8).value describes how well the track was predicted of the
current observation. Usually there'is a variety of signals which are used to set up|a track. The
quality of the track is changing-gradually from a precise prediction, where all vaJues met the
prediction very close, downto a prediction which is based on less signals anfl where the
deviation gets large. Arvalue close to 100 % indicates that both the prediction is [very precise
and most of available signals are used to build the track. A very low value (near 0| %) means a
very high deviatien of the observation from the predicted track and that the availpbility of the
signals is lower\,
Valuie type [0...100] real value Unit %
A.2.9 Measurement'status - object level
Table A.77 — Signal: Measurement status - object level
Name Measurement status - object level
Destription The signal “Measurement status - object level” (A.2.9) provides the current measurement
Status of the object. The objects should be Sent out as fast as possible, even it not all statuses
are observed, and the object’s signals might not be fully filled.
Value type enumeration Unit 1
Table A.78 — Enumeration: Measurement status - object level - Example enumerators
Name Description RL enumerator
MS_Measured The object was updated with new information from the sensor in | “exemplary”
the last update cycle of this object list.
MS_New This indicates the first occurrence of this particular object in the | “exemplary”
object list.
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MS_Predicted

The object was predicted without any new information with | “exemplary”
respect to the previous update cycle.

MS_PartlyMeasured The object was partly updated with new information from the | “exemplary”

sensor in the last update cycle of this object list. The
measurement or tracking was incomplete and could, therefore,
only partially update the signals of this object. The remaining
signals of this object are unchanged or predicted for this update

cycle.
MS_Invalid The object is invalid in this cycle. “exemplary”
MS_PredictgdOtciuded | Tracked object {s temporartty occtuded by anoter entity. TXEmpIary

A.2.10Tracking motion model

Table A.79 — Signal: Tracking motion model

Name Tracking motion model
Descriptior The signal “Tracking motion model” (A.2.10) provides the used motion model for tragking
moving items.

Value type enumeration Unit 1

Table A.80 — Enumeration: Tracking motion model'= Example enumerators
Name Description RL enumerator
TMM_ConstantVelocity The motion model uses constant velocity. “exemplary”
TMM_ConstantAcceleration The motion model uses constant acceleration. “exemplary”
TMM_ConstantRotationRate The motion modeluSes constant rotation rate. “exemplary”

A.2.11Number of valid potentially moving.object classifications

T4ble A.81 — Signal: Number of valid potentially moving object classifications

Name Number of valid potentially moving object classifications

Descriptior The signal “Number of valid potentially moving object classifications” (A.2.11) provideg the
current nuriibet of valid tuples [specifically the signal “Potentially moving object classificgtion
type” (A242) and the signal “Potentially moving object classification type -
confidence” (A.2.13)] for classifying a potentially moving object.

Value type [0.\]integer value Unit 1

A.2.12Potentially moving gbjectclassificationtype =000 @@

Table A.82 — Signal: Potentially moving object classification type

Name Potentially moving object classification type

Description The signal “Potentially moving object classification type” (A.2.12) provides a list of
classification types for potentially moving objects.

Value type enumeration Unit 1

Table A.83 — Enumeration: Potentially moving object classification type - Example enumerators

Name

Description RL enumerator
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controller (traffic authorised person).

PMOCT_Car The potential moving object represents an object car. “exemplary”
PMOCT _Truck The potential moving object represents an object truck. “exemplary”
PMOCT_HeavyTruck The potential moving object represents an object heavy truck. “exemplary”
PMOCT_Van The potential moving object represents an object van. “exemplary”
PMOCT_Bus The potential moving object represents an object bus. “exemplary”
PMOCT _Trailer The potential moving object represents an object trailer. “exemplary”
PMOCT_Train The potential moving object represents an object train. “exemplary”
PMOCT_OtherVehicle The potential moving object represents an object unidentified "exeT\plary"
vehicle.
PMQCT_Motorbike The potential moving object represents an object motorbike. “exellnplary"
PM(QCT_Animal The potential moving object represents an object animal. “exellnplary"
PMQCT_Bicycle The potential moving object represents an object bicycle: “exellnplary"
PMQCT_Tricycle The potential moving object represents an objectricycle. “exellnplary"
PMQCT_Pedestrian The potential moving object represents an object pedestrian. “exellnplary"
PMQCT_Wheelchair The potential moving object represents anyobject wheelchair. “exellnplary"
PM(QCT_Ambulance The potential moving object represents‘an object ambulance. “exellnplary"
PMQCT_FireEngine The potential moving object represents an object fire engine. “exellnplary"
PMQCT_PoliceCar The potential moving object represents an object police car. “exellnplary"
PMQCT_SanitationVehicle | The potential moving abject represents an object sanitation "exellnplary"
vehicle.
PMQCT_UtilityVehicle The potential moying object represents an object utility vehicle. “exellnplary"
PMQCT_TrafficController | The potentiakmeving object represents an object traffic “exellnplary"

A.2.13Potentially moving object classification type - confidence

Table A.84 —-Signal: Potentially moving object classification type - confidence

Name Potentially moving object classification type - confidence
Destription The signal “Potentially moving object classification type - confidence” (A.2.13) provides the
certainty for the corresponding signal “Potentially moving object classification typ¢” (A.2.12).
Valqe type [0...100] real value Unit %
A.2.14Reference point

Table A.85 — Signal: Reference point

Name

Reference point
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Description The signal “Reference point” (A.2.14) provides the outer edges of the recognised object’s
bounding box (see Figure A.2). During tracking, this point can change in each cycle.
Additional information:
Only valid for cuboid model. The reference point is always on the outer edge with z value
"middle" (middle height), if it is not defined in the enumeration. “middle” is the geometrical
middle of the bounding box for each axis.
If the signal is not part of the implemented interface, the reference point is located in the
midside, midwidth, midheight of the object's bounding box (see enumerator
“RP_MidsideMidwidthMidheight”).
Front/rear, left/right, top/bottom are defined for the bounding box with respect to the object’s
orientation [see signal “Orientation {yaw, pitch, roll}” (A.2.17)].
Naming for enumerators:
- X-axis of the bounding box: Rear - Midside - Front;
- Y-axis of the bounding box: Right - Midwidth - Left;
- Z-axis of the bounding box: Bottom - Midheight - Top.
Value type enumeration Unit 1
Table A.86 — Enumeration: Reference point - Example enumerators
Name Description RL enumerptor
RP_FrontLeftTop The reference point of the objéct’s bounding box is | “exemplary
located at the front, left, top cornér of the bounding box.
RP_FrontMiflwidthTop The reference point of the object’s bounding box is | “exemplary
located in the middle«of the front, top edge of the
bounding box.
RP_FrontRightTop The reference podint of the object’s bounding box is | “exemplary
located at the-frent, right, top corner of the bounding box.
RP_Midsidel.eftTop The reference point of the object’s bounding box is | “exemplary
locatedtin the middle of the left, top edge of the bounding
box:
RP_MidsideMidwidthTop The reference point of the object’s bounding box is | “exemplary
located at the geometric centre of the bounding box’s top
plane.
RP_MidsideRightTop The reference point of the object’s bounding box is | “exemplary
located in the middle of the right, top edge of the
bounding box.
RP_RearLef{Top The reference point of the object’s bounding box is | “exemplary
located at the rear, left, top corner of the bounding box.
RP_RearMidwidthTop The reference point of the object’s bounding box is | “exemplary”
located in the middle of the rear, top edge of the bounding
box.
RP_RearRightTop The reference point of the object’s bounding box is | “exemplary”
located at the rear, right, top corner of the bounding box.
RP_FrontLeftMidheight The reference point of the object’s bounding box is | “exemplary”
located in the middle of the front, left edge of the
bounding box.
RP_FrontMidwidthMidheight The reference point of the object’s bounding box is | “exemplary”
located at the geometric centre of the bounding box’s
front plane.
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Name

Description

RL enumerator

RP_FrontRightMidheight

The reference point of the object’s bounding box is
located in the middle of the front, right edge of the
bounding box.

“exemplary”

RP_MidsideLeftMidheight

The reference point of the object's bounding box is
located at the geometric centre of the bounding box’s left-
side plane.

“exemplary”

RP_MidsideMidwidthMidheight

The reference point of the object's bounding box is
located at the geometric centre of the bounding box.

“exemplary”

RP_

MidsideRightMidheight

The reference point is located at the geometric centre of
the bounding box’s right-side plane.

exd

mplary”

RP_

RearLeftMidheight

The reference point of the object’'s bounding box™is
located in the middle of the rear, left edge of the bounding
box.

«

(DG

mplary”

RP_

RearMidwidthMidheight

The reference point of the object's bounding box is
located at the geometric centre of the bounding box’s rear
plane.

«

exq

mplary”

RP

_RearRightMidheight

The reference point of the object's bounding box is
located in the middle of the/redr, right edge of the
bounding box.

«

exq

mplary”

RP_

FrontLeftBottom

The reference point of-the object’s bounding box is
located at the front, left; bottom corner of the bounding
box.

«

(DG

mplary”

RP_

FrontMidwidthBottom

The reference_point of the object's bounding box is
located in they middle of the front, bottom edge of the
bounding box.

«

exq

mplary”

RP_

FrontRightBottom

The (reference point of the object's bounding box is
located at the front, right, bottom corner of the bounding
box.

exq

mplary”

RP_

MidsideLeftBottom

The reference point of the object’s bounding box is
located in the middle of the left, bottom edge of the
bounding box.

«

(DG

mplary”

RP_

MidsideMidwidthBettom

The reference point of the object's bounding box is
located at the geometric centre of the bounding box’s
bottom plane.

«

exq

mplary”

RP_

MidsidéRightBottom

The reference point of the object's bounding box is
located in the middle of the right, bottom edge of the
bounding box.

«

exq

mplary”

RP_RearLeftBottom

The reference point of the object’s bounding box is
located at the rear, left, bottom corner of the bounding
box.

“exemplary”

RP_RearMidwidthBottom

The reference point of the object's bounding box is
located in the middle of the rear, bottom edge of the
bounding box.

“exemplary”

RP_RearRightBottom

The reference point of the object's bounding box is
located at the rear, right, bottom corner of the bounding
box.

“exemplary”
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Key

1  vehicle’s fear axle with ego-vehicle coordinate systent

2 point of s|gnal “Reference point” (A.2.14) with enumerator “RP_RearRightMidheight” refers to rear right midheight{of the
potentially moving object’s bounding box and orientation at this point [see signal “Orientation {yaw, pitch, roll}” (4.2.17)

and signa| “Position - object level {x, y, z}"(A:2.15)]

3 potentially moving object’s moving dirgction

Figure A.2

A.2.15Positiion - objectlevel {x, y, z}

[a]

— Example fobreference point of a potentially moving object's bounding bo

Table A.87 — Signal: Position - object level {x, y, z}

Name Position - object level {x, y, z}

Description The signal “Position - object level {x, y, z}" (A.2.15) provides a position of the object. It is
defined in the ego-vehicle coordinate system [see signal “Vehicle coordinate system type -
header” (A.1.20)].
Additional information:
The origin point of the object coordinate system is the ego-vehicle coordinate system (see
Figure A.2).

Value type 3D vector real value Unit (m, m, m)
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A.2.16Position - object level {x, y, z} - error

Table A.88 — Signal: Position - objectlevel {x, y, z} - error

Name Position - object level {x, y, z} - error

Description | The signal “Position - object level {x, y, z} - error” (A.2.16) provides the error which represents
the uncertainty of the state estimation of the signal’s “Position - object level {x, y, z}" (A.2.15)
position (see Figure A.2).

Value type scalar/vector/matrix real value | Unit See signal “Position - object level {x, y,
(see B.4.1) z}” (A.2.15).

A.2.17O0rientation {yaw, pitch, roll}

Table A.89 — Signal: Orientation {yaw, pitch, roll}

Name

Orientation {yaw, pitch, roll}

Desgription

The signal “Orientation {yaw, pitch, roll}” (A.2.17) providésthe orientation of
bounding box defined in the ego-vehicle coordinate system [see signal “Vehicl
system type - header” (A.1.20)].

Additional information:

A potentially moving object may move in another direction as the X-axis of the b
[see signal “Bounding box extent {length, width, height}” (A.2.20)].

The axis system of the bounding box and\the object’s axis system may be different.

the object’s
b coordinate

punding box

The signal “Orientation {yaw, pitch,roll}” (A.2.17) is given with {yaw, pitch, roll} angles, which

have to be separated in a defined-procedure.

For example, the rotations are-to be performed yaw first (around the Z-axis),
(around the new Y-axis) and roll third (around the new X-axis) following t
according to ISO 8855:2011.

bitch second
e definition

Valye type

3D vector real value Unit

(rad, rad, rad)

A.2.180rientation {yaw, pitch, roll} - error

Table A.90 — Signal: Orientation {yaw, pitch, roll} - error

Name Orientation {yaw, pitch, roll} - error
Desgription ¢|\The signal “Orientation {yaw, pitch, roll} - error” (A.2.18) provides the error which represents
the uncertainty of the state estimation of the signal’s “Orientation {yaw, pitch, roll}” (A.2.17)
values for orientation (see Figure A.2).
Value type scalar/vector/matrix real value | Unit See  signal “Orientation  {ydw,  pitch,
(see B.4.1) roll}” (A.2.17).
A.2.19Road level
Table A.91 — Signal: Road level
Name Road level
© IS0 2023 - All rights reserved 185



https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150:2023(E)

Description

The signal “Road level” (A.2.19) provides the information about relevance to ego-vehicle road
level, for example, in case no {z} value for position can be given [see signal “Position - object
level {x,y,z}" (A.2.15)].

Additional information:

In situations it happens that a target vehicle is detected by the sensor, but the vehicle is on
different road levels compared to the ego-vehicle (for example, motorway bridge ahead on
which a vehicle is crossing the motorway). This signal indicates the relevance to the ego-
vehicle road level.

enumeration Unit 1

Value type

Table A.92 — Enumeration: Road level - Example enumerators

Name

Description RL.enumerdtor

RL_EgoRoad

Level The object is on the same road level as the ego-vehicle. “exemplary”

RL_RoadLevelAbove | The object is on a different road level as the ego-vehicle. It ison a | “exemplary”

road level above.

RL_RoadLevelBelow | The object is on a different road level as the ego-vehicle(It is on a | “exemplary”

road level below.

A.2.20Boun

ding box extent {length, width, height}

Table A.93 — Signal: Bounding box extent{length, width, height}

Name Bounding box extent {length, width, height}

Descriptior The signal “Bounding box extent {length, width, height}” (A.2.20) provides the extent qf an
object (see Figure A.3).
{length}: distance between the tear plane and the front plane of the bounding box. It i the
object dimension along the X-axis of the bounding box axis system (see Table A.86).
{width}: distance between ‘the right-side plane and the left-side plane of the bounding box] It is
the object dimension along the Y-axis of the bounding box axis system (see Table A.86).
{height}: distance between the bottom plane and the top plane of the bounding box. It i$ the
object dimension. along the Z-axis of the bounding box axis system (see Table A.86).
Additionalinformation:
The orientation of the bounding box is defined by the signal “Orientation {yaw, pitch,
roll}* (A:2.17).
Requirement:
The degree to whiclr SIatl Structures are part of the extent ot tie poundimg box snall be
defined by the sensor manufacturer during the system design phase [see signal “Included
geometric structures” (A.2.23)].

Value type 3D vector real value Unit (m, m, m)
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1  dne bounding box of one potentially moving object

2 two bounding boxes of two potentially moving object which are,connected [see signal “Accessory connegtion to person
type" (A.2.62)]

Figure A.3 — Example for the signal “Bounding box extent {length, width, height}’| (A.2.20)

A.2.21Bounding box extent {length, width,-height} - error

Table A.94 — Signal: Bounding box extent {length, width, height} - error

Name Bounding box extent\{length, width, height} - error

Desfription | The signal “Bouhding box extent {length, width, height} - error” (A.2.21) provided the error of
the signal /Bounding box extent {length, width, height}” (A.2.20).

Valujie type scalar/veetor/matrix real value | Unit See signal “Bounding box extent {lgngth, width,
(se€ B4.1) height}” (A.2.20).

A.2.22(Clearance of the object {height}

Table A.95 — Signal: Clearance of the object {height}

Name Clearance of the object {height}

Description The signal “Clearance of the object {height}” (A.2.22) provides the maximum height of the
clearance area between ground and object lower shape. The bounding box is indicated with the
dashed box (see Figure A.4 and Figure A.5).

Value type [0...] real value Unit m
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Key
1  signal “Clg¢arance of the object {height}” (A.2.22)
2 boundingfbox

Figure A.4 — Example for the signal “Clearance of the object {height}” (A.2.22) of a traile

Key

1  signal “Cl

2 bounding
Figure A

parance of the object {height}” (A.2.22)

box

A.2.23Inclulded geometric structures

Table-A.96 — Signal: Included geometric structures

.5 — Example for the signal.“Clearance of the object {height}” (A.2.22) of a vehicle

-

Name Included'geometric structures

Descriptior The\signal “Included geometric structures” (A.2.23) provides the geometrical structures|that
aretaken into account in the bounding box [see signal “Bounding box extent {length, wiidth,
height}” (A.2.20)].

Value type enumeration Unit T

Table A.97 — Enumeration: Included geometric structures - Example enumerators

“Bounding box extent {length, width, height}” (A.2.20)].

Name Description RL enumerator

IGS_WithoutMirrors | The bounding box dimensions exclude vehicle mirrors [see signal | “exemplary”
“Bounding box extent {length, width, height}” (A.2.20)].

IGS_WithMirrors The bounding box dimensions include vehicle mirrors [see signal | “exemplary”
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A.2.24Velocity {x, y, z} - object level

Table A.98 — Signal: Velocity {x, y, z} - object level

Name Velocity {x, y, z} - object level
Description The signal “Velocity {x, y, z} - object level” (A.2.24) provides the velocity of the object with
respect to the signal “Motion type” (A.1.13) (see Figure A.6) in the ego-vehicle coordinate
system [see signal “Vehicle coordinate system type - header” (A.1.20)].
Value type 3D vector real value Unit (m/s, m/s, m/s)
2
AY
1
; X
Key

Figure A.6

A.2.35Velocity {x, y;z} - object level - error

dgo-vehicle coordinate system
ihstantaneous centre of rotation of the-potentially moving object

Potentially moving object with ego=vehicle’s axis system

— Example for an ego-vehicle and object dynamics of a potentially movjng object

Table A.99 — Signal: Velocity {x, y, z} - object level - error

Name Velocity {x, y, z} - object level - error

Destription | The signal “Velocity {x, y, z} - object level - error” (A.2.25) provides the error which represents
the uncertainty of the state estimation of {x, y, z} velocity with respect to the signal “Motion
type” (A.1.13) (see Figure A.6) in the ego-vehicle coordinate system [see signal “Vehicle
coordinate system type - header” (A.1.20)].

Value type scalar/vector/matrix real value | Unit See signal “Velocity {x, y, z} - object
(see B.4.1) level” (A.2.24).

A.2.26Acceleration {x, y, z}

Table A.100 — Signal: Acceleration {x, y, z}

Name

Acceleration {x, y, z}
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Description The signal “Acceleration {x, y, z}” (A.2.26) provides the acceleration of the object with respect
to the signal “Motion type” (A.1.13) (see Figure A.6) in the ego-vehicle coordinate system [see
signal “Vehicle coordinate system type - header” (A.1.20)].

Value type 3D vector real value Unit (m/s% m/s2, m/s?)

A.2.27Acceleration {x, y, z} - error

Table A.101 — Signal: Acceleration {x, y, z} - error

Name Acceleration {Xx, y, z} - error

Descriptior The signal “Acceleration {x, y, z} - error” (A.2.27) provides the error which representy the
uncertainty of the state estimation of {x, y, z} acceleration with respect to the signal,“Mg¢tion
type” (A.1.13) (see Figure A.6) in the ego-vehicle coordinate system [see signal “Vehicle
coordinate system type - header” (A.1.20)].

Value type scalar/vector/matrix real value Unit See signal  “Aceelération {x,| vy,
(see B.4.1) z}” (A.2.26).

A.2.28Instantaneous centre of rotation {x, y}

Table A.102 — Signal: Instantaneous centre of rotation {x, y}

Name

Instantaneous centre of rotation {x, y}

Description

The signal “Instantaneous centre of rotation {x;y}” (A.2.28) provides the centre-point of the
instantaneous rotation in the ego-vehicle coordinate system [see signal “Vehicle coordinate
system type - header” (A.1.20)]. The centre>can be located outside the object’s bounding box
(see Figure A.6).

Additional information:

The centre-point can be arbitrary for the object. The centre-point is the origin of the rotation
rates [see signal “Rotationrate at instantaneous centre of rotation {yaw}” (A.2.30)] and|it is
defined in the ego-vehielé coordinate system [see signal “Vehicle coordinate system type -
header” (A.1.20)].

Value type

2D vector real value Unit (m, m)

A.2.29Instantaneous centre of rotation {x, y} - error

Table Ai103 — Signal: Instantaneous centre of rotation {x, y} - error

Name Instantaneous centre of rotation {x, y} - error

Description_|-The signal “Instantaneous centre of rotation {x, v} - error” (A.2.29) provides the error of the
state estimation of the signal “Instantaneous centre of rotation {x, y}” (A.2.28) (see Figure A.6) in
the ego-vehicle coordinate system [see signal “Vehicle coordinate system type -
header” (A.1.20)].

Value type | scalar/vector/matrix real value | Unit See signal “Instantaneous centre of rotation {x,

v}’ (A.2.28).

(see B.4.1)

A.2.30Rotation rate at instantaneous centre of rotation {yaw}

Table A.104 — Signal: Rotation rate at instantaneous centre of rotation {yaw}

Name

Rotation rate at instantaneous centre of rotation {yaw}
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Description The signal “Rotation rate at instantaneous centre of rotation {yaw}” (A.2.30) provides the
{yaw}-rate of the object at the signal “Instantaneous centre of rotation {x, y}” (A.2.28) with
respect to the signal “Motion type” (A.1.13) (see Figure A.6) and with respect to the ego-vehicle
coordinate system [see signal “Vehicle coordinate system type - header” (A.1.20)].

Value type 1D vector real value Unit rad/s

A.2.31Rotation rate at instantaneous centre of rotation {yaw} - error

Table A.105 — Signal: Rotation rate at instantaneous centre of rotation {yaw} - error

Nampe Rotation rate at instantaneous centre of rotation {yaw} - error
Desgription | The signal “Rotation rate at instantaneous centre of rotation {yaw} - error” (A{2:31) provides the
error of the {yaw}-rate at the object's signal “Instantaneous centre of rotation {x{ y}” (A.2.28)
with respect to the signal “Motion type” (A.1.13) (see Figure A.6) and with respect to the ego-
vehicle coordinate system [see signal “Vehicle coordinate system type header” (A.1,20)].
Valye type | scalar/vector/matrix real value | Unit | See signal “Rotation rate ‘at instantaneofis centre of
(see B.4.1) rotation {yaw}” (A.2.30):
A.2.32Movement status
Table A.106 — Signal: Movement status
Name Movement status
Destription The signal “Movement status” (A.2.32)provides the information about a possible movement of
the object during tracking.
Valye type enumeration Unit 1
Table A.107— Enumeration: Movement status - Example enumerators
Name Description RL enumerator
MS_Moving The objectis,currently moving. “exemplary”
MS_PtoppedMoving | The ebhject movement was detected in the tracking history of the | “exemplary”
object:
MS_Ptationary Unitil now no object movement was detected in the tracking history of | “exemplary”
the object.
A.2.33Number of valid lights
Table A.108 — Signal: Number of valid lights
Name Number of valid lights
Description The signal “Number of valid lights” (A.2.33) provides the current number of valid tuples
[specifically the signal “Light type” (A.2.34) and the signal “Light status” (A.2.35) for a
potentially moving object].
Value type [0...] integer value Unit 1

A.2.34Light type

Table A.109 — Signal: Light type

Name

Light type
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Description The signal “Light type” (A.2.34) provides a list of electric light classifications for a potentially
moving object.
Value type enumeration Unit 1
Table A.110— Enumeration: Light type - Example enumerators
Name Description RL enumerator
LT_LeftTurnIndicator The light is the vehicle’s left turn indicator. “exemplary”
LT_RightTurnIndicator | The light is the vehicle’s right turn indicator. “exemplary”
LT_HazardFJashLight The light is the vehicle’s hazard flash light. “exemplary’
LT_LeftBrakieLight The light is the vehicle’s left brake light. “exemplary”
LT_RightBrgkeLight The light is the vehicle’s right brake light. “exemplary”
LT_CentreBrakeLight The light is the vehicle’s centre brake light. “exemplary”
LT_LeftOtherLight The light is the vehicle’s left light (no turn indicator, flash- ox “exemplary”
brake light).
LT_RightOtHerLight The light is the vehicle’s right light (no turn indicator, flash- or “exemplary”
brake light).
LT_CentreOtherLight The light is a vehicle’s light which is not on the l€ft or right side “exemplary”
(no turn indicator, flash- or brake light).
LT _VehicleWarningLight | The light is the special vehicle’s warning light. “exemplary”
LT_PoliceWarningLight | The light is the police’s warning light: “exemplary”
A.2.35Ligh{ status
Table A.111<=-'Signal: Light status
Name Light status
Descriptior The signal “Light status” (A.2.35) provides the status of a potentially moving object’s electric
light [see signal “Lighttype” (A.2.34)].
Additional infosmation:
It is possibleto have more than one active light signals (for example, low beam and blinker].
Value type enumeration Unit 1
Table A.112— Enumeration: Light status - Example enumerators
Name ngcrriptinn RL-enumerator
LS_Off The light status is off. “exemplary”
LS_On The light status is on. “exemplary”
LS_LowFrequencyFlash | The light status is cyclic flashing, for example, indicator. “exemplary”
LS_HighFrequencyFlash | The light status indicates, for example, emergency full braking. “exemplary”
LS_Warning The light status indicates warning. “exemplary”
LS_Other The light status could not be determined. “exemplary”
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Table A.113 — Signal: Number of valid persons

Name Number of valid persons

Description The signal “Number of valid persons” (A.2.36) provides the current number of valid persons
who are part of the potentially moving object.

Value type [0...] integer value Unit 1

A.2.37Number of valid person type roles

Table A.114 — Signal: Number of valid person type roles

Name Number of valid person type roles

Desgription The signal “Number of valid person type roles” (A.2.37) provides.tfhe current number of valid
person type roles, which are classified for the potentially moving object.

Valye type [0...] integer value Unit 1

A.2.38Person type role

Table A.115 — Signal: Person‘type role

Name Person type role
Desgription The signal “Person type role” (A.2.38) provides a classification of the person.
Valuie type enumeration Unit 1
Table A.116— Enumeration:Person type role - Example enumerators
Name Description RL enumerator
PTR| Policeman Theperson is a policeman. “exemplary”

PTR| PolicemanInCar

car.

«

The person is a policeman, who gestures out of a police | “exe

mplary”

PTR| PolicemanOnMotorcyele

motorcycle.

«

The person is a policeman, who gestures on a police | “exe

mplary”

PTR| RoadWorker

The person is a road worker.

«

exe

mplary”

PTR| PersonOfAuthority The person has
circumstances, for example, firefighter, rescue service.

special authority

for defined | “exe

mplary”

PTR| Petson

«

The person is an arbitrary person without any identified | “exe

mplary”

special characteristics/authorities.

A.2.39Person type role - confidence

Table A.117 — Signal: Person type role - confidence

Name Person type role - confidence

Description The signal “Person type role - confidence” (A.2.39) provides the certainty for the
corresponding signal “Person type role” (A.2.38).

Value type [0...100] real value Unit %

© IS0 2023 - All rights reserved

193



https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150:2023(E)

A.2.40Number of valid person gestures

Table A.118 — Signal: Number of valid person gestures

Name Number of valid person gestures

Description The signal “Number of valid person gestures” (A.2.40) provides the current number of valid
person’s gestures.

Value type [0...] integer value Unit 1

A.2.41Person gesture indication type

Table A.119 — Signal: Person gesture indication type

Name Person gesture indication type

Descriptior The signal “Person gesture indication type” (A.2.41) provides the classification of the indication
of a person’s gesture (for example, with hands). The gesture is made by-a person defined ip the
signal “Person type role” (A.2.38).

Value type enumeration Unit 1

Table¢ A.120— Enumeration: Person gesture indication type/~)Example enumerators

Name Description RL enumergtor

PGIT_ RepetjitiveHandMoving The person repeatsya gesture with its hand. | “exemplary”
This might be interpreted as trivial waving
to say “helle’or to call attention to the
person with”this gesture because of any
reason,

PGIT_BendArmThumbBackwards The'person bends one arm and stretches | “exemplary”
one thumb out of a fist. The forearm is
moving back and forth. This gesture might
be interpreted as a request for hitch hiking.

PGIT_StretchedArmOpenHandToEgoVehiele The person stretched one arm in the | “exemplary”
vehicle’s direction with open hand. This
gesture might be interpreted as a request
to the vehicle to stop.

PGIT_StretchedArmAlongPedestrianShoulders | The person stretches its arm to the left or | “exemplary”
right of the person’s body. This gesture
might be interpreted as a proposed guiding
or to proceed with the current driving. It
can also be interpreted to follow a
preceding vehicle.

PGIT_StretchedArmToRight The person stretches its arm to the right | “exemplary”
with respect to the ego vehicle coordinate
system. This gesture might be interpreted
as a proposal or request to drive to the
right. It can also be interpreted as a hint to
the driver to consider a referred other
traffic participant or a specific traffic scene
for the ego vehicle driving. It can also be
interpreted to change to the right
neighbouring lane.
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PGIT_StretchedArmToLeft The person stretches its arm to the left | “exemplary”
with respect to the ego vehicle coordinate
system. This gesture might be interpreted
as a proposal or request to drive to the left.
It can also be interpreted as a hint to the
driver to consider a referred other traffic
participant or a specific traffic scene for the
ego vehicle driving. It can also be
interpreted to change to the left
neighbouring lane.

PGIrﬂ_Stl Ctb}lCdAl lllClJCllIIalldTUGl uuud ThC lJCl OUII Dtl Ct\'}lcb UIICT Ul tVVU allllo tU CAU plary"
the ground. The open hands are directed to
the ground. This might be interpreted to
slow down or to stop the vehicle.

A.2.42Person gesture indication type - confidence

Table A.121 — Signal: Person gesture direction type ~confidence

Name Person gesture direction type - confidence

Destription The signal “Person gesture indication type - confidénge” (A.2.42) provides the cerfainty for the
corresponding signal “Person gesture indication type” (A.2.41).

Valye type [0...100] real value Unit %

A.2.43Person gesture direction type

Table A.122 — Signal:-Person gesture direction type

Name Person gesture direction type

Destription The signal “Person gesture direction type” (A.2.43) provides the direction of an indicated
request classification of a person’s gesture [see signal “Person gestur¢ indication
type” (A.2.41)] with'respect to the ego vehicle.

Valuie type enumeration Unit 1

Table A.123—Enumeration: Person gesture direction type - Example enumerators

Name Description RL enumerator

«

PGDT_Straight The gesture is directed in driving direction of the ego vehicle. The | “exemplary”
direction of the person’s body does not matter.

«

PGDT [Right The gesture is directed to the right with respect to the ego vehicle | “exemplary”
driving direction. The direction of the person’s body does not
matter.

PGDT_Left The gesture is directed to the left with respect to the ego vehicle | “exemplary”
driving direction. The direction of the person’s body does not
matter.

PGDT_StraightOpposite | The gesture is directed straight to the opposite direction with | “exemplary”
respect to the ego vehicle driving direction. The direction of the
person’s body does not matter.

PGDT_RightBottom The gesture is directed to the bottom right with respect to the ego | “exemplary”
vehicle driving direction. The direction of the person’s body does
not matter.
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PGDT_LeftBottom The gesture is directed to the bottom left with respect to the ego | “exemplary”
vehicle driving direction. The direction of the person’s body does
not matter.
PGDT_Unclear The gesture direction meaning is unclear. “exemplary”
PGDT_NoDirection The persons gesture indicates no direction. “exemplary”

A.2.44Person gesture direction type - confidence

Table A.124 — Signal: Person gesture direction type - confidence

Name Person gesture direction type - confidence

Descriptior The signal “Person gesture direction type - confidence” (A.2.44) provides the certainty for the
corresponding signal “Person gesture direction type” (A.2.43).

Value type [0...100] real value Unit %

A.2.45Number of valid person’s body part poses

Table A.125 — Signal: Number of valid person’s body part poses

Name Number of valid person’s body part poses

Descriptior The signal “Number of valid person’s body part poses” (A.2.45) provides the current numbjr of
valid tuples [specifically the signal “Person body part” (A.2.46) and the signal “Person body
part orientation {yaw, pitch, roll}” (A.2.47)] for a'potentially moving object. All body part poses
are related to one person (for example, the object is a pedestrian, the object is a vehicle wjiith a
driver).

Value type [0...] integer value Unit 1

A.2.46Person body part

Table A.1.26 — Signal: Person body part

Name Person body part

Descriptior The signal “Person body part” (A.2.46) indicates a body part. It is described by the signals
“Person body-part orientation {yaw, pitch, roll}” (A.2.47) and “Person body part origin {x, y,
z}” (A.2.49).

Additienal information:

The defined axis (normal vector) is always frontal or distal and defines the X-axis. To defirje an
axis system the second axis is the corresponding distal or frontal axis (or cranial axis)|and

dafi o H
OCTIITCS CITC— 1T~ aATS:

Value type enumeration Unit 1

Table A.127— Enumeration: Person body part - Example enumerators

Name Description RL enumerator

PBP_Head The person's head (face director) is defined by the corresponding | “exemplary”
signal “Person body part orientation {yaw, pitch, roll}” (A.2.47).

The normal vector to the face (eyes-nose plane) (see Figure A.7) is
used to determine the pose relative to the ego-vehicle axis system
[see signal “Vehicle coordinate system type - header” (A.1.20)].
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Name

Description

RL enumerator

PBP_UpperBody

The person's upper-body is defined by the corresponding signal
“Person body part orientation {yaw, pitch, roll}” (A.2.47).

The normal vector of the chest’s front centre (see Figure A.7) is used
to determine the pose relative to the ego-vehicle axis system [see
signal “Vehicle coordinate system type - header” (A.1.20)].

“exemplary”

PBP_LeftHand

The person's left-hand is defined by the corresponding signal
“Person body part orientation {yaw, pitch, roll}” (A.2.47).

The normal vector of the hand palm (see Figure A.7) is used to

“exemplary”

determine the pose relative to the ego-venicle axis system [See signal
“Vehicle coordinate system type - header” (A.1.20)].

PBP| RightHand

The person's right-hand is defined by the corresponding signal
“Person body part orientation {yaw, pitch, roll}” (A.2.47).

The normal vector of the hand palm (see Figure A.7) is used to
determine the pose relative to the ego-vehicle axis system [se& signal
“Vehicle coordinate system type - header” (A.1.20)].

“

exemplary”

PBP| LeftLowerArm

The person's left-lower arm is defined by the corresponding signal
“Person body part orientation {yaw, pitch, roll}’, (A.2.47).

The long axis of the body extremities (orientation towards the end of
the extremity, that means distal) (see‘Figure A.7) is used to
determine the pose relative to the ego-vehicle axis system [see signal
“Vehicle coordinate system type - header” (A.1.20)].

«

exemplary”

PBP| RightLowerArm

The person's right-lower arm is defined by the corresponding signal
“Person body part orientation {yaw, pitch, roll}” (A.2.47).

The long axis of the body extremities (orientation towards the end of
the extremity, that means distal) (see Figure A.7) is used to
determine the pose relative to the ego-vehicle axis system [see signal
“Vehicle coordinate'system type - header” (A.1.20)].

“«

exemplary”

PBP| LeftUpperArm

The person's left=upper arm is defined by the corresponding signal
“Person bodypart orientation {yaw, pitch, roll}” (A.2.47).

The long\axis of the body extremities (orientation towards the end of
the —extremity, that means distal) (see Figure A.7) is used to
determine the pose relative to the ego-vehicle axis system [see signal
“Vehicle coordinate system type - header” (A.1.20)].

«

exemplary”

PBP| RightUpperArm

The person's right-upper arm is defined by the corresponding signal
“Person body part orientation {yaw, pitch, roll}” (A.2.47).

The long axis of the body extremities (orientation towards the end of
the extremity, that means distal) (see Figure A.7) is used to
determine the pose relative to the ego-vehicle axis system [see signal
“Vehicle coordinate system type — header” (A.1.20)].

exemplary”

PBP_LeftUpperLeg

The person's left-upper leg is defined by the corresponding signal
“Person body part orientation {yaw, pitch, roll}” (A.2.47).

The long axis of the body extremities (orientation towards the end of
the extremity, that means distal) (see Figure A.7) is used to
determine the pose relative to the ego-vehicle axis system [see signal
“Vehicle coordinate system type - header” (A.1.20)].

“exemplary”
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Name Description RL enumerator

PBP_RightUpperLeg [ The person's right-upper leg is defined by the corresponding signal | “exemplary”
“Person body part orientation {yaw, pitch, roll}” (A.2.47).

The long axis of the body extremities (orientation towards the end of
the extremity, that means distal) (see Figure A.7) is used to
determine the pose relative to the ego-vehicle axis system [see signal
“Vehicle coordinate system type - header” (A.1.20)].

PBP_LeftLowerLeg The person's left-lower leg is defined by the corresponding signal | “exemplary”
“Person body part orientation {yaw, pitch, roll}” (A.2.47).

The long axis of the body extremities (orientation towards the end of
the extremity, that means distal) (see Figure A.7) is used to
determine the pose relative to the ego-vehicle axis system [see signal
“Vehicle coordinate system type - header” (A.1.20)].

PBP_RightLowerLeg | The person's right-lower leg is defined by the corresponding signal. [*exemplary’
“Person body part orientation {yaw, pitch, roll}” (A.2.47).

The long axis of the body extremities (orientation towards the end of
the extremity, that means distal) (see Figure A.7) is used to
determine the pose relative to the ego-vehicle axis system [See signal
“Vehicle coordinate system type - header” (A.1.20)].

PBP_LeftFoq

—t

The person's left-foot is defined by the corresponding-signal “Person | “exemplary’
body part orientation {yaw, pitch, roll}” (A.2.47):

The foot sole direction towards the toe (frontal/distal) (see Figure
A.7) is used to determine the pose relative“to the ego-vehicle axis
system [see signal “Vehicle coordinate system type -
header” (A.1.20)].

PBP_RightFoot The person's right-foot is defined by the corresponding signal | “exemplary’
“Person body part orientation {yaw, pitch, roll}” (A.2.47).

The foot sole direction tewards the toe (frontal/distal) (see Figure
A.7) is used to determine the pose relative to the ego-vehicle axis
system [see sigmal. “Vehicle coordinate system type -
header” (A.1.20)}:

PBP_Chest The upper body.may be divided in chest and abdominal area. “exemplary’

PBP_Abdom|ir1alArea The upper-hody may be divided in abdominal area and chest. “exemplary’

PBP_Lowerﬂiody TheJegs’‘may be covered by a skirt and could not be separated. “exemplary’

PBP_Upperljegs The upper legs may be covered by a miniskirt and could not be | “exemplary’
separated.

PBP_Lowerllegs The legs may be covered by a skirt and the upper legs and lower legs | “exemplary’

may be divided in two parts (the person is wearing a skirt and is

cifﬁng on-3 knnrh)’ and-the ]ngc couldnothbe cnp:\rafnr]
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Key

—p-axis of the body part’s coordinate system

¥-axis of the body part’s coordinate:system

Figure.A.7 — Example of person poses’ coordinate systems

A.2.47Person body.part orientation {yaw, pitch, roll}

Table A.128 — Signal: Person body part orientation {yaw, pitch, roll}

Naqle Person body part orientation {yaw, pitch, roll}
[
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Description The signal “Person body part orientation {yaw, pitch, roll}” (A.2.47) provides the orientation of
the body part for behaviour prediction (see Figure A.7).

Additional information:

The signal “Person body part orientation {yaw, pitch, roll}” (A.2.47) describes the angles of the
pose’s orientation [defined by signal “Person body part” (A.2.46)] with respect to the ego-
vehicle orientation, specifically the ego-vehicle axis system [see signal “Vehicle coordinate
system type - header” (A.1.20)].

The signal “Person body part orientation {yaw, pitch, roll} - error” (A.2.48) is given with {yaw,
pitch, roll} angles, which have to be separated in a defined procedure.

For example, the rotations are to be performed yaw first (around the Z-axis), pitch(seftond
(around the new Y-axis) and roll third (around the new X-axis) following the-definftion
according to ISO 8855:2011.

Value type 3D vector real value Unit (rad, rad, rad)

A.2.48Pers¢pn body part orientation {yaw, pitch, roll} - error

Table A.129 — Signal: Person body part orientation {yaw, pitch, roll} - error

Name Person body part orientation {yaw, pitch, roll} - error

Descriptionl | The signal “Person body part orientation {yaw, pitch, roll} -‘error” (A.2.48) provides the errpr of
the orientation of the body part [see signal “Person body part orientation {yaw, pitch, rqll} -
error” (A.2.48)].

Value type | | scalar/vector/matrix real | Unit | See signal “Person body part orientation {yaw, pitch,
value roll}=error” (A.2.48).
(see B.4.1)

A.2.49Person body part origin {x, y, z}

Table A.130 — Signal: Person body part origin {x, y, z}

Name Person body part origin{x, y, z}

Descriptior The signal “Person body part origin {x, y, z}” (A.2.49) provides the measured centre of the body
part (midside,"midwidth and midheight of the body part’s theoretical bounding box) of the
person pose-[see signal “Person body part orientation {yaw, pitch, roll}” (A.2.47)].

Value type 3D vectorireal value Unit (m, m, m)

A.2.50Pers¢n body part origin {x, y, z} - error

Tabhle A.131 — Signal: Person body part origin {x, y, 7} - error

Name Person body part origin {x, y, z} - error

Description | The signal “Person body part origin {x, y, z} - error” ( A.2.50) provides the measured error of
the signal “Person body part origin {x, y, z}" (A.2.49).

Value type scalar/vector/matrix real value Unit See signal “Person body part origin {x, y,
(see B.4.1) z}” (A.2.49).

A.2.51Eye state

Table A.132 — Signal: Eye state
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Name Eye state

Description The signal “Eye state” (A.2.51) provides the classification of the person’s eyes.

Value type enumeration Unit 1

Table A.133— Enumeration: Eye state - Example enumerators

Name Description RL enumerator
ES_Open The person’s eyes are open. “exemplary”
ES_Clased The person’s eyes are closed “exemplary”
ES_QpenAndClosed | One eye of the person is open and the second is closed. “exemplary”
ES_NotVisible The person’s eyes are not visible. They may be hidden, for example, by || “exemplary”

a static object.

A.2.32Eye state - confidence

Table A.134 — Signal: Eye state - confidence

Name Eye state - confidence

Destription The signal “Eye state - confidence” (A.2.52) provides the certainty for the correspgnding signal
“Eye state” (A.2.51).

Valuie type [0...100] real value Unit %

A.2.33Viewing fixation time

Table A.135 —Signal: Viewing fixation time

Name Viewing fixation time

Destription The signal “Viewing fixation time” (A.2.53) provides the fixation duration of the gerson to the
ego-vehicle.

Valuie type real value Unit S

A.2.34Viewing fixation time - error

Table A.136 — Signal: Viewing fixation time - error

Name Viewing fixation time - error

Desfription | The signal “Viewing fixation time - error” (A.2.54) provides the error of the sighal “Viewing
fixation time” (A.2.53).

Value type scalar/vector/matrix real value Unit See signal “Viewing fixation time” (A.2.53).
(see B.4.1)

A.2.55Viewing fixation direction

Table A.137 — Signal: Viewing fixation direction

Name Viewing fixation direction

Description The signal “Viewing fixation direction” (A.2.55) provides the fixation direction of the person to
the ego-vehicle.
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Value type enumeration Unit 1

Table A.138— Enumeration: Viewing fixation direction - Example enumerators

Description RL
enumerator

Name

“exemplary”

VFD_EgoVehicleDirectFixation The person is fixating the ego-vehicle.

VFD_EgoVehiclePeripheralFixation The person may have the ego-vehicle in the | “exemplary”

field of vision.

VFD_EgoVelficteNoFixation exempiary’

TITe person cannot Nave the ego-venicie
the field of vision. The person’s viewing
direction is, for example, in an opposite

direction.

VFD_EgoVehicleFixationEstimationNotPossible | The direction of the person’s gaze cannot bel}, “exemplary
determined.

A.2.56Viewjng fixation direction - confidence

Table A.139 — Signal: Viewing fixation direction <eonfidence

Name Viewing fixation direction - confidence

Descriptior The signal “Viewing fixation direction - confidence¥(A.2.56) provides the certainty foy the
corresponding signal “Viewing fixation direction’ (A/2.55).

Value type [0...100] real value Unit %

A.2.57Actign type

Table A.140.:= Signal: Action type

Name Action type
Descriptior The signal “Action type® (A.2.57) provides the classification of a person’s action (action with
the whole body) [see also “Person gesture indication type” (A.2.41)]. For detailed informatfon
for moving perspns like direction or velocity refer to “Velocity {x, y, z} - object level” (A.2.2/4).
Value type enumeration Unit 1
Table-A:141— Enumeration: Action type - Example enumerators
Name Description RL enumerator
AT_Moving The person is moving, for example, walking, running, jumping, “exemplary”
AT_Bending The person is bending. “exemplary”
AT _Lying The person is lying, for example, on the pavement. “exemplary”
AT_Standstill The person stands still and is not moving. “exemplary”
AT _Sitting The person is sitting, for example, on a bench. “exemplary”
AT_Crawling The person is crawling on the floor. “exemplary”

A.2.58Action type - confidence
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Name Action type - confidence

Description The signal “Action type - confidence” (A.2.58) provides the certainty for the corresponding
signal “Action type” (A.2.57).

Value type [0...100] real value Unit %

A.2.59Number of valid person accessories

Table A.143 — Signal: Number of valid person accessories

Nanre Numberof valtd persom accessories

Destription The signal “Number of valid person accessories” (A.2.59) provides the current pumber of valid
accessories of the person.

Valuie type [0...] integer value Unit 1

A.2.0Person accessory classification type

Table A.144 — Signal: Person accessory classification type

Name Person accessory classification type

Desgription The signal “Person accessory classification type” (A.2.60) provides an accessory of the person.
The accessory is not used for the motion. of the potentially moving object| [see signal
“Potentially moving object classification type” (A.2.12)].

Valye type enumeration Unit 1

Table A.145— Enumeration: Person accessory classification type - Example enumerators

Name Description RL enumerator

«

The associated object entities to this potentially moving | “exemplary”
object are passive [see signal “Object grouping ID” (A.2.3)].
This potentially moving object is responsible for the
motion of all other grouped object entities.

PACT_AssociatedObjects

PA(T_Suitcase The person has a suitcase as an accessory (if not | “exemplary”

recognised as separate potentially moving object).

«

PACT_Umbrella The person has an umbrella as an accessory. exemplary”

«

PACT_Backpack The person has a backpack as an accessory. exemplary”

«

The person pulls a trolly as an accessory (if not recognised | “exemplary”
as separate potentially moving object).

PACT _Trolly

PACI_ShoppingCart The person pushes a shopping cart as an accessory (if not | “exemplary”

recognised as separate potentially moving object).

PACT_HandCart The person pulls a hand cart as an accessory (if not | “exemplary”
recognised as separate potentially moving object).

PACT_Ball The person plays with a ball (if not recognised as separate | “exemplary”
potentially moving object).

PACT_Headphones The person is wearing headphones. “exemplary”

PACT_FaceMask The person is wearing a face mask. “exemplary”

PACT_SunGlasses The person is wearing sunglasses on its eyes. “exemplary”

PACT_MealDrink The person is holding a meal or a drink in its hands. “exemplary”
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Name Description RL enumerator
PACT_Helmet The person is wearing a helmet. “exemplary”
PACT_PolicemanSignallingDisk | The person uses a signalling disk to gesture. “exemplary”
PACT_Sign The person uses a sign to gesture. “exemplary”

A.2.61Person accessory classification type - confidence

Table A.146 — Signal: Person accessory classification type - confidence

Name Person accessory classification type - confidence

Descriptior The signal “Person accessory classification type - confidence” (A.2.61) provides the.certainty
for the corresponding signal “Person accessory classification type” (A.2.60).

Value type [0...100] real value Unit %

A.2.62Acce$sory connection to person type

Table A.147 — Signal: Accessory connection to person type

Name Accessory connection to person type

Descriptior The signal “Accessory connection to person type" (A.2.62) provides the type of connecti¢n of
the accessory to the person and the relative position with respect to the ego vehicle coordinate
system. The signal “Person body part” (A.2.46) may provide the orientation of the referepced
person poses [see signal “Person body part_orientation {yaw, pitch, roll}” (A.2.47), “Person
body part origin {x, y, z}” (A.2.49) and Figure’A:8].

Value type enumeration Unit 1

Table A{148— Enumeration: Accessory connection to person type - Example enumerator|s

Name Description RL enumergtor

ACTPT_Han(lLeftSideOfPerson The dccessory is connected to the hand(s) of the person | “exemplary”
on(the left side of the person with respect to the ego
vehicle coordinate system.

ACTPT_HanflRightSideOfPerson.\| The accessory is connected to the hand(s) of the person | “exemplary”
on the right side of the person with respect to the ego
vehicle coordinate system.

ACTPT_HanfInFrontQfPerson The accessory is connected to the hand(s) in front of the | “exemplary”
person with respect to ego vehicle coordinate system X-
axis direction.

ACTPT_HantBehimdOfPerson Theaccessory s conmectedtothe tamd{s)bethimdthe “exemptary”
person with respect to ego vehicle coordinate system X-
axis direction.

ACTPT_UpperBody The accessory is connected to the upper body of the | “exemplary”
person.
ACTPT_FootLeftSideOfPerson The accessory is connected to a foot of the person on the | “exemplary”

left side of the person with respect to the ego vehicle
coordinate system.

ACTPT_FootRightSideOfPerson | The accessory is connected to a foot of the person on the | “exemplary”
right side of the person with respect to the ego vehicle
coordinate system.
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enumerator.“ACTPT_HandInFrontOfPerson”

A.2.63Included geometric structureof accessory

Table A.149'= Signal: Included geometric structure of accessory

Name Description RL enumerator
ACTPT_FootInFrontOfPerson The accessory is connected to a foot in front of the | “exemplary”
person with respect to the ego vehicle coordinate
system.
ACTPT_FootBehindOfPerson The accessory is connected to a foot behind the person | “exemplary”
with respect to the ego vehicle coordinate system.
Figure A.8 — Example of the signal “Accessory connection to person type" (A.2.2) with

Name Included.geometric structure of accessory

Desgription The signal “Included geometric structure of accessory” (A.2.63) provides the information if the
geometrical structure of the accessory is taken into account in the bounding box of the
potentially moving object [see signal “Bounding box extent {length, width, height}” (A.2.20),
“Included geometric structures” (A.2.23) and Figure A.9].

Vallre type enumeration Unit 1

Tabwmmmmmmmmumerators

Name Description RL enumerator

IGSOA_WithoutAccessory | The bounding box extent of the potentially moving object | “exemplary”
excludes accessory [see signal “Bounding box extent {length,
width, height}” (A.2.20)].

IGSOA_WithAccessory The bounding box extent of the potentially moving object | “exemplary”
includes accessory [see signal “Bounding box extent {length,
width, height}” (A.2.20)].
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Key

1 person’s | bounding box with signal “Included geometric structure, of accessory” (A.2.63) := enumprator
“IGSOA_WithoutAccessory”

2 person’s | bounding box with signal “Included geometric structure of accessory” (A.2.63) := enumprator
“IGSOA_WithAccessory”
Figure A.9 — Example of the signal “Included. geometric structure of accessory” (A.2.63))

A.2.640bjec¢t lane association

Table A.151 — Signal: Object lane association

Name Object lane association
Descriptior The signal “Object)y lane association” (A.2.64) provides an association of the objedt to
neighbouring lahes with respect to the ego-vehicle’s lane.

Value type enumeration Unit 1

Table A.152— Enumeration: Object lane association - Example enumerators
Name Description RL enumerdtor
OLA_EgoLare The object is in the ego lane. “exemplary”
OLA_Left1Lane The object is in the first-left neighbouring lane. “exemplary”
OLA_RightlLane The object is in the first-right neighbouring lane. “exemplary”
OLA_EgoRightlLane | The objectislocated between the ego and right neighbouring lane. “exemplary”
OLA_EgoLeft1Lane The object is located between the ego and left neighbouring lane. “exemplary”
OLA_Left2Lane The object is in the second-left neighbouring lane. “exemplary”
OLA_Right2Lane The object is in the second-right neighbouring lane. “exemplary”
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A.2.65Angle between object edge and lane {left edge right lane, right edge left lane}

Table A.153 — Signal: Angle between object edge and lane {left edge right lane, right edge left
lane}

Name Angle between object edge and lane {left edge right lane, right edge left lane}

Description {left edge right lane}: angle between the left edge of the object and the right centre of the ego-
vehicle lane’s road marking.

{right edge left lane}: angle between the right edge of the object and the left centre of the ego-
vehicle lane’s road marking.

Additional information:

Signal, definition of 0 rad and positive angle is defined in Figure A.10 - key.3|
The edge is always the nearest edge of the object’s bounding box to thelego-vehicle
The centre of the road marking is the basis for the calculation.

Valuie type 2D vector real value Unit (rad, rad)

a=0rad

1 2
Key
1  dbjectis in the first-left neighbouring lane of the ego-vehicle
2  Objeetisinthe-ego-vehiclelane
3 objectis in the first-right neighbouring lane of the ego-vehicle
a  position angle {left edge right lane}

Figure A.10 — Example for the signal: “Angle between object edge and lane {left edge right lane,
right edge left lane}” (A.2.65) with left edge of the object and the right centre of the ego-vehicle
lane’s road marking
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A.2.66Angle between object edge and lane {left edge right lane, right edge left lane} - error

Table A.154 — Signal: Angle between object edge and lane {left edge right lane, right edge left

lane} - error

Name Angle between object edge and lane {left edge right lane, right edge left lane} - error

Description | The signal “Angle between object edge and lane {left edge right lane, right edge left lane} -
error” (A.2.66) provides the error of the signal “Angle between object edge and lane {left edge
right lane, right edge left lane}” (A.2.65).

Value type | scalar/vector/matrix real value | Unit See signal “Angle between object edge and lane
(see B.4.1) {left edge right lane, right edge left lane}” (A;2|65).

A.2.67Percentage side lane {left, right}

Table A.155 — Signal: Percentage side lane {left, right}

Name

Percentage side lane {left, right}

Description

The signal “Percentage side lane {left, right}” (A.2.67) provides the Y{left, right} assignment of
the object to specified lane in percent.

Additional information:

The signal “Percentage side lane {left, right}” (A.2.67) provides the percentage value of the

object width in the corresponding {left, right} lane.
The centre of the road marking is the basis for the'calculation.

Value type

[0...100] 2D vector real value Unit (%, %)

A.2.68Angular position {azimuth}

Table A.156 — Signal: Angular position {azimuth}

Name

Angular position {azimuth}

Description

The signal “Angular pesition {azimuth}” (A.2.68) provides the lateral position of the bounding
box centre (midside; midwidth, midheight) measured in the 2D image as {azimuth} angle in the
sensor’s coordinate system.

Additional information:
It requires a calibrated sensor.

Value type

1D vector real value Unit rad

A.2.69Angular velocity {azimuth}

Table A.157 — Signal: Angular velocity {azimuth}

Name Angular velocity {azimuth}

Description The signal “Angular velocity {azimuth}” (A.2.69) provides the angular {azimuth} velocity of the
bounding box centre (midside, midwidth, midheight) measured in the 2D image in the sensor's
coordinate system.

Additional information:
It requires a calibrated sensor.
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Value type 1D vector real value Unit rad/s

A.2.70Scale change - object level

Table A.158 — Signal: Scale change - object level

Name Scale change - object level

Description The signal “Scale change - object level” (A.2.70) provides the change in scale of the object in
sensor’s projection plane. It indicates whether the object gets closer to the ego-vehicle
(possible collision) or if it is departing from the ego-vehicle.

Vallte type real value Unit %/s

A.2.71Entity radar cross section

Table A.159 — Signal: Entity radar cross section

Name Entity radar cross section

Destription The signal “Entity radar cross section” (A.2.71) provides-the radar cross section |(RCS) of the
recognised object.

Additional information:
It is the representative RCS of the complete recognised object.

Valuie type real value Unit dB m?

A.2.72Entity lidar reflectivity

Table A.160,~=Signal: Entity lidar reflectivity

Name Entity lidar reflectivity

Desgription The signal “Entitylidar reflectivity” (A.2.72) provides the lidar reflectivity of the recognised
object, assuming-homogeneous Lambertian reflectivity for the used laser wavelength.

Additienal information:
It isthe'representative lidar reflectivity of the complete recognised object.

Valuie type real value Unit %

A.2.73Road type - object level

Table A.161 — Signal: Road type - objectlevel |

Name Road type - object level

Description The signal “Road type - object level” (A.2.73) provides the relevant type of the road for the ego-
vehicle.

Value type enumeration Unit 1

Table A.162— Enumeration: Road type - object level - Example enumerators

Name Description RL enumerator

RT_Motorway The road characteristics meet motorway/highway/expressway/dual | “exemplary”
carriageway conditions.
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Name Description RL enumerator
RT_Interurban The road characteristics meet interurban road conditions. “exemplary”
RT_Rural The road characteristics meet rural conditions. “exemplary”
RT_City The road characteristics meet city/urban conditions. “exemplary”
RT_Suburb The road characteristics meet suburb conditions. “exemplary”
RT_ParkingPlace | The road characteristics meet parking place conditions. “exemplary”
RT_EnclosedPark | The road characteristics meet enclosed park conditions. “exemplary”
RT_OffRoad The road characteristics meet off road conditions. “exemplary”
A.2.74Road type - confidence
Table A.163 — Signal: Road type - confidence
Name Road type - confidence
Descriptior The signal “Road type - confidence" (A.2.74) provides the certainty for the corresponding
signal “Road type - object level” (A.2.73).
Value type [0...100] real value Unit %
A.2.75Numbper of valid road surface classifications
Table A.164 — Signal: Number of valid road surface classifications
Name Number of valid road surface classifications
Description The signal “Number of valid road surface classifications” (A.2.75) provides the current nuthber
of valid tuples for road surface, classifications. The tuples are defined by the signals “Road
surface classification type - object level” (A.2.76) and “Road surface classification type -
confidence” (A.2.77).
Value type [0...] integer value Unit 1
A.2.76Road surface classification type - object level
Table A.165,— Signal: Road surface classification type - object level
Name Road surface classification type - object level
Descriptior The-signal “Road surface classification type - object level” (A.2.76) provides the relevant [type
of the road surface for the ego-vehicle.
Value type enumeration Unit i
Table A.166— Enumeration: Road surface classification type - object level - Example
enumerators
Name Description RL enumerator
RSCT_Flat The road is a smooth-surface road. “exemplary”
RSCT_Concrete The road is a concrete road with a smooth surface. “exemplary”
RSCT_Asphalt The road is an asphalt road with a smooth surface. “exemplary”
RSCT_Bumpy The road is bumpy. “exemplary”
RSCT_RomanRoad The road is a cobblestone street. “exemplary”
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Name Description RL enumerator
RSCT_Gravel The road has a gravel surface. “exemplary”
RSCT_Soil The road has a soil surface. “exemplary”
RSCT_Sand The road has a sand surface. “exemplary”
RSCT_OffRoad The road is an off-road road. “exemplary”
RSCT_Vegetation The road has a vegetation surface. “exemplary”

A.2.77Road-surface-classification type

Table A.167 — Signal: Road surface classification type - confidence

Name Road surface classification type - confidence
Destription The signal “Road surface classification type - confidence” (A.2.77) ‘provides the fertainty for
the corresponding signal “Road surface classification type - object lével” (A.2.76).
Valye type [0...100] real value Unit %
A.2.78Road surface roughness - object level

Table A.168 — Signal: Road surface roughness - object level

Name Road surface roughness - object level

Desgription The signal “Road surface roughness —.0bject level” (A.2.78) provides the relevant foughness or
unevenness of the road surface for the ego-vehicle.
Additional information:
The international roughuess index (IRI) has a value range from 0 = mm/m (smpoth surface
which is equivalent to driving on a plate of glass) up to 20 mm/m (a very rough rogd).

Valuie type [0...] real value Unit mm,/m

A.2.79Road surface texture - object level

Table A.169 — Signal: Road surface texture - object level

Name Road surface texture - object level

Desfription The signal “Road surface texture — object level” (A.2.79) provides the surface texture or fine
roughness [16] measures only wavelengths below 0,5 m, compared to the signal’s|value “Road
surface roughness - object level” (A.2.78) (0,5 m - 100 m).

Value type real value Unit m

A.2.80Number of valid road surface condition classifications

Table A.170 — Signal: Number of valid road surface condition classifications

Name

Number of valid road surface condition classifications

Description

The signal “Number of valid road surface condition classifications” (A.2.80) provides the
current number of valid tuples for road surface condition classifications. The tuples are defined
by the signals “Road surface condition classification type - object level” (A.2.81) and “Road
surface condition classification type - confidence” (A.2.82).
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Value type

0...] integer value Unit 1
g

A.2.81Road surface condition classification type - object level

Table A.171 — Signal: Road surface condition classification type - object level

Name Road surface condition classification type - object level

Description The signal “Road surface condition classification type - object level” (A.2.81) provides the
relevant condition of the road surface for the ego-vehicle.

Value type CIUIeration Uit T

Table A.172— Enumeration: Road surface condition classification type - object level -Example

enumerators

Name Description RL enumergtor

RSCCT_Dry The road surface is dry. “exemplary”

RSCCT_Wet The road surface is wet. “exemplary”

RSCCT_Watgr The road surface is covered with water. “exemplary”

RSCCT_Snow The road surface is covered with snow. “exemplary”

RSCCT_Ice The road surface is covered with ice. “exemplary”

RSCCT_Leaves The road surface is covered withdeaves. “exemplary”

RSCCT_Dust The road surface is coveredwith dust. “exemplary”

RSCCT_Dirt The road surface is covered with dirt. “exemplary”

A.2.82Road surface condition classification type - confidence

Thable A.173 — Signal: Road surface condition classification type - confidence

Name Road surface condition(classification type - confidence

Descriptior The signal “Roadssurface condition classification type - confidence” (A.2.82) provideq the
certainty for the~corresponding signal “Road surface condition classification type - object
level” (A.2.81)x

Value type [0...100]<eal value Unit %

A.2.83Number of valid road marking classifications

Table A.174 — Signal: Number of valid road marking classifications

Name Number of valid road marking classifications

Description The signal “Number of valid road marking classifications” (A.2.83) provides the current
number of valid tuples for road marking types. The tuples are defined by the signals “Road
marking type” (A.2.84) and “Road marking type - confidence” (A.2.85).

Value type [0...] integer value Unit 1

A.2.84Road marking type

Table A.175 — Signal: Road marking type

Name

Road marking type
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Description

The signal “Road marking type” (A.2.84) indicates the type of the road markings.

Value type enumeration

Unit 1

Table A.176— Enumeration: Road marking type - Example enumerators

Name Description RL enumerator
RMT_Solid The road marking is solid. It could also be a stop line. | “exemplary”
RMT_CentreLineDashedMarking The centre-line road marking is dashed. “exemplary”
See IS0 11270:2014, Annex B.
RMT_EdgeLineDashedMarking The edge-line road marking is dashed. “exellnplary"
See ISO 11270:2014, Annex B.
RMT_Triangular The road marking is a line of triangles. “exellnplary"
RMT_DoubleLineSolid The road marking has two lines and the mostyinner “exellnplary"
line (with respect to the ego-vehicle) is solid.
RMT_CentreLineDoubleLineDashed | The centre-line road marking has two-lines and the | “exemplary”
most inner line (with respect to the ego-vehicle) is
dashed.
See IS0 11270:2014, Annex.B.
RMT_EdgeLineDoubleLineDashed The edge-line road marking has two lines and the | “exemplary”
most inner line (with respect to the ego-vehicle) is
dashed.
See ISO 11270:201%4, Annex B.
RMT_MultipleLineSolid The road marking has more than two lines and the | “exemplary”
most inner line (with respect to the ego-vehicle) is
solid.
RMT_CentreLineMultipleLineDashed | The"centre-line road marking has more than two | “exemplary”
lires and the most inner line (with respect to the
ego-vehicle) is dashed.
See IS0 11270:2014, Annex B.
RMT_EdgeLineMultipleLinéDashed | The edge-line road marking has more than two lines | “exemplary”
and the most inner line (with respect to the ego-
vehicle) is dashed.
See IS0 11270:2014, Annex B.
RMT_BottsDofs€atsEyes The road marking consists of Botts' dots or cats' | “exemplary”
eyes.
RMT_AttentionMarker The road marking is an attention marker, for “exellnplary"
example 1IS, China and Japan
RMT_Hatched The road marking is hatched/chevron. “exemplary”
RMT_Box The road marking of a junction. “exemplary”
RMT_ColouredArea The road marking is a coloured area. “exemplary”
RMT_Arrow The road marking is an arrow. “exemplary”
RMT_ZebraCrossing The road marking is a zebra | “exemplary”
crossing/continental/ladder.
RMT_GenericSymbol The road marking is a generic symbol or icon. “exemplary”
RMT _TrafficSignOnLane The road marking is a traffic sign. “exemplary”
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RMT_GenericLine The road marking is a generic line. “exemplary”
RMT_ParkingArea The road marking is a parking area. “exemplary”
RMT_TShapeMarkingBegin The road marking is a parking T-shape beginning | “exemplary”
parking line.
RMT_TShapeMarkingEnd The road marking is a parking T-shape ending | “exemplary”
parking line.
RMT_IShapeMarkingBegin The road marking is a parking I-shape beginning | “exemplary”
parking line.
RMT_IShapgMarkingEnd The road marking 1s a parking I-shape ending | "exemplary”
parking line.
RMT_LShapgMarkingBegin The road marking is a parking L-shape beginning | “exemplary”
parking line.
RMT_LShap¢eMarkingEnd The road marking is a parking L-shape ending {)“exemplary”
parking line.
RMT_Nets The road marking is a net, specifically «a”non- | “exemplary”
stopping area.
A.2.85Road marking type - confidence
Table A.177 — Signal: Road marking type’- confidence
Name Road marking type - confidence
Descriptior The signal “Road marking type - confidence”;(A.2.85) provides the confidence of the classified
signal “Road marking type” (A.2.84) information.
Value type [0...100] real value Unit %
A.2.86Road object lane association
Table A.178(— Signal: Road object lane association
Name Road object lane association
Descriptior The signal “Road object lane association” (A.2.86) provides the association of a road marking
or a road boundary to a lane with respect to the ego-vehicle lane, that means the ego lane.
Value type enumeration Unit 1
Table A.179— Enumeration: Road object lane association - Example enumerators
Name Description RL enumerator
ROLA_EgoLane The road marking is on the ego lane. “exemplary”
ROLA_EgoLeftlLane The road boundary separates the ego lane from 1st left | “exemplary”
neighbouring lane.
The road marking is associated to the ego lane and the 1st left
neighbouring lane.
ROLA_EgoRight1Lane The road boundary separates the ego lane from 1st right | “exemplary”
neighbouring lane.
The road marking is associated to the ego lane and the 1st right
neighbouring lane.
ROLA_Left1Lane The road marking is on the 1st left neighbouring lane. “exemplary”
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ROLA_Right1Lane The road marking is on the 1st right neighbouring lane. “exemplary”
ROLA_Left1Left2Lane The road boundary separates the 1st left lane from the 20d left | “exemplary”
neighbouring lane.
The road marking is associated to the 1st left and the 2nd left
neighbouring lanes.
ROLA_Right1Right2Lane | The road boundary separates the 1st right lane from the 2nd right | “exemplary”
neighbouring lane.
The road marking is associated to the 1st right and the 2nd right
neighbouring lanes.
ROIA_Left2Lane The road marking is on the 2nd left neighbouring lane. "exellnplary"
ROIA_Right2Lane The road marking is on the 2" right neighbouring lane. “exellnplary"
ROIA_LeftRoadEdge The road boundary limits at the outer edge of the leftmost lane. "exellnplary"
ROIA_RightRoadEdge The road boundary limits at the outer edge of the rightmést lane. "exellnplary"

A.2.87Road object lane association - confidence

Table A.180 — Signal: Road object lane association - confidence

Name Road object lane association - confidence

Desgription The signal “Road object lane association - confidence” (A.2.87) provides the confidence of the
signal’s “Road object lane association” (A.2@6) information.

Valuie type [0...100] real value Unit %

A.2.88Arrow orientation {yaw}

Table A.181.5< Signal: Arrow orientation {yaw}

Name Arrow orientation {yaw}

Destription The signal “Arrow orientation {yaw}” (A.2.88) provides the orientation of the arropv symbol on
the ground plane with respect to the driving direction of the ego-vehicle.
Additional information:
The_Jsignal “Arrow orientation {yaw}” (A.2.88):= Orad, if the signal “Ropd marking
type” (A.2.84) does not have the enumerator “RMT_Arrow”.

Valuye type 1D vector real value Unit rad

A.2.89Arrow direction

Table A.182 — Signal: Arrow direction

Name

Arrow direction

Description

The signal “Arrow direction” (A.2.89) provides the estimated direction of the displayed arrow
on the lane.

Additional information:

The enumerator “AD_Foreward”, which essentially means 0 rad, points in the direction of
driving straight ahead on the associated lane.

The signal “Arrow direction” (A.2.89) := “AD_Foreward”, if the signal “Road marking
type” (A.2.84) does not have the enumerator “RMT_Arrow”.
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Value type enumeration Unit 1
Table A.183 — Enumeration: Arrow direction - Example enumerators
Name Description RL enumerator
AD_Foreward The arrow has an estimated direction of 0 rad (0 °). “exemplary”
AD_Left The arrow has an estimated direction of + % rad (+90 °). “exemplary”
AD_Right The arrow has an estimated direction of — % rad (—90 °). “exemplary”
AD_Straightl.eft The arrow is straight left and has an estimated direction of “exemplary”
T
+3 rad (+90 °).
AD_StraightRight The arrow is straight right and has an estimated direction of “exemplary”
—grad (=90 °).
AD_TurningPointLeft The arrow has an estimated direction of +m rad (4180 °), that “exemplary”
means a U-turn left.
AD_TurningPointRight | The arrow has an estimated direction of —m rad (—180 °), that “exemplary”
means a U-turn right.
AD_45DegLeft The arrow has an estimated direction of + % rad/(;+45 °). “exemplary”
AD_45DegR|ght The arrow has an estimated direction of — % rad (—45°). “exemplary”
AD_NoArroy No arrow is present. “exemplary”

A.2.90Number of valid sign classifications

Table A.184 — Signal: Number of valid sign classifications

Name Number of valid sign classifications

Descriptior The signal “Number of valid'sign classifications” (A.2.90) provides the current number of yalid
tuples for sign classifications. The tuples are defined by the signals “Sign classificgtion
type” (A.2.91) and “Sign classification type - confidence” (A.2.92).

Value type [0...] integer value Unit 1

A.2.91Sign flassificationtype

Table A.185 — Signal: Sign classification type

Name Sign classification type
Description The signal "Sign classitication type (A.2.91) provides the type of the sign for a main sign or a

sign as a road marking.
Value type enumeration Unit 1

Table A.186 — Enumeration: Sign classification type - Example enumerators

Name Description RL enumerator
SCT_StopSign The sign is a stop sign. “exemplary”
SCT_YieldSign The sign is a yield sign. “exemplary”
SCT_SpeedLimitSign The sign is a speed limit sign. “exemplary”
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Name Description RL enumerator
SCT_NoMainSign The sign is no main sign: it is only one or multiple supplementary | “exemplary”
signs.
SCT_GreenArrowSign The sign is a green arrow sign at traffic lights. “exemplary”
SCT_HeightLimitSign The sign is a height limit sign. “exemplary”
SCT_WidthLimitSign The sign is a width limit sign. “exemplary”
SCT_MessageSign The sign is a message sign. “exemplary”
SCTEmptySign The—signrmay bea—changeable—trafficsignwithoutdisptayingaTexemplary”

traffic sign symbol.

A.2.9

2Sign classification type - confidence

Table A.187 — Signal: Sign classification type - confidence

Nampe Sign classification type - confidence
Desgription The signal “Sign classification type - confidence” (A.2,92) provides the confid¢nce for the
signal’s “Sign classification type” (A.2.91) classificatiofy information, for example, the degree of
certainty that the sign is of the reported type, for example, stop sign.
Valye type [0...100] real value Unit %
A.2.93Sign value
Table A.188 -<Signal: Sign value
Nampe Sign value
Desgription | The signal “Sign value” (A:2.93) provides the depicted numerical value on the sign.
Vallie type | realvalue | Unit [ The unit is defined by the enumerator of the signal |“Sign value
unit” (A.2.94).
A.2.94Sign value unit

Table A.189 — Signal: Sign value unit

Nampe Sign value unit
Destription The signal “Sign value unit” (A.2.94) provides the unit which the numerical value |of the signal
“Sign value” (A.2.93) is referring to.

Vallre type enumeration Unit 1

Table A.190 — Enumeration: Sign value unit - Example enumerators
Name Description RL enumerator
SVU_KilometrePerHour The unit for the sign value is kilometre per hour. “exemplary”
SVU_MilePerHour The unit for the sign value is mile per hour. “exemplary”
SVU_Metre The unit for the sign value is metre. “exemplary”
SVU_Kilometre The unit for the sign value is kilometre. “exemplary”
SVU_Feet The unit for the sign value is feet. “exemplary”
SVU_Mile The unit for the sign value is mile. “exemplary”
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Name Description RL enumerator
SVU_MetricTon The unit for the sign value is metric ton. “exemplary”
SVU_LongTon The unit for the sign value is long ton. “exemplary”
SVU_ShortTon The unit for the sign value is short ton. “exemplary”
SVU_Minute The unit for the sign value is minute. “exemplary”
SVU_Hour The unit for the sign value is hour. “exemplary”
SVU_Day The unit for the sign value is the day of the month. “exemplary”
SVU_Weekdpy The unit for the sign value is the weekday. “exemplary”

The numeric value of the weekday is defined as:

- Sunday [Sign value (A.2.93) := 0]

- Saturday [Sign value (A.2.93) :== 6]
SVU_Percentage The unit for the sign value is percentage. “exemplary”

A.2.95Sign text
Table A.191 — Signal: Sign text
Name Sign text
Descriptior The signal “Sign text” (A.2.95) provides the text message on the sign. The message maly be
multiline.
Value type string Unit 1
A.2.96Sign text font
Table A,192"— Signal: Sign text font
Name Sign text font
Descriptior The signal “Sign textfont” (A.2.96) describes the font style of the text on the sign.
Value type enumeration Unit 1
Table A<193 — Enumeration: Sign text font - Example enumerators

Name Description RL enumerator

STF_Regulaf

The font style of the text on the sign is regular.

“exemplary”

STF_Bold The font cfy]n ofthe text onthe cign is hold “nvnmp]ary"
STF_Italic The font style of the text on the sign is italic. “exemplary”
STF_Boldltalic The font style of the text on the sign is bold and italic. “exemplary”

A.2.97Sign text - confidence

Table A.194 — Signal: Sign text - confidence

Name Sign text - confidence
Description The signal “Sign text - confidence” (A.2.97) provides the confidence for the text signal “Sign
text” (A.2.95) and the text font signal “Sign text font” (A.2.96).
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Value type

[0...100] real value Unit %

A.2.98Number of valid entity states

Table A.195 — Signal: Number of valid entity states

Name Number of valid entity states
Description The signal “Number of valid entity states” (A.2.98) provides the current number of valid states
[see signal “Entity state” (A.2.99)] of an entity, for example, a sign, a traffic sign board region.
Valyetype fO—fimteger vatue Uit T
A.2.99Entity state
Table A.196 — Signal: Entity state
Name Entity state
Destription The signal “Entity state” (A.2.99) describes the state of an entity of signs or traffic|sign boards.
It describes, for example, whether or not the messageof the entity is variablefchangeable,
static or if that information is not available. It describes also, if, for example, the fraffic sign is
out of service, because the symbol is crossed out.
Valye type enumeration Unit 1
Table A.197 — Enumeration: Entity. state - Example enumerators
Name Description RL enumerator
ES_§tatic The message sign is a static (non-variable) message sign. "exellnplary"
ES_Variable The message sign.is a variable message sign. "exellnplary"
ES_VariableNonAnimated | The message sign is a variable message sign without animation. "exellnplary"
ES_VariableAnimated The meSsage sign is a variable message sign with animation. "exellnplary"
ES_§witchedOff The ‘message sign is a variable message sign which is switched | “exefplary”
off:
ES_KullOutOfService The message sign is full out of service. “exellnplary"
ES_RrartlyOutOfService Part of the message sign is out of service. “exellnplary"
ES_QutOfView The message sign has rotated. “exellnplary"
ES_RartlyOccluded The message sign is partly occluded. “exellnplary"
A.2.100Colour value - object level

Table A.198 — Signal: Colour value - object level

Name Colour value - object level

Description The signal “Colour value - object level” (A.2.100) provides the colour value(s). The number of
values depends on the signal “Colour model type” (A.1.14).
Additional information:
For example, enumerator “CMT_RGB” indicates 3 colour values, specifically first value red,
second value green, third value blue.

Value type [0...100] real value Unit %
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A.2.101 Colour tone - confidence - object level

Table A.199 — Signal: Colour tone - confidence - object level

Name Colour tone - confidence - object level

Description The signal “Colour tone - confidence - object level” (A.2.101) provides the confidence of the
colour tone. The colour tone is defined by the signal “Colour model type” (A.1.14) and the list of
signals “Colour value - object level” (A.2.100).

Value type [0...100] real value Unit %

A.2.102 Nanber of valid connections

Table A.200 — Signal: Number of valid connections

Name Number of valid connections

Descriptior The signal “Number of valid connections” (A.2.102) provides the curremt number of yalid
tuples for connections. The tuples are defined by the signal “Conngection type” (A.2.103)| and
unique signal’s “Connection grouping ID” (A.2.104) value for each conrfection.

Value type [0...] integer value Unit 1

A.2.103 Connection type

Table A.201 — Signal: Connection type

Name Connection type

Descriptior The signal “Connection type” (A.2.103) provides the type of connection of at least two foad
marking’s polylines or polynomials.

Value type enumeration Unit 1

Table A.202 — Enumeration: Connection type - Example enumerators

Name Description RL enumergtor

CT_Merge The connection) of road markings is a merge (from the point of view of | “exemplary”
the ego-vehicle) of road markings.

CT_Split The connection of road markings is a split (from the point of view of | “exemplary”
the'ego-vehicle) of road markings.

CT_Interconinection {.The connection of road markings is an interconnection of road | “exemplary”
markings.

The connection of road markings is an extension of two road | “exemplary”
Tarkings.

CT_Extensio

=]

A.2.104 Connection grouping ID

Table A.203 — Signal: Connection grouping ID

Name Connection grouping ID
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Description The signal “Connection grouping ID” (A.2.104) provides a unique grouping ID linking all
connected road boundaries together.

Additional information:

The signal “Connection grouping ID” (A.2.104) shall be unique in each cycle of the sensor
cluster.

Value type [...] integer value Unit 1

A.2.105 Vertex point {x, y, z}

Table A.204 — Signal: Vertex point {x, y, z}

Name Vertex point {x, y, z}

Desgription The signal “Vertex point {x, y, z}” (A.2.105) provides the measured‘l6ngitudinal, lateral and
vertical distance of the vertex point.

Valuie type 3D vector real value Unit (m, m, m)

A.2.106 Vertex point {Xx, y, z} - error

Table A.205 — Signal: Vertex point{x, y, z} - error

Name Vertex point {x, y, z} - error

Desgription | The signal “Vertex point {x, y, z} - error’(A.2.106) provides the measured error pf the signal
“Vertex point {x, y, z}” (A.2.105).

Valye type scalar/vector/matrix real value Unit See signal “Vertex point {x, vy,
(see B.4.1) z}” (A.2.105).

A.2.107 Vertex point - confidence {x,y, z}

Table A:206 — Signal: Vertex point - confidence {x, y, z}

Name Vertex point,~ confidence {x, y, z}

Desgription The signal “Vertex point - confidence {x, y, z}" (A.2.107) provides the confidence of the
measured longitudinal, lateral and vertical distance of the vertex point.

Valujie type [0...100] real value Unit %

A.2.108 Number of valid polynomials

Table A.207 — Signal: Number of valid pelynomials
(=4

Name Number of valid polynomials

Description The signal “Number of valid polynomials” (A.2.108) provides the current number of valid
polynomials to describe the shape (see Figure A.11).

Value type [0...] integer value Unit 1
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1 real-worl

2 polynomi

[ scene

hl contour representation with 2 polynomials and 2 road marking connections

Nx  xth polyndmial

nxb range begin of the xth polynomial [see “Polynomial range x {begin, end}” (A.2.113)]

nxe range end of the xth polynomial [see “Polynomial rangex {begin, end}” (A.2.113)]

IDx road mar

A.2.109 Pol

King connection - signal “Connection grouping ID” (A.2.104) :=x
Figure A.11 — Example for a polynomial contour representation

ynomial coefficienty {c, ci, ¢z, c3}

Table'A208 — Signal: Polynomial coefficient y {c,, c1, ¢z, c3}

Name

Polyfiomial coefficient y {co, c1, cz, c3}

Descriptior The' signal “Polynomial coefficient y {co, c1, c2, c¢3}" (A.2.109) provides the calcu

coefficients for the Y-axis value of the polynomial line.

ated

Calcutatton mettod:
y=co+c - x+cy - x2+cy-x3
where:

co: is the coefficient for degree 0,

c1: is the coefficient for degree 1,

c2: is the coefficient for degree 2,

c3: is the coefficient for degree 3 and

x: is the value of the X-axis in m [see signal “Polynomial range x {begin, end}” (A.2.113)].

Value type

4D vector real value Unit (m,1,1/m, 1/m?2)
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A.2.110 Polynomial coefficient z {co, c1, c2, c3}

Table A.209 — Signal: Polynomial coefficient z {co, c1, 2, c3}

Name Polynomial coefficient z {co, c1, cz2, c3}

Description The signal “Polynomial coefficient z {co, c1, c2, c¢3}”(A.2.110) provides the calculated

coefficients for the Z-axis value of the polynomial line.
Calculation method:
zZ=cot+c x+cy x> +cy3-x3

where:

co: is the coefficient for degree 0,
c1: is the coefficient for degree 1,
c2: is the coefficient for degree 2,
c3: is the coefficient for degree 3 and
x: is the value of the X-axis in m [see signal “Polynomial range x {begin, end}” (A.2.113)].

Valye type 4D vector real value Unit @, 1,1/m, 1/m2)

A.2.111 Polynomial y - error

Table A.210 — Signal: Polynomial y - error

Name Polynomial y - error

Desgription | The signal “Polynomial y - error” (A.2:{11) provides the error of the Y-axis yalue of the
polynomial line. The unit and the errortdefinition for the signal “Polynomial y - err¢r” (A.2.111)
are defined during the system design.phase.

Valye type | scalar/vector/matrix reak {_Unit See signal “Polynomial coefficient y|{co, c1, c2,
value c3}” (A.2.109).
(see B.4.1)

A.2.112 Polynomial z - error,

Table A.211 — Signal: Polynomial z - error

Nampe Polynatnial z - error

Desgription | TheLsignal “Polynomial z - error” (A.2.112) provides the error of the Z-axis yalue of the
polynomial line. The unit and the error definition for the signal “Polynomial z - err¢r” (A.2.112)
are defined during the system design phase.

Valuie ty)pe ~ | scalar/vector/matrix real value | Unit See signal “Polynomial coefficient z|{co, c1, c2,
(see B.4.1) c3}” (A.2.110).

A.2.113 Polynomial range x {begin, end}

Table A.212 — Signal: Polynomial range x {begin, end}

Name Polynomial range x {begin, end}

Description The signal “Polynomial range x {begin, end}” (A.2.113) provides the valid range of the
polynomials [XBegin, XEnd] (See Figure A.12).

Value type 2D vector real value Unit (m, m)

© ISO 2023 - All rights reserved 223


https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150

:2023(E)

Key
X-axi§ and Y-axis: vehicle axis system
np,ne {begin} and {end} of signal “Polynomial range x {begin, end}” (A.2.113)
Figure A|12 — Example for the signal “Polynomial range x {begin, end}” (A.2.113) for signal
“Polynomial coefficient y {co, c1, ¢z, c3}" (A.2.109)
A.2.114 Extent {width, height} - polynomial
Table A.213 — Signal: Extent{width, height} - polynomial
Name Extent {width, height} - polynomial
Descriptior The signal “Extent {width, height} - polynomial” (A.2.114) provides the measured width| and
height at the X-axis value.[XBegin + XEnd)/2 [see “Polynomial range x {begin, end}” (A.2.1[13)].
The width information(is relative to the polynomial line which defines the centre of the width
range. The height of the'road object is added to the polynomial z value.
Value type 2D vector real value Unit (m, m)
A.2.115 Extent {width, height} - polynomial - error
Table A.214 — Signal: Extent {width, height} - polynomial - error
Name Extent {width, height} - polynomial - error
Description The signal “Extent {width, height; — polynomial — error (A.2.115) provides the error ot the
signal “Extent {width, height} - polynomial” (A.2.114).
Value type scalar/vector/matrix real value Unit See signal “Extent {width, height} -

(see B.4.1) polynomial” (A.2.114).

A.2.116 Extent {width, height} - polynomial - confidence

Table A.215 — Signal: Extent {width, height} - polynomial - confidence

Name

Extent {width, height} - polynomial - confidence
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Description The signal “Extent {width, height} - polynomial - confidence” (A.2.116) provides the
confidence of the width and height for the polynomial segment.

Value type 2D vector [0...100] real value Unit (%, %)

A.2.117 Number of valid data ranges

Table A.216 — Signal: Number of valid data ranges

Name Number of valid data ranges

Desrription Thesigmat-“Number of vatid data Tanges (A-2-TT7) provides the current mumber of valid X-axis
data ranges for the polynomial lines.

Valuie type [0...] integer value Unit 1

A.2.118 Supported data range x {begin, end}

Table A.217 — Signal: Supported data range x {begin, end}

Name Supported data range x {begin, end}

Destription The signal “Supported data range x {begin, end}” (A«2:118) provides the supported range of the
polynomial [XBegin, Xend] which is covered with measured points (see Figure A.13).

Valuie type 2D vector real value Unit (m, m)

oy Ne X
Key
X-axis and Y-axis: vehicle axis system
1 supported data range 1 with measured points
2 supported data range 2 with measured points

nb,ne {begin} and {end} of signal “Polynomial range x {begin, end}” (A.2.113)
sxb, Sxe {begin}and {end} of the xth signal “Supported data range x {begin, end}” (A.2.118)

Figure A.13 — Example for the signal “Supported data range x {begin, end}” (A.2.118) for signal
“Polynomial coefficient y {co, c1, ¢z, c3}” (A.2.109)
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A.2.119 Supported axis

Table A.218 — Signal: Supported axis

Name

Supported axis

Description The signal “Supported axis” (A.2.119) provides the information of the polynomial's supported

axis for the signal “Supported data range x {begin, end}” (A.2.118).

Value type enumeration Unit 1
Table A.219 — Enumeration: Supported axis

Name Description RL enumeratoy

SAY The signal “Supported data range x {begin, end}” (A.2.118) corresponds to | Mandatory
Y-axis polynomial line of signal “Polynomial coefficient y {c0, cI1, c2,
c3}” (A.2.109).

SA_Z The signal “Supported data range x {begin, end}” (A.2.118) corresponds to.| Optional
Z-axis polynomial line of signal “Polynomial coefficient z {co, c1,/C2
c3}” (A.2.110).

SA_YAndZ (| The signal “Supported data range x {begin, end}” (A.2.118) corresponds to | Conditional (B.23.2)
both polynomial lines of signal “Polynomial coefficient y<{¢o, c1, c2, | * The enumeration
c3}” (A.2.109) and signal “Polynomial coefficient z {co, c1, c2,¢33” (A.2.110). | has the enumertor

“SA_Z

A.2.120 Polyline interpolation method

Table A.220 — Signal: Polyline‘interpolation method

Name Polyline interpolation method
Description The signal “Polyline interpolation method” (A.2.120) provides the method for interpolating
between the points of a polyline-
Additional information:
Interpolation method-may be different for Y-axis and Z-axis values.
Value type enumeration Unit 1
Table A.221 — Enumeration: Polyline interpolation method - Example enumerators
Name Description RL enumerdtor
PIM_Linear | THe {polyline is interpolated with a linear interpolation between two | “exemplary”
sequential points.
PIM_Spline | The polyline is interpolated with a spline interpolation between two | “exemplary”
sequential points.
PIM_Cubic | The polyline is interpolated with a cubic interpolation between two sequential | “exemplary”
points.

A.2.121 Number of valid polylines

Table A.222 — Signal: Number of valid polylines

Name

Number of valid polylines
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Description The signal “Number of valid polylines” (A.2.121) provides the current number of valid
polylines to describe a shape with multiple polylines (see Figure A.14).
Value type [0...] integer value Unit 1

1 neal-world scene

2 polyline contour representation with 2 polylines (multiple vertices) and 2 road marking connections

Lx  Ath polyline

—
>
&
=

IDx

A.2.122 Number of valid vertices

th vertex point [signal “Vertex point {x, y, z}” (A.2.105)] of the xth polyline

oad marking connection.-signal “Connection grouping ID” (A.2.104) :=x

Figure A.14 — Example for a polyline contour representation

Table A.223 — Signal: Number of valid vertices

Name

Number of valid vertices

Description

The signal “Number of valid vertices” (A.2.122) provides the current number of valid vertices
of a polyline. A polyline describes a part of the shape border with one continuous segmented
line (see Figure A.14) with at least 2 vertex points.

Additional information:

The signal “Extent {width, height} - vertex” (A.2.123) has attributes of the vertex at the point of
the signal “Vertex point {x, y, z}” (A.2.105). The error and confidence signals apply to this point.

Value type

2...] integer value Unit 1
g
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A.2.123 Extent {width, height} - vertex

Table A.224 — Signal: Extent {width, height} - vertex

Name Extent {width, height} - vertex

Description The signal “Extent {width, height} - vertex” (A.2.123) provides the measured width and height
of the vertex at the vertex point of the signal “Vertex point {x, y, z}” (A.2.105). The width
information is relative to the vertex which defines the centre of the width range. The height of
the road object is added to the vertex point z value.

Additional information:
The signal applies to the point of the signal “Vertex point {x, y, z}" (A.2.105).

Value type 2D vector real value Unit (m, m)

A.2.124 Extpnt {width, height} - vertex - error

Table A.225 — Signal: Extent {width, height} - vertex - error

Name Extent {width, height} - vertex - error

Descriptior The signal “Extent {width, height} - vertex - error” (A2.124) provides the error of the
measured width and height [see signal “Extent {width, height} - vertex” (A.2.123)] at the vertex
point [see signal “Vertex point {x, y, z}” (A.2.105)].

Additional information:
The signal applies to the point of the signal.“Vertex point {x, y, z}” (A.2.105).

Value type scalar/vector/matrix real value Unit See signal “Extent {width, height} -
(see B.4.1) vertex” (A.2.123).

A.2.125 Extent {width, height} - vertex -.confidence

Table A.226 — Signal: Extent {width, height} - vertex - confidence

Name Extent {width, height} - vertex - confidence

Descriptior The signal “Extent {width, height} - vertex - confidence” (A.2.125) provides the confidenfte of
the meastred width and height of the vertex [see signal “Extent {width, height} -
vertex”(A.2.123)].

Additional information:
The signal applies to the point of the signal “Vertex point {x, y, z}” (A.2.105).

Value type 2D vector [0...100] real value Unit (%, %)

A.2.126 Number of valid road boundary classifications

Table A.227 — Signal: Number of valid road boundary classifications

Name Number of valid road boundary classifications

Description The signal “Number of valid road boundary classifications” (A.2.126) provides the current
number of valid tuples for road boundary types. The tuples are defined by the signals “Road
boundary type” (A.2.127), “Road boundary type - confidence” (A.2.128) and additional signals.

Value type [0...] integer value Unit 1
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A.2.127 Road boundary type

Table A.228 — Signal: Road boundary type

Name Road boundary type
Description The signal “Road boundary type” (A.2.127) indicates the type of the road boundary.
Value type enumeration Unit 1

Table A.229 — Enumeration: Road boundary type - Example enumerators
Nanfie Description RL ehumerator
RBT| GuardRail The road boundary is a guard rail. "exellnplary"
RBT| Fence The road boundary is a fence. “exellnplary"
RBT| Wall The road boundary is a wall, for example, brick wall, building. "exellnplary"
RBT| Barrier The road boundary is a barrier. "exellnplary"
RBT| TensionCableSystem | The road boundary is a tension cable system. "exellnplary"
RBT| RoadEdge The road boundary is a road edge, for-example, grass, "exellnplary"

vegetation, sand, gravel, soil.

RBT| Curb The road boundary is a curb stone. “exemplary”

A.2.128 Road boundary type - confidence

Table A.230 — Signal: Road*boundary type - confidence

Name Road boundary type - confidence

Desgription The signal “Road boundary type - confidence” (A.2.128) provides the confidence of the
classified signal “Road poundary type” (A.2.127).

Valye type [0...100] real value Unit %

A.2.129 Number of valid general landmark classifications

Table A:231 — Signal: Number of valid general landmark classifications

Nampe Number of valid general landmark classifications

Desgription The signal “Number of valid general landmark classifications” (A.2.129) provideq the current
number of valid tuples for general landmark classifications. The tuples are defined by the
signals “General landmark classification type” (A.2.130) and “General landmark ¢lassification
type - confidence” (A.2.131).

Value type [0...] integer value Unit 1

A.2.130 General landmark classification type

Table A.232 — Signal: General landmark classification type

Name General landmark classification type

Description The signal “General landmark classification type” (A.2.130) provides the classification of the
general landmark.

Value type enumeration Unit 1
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Table A.233 — Enumeration: General landmark classification type - Example enumerators

Name Description RL enumerator
GLCT_Bridge The general landmark is a bridge. “exemplary”
GLCT_Beacon The general landmark is a beacon. “exemplary”
GLCT_Cone The general landmark is a cone. “exemplary”
GLCT_Barrel The general landmark is a barrel. “exemplary”
GLCT_GuidePost The general landmark is a guide post. “exemplary”
GLCT_LamppPost The general landmark is a lamp post. “exemplary”
GLCT_VertiqalStructure The general landmark is a vertical structure. “exemplary”
GLCT_OverheadObject The general landmark is an overhead object. “exemplary”
GLCT_RectapgularStructure The general landmark is a rectangular structure. “exemplary”
GLCT_Tunngl The general landmark is a tunnel. “exemplary”
GLCT_Refleqtor The general landmark is a reflector. “exemplary”
GLCT_OverrjdableObject The general landmark is an overridable object, “exemplary”

A.2.131 Genjeral landmark classification type - confidence

Table A.234 — Signal: General landmark classification type - confidence

Name General landmark classification type - confidence
Descriptior The signal “General landmark classification type - confidence” (A.2.131) provides| the
confidence for the corresponding signal“General landmark classification type” (A.2.130).
Value type [0...100] real value Unit %
A.2.132 Sigh geometry
Table A.235 — Signal: Sign geometry
Name Sign geometry
Descriptior The signal €Sign geometry” (A.2.132) provides the shape geometry of the sign.
Value type enumeration Unit 1
Table A.236 — Enumeration: Sign geometry - Example enumerators
Name Description RL enumergtor
SG_Circle The sign has a circle shape as sign geometry. “exemplary”
SG_TriangleTop The sign has a triangle shape with tip pointing downwards as sign | “exemplary”
geometry.
SG_TriangleDown The sign has a triangle shape with tip pointing upwards as sign | “exemplary”
geometry.
SG_Square The sign has a square shape as sign geometry. “exemplary”
SG_Pole The sign has a pole shape as sign geometry. “exemplary”
SG_Rectangle The sign has a rectangle shape as sign geometry. “exemplary”
SG_Diamond The sign has a diamond shape as sign geometry. “exemplary”
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Name Description RL enumerator
SG_ArrowLeft The sign has an arrow left, five edge shape as sign geometry. “exemplary”
SG_ArrowRight The sign has an arrow right, five edge shape as sign geometry. “exemplary”
SG_Octagon The sign has an octagon shape as sign geometry. “exemplary”
SG_SaintAndrewsCross | The sign has a cross shape as sign geometry. “exemplary”
SG_GateShape The sign has a gate shape as sign geometry. “exemplary”

A.2.133 Numberofvalid lane relevance classifications
Table A.237 — Signal: Number of valid lane relevance classifications
Name Number of valid lane relevance classifications
Destription The signal “Number of valid lane relevance classifications” (A,2:133) provides|the current
number of valid tuples for lane relevance classifications. The tuples are defined bl the signals
“Lane relevance classification type” (A.2.134) and “Lane~relevance classification type -
confidence” (A.2.135).
Valye type [0...] integer value Unit 1
A.2.134 Lane relevance classification type
Table A.238 — Signal: Lane relevance classification type
Name Lane relevance classification type
Desgription The signal “Lane relevance classification type” (A.2.134) provides the information regarding if
the sign is relevant for the ege-vehicle’s lane, the nearest lane to the ego-vehicle or other
relevant lanes.
Valye type enumeration Unit 1
Table A.239 — Enumeration: Lane relevance classification type - Example enumérators
Name Description RL enumerator
LRC[T_EgoLane The entity is relevant on track of ego-vehicle. “exemplary”
LRC|I_Left1Lane The entity is relevant for the next lane to the ego-vehicle on the | “exemplary”
left side.
LRC[T_RightILane The entity is relevant for the next lane to the ego-vehicle on the | “exemplary”
right side.
LRCIYeeft2Lane The entity is relevant for the second next lane to the ego-vehicle | “exemplary”
on the Ieft side.
LRCT_Right2Lane The entity is relevant for the second next lane to the ego-vehicle | “exemplary”
on the right side.
LRCT_EgoAndLeftlLane | The entity is relevant on track of ego-vehicle and the next left | “exemplary”
lane.
LRCT_EgoAndRight1Lane | The entity is relevant on track of ego-vehicle and the next right | “exemplary”
lane.
LRCT_LeftmostLane The entity is relevant for the leftmost lane. “exemplary”
LRCT_RightmostLane The entity is relevant for the rightmost lane. “exemplary”
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Name Description RL enumerator

LRCT_AllLanes The entity is relevant for all lanes, which essentially means the | “exemplary”
lane(s) to the right- and left side and on track.

LRCT_OtherLane The entity is relevant for another far lane. “exemplary”

A.2.135 Lane relevance classification type - confidence

Table A.240 — Signal: Lane relevance classification type - confidence

Name Lane relevance classilication type — conridence

Descriptior The signal “Lane relevance classification type - confidence” (A.2.135) provides the confidence
for the signal’s “Lane relevance classification type” (A.2.134) classification information, for

example, the degree of certainty that the lane relevance is of the reported type,)for exarnple,
relevant for all lanes.

Value type [0...100] real value Unit %

A.2.136 Number of valid traffic supplementary signs

Table A.241 — Signal: Number of valid traffic supplémentary signs

Name Number of valid traffic supplementary signs

Descriptior The signal “Number of valid traffic supplementary signs” (A.2.136) provides the cufrent
number of valid supplementary sign entities.

Additional information:

The entries in the array may or may not-be sorted.

Value type [0...] integer value Unit 1

A.2.137 Number of valid supplementary. sign classifications

Table A.242 — Signal:\Number of valid supplementary sign classifications

Name Number of valid supplementary sign classifications

Descriptior The signal “Number of valid supplementary sign classifications” (A.2.137) provides the cufrent
number_of valid tuples for supplementary sign classifications. The tuples are defined by the

signals,® “Supplementary sign classification type” (A.2.138) and “Supplementary |sign
classification type - confidence” (A.2.139).

Value type [0...] integer value Unit 1

A.2.138 Supplementary sign classification type

Table A.243 — Signal: Supplementary sign classification type

Name Supplementary sign classification type

Description The signal “Supplementary sign classification type” (A.2.138) provides the type of the sign.

Value type enumeration Unit 1
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Table A.244 — Enumeration: Supplementary sign classification type - Example enumerators

Name Description RL enumerator

SSCT_ValidInformationBegin | The sign displays a begin of valid zone. “exemplary”

SSCT_ValidInformationEnd The sign displays an end of valid zone. “exemplary”

SSCT_Frost The sign displays a frost sign. “exemplary”

SSCT_WetRoad The sign displays a wet road sign. “exemplary”

SSCT_ValidInDistance The sign displays a distance information and the main sign | “exemplary”
beconresvattdimrthedefimred-distarrce:

SSCT_ValidForDistance The sign displays a distance information and the main sign is |-‘exemplary”
valid for the defined distance.

SSCT_Limitation The sign displays a limitation information. “exemplary”

A.2.139 Supplementary sign classification type - confidence

Table A.245 — Signal: Supplementary sign classification type - confidence

Name Supplementary sign classification type - confidence

Destription The signal “Supplementary sign classification type - confidence” (A.2.139) provides the
confidence for the signal’s “Supplementary .signh classification type” (A.2.138) (¢lassification
information, for example, the degree of certainty that the supplementary traffic gign is of the
reported type, for example, limitation inférmation.

Valye type [0...100] real value Unit %

A.2.140 Relative position

Table@A.246 — Signal: Relative position

Name Relative position
Destription The signal “Relative position” (A.2.140) provides the relative position of the supplgmental sign
with respect,to its main sign (see Figure A.15).

Valye type enumeration Unit 1

Table'A.247 — Enumeration: Relative position - Example enumerators
Name Description RL epumerator
RP_Above The supplementary sign is above the main sign. “exe1|nplary"
RP_Belgw The supplementary sign is below the main sign "nannplary"
RP_Left The supplementary sign is left of the main sign. “exemplary”
RP_Right The supplementary sign is right of the main sign. “exemplary”
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—_—

Key

1  supplementary sign entity with signal “Relative position” (A.2.140) := enumerator “RP_Below” and signal “R¢lative
position drder” (A.2.141) :==1

2 supplementary sign entity with signal “Relative position” (A.2.140) := enumerator “RP_Below” and signal “Re¢lative
position drder” (A.2.141) :== 2

3 main sign|entity of the supplementary signs

Figune A.15 — Example for a traffic sign - a main sign with-two supplementary signs

A.2.141 Relptive position order

Table A.248 — Signal: Relative position order

Name Relative position order

Descriptior The signal “Relative position order”,(A:2.141) provides the relative order of a supplemertary
sign with respect to the main sigiyyposition. The value 1 defines the nearest position of the
supplementary sign to the maif sign (see Figure A.15).

Value type integer value Unit 1

A.2.142 Podition uv_origin {x, y,z}

TableA.249 — Signal: Position uv_origin {x, y, z}

Name Positionuv-origin {x, y, z}

Descriptior Thesignal “Position uv_origin {x, y, z}" (A.2.142) provides the position of the reference cqrner
of ‘a sign board which defines the origin of the single sign board affine object coordijnate
system. It is defined in the ego-vehicle coordinate system [see signal “Vehicle coordinate
system type - header” (A.1.20)] (see Figure A.16).

Additional information:

Even though not always all corners are visible, the origin “Position uv_origin {x, y, z}" (A.2.142)
shall be always the left lower corner. The direction of the affine coordinate system is defined
by the end positions “Position u_end {x, y, z}" (A.2.144) in negative Y direction of the ego-
vehicle coordinate system and “Position v_end {x, y, z}" (A.2.146) in the positive Z direction of
the ego-vehicle coordinate system [see signal “Vehicle coordinate system type -
header” (A.1.20)].

Value type 3D vector real value Unit (m, m, m)
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Key

(0;1)
3b
(0,26; 0,61)
""""""""""" 6b
")
»— 5
(0,08; 0,33) .
6a
2 3a
(0; 0) (1; 0)

1  traffic sign board

2 (rigin of the affine coordinate system of the traffic sign board -/signal “Position uv_origin {x, 3, z}” (A.2.142)

- affine coordinates (0; 0)

3a dbscissa of the affine coordinate system of the traffic sign beard - signal “Position u_end {x, §, z}” (A.2.144)

- affine coordinates (1; 0)

3b (rdinate of the affine coordinate system of the traffic\sigh board - signal “Position v_end {x, j, z}” (A.2.146)

- affine coordinates (0; 1)

4  yeferenced traffic sign as traffic main sign - signal “Objéct ID reference - object level” (A.2.179)

5  Hounding box of the referenced traffic sign as traffic main sign (key 4)

6a
6b

Begin, VBegin } Of the bounding box (key 5)
End, VEnd } Of the bounding box (key 5)

- signal with affine coordinates
“Bounding box {uBegin, UEnd, VBegin, VEnd}” (A.2.173)
:= (0,08; 0,26; 0,33; 0,61)

Figure A.16 — Affine object coordinate system of a traffic sign board

A.2.143 Position uv_origin'{x, y, z} - error

Table A.250 — Signal: Position uv_origin {x, y, z} - error

Name

Position uv_origin {x, y, z} - error

Desgription

The signal “Position uv_origin {x, y, z} - error” (A.2.143) provides the error whic
the uncertainty of the measured signal “Position uv_origin {x, y, z}" (A.2.142).

h represents

Value type

cr‘n]arl/vpr‘fnrl/mnfriv real value Unit

3 “« L - .
See clgnn] Position uv drigin {X, y,

(see B.4.1) z}” (A.2.142).

A.2.144 Position u_end {x, y, z}

Table A.251 — Signal: Position u_end {x, y, z}

Name

Position u_end {x, y, z}
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Description The signal “Position u_end {x, y, z}" (A.2.144) provides the position of the reference corner of a
sign board which defines the one end of a single sign board affine object coordinate system in
horizontal direction. The point is defined in the ego-vehicle coordinate system [see signal
“Vehicle coordinate system type - header” (A.1.20)] (see Figure A.16).

Additional information:

Even though not always all corners are visible, the origin “Position uv_origin {x, y, z}" (A.2.142)
shall be always the left lower corner. The direction of the affine coordinate system is defined
by the end positions “Position u_end {x, y, z}" (A.2.144) in negative Y direction of the ego-
vehicle coordinate system and “Position v_end {x, y, z}” (A.2.146) in the positive Z direction of
The ego-venicle coordinate System [See signal  Vehicle coordinate system type -
header” (A.1.20)].

Value type 3D vector real value Unit (m, m, m)

A.2.145 Podition u_end {x, y, z} - error

Table A.252 — Signal: Position u_end {x, y, z} - error

Name Position u_end {x, y, z} - error

Descriptior The signal “Position u_end {x, y, z} - error” (A.2.145) provides-the error which represent$ the
uncertainty of the measured signal “Position u_end {x, y, z}./ (A.2.144).

Value type scalar/vector/matrix real value Unit See signal “Position u_end {Y, vy,
(see B.4.1) z}’ (A.2.144).

A.2.146 Podition v_end {x, y, z}

Table A.253 — Signal:Position v_end {x, y, z}

Name Position v_end {x, y, z}

Descriptior The signal “Position v_end {x, y, z}" (A.2.146) provides the position of the reference cornet of a
sign board which defings the one end of a single sign board affine object coordinate systeim in
vertical direction. Thepeint is defined in the ego-vehicle coordinate system [see signal “Vehicle
coordinate system-typ€ - header” (A.1.20)] (see Figure A.16).

Additional information:

Even though'not always all corners are visible, the origin “Position uv_origin {x, y, z}” (A.2.[142)
shall be/always the left lower corner. The direction of the affine coordinate system is defined
by_the’end positions “Position u_end {x, y, z}" (A.2.144) in negative Y direction of the |ego-
vehicle coordinate system and “Position v_end {x, y, z}"” (A.2.146) in the positive Z directi¢n of
the ego-vehicle coordinate system [see signal “Vehicle coordinate system type -
header” (A 1.20}]

Value type 3D vector real value Unit (m, m, m)

A.2.147 Position v_end {x, y, z} - error

Table A.254 — Signal: Position v_end {x, y, z} - error

Name Position v_end {x, y, z} - error

Description | The signal “Position v_end {X, y, z} - error” (A.2.147) provides the error which represents the
uncertainty of the measured signal “Position v_end {x, y, z}" (A.2.146).
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Value type scalar/vector/matrix real value Unit See signal “Position v_end {x, vy,
(see B.4.1) z}’ (A.2.146).

A.2.148 Ratio U- to V-axis

Table A.255 — Signal: Ratio U- to V-axis

Name Ratio U- to V-axis

Description The signal “Ratio U- to V-axis” (A.2.148) provides the ratio of the scaling of the U-axis and the

-axis unit vectaors ]pngfh in the cartesian coordinate system [cpr-\ cignn] “Vehicle coordinate

system type - header” (A.1.20)].

Additional information:

The signal “Ratio U- to V-axis” (A.2.148) := (length of the unit vectoriof-¥U-axis in m)/(length of
the unit vector of V-axis in m).

Valye type real value Unit 1

A.2.149 Ratio U- to V-axis - error

Table A.256 — Signal: Ratio U- te V-axis - error

Name Ratio U- to V-axis - error

Destription | The signal “Ratio U- to V-axis - error'{(A:2.149) provides the error which represents the
uncertainty of the measured signal “Ratio U- to V-axis” (A.2.148).

Valye type scalar/vector/matrix real value Unit See signal “Ratio (- to V-
(see B.4.1) axis” (A.2.148).

A.2.150 Number of valid traffic sign beard regions

Table A.257 —=Signal: Number of valid traffic sign board regions

Nampe Number ofyalid traffic sign board regions

Destription The signdD “Number of valid traffic sign board regions” (A.2.150) provides the curfent number
of validitraffic sign board regions.

Additional information:
The entries in the array may or may not be sorted.

Vallre type [0...] integer value Unit 1
L

A.2.151 Sign board entity ID

Table A.258 — Signal: Sign board entity ID

Name Sign board entity ID
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Description The signal “Sign board entity ID” (A.2.151) provides the unique ID of a sign board type entity
within the sign board object (see Figure A.17 and Figure A.18).
Additional information:
The signal’s “Sign board entity ID” (A.2.151) value is unique for the same entity in multiple
cycles.
The signal “Sign board entity ID” (A.2.151) := 0 refers to the traffic sign board entity.

Value type integer value Unit 1

Bietigheim-Bissingen
Tamm

Shopping mall

My Industrial park

Stuttgart

1  traffic sigh board - motorway
[Default: {Sign board entity ID” (A.2.151) := 0]

2 traffic sigh board region - rural

signal “Sig

n board entity ID” (A.2.151) (*=yT and signal “Sign board entity ID reference - object level” (A.2.153) = {0}

3 traffic sigh board region - city

signal “Sig

Figure A.17 — Example for a logical hierarchy of traffic sign board region entities

n board entity ID” (A.2,151) := 2 and signal “Sign board entity ID reference - object level” (A.2.153) = {1

238
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Key

1  traffic sign board with an orientation arrow of two directions and five lanes
efault: “Sign board entity ID” (A.2.151) := 0]

2 affic sign board guiding graph - orientation arrow

ignal “Sign board entity ID” (A.2.151) := 1 and signal “Sign board entity ID reference - object level” (A.2.133) := {0}

3 affic sign board guiding graph - lanes

ignal “Sign board entity ID” (A.2.151) := 2 and signal “Signboard entity ID reference - object level” (A.2.133) := {1}

A.2.152 Number of valid entity ID references - object level

igure A.18 — Example for a logical hierarchy of traffic sign board guiding graph entities

Table A.259 — Signal: Number of valid entity ID references - object level

Name

Number of valid entity ID references - object level

Desgription

The signal“Number of valid entity ID references - object level” (A.2.152) provides the current
number(of valid traffic sign board type entities (for example, region, referenced object, symbol
or icdnj*on the traffic sign board. All referenced object entities are associated with the traffic
sign board.

Additional information:
The entries in the array may or may not be sorted.

Valyetype

0...] integer value Unit 1
g

A.2.153 Sign board entity ID reference - object level

Table A.260 — Signal: Sign board entity ID reference - object level

Name

Sign board entity ID reference - object level

Description

The signal’s “Sign board entity ID” (A.2.151) value defines a sign board type entity to which this
entity is logical associated to (see Figure A.17 and Figure A.18).

Additional information:
The signal “Sign board entity ID” (A.2.151) := 0 refers to the traffic sign board entity itself.
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Description | The signal “Border width {u, v}” (A.2.154) provides a borderline width of the edge scaled to the

Additional information:
The scaled width {u} is relative to the U-axis of the current measurement cycle and'‘the sqgaled

have a width

border width {v} shall be used for the horizontal parts of the border.

\ \ \\\\\
D \ NN N
N

traffic sign board
ITO

re A.19 — Example ofa with text on guiding graph which has a borderline

pl
. onder width {u, v}~err

Description |/The signal “Border width {u, v} - error” (A.2.155) provides the error which representy the

Traffic sign board region - confidence

Description The signal “Traffic sign board region - confidence” (A.2.156) provides the confidence for the
region.
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A.2.157 Number of valid colour tones

Table A.264 — Signal: Number of valid colour tones

Name Number of valid colour tones
Description The signal “Number of valid colour tones” (A.2.157) provides the current number of valid
colour tones for one colour tone type.
Additional information:
The entries in the array may or may not be sorted.
VaIILe type [0...] integer value Unit 1
A.2.158 Colour tone type
Table A.265 — Signal: Colour tone type
Name Colour tone type
Desgription The signal “Colour tone type" (A.2.158) provides the type-of the colour tone.
Valuie type enumeration Unit 1
Table A.266 — Enumeration: Colour tone type
Name Description RL enhumerator
CTT[.Shape The colour tone defines the_ eolour of the shape. Mandatory
CTT[Border The colour tone defines-the colour of the borderline. Opti¢nal
A.2.159 Number of valid vertex points

Table A.267 — Signal: Number of valid vertex points

Name Number of valid vertex points
Destription The signal™“Number of valid vertex points” (A.2.159) provides the current nunber of valid
vertex points of the traffic sign board entity.
Additional information:
The entries in the array may or may not be sorted.
Valye type [0...] integer value Unit 1
A.2.160Fecalposition{i,+v}
Table A.268 — Signal: Local position {u, v}
Name Local position {u, v}
Description The signal “Local position {u, v}” (A.2.160) provides a point on the traffic sign board in the

traffic sign board affine coordinate system.

Additional information:

The origin point of the traffic sign board affine coordinate system is in the lower left corner of
the traffic sign board (from point of view of the ego-vehicle coordinate system). The U-axis is
horizontal, and the V-axis is vertical.
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Value type 2D vector [0...1] real value Unit (1L,

A.2.161 Local position {u, v} - error

Table A.269 — Signal: Local position {u, v} - error

Name Local position {u, v} - error

Description | The signal “Local position {u, v} - error” (A.2.161) provides the error which represents the
uncertainty of the measured signal “Local position {u, v}” (A.2.160).

Value type SCatar;/ Vector/ atrix reat vatue Uit Seesigmat“Tocat posttion{u, vi (A 2-169).
(see B.4.1)

A.2.162 Number of valid traffic sign board guiding graphs

Table A.270 — Signal: Number of valid traffic sign board guiding graphs

Name Number of valid traffic sign board guiding graphs

Descriptior The signal “Number of valid traffic sign board guiding graphs” (@&)2.162) provides the cugrent
number of valid guiding graphs (for example, orientation arrow, marking of a shoulder) on the
traffic sign board (see Figure A.20).

Additional information:

The entries in the array may or may not be sorted,

A guiding graph may describe separated direction arrows in one entity.
A sensor cluster may describe all guiding\graphs in one or multiple entities of the traffic|sign

board.
Value type [0...] integer value Unit 1
2a 4 2b
| ‘ V
3—]
T

Key
1  traffic sign board
2a,b orientation arrow symbol - guiding graph(s)
(the orientation arrows may be described by one entity or separated in different entities)

3 objectreference - traffic sign as traffic main sign
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(signal “Object ID reference - object level” (A.2.179) references to a traffic sign as traffic main sign which describes the
sign)

4  icons and symbols - a road separation symbol
(the signal “Icon and symbol type” (A.2.176) has an enumerator “IAST_RoadSeparation”)

Figure A.20 — Example for a traffic sign board with guiding graph(s)

A.2.163 Traffic sign board guiding graph - confidence

Table A.271 — Signal: Traffic sign board guiding graph - confidence

I

NaIJIe Traffic sign board guiding graph - confidence

Desfription The signal “Traffic sign board guiding graph - confidence” (A.2.163) provides thg confidence
for the guiding graph.

Valye type [0...100] real value Unit %

A.2.164 Local position ID

Table A.272 — Signal: Local position ID

Name Local position ID

Destription The signal “Local position ID” (A.2.164) provides a unique ID for a signal “Local| position {u,
v}” (A.2.160) within the list of local positions (see Figure A.21).

Valye type integer value Unit 1

Key
= begin or end vertex point

‘_\\ split or merge vertex point
intermediate vertex point

ID= 1D of the vertex point - signal “Local position ID” (A.2.164)

Figure A.21 — Two examples for traffic sign board guiding graphs and their vertex point IDs
“Local position ID” (A.2.164)
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A.2.165 Number of valid edges

Table A.273 — Signal: Number of valid edges

Name Number of valid edges

Description The signal “Number of valid edges” (A.2.165) provides the current number of valid edges.

Additional information:
The entries in the array may or may not be sorted.

Value type fO—imteger vatue Yt t

A.2.166 Lodal position ID reference {begin, end}

Table A.274 — Signal: Local position ID reference {begin, end}

Name Local position ID reference {begin, end}

Descriptior The signal “Local position ID reference {begin, end}” (A.2.166) provides an edge by connecting
a {begin} vertex and an {end} vertex. Each vertex points can be every kind of type (begin-, ¢nd-,
split-, merge vertex) (see Figure A.22).

Additional information:

The order of {begin} vertex and {end} vertex represents a direction.

Value type 2D vector integer value Unit (LD

Key

= begin or end vertex point
‘_\\ split or merge vertex point
intermediate vertex point

_ edge of a guiding graph

Figure A.22 — Two examples for a traffic sign board guiding graphs with their vertex points and
edges
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A.2.167 Edge type

Table A.275 — Signal: Edge type

Name Edge type
Description The signal “Edge type” (A.2.167) indicates the type of the guiding graph’s edge type.
Value type enumeration Unit 1

Table A.276 — Enumeration: Edge type - Example enumerators
Nanfie Description RL ehumerator
ET_$olid The edge of the guiding graph is a solid line. "exellnplary"
ET_Dashed The edge of the guiding graph is a dashed line. “exellnplary"
ET_Triangular The edge of the guiding graph is a triangular line. "exellnplary"
ET_Dotted The edge of the guiding graph is a dotted line. "exellnplary"

A.2.168 Edge width {u, v}

Table A.277 — Signal: Edge width {u, v}

Name Edge width {u, v}

Desgription The signal “Edge width {u, v}” (A.2.168).provides a line width of the guiding graph’s edge
scaled to the U- and V-axis.
Additional information:
The scaled width {u} is relative to the unit vector of the U-axis and the scaled height {v} is
relative to the unit vector of the V-axis.
To enable a correct representation of tapering lines, the border width shall be repfesented per
edge.
As a horizontal ine cannot have a width in U-direction, border width {u} is per defjnition equal
to 0. Same applies for width {v} in vertical V-direction. Only lines not parallel to both axis U and
IV have valdes-unequal to zero for both dimensions {u, v}.
If not specified differently, the width shall be measured at the {begin} vertex [see pignal “Local
position ID reference {begin, end}” (A.2.166)].

Valye type 2Dvector [0...1] real value Unit (1L,

A.2.169 Edge width {u, v} - error

Table A.278 — Signal: Edge width {u, v} - error

Name Edge width {u, v} - error

Description | The signal “Edge width {u, v} - error” (A.2.169) provides the error which represents the
uncertainty of the measured signal “Edge width {u, v}” (A.2.168).

Value type scalar/vector/matrix real value Unit See signal “Edge width {u, v}” (A.2.168).
(see B.4.1)

A.2.170 Edge curve type

Table A.279 — Signal: Edge curve type
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Name Edge curve type
Description The signal “Edge curve type” (A.2.170) describes the shape of the edge between two vertices.
The direction of the edge is implicit defined by the begin and the end vertex [see signal “Local
position ID reference {begin, end}” (A.2.166)] and defines, for example, left and right.
Additional information:
It is up to the sensors capability to use as many vertices as needed to describe a guiding graph
on a traffic sign board. To ease the sampling of vertices, this signal offers a simplification by
defining a set of standard paths (for example, S-curve) between to vertices.
Value type enumeration Unit 1
Table A.280 — Enumeration: Edge curve type - Example enumerators
Name Description RL’enumerdtor
ECT_Straighlt The edge is straight. “exemplary”
ECT_SCurve The edge is an S-curve. “exemplary”
ECT_ZCurve The edge is a Z-curve. “exemplary”
ECT_RightCyirve The edge is a curve to the right. “exemplary”
ECT_LeftCutve The edge is a curve to the left. “exemplary”
ECT_RightBend The edge is a bend to the right. “exemplary”
ECT_LeftBend The edge is a bend to the'left. “exemplary”

A.2.171 Arrnow type

Table A.281 —Signal: Arrow type

point of the edge.

Name Arrow type
Description The signal “Arrow type”(A:2.171) indicates an arrow at {begin} or {end} vertex point of the
edge [see signal “Locat pesition ID reference {begin, end}” (A.2.166)].
Value type enumeration Unit 1
Table A.282°*— Enumeration: Arrow type - Example enumerators
Name Description RL enumerator
AT_NoArrowy The symbol has no arrow or termination at {begin} or | “exemplary”
{end} vertex point of the edge.
AT _ArrowAtBeginPoint The symbol has an arrow at {begin} vertex point of the | “exemplary”
edge.
AT_ArrowAtEndPoint The symbol has an arrow at {end} vertex point of the edge. | “exemplary”
AT_ArrowsAtBothPoints The symbol has an arrow at {begin} and {end} vertex point | “exemplary”
of the edge.
AT_TerminationAtBeginPoint | The symbol has a termination at {begin} vertex point of | “exemplary”
the edge.
AT_TerminationAtEndPoint The symbol has a termination at {end} vertex point of the | “exemplary”
edge.
AT_TerminationsAtBothPoints | The symbol has a termination at {begin} and {end} vertex | “exemplary”
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A.2.172 Number of valid traffic sign board texts

Table A.283 — Signal: Number of valid traffic sign board texts

Name Number of valid traffic sign board texts
Description The signal “Number of valid traffic sign board texts” (A.2.172) provides the current number of
valid text fragments on the traffic sign board.
Additional information:
. The entries in the array may or may not be sorted.
VaIILe type [0...] integer value Unit 1

A.2.173 Bounding box {Ugegin, Uend, VBegin, VEnd}

Table A.284 — Signal: Bounding box {ugegin, Ugnd, VBegin, VEnd}

Nanpe BOlll’ldil’lg box {UBegin, UEnd, VBegin, VEnd}

Desgription The signal “Bounding box {uBegin, UEnd, VBegin, VEnd}” (A.2473) provides a bounding box on the
traffic sign board (and defines the affine traffic sign board coordinate system) for a traffic sign
board entity (for example, a referenced traffic sign or traffic light object entity) (see Figure
A.16).

Valye type 4D vector [0...1] real value Unit (1,1,1,1)

A.2.174 Bounding box {Ugegin, Uend, VBegin, VEnd} — €ETOT

Table A.285 — Signal: Bounding box {ugegin, Ugnd, VBegin, VEnd} — €rror

Name Bounding box {uBegin, UEnd,, VBegin, VEnd } — €rror

Desgription | The signal “Bounding box’{uBsegin, UEnd, VBegin, VEnd} — error” (A.2.174) provides the|error which
represents the uncertainty of the measured signal “Bounding box {uBegin, |UEnd, VBegin,
Vend}” (A.2.173).

Valye type scalar/vector/matrix real value Unit See signal “Bounding box {usegin, UEnd,|VBegin,
(see B4.1) Vend}” (A.2.173).

A.2.175 Number,efwvalid traffic sign board icons and symbols

Table A.286 — Signal: Number of valid traffic sign board icons and symbols

Name

Number of valid traffic sign board icons and symbols

Desex ;pt;uu

F5+-provides the

T H 1N 1o £ Lid tweaff 3 L pn | Lal
11IC blsllal INUIITOUCTT Ul vdadliu tldalilic Dlsll pvudiu ICUlLLS dlilu S y111uvUlo

current number of valid icons and symbols on the traffic sign board.

Additional information:
The entries in the array may or may not be sorted.

Value type

[0...] integer value Unit 1
g

A.2.176 Icon and symbol type

Table A.287 — Signal: Icon and symbol type

Name

Icon and symbol type
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Description The signal “Icon and symbol type” (A.2.176) indicates the type of the icon or the symbol of a
commonly used symbol for characteristic road elements (for example, road separation) or
destinations (for example, city centre, central station) but no traffic sign main or
supplementary signs.

Value type enumeration Unit 1

Table A.288 — Enumeration: Icon and symbol type - Example enumerators

Name Description RL enumerator
IAST_CentralStation The icon symbolises the central station. “exemplary”
[AST_Airpornt The icon symbolises the airport. “exemplary”
IAST_AirpontDeparture The icon symbolises the departure at the airport. “exemplary”
IAST_AirpontArrival The icon symbolises the arrival at the airport. “exemplary”
IAST_Church The icon symbolises a church. “exemplary”
IAST_CityCentre The icon symbolises the city centre. “exemplary”
IAST_IndustfrialPark The icon symbolises an industrial park. “exemplary”
IAST_Plant The icon symbolises a plant. “exemplary”
IAST_Sights¢eing The icon symbolises sight-seeing. “exemplary”
IAST_RoadSgparation The symbol symbolises a separation 0fthe road to guide | “exemplary”
single or multiple lanes.
IAST_Harbopr The icon symbolises a harbour. “exemplary”
IAST_Hospital The icon symbolises a hospital'or a medical service. “exemplary”
IAST_Stadium The icon symbolises a stadium. “exemplary”
IAST_Police The icon symbolises.apolice station. “exemplary”
IAST_Cemetpery The icon symbolises a cemetery. “exemplary”
IAST_Mining The icon symbolises a mining. “exemplary”
IAST_InfornjationPoint The icon.symbolises an information point. “exemplary”
IAST _Toll The-icon symbolises a toll station. “exemplary”
IAST_GasStqtion The icon symbolises a gas station. “exemplary”
IAST_ElectricChargingRoint | The icon symbolises an electric charging point. “exemplary”
IAST_Tunne] The icon symbolises a tunnel portal. “exemplary”
IAST_Bridgs The icon symbolises a bridge. “exemplary”
IAST_UnrecognisedSymbol | The symbol is not a recognised symbol or icon, for example, a | “exemplary”
locally used symbol.

A.2.177 Icon and symbol type - confidence

Table A.289 — Signal: Icon and symbol type - confidence

Name Icon and symbol type - confidence
Description The signal “Icon and symbol type - confidence” (A.2.177) provides the confidence for the icon
and symbol type signal “Icon and symbol type” (A.2.176).
Value type [0...100] real value Unit %
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A.2.178 Number of valid traffic sign board object references

Table A.290 — Signal: Number of valid traffic sign board object references

Name

Number of valid traffic sign board object references

Description

The signal “Number of valid traffic sign board object references” (A.2.178) provides the current
number of valid references to object entities on the traffic sign board which could be described
in a separate object entity (for example, traffic sign, traffic light).

Additional information:

The entries in the array may or may not be sorted.

Valye type

[0...] integer value Unit 1
g

A.2.179 Object ID reference - object level

Table A.291 — Signal: Object ID reference - object lével

Name Object ID reference - object level

Destription The signal’s “Object ID” (A.2.2) value defines the objéet to which this object is apsociated to;
invalid = “no associated object”.
Additional information:
Refers to an object entity with the highestprobability for the association, for example, a free-
space area references a static-object entity which limits the area, a traffic sign board references
a traffic sign which is associated to the'‘traffic sign board.
The signal’s “Object ID reference™ object level” (A.2.179) value could reference eptities of the
sensor cluster’s OLI or entities\which are used internally by the sensor cluster.
Alternative A2I (B.3.2): the mapping of objects signal “Object ID” (A.2.2) and other object level
interfaces (for examplg, free space area object and the object’s limitations) signal “Object ID
reference - feature level” (A.3.3) could be provided in a separate interface.

Valye type [0...] integer value Unit 1

A.2.180 Object ID reference - confidence

Table A.292 — Signal: Object ID reference - confidence

Name

Object ID reference - confidence

Desgription

The signal “Object ID reference - confidence” (A.2.180) provides the confidence fpr the object
reference signal “Object ID reference - object level” (A.2.179).

Valite-type

J ol ol n ik
J rearvaruc UI1IIIT 7U

0100
INAEE A4

A.2.181 Number of valid traffic sign board occlusions

Table A.293 — Signal: Number of valid traffic sign board occlusions

Name

Number of valid traffic sign board occlusions

Description

The signal “Number of valid traffic sign board occlusions” (A.2.181) provides the current
number of valid occlusion parts on or in front of the traffic sign board.

Additional information:

The entries in the array may or may not be sorted.
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Value type [0...] integer value Unit 1

A.2.182 Occlusion type

Table A.294 — Signal: Occlusion type

Name Occlusion type

Description The signal “Occlusion type” (A.2.182) indicates the type of occlusion of traffic sign board parts.

Value type enumeration Unit 1

Table A.295 — Enumeration: Occlusion type - Example enumerators

Name Description RL.enumergtor
OT_Graffiti Parts of the traffic sign boards are occluded by graffiti or stickers. {exemplary”
OT_Vegetatipn Parts of the traffic sign boards are occluded by vegetation, for example,/| “exemplary”

tree branches, leaves or the trunk.

OT_MovingQbjects | Parts of the traffic sign boards are occluded by moving objects, for | “exemplary”
example, a heavy truck.

OT_Snow Parts of the traffic sign boards are occluded by snow. “exemplary”

OT_Dirt Parts of the traffic sign boards are occluded by dirt: “exemplary”

A.2.183 Ocdlusion type - confidence

Table A.296 — Signal: Occlusien type - confidence

Name Occlusion type - confidence

Descriptior The signal “Occlusion type - confidence” (A.2.183) provides the confidence for the occlysion
type signal “Occlusion type” (A:2/182).

Value type [0...100] real value Unit %

A.2.184 Number of valid structare light classifications

Table A.297'< Signal: Number of valid structure light classifications

Name Numbersof valid structure light classifications

Description The>signal “Number of valid structure light classifications” (A.2.184) provides the cugrent
number of valid tuples for structure classifications of the traffic light. The tuples are defingdd by
the signals “Structure light classification type” (A.2.185) and “Structure light classification [type

nfidanca LA 2 1000
COTmo tCC— T~ z- 19097

Value type [0...] integer value Unit 1

A.2.185 Structure light classification type

Table A.298 — Signal: Structure light classification type

Name Structure light classification type

Description The signal “Structure light classification type” (A.2.185) provides the classification of the traffic
light’s shape.

Value type enumeration Unit 1
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Table A.299 — Enumeration: Structure light classification type —- Example enumerators

Name Description RL enumerator
SLCT_Vertical3 The traffic light is composed of three vertical light spots. “exemplary”
SLCT_Horizontal3 The traffic light is composed of three horizontal light spots. “exemplary”
SLCT_DogHouse The traffic light is composed of multiple light spots. “exemplary”

A.2.186 Structure light classification type - confidence

Table A.300 — Signal: Structure light classification type - confidence

Name Structure light classification type - confidence

Destription The signal “Structure light classification type - confidence” (A.2.186) ¢roevides the confidence
for the signal’s “Structure light classification type” (A.2.185) classification infoprmation, for
example, the degree of certainty that the structure light type(is-of the reported type, for
example, a traffic light with 3 vertical stacked traffic light spots.

Valye type [0...100] real value Unit %

A.2.187 Minimum visibility distance

Table A.301 — Signal: Minimum-visibility distance

Name Minimum visibility distance

Destription The signal “Minimum visibility distance” (A.2.187) provides the minimum distance to the
traffic light until the traffic light is\still in the FOV of the sensor cluster, for exanple, in close
distance.

Valye type [0...] real value Unit m

A.2.188 Total number of traffic light spots

Table A.302 — Signal: Total number of traffic light spots

Name Total number of traffic light spots

Destription The-signal “Total number of traffic light spots” (A.2.188) provides the estimation of the number
oftraffic light spots which are part of the traffic light.
Additional information:
This signal is considered to be an estimation since turned-off spots are barely visible
(especially at night) and therefore, hard to detect.
Signal “Total number of traffic light spots” (A.2.188) > signal “Number of valid traffic light
spots” (A.2.190).

Value type [0...] integer value Unit 1

A.2.189 Total number of traffic light spots - confidence

Table A.303 — Signal: Total number of traffic light spots - confidence

Name

Total number of traffic light spots - confidence
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Description The signal “Total number of traffic light spots - confidence” (A.2.189) provides the confidence
for the signal’s “Total number of traffic light spots” (A.2.188) classification information, for
example, the degree of certainty that the number of traffic light spots is of the reported type,
for example, 3.

Value type [0...100] real value Unit %

A.2.190 Number of valid traffic light spots

Table A.304 — Signal: Number of valid traffic light spots

Name Number of valid traffic light spots
Descriptior The signal “Number of valid traffic light spots” (A.2.190) provides the current numbey ‘of yalid
traffic light entities.
Additional information:
The entries in the array may or may not be sorted.
Value type [0...] integer value Unit 1
A.2.191 Number of valid light shape classifications
Table A.305 — Signal: Number of valid light shape classifications
Name Number of valid light shape classifications
Descriptior The signal “Number of valid light shape classifications” (A.2.191) provides the current numnber
of valid tuples for light shape classifications~The tuples are defined by the signals “Light shape
classification type” (A.2.192) and "Light-shape classification type - confidence” (A.2.193).
Value type [0...] integer value Unit 1
A.2.192 Light shape classification type
Table A.306-—-Signal: Light shape classification type
Name Light shape classifieation type
Descriptior The signal <Eight shape classification type” (A.2.192) provides the light's shape whigh is
displayedbythe light spot.
Value type enunteration Unit 1
Table A,.307 — Enumeration: Light shape classification type - Example enumerators
Name Description Rl-enumerdtor
LSCT_NoShape The traffic light spot displays no additional shape. “exemplary”
LSCT_ArrowStraightAhead The traffic light spot displays an arrow straight ahead | “exemplary”
shape.
LSCT_ArrowLeft The traffic light spot displays an arrow left shape. “exemplary”
LSCT_ArrowDiagonalLeft The traffic light spot displays an arrow diagonal left | “exemplary”
shape.
LSCT_ArrowStraightAheadLeft The traffic light spot displays an arrow straight ahead | “exemplary”
and arrow left shape.
LSCT_ArrowRight The traffic light spot displays an arrow right shape. “exemplary”
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figure.

Name Description RL enumerator
LSCT_ArrowDiagonalRight The traffic light spot displays an arrow diagonal right | “exemplary”
shape.
LSCT_ArrowStraightAheadRight | The traffic light spot displays an arrow straight ahead | “exemplary”
and arrow right shape.
LSCT_ArrowLeftRight The traffic light spot displays an arrow left and arrow | “exemplary”
right shape.
LSCT_ArrowDown The traffic light spot displays an arrow down shape. “exemplary”
LSCT_ArrowDownLeft The traffic light spot displays an arrow U-turn left shape. “exellnplary"
LSCT_ArrowDownRight The traffic light spot displays an arrow U-turn right [ “exemplary”
shape.
LSCT_Cross The traffic light spot displays a cross figure. “exellnplary"
LSCT_Pedestrian The traffic light spot displays a pedestrian figure. “exellnplary"
LSCT_Walk The traffic light spot displays a text “walk”dfigure. “exellnplary"
LSCT_DontWalk The traffic light spot displays a text “dont walk” figure. “exellnplary"
LSCT _Bicycle The traffic light spot displays a bicycle figure. “exellnplary"
LSCT_PedestrianAndBicycle The traffic light spot displays, a pedestrian and bicycle “exellnplary"
figure.
LSCT_CountdownSecond The traffic light spot displays a countdown in seconds | “exemplary”
figure, the signal “Light shape value” (A.2.194) contains
the value in seconds.
LSCT_CountdownPercent The traffic light spot displays a countdown in percent | “exemplary”
figure, the signal “Light shape value” (A.2.194) contains
the valué ih percentage.
LSCT _Train The traffic light spot displays a train or tram figure. "exe1|nplary"
LSCT_Bus The traffic light spot displays a bus figure. “exellnplary"
LSCT_BusAndTrain The traffic light spot displays a bus and train or tram “exellnplary"

A.2.193 Light shape classification type - confidence

Table A.308 — Signal: Light shape classification type - confidence

Name Light shape classification type - confidence

Destription The signal “Light shape classification type - confidence” (A.2.193) provides the canfidence for
the signal’s “Light shape classification type” (A.2.192) classification information, for example,
the degree of certainty that the light shape is of the reported type, for example, the shape of a
bus.

Value type [0...100] real value Unit %

A.2.194 Light shape value

Table A.309 — Signal: Light shape value

Name

Light shape value
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Description | The signal “Light shape value” (A.2.194) provides an additional countdown value of the light
shape which is defined by the signal “Light shape classification type” (A.2.192).

Additional information:

The value meaning and the value unit depends on the enumerator of the signal “Light shape
classification type” (A.2.192).

Value type | [0...] Unit | The unit is defined by the enumerator of the signal “Light shape classification
integer type” (A.2.192).

value NOTE The signal “Light shape classification type” (A.2.192) has an enumerator
“ESCT-CoumtdownSecomdsamemumerator“ES€F€oumtdownPercent“ora
similar enumerator defined during the system design phase.

A.2.195 Number of valid colour classifications

Table A.310 — Signal: Number of valid colour classifications

Name Number of valid colour classifications

Descriptior The signal “Number of valid colour classifications” (A.2.195) prevides the current numbgr of
valid tuples for colour classifications. The tuples are defined by the signals “Cglour
classification type” (A.2.196) and “Colour classification typée'- confidence” (A.2.197).

Value type [0...] integer value Unit 1

A.2.196 Colpur classification type

Table A.311 — Signal: Colour’classification type

Name Colour classification type

Descriptior The signal “Colour classification typé” (A.2.196) provides the colour of the light spot.

Value type enumeration Unit 1

Tapble A.312 — Enumeration: Colour classification type - Example enumerators

Name Description RL enumerator
CCT_Red Thelight spot colour is red. “exemplary”
CCT_Yellow ‘The light spot colour is yellow. “exemplary”
CCT_Green The light spot colour is green. “exemplary”
CCT_White The light spot colour is white. “exemplary”

A.2.197 Colour classification type - confidence

Table A.313 — Signal: Colour classification type - confidence

Name Colour classification type - confidence

Description The signal “Colour classification type - confidence” (A.2.197) provides a confidence for the
corresponding signal “Colour classification type” (A.2.196).

Value type [0...100] real value Unit %

A.2.198 Number of valid light mode classifications

Table A.314 — Signal: Number of valid light mode classifications
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Name Number of valid light mode classifications

Description The signal “Number of valid light mode classifications” (A.2.198) provides the current number
of valid tuples for light mode classifications. The tuples are defined by the signals “Light mode
classification type” (A.2.199) and "Light mode classification type - confidence” (A.2.200).

Value type [0...] integer value Unit 1

A.2.199 Light mode classification type

Table A.315 — Signal: Light mode classification type

NalJle

Light mode classification type

Desgription The signal “Light mode classification type” (A.2.199) provides the light's mode:
Valuie type enumeration Unit 1

Table A.316 — Enumeration: Light mode classification type - Example enumerators
Name Description RL enhumerator
LM(T_Continuous The light source is currently on, and it-is not blinking. “exellnplary"
LM{T_Blinking One light source is visibly blinking; "exellnplary"
LM({T_TurnedOff The light source is turned off. "exellnplary"
LM{T_Counting [t is a light source with couditing. "exellnplary"

A.2.200 Light mode classification type - confidence

Table A.317 — Signal: Light mode classification type - confidence

Name Light mode classificationtype - confidence

Desgription The signal “Light mode classification type - confidence” (A.2.200) provides a configlence for the
corresponding signal “Light mode classification type” (A.2.199).

Valuie type [0...100] real‘yalue Unit %

A.2.201 Free space type

Table A.318 — Signal: Free space type

Name Free space type
Destription The signal “Free space type” (A.2.201) describes the type of information that thie free space
description contains. This type of information depends on the recognition capahilities of the
sensor (measurable states) and the combination of object properties that are required for
object level fusion. The fusion might request for a free space description with or without static
or dynamic objects or even holes ("negative limiting objects").
Value type enumeration Unit 1
Table A.319— Enumeration: Free space type
Name Description RL enumerator
FST_LimitedByStatic The space is limited by static objects, no | Mandatory
confirmed free space area by measurement.
Dynamic objects may not be recognized (see
Figure A.23).
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FST_PerceivedLimitedByStatic The perceived measured free space area | Mandatory
which is reduced by static objects. The free
space area is not reduced by dynamic objects.
The free space area is confirmed by active
measurement of the sensor or the sensor
cluster (see Figure A.24).

FST_PerceivedLimitedByStaticAndDynamic | The perceived free space area which is | Mandatory
reduced by static and dynamic objects. The
free space area is confirmed by active
measurement of the sensor or the sensor

1 i L I AL
Ciusttl ottt 1 lsul CA.LJ]).

N\

1  ego-vehide
2 static objgct “LR_Hole”

3a static obj¢ct “LR_Static” ~small stones

3b static obj¢ct “LR_Static! - barrier

3c static objgct “LR.Static” - vegetation

3d static obj¢ct “LR Static” - wall

1—’height and extent of the limitation (static nhjprr)

----------- edge of the limitation (static object) - signal “Free space type” (A.2.201) := enumerator “FST_LimitedByStatic”

Figure A.23 — Example for signal “Free space type” (A.2.201) as enumerator
“FST_LimitedByStatic” and signal “Shape type - object level” (A.2.204) as enumerator
“ST_PolylineOpen”
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\ A\

Key
1  ggo-vehicle

2 dtatic object “LR_Hole”

3a dtatic object “LR_Static” - small stones
3b dtatic object “LR_Static” - barrier

4 ffee space area shape - signal “Free space type” (A.2.201) := enumerator “FST_PerceivedLimitedByStatic”

Figure A.24 — Example for signal “Free space type” (A.2.201) as enumeratqr
“FST_PerceivedLimitedByStatic” andsignal “Shape type - object level” (A.2.204) as enumerator
“ST_PolylineClosed”
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Key

1  ego-vehicle

2 static object “LR_Hole”

3a static object “LR_Static” - small stones

3b static object “LR_Static” - barrier

4  free space area shape - signal “Free space type” (A.2.201) := enumerator “FST_PerceivedLimitedByStaticAndDynamic”
5 dynamic object “LR_PotentiallyMovingObject” - vehicle

Figure A.25 — Example for signal “Free space type” (A.2.201) as enumerator
“FST_PerceivedLimitedByStaticAndDynamic” and signal “Shape type - object level” (A.2.204) as
enumerator “ST_PolylineClosed”

A.2.202 Nummber of valid free space area shapes

Table A.320 — Signal: Number of valid free space area shapes

Name Number of valid free space area shapes

Descriptior The signal “Number of valid free space area shapes” (A.2.202) provides the current numbgr of
valid free space area shapes.

Value type [0...] integer value Unit 1

A.2.203 Linjitation geometry type

Table A.321 — Signal: Limitation' geometry type

Name Limitation geometry type

Descriptior The signal “Limitation geometry type”(A.2.203) provides the information about the reference
point where the geometric information (limitation and clearance) is located.

Value type enumeration Unit 1

Table A.322—Enumeration: Limitation geometry type

Name Description RL enumergtor

LGT_Vertex The limitation,'and clearance geometry information are assigned at the | Mandatory
vertex point

LGT_Edge The limitation and clearance geometry information are assigned to the | Mandatory
property of the edge (for example, average, minimum or maximum value)
between this and the next vertex point. Geometry information of the last
vertex point may be invalid because it is not assigned to an edge.

A.2.204 Shape type - object level

Table A.323 — Signal: Shape type - object level

Name Shape type - object level

Description The signal “Shape type - object level” (A.2.204) provides the shape type which is used for the
shape segment's borderline.

Additional information:
The shape defines how the vertex points are connected.

258 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150:2023(E)

Value type

enumeration

Unit 1

Table A.324— Enumeration: Shape type - object level - Example enumerators

Name

Description

RL enumerator

ST_Sector

The shape is a triangular sector (2 or more explicit points and 1
implicit point). The area is defined by the two vertex points and a
common vertex point of the ego-vehicle for all segments on road level
[see signal “Sector common vertex point {x, y, z}” (A.2.205)].

The sectors may overlap. The limitation information of all free space

“exemplary”

sectors may overlap and may be combined to limit the Iree space area
of a sector (see Figure A.26 - key 6).

ST_RKolylineOpen

The shape is an open polyline (2 or more points). The polyline is not
closed with an edge between the last and first vertex point. A free space
area is not perceived.

«

exemplary”

ST_RolylineClosed

The shape is a closed polyline (3 or more points). The polyline is closed
with an edge between the last and first vertex point (see-Figure A.27 -
key 5).

The closed polylines may not overlap.

«

exemplary”

Key

1  1oadedge

2 hole

3 static small object, for example, a box or a tire (that means the sensor can perceive beyond the object)

4  static large object (that means the sensor cannot perceive beyond the object)

5 free space area with multiple vertex points, which means with multiple segments (for example, the sensors maximum

range)

N O

_____ »limitation {radial extent}

free space area with 2 vertex points (for example, 6a a hole and 6b a box) - ego-vehicle reference vertex point
common vertex point - ego-vehicle with sensor [see signal “Sector common vertex point {x, y, z}"” (A.2.205)]
........... »limitation {height}

Figure A.26 — Example for signal “Shape type - object level” (A.2.204) as enumerator
“ST_Sector” and signal “Limitation geometry type” (A.2.203) as enumerator “LGT_Edge”

© IS0 2023 - All rights reserved

259


https://standardsiso.com/api/?name=e6f06bef260334dd1f172168d9ecb598

ISO 23150

Key
road edge
hole
static sm3
static larg

free space

A U1 AW N

ego-vehic

s limitation

Figur

:2023(E)

11 object, for example, a box or a tire (that means the sensor'can perceive beyond the object)
e object (that means the sensor cannot perceive beyond the object)

area shape with multiple vertex points

e with sensor

{height}

p A.27 — Example for signal “Shape type - object level” (A.2.204) as enumerator

“ST_PolylineClosed” and signal “Limitation geometry type” (A.2.203) as enumerator “LGT_Edge”

A.2.205 Sed

tor common vertexpoint {Xx, y, z}

Table A:325 — Signal: Sector common vertex point {X, y, z}

Name Sector common vertex point {x, y, z}

Descriptior Thesignal “Sector common vertex point {X, y, z}” (A.2.205) provides the measured longitudinal,
lateral and vertical distance of the common vertex point for all sectors [see signal “Shape type -
object level” (A.2.204) enumerator “ST_Sector”].

Value type 3D vector real value Unit (m, m, m)

A.2.206 Sector common vertex point {x, y, z} - error

Table A.326 — Signal: Sector common vertex point {X, y, z} - error

Name Sector common vertex point {x, y, z} - error
Description | The signal “Sector common vertex point {x, y, z} - error” (A.2.206) provides the measured error
of the signal “Sector common vertex point {x, y, z}” (A.2.205).
Value type scalar/vector/matrix real value Unit See signal “Sector common vertex point {x, y,
(see B.4.1) z}” (A.2.205).
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A.2.207 Sector common vertex point - confidence {x, y, z}

Table A.327 — Signal: Vertex point - confidence {x, y, z}

Name Vertex point - confidence {x, y, z}

Description The signal “Sector common vertex point - confidence {x, y, z}” (A.2.207) provides the
confidence for the signals of the sectors common vertex point [see signal “Sector common
vertex point {x, y, z}” (A.2.205) and signal “Sector common vertex point {x, y, z} -
error” (A.2.206)].

Value type [0...100] real value Unit %

A.2.208 Limitation reason

Table A.328 — Signal: Limitation reason

Name Limitation reason
Destription The signal “Limitation reason” (A.2.208) describes the reason-for the limit of the free space
area at the given vertex point or edge [see signal “Limitatien\geometry type” (A.2.203)].
Additional information:
There is no definition for "overhang" of a vehicle load.
Valye type enumeration Unit 1
Table A.329— Enumeration: Limitation reason - Example enumerators
Name Description RL epumerator
LR_None The free space area is not limited at the current vertex point | “exemplary”
or edge. Thevertex point or edge is at the connection of two
shapes which describe a geometric complex free space area.
LR_Performance The free‘space area is limited at the current vertex point or “exemplary”
edgeby the maximum range or by performance reduction
reasons.
LR_Unclassified The free space area is limited at the current vertex point or “exemplary”
edge by an unclassified object.
LR_$tatic The free space area is limited at the current vertex point or “exemplary”
edge by a static object (SOI) or a road object (RDOI).
LR_PotentiallyMovingObject | The free space area is limited at the current vertex point or “exemplary”
edge by a potentially moving object (PMOI).
LR_Hole The free space area is limited at the current vertex pointbya | “exemplary”
hole (that means a "negative limiting object").
LR_SurfaceCondition The free space area is limited at the current vertex point or “exemplary”
edge by almost flat media, for example, water, water puddle,
oil spills, sand or ice.
LR_OverheadStructure The free space area is limited by elevated objects (for “exemplary”
example, lower bridges, tunnel or carpark entrance) (SOI).
LR_ShadowEffect The free space area is limited by crosstalk or blooming “exemplary”
effects.
LR_Horizon The free space area is limited by road topology. “exemplary”
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A.2.209 Limitation moving probability

Table A.330 — Signal: Limitation moving probability

Name Limitation moving probability

Description The signal “Limitation moving probability” (A.2.209) is only applicable to
“FST_PerceivedLimitedByStaticAndDynamic” [see signal “Free space type” (A.2.201)] and may
indicate a probability, whether the limitation is expected to be static or dynamic.

Value type [0...100] real value Unit %

A.2.210 Linjitation {radial extent, height}

Table A.331 — Signal: Limitation {radial extent, height}

Name Limitation {radial extent, height}

Descriptior The signal “Limitation {radial extent, height}” (A.2.210) provides the. measured height|and
radial extend of the limitation for the edge or at the vertex point [seg-signal “Vertex point [x, y,
z}” (A.2.105) and Figure A.28]. The {height} of the limitation is added to the {z} value of the
vertex point or the edge [see signal “Limitation geometry type” (A:2:203)].

{radial extent} is applicable if the signal “Shape type - object level” (A.2.204) is “ST_Sedtor”.
The axis of the extent corresponds to the direction from{the’common vertex point or edge to
the related vertex point or edge of the extent.
{height} provides the height of, for example, the step between two adjacent closed polylings or
the height of a limiting obstacle at position of the ¥értex point or edge. A positive height is psed
to describe a step upward or an elevated_structure. A negative height describes a [step
downward or holes.

Value type real value Unit (m, m)

Key

1  road surface (free space area)

2 limitation - obstacle

2a {height} of the limitation “Limitation {radial extent, height}” (A.2.210)

2b {radial extent} of the limitation “Limitation {radial extent, height}” (A.2.210)

3  limitation - clearance and overhead object, for example, a bridge

3a {height} of the clearance “Clearance {height}” (A.2.213) for the limitation bridge

4  ego-vehicle with sensor

Figure A.28 — Example for signal “Limitation {radial extent, height}” (A.2.210) and signal
“Clearance {height}” (A.2.213) of a free space area
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A.2.211 Limitation {radial extent, height} - error

Table A.332 — Signal: Limitation {radial extent, height} - error

Name Limitation {radial extent, height} - error
Description | The signal “Limitation {radial extent, height} - error” (A.2.211) provides the error of the
measured signal “Limitation {radial extent, height}” (A.2.210).
Value type scalar/vector/matrix real value Unit See signal “Limitation {radial extent,
(see B.4.1) height}” (A.2.210).
A.2.212 Limitation- confidence {radial extent, height}
Table A.333 — Signal: Limitation- confidence {radial extent, height}
Name Limitation- confidence {radial extent, height}
Destription The signal “Limitation- confidence {radial extent, height}” (A.2:212)) provides the qonfidence of
the signal “Limitation {radial extent, height}” (A.2.210) afnd-the signal “Limitation {radial
extent, height} - error” (A.2.211).
Valuie type [0...100] real value Unit %
A.2.213 Clearance {height}
Table A.334 — Signal: €learance {height}
Name Clearance {height}
Desgription The signal “Clearance {height}”(A.2.213) provides the measured height of [the limiting
undriveable structure for thé’edge or at the vertex point [see signal “Vertex|point {X, y,
z}” (A.2.105)]. The {clearance} of the underdriveable structure is added to the {z}| value of the
vertex point or the edge [see signal “Limitation geometry type” (A.2.203) and Figure A.28].
Additional information:
The signal applijes to the point of the vertex point or the edge depending on the signal
“Limitatioh geometry type” (A.2.203).
Valuie type real value Unit (m, m)
A.2.214 Clearance {height} - error
Table A.335 — Signal: Clearance {height} - error
Nanpe Clearance {height} - error
Description | The signal “Clearance {height} - error” (A.2.214) provides the error of the measured
clearance’s height.
Value type scalar/vector/matrix real value Unit See signal “Clearance
(see B.4.1) {height}” (A.2.213).
A.2.215 Clearance - confidence {height}
Table A.336 — Signal: Clearance - confidence {height}
Name Clearance - confidence {height}
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Description The signal “Clearance - confidence {height}” (A.2.215) provides the confidence of the
clearance’s height [see signal “Clearance {height}” (A.2.213) and signal “Clearance {height} -
error” (A.2.214)].

Value type [0...100] real value Unit %

A.3 Feature level entity signals

Signals are defined for the entities of subclauses 8.3 and 8.4 in this subclause (see Table A.337-Table
A.381). These interfaces are located at FLI. No FLI for radar or lidar sensors is defined.

The FLI originates from several sensors of a sensor cluster. Therefore, at feature level, the term-sgnsor

cluster is alyays used, even if a single sensor is serving the interface.

A.3.1 Existence probability - feature level

Table A.337 — Signal: Existence probability - feature level

Name

Existence probability - feature level

Description

The signal “Existence probability - feature level” (A.3.1) provides,the existence probabili
the feature, based on history.

Additional information:

Lty of

Use as a confidence measure where a low value, means less confidence and a high value

indicates strong confidence.

Value type

[0...100] real value Unit %

A.3.2 FeaturelD

Table A.338— Signal: Feature ID

Name

Feature ID

Descriptior

The signal “Feature ID” (A.3.2) provides the unique identification number of the feature w
the feature list.

Additional information:

The signal’s-“Feature ID” (A.3.2) value is only unique for each sensor cluster's feature ent
of FLIawithin one measurement cycle. If interfaces use the signal “Feature ID” (A.3.2) to lin}

thin

ities
¢, for

example, detection entities with feature entities, the interfaces shall ensure the unambiguity of

the-referenced entities at each or multiple measurement, tracking or prediction cycle(s)
for example, cross interface optimisation “Source entities of a derived signal” (B.3.4)].

[see,

Value type

[0...] integer value Unit 1

A.3.3 ObjectID reference - feature level

Table A.339 — Signal: Object ID reference - feature level

Name

Object ID reference - feature level

264
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Description

The signal’s “Object ID” (A.2.2) value defines the object to which this feature is associated to;
invalid = “no associated object”, for example, for the first feature cycle of the entity.

Additional information:

Refers to an object (for example, potentially moving object) with the highest probability for the
association.

The signal’s “Object ID reference - feature level” (A.3.3) value could reference entities of the
sensor cluster’s OLI or entities which are used internally by the sensor cluster.

Alternative A2l (B.3.2): the mapping of objects signal “Object ID” (A.2.2) and features signal

"ﬂhjprf ID reference — featnre level” (A 3 '3{) could he prnvidpd ina separate interface.

[
VallLe type

0...] integer value Unit 1
g

A.3.4

Time stamp difference - feature level

Table A.340 — Signal: Time stamp difference - feature level

Name Time stamp difference - feature level

Destription Each feature entity could provide an individual time stamp, specifically a time stamp difference
to the signal’s “Time stamp - prediction” (A.1.5.1) vali€ of the interface.
Additional information:
The time stamp of the feature can -beé calculated as the signal “Time stamp -
prediction” (A.1.5.1) of the FLI header for-the cycle plus the signal “Time stamp|difference -
feature level” (A.3.4) of the feature.

Valuie type real value Unit S

A.3.5 Number of valid observations - feature level

Table A.341 — Signal: Number of valid observations - feature level

Name Number of valid observations - feature level
Destription The signal"“Number of valid observations - feature level” (A.3.5) provides the curfent number
of valid@uples [specifically the signal “Time stamp reference - feature level” (A3.6) and the
signal**Observation status - feature level” (A.3.7)].
Valye type [0r.Yinteger value Unit 1
A.3.4 Time-stamp reference - feature level

Table A.342 — Signal: Time stamp reference - feature level

Name Time stamp reference - feature level

Description The signal “Time stamp reference - feature level” (A.3.6) provides a reference to a previous
sent interface message with the referenced time stamp for signal “Time stamp - <...>” (A.1.5).

Value type real value Unit S

A.3.7 Observation status - feature level

Table A.343 — Signal: Observation status - feature level

Name

Observation status - feature level
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Description The signal “Observation status - feature level” (A.3.7) provides the observation status of the
feature, which was recognised in a previous cycle [see signal “Time stamp reference - feature
level” (A.3.6)].

Value type enumeration Unit 1

Table A.344 — Enumeration: Observation status - feature level - Example enumerators

Name Description RL enumerator
0S_True The feature was observed in the referenced cycle. “exemplary”
OS_False The feature was ot obServed 1N The Teferenced cycie. It may be predicted Inm [ exempiary

the referenced cycle.

A.3.8 Featyre grouping ID

Table A.345 — Signal: Feature grouping ID

Name Feature grouping ID

Descriptior A sensor can group features from the FLI which are linked together. All features from the §ame
entity have the same signal’s “Feature grouping ID” (A.3.8) value. The ID is unique considgring
all FLIs of a sensor cluster.

EXAMPLE A pedestrian can be described with miultiple camera shapes. All shapes of one
pedestrian use the same “Feature grouping ID” (A-3<8) value.

Additional information:

The signal “Feature grouping ID” (A.38) = 0 if the feature is not associated with anqgther
feature.

Value type integer value Unit 1

A.3.9 Number of valid shape classifications - feature level

Table A.346 — Signal: Number of valid shape classifications - feature level

Name Number of validishape classifications - feature level

Descriptior The signal “Number of valid shape classifications - feature level” (A.3.9) provides the cugrent
numbetsof valid tuples for shape classifications. The tuples are defined by the signals “Shape
classification type - feature level” (A.3.10) and “Shape classification type - confidence - fedture
level” (A.3.11).

Value type [0...] integer value Unit 1

A.3.10Shape classification type - feature level

Table A.347 — Signal: Shape classification type - feature level

Name Shape classification type - feature level

Description The signal “Shape classification type - feature level” (A.3.10) provides the classification type
for the shape.

Value type enumeration Unit 1
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Table A.348 — Enumeration: Shape classification type - feature level - Example enumerators

Name Description RL enumerator
SCT_Background The shape is classified as a background entity. “exemplary”
SCT_Foreground The shape is classified as a foreground entity. “exemplary”
SCT_Flat The shape is classified as a flat entity. “exemplary”
SCT_Upright The shape is classified as an upright entity. “exemplary”
SCT_Ground The shape is classified as a ground entity. “exemplary”
SCT|Building The shape is classified as a building entity. “exellnplary"
SCT|Vegetation The shape is classified as a vegetation entity. “exellnplary"
SCT)Road The shape is classified as a road entity. “exellnplary"
SCT|NonRoad The shape is classified as a non-road entity. “exellnplary"
SCT) Pavement The shape is classified as a pavement entity. “exellnplary"
SCT) Pedestrian The shape is classified as a pedestrian entity. “exellnplary"
SCT) Vehicle The shape is classified as a vehicle entity, “exellnplary"
SCT| TrafficSign The shape is classified as a traffic sign entity. “exellnplary"
SCT) PedestrianFront The shape is classified as a pedestrian front-view entity. “exellnplary"
SCT) PedestrianSide The shape is classified as a.pedestrian side-view entity. “exellnplary"
SCT) PedestrianRear The shape is classified as-a pedestrian rear-view entity. “exellnplary"

A.3.11Shape classification type - confidence - feature level

Table A.349 — Signal: Shape classification type - confidence - feature leve

Name Shape classification.type - confidence - feature level

Desgription

The signal “Shape classification type - confidence - feature level” (A.3.11) provides the
classification ‘eenfidence of the shape segment's possible content.

Valye type

[0...10Q}real value Unit

%

A.3.12Colour value~ feature level

Table A.350 — Signal: Colour value - feature level

Nal‘1le Colour value - feature level
I

Description The signal “Colour value - feature level” (A.3.12) provides the definition of the colour value(s).
The number of values depends on the signal “Colour model type” (A.1.14).
Additional information:
For example, enumerator “CMT_RGB” has 3 colour values, specifically first value is red, second
value is green, third value is blue.

Value type [0...100] real value Unit %
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A.3.13Colour tone - confidence - feature level

Table A.351 — Signal: Colour tone - confidence - feature level

Name Colour tone - confidence - feature level

Description The signal “Colour tone - confidence - feature level” (A.3.13) provides the confidence of the
shape area with the specified colour tone. The tone is defined by the signal “Colour model
type” (A.1.14) and the list of signals “Colour value - feature level” (A.3.12).

Value type [0...100] real value Unit %

A.3.14Shapla type - feature level

Table A.352 — Signal: Shape type - feature level

Name Shape type - feature level

Descriptior The signal “Shape type - feature level” (A.3.14) provides the shape type which is used for the
shape segment's borderline.

Additional information:

The shape defines how the referenced points are conmnected. The interpretation off the
enumerators will be defined during the system design phase.

Value type enumeration Unit 1

Taple A.353 — Enumeration: Shape type - feature level - Example enumerators

Name Description RL enumerdtor
ST_Point The shape is a point. “exemplary”
ST_Box The shape is a box (2 or:3-points). “exemplary”
ST_Ellipse The shape is an ellipse (2 or 3 points). “exemplary”
ST_Polygon The shape is apolygon (3 or more points). “exemplary”
ST_Polyline The shape.is-a polyline (2 or more points). “exemplary”
ST_PointClopd The shdpe is a point cloud (2 or more points). “exemplary”

A.3.15Number of valid‘shape points - feature level

Table’A.354 — Signal: Number of valid shape points - feature level

Name Number of valid shape points - feature level

Description | The signal “Number of valid shape points - feature level” (A.3.15) provides the current number
of valid shape points. The shape points are part of, for example, the polyline, which defines the
border of the shape [see signal “Shape type - feature level” (A.3.14)].

Additional information:
The signal “Number of valid shape points - feature level” (A.3.15) > 1.

Value type [0...] integer value Unit 1
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A.3.16Point existence probability - feature level

Table A.355 — Signal: Point existence probability - feature level

Name Point existence probability - feature level

Description | The signal “Point existence probability - feature level” (A.3.16) provides the existence
probability of the point [see signal “Position - feature level {x, y, z}" (A.3.17)]. Each point is only
used by one shape [maybe one shape is sent in several entities with different shape
classification confidences - see signal “Shape classification type - confidence - feature
level” (A.3.11)].
Additional information:
Use as confidence measure where a low value means less confidence and achigh vajue indicates
strong confidence.

Valye type [0...100] real value Unit %

A.3.17Position - feature level {x, y, z}

Table A.356 — Signal: Position - feature level {x, y, z}

Name Position - feature level {x, y, z}

Destription The signal “Position - feature level {x, y, z}'"(A.3.17) provides the 3D point in ego-vehicle
coordinate system [see signal “Vehicle coordinate system type - header” (A.1.20)].

Valye type 3D vector real value Unit (m, m, m)

A.3.18Position - feature level {x, y, z} - error

Table A.357 — Signal: Position - feature level {x, y, z} - error

Name Position - feature level {X;'y, z} - error

Desgription | The signal “Position.~ feature level {x, y, z} - error” (A.3.18) provides the error repiesenting the
uncertainty of the-state estimation of the signal “Position - feature level {x, y, z}” (A.3.17).

Valujie type scalar/vector/matrix real value Unit See signal “Position - feature |[level {x, y,
(see B4.1) z}” (A.3.17).

A.3.19Numberefvalid shape reference points - feature level

Table A.358 — Signal: Number of valid shape reference points - feature level

Nanpe Number of valid shape reference points - feature level

Description | The signal “Number of valid shape reference points - feature level” (A.3.19) provides the
current number of valid shape reference points. Each signal’s “Position - feature level {x, y,
z}” (A.3.17) position of a shape reference point is part of the shape surface.

Value type [0...] integer value Unit 1

A.3.20Shape surface normal {x, y, z}

Table A.359 — Signal: Shape surface normal {x, y, z}

Name

Shape surface normal {x, y, z}
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Description The signal “Shape surface normal {x, y, z}" (A.3.20) provides the normal vector of the shape’s
approximated tangential plane at the shape reference point [see signal “Position - feature level
{x,v,2}" (A.3.17)].
Additional information:
The vector is normalised.

Value type 3D vector real value Unit (1,1,1)

A.3.21Shape surface normal {x, y, z} - error

Table A.360 — Signal: Shape surface normal {x, y, z} - error

Name Shape surface normal {x, y, z} - error

Description | The signal “Shape surface normal {x, y, z} - error” (A.3.21) provides the error of the sjgnal
“Shape surface normal {x, y, z}” (A.3.20) which is the normal of the shape’s approxinmated
tangential plane at the shape reference point [see corresponding signal(“Bosition - feature |evel
{x,v,2}" (A.3.17)].

Value type scalar/vector/matrix real value | Unit See signal “Shape)* surface normal {x v,
(see B.4.1) z}” (A.3.20).

A.3.22Tranklation rate {x, y, z} - feature level

Table A.361 — Signal: Translation rate{x, y, z} - feature level

Name Translation rate {x, y, z} - feature level

Descriptior The signal “Translation rate {x, y, z} = .feature level” (A.3.22) provides the scaled translati¢n of
the shape’s approximated tangential plane at the shape reference point [see corresponding
signal “Position - feature level {%,.y, z}” (A.3.17)]. Longitudinally (along the view axis) tHat is
the inverse time to collision.
No motion —= (0, 0, 0) m/s

Value type 3D vector real value Unit (m/s, m/s, m/s)

A.3.23Tranklation rate {x, y,.z} > feature level - error

Table A.362— Signal: Translation rate {x, y, z} - feature level - error

Name Translation rate {x, y, z} - feature level - error
Description | The'signal “Translation rate {x, y, z} - feature level - error” (A.3.23) provides the error of the
signal “Translation rate {x, y, z} - feature level” (A.3.22) of the shape s approx1mated tangential
1 ik L £, i 1 “D £, 1 1
lJlall.C aL LIIcC oua})c TCICTITCIICT l_IUlll\, lDCC bUllCDPUllullls Dlsllal I UDlLlUll ICQLUIC ICVCT IX y’
z}” (A.3.17)].
Value type scalar/vector/matrix real value Unit See signal “Translation rate {x, y, z} - feature

(see B.4.1) level” (A.3.22).

A.3.24Rotation rate {yaw, pitch, roll} - feature level

Table A.363 — Signal: Rotation rate {yaw, pitch, roll} - feature level

Name

Rotation rate {yaw, pitch, roll} - feature level
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Description The signal “Rotation rate {yaw, pitch, roll} - feature level” (A.3.24) provides the rotation
change of the shape’s approximated tangential plane at the shape reference point [see
corresponding signal “Position - feature level {x, y, z}” (A.3.17)].
No rotation change — (0, 0, 0) rad/s

Value type 3D vector real value Unit (rad/s, rad/s, rad/s)

A.3.25Rotation rate {yaw, pitch, roll} - error - feature level

Table A.364 — Signal: Rotation rate {yaw, pitch, roll} - error - feature level

Name Rotation rate {yaw, pitch, roll} - error - feature level

Description | The signal “Rotation rate {yaw, pitch, roll} - error - feature level” (A.3.25) provideq the error of
the signal’s “Rotation rate {yaw, pitch, roll} - feature level” (A.3.24) change of| the shape’s
approximated tangential plane at the shape reference point [see corresponding sighal “Position
- feature level {x, y, z}” (A.3.17)].

Value type scalar/vector/matrix real value | Unit See signal “Rotation rate {yaw, pitch, roll} -
(see B.4.1) feature level” (A:324).

A.3.36Scale change - feature level

Table A.365 — Signal: Scale change - feature level

Name Scale change - feature level

Destription The signal “Scale change - feature level” (A.3.26) provides the mean scale ratio of the shape’s
approximated tangential plane at the’shape reference point [see corresponding sighal “Position
- feature level {x, y, z}" (A.3.17)].
No change in size := ratio of 100 %.
Additional information:
Describes the lateralshift and size change of the shape segment over time.
The signal “Scale.change - feature level” (A.3.26) is normalised.

Valuie type real value Unit %/s

A.3.37Scale changefeature level - error

Table A.366 — Signal: Scale change - feature level - error

Name Scale change - feature level - error

Desgription | The signal “Scale change - feature level - error” (A.3.27) provides the error of the fsignal “Scale
change - feature level” (A.3.26) of the shape’s approximated tangential plane at the shape
reference point [see corresponding signal “Position - feature level {x, y, z}" (A.3.17)].

Value type scalar/vector/matrix real value Unit See signal “Scale change - feature
(see B.4.1) level” (A.3.26).

A.3.28Number of valid ultrasonic feature classifications
Table A.367 — Signal: Number of valid ultrasonic feature classifications
Name Number of valid ultrasonic feature classifications
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Description The signal “Number of valid ultrasonic feature classifications” (A.3.28) provides the current
number of valid tuples for ultrasonic feature classifications. The tuples are defined by the
signals “Ultrasonic feature classification type” (A.3.29) and “Ultrasonic feature classification
type - confidence” (A.3.30).

Value type [0...] integer value Unit 1

A.3.29Ultrasonic feature classification type

Table A.368 — Signal: Ultrasonic feature classification type

Name Ultrasonic feature classification type

Descriptior The signal “Ultrasonic feature classification type” (A.3.29) contains information ‘abouf the
current measurement of this feature.

Value type enumeration Unit 1

Table A.369 — Enumeration: Ultrasonic feature classification type - Examplé enumerators

Name Description RL enumerator

UFCT_Point The feature is defined by one point and optional by a height value. “exemplary”

UFCT_LineSegment | The feature is defined by two or more points and optional by height | “exemplary”
values.

A.3.30Ultrasonic feature classification type - confidence

Table A.370 — Signal: Ultrasonic featurelassification type - confidence

Name Ultrasonic feature classification type ~*Confidence

Descriptior The signal “Ultrasonic feature\ €lassification type - confidence” (A.3.30) provides| the
confidence of the ultrasonic feature type.

Value type [0...100] real value Unit %

A.3.31Number of valid points

Table A.371 — Signal: Number of valid points

Name Number.of valid points
Descriptior The'signal “Number of valid points” (A.3.31) provides the current number of valid points.
Value type [0...] integer value Unit 1

A.3.320rientation - feature level {pitch}

Table A.372 — Signal: Orientation - feature level {pitch}

Name Orientation - feature level {pitch}

Description | The signal “Orientation - feature level {pitch}” (A.3.32) provides the orientation of the feature.

Value type 1D vector real value Unit rad
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A.3.330rientation - feature level {pitch} - error

Table A.373 — Signal: Orientation - feature level {pitch} - error

0:2023(E)

Name Orientation - feature level {pitch} - error
Description | The signal “Orientation - feature level {pitch} - error” (A.3.33) provides the error value of the
signal “Orientation - feature level {pitch}” (A.3.32).
Value type scalar/vector/matrix real value Unit See signal “Orientation - feature level
(see B.4.1) {pitch}” (A.3.32).
A.3.34Extent {height} - feature level

Table A.374 — Signal: Extent {height} - feature level

Name Extent {height} - feature level

Destription The signal “Extent {height} - feature level” (A.3.34) provides the h€ight of the point [see signal
“Position - feature level {x, y, z}" (A.3.17)]. That means, the"upper edge of the feature is
specified.
Additional information:
The signal “Extent {height} - feature level” (A.3:34) is the Z-axis offset of the signgl “Position -
feature level {x, y, z}" (A.3.17). If {z} is not specified, the height is with respect to the origin of
the ego-vehicle coordinate system [see signal “Vehicle coordinate system type -
header” (A.1.20)].

Valye type real value Unit m

A.3.35Extent {height} - feature level - error

Table A.375 — Signal: Extent {height} - feature level - error

Name Extent {height} - feature level - error
Destription The signal “Extent {height} - feature level - error” (A.3.35) provides the error [value of the
signal “Extent {height} - feature level” (A.3.34).
Valuie type scalar/véctor/matrix real value Unit See signal “Extent {height} -
(sée B4.1) feature level” (A.3.34).
A.3.36Velocity/{x, y} - feature level

Table A.376 — Signal: Velocity {x, y} - feature level

Name Velocity {x, y} - feature level

Description | The signal “Velocity {x, y} - feature level” (A.3.36) provides the velocity over ground of the
feature which is specified in the ego-vehicle coordinate system [see signal “Vehicle coordinate
system type - header” (A.1.20)].

Value type 2D vector real value Unit (m/s, m/s)

A.3.37Velocity {x, y} - feature level - error

Table A.377 — Signal: Velocity {x, y} - feature level - error

Name

Velocity {x, y} - feature level - error
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Description The signal “Velocity {x, y} - feature level - error” (A.3.37) provides the error values for the
signal “Velocity {x, y} - feature level” (A.3.36) in the ego-vehicle coordinate system [see signal
“Vehicle coordinate system type - header” (A.1.20)].

Value type scalar/vector/matrix real value Unit See signal “Velocity {x, y} -
(see B.4.1) feature level” (A.3.36).

A.3.38Trilateration status

Table A.378 — Signal: Trilateration status

Name Trilateration status

Descriptior The signal “Trilateration status” (A.3.38) provides the information whether the,'featute is
trilaterated with multiple signal ways or is not trilaterated.

Value type enumeration Unit 1

Table A.379 — Enumeration: Trilateration status - Example enumerators

Name Description RL enumerator
TS_Trilaterated The measurement of the signal's “Position - feature(level {x, y, | “exemplary”
z}” (A.3.17) point is based on at least three detegtiens for a 2D
information.

TS_NotTrilaerated | The measurement of the signal’s “Position. -“feature level {x, y, | “exemplary”
z}” (A.3.17) point is based on less than threedetections.

A.3.39Meadurement status - feature level

Table A.380 — Signal: Measurement status - feature level

Name Measurement status - feature level

Descriptior The signal “Measurement Status - feature level” (A.3.39) provides the information about the
measurement status of the'feature.

Value type enumeration Unit 1

Table A.381 — Enumeration: Measurement status - feature level - Example enumerators

Name Description RL enumerdtor
MS_Initialisation No information is available. “exemplary”
MS_Tracked It was not measured in the current cycle. “exemplary”
MS_Measurdd Current position of this feature was measured “exemplary”
MS_Delete Tracking will be deleted in the next cycle. “exemplary”
MS_New It is the first cycle of tracking of the feature. “exemplary”

A.4 Detection level entity signals

Signals are defined for the entities of subclauses 9.3-9.6 in this subclause (see Table A.382-Table A.429).
These interfaces are located at the DLI. Normally the DLI originates from one sensing element.
Therefore, at detection level, the term sensor is always used, even if a combination of emitting as well as
sensing elements are serving the interface.

A.4.1 Existence probability - detection level
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