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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 matters of
electrotechnical standardization.
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Introduction

Testing of collision avoidance systems, active safety functions and more advanced autonomous functions
in vehicles require testing on proving grounds. The purpose is to expose the vehicle under test to
potentially dangerous traffic situations in a safe manner. The evaluation is done during development, and
in voluntary and mandatory test procedures.

To orchestrate these traffic scenarios, various impactable targets representing traffic actors are
controlled. The number of controlled targets may be one or many depending on the required traffic
situation scenario. Several requirements are important ranging from safety, to position and speed
precis]on, to logging capabilities.

This document specifies requirements, functionality and a protocol allowing for multivéndor|target
carrier systems to be controlled according to the required traffic situation scenario, to repoert expected
infornjation for logging purposes and other functions required.
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Road vehicles — Test object monitoring and control for active
safety and automated /autonomous vehicle testing — Functional
requirements, specifications and communication protocol

1 Scope

This d

of test|

The dgcument specifies functionality and messaging for monitoring and controlling of testyebjec

contrg
comm
multip

This d
This d

2 Normative references

The fq
consti
undatg

ISO 86

ISO 88

3 T
For th
ISO an
— IS
— IE

3.1
test ol
entity,
centre

Note 1

ocument specifies requirements, procedures and message formats for controlling and mon
targets, used for testing of active safety functions and autonomous vehicles.

| centre facilitating an interoperable test object environment. This docurmient def]
inication protocol which allows for the control centre to safely execute tests using test object
le vendors.

bcument does not specify the internal architecture of the test object nor«control centre.

pcument does not specify how testing of the vehicles shall be performed.

llowing documents are referred to in the text in such @ way that some or all of their ¢
utes requirements of this document. For dated referénces, only the edition cited appli
bd references, the latest edition of the referenced dociment (including any amendments) af

01 (all parts), Date and time — Representations for information interchange

55, Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary

erms and definitions
e purposes of this document, the fellowing terms and definitions apply.
d [EC maintain terminology.databases for use in standardization at the following addresses

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

C Electropedia: avdilable at https://www.electropedia.org/

Dject
as defined\in ISO 34501, part of a traffic scenario under monitoring and control by the
(3.5)

to-entry: Two types of test objects exist; moveable and stationary test objects (3.4).

toring

Ls by a
nes a
s from

pntent
ps. For
plies.

rontrol

Note 2

o0 entry: A test object can have several attributes, see kFigure 1.
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Attributes:
) / Test object e Position
Control— e Velocity
Controlcentre | (N N e Heading
(cq Stationary Moveable e State
¢—— Monitor test object test object e Status
) L + Health
e Object type
—etem
Figure 1 — Relations and inheritance view
3.2
subject vehicle
Sv
vehicle to be tested with the system
Note 1[to entry: The subject vehicle, SV, is also known as vehicle under test, VUT.
Note 2[to entry: There may be one subject vehicle (standard setup) or a set of subject vehicles in the specifif traffic
scenarjo.
Note 3[to entry: The subject vehicle may be under safety-driver controlatid/or under control-centre (3.5) cpntrol.
Note 4[to entry: The subject vehicle is an instantiated test object (3.1)¢in either type of: stationary test objeft (3.4)
or movpable test object (3.3).
3.3
moveable test object
object| under control by the control centre (3.5)cwhich has the capability of activation of physical
moverpent
Note 1[to entry: The subject vehicle (3.2) is typically a moveable test object.
Note 2[to entry: Various levels of control are’possible: open-loop control (using no feedback from the real-time
activitips of other test objects (3.1) or envirohment) and closed-loop control (taking into account activities qf other
test objects in real-time and environment). One other type of controlling/triggering is related to test objectjunique
featurgs like: turn indicator, headlight beam, etc.
EXAMHLE Traffic simulation vehicles, also known as traffic support vehicles (TSV), soft crash targets [SCT).
3.4
statiopary test object
part of a traffic scehario, which is not moveable but may be under control by the control centre (3.5)
Note 1[to entry:A VUT may also be a stationary test object.
Note 2|to entry: Different stationary test objects can exist. Normally they are divided in to two groups: actjve and

passivg

infrastructure elements (ISE).

EXAMPLE

area, road signs, guardrails, etc.

3.5

control centre

CcC

central

ized or distributed service for test-object (3.1) control and safety monitoring including provision of

communication services to the test objects

Active ISE: traffic lights, lighting, rain/snow/fog simulator. Passive ISE: elements of construction

© ISO 2023 - All rights reserved
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3.6

path

set of local or global positions in respect to a point of origin and in respect to the orientation to the axes
of a defined coordinate system (x,y,z)

3.7

lateral path deviation

position error of the target vehicle relative to the planned path (3.6) measured perpendicular from the
planned path direction

[SOURCE: ISO 19206-3:2021, 3.8, modified — Notes to entry and figure removed.]

3.8
trajectory
path (B.6) where a test object (3.1) is or is intended to move along including test-object ‘dynamics (i.e.
includjng timing)

Note 1[to entry: A trajectory contains a path and additionally the test-object dynamics (such as time, yaw, vielocity,
accelerfation, etc.) for each position on the path.

Note 2 [to entry: All test-object parameters related to test-object dynamic (e.g. limitations in acceleratipn) are
descriljed in the corresponding DIDX-file.

3.9
static trajectory
offline| pre-planned trajectory (3.8) including test-object (3.1) position and test-object motion dypamics
for a single moveable test object (3.3) as part of the traffic scenario

Note 1[to entry: The trajectory is downloaded to the test objectutilizing the trajectory object message (TR4]J).
Note 2[to entry: The parameters used by the test object are described in the DIDX-file.

Note 3[to entry: The control centre (3.5) extracts inforination from the trajectory file and builds a trdjectory
message, TRAJ, that is understandable by the test objéct.

3.10
dynamic trajectory
trajecfory (3.8) which at the start of the'scenario execution is not known by the test object(s) (3.1) or the
contro| centre (CC) (3.5)

Note 1|to entry: The dynamic trajectery is created based on events and actions during the ongoing test.

Note 2 [to entry: The dynami¢_trajectory is continuously sent by the CC or gated through the CC in $maller
piecesffragments utilizing the/trajectory object message (TRAJ).

Note 3 fo entry: In the €ase where the test object(s) or other systems (e.g. a simulation environment) are generating
the dynlamic trajectory this information shall be gated by sending to the CC and then from the CC to the testfobject.

3.11
test s¢enario
scenallio;.as defined in ISO 34501, including all test objects (3.1), moveable and stationary, ahd the

definitiefrofthe planned-activities evertime orfanddocaiop—m

Note 1 to entry: The traffic scenario can be formally represented by two complementary descriptions enabling test
execution, a scenario description (3.12), and a map of the test area.

3.12
scenario description
textual representation of a scenario

Note 1 to entry: A scenario description can be used in combination with a scenery description (3.13) to generate
trajectories (3.8) (static or dynamic) by the control centre (3.5) or at a test object (3.1).

EXAMPLE: Test scenario (3.11) described using OpenSCENARIO or iSCAML [17],

© IS0 2023 - All rights reserved 3
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3.13

scenery description
representation of the test area limited to the road geometry (e.g. lanes and junctions) and stationary test
objects (3.4) (e.g. road signs and markings)

Note 1 to entry: A scenery description can be used in combination with a scenario description (3.12) to generate
trajectories (3.8) (static or dynamic) by the control centre (3.5) or at a test object (3.1).

EXAMP

3.14
safety

LE: Temporary lane-setup on a proving ground, described using OpenDRIVE.

speed limit

maxini
ongoir

Note 1[to entry: The test object (3.1) is manually driven with the remote-control functionalityror.autom
driven when outside the test execution phase.

3.15

device ID
uniqug¢ identifier for each entity in the test setup

Note 1

tunnelling data.

3.16
messd
mecha
the me¢

Note 1[to entry: Control-centre (3.5) gating messages from one entity to another do not alter the transmitt

the prd

4 Abbreviated terms

um allowed speed when repositioning moveable test objects (3.3) while not participa
g test

to entry: The device ID number is used as transmitter ID or receiver\Elin every message excep

ge gating
nism to gate messages from a sender to a receiver defined by the transmitter ID and receive
ssage header

cess of message gating.

ing in

ptically

t when

rID in

br ID in

ASP Adaptive Synchronization\Point
DIDX Device Interface Description XML
ECER Earth-Centred, Earth-Fixed (geographical coordinate system)
GNSS Global Navigation Satellite System
GPS Global Pgsitioning System (one constellation of GNSS)
ISE Infrastracture Elements
NTP Network Time Protocol
NTRI Networked Transport of RTCM via Internet Protocol
owpr Qne-Way Delay / End-to-end delay
PGRS Proving Ground Reference System
PTP Precision Time Protocol
RPM Reference Point Marker (physical reference point on the proving ground)
RTK Real Time Kinematic
SCT Soft Crash Targets
SOW Second Of Week (in respect to GPS time)
SV Subject Vehicle, also known as VUT
4 © IS0 2023 - All rights reserved
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TAI
TCP

TSV
UDP
UTM

VUT
WGS
CcC
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International Atomic Time

Transmission Control Protocol - Connection oriented communication between a
server and client

Traffic Simulation Vehicles

Used Datagram Protocol - Connectionless communication model

Universal Transverse Mercator (a two-dimensional Cartesian coordinate system
for locations on the surface of the Earth)

Vehicle Under Test

B4 World Geodetic System 1984

Control Centre

5 Test scenario illustration

The illustration of a test scenario in Figure 2 is used as an example to explain a)possible test scenar
various test objects. The test objects present in the example scenario are’categorised in types a

types

n Table 1. The example does not include all possible test objectsiand scenarios referred to

documnent.

To be
monit

can be| controlled by a CC but may also be controlled by a safety driver or by an integrated contro
test ohjects are always monitored by the CC.

o with
nd sub
in this

able to achieve the following scenario, several different‘mechanisms can be used to contijol and
br all different test objects, which will be described lateriin this document. Some or all test ;ﬁbjects

er. All

A test pcenario is normally described in a story board or segment description.
Table 1 — Test objecttype categorization example
Test object Test object sub type Illustration
type
®
Active infrastructure elements (A-ISE) ® H
Statjonary test
objects . @ .
Passive infrastructure elements (P-ISE) =g I% A .; -
R -
o
Object controlled/monitored by the CC A
TSV/SCT
Moweable test (TSV/SCT) o ©
objects
Subject vehicle (SV/VUT) (("Q ' @‘.’))

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=66fc75a1d3a2b30db27ab13bf144023a

ISO/TS 22133:2023(E)

Figure 2 — Example of test scenario

6 General requirements and recommendations

6.1

Sever3
are co

a) tes
b) st3
c) tri
d) ad
e) re

Function overview

ered by this document and listed below:

t scenario execution,

tic and dynamic trajectory following,

poer and actions,

hptive synchronization points (master/slave),
mote control driving,

f) object-to-object communication,

g) sa

6.2

6.2.1
Vehicl

If not
projec

ety features:
emergency stop,
arm/disarm,

time synchronization,
geofencing,
centralized control.

[est object coordinate system

Vehicle
e coordinate systemmn orientation shall follow ISO 8855. See Figure 3.

ptherwise stated, the geometrical centre which is the centre of the bounding box of the test]
ted on thie ground is used as the origin of the coordinate system.

1 techniques and methods used for function and safety testing of autonomous moving test ¢bjects

object
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NOTE

6.2.2

6.2.2.1
Origin
Figure

Ut is the rotation about the z: axis.

Figure 3 — Vehicle reference coordinate system (Source: ISO 19206-3:2021, Figure 2
Moveable test objects other than vehicle
Bicyclist

is the centre of pedal crankshaft, projected onthe ground, see Figure 4 (see also ISO 19206-4
A1).

6.2.2.2

Figure 4 — Bicyclist reference coordinate system

Pedestrian

N’/

:2020,

Origin is the centre between the hips, projected on the ground, see Figure 5 (see also ISO 19206-2:2018,
Figure A.1).
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6.2.2.3

Figure 5 — Pedestrian reference coordinate system

Airborne test objects

For test objects not located directly on the ground of the test area such as-drones or other aircra

origin

shall not be projected on the ground but on the correct altitude/height on the z-axis, see Fig

Z

Figure 6 — Aerial test object reference coordinate system

6.2.2.4 Other

Origin

on the geometrical centre of the test object, see Figure 7.
AZ

[ts, the
Fure 6.

V<

Figure 7 — Other geometrical test object reference coordinate system
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6.3 Test scenario coordinate system

6.3.1

Background info: tectonic/continental plate drift

Test object trajectory planning shall take place within a PGRS, proving ground reference system, which
is not affected by any creeping or sudden tectonic movements, but referenced to a local reference point.

EXAMPLE In Europe, the absolute movement of the tectonic plate as whole is about 1 cm / year, in the
area values of 10 cm / year are known [15] and after earthquakes sudden significant shifts along faults within the
tectonic plate, and/or its margins are observed [111[12]

Pacific

WGS8{ (as an output of uncorrected GNSS) shall not be used. If used, the infrastructure elements
"move" against the planned trajectory due to the continental plate drift, resulting in significant

collisi

6.3.2

For tes
shall u
north
inthe
refere

The cd
define
upwa
¥ (psi
The hd
the or

n between test objects.

Coordinate system - Tests on proving ground

ts executed on proving ground areas, the exchange of coordinates between-the CC and test
se a local cartesian ENU (east-north-up, where the north direction is defined as true geogrz
f the rotation of the PGRS is equal to 0) coordinate system. Test objects shall report their p
MONR-message with local cartesian coordinates (PGRS) in millimetres (x,y,z) in relation to th
nce point marker (RPM). Only one RPM shall be defined per testt

ordinates of the RPM can be defined as the origin (values-0./ 0 / 0) which gives the PGRS §

d as a cartesian local coordinate system with its x-axis to east, y-axis to true north and

ds (ENU). A top-down view of the coordinate systeméan be found in Figure 8 where the yay
is measured counter clockwise in degrees, startingwith 0° pointing east.

ading of a test object is measured clockwise in\degrees, starting with 0° pointing to local n
gin (heading = 90° - ¥).

Ay (tiorth)

would
risk of

bjects
phical
psition
elocal

ystem
Z-axis
 angle

pbrth at

Figure 8 — RPM in PGRS and yaw explanation
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6.3.3 Coordinate system - Test on other test areas

For larger areas, or areas outside a limited test area, a global coordinate system using UTM/ECEF shall
be used.

Test objects shall report their position in the MONR2-message with global, absolute, coordinates.

Depending on where (on which tectonic plate) the test is executed, a different plate-drift-free coordinate
system shall be used according to Table 2.

Table 2 — Geodetic systems on specific tectonic plates

Geographicattocatiomrof test Geodetitsystemn

Euradian plate ETRS89

NortH American plate NADS83

Southl American plate ITRF2000

Africdn plate ITRF2000

Austrplian plate ITRF2000

Indian plate ITRF2000

Arabihn plate ITRF2000

Other| plates/fallback /local GNSS correction data WGS84, locally corrected (see below)

The C( shall transmit information to the test objects about the base coordinate system that shall be used
for the test scenario. If this is not applicable or if the C€'did not send the information, then the fallback
soluti@n is to use either:

— W|GS84 (for tests as described in 6.3.3), or
— AJocal coordinate system (for tests as descpibed in 6.3.2).

It is recommended to use a local GNSS reference station to provide RTK correction data, which is lpcated
close to the proving ground’s local RPM, using as its initial position the local coordinates being corfrected
by tecfonic plate drift (i.e. taken from the same map, which also provides the coordinates of al] other
infrasfructure elements during thetraffic scenario).

This lgcal GNSS reference statien shall transmit its RTK correction data to each participating mojveable
test ofjject. This guarantees that all moveable test objects are located within the same, tectonic plate drift
invariant coordinate system.

6.4 |Time requirements

6.4.1 | Generaltime requirements

All tegt objects and the CC shall have the same understanding and perception of time. Therefore, it is
imporfant that time representation, time resolution, time accuracy and time synchronisagion is
commonly shared.

6.4.2 Time representation
GPS time shall be used as time base. GPS time is monotonous and does not get affected by leap seconds.

NOTE UTC time is affected by leap seconds, hence is not monotonous and not useable for surveying and control
applications with high timing precision requirements.

6.4.3 Absolute time

To represent absolute time, the time is defined as the number of elapsed milliseconds since GPS time
began on midnight (00:00:00 UTC) between January 5t and January 6t, 1980.

NOTE The difference between GPS-time and TAl-time is always 19 s (TAl is always 19 s ahead of GPS).
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TAl is currently 37 s ahead of UTC (as to date 2021-12-31).
GPS is currently 18 s ahead of UTC (as per date 2021-12-31).

6.4.4 Relative time

The GPS second of week (SOW) shall be used when representing relative time (e.g. during test execution).
The GPS week starts at midnight (00h0OmO00s GPS time) between Saturday and Sunday and consists of
604800 s [16],

All transmitted times shall be in relation to the start of the given GPS week.

6.4.5 [ Time resolution

When [using 32 bits for representing the GPS seconds of week in milliseconds, the time resolutjon for
transr];ission is 0,25 ms. See Formula (1).

604800 x 1000 x4 =2419 200 000 quarters of ms per week (1)

Representation:

GPSSe¢ondOfWeek: : =INTEGER
{starfOfWeek (0) ,oneMillisecAfterStartOfWeek (4),unavailable (4294967295) }
(0.. 2419199999)

NOTE 1 For each millisecond since start of the week, the GPSSecondOfWee&k-value increases with 4 dug to the
0,25 m§ resolution.

NOTE 2 The unavailable value 4294967295 (dec) corresponds t6 OxFFFFFFFF (hex).

EXAMHLE The GPS week roll-over behaviour for the GPSSecondOfWeek looks like this at midnight bptween
Saturday and Sunday:

Sapurday@23:59:59,99900 GPSSecondOfWeek=2419199996
Sapurday @23:59:59,99925 GPSSecondOfieek=2419199997
Sapurday @23:59:59,99950 GPSSecondOfileek=2419199998
Sapurday @23:59:59,99975 GPSSecondOfWeek=2419199999
Supday@00:00:00,00000 GPSSecondOfWeek=0

Suhday @00:00:00,00025 GPSSecdndOfWeek=1
Suhday @00:00:00,00050 GPSSecondOfWeek=2
Suhday @00:00:00,00075 GRSSecondOfWeek=3
Suhday @00:00:00,00100 GRSSecondOfWeek=4
Supday @00:00:01 GPSSecondOfWeek=4000
Suhday @00:01:00 GPSSecondOfWeek=240000

6.4.6 | Time.accuracy (and precision)

Contrql céntre and test object internal clocks shall not deviate from the GPS second of week more[than:

— X125 s for moveable test objects,
— #*10 ms for infrastructure elements (or slow-moving test objects).

This requires that each test object uses the GPS time for its own time synchronisation or uses a network
time server (PTP / NTP) for time synchronisation.

6.4.7 Time synchronization

The time reference for test objects as well as for the CC shall be GPS time. This time is available to all
participants operating their own GPS receiver and having sufficient GPS observations available. The GPS
observations shall preferably be direct communication with satellites, but for GPS-denied areas a GPS-
repeater may be used as a substitute.
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For moving test objects in GPS-denied areas (such as indoor) and if the duration of loss of GPS time is
outside the stability duration of the clock on the test object shall the time be retrieved from the PTP-
server hosted by the CC.

For static or slow-moving test objects in GPS-denied areas (such as indoor), and if the duration of loss of
GPS time is outside of the stability duration of the clock on the test object, the time shall be retrieved from
the NTP or PTP-server hosted by the CC.

If different time sources are available to the CC and test objects they shall retrieve their time according
to the following priority, further visualised in Figure 9:

a) GNSS-source (FDinmn)’
b) PP,
Q) NITP.

If no fime source is currently available, unavailable shall be sent in messages transmitting time
stampkd information.

NOTE | PTP is using UDP port 319 and 320. NTP is using UDP port 123.

A B C A
% , @
< 1 2,3 @ 1 <

/‘

\ J
Key
1 GNSS source (GPS time)
2 PTP
3 NTP

Figure 9 — Schematic view of time source priority and NTP/PTP service allocation

6.4.8 | Date synchronization

During configuratiofi/setup of a test, the CC shall transmit the current date, using the test object getting
(OSEM)-messageyto the test objects. The test object shall use this time as reference for the test to be
execufled. Thefollowing date and time information shall be included in the message:

[Date, |GPSWeek, GPSSecondOfWeek, LeapSeconds]

The date format shall be in accordance with the ISO 8601 series (YYYYMMDD).

The CC shall transmit the week-roll-over message to the test objects if a new GPS-week is entered during
execution of a test. This message is called GPS second of week roll over message - SOWM.

6.4.9 Network delay

A one-way-delay (OWD) [13] shall be determined after the network has been set up. The determination
inside the network is easy because the true time reference is distributed via PTP/NTP (for test objects
without GNSS receiver) or the OSEM. Each data packet, being transmitted between any test object and
the control centre, contains in its header a timestamp of the time when the data content has been
generated.
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[t is important to recognize, that the OWD is not important for the application, if the total time between
data generation on the sender’s site and data receiving at the other site is lower than a defined threshold.
This threshold is defined, for example, by the heartbeat timeout.

The heartbeat or monitor packets can therefore be used directly for an online monitoring of the over-all
latencies of the network.

Current measured network delay can be retrieved from the test object (or from CC) by reading the
network-delay-parameter (if available). Other network parameters may also be retrieved. All available

param

6.5
The fo

a) N
ob
ad

b) Lo
sc

c) T
pr

faJlts, etc.
d) The subject vehicle shall support sending monitor information to the CC.

e) At

eters are specified in the device interface description XML-file (DIDX).

lowing requirements and recommendations apply.

twork IPs shall be used for communication among the CC and test objects. The €€ and
ects being part of the same traffic scenario shall operate on the same logical IP network anc
ressable (able to communicate with each other).

ical sub-networks shall be supported to allow the execution of sevefal independent
nario tests on the same proving ground without conflicts.

e communication system shall support test object status collection~Test object status col
bvides the CC with current information about all available test objects, such as battery level,

raffic scenario may include one or more subject vehicles in a single scenario.

g) M
su
h) Te
(s¢

Struct
consis

A mes
meani
this d
comm

f) Eth test object shall be able to report its capabiliti€s'via request from the CC.

Iticasting of information may be applied if theunderlaying network and all entities in the tes
pport this.

e 12.3.6).

ire and package of data are done according to Figure 10. A message is the highest e
Ling of header, content datasand footer. This is called flexible message structure.

hg that addition to a defined message is possible. Pre-defined content is specified further d
bcument, and addition to this should be used with care, since it may affect the late
linication timing expected.

1l test
being

traffic

ection
urrent

L setup

5t objects shall be capable of reading theheartbeat message (see 12.3.5) and send monitor message

ement

bage can contain one or tnore content(s). Each message can be built up to contain dynamic cntent,

pbwn in
ncy of
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Message
Header 1
™
Content 1
H N
: Z
K
Contentn
v
Footer 3
Key
1 message header metadata: ID, counter, version, length, etc...
2 one or several message content(s) containing: valueID, \length, data
3 message footer: CRC checksum

Figure 10 — Message structure

7 Safety and risk assessment requirements and recommendations

7.1 (General

The cantrol centre shall support safety monitoring of moveable test objects. This includes suppprt for
emergency stop of all moveable test objects.

The cdntrol centre as well assall moveable test objects shall have support to enforce one or more pirtual
fences

For every fence an appropriate function shall be supported, low speed fence, stop fence, shutdowr fence,
geofer]ce, etc. See 72-for details and terminology about local and global geofence.

a) Thle systeni'should support a safe low-speed mode for remote transport.

b) The system should support a safe low-speed mode for safe return/re-position.

c) Thie_system shall support an arming function (ready to start test — active)
"4 g b O \Y "4 J

d) The system shall support an emergency stop.
e) The system may support soft stop - controlled braking - also called normal stop.

If a test object receives an emergency stop signal or the condition for initiating an emergency stop is
fulfilled, the test object shall stop as quickly as possible without considering extensive usage of tires, etc.
This type of stopping should only be used for emergency stop, compared to a soft stop where test object
can use a longer period for stopping, if preferred.

14 © ISO 2023 - All rights reserved


https://standardsiso.com/api/?name=66fc75a1d3a2b30db27ab13bf144023a

ISO/TS 22133:2023(E)

7.2 Local test object fence and global geofence

7.2.1

Common requirements and recommendations

Virtual fences are used as criteria of whether a moveable test object meets certain safety requirements.
The global geofence defines the area on the proving ground (or on the public road or other test
area) where the moveable test objects are allowed, or not allowed, to move. The 1ocal geofenceis
defined individually for each moveable test object and defines criteria (such as position, speed, type of
test) which shall be fulfilled by each moveable test object in respect to its trajectory.

7.2.2

Global geofence

The viftual boundary around the allowed test area is called global geofence. The test object shall eyaluate

the pgsition of itself in real-time against the geofence. If the test object exceeds (enters-or)éxi

boun

of each test object against the geofence.

7.2.3

The C
called
to the

situati
11 illy|

ry, a related measure shall be executed. The control centre may additionally evaluate'the p

Local test object fence

[ shall inform moveable test objects how much deviation from their trajectories is allowed.
trajectory deviation fenceor local test object fence. Thisinformation
test object before the test is executed, but in principle the local fenceé can also depend on s
pns and scenarios and the fence-tolerances may be updated during a running test scenario.
Strates a combination of both global and local virtual fences-during a test scenario.

[s) the
psition

This is
is sent
pecific
Figure
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Key

N O oo W N

LN ~§ B BN _§N _§ _§N _§ _§ _§N _§ |

test object 1 A\
test object 1 - local virtual fence ) c\}.

test object 1 - trajectory (')\\

test object 1 - global virtual f(@e .

test object 2 O

test object 1 - local vi@l fence

test object 1 - trad'eo‘eg}y

Fi 11 — Test scenario with geofence and local test object fences

The test objec jectory deviation shall not exceed the maximum value(s) as sent in the configu

such eviQBﬁ is identified by the test object, it shall abort the test, it shall send an abortRequ

ration
on). If
st to

messilfe for fences (e.g. MaxWayDeviation, MaxLateralDeviation, MaxYawDeviati

the co @l centre and in case of receiving no feedback in time, it shall perform a predefined eme

Fgency

action.

Figure

16

12 illustrates the lateral path deviation in the context of geofencing.
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XG
Key

1 planned path

2 local virtual fence

3 lateral path deviation

Figure 12 — Lateral path deviation (Source ISO 19206-3:2021, Figure 1)

NOTE | The position error is the deviation between the desired position and the current position for each $pecific
time sthmp.
If the |current moveable‘“test object positioning accuracy (measured by the test object itself|by its
estimdted position standard deviation) exceeds the threshold MinPosAccuracy (i.e. its estimatgd local
positign error is larger'than the required accuracy), then this shall be reported to the CC.
8 Cpmmunication security requirements
To av@didiunauthorised access and control of the CC or test objects by any untrusted source, encrjyption
over tire commmmmumication tayer between att test objects amd the €€ mray be implenrented, but-a non-
encrypted mode shall be available for development and debugging purposes.
9 Architecture and interfaces
9.1 General
The test system consists of the control centre and test objects. Test objects can be of type moveable or
stationary.

Figure 13 shows basic communication setup between the CC and test objects and the boundary of this
communication protocol document. Direct communication between test objects may also be
implemented.

© IS0 2023 - All rights reserved
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The supporting system such as communication networks and NTRIP caster and their respectively
integration towards the test object or CC is not described in this document.

A fast, low latency data communication between the server and all test objects shall be assured by the
architecture. Also, receiving of broadcasted GNSS correction data (via RTCM-SC104 format) from a NTRIP

n that

Caster shall be supported by all moveable test objects. NTRIP server is preferably part of the CC
infrastructure.
_____________________________ -
r |
) |
l ( W :
) Comtrot cemntre J '
|
———————————— ™~
: A A A A I : 1
Vo - |
. |
: | 4 Test objects |
: I vv \\ VV Wl I\E\Z
v A 4
at —=—— —— =
| Moveable Stationary |
| objects objects :
: |
AN o
[t er—————— . . g re———
Key
1 system boundary
2 communication protocol boundary
Figure 13 — Qverview of architecture
9.2 (ontrol centre and test object’states
9.2.1 | General
To dedcribe the overall operational states and transitions between them, state diagrams are providled for
test objects and the CC. Guard conditions are listed in the tables below to describe the conditid
needs [to be fulfilled to execute a dedicated transition.
9.2.2 | Test objects-state diagram
The teft objectstate diagram is illustrated in Figure 14, and further detailed in Tables 3 and 4.
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RemoteCtrl
(0x06)

NormalStop
(0x05)

DISARMED

-

(0x03)

EmergencyST PRE-ARMING F

(0x08) E

PRE-
RUNNING
(0x09)

ARMED
(0x02)

-

Figure 14 — Test object states

Table 3 — Test object state description

State ID State Name State Description
0x00 OFF Test object turned off
0x01 INIT Test object in initializing phase, e.g. setting up supporting system
0x02 ARMED Test object ready to execute the test
0x03 DISARMED Test object connected to the CC
0x04 RUNNING Test scenario is executing

© IS0 2023 - All rights reserved
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State ID State Name State Description
0x05 NORMAL_STOP Test scenario has been executed/finished
0x06 REMOTECONTROL Test object is manually driven by the CC or external remote control
0x07 EMERGENCY_STOP Test object is currently emergency stopping
0x08 PRE-ARMING Test object is currently preparing for arm
0x09 PRE-RUNNING Test object is waiting for running or preparing for running
9.2.3 | Test object state change conditions
The following list corresponds to the state transition conditions in Figure 14.
Table 4 — Test object state change description
State Precondition Action/condition
tranpition
1D
D Test object powered off System boot / power on
L Any state CC connection lost, i.e. If HEAB timeout expires
B Test object Initialized IP connection to the €CC)is established
H Test object disarmed OSTM.StateChangeRequest (remoteControl) receiveq
K Remote control active OSTM.StateChangeRequest (disarm) received
M Test object disarmed OSTM.StateChangeRequest (arm) received
F Test object armed OSTM{$tateChangeRequest (disarm) received
E Test object armed Test object internal error detected
S Test object armed Start message received
U Test scenario is running Normal stop message received
w Test scenario is running Emergency stop message received or test object detects py itself
to stop (from any state except OFF or INIT)
Test scenario(is)running Test scenario executed
R Test is executed Test object stopped
Test0bjéect emergency stopped | Emergency stop released/reset
9.2.4 | Control centre state diagram
The cdntrol centre state diagram is illustrated in Figure 15, and further detailed in Tables 5 and 6

20
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%

Figure 15 — Control centr\é%%gtes

R\
Table 5 — Control centre@gfte description
State ID State name ,\\@Q\ State description
0x00 INIT \O CC is initializing.
0x01 READY . (}L‘ CCready/idle. This state is where the CC sends ARM and
C)\\ DISARM to test objects.

0x02 ABORT ‘\\ . Emergency stop is sent to all test objects.

0x03 RUNNINF. ‘O\‘ Test scenario is executing.

0x04 TES;T@)'\N/E Test scenario has been executed/finished.

0x05 AL_STOP Normal stop is sent to test objects.
9.2.5 Cont@ﬁe state change triggers
The foilo%% ist corresponds to the state change conditions in Figure 15.

% Table 6 — Control centre state change description
State transition Precondition Action/condition
ID

C CC off CC booting/starting

G CC started Initialized

P CCready Start test

A Test running Abort test

H Test running Stop test-request received

T Test is executed. Test successfully executed. Test objects stopped.
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State transition Precondition Action/condition
ID
B Test running Test successfully executed
Z Test stopped/aborted Test object stopped

9.3 Communication setup

9.3.1

General

TCP cq

UDP ¢
period

UDP cpmmunication is also used to find or discover ISO/TS 22133 compatible test objects and th
the nefwork. This UDP channel is called the discovery channel.

The ca

ommunication is used to exchange information (data) about status (position) health
ically between the CC and test objects. The UDP channels is called process ghannel.

mmunication setup is summarised in Table 7.

Table 7 — Port numbers

mmunication is used to exchange commands between the CC and test objects. The TCP, chaLmel is
calledjcontrol channel.

, etc.)

p CC in

Communication Port number TCP or UDP Description

channel

Process channel port 53240 UDP Periodically process data during té

Contrjol channel port 53241 TCP Exchange of control commands

Discoery channel port 53242 UbP Test object and control discovery

9.3.2

The test object discovery is used to find’ISO/TS 22133 test objects in the network. The CC shall

discovj
(DRES
broad

The te

NOTE
addres
addres

9.3.3

Test object discovery

ery request (DREQ) as a broadcast and a test object(s) shall answer with a discovery res
). Additionally, the test_abject shall send the discovery response after the bootup phas
fast message.

5t object discoveryshall be on port 53242 (discovery channel).

For the cases where broadcast messages are not supported by the communication layer the CC c§
ced (unicast orwmulticast) DREQ messages to the test objects. This can be done by manually specifyin
Kes of the test objects for the CC.

TEP'communication setup (control channel)

send a
ponse
e as a

n send
b the [P

The t

tahicct chall act a¢ TCP cerver The CC chall ho the TCP client The IP number of the tact
OB et ot e o eV e e e o B et e e e et e R P E O e E5t

object

shall b

e preconfigured and known by the CC before initiating the communication to test object.

1) The test object (server) shall listen for incoming connections.

2) The CC (client) shall send a connection request to the test object (server) to the default control
channel port 53241. A different port can be used if required.

3) The test object (server) shall accept the connection and save the IP- and port number of the sender

(cl

ient).

The above procedure is visualized in Figure 16 and shall only be performed once per connection phase.
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Key

1 TCP request
2 default TCP portis 53241

3 test object shall save IP and port number of
the control centre from the TCP request

A control centre (TCP client)
B test object (TCP server)

Figure 16 — TCP communication setup

9.3.4 | UDP communication setup (process channel)
The UDP communication between the CC and a test object is initialized through the following prodedure:
1) tegt object shall be idle, listening to incoming messages.on'port 53240;

2) CQshall send a HEAB (heartbeat) message to the test6bject on port 53240;
3) evpry test object shall save the IP- and port number of the sender;

4) test object starts sending MONR (Monitor) message to the CC.

This pfocedure (saving the IP address of CC)shall only be performed on the first received HEAB-mpssage
(since|[P number is not expected to change-during ongoing test).

The sgtup is visualized in Figures 17 and 18.
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A B
1
2
3
4
5«
Key
1 HEAB (UDP)
2 MONR (UDP)
3 default UDP port is 53240
4 test object saves IP and port number of the control center in the HEAB message
5 return port number received in HEAB message
A control centre
B test object

Figure 17 — UDP communication setup
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is not

pge is

twork

—> TCP client Communication initialization setup TCP server

| and start procedure |
I I

d:nit JI_ TCP connection established from control center JI_

TCP is always : :

established before UDP | | -
! - ! tatus == init

HEAB repeatedly sent (j‘_ o i e ot l—le_aribzat_m_esiage,_HEA_B(_CC_Stitgs: Tlt_) __________ > : as long as OSEM message

! || sent.
: Monitor message, MONR(x,y,z=unavailable, ObjectState=init) !
g€-—-—---—-"—-"-"-""-""— - ———— ~4| MONR repeatedly sent
I I
I I

7 Setuystorigin : Object setting message, OSEM(Origin coordinates, etc.) :

Wher} OSEM is sent, : :

MONR must include correct |, _

L Heartbeat message, HEAB(CCStatus = read I| CCStatus == ready
xy,z-positions in local 1 S, ge, ua _( o _Y) __________ S| directly afterOSEM mess
coordinate system | | transmitege

: Monitor message, MONR(x,y,z, ObjectState=disarmed) I
| <
i fp
3. Trajjctory transmit ! Trajectory message, TRA] |
TRA]J is normally sent in : :
severpl TCP transmissions. : Monitor message, MONR(ObjectState=disarmed, ReadyToARM=readyToARM) -(’I
| I
I p ) I
I I
4-Armpnd stare ! Object state change request message, OSTM(ARM) !
I I
e ___ 1 Monitor message, MONR(ObjectState=arqe®, _ _ _ _ _ _ _ _ _c#
I Il
: Start message, STRT(StartTime) :
I I
: Test is running,» :
I I
It Heartbeat message, HEAB(C€Status = running) N :
- gy T === —=——==32 I
: Monitor message, MONR[ObjectState=running) _c,*
T O i
i i
I I
I I
I I
Figure 18 — Typical communication initialization setup
9.3.5 | File transfer protocol (FTP)
If a filg transfer is required,\FTP may be used.
For a file transfer, for éxample, to load a Log-file from the test object, the test object shall suppdrt FTP
(file trpnsfer protoeel)/ For better security a test object may support FTPS (FTP over SSL).
[t is recommended to not use FTP during ongoing test (RUNNING), since this would increase the ng
load.
NOTE | TheFTP is not intended to be used to transfer trajectory or other real time relevant information.

9.4 Control functionalities

9.4.1 Automated and non-automated drive

Control functionalities are separated in automated and non-automated drive. A drive is called automated
once there are no human interactions required to change the dynamic state of a test object. A drive is
called non-automated once there is human interaction required to change the dynamic state of a test
object (e.g. during remote control manoeuvring). The automated drive and non-automated drive may be
used by different scenarios according to Clause 10.

Every non-stationary automatic driving test object shall be able to control its actuators without human
remote-control impact to follow a trajectory in time and space.

© IS0 2023 - All rights reserved
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Non-automated driving test object is meant to move by safety driver or by remote control via the remote-
control manoeuvring message (RCMM), e.g. to/from the storage container.

9.4.2

9.4.2.1

Remote-control manoeuvring

Remote-control manoeuvring - General information

The remote-control (or sometimes referred as low-level control) functionality is used to manually control
the test object for transportation or relocation in non-test situations. The control message for this is

contin

in the

The te
is req
speed
illustr
limit
speed

uously transmitted during operation and not via a planned trajectory.

DIDX-file, see Clause 11 and Annex D.

t object shall under no circumstances exceed the stipulated safety $peed limit. Even if
lesting a higher (faster) value than allowed, the test object shall keepJits speed below the
limit. The test object is also responsible for complying with the permissible acceleration. Fig
hites an example of how the requested SpeedvValue (dashed ®lack line), the safety

(dotted red line) and the max acceleration (solid-erange line) is affecting the a

(solid green line).

object

Fiving)

pcified

the CC
safety
ure 19
speed
ctual
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BYNN

3 4

Key

time (t)

SpeedValue [%] or [m/s]

safety speed limit / maximum allowed'speed
requested SpeedValue

maximum allowed acceleration

Bwo N R < X

maximum allowed acceleration

Figure 19 — Permissible acceleration and maximum speed in relation to requested SpeedValue

The teft object shall be in the\state remoteControlled when performing remote manoeuvring
Possible parameters tocontrol shall include the following two possibilities:

—1| speed and steering (absolute values);

—| throttle; brake, steering and longitudinal direction (relative values).

The mlessage-for controlling this is the RCMM (remote-control manoeuvring message). See 12.3
detail on. how the message is structured.

11 for

The RCMM is a periodic message during remote control sessions. It shall be sent from the CC with a default
period of 10 Hz. If message timeout occurs, or messages are lost, then the test object shall immediately

perform a soft stop.

Due to operational safety, one person (operator) should only control one test object at the same time.

9.4.2.2 Remote-control manoeuvring - Absolute values

It shall be supported by the test objects to use absolute values (in SI units) for controlling the speed (m/s)

and steering angle (°) to be independent on arbitrary chosen relative limits.

© IS0 2023 - All rights reserved
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9.4.2.3 Remote-control manoeuvring - Relative values

It shall be supported by the test object to use relative requests (percent based). The range for throttle
goes from 0 % (no request) to 100 % (maximum propulsion power). The requested direction movement
(forward/reverse) is determined by longitudinal direction request.

The range for the requested brake force applied by friction brake actuators goes from 0 % (no brake
force) to 100 % (maximum brake).

The range for steering goes from -100 % (right) to +100 % (left).

10 TFajectory and scenario-based testing

10.1 Introduction to trajectory and scenario-based testing

Trajectories are a collection of waypoints to define a path of a single test object during.test, added by a
time gtamp for each waypoint (location and time) and test-object dynamics(eg. yaw, velocity,
acceleration).

All tesf objects shall support the use of static and may also support the use of dyriamic trajectorieg.

Test s¢enarios constitute of a collection of trajectories and other parametetsnécessary for the test ¢bjects
participating in the scenario.

Test sfenarios may also be defined by a scenario-description filési.e. a textual representation|in file
format, using a scenario definition language. The scenario desecription covers the details of the tyiggers
the te§t object is sensitive to, actions initiated by these triggérs‘and more information relevant for this
specific scenario.

When [orchestrating a test scenario, the CC shall define’and communicate what test mode to be ulsed by
the te$t object(s) using OSEM (see 12.3.2). The subsequent test scenario information shall match the
select¢d test mode. The commonalities and differetiées between different test modes and corresponding
infornjation are given through 10.2 to 10.4.

10.2 ptatic trajectories

A statit (or pre-planned) trajectory is.information intended to be used by a moveable test object to|follow
a predefined trajectory in space and-time, and it holds all necessary data for a moveable test object to
contrdl the dynamic state of a test object movement. It is allowed to have several trajectories down]oaded
to the pame test object.

The sttic trajectory is sentfrom the CC to the test object prior to the test utilizing the trajectory message
(TRAJ).

If a teqt object is delayed in motion due to a trigger/action event, this affects the timing but not th¢ path.

10.3 Pynamictrajectories

A dyngmicitrajectory (online planned) is information intended to be used by a moveable object to|follow
a spec fic frajectoryin space and time and it holds all necessary data for a moveable test nhjprf ta gontrol

the position and movement.

The online planned trajectory can be generated in the CC or on the test object itself. It can be generated
based on a scenario description and with respect to real-time events and gated through the CC.

The dynamic (or online planned) trajectory may not be known at the start of a specific scenario execution
neither by the test object nor by the CC, but it is calculated during execution of the test.

If generated in the CC, the dynamic trajectory is sent from the CC to the test object during the ongoing
test in smaller pieces or chunks utilizing the trajectory message (TRA]), if supported by test object and
by the CC.

It is recommended that the dynamic trajectory is sent with a sufficient frequency for not exceeding the
networks maximum transmission unit.
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To increase safety during test, each new piece of the dynamic trajectory sent to the test object could
include a safe-way-out. The safe-way-out is the last part of the updated trajectory, describing how the
test object safely can end its participation in the scenario if no further trajectory message is received.

10.4 Scenario-description languages

Optionally this document supports the use of scenario-description languages, where they are compatible
with all test objects. Standardised description of test scenarios like the OpenSCENARIO is well known
and industry standard but in some cases, it does not cover all the needs of the proving ground.

For illustrative purposes, this document contains reference to a scenario metalanguage, iISCAMLI7]
(independent SCenATto description Meta Language ) that may be Used in combination with thisdochment.
Other |scenario-description languages can be used, and this document is designed to be"se¢nario-
description language agnostic.

Test scenarios defined by a scenario-description file, i.e. a textual representation im-file format, can
includp details of the triggers the test object is sensitive to, actions initiated by these triggers and more
infornjation relevant for this specific scenario. Scenario-description files can be-used to cover the
followjng three cases (and permutations of them):

a) stqtic trajectories (CC transmit prior to test);
b) dyphamic trajectories, generated at moveable test object;
c) dypamic trajectories, generated in the CC and transmitted on tife to the moveable test object

Scenario descriptions are complemented by descriptions of the Static surrounding environment (sqenery,
e.g. lanes). To execute a test scenario on proving ground, both descriptions may be necessary.|In the
Clausg 11 a possible use case is detailed..

The sdenario-description file and corresponding scenery description is sent from the CC to every test
object|prior to the “ARM” request. The scenario description used is given in iSCAML [17], and the sfenery
is des¢ribed using OpenDRIVE. Transfer of scenario information is sent using a GEDM (see 12.3.24), or
by FTR. Each test object shall act as defined by this file once the start messages are received from the CC.
[t shal] behave (i.e. drive, act and react) as'defined in the scenario-description file once a triggei event
beconles valid. If an emergency stop message is received, or such condition discovered by the testlobject
itself, the scenario shall be aborted ‘immediately, overriding remaining instructions provided by the
scenaifio description.

If an updated scenario-descriftion file is sent to the test object it is defined when / how to replgce the
existinlg scenario-descriptionfile on the test object in the GEDM.

Also, deveral scenario<description files can be stored on the moveable test object. The selectign of a
specific scenario-deseription file is controlled by the events of the traffic scenario itself.

11 Fpnctienal requirements

11.1 Pevice interface description XML (DIDX)

To be able to read and write configuration parameters to/from a test object, a request and response
scheme is provided. A read or write request is initiated from the control centre. The test object supported
parameters shall be defined in the DIDX-file, in accordance with Annex D.

The DIDX describes the supported messages with their structure for a test object. Additional information,
limitations and parameters of the test object are also included in the DIDX.

The vendor shall provide a DIDX-file for each test object.

The DIDX-file is an XML-file and that is divided into seven sections. The file shall contain the DIDX-
structure as specified in this document.
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a) Information: this clause contains some general information about the file and the test object. All
information specified in this document shall be included in the DIDX-message. Vendor-specific
information may be added.

b) Limitations: this clause contains the limitations of the test object. The limitations and the
corresponding units are specified in this document. Vendor-specific limits may be added.

c) Messages: for each message that the test object supports, a data entry shall be defined in the DIDX.

Th

ere are two types of messages:

1) ISO/TS 22133 message: for all messages which are defined by this document and that the test

ohiect sunnaorts
T rr

2)
d) Tr

e) D4
or

f) P
Ea

g) Er
h) Pr
Furthg

11.2

Vendor message: all messages which are not defined by this document.
iggers and actions: This clause contains what triggers and actions are supported by the test

tatypes: Special datatypes are specified in this clause and can be referenced by.another da
a content of a message. A datatype can be a structure, an enumeration or a hitfield.

rameters: Describes the supported parameters of the test object whichk can be access via
h parameter has a name, parameter id, access-type and datatype.

ror codes: Defines the error codes from the MONR message
ptocol tunnel: Vendor-specific messages.

r description of the DIDX file structure to be followed, andan example file, is given in Annej

Control centre requirements and recommendations

The following requirements and recommendations apply:

a) St

itic IP addressing shall be supported and be ¢onfigurable.

b) T

e CC or proving ground should provide RTK'position correction using NTRIP. If correction d

not available or distributed from the CC,“then it shall be ensured that at least all test obje
operating in the same coordinate systém with the same minimum accuracy of correction data

c) The CC shall perform safety monitoring. Safety monitoring is achieved by monitoring the pq
spged, yaw, etc. for all dynamic test objects being part the traffic scenario or being operated
th¢ defined geo-fence of the traffic scenario.

T
T
T
T

g T

e CC shall enforce test'area boundary (geofence).

e CC shall support the feature “emergency stop” when any test object is out of test area bou
e CC should alSo)support “soft stop”. See Clause 7.

e CC shall.support test mode for executing static trajectories.

e CC nfay support test modes for executing dynamic trajectories and scenario descriptions.

pbject.
tatype

he CC.

k D.

hta are
Cts are

sition,
within

ndary.

11.3 Btationary test object requirements

The following requirements apply.

a) Static IP addressing shall be supported and be configurable.

b) A stationary test object shall support the possibility to adjust the test object name.

Examples of stationary test object control:

— weather machine (rain, fog, snow, etc.);

— traffic light.

11.4 Moveable test object requirements and recommendations

The following requirements and recommendations apply.
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Static IP addressing shall be supported and be configurable.

A moveable test object may be controlled by a safety driver, if needed. A fully automated operation
can be supported if the safety requirements for the operation within the traffic scenario are fulfilled.

A movable test object shall report its position, speed, yaw, status, etc. using the monitoring message.
This message shall be sent periodically.

A movable test object shall execute a proper safety measure when detecting a communication outage,
according to communication timeout (see 12.3.2).

A moveable test object should support safe torque off (switch off torque to the propulsion system).

Fof electrically powered test objects IEC 61800-5-2 is relevant.

A Loveable test object shall support a soft stop (slow down to zero velocity according ¢o '@ d

SC¢

bnario/trajectory).

A moveable test object shall support an emergency stop (maximum breaking deceleration at co

ste

ering angle).

A mnoveable test object shall support a local memory storage which is used to/store all relevar

da
tes
ne

A
rej

fa (such as time, position, velocity, yaw, estimated own deviation, test@bject status) for the
t scenario to be able to search for problems in post-mission even when the commun
fwork failed significantly.

moveable test object may support manual transport mode-(the remote-control functiona
bosition test objects when not in testing mode.

If

anual transport mode is supported there shall exista safety speed limit.

k) A 1novable test object shall support the possibility to-ddjust the test object name.

1) A inovable test object shall support test mode fortexecuting static trajectories.

m) A movable test object may support test modes for executing dynamic trajectories and sd
depcriptions.

11.5 Functions with behaviour description

11.5.1 Arm and disarm test objeét

Each tpst object can be armedand’disarmed by request from the CC. To change a test object’s staf]

disarmed to armed or vice versa the message OSTM is used. Acknowledgement of a successful chaj

state 1s received via MONR message (which is continuously sent from all test objects to C(

procedure for arming and disarming a test object is illustrated in Figure 20.

efined

nstant

tlocal
entire
cation

ity) to

enario

e from
nges of
). The
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Control centre . Test object
Arm test object

Precondition: Test object in DISARMED-state

Object state change request message, OSTM(ARM)

TCP

<>
< UDP >

< Monitor message, MONR(ObjectState=armed)

Disarm test object
Precondition: Object in ARMED-state
Object state change request message, OSTM(DISARM)
< Monitor message, MONR(ObjectState=disarmed)
T T

Figure 20 — Arm and disarm test object

11.5.72 Start test

All tesf objects participating in a test scenario can be started.atthe same time via a STRT message. The
message contains a parameter with the start time. The STRTymessage shall be sent to the test ohject in
good tyme before the specified start time.

If the ptart time in the message is already passed (current time > start time) when the
message is received, then the test object shall immediately abort test and request the CC to abort the test.
See Figure 21.
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Control centre . Test object
Start test scenario

: Precondition: Test object in ARMED-state :
| !
| |

1
é% STRT(startTime) >
<- UDP_ > |- HEAB(CCStatus=testRunning) ——————————— > 2
== MONR(....ObjectState=running) = ——————————~— <
——————————— HEAB(CCStatus=abort||normalStop)-—— — — — — — — —Pp»|
| - MONRC(...,ObjectState=postrun) = = — = = — = — — — — — K
[ |
[ l
[ 3 [
! STRT(startTime) -
————————————— HEAB(CCStatus=testRunning) —————— == — —P>
& —- MONR(...,ObjectState=armed,... ObjectErrorStatus=abortRequest) ———
——————————— HEAB(CCStatus=abort||normalStop)c~=—————— -
- ————— MONR(...,ObjectState=postrun) 5’ ———————————
T T
Key
1 if currentTime < startTime when STRT message is received
test object goes to running state when the specified sgartTime
is reached
2 waits until currentTime >= startTime
3 if currentTime > startTime when STRT message is received, it does not start
testif startTime has passed when STRF message is received
Figure 21 — Start test
11.5.3 Emergency stop of test scénario (initiated by the CC)
To inifiate an emergency stop-of-test scenario, the CC will send a status flag “Emergency abort”|in the
heartHeat (HEAB) message to,the test objects. Once a test object has received and interpreted the request
it shal| perform an emergexncy stop and send aborting in the monitor message, MONR. Once the test
object|is stopped it shall'send postrun in MONR. The procedure for emergency stop initiated by [the CC
is illustrated in Figure22.
The C( shall sertd ABORT when any of the following occurs:
a) orje or more test objects are deviating from the path outside the global geofence;
b) tept-object is moving outside its local virtual fence (i.e. when the CC receives MONR with
ObjectErrorStatus (outsideGeoFence==TRUE) ;

c) apredefined number(n) of consecutive MONR messages from a test object are missing/not received
OR older than a predefined timeout threshold;

d) any test objectis sending abortRequest signal (abortRequest==TRUE);

e) unexpected collision risk between test objects detected;

f) emergency stop has a higher priority than normal stop.
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Control centre Emergency stop test (control centre initiated) Test object
| Precondition: Test object in RUNNING-state |
I [
I [
I 1 :
UDP '
€——=—== > e - HEAB(CCStatus = abort) ————-——-—————-=2 =1
2
€ ——————— MONR(ObjectState = aborting) - ————————————
3
<= MONR(..,ObjectState = postrun) ' ————————————+
4
i HEAB(CCStatus =testDone) — - - — — — — — — — — _ <= ~

Key

BwWw N -

11.5.4

Test o
the M

a) thg
b) thg
c) ap

d) thg
va

e) po

start break
stopping/breaking
test object stopped
test finished

Figure 22 — Emergency stop / aborttest (CC initiated)

Emergency stop of test scenario (upon requestfrom test object)

bject shall abort the test and send abortReguest (in the ObjectErrorStatus-signallinside

NR-message) to the CC if one or more of thefollowing conditions are fulfilled:

e test object is deviating from its planned trajectory more than the allowed deviation toleraice;

e test object is moving outside its local' virtual fence;

redefined number (n) of consecutive HEAB messages from the CC are not received;

e timestamp of n consecutive' HEAB messages are older than a predefined time error threshold

ue;

sitioning accuracy islow;

f) infernal test object faults are detected (e.g. battery issues, motor issues, etc.).

The py

ocedure for.€mergency stop initiated by the test object is illustrated in Figure 23.
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Control centre

Emergency stop test (test object initiated)
Precondition: Test object in RUNNING-state

Test object

L

€—mm = S [ MONR(ObjectErrorStatus = abortRequest) ——————
—————————————— HEAB(CCStatus = abort) —~————-————————=>|
ITI< ————————————— MONR(ObjectState = postrun)-——-—-—-—-—-—-—-————- 0
[ |
Key
1 error detected, emergency stop required
Figure 23 — Emergency stop (initiated by test object)
11.5.5 Normal stop of test scenario
Normgdl stop is a way to stop the test object in a controlled way but with-less efficiency than an emefgency
stop. The intention of this functionality is to reduce tension on mechanical parts due to applying the
brakeg in a gentler way.
—| Normal stop has a lower priority than an emergency stop.
—| Normal stop command is in the attribute CCStat@s in HEAB message sent from CC.
The prjocedure for normal stop initiated by the CC is illustrated in Figure 24.
Control centre Test object
Normal stop test (control centre initiated)
: Precondition: Test object in RUNNING-state :
[ [
[ 1 [
[ [
<€- upr_ > - - HEAB(CCStatus = normalStop) - - ————————— == >1
. : 2
< -t MONR(ObjectState = running) - —————-———————+
_ 3
L —————————- MONR(ObjectState = postrun) - ————————————
4
i HEAB(CCStatus = testDone )-—————————— — = >
Key
1 start breaking
2 stopping/breaking
3 test object stopped
4 test finished

Figure 24 — Normal stop (initiated by control centre)
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11.5.6 Download static (pre planned) trajectories

To download one or several pre-planned trajectory file(s) from the CC to a test object, the test object
runs/follows this trajectory once it enters the running state. The OSEM is always sent before the TRA]
message, as illustrated in Figure 25.

Control centre

Precondition: Test object in DISARMED-state

Send trajectory from control centre to test object

Test object

D
<|=->
11.5.7

OSEM(origin etc ...)

TRA](trajectorylDx, trajectoryFilex,)

< ———— MONR(..,ReadyToArm=notReady/readyToArm)~+———————

Figure 25 — Configure trajectories

Cyclic monitor and heartbeat

Cyclicmessages, MONR (monitor message), are sent with statuSinformation from each test object to the

CC.

Cyclic|messages, HEAB (heartbeat message), are sent with status information and commands fr¢m the
ach test object individually (no broadcast).

CCto ¢
The py

Key

ocedure for periodic monitoring is illustrated/in Figure 26.

Control centre

Cyclic monitor and heartbeat

UDP
-2 >

Precondition: Connection established between

test object(s) and control centre

————————————— HEAB(HEAB-struct) ————

HEAB repeatedly sent

MONR repeatedly sent

Test object(s)

Figure 26 — Periodic monitoring

11.5.8 Adaptive synchronization point

11.5.8.1 Adaptive synchronization point - General information

Synchronization points are used to control the velocity of a test object (slave) compared to another test
object (master). An adaptive synchronization point is defined as:

All test objects need to reach the respective destination point d, at the same time as the synchronization
test object Os reaches the synchronization point ds.

36
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The slave and master test object will follow their planned path, but the slave shall adapt its own velocity,
so it reaches the defined slave synchronization point when the master test object reaches the
master synchronization point.

Control
centre

X
Key

di{  synchronization point of test object 1 TR2 trajectory for test object 2

O1f testobject1 (travelling towards dis) 02 test object 2
PO position test object 1 V2 speed of test object 2

V1 speed of test object 1 ds destination point of test object 3
TR trajectory for test object 1 TR3 trajectory for test object 3

t1s time to synchronizatidn point for test 03 test object 3

object 1 (MTSP)
d2 destination point.of test object 2 V3 speed of test object 3

Figure 27 — Synchronization point setup

Figurg 27 shows a setup with three different test objects 01, 03, 03. Each test object has its own tra ectory

towards dls is it constantly sendlng its p051t10n and speed to the server in P01 The CC uses PO,
information (MONR) to calculate the momentaneous time tis until O; reaches dis and sends test to Oz and
O3 in MTSP. The time te is the time until the O, reaches dss.

02 and O3 uses time information in MTSP to adapt the needed speed to reach their destinations at the
same time as O reaches dis.

In an ASP-test, there is always one master, and one or more slaves. The master does not know about the
fact that it is a master test object. The tes is calculated by the CC and sent to the slaves in the MTSP-
message. The MTSP-message is periodically sent with and updated EstSyncPointTime-value.

NOTE 1 A typical message interval for MTSP is 100 ms / 10 Hz but is possible to adjust it.
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NOTE 2 Other means are available to ensure relative timing and position, such an alternative is to include
constraints and relationships between test objects in an executable scenario description.

11.5.8.2 Adaptive synchronization point - Message sequence

The message sequence is described below and is visualized in Figure 28.

a)

b)

38

Co

nfiguration:

Before executing the test scenario, synchronization point(s) along the trajectories shall be defined

for the master and slave test object(s). The slave synchronisation point is sent to the slave utilizing

th
co
Ex

e SYPM, synchronization point configuration message. The master synch point is internally
hfigured in the CC.
ecution:

Thie master and slave test objects start moving along respectively trajectory. Slave.adjusts its s

SO
En

1)

2)

3)

4)

it reaches the synch point at the EstSyncPointTime.
ding/cancellation:

When the master test object reaches its sync point, the CC stops sehiding MTSP to the slaxv
slave test object shall continue along its trajectory. The ASP ends:

When the EstSyncPointTime - currentTime < FreezeTime the slave test object sh

the attempt to align to the ASP, and instead continue to follow the trajectory. The ASP ends.

peed,

re. The

hll end

If a decision is taken to end the ASP, the CC shalksend an updated SYPM-message for the

SyncPointTime in question. The FreezeTime shall be set to 0 to cancel/end this synd
The ASP is cancelled.

Other events might also end the ASP-adaptidn in the slave. This is up to the slave. If this
the adaptSypPoEnded bit in ObjectExrorStatus in the MONR-message shall be
TRUE.

point.

pCccurs
set to

© ISO 2023 - All rights reserved


https://standardsiso.com/api/?name=66fc75a1d3a2b30db27ab13bf144023a

ISO/TS 22133:2023(E)

Adaptive synchronization point (ASP) Test object Test object
Control centre
Preconditions: (ASP-slave) (ASP-master)
UDP T Test objects in DISARMED or ARMED state. A trajectory T T
<-Tev — : downloaded/available on the test object ! I
TCP | | |
| | |
T T T
1. Config J I I I
SYPM(SyncPoint,FreezeTime) |
Init/Configuration of u /u :
ASP | | |
| | |
| | I
| | |
i | i
: Precondition: Test objects in RUNNING-state. I I
2. Execpite ) | | |
T oA [T MONR(.} == ====~~~ it c--
xecution o MONR is sent
———————— MTSP(EstSyncPointTime) — — — — — — — — — — — with 100 Hz
G MTSP-message is repeatedly sent with an updated estimated
c time so the slave object can adapt its velocity.
———————— MTSP(EstSyncPointTime) — — — — — — — — — — — :
|
T |
Il Il 1
| | |
3a. End J i : Master reaches the
| synchronization point
Normal Ending [Se======c==cccc=cc=c—=c==: MONR(.} —==—=————— T Nt
Slave stops H
Control centre stops sending MTSP to slave align'ing to ASP.
when EstSynchPointTime = 0 Continue to :
T follow trajectory |
| - 1
| | |
[ | |
3b. Eng J - CurrentTime >= FreezeTime = :
Normal ¢nding Slave stops |
ligning to ASP. !
FreezeT{me passed Control centre stops al 1gn-mg 0 |
ding MTSP to slave Conline tn I
sending follow trajectory :
T T I
I I I
| | |
) T T
3c. Cangel J r M I
|
i T
Cancel AKP SYPM(SyncPoint,FreezeTime=0) ——— > Sl.ave. stops |
aligning to ASP. :
Continue to |
T follow trajectory :
I T I
| | |
T T T
I ] I
3d. Carjcel J = :
_______ intTi —— = |
ASP candelled in —c MTSP(EstSyncPointTime) > :
slave I&<———>—— MONR(ObjectErrorStatus == adaptSyPoEnded) :
Control centre stops :
sending MTSP to slave an |
1 : :
Figure 28 — Adaptive synchronization point sequence diagram

11.5.9 Remote-control manoeuvring

This is a way of manually drive/control test objects from the CC. A message is sent from the CC to a test
object with a frequency of 10 Hz during remote-control manoeuvring sessions, see Figure 29.
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Control centre Maneuvering test object remotely from control centre Test object
| Precondition: Test object in DISARMED-state :
UDP
<--=-> |
. TCP > : :
: OSTM(StateChangeRequest=REMOTE_CONTROL) !
loop |
- < --—-—-—-— MONR(ObjectState=remoteControlled, ReadyToArm=notReady) -————— —e-
Loop until user MONR shall be sent with 100Hz
ends remote
control-session. — — — RCMM(SpeedValue[-100 %..+100 %], SteeringValue[-100 %..+100 %]) — — — — — — = >

c RCCM shall be sent with 10 Hz during remote control maneuvering

11.5.10 Trigger and action

The tr

execufe a test scenario. The trigger and action.events can be extracted from a test scenar

comm
a distn

A trigg
is senf
scenaf

A Tri
config
aTri

An Ex

specified in the a¢tion configuration message. One or several test objects may be the action execu

When

the trigger condition as well as the action event. If the TriggerType, TriggerTypeParamg

End remote control function
Precondition: Test object standstill/not moving.

R e == B
T S B

———————— RCMM(SpeedValue[0], SteeringValue[0]) = — — — — — — — &= |—=/— — =
———————— MONR(ObjectState=remoteControlled, ReadyToArm=notReady), *<)——————

OSTM(StateChangeRequest=DISARM)
———————————————— MONR(ObjectState=disarmed) —— X-~———————————

Figure 29 — Remote controlling of test object

gger and action fundamentals are defined by trigger and action events that may be neces
inicated as described in the following section. If a test object supports direct test execution u
ibuted scenario description, triggers.and actions may also be executed using this method.

er is one or several predefined conditions that are fulfilled. The configuration of the trigge

io.
ggerEvent can be réported by a test object or the CC, depending on what and hd

iration is setup throtgh the trigger configuration message. Only one instance is allowed to
gerEvent for a.specific TriggerID.

ecuteActien s sent to the test object(s) that is expected to execute the requested

ary to
o and
[ilising

event

from the CC to the TriggerEvent reporting test object during initializing phase of the test

w the
report

hction,

or
setting-up the TriggerType and ActionType, there are a number of ValuelD:s used for confiLuring

ters,
action

Acti

nType and ActionTypeParameters are not sufficient for configuring the trigger and

event,

then it is appropriate to use vendor specific ValuelD:s.

An example list of typical TriggerTypes and ActionTypes can be found in Annex C.

Figure 30 describes the message sequence for configuring, executing and cancelling triggers and actions.
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Test object
(Action-executor)

Control centre

Test object
(TriggerEvent-reporter)

1. Config l

Init/Configuration of
trigger and action

.

1 |

TRCM(TriggerID,TriggerType,param1..n[rule,value,misc,etc..])
Ack(TriggerID,status)4ﬂ

-

ACCM(TriggerID, ActionID,Action[param1..m])—
Precondition:
Test object in Ack(ActionID,status)
state DISARMED

TriggerEvent condition

Executiof of

|
|
T
I
2. Execute J |
|
I
I

trigger apd action

Precondifion: All

test objedts in state

EEXAC(TriggerlD,timestamp)i
Ack(TriggerID,status)

ARMED gr RUNNING

Tuifttted;/detectea:
TREO(TriggerID,timestamp)

|
I
|
T

_—

Alt. Cande!

J I CATA(TriggerID)
Ack(TriggerID,status)

d action |

I

Cancel syjecific
trigger a

CATA(TriggerID) :l
Ack(TriggerID,status) .
|

Trigger and action messages:

—| trigger configuration message (TRCM);
action configuration message (ACCM);
trigger event occurred message (TREO);
execute action message (EXAC);

cancel trigger and action message (CATA).

12 Interface requirements

12.1 General

To identify and ease communication a common layer reference is used within this document, th

model|described in Table,8'is'used.

Figure 30 — Trigger and action sequencediagram

Table 8 — Layer model

e layer

Layer 3: Application-specific extensions

Priva
Exten
testin:

e data types
led staté;configuration data,
p, debugging, etc.

Private messages
Device-specific functions
setup, calibration, etc.

Layer 2: Application services

Application functions

Adaptive synch points, remote control, etc.
Application messages

All defined mandatory and none-mandatory messages

Application data types

Data types used for communication between the CC and test
objects

Device state

Exchange of generic test object state

Layer 1: Basic services
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Session handling
Attaching / detaching of devices
Managing communication

Time synchronization
Define and provide all devices with time synchronization. A common header definition for all messages

Position correction data
Provide all test objects with global and common position
correction data.

Message header definition

Layer 0: Transport layer

TCP/UDP/IP

12.2 Message
12.2.1 Message structure
A mesgage contains header, content(s) and footer and is sent via TCP/UDP/IP. See Figuse 31.
12.2.2 Sequential byte order
The sequential order of the byte arrangements shall be according to little-endian-férmat. That meahs that
compqnents are ordered from the little end with the least significant bit first-(LSB first).
Message
SYNC Word
Message Length
Ack Request
Protocol Version
Header
Transmitter ID
Receiver ID
Message Counter
Message ID
Valueo 1D (1)
vaiuco 1y tll)
Content
Content Length (n)
1..n
Data (n)
Footer CRC
Figure 31 — Message structure
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Message header

12.2.3.1 Message header - Structure

ISO/TS 22133:2023(E)

The message header is always 18 bytes long and its data are structured according to Figure 32. The data
name, data length and its representation can also be seen in Figure 32.

Header
(18 bytes)

Message Protocol . . Message
SYINC Word 8 Ack Request . Transmitter ID | Receiver ID 8 Messagp ID
Length Version Counter
2 bytes) (4 bytes) (1 bit) (7 bits) (4 bytes) (4 bytes) (1 byte) (2 bytgs)
Reprgsentation: Representation: Representation: Representation: Representation: Representation: Representation: Representatjon:
SYNCWord OCTET | MessageLength:: AckRequest::= ProtocolVersion TransmitterID:: ReceiverID::= MsgCounter::= MessagelD::
STRING:= =INTEGER {} BOOLEAN :=INTEGER {} =INTEGER {} INTEGER {} INPEGER'(} INTEGER {}
‘7 E7f H (0.4294967295) (0..127) (0.4294967295) | (0.4294967295) | A0-255) (0..65535)
noAck (FALSE)
ackReq (TRUE)
}

Figure 32 — Message header structure

12.2.3)2 Message header - SYNC word
The syjnc word/preamble indicates the start of the message stream. Two bytes with value 0x7E7F

NOTE | An asymmetric sync word makes it easier to find eiadianness errors.

12.2.3)3 Message header - Message length
The total length of all subsequent contents in:bytes (excluding package header and package footer (|CRC)).

The mlaximum allowed message length_shall not exceed MaxMessageLength bytes defined in|OSEM
(see Table 17, struct order number0).

12.2.3/4 Message header - Ackrequest

The adk request bit indicatés whether the sender of a message is expecting the receiver to acknoyledge
the mgssage. The GREM.shall be used as the acknowledge message with appropriate content.

—| FALSE : noackrequired. Receiver shall not acknowledge the message.

—| TRUE rack required. Receiver shall acknowledge the message.

12.2.3{5 Meéssage header - Protocol version

ISO/T$ 22133 protocol version identifier: the current edition of this document specifies vergion 2.

Version 1 is deprecated as it was used during the development.

A higher/greater number indicates a later edition of the implementation. 7 bits are used. Resulting in
possible range from 0-127.

A protocol change on a high level such as changing header or message structure will result in an increased
protocol version. Minor changes in specific messages may not result in any protocol version number
change.

12.2.3.6 Message header - Transmitter ID

When a message is sent from an entity the sender shall use its device ID as a transmitter ID. The test
objects will get their transmitter ID to use from the CC in the OSEM directly after the TCP connection is
established.
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If two or more test objects are connected behind the same IP-address, then the transmitter ID shall be
different for each test object and be distinguished by Sub-Object IDin OSEM. Sub-Object ID can
be retrieved by using DREQ and DRES mechanism before establishing the TCP connection to the test
object.

— Adevice ID equal to zero is not allowed. The CC shall manage all device IDs in the setup. The device

ID is distributed to the test objects in the OSEM.

— A testobject has no active device ID before OSEM is received. Device ID 0xFFFFFFFF may be used

12.2.3

to indicate an invalid /unknown ID.

7 Message reader=Receiverib

The receiver ID is an identifier that informs about the intended receiver of the message. A recei
be a unique number (device ID) defined and managed by a CC.

If the geceiver ID is zero, the message is intended to be received and used by the TCP connected

The m
conne
sendt
receiv

12.2.3

Messa

rted CC device ID. It is optional for the CC to support message-gating functionality. The C
e message on the appropriate communication channel of the message-to the device ID (defi
er ID in the header) without changing the transmitting ID field in the-message.

8 Message header - Message counter

be counter represents the sequential number of messagesé&ent per direction between the

test ohjjects. Each test object manages its own message counter,-and the CC manages unique coun
test object. The message counter resets upon reaching its maximum value 255, starting again at 0

The p
implic
12.2.3
This d
NOTE

irpose with the CC is to be able to detect missing’ messages or duplicates of messages,
tly can be interpreted as some type of error in the transmitting device.

9 Message header - Message ID
bfines which message identifier to be sént. See Table 9.

Vendor-specific message IDs are available. See Table 9 for the range.

12.2.4 Message content

12.2.4
Them

1 Message content - Structure

bssage body can contain one or several content blocks. In Figure 33 the content structure is d

where| the ValueID ig:given first, followed by the content length and then the actual data con

severd

delimifter (exceptfor the ValueID and content length).

Even if message’contents are specified as structs (e.g. MONR and HEAB) the ValuelD and coj
length shall'be included in the message.

r will

essage will be gated through the CC if the receiver ID is not equal to zero and|n6t equal to the TCP

C shall
hed by

CC and
er per

which

pfined,
Lent. If

| contents are Sent in the same message, the contents will follow each other without any additional

htent

Content 1...n

ValuelD (n) Content length (n) Data (n)
(2 bytes) (2 bytes) (Content length bytes)
Representation: Representation: Data []
ValuelD::= INTEGER (0..65535) Length::=INTEGER {} (0..65535)

44

Figure 33 — Message content structure

© ISO 2023 - All rights reserved


https://standardsiso.com/api/?name=66fc75a1d3a2b30db27ab13bf144023a

ISO/TS 22133:2023(E)

12.2.4.2 Message content - ValuelD

This is the ID for a value representation within the message context. The ValuelD values are only locally
unique within a specific message. The same ValuelD can exist in other messages, but with a completely
different name, purpose, context and implication.

NOTE Vendor-specific ValuelD ranges are available for some messages. See ValuelD table for respective message.

12.2.4.3 Message content - Content length

This is the length of the subsequent data.

NOTE [The Z¥Z bytes (ValuelD + content length) 15 not included in the value of content lengen.

12.2.4}4 Message content - Data

This igthe actual payload data. Content is described in the message overview subclausesAl¥'specifigd data
are mandatory, if not used the unavailable option shall be sent.

12.2.§ Message footer

12.2.5J1 Message footer - Structure

The fopter indicates the end of the message. It consists of only one datafield: CRC. See Figure 34.

Footer

CRC
(2 bytes)

Representation:

CRC::=INTEGER {} (0x0000,.0xFFFF)

Figure 34 — Message footer structure

12.2.5J2 Message footer - €ERC

This ig the checksum.edlculation based on the principles from CRC16-CCITT/ITU-T. See Annex B for
examy]le of a CRC calculation implementation.

The CRC checksumn shall be calculated based on the data in Header + Content.

12.2.4 Protocol tunnel

The protecol tunnel is to be used to tunnel non-ISO/TS 22133 protocol through the ISO/TS 22133
network protocol from/to a test object. To achieve a valid tunnel, the protocol shall include the ISO/TS
22133 header and footer. The data can be protocol specific. Protocol tunnels are fixed to a MessagelD on
the test object. This MessagelD and other information like protocol vendor, protocol name and the
protocol version are specified in the DIDX File.

It may happen that two vendors support the same protocol but on different MessagelDs. It is the CC's
responsibility to communicate with the correct MessagelDs to the test object.

One way to implement a protocol tunnel is to use the GEDM.
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12.2.7 Vendor-specific messages

Vendor-specific messages are messages which are not defined in this document but follow the message
formatin 12.2.1 to 12.2.5. Vendors-specific messages can be defined in the DIDX file (vendorMessage) to
be able to implement this message into the CC or test object.

12.3 Collective message overview

Table 9 presents an overview of all the available messages.

Table 9 — Overview of messages, (M) is mandatory to support, (0) is optional to support

Message (M)

during
DISARMED
state

test object and vice
versa

Messhge name | Abbrev | MessagelD | Frequency | Direction Channel Explanation
Trajedtory Object | TRA] 0x0001 Non-periodic | Control centre to TCP Message to’coptrol
Message (M) test object the trajectory jof a
dynamic test gbject
Object Setting OSEM 0x0002 Non-periodic | Control centre to TCP Message to trgnsfer
Message (M) test object settings to tes
object
Object State 0STM 0x0003 Non-periodic | Control centre to TCP Message to request
Message (M) test object a state change|in the
test object
Start Nessage STRT 0x0004 Non-periodic | Control centre to TCP Message to stdrta
(M) test object test
Heartbeat HEAB 0x0005 Periodically Control'centre to UDP Message to sepd test
Message (M) 10-100 Hz all test objects status to test gbjects
Monitpr Message | MONR 0x0006 Periodically TFest object to UDP Message to
(M) 1-100 Hz control centre as supervise and
unicast visualize test ¢bject
Monitpr Message | MONR2 0x0007 Periodically Test object to UDP Message to
(globall, absolute or event control centre supervise and
positi¢n) (0) based visualize test ¢bject
1100 Hz
GPS S¢cond of SOWM 0x0008 Non-periodic | Control centre to TCP Message to inform
Week Roll Over all test objects about current|GPS
Message (0) week and to iffform
about when GPS
second of week roll
over happens
GeoFence GEOE 0x0009 Non-periodic | Control centre to TCP Message to
Messagge (0) test object download thelgeo
fence to the tefst the
test object
Remote Contrel RCMM 0x000A Periodically Control centre to UDP Message to
Manoguyring during one test objectata manually contjrol
Message10) remote- time (drive/steer) the
control test object
manoeuvring
Remote Control RCMM2 0x0016 Periodically Control centre to UDP Message to
Manoeuvring during one test objectata manually control
Message 2 (0) remote- time (drive/steer) the
control test object
manoeuvring
General Data GEDM 0x0017 Non-periodic | Control centre to TCP/UDP Transfers a

miscellaneous data

46
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Message name | Abbrev | MessagelD | Frequency | Direction Channel Explanation

General GREM 0x0018 Non-periodic | Control centre to TCP/UDP General response

Response test object and vice status

Message (M) versa

Discovery DREQ 0x0010 Non-periodic | Control centre to UDP

Request Message test object

M)

Discovery DRES 0x0011 Periodic Test object to UDP

Response before control centre

Message (M) connected-

state

Paramjeter PREQ 0x0012 Non-periodic | Control centre to TCP

Requgst Message test object

M)

Paramnjeter PRES 0x0013 Non-periodic | Test object to TCP

Respopse control centre

Message (M)

Synchfonization | SYPM 0x000B Non-periodic | Control centre to TCP Message for

Point test object configuring

Configuration synchronizatigpn

Message (0) point information to
slave test object

Maste} time to MTSP 0x000C Periodically Control centre to UDP Message for s¢nding

synchronization test objeet remaining timle to

point message synchronizatipn

(0) point

Triggdr TRCM 0x0021 Non-periodic\| Control centre to TCP Message to enpble

Configuration test object and configurefthe

Message (0) TriggerEvent |n the
test object

Action ACCM 0x0022 Non-periodic | Control centre to TCP Message to enpble

Configuration test object and configurefthe

Message (0) ActionEvent in the
test object

Triggqr Event TREO 0x0023 Non-periodic TCP Message from|the

Occurred test object that the

Message (0) trigger occurrpd

Execute Action EXAC 0x0024 Non-periodic | Control centre to TCP Message to

Message (0) test object activate/exectite the
preconfigured
action

Cance] or Delete~"| CADE 0x0025 Non-periodic | Control centre to TCP Message to

Triggdr Action test object cancel/abort the

Messajge(0) trigger and acfion
function (hpf e or
during test)

Action APEM 0x0026 Non-periodic TCP Message that

Performed informs about an

Message (0) executed action

Reserved for - 0x0100- - - - -

future use OxOFFF

Protocol tunnel - 0x1000- Protocol Protocol specific UDP/TCP For tunnelling a

0x1FFF specific protocol through

the ISO stack

Vendor Specific - 0x2000- Vendor Vendor specific UDP/TCP Vendor-specific ISO

Range 0x2FFF specific messages
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Message name | Abbrev | MessagelD | Frequency | Direction Channel Explanation
Reserved for - 0xF000- - - - -
future use OxXFFFF

12.3.1 Trajectory object message - TRA]J (MsgID 0x0001)

The trajectory message is used for transferring trajectories from the CC to the test object. The ID of the
trajectory shall not be zero and shall be unique on the test object. The name of the trajectory has only an
informational character.

If a trajectory on the test object should be deleted, the CC shall send the trajectoryID as well

!

trajecforylnfo with the delete bit set to true. If the trajectoryID zero is send and the delete-bit i3
true, all trajectories shall be deleted on the test object.

If only]
of the
chunk

Seque
1) th
on

th
re

If the 4
shall r

2)

Trajec
forma

The TRAJ message is further detailed in Tables\10, 11 and 12.

chunks of a trajectory are downloaded the first point of the following chunk shall’be the las
already downloaded trajectory. It is the test objects responsibility to concatenate the traje

D.
nce for sending data:

e first three ValuelDs: (trajectoryID, trajectoryName, txd&jectoryInfo) is on
ce per trajectory file (content i, ii, iii);

e succeeding ValuelDs: (content iv) - directly related to the: positions and their dynami
peated for each data point/line in the trajectory file (point/line content 1...11).

est object test modeis Online planned trajectories (dynamictrajectories), the test
bspond with a GREM (chunk received) when data chunk is received.

tory information can be described using trajectery text files. To enable interoperability, the t
given in Annex A shall be used.

Table 10.< ValuelD table for TRA]J

as the
set to

[ point

ctories

y sent

[S- are

object

pxt file

Valug¢ID name ValuelD value (Uint16)
[trajedtorylD] 0x0101

[trajedqtoryName] 0x0102

[trajeqtoryInfo] 0x0104

[TrajPoint] 0x0001

[Line Info] 0x0053

[Vendpr Specific] (range) 0xA000-0xAFFF

Table 11 — TRA!

Content ValuelD Content Data Data definition

order (2 bytes) length

number (2 bytes)

(Content n)

i 0x0101 0x0002 Trajectory Identifier of the trajectory file. This allows
[trajectoryID] [Uint16] Identifier the test object to distinguish between one or

<ID> several saved/downloaded trajectories. Zero
is not allowed,

ii 0x0102 0x0040 Trajectory name | The friendly/readable name of the trajectory
[trajectoryNam | [64 bytes | <Name> file. It has only an information character.
e] String]
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Content ValuelD Content Data Data definition
order (2 bytes) length

number (2 bytes)

(Content n)

Length is 64 bytes.

Characters in the text string are following an
eight-bit character representation according
to ISO 8859-1 (Latin-1).

The text string shall be null terminated.

iii 0x0104 0x0001 Trajectory Info Representation:

[Uint8] TrajectoryInfo ::= INTEGER\{
RelativeToObject (1)
RelativeToOsemOrighn.(2)
DeleteTrajectory 'N(3)

}

iv 0x0001 0x001E [TRA] Point struct] See Table 12.
[TRA]
point
Struct]
\% 0x0053 0x0001 End of Representation:
[Uint8] transmission ObjéatState: :=INTEGER {
EOT (4)

}

Table 12 — TRA] point struct

Strudt Struct data Struct Data Data definition
ordel name data
number length

[and

type]
1 [Relative Time] | 0x0004 Time relative | Representation:

[Uint32] | to starting RelativeTime: :=INTEGER

time {oneMilliSeconds (1)} (0..4294967295)

Definition: this value defines the relative time|from
start (start = 0).

Unit: 0,001 s
2 [X- pesition] 0x0004 Position in Representation:
[Int32] the X- DeltaPosition::=INTEGER
direction {oneMilliMeter (1)}

(-2147483648..2147483647)

Definition: this value defines the distance hetWween
defined position and origin (OSEM) in X direction.

Unit: 0,001 m
3 [Y- position] 0x0004 Position in Representation:
[[nt32] the Y- DeltaPosition::=INTEGER
direction {oneMilliMeter (1)}

(-2147483648..2147483647)

Definition: this value defines the distance between
defined position and origin (OSEM) in Y direction.

Unit: 0,001 m
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Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
4 [Z- position] 0x0004 Position in Representation:
[[nt32] the Z- DeltaPosition::=INTEGER
direction {oneMilliMeter (1)}
(-2147483648..2147483647)
Definition: this value defines the distance between
defined position and origin (OSEM) in Z directfion.
NOTE Informative for non-flying test objects.
Unit: 0,001 m
5 [Yaw] 0x0002 Yaw of the Representation:
[Uint16] Test ObjECt YawValue: :=INTEGER
{positiveXdirectionA0)~
positiveYdirectiony(9000),
negativeXdirect@eri(18000),
negativeYdireetton (27000),
unavailable (65535) }
(0..36004)
Definition: See 6.3.2.
Unit»0,01°
6 [Longitudinal 0x0002 Longitudinal , {\Representation:
Speed] [Int16] speed (in SpeedValue: :=INTEGER {standstill (0)
fo_rward oneCentimeterPerSec (1) }
direction) (-32768..32767)
Definition: See 6.3.2, x-axis.
Unit: 0,01 m/s
7 [Lateral Speed] 0x0002 Lateral speed | Representation:
[Int16] (perpendicul SpeedValue: :=INTEGER {standstill (0)
ar to the oneCentimeterPerSec (1) ,
f(?rward unavailable (-32768)
direction) } (-32768..32767)
Definition: See 6.3.2, y-axis.
Unit: 0,01 m/s
8 [Longitudinal 0x0002 Longitudinal | Representation:
Acceleration] [Int16] acceleration LongitudinalAccelerationValue::= INTEGER
U.n tor_ward {milliMeterPerSecSquaredForward(l),
dlrectlon) milliMeterPerSecSquaredBackward (- 1),
unavailable (-32768)} (-32000 32001)
Definition: See 6.3.2, x-axis.
Negative values indicate that the vehicle is braking.
Positive values indicate that the vehicle is
accelerating.
Unit: 0,001 m/s? (1 mm/s?)
Range: -32 m/s2 to +32m/s?
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Definition: See 6.3.2, y-axis.
Unit: 0,001 m/s? (1 mm/s?)
Range: -32 m/s2 to +32m/s?

Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
9 [Lateral 0x0002 Lateral Representation:
Acceleration] [Int16] acceleration LateralAccelerationValue::= INTEGER
(perpendicul {milliMeterPerSecSquaredToLeft (1),
ar to the milliMeterPerSecSquaredToRight (- 1),
forward unavailable (=32768)} (=32000 32000)
direction)

10 [Curvature] 0x0004 Curvature of | Representation:
[32-bit | the
single trajectory in | Definition: curvature, k' (Kappa) is the multiplicative
precision | this specific inverse (reciprocal)-of the radius, r, of the
float] point. osculating curve;
Curvatureis | k=1/r
.expressed M1y =0 equals a straight line;
inverse of
meter [m1]. | k<0 equals a clockwise curve (right);
k=0 equals a counter-clockwise curve (left).
12.3.2 Object setting message - OSEM (MsgID 0x0002)
The tept object setting message is used for transferring the origin coordinates from the server to the test
object] This message shall be received to interpret where in the world the trajectory is placed.
Itis algo used for sending the local geoféncing (maximum allowed longitudinal and lateral path devjation)
information to the test object.

The Dg
in the

All Dey

When
Pairin,
value

Receiv

This nj

bvicelD is received from the €€ as part of the OSEM. The DevicelD shall be used as the Transm
header of all messages serit from the test object to the CC or other receiver.

FicelDs in the ID-stfuct shall be unique numbers.

associating foreign DevicelDs and test object names the valuelDs of PairingCount, ParingID
bName shall‘be-tused. A foreign DevicelD shall not have the same DevicelD value as the inten
f the receiver of this message, see DevicelD in Table 14. This feature gives the opportunity
erID in:thée message header for sending data to a specific test object.

essage shall only be sent during test object state INIT or DISARMED. When this message is re

tterID

and
ded
O use

ceived

and beé

fore the data content of it is saved to the test nhjprt shall: nlrpndy saved frn}ipr‘fnripc) setti

hgs for

adaptive synchronization points, trigger and actions and geofences be deleted from the test object.

The OSEM is further detailed in Tables 13, 14, 15, 16,17, 18 and 19.

Table 13 — ValuelD table for OSEM, (M) is mandatory, (0) is optional

Adherence | ValuelD (2 bytes) Content length (2 bytes) Data
M 0x0020 0x000C [ID-struct]
(12 bytes) See Table 14.
M 0x0021 0x0013 [Origin-struct]
(19 bytes) See Table 15.
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Adherence | ValuelD (2 bytes) Content length (2 bytes) Data
M 0x0022 0x000B [DateTime-struct]
(11 bytes) See Table 16.
M 0x0023 0x0012 [AccReqMode-struct]
(18 bytes) See Table 17.
0 0x0024 0x0006 [TimeServer-struct]
(6 bytes) See Table 18.
0 0x0025 0x0004 PairingCount
troytes) Number of IDs to be
associated with a test
object name.
See Table 19.
0 0x0026 0x0004 ParingID
(4 bytes) DevicelD-to be
associated with a test
objéct'name.
See Table 19.
0 0x0027 ASCII bytes PairingName
(Variable length) Test object name to be
associated with a
DevicelD.
See Table 19.
Table 14 —= ID-struct
Strugt Struct data Struct Data Data definition
ordel name data
number length
[and
type}
1 [DevicelD] 0x0004 DevicelD to be Representation:
[Uint32] | used by the test DeviceID: :=INTEGER { }
object as (1..4294967295)
TransmitterID in
the header.
2 [SubDevicelD] | 0x0004 SubDevicelD used | Representation:
[Uint32] | locally by the test | subDeviceID::=INTEGER { }
object. (0 when not used
1..4294967295)
3 [SystemControl | 0x0004 SystemControlCe | Representation:
CentrelD] [Uint32] | ntrelD used SystemControlCentreID: :=INTEGER { }
locally by the test | (1..4294967295)
object.
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Table 15 — Origin-struct

Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
1 [Latitude] 0x0006 Origin given as | Representation:
[Int48] latitude. Latitude ::= INTEGER {oneNanodegreeNorth
I‘Iﬂ\, nalNaonaod gv‘ Saonth
Absolute (-10), unavailable (-14073748835582¢) }
geographical (-900000000000..9000000000001)
latitude .m the Positive values are used for latitude'in-north of the
plate-drift-free . . .
. equator, negative values are used.for latitude in
coordinate
south of the equator.
system
according to Unit: 0,1 nanodegrees
Table 2.
2 [Longitude] 0x0006 Origin given as | Representation:
[Int48] longitude. Longitude :;=\FINTEGER {oneNanodegr¢eEast
Absol (10) , oneNanedegreeWest (-10),
solute unavailable(-140737488355328) }
geographical (-180040¢000000..1800000000001)
longitude m Negative values are used for longitudes to the west,
the plate-drift- N -
. positive values are used for longitudes to the east.
free coordinate
system Unit: 0,1 nanodegrees
according to
Table 2.
3 [Altitude] 0x0004 Origin given as | Representation:
[[nt32] altitude. AltitudeValue ::= INTEGER
Alfitude i {referenceSurface (0),
titu e.ln a oneCentimeter (1), unavailable (-
plate-drift-free | 2147483648) } (-100000..800001)
;:o;)tredr;nate For altitude equal or greater than 8 000 m, the
y . value shall be set to 800 000. For altitude equal or
according to
less than -1000 m, the value shall be set to -[L00
Table 2.
000.
Unit: 0,01 m
4 [Rotation] 0x0002 Rotation of Representation:
[Uint16] PGRS Rotation: :=INTEGER {eastYdirection|O),
compared to northYdirection (9000),
global westYdirection (18000),
coordinate southYdirection (27000),
unavailable (65535) }
system around
. (0. 360017
the z-axis.
Definition: rotation is measured clockwise around
the z-axis from geographical north to the PGRS y-
axis.
Unit: 0,01°
5 [CoordinateSyst | 0x0001 Applied Representation:
em] [Uint8] coordinate BaseSystem: :=INTEGER {ETRS89(0),
system NAD83 (1),
ITRF2000(2), WGS84(3),
LocalCoordinate (4), unavailable (255)}
(0..254)}
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Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
Definition: the test area coordinate system.
Table 16 — DateTime-struct
Strudt Struct data Struct Data Data definition
ordel name data
number length
[and
type]
1 [DateISO8601] 0x0004 Current date Representation:
[Uint32] | expressed in Date: :=INTEGER{unavailable (0),
ISO 8601- Julylst2018(20180701) }
format (0.. 99991233)+ yyymmdd
(YYYYMMDD) | Current GPS-tithe/date expressed as year month
day as described in the ISO 8601 series.
Rangeé:
YYYY(0000-9999)
MM(01-12)
DD (01-31)
2 [GPSWeek] 0x0002 Current GPS Representation:
[Uintl6] | week GPSWeek: : =INTEGER/{
firstGPSweekInl980(0),
oneGPSWeek (1),
unavailable (65535) }
(0..10001)
Definition: Number of elapsed weeks since :PS
started on January 6th, 1980.
EXAMPLE: The week beginning on Sunday 1st of
July 2018 equals to GPSWeek 2008
Unit: 1 week
3 [GPSSecondOfW | 0x0004 Current time Representation:
eek] [Uint32] | (fromstartof | GPSSecondOfWeek::=INTEGER {
GPS week) startOfWeek (0),
oneMilliSecAfterStartOfWeek (4),
endOfWeek (2419199999),
unavailable (4294967295) }
024926606007
Unit: 0,25 ms (0,00025 sec)
4 [LeapSeconds] 0x0001 Current time Representation:
[Uint8] difference / leapSeconds ::= INTEGER {
number of leap | (1),
seconds (2),
between GPS-, (255)} (0..255))
and UTC-time. Definition: GPS Leap Seconds, difference between
GPS and UTC Time
Unit: 1s
NOTE 1 UTCtime = GPStime - LeapSeconds.
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error to allow
execution of a
test

Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
NOTE 2 GPS is currently 18 s ahead of UTC (as per
date 2021-06-01).
Table 17 — Accuracy requirements mode struct
Strudt Struct data Struct Data Data definition
ordel name data
number length
[and
type]
1 [MaxWayDeviati | 0x0002 Maximum Representation:
on] [Uint1l6] | allowed deviation ::= INTEGER {
longitudinal oneMilliMeter 1),
deviation lastvalue (65534) ’
unavailable<65535)} (0..65535))))
Definition’maximum allowed position error of the
test objeet relative to the planned path.
Unit:0,001 m
2 [MaxLateralDevi | 0x0002 Maximum Representation:
ation] [Uint16] | allowed laterak)| deviation ::= INTEGER {
deviation oneMilliMeter (1),
lastvalue (65534),
unavailable (65535)} (0..65535))
Definition: maximum allowed position errof of the
test object relative to the planned path meagured
perpendicular from the planned path directjon.
Unit: 0,001 m
3 [MaxYawDeviati [(0x0002 Maximum Representation:
on] [Uintl16] | allowed Yaw YawValue: :=INTEGER
(W) deviation {positiveXdirection (0),
positiveYdirection (9000),
negativeXdirection (18000),
negativeYdirection (27000),
unavailable (65535)}
(0..36001)}
Definition: maximum allowed angular devidtion of
the test object relative to the planned trajecfory.
Aeasuredin-degrees
Unit: 0,01°
4 [MaxPosError] 0x0002 Maximum Representation:
[Uint16] positioning MaxPosError ::= INTEGER {

oneCentiMeter (1),
lastvalue (65534),

unavailable (65535)} (0..65535)}

Definition: Maximum position error from
positioning system during the complete test,
comparable to SPS- or WAAS-quality from a GPS
receiver.
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Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
Unit: 0,01 m
5 [Communication | 0x0002 Communicatio | Representation:
Timeout] [Uint16] | n Timeout of communicationTimeout ::= UNSIGENDINTEGER
the HEAR {
Message tenMilliseconds (1),
twentyMilliseconds (2),
(655535)} (0..65535))))
HEAB timeout
Unit: 10 ms
6 [TestMode] 0x0001 Type of test Representation:
[Uint8] mode to run TestMode ::= INTEGER {
Preplanned(0),
Online (1),
Scenario (2)§
unavailablée (255)} (0..255)
Definition: test mode in which the test objeqt shall
act:
0 = offline pre-planned trajectories,
1 = online planned trajectories,
2 = scenario-description file.
7 [MonrRate] 0x0001 MONR Representation:
[Uint8] message rate MonrRate ::= INTEGER {
Rate (1), ..,
Rate (100))} (1..255)
Definition: the transmission rate of the MONR
message.
Unit: 1 Hz
8 [Monr2Rate] 0x0001 MONR?2 Representation:
[Uint8] message rate Monr2Rate ::= INTEGER {
Rate (1), ..,
Rate (100))} (1..255)
Definition: the transmission rate of the MONR2
message.
Unit: 1 Hz
9 [HeabRate] 0x0001 Heartbeat Representation:
[Uint8] message rate HeabRate ::= INTEGER {
Rate (10),..,
Rate (100))} (10..255)
Definition: the transmission rate of the HEAB
message.
Unit: 1 Hz
10 [MaxMessageLe | 0x0004 The maximum | Representation:
ngth] [Uint32] | allowedlength | MaxMessageLength::=INTEGER { )
of a message (0..4294967295)
sent by a test
object
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Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
1 [Timeserver 0x0004 Timeserver IP Representation
IP] [Uint32] IPAddress: :=INTEGER { }
(0 when not used
Definition: IP address of dedicated timg server.
2 [TimeServer 0x0002 Timeserver port Representation
Port] [U16] IPAddress: :=INTEGER { A
(0 when not used
1..65535)
Definition: port used“by dedicated time[server.
Table 19 — ID Association
Content ValuelD Content data Data definition
num}er (2 bytes) length
(Content n) (2 bytes)
1 0x0025 0x0004 IDs to be Representation:
[PairingCount(n)] [Uint32] asspcidted witha | pairingCount::=INTEGER [ }
testobject name (0..4294967295)
Definition: the total number df IDs to
be associated with a test objeft
name.
i+1 0x0026 0x0004 DevicelD to be Representation:
[PairingID] [Wint32] associated witha | peviceID::=INTEGER { }
test objectname | (1..4294967295)
Definition: foreign DevicelD tp be
associated with a test object jame.
iis a counter from 1 to n.
i+2 0x0027 Variable Test object name | Representation:
[PairingName] length to be associated | PairingName::= UTF8Strijg
with DevicelD Definition: the friendly/readdble
name of the test object defined in
DIDX-file.
Characters in the text string are
following an eight-bit character
representation according to ISO
8859-1 (Latin-1).
i++ Increment counter i
i+2 NeXt “ “ “
0x0026
[PairingID]
i+3 Next “ “ “
0x0027
[PairingName]
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Content ValuelD Content data Data definition
number (2 bytes) length
(Content n) (2 bytes)
n

12.3.3 Object state change request message - OSTM (MsgID 0x0003)

The object state message is used by the server to request a specific state change of the test objects. The

message can, for example, be used to request the test object to go from disarmed state to armed, and vice
versa.
The O$TM is further detailed in Tables 20 and 21.
Table 20 — ValuelD table for OSTM
Valug¢ID name ValuelD value (Uint16)
[StatdChangeRequest] 0x0064
[Vendor Specific] (range) 0xA000-0xAFFF
Table 21 — OSTM
Content ValuelD Content Data Data definition
num}er (2 bytes) length
(Content n) (2 bytes)
1 0x0064 0x0001 Objéct state Representation:
[StateChangeRequest] | [Uint8] change request- | objStateChangeReq: :=INTERER {
value init (1),
arm(2),
disarm(3),
remoteControl (6) }
(0..10)
Definition: state change requegt from
server to test object.
The available change commandls
correspond to the test object sfate
diagram:
0x01 = INIT
0x02 = ARM
0x03 = DISARM
0x06 = REMOTE_CONTROL
2 0x0101 0x0002 Scenario Representation:
[ScenariolD] [Uint16] identifier ScenarioId::=INTEGER { }
Definition: identifier of the scenario
which shall be executed.

12.3.4 Start message -STRT (MsgID 0x0004)

The start message is sent from the CC to a test object to invoke the test object to the RUNNING-state. It is
only allowed for the CC to call for this this message when the test object is in ARMED state. Upon receiving
a start message in the armed state, the test object shall go to RUNNING state.

The CC shall start transmitting its status - CCStatus (running) - in the HEAB-message as soon as the
STRT-message is sent.
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When current time (GPS second of week) becomes equal to received starting time from the CC, the test
object will start to travel according to its trajectory.

The STRT message is further detailed in Tables 22 and 23.

Table 22 — ValuelD table for STRT

ValuelD name

ValuelD value (Uint16) Size

[STRT-struct]

0x0002

8 bytes, see Table 23

[Vendor Specific] (range)

0xA000-OxAFFF

Table 23 — STRT-struct

Strudt
orde
number

Struct data
name

Struct
data
length
[and

type]

Data

Data definition

GPSSecondOf
Week

0x0004
[Uint32]

The time (from
start of current
GPS week) when
test shall start

Representation!

GPSSecondOfWeek: : =INTEGER
{startOfWeek (0),
oneMilMi'SecAfterStartOfWeek (4),
endOfWeek (2419199999) ,
unavailable (4294967295) }
(Q%»:2419200000)

Unit: 0,25 ms (0,00025 s)

GPSWeek

0x0002
[Uint16]

Current GPS
week

Representation:

GPSWeek: : =INTEGER {
firstGPSweekInl980(0),
oneGPSWeek (1),
unavailable (65535) }
(0..10001)

Definition: .umber of elapsed weeks since
started on January 6th, 1980.

i PS

NOTE Send GPS-week so it can be determined if

message is old.

EXAMPLE The week beginning on
1st of July 2018 equals to GPSWeek 2008.

Unit: 1 week

Sunday

TrajlD

0x0002
[Uint16]

The trajectory
identifier to start
with

Representation:

TrajID::=INTEGER
{ID(0), .. ,
ID(65534),

unavailable (65535) }
(0..65535)

12.3.5 Heartbeat message - HEAB (MsgID 0x0005)

The heartbeat message is continuously sent from the CC to the test objects with a frequency of normally
100 Hz. The purpose of this message is to report the status of the server and to request an emergency
abort or a normal stop. The CCStatus information shall reflect what is described in Figure 15. The current
time is also included in the message for the test objects to keep track of when a heartbeat message was
sent from the server.
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The CCStatus signal serves two purposes: 1. To inform about the current CC status (init, ready, running)
and 2. To send command to test object to perform a normal/emergency stop. This is explained in Table

26.

To reduce size of the HEAB-message, the data are sent as a struct.

The ValuelD and content length shall always be included when sending any message (including struct-
based content like HEAB). See 12.2.4 for details.

Vendor Specific ValuelD:s are not allowed in HEAB-message.

The HEAB message is further detailed in Tables 24, 25 and 26.

Table 24 — Content table for HEAB
Valug¢ID name ValuelD value (Uint16) Size
[HEAB-struct] 0x0090 5 bytes, see Table 25
Table 25 — HEAB-struct
Strudt Struct data name Struct Data Data definition
ordel data
number length
[and
type]
1 GPSSecondOfWeek 0x0004 The time Representation:
[Uint32] | when GPSSecondOfWeek: : =INTEGER {
message was | startOfWeek (0),
transmitted oneMilliSecAfterStartOfWeek (4),
from @ntrol | endofiieek (2419199999) ,
centre unavailable (4294967295) 1}
(0..2419200000)
Unit: 0,25 ms (0,00025 s)
2 CCStatus 0x0001 Current Representation:
[Uint8] state of the CCStatus: :=ENUMEREATED {
control init (0),
centre ready (1),
abort (2),
testRunning(3),
testDone (4),
normalStop (5),
unavailable (255)
}
Table 26 — Detailed explanation of ControlCentreStatus (CCStatus)
CCStdtus Command or Detailed dncrripﬁnh
information
0x00, init Info Control centre information:
control centre during initializing/startup.
0x01, ready Info Control centre information:
control centre status OK / ready to send or receive messages and data.
0x02, abort Command Command to test object: emergency, stop the test! Perform an
immediate abort of the test execution.
Control centre shall continue to send abort (2) until all test objects
are safely stopped.
60 © ISO 2023 - All rights reserved



https://standardsiso.com/api/?name=66fc75a1d3a2b30db27ab13bf144023a

ISO/TS 22133:2023(E)

CCStatus Command or Detailed description
information

0x03, testRunning Info Control centre information: the control centre shall start transmitting
CCStatus (running) in the HEAB-message as soon as the STRT-
message is sent.

0x04, testDone Info State information: the control centre shall send
CCStatus (testDone) when the test scenario is fully executed and
all test objects have performed their actions.
It is recommended to wait until this state is entered before uploading
large data such as log files.

0x05,[normalStop Command Command to test object: perform a normal stop of the test objert.

12.3.6
The m

Monitor message - MONR (MsgID 0x0006)

nitor message is continuously sent from each test object as unicast tothe-CC with the purpose of
reportling important data as well as maintaining the connection between the test object and the C(.

The mpnitor message also contains the status of the test object, so that.the CC can determine wh4t state
the tedqt object resides in.

If the derver does not receive a monitor message within a given jinterval, the connection or the testjobject
is conpidered as faulty. The CC can therefore use this infermation in order to take the nedessary

precaytions.

To reduce size of the MONR-message, the data are sentds a struct.

Vend

-specific ValuelDs are not allowed in a MONR-message.

The ValuelD and content length shall always be included when sending any message (including ktruct-
based [content like MONR). See 12.2.4 for details.

The MPNR message is further detailed inTables 27 and 28.
Table 27 — Content table for MONR

Valu¢ID name

ValuelD value (Uint16)

Size

[MONR-struct]

0x0080

36 bytes, see Table 28

Table 28 — MONR-struct

Strudt Struct data Struct Data Data definition
ordel name data
number length
[and
type]
1 GPSSecondOfWe | 0x0004 GPS-time Representation:
ek [Uint32] | when the GPSSecondOfWeek: :=INTEGER {startOfWeek (0),
position was oneMilliSecAfterStartOfWeek (4),
Calculated in endOfWeek(24l9l99999) ’
the test unavailable (4294967295) }
. (0..2419199999)
object
Unit: 0,25 ms (0,00025 s)
2 X-Position 0x0004 Position in Representation:
[Int32] the X- DeltaPosition ::= INTEGER { oneMilliMeter
direction (1),
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Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
relative to unavailable (-2147483648) }
the origin (-2147483648..2147483646)
Definition: this value defines the distance between
position and origin in X-direction.
Unit: 0,001 m
3 Y-Position 0x0004 Position in Representation:
[Int32] the Y- DeltaPosition ::= INTEGER { oneMilliMeter
direction (1),
relative to unavailable (-2147483648) }
theoﬁghl (-2147483648..2147483646)
Definition: this value defines'the distance between
position and origin in Y-direction.
Unit: 0,001 m
4 Z-Position 0x0004 Position in Representation:
[Int32] the Z- DeltaPositioh)::= INTEGER { oneMilliMeter
direction (1),
relative to unavailable (-2147483648) }
theoﬁghl (-2147483648..2147483646)
Definition: this value defines the distance betyeen
position and origin in Z-direction.
Unit: 0,001 m
5 Yaw 0x0002 Yaw of the Representation:
[Uintl6] | testobject YawValue: :=INTEGER {positiveXxXdirectipn (0),
positiveYdirection (9000),
negativeXdirection (18000),
negativeYdirection (27000),
unavailable (65535)} (0..36001)
Definition: see 6.3.2.
Unit: 0,01°
6 Pitch 0x0002 Pitch angle of | Representation:
[Int16] the test PitchValue: :=INTEGER{
object up (-9000),
horizontal (0),
down (+9000) ,
unavailable (-32768) }
(=9000..9000)
Unit: 0,01°
7 Roft 0x0002 Rotiangle of | Representation:
[Int16] the test RollValue: :=INTEGER{
object rollLeft (-9000),
horizontal (0),
rollRight (+9000),
unavailable (-32768)}
(-18000..18000)
Unit: 0,01°
8 Longitudinal 0x0002 Longitudinal | Representation:
Speed [Int16] speed (in SpeedvValue: :=INTEGER {standstill (0),
forward oneCentimeterPerSec (1),
direction) unavailable (-32768)
} (=32768..32767)
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{
notReady (0),

Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
Definition: see 6.3.2, x-axis.
Unit: 0,01 m/s
9 Lateral Speed 0x0002 Lateral speed | Representation:
[[nt16] (perpendicul | speedvalue::=INTEGER {standstill (0),
dl tU t}lC \JllC”ClltJ’.nlCtCJ_PCJ_SC\_/ \l/ 7
forward unavailable (-32768)
direction) } (=32768..32767)
Definition: see 6.3.2, y-axis.
Unit: 0,01 m/s
10 Longitudinal 0x0002 Longitudinal | Representation:
Acceleration [Int16] acceleration | LongitudinalAcceleratidnvalue ::= IN[[EGER
(in forward {milliMeterPerSecSquaredForward (1),
direction) milliMeterPerSecSguaredBackward(-1),
unavailable (-32768)} (-32000 3200[L)
Definition: see 6:3:2, x-axis.
Unit: 0,004 mys? (1 mm/s?)
Range:-32 m/s? to +32m/s?
11 Lateral 0x0002 Lateral Représentation:
Acceleration [Int16] acceleration \m&teralAccelerationValue ::= INTEGER
(perpendicul \ [{milliMeterPerSecSquaredToRight (-1),
ar to the milliMeterPerSecSquaredToLeft (1),
forward unavailable (-32768) }
direction) (-32000 32000)
Definition: see 6.3.2, y-axis.
Unit: 0,001 m/s? (1 mm/s?)
Range: -32 m/s? to +32m/s?
12 Drive Direction | 0x0001 Drive Representation:
[Uint8] direction DriveDirection ::= INTEGER {forward (),
with respect | backward (1), unavailable(255)
to the }
forward
direction
13 ObjectState 0x0001 Current state | Representation:
[Uint8] of the test ObjectState::= INTEGER {
object of£(0),
init (1),
armed(2),
disarmed(3),
running (4),
postrun(5),
remoteControlled(6),
aborting (7),
unavailable (255)
}
Definition: value reflects the current test object state
as described in 9.2.1.
14 ReadyToArm 0x0001 Ready to arm | Representation:
[Uint8] indicator ReadyToArm: := INTEGER
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Struct Struct data Struct Data Data definition
order name data
number length

[and

type]

readyToARM (1),
notReadyNoTRAJ (2),
notReadyNoOSEM(3),
notReadyNotAtStartPos (4),
unavailable (255)

}
Definition: flag to tell the CC if the test object.ip ready
to enter armed state or not.

Value readyToARM can only be sent when in
DISMARMED-state.

EXAMPLE: One pre-requisite can be that a trajectory
file is present in test object.

15 ObjectErrorStat | 0x0001 Error status Representation:
us [Uint8] of the test ObjectErrorStatud, j)i= SEQUENCE {
object, Bit abortRequeskt BOOLEAN (MSB)
field encoded outSideGesFence BOOLEAN
poorPosAceuracy BOOLEAN
lowBattery BOOLEAN
erpOrictive BOOLEAN
warning BOOLEAN
fatalError BOOLEAN
otherError BOOLEAN (LSB)
)
16 ErrorCode 0x0002 Test object Representation:
[Uint16] | error codes ErrorCode: :=INTEGER { }
(0..65535)
Definition: active error code on the test objectas
defined in the DIDX file.

12.3.7 Monitor message 2 - MONR2'(MsgID 0x0007)

The mpnitor 2 (MONR2) message’is continuously sent from each test object to the CC with the pyirpose
of reporting important data .(including absolute position coordinates) as well as maintainihg the
connegtion between the test object and the CC.

The MPNR2 messagealso contains the status of the test object, such that the CC can determine what state
the teqt object resides in.

The MPNRZ message is further detailed in Tables 29 and 30.

Table 29 — ValuelD table for MONR?2

ValuelD name ValuelD value (Uint16) Size
[MONR?2 Struct] 0x0001 26 bytes, see Table 30
[Vendor Specific] (range) 0xA000-0xAFFF
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Table 30 — MONR2-struct

ISO/TS 22133:2023(E)

Struct Struct data name Struct data Data Data definition
order length [and
number type]
1 GPSSecondOfWeek 0x0004 GPS-time Representation:
[Uint32] when the GPSSecondOfWeek: : =INTEGER
position was {startOfWeek (0),
calculated in oneMilliSecAfterStartOfWeek (4),
the test object | endOfWeek (2419199999)
unavailable (4294967295) 1
(0..2419200000)
Unit: 0,25 ms (0,00025 s)
2 Latitude 0x0006 Absolute Representation:
[Int48] geographical | Latitude ::= INTEGER
latitude {oneNanodegreeNdrth (10),
position of oneNanodegreeSouth
the test (=10), unaveilable (-
obiect 140737488355328) }
) ’ (-900000000000..9000000000¢01)
Positive-values are used for latituﬁe in
nonth'of the equator, negative valjies are
used for latitude in south of the equator.
Unit: 0,1 nanodegrees
3 Longitude 0x0006 Absolute Representation:
[Int48] geographical | Longitude ::= INTEGER
longitude {oneNanodegreeEast (10),
position of oneNanodegreeWest (-10),
thetestobkxi unavailable (-140737488355338) }
(-1800000000000..180000000¢001)
Negative values are used for longitudes
to the west, positive values are usgd for
longitudes to the east.
Unit: 0,1 nanodegrees
4 Altitude 0x0004 Absolute Representation:
[Int32] altitude AltitudeValue ::= INTEGER
{referenceSurface(0),
oneCentimeter (1), unavailalple (-
2147483648) } (-100000..80Q001)
For altitude equal or greater than|8 000
m, the value shall be set to 800 000. For
altitude equal or less than -1000 p, the
value shall be set to -100 000.
Unit: 0,01 m
5 Heading 0x0002 Heading of Representation:
[Uint16] the test object | Headingvalue: :=INTEGER
{northYdirection (0),
eastYdirection (9000),
southYdirection (18000),
westYdirection (27000),
unavailable (65535) }
(0..36000) }
Unit: 0,01°
6 ObjectState 0x0001 Test object Representation:
[Uint8] state ObjectState: :=ENUMERATED {
off (0),
init (1),
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Struct Struct data name Struct data Data Data definition
order length [and
number type]
armed(2),
disarmed(3),
running(4),
postrun(5),
remoteControlled(6),
aborting (7),
unavailable (255)
}
Definition: value reflects the currént test
object state as described in 9/2. 1+
7 ErrorStatus 0x0001 Error status Representation:

[Uint8] of the test ObjectErrorStatus()+= SEQUHENCE {
object. Bit abortRequest BOOLEAN
field encoded. | (MSB)

outSide@BeoFence BOOLEAN
poorP@sAccuracy BOOLEAN
engineFault BOOLEAN
batteryFault BOOLEAN
otlierObjError BOOLEAN
adaptSyPoEnded BOOLEAN
vendorSpecific2 BOOLEAN

(LSB)

}

8 ErrorCode 0x0002 Object error Representation:
[Uint16] codes ErrorCode: :=INTEGER { }

(0..65535)

Definition: active error code on thle test

object as defined in the DIDX file.

12.3.8 GPS second of week roll over message - SOWM (MsgID 0x0008)

This id the message to inform about current GPS week and date, and to inform about when GPS sedond of
week foll over happens. The CC shall transmit the week-roll-over message to the test objects if|]a new
GPS-week is entered during execution of a test.

The SQWM is further detailed in Tables 31 and 32.
Table 31 — ValuelD table for SOWM

Valug¢ID name ValuelD value (Uint16)
[Date[S08601] 0x0004

[GPSYeeK] 0x0003
[VendorSpecific] {range) 0xAQ000-OxAEEE

Table 32 — SOWM

Content ValuelD Content | Data Data definition

number (2 bytes) length

(Content (2

n) bytes)

1 0x0004 0x0004 [Uint32] Representation:

[DatelS08601] [Uint32] DateIS08601: : =INTEGER({
Current C:ja,te unavailable (4294967295),
éxpressedin julylst2018(20180701)}
1508601- (0.. 99991231) -yyymmdd
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Content
number
(Content

n)

ValuelD
(2 bytes)

Content
length

bytes)

Data

Data definition

format
(YYYYMMDD)

series.
Range:

MLAd—12)

Definition: current GPS-time/date expressed as
Year Month Day as described in the ISO 8601

YYYY (0000-9999)

A\ V4
IVIIVI LU l'lLJ

DD (01-31)

0x0003
[GPSWeeK]

0x0002
[Uint16]

Current GPS
week

Representation:

oneGPSWeek (1),

(0..10001)

Unit<? week

GPSWeek: :=INTEGER{
firstGPSweekInl980 (0),

unavailable (65535) }

Definition: number-of elapsed weeks since|GPS
started on Janudry, 6t 1980.

Example: The\week beginning on Sunday 1ft of
July 2018 equals to GPSWeek 2008.

NOTE

is not gxpected within the next several hundreds of years.

12.3.9

This i the message for configuring synchronization point information to slave test object.

Synchronization point configuration:message - SYPM (MsgID 0x000B)

The SYPM is further detailed in Tables .33 and 34.
Table 33 — ValuelD table for SYPM

GPS week counting is normally done with 11 bit whileinthis document it uses 16 bit and hence an oyerflow

Valug¢ID name ValuelD value (Uint16)
[SyncPointTime] 0x0001
[FreereTime] 0x0002

[Vendor Specificj\(range)

0xA000-O0xAFFF

Table 34 — SYPM

trajectory.

Content ValuelD Content Data Data definition

number (2 bytes) length

(Content (2 bytes)

n)

1 0x0001 0x0004 Slave synchronization point Representation:
[SyncPointTime] [Uint32] defined by time along RelativeTime: :=INTEGER

{oneMilliSeconds (1) }
(0..4294967295)

Definition: time between start
and synchronization point along
the slave trajectory.
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synchronization point.

(0..4294967295)

Content ValuelD Content Data Data definition
number (2 bytes) length
(Content (2 bytes)
n)
Unit: 0,001 s
2 0x0002 0x0004 Time to stop synchronization | Representation:
[FreezeTime] [Uint32] before defined RelativeTime: :=INTEGER

{oneMilliSeconds (1) }

MTSP time is less.than c
time, the test objeet shal
trying synchrenization.

Freeze time => Stop syn

Unit: 0,001 s

Definitiom Tetative Limekrom

(MTSP(time) - Current ]

received MTSP time-Whgn

rrent
stop

me) <

12.3.10 Master time to synchronization point message -MTSP (MsgID 0x000C)

This i the message for sending remaining time to synchronizatign.point.

The M[TSP message is further detailed in Tables 35 and 36.

Table 35 — ValuelD table for MTSP

Valu¢ID name

ValuelD value (Uint16)

[EstSyncPointTime]

0x0001

[Vendor Specific] (range)

0xA000-O0xAFFF

Table 36 — MTSP

when the master
will reach the
synchronization
point.

Conté¢nt ValuelD Content | Data Data definition

num?er (2 bytes) length

(Content (2 bytes)

n)

1 0x0004 0x0004 Estimated Representation:
[EstSyncPointTime] [Uint32] (absolute) time GPSSecondOfWeek: : =INTEGER

{startOfWeek (0),

oneMilliSecAfterStartOfWed

endOfWeek (2419199999),
unavailable (4294967295) }

(U..Z22413920UU0U)

Unit: 0,25 ms (0,00025 s)

12.3.11 Remote-control manoeuvring message - RCMM (MsgID 0x000A)

This is themessage for manually controlling the test object during safe speed conditions.

Values can be transmitted as absolute values (unit: 0,01m/s, and 0,01°) or relative actuator values (in

percent, %).

The control centre shall only send either the pair of absolute values, or the combination of relative
actuator values.

The typical sequence for RCCM is as follows.

68
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iy
2)

3)
4)

5)
6)

7)

ISO/TS 22133:2023(E)

CC sends object state change message (OSTM) with StateChangeRequest set to
remoteControl.

Test object responds with populating the monitor message (MONR) with ObjectState set to
remoteControlled.

CC start sending RCMM continuously. The first message shall contain value 0 as first value.

CC continues to send RCMM with a frequency of ~10Hz during the complete maneuver. The test
object responds with ObjectState equals to remoteControlled.

Last speed and steering values to send before stopping the remote controlling shall be zeroes (0).

When test object is at a standstill the CC may send a new object state change message (OSTM) with
StateChangeRequest setto disarm.

After test object has fully stopped/standstill, it may leave the remote-controlled stat&and refurn to
digarmed if requested by the CC.

NOTE 1 The RCMM is only intended for test objects that normally travel in the longitudinal direction. Flylng test

objectd are not considered here but handled with the RCMM2.

NOTE 2 For any other manually controllable parameter in the test object, vender-specific ValuelDs can be used,

such aq stationary test objects like traffic lights and weather generators, or other.

The RCMM is further detailed in Tables 37 and 38.

Table 37 — ValuelD table for RCMM

Valug¢ID name ValuelD_ value (Uint16)
[Speed_absolute] (cm/sec) 0x0011
[Steering_absolute] (degree) 0x0012

[Throfttle] (%) 0x0031

[Brakge_friction] (%) 0x0032
[Longitudinal_direction] 0x0033
[Steering_relative] (%) 0x0034

[Vendor Specific] (range) 0xA000-0xAFFF

Table 38 — RCMM

Contént ValuelD Content Data Data definition
num}er (2 hytes) length
(Content (2 bytes)
n)
1 0x0011 0x0002 The requested speed value Representation:
[SpeedAbsolute] [Int16] in longitudinal (x) direction SpeedvValue: : =INTEGER
of the test object {standstill (0),
oneCentimeterPerSec(l),
unavailable (-32768)
} (=32768..32767)
Absolute values
Unit: 0,01 m/s
2 0x0012 0x0002 Requested steering/yaw Representation
[SteeringAbsolut | [Int16] value SteeringYaw: :=INTEGER{
e] right (-9000),
straight (0),
left (+9000),
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Content
number
(Content

n)

ValuelD
(2 bytes)

Content
length
(2 bytes)

Data

Data definition

unavailable (-32768)}
(-9000..9000)

Definition: the requested value for
the yaw steering angle between
-90° and +90° around the z-axis.

Absolute values

Unit: 0,01°

0x0031
[ThrottleRelative

]

0x0002
[UInt16]

The relative throttle position
(%) as a power request to
the propulsion system for
longitudinal movement

Representation:

ThrottleRelatife:": =INTEGER {
noRequest (0);
maxThrottle (200),
unavailableq(65535) }
(0..100)

Definition: direction of movement
is-achieved by combining thirottle
and longitudinal direction.

Relative values
Unit: Percent

0x0032
[BrakeRelative]

0x0002
[UInt16]

Requested relative brake
force (%)

Representation:

BrakeRelative: :=INTEGHR {
noRequest (0),
maxBrake (100),
unavailable (65535) }
(0..100)

Definition: brake request hds
priority over throttle request, i.e.
throttle requests shall be ighored
when brake request is not equal to
Zero.

Relative values
Unit: Percent

0x0033
[DirectionRelativ

e]

0x0001
[Uint8]

Requested direction for
longitudinal movement
(forward/reverse)

Representation:
DirectionRelative: :=ENUMERAT
ED
{
forward (0),
reverse (1),
unavailable (255)
}

Definition: see 6.3.2, x-axis.

0x0034
[SteeringRelative

]

0x0002
[Int16]

Requested steering/yaw
value

Representation:
SteeringRelative: :=INTEGER{
maxRight (-100),

straight (0),

maxLeft (+100),

unavailable (-32768)}
(-100..100)

Definition: the requested steering
value between maximum right
value (-100 %) and maximum left
+100 % .
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Content ValuelD Content Data Data definition
number (2 bytes) length

(Content (2 bytes)

n)

Relative values
Unit: Percent

12.3.12 Remote-control manoeuvring message 2 - RCMM2 (MsgID 0x0016)
The difference between RCMM and RCMM?2 is that the later one is designed to being able to m%nually

contrd|l flying test objects and/or test objects with tank steering. The values will apply to the flying|object
attitude/posture. Figure 35 illustrates the possible remote-control commands for(\dimensional
moverment.

Ascend / Up Forward
TI@ : Turn right Left Right
Descend / Down Backward

Figure 35 — Possible remote-control commands (in three dimensions)
The REMM2 is further detailed in Tables 39, 40 and 41.
Table 39 — ValuelD table for RCMM2

Valug¢ID name ValuelD value (Uint16) Size

Joystik_relative-struct 0x0001 8 bytes, see Table 40

12 bytes, see Table 41

Joystikc_absolute-struct 0x0002

[Vendor Specific])(range) 0xA000-0xAFFF

Table 40 — Joystick_relative-struct

movement backward or
forward

Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
1 fwdbwd 0x0002 The requested level for Representation:
[Int16] controlling the test object | fwdbwd: :=INTEGER{

maxBackward (-100),
standstill (0),
maxForward (+100),
unavailable (-32768) }
(-=100..100)
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Struct Struct data Struct Data Data definition
order name data
number length
[and
type]
Unit: Percent
2 leftright 0x0002 The requested level for Representation:
[[Int16] moving to the right and leftright: :=INTEGER{
left maxRight (-100),
maxLeft (+100),
unavailable (-32768) }
(-100..100)
Unit: Percent
3 ascdesc 0x0002 The requested level for Representation;
[Int16] ascending or descending ascdesc: :=INTEGER{
maxDescend (=100) ,
standstadl (0),
maxAscend (+100) ,
unavailable (-32768) }
(-200..100)
Unit: Percent
4 turn 0x0002 The requested level for Representation:
[[nt16] turning/rotating tothe turn: :=INTEGER{
right and left maxTurnRight (-100),
standstill (0),
maxTurnLeft (+100),
unavailable (-32768) }
(-100..100)
Unit: Percent
Table 41— Joystick_absolute-struct
Cont¢nt | ValuelD Content | Data Data definition
num}er (2 bytes) length
(Contgent (2
n) bytes)
1 [LongSpeed} 0x0002 The requested speed value | Representation:
[Int16] in longitudinal (x) SpeedValue: :=INTEGER
direction of the test object | {standstill(0),
oneCentimeterPerSec(l),
unavailable (-32768)
} (=32768..32767)
Absolute values
Unit: 0,01 m/s
2 [LatSpeed] 0x0002 The requested speed value | Representation:
[Int16] in lateral (y) direction of SpeedValue: :=INTEGER
the test object {standstill (0),
oneCentimeterPerSec(l),
unavailable (-32768)
} (=32768..32767)
Absolute values
Unit: 0,01 m/s
3 [AltSpeed] 0x0002 The requested speed value | Representation:
[Int16] in altitude (z) direction of | Speedvalue::=INTEGER
the test object {standstill (0),
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Content ValuelD Content | Data Data definition
number | (2 bytes) length

(Content (2

n) bytes)

oneCentimeterPerSec (1),
unavailable (-32768)
} (-32768..32767)

Absolute values
Unit: 0,01 m/s

4 [Yaw] 0x0002 Requested steering /vaw Representation:

[Int16] value SteeringYaw: :=INTEGER{
right (-9000),

straight (0),

left (+9000),
unavailable (-32768y"}
(-18000..1800Q

Definition: the requested value fgr the
yaw steering angle between -18(° and
+180° ayound the z-axis.

Absolute values

Unit: 0,01°
5 [Roll] 0x0002 Requested steering/roll Representation:
[Int16] value SteeringYaw: :=INTEGER{

right (-9000),
straight (0),

left (+9000),
unavailable (-32768) }
(-18000..18000)

Definition: the requested value fgr the
yaw steering angle between -18(° and
+180° around the x-axis.

Absolute values

Unit: 0,01°
6 [Pitch] 0x0002 Requested steering/pitch Representation:
[Intl6] value SteeringYaw: :=INTEGER{

right (-9000),
straight (0),

left (+9000),
unavailable (-32768) }
(-18000..18000)

Definition: The requested value fpr the
yaw steering angle between -18(° and
+180° around the y-axis.

Al 1 1
ADSUIULT VdlutcS

Unit: 0,01°

12.3.13 Trigger configuration message - TRCM (MsgID 0x0021)
This is the message to enable and configure the TriggerEvent in the trigger reporting test object.

The TRCM contains a number of ValuelD:s that are used for setting up the trigger condition. If the
TriggerType and the TriggerTypeParameters are not sufficient for configuring the trigger event, then it
is appropriate to use vendor specific ValuelD:s.
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The TriggerID is an identifier for this TriggerEvent. This TriggerID is normally related to a ActionID in
the control centre or in a test object. When the conditions are fulfilled is a trigger event occurred message
(TREO) sent to the CC where it is handled.

The TRCM is further detailed in Tables 42 and 43.
Table 42 — ValuelD table for TRCM

ValuelD name ValuelD value (Uint16)
[TriggerID] 0x0001
[Trlg; CT T_ypc] 9x0662
[TREQSendCount] 0x0003
[TREQSendInterval] 0x0004
[TriggerComparisonType] 0x0011
[TriggerParamsSign] 0x0012
[TriggerParam1] 0x0013
[TriggerParam?2] 0x0014
[TriggerParam3] 0x0015
[TriggerParam4] 0x0016
[TriggerParam5] 0x0017
[Vendor Specific] (range) 0xA000-0xAFFF
Table 43" TRCM
Cont¢nt | ValuelD Content | Data Data definition
num}er (2 bytes) length
(Contgent (2
n) bytes)
1 0x0001 0x0002 | Unique ID of the Representation:
[TriggerID] [Uint16] | TriggerEvent TriggerID: :=INTEGER{
unavailable (65535) }
(0..65535)
2 0x0002 0x0002 | The type of Representation:
[TriggerFypé] [Uint16] | trigger TriggerType: :=INTEGER{
unavailable (65535) }
(0..65535)
See defined triggers in Table #5.
3 0x0003 0x0002 | The number of Representation:
[TREOSendCount] [Uint16] | times to send TreaSendCount : - =TNTEGER
TREO if the once (1),
conditions are }(1..65535)
true
4 0x0004 0x0002 | The time between | Representation:
[TREOSendInterval] [Uint16] | each sending of TreoSendInterval: :=INTEGER{
TREO (ms) unavailable (65535) }
(1..65535)
Unit: ms
5 0x0011 0x0001 | Comparison See comparison Table 44.
[TriggerComparisonType] [Uint8] method
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Content | ValuelD Content | Data Data definition
number | (2 bytes) length
(Content (2
n) bytes)
6 0x0012 0x0001 | The sign of the Representation:
[TriggerParamSign] [Uint8] parameters TriggerParamSign: :=INTEGER{
unsigned (1),
signed(2),
}(1..2)
7 0x0013 0x0004 | Trigger type See Table 45 for definitions.
[TriggerParam1] [Uint32/ para.m.eter for the Representation:
Int32] specific trigger .
t TriggerTypeParam: : £UINTB2 INT
ype.
EGER{
unavailable (4294967295)
(0.. 42949672959
TriggerTypeParam: :=INT3p INTE
GER{ umatailable (214748PB647)}
(0... /= 2147483646)
Definition: Trigger Parameteq (in the
context of the specific TriggeType)
8 0x0014 0x0004 | Trigger type Representation:
[TriggerParam2] [Uint32/ para.m.etel.’ forthe See content number 5.
Int32] specific trigger
type.
9 0x0015 0x0004 | Triggettype Representation:
[TriggerParam3] [Uint32/ para.m.eter for the See content number 5.
Int32] specific trigger
type.
10 0x0016 0x0004 | Trigger type Representation:
[TriggerParam4] [Uint32/ para.m.etell’ for the See content number 5
Int32] specific trigger
type.
11 0x0017 0x0004 | Trigger type Representation:
[TriggerParam5] [Uint32/ para.m.etel.’ for the See content number 5.
Int32] specific trigger
type.
Table 44 — Comparison codes
Name == > >= < <= I= No comp
Value 0Ux60 Ux61 0x62Z Ux635 Ux64 0x65 0Ux66
Table 45 — Defined triggers
Name Trigger | Sign | Compa | Param1 Param2 Param3 Param4 Param5
type rison a
Speed 0x0001 2 0x60- Deviceld Speed True time® | Not used Not used
threshold 0x65 value [ms]
[cm/s]
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Name Trigger Sign | Compa | Param1 Param?2 Param3 Param4 Param5
type rison a

Relative 0x0002 2 0x60- Deviceld 1 | Deviceld 2 | Longitudin | Lateral True time
distance ¢ 0x65 al distance | distance b [ms]

[mm] [mm]
Position 0x0003 2 0x60- Deviceld X[mm)] Y[mm] Z[mm] Radius
reached 0x64 [mm]
Brake 0x0004 1 0x60- Deviceld Level True time® | Not used Not used
pressed 0x65 [ms]
Accelgration | 0x0005 2 0x60- Deviceld Level True time® | Not used Notysed
occurfred 0x65 [cm/s?] [ms]
Digitdl input | 0x0006 1 0x60 Deviceld Digital pin | Level True time) | Not ysed
event] number (high/low) | b [ms]
Analdg input | 0x0007 2 0x60- Deviceld Input Level True time | Notysed
level 0x65 channel (mV) 5/[ms]

number

AbsoI.lte 0x0008 1 0x60- Deviceld Time Week Not used Not ysed
time passed 0x62 [gpssow] [GpsWeek]
End of 0x0009 1 0x66 Deviceld Trajectoryl\ Not used Not used Not ysed
trajedtory D
Time to 0x000A 1 0x60- Deviceldl | Deviceld2 Time Not used Not ysed
collisfon¢ 0x65 (Master) (Slave) threshold

[ms]
Vend¢r 0x0100- | - - - - - - -
specific 0x0200

a  Ddgviceld is used for an external process to cheek the trigger condition of a test object, for example, the CC
checlling triggers for the test object(s).

b THe true time is the minimum elapsed‘time during when the comparison is true before TREO is fired.

¢ Dgviceldl is to relative Deviceld2;-for example, the longitudinal distance between |Deviceld1 - Deviceld2| is
< Param3 value. If this trigger is,used by a test object message gating shall be implemented and used by thg test
object and the CC.

12.3.14 Action configuration message - ACCM (MsgID 0x0022)

This i a message to enable and configure the ActionEvent in the action object. A TriggerID can rgsult in

multiple actions (ActionID) as long there is a link between the IDs created by this message.

The ACCM is further detailed in Tables 46 and 47.

Table 46 — ValuelD table for ACCM

ValuelD name ValuelD value (Uint16)
[TriggerID] 0x0002
[ActionID] 0x0003
[ActionType] 0x0004
[ActionParamSign] 0x0005
[ActionParam1] 0x00A1
[ActionParam2] 0x00A2
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ValuelD name ValuelD value (Uint16)
[ActionParam3] 0x00A3

[ActionParam4] 0x00A5

[ActionParam5] 0x00A6

[Vendor Specific] (range) 0xA000-0xAFFF

Table 47 — ACCM

Cont¢nt | ValuelD Content Data Data definition
number | (2 bytes) length
(Conten (2 bytes)
tn)
1 0x0002 0x0002 Unique ID of the Representation:
[TriggerID] [Uint16] TriggerID to perform | ActionIDx3=INTEGER{
action when received | unavail@klIe (65535)}
in TREO (0..65535)
2 0x0003 0x0002 Unique ID of the Représentation:
[ActionID] [Uint16] ActionEvent TPiggerID: :=INTEGER{
unavailable (65535) }
(0..65535)
3 0x0004 0x0002 The type of actioh Representation:
[ActionType] [Uint16] ActionType: :=INTEGER({
unavailable (65535) }
(0..65535)
See defined actions in Table 48
4 0x0005 0x0001 The sign of the Representation:
[Action [Uint8] parameters ActionParamSign: :=INTEGER({
ParamSign] unsigned (1),
signed(2),
}(1..2)
5 0x00A1 0x0004 Action parameter 1 Representation:
[ActionParam1] [Uint32/ TriggerTypeParam: :=UINT3}2 INTE
Int32] GER{ unavailable (4294967%95)}
(0.. 4294967295)
TriggerTypeParam: :=INT32| INTEG
ER{ unavailable (2147483647)}
(0.. +/- 2147483646)
6 0x00A2 0x0004 Action parameter 2 See content number 5.
[ActionParam2] [Uint32/
Int32]
7 0x00A3 00004 Actionparameter3 Seecontentnumber 5.
[ActionParam3] [Uint32/
Int32]
8 0x00A4 0x0004 Action parameter 4 See content number 5.
[ActionParam4] [Uint32/
Int32]
9 0x00A5 0x0004 Action parameter 5 See content number 5.
[ActionParam5] [Uint32/
Int32]
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Table 48 — Defined actions

Action name | Action Sign | Param1 Param2 Param3 Param4 Param5
type
Digital output | 0x0101 1 Output pin Active level Active time (@ Inactive level | Notused
(high/low) [ms]
Analog 0x0102 | 2 Output Active analog | Active time (@ Inactive Not used
output channel output level [ms] analog output
[mV] level [mV]
Path ¢ffsetr OX0103— 2 X Y Z Notused Not used
[mm)] [mm] [mm)]
Speed offset 0x0104 |2 Longitudinal | Longitudinal | Absolute(1) Not used Not used
speed [cm/s] | acceleration /relative(2)
[cm/s?]
Change 0x0105 1 Trajectoryld Not used Not used Not used Not used
trajedtory to change to
Send PTRT 0x0106 1 Time to start | Not used Not used Not used Not used
(actign only [gpssow]
allowgd by
the cdntrol
centrg)
Alter pteering | 0x0107 1 Enable(1) Active time 2\\| Enable(1) Not used Not used
b /disable(2) [ms] /disable(2)
value value
Alter elocity | 0x0108 1 Lock(2) Active time 2 | Lock(2) Not used Not used
lock ¢ /unlock(1) [fis] /unlock(1)
value value
General 0x0200- | - - - - - -
action 0x0300
(vendor
specific)
a Active time is the time duration of for how long the value of Param1 shall be used before the value of[Param?2
becores used.
b Activates or deactivatés,the steering actuator of the steering system.
¢ Activates or deactivates the speed control of the steering system.
12.3.15 Trigger event occured message - TREO (MsgID 0x0023)
This i the'message to inform that the trigger occurred. The TREO message is further detailed in [Tables
49 and-586-

Table 49 — ValuelD table for TREO

ValuelD name ValuelD value (Uint16)
[TriggerID] 0x0001
[TriggerTimestamp] 0x0002

[Vendor Specific] (range)

0xA000-OxAFFF

78

© ISO 2023 - All rights reserved



https://standardsiso.com/api/?name=66fc75a1d3a2b30db27ab13bf144023a

Table 50 — TREO

ISO/TS 22133:2023(E)

Content | ValuelD Content Data Data definition
number | (2 bytes) length
(Content (2 bytes)
n)
1 0x0001 0x0002 ID of the Representation
[TriggerID] [Uint16] TriggerEvent TriggerID: :=INTEGER{
unavailable (65535) }
(0..65535)
2 Ux000Z Ux000% TTme stamp when Representation:
[TriggerTimeStamp] | [Uint32] trigger condition GPSSecondOfWeek: : =INTEGER
was fulfilled {startOfWeek (0),
oneMilliSecAfterStartOfieek (4),
endOfWeek (2419199999) ,
unavailable (4294967295) }
(0..2419200000vy
Unit: 0,25 ms (0;00025 s)

12.3.16 Execute action message - EXAC (MsgID 0x0024)

This ig the message to inform the action executor to execute the action defined in the ACCM.

The EXAC message is further detailed in Tables 51 and 52.

Table 51 — ValuelD table for EXAC

Valu¢ID name ValuelD value (Uint16)
[ActignID] 0x0002
[ExecuteTime] 0x0003

[Vendor Specific] (range)

0xA000-OxAFFF

Table 52 — EXAC

be executed (if
delay wanted)

Content ValuelD Content Data Data definition
num}er (2 bytes) length
(Contgent (2 bytes)
n)
1 0x00Q02 0x0002 ID of the action. Representation
[ActionID] [Uint16] ActionID: :=INTEGER/{
unavailable (65535) }
(0..65535)
2 0x0003 0x0004 Absolute time Representation:
[ExXecute Time] [Omt32} When action shall | GPSSecondOfWeek: : =INTEGER

{startOfWeek (0),
oneMilliSecAfterStartOfWeek (4),
endOfWeek (2419199999) ,
unavailable (4294967295) }
(0..2419200000)

Unit: 0,25 ms (0,00025 s)
NOTE If ExecuteTime equals to 0 or

unavailable then immediate execution of
the action shall be performed.

© IS0 2023 - All rights reserved

79



https://standardsiso.com/api/?name=66fc75a1d3a2b30db27ab13bf144023a

ISO/TS 22133:2023(E)

12.3.17 Cancel or delete trigger and action - CADE (MsgID 0x0025)

This is the message to the involved test objects to cancel/abort or delete the trig and action function.
Cancel/abort can be sent during ongoing test. Deletion of a trigger and action setting can only be done

prior ongoing test.

The CADE message is further detailed in Tables 53 and 54.
Table 53 — ValuelD table for CADE

ValuelD name ValuelD value (Uint16)
[Actigm€oted %0601

[TriggerID] 0x0002

[ActignID] 0x0003

[Vendor Specific] (range) 0xA000-0xAFFF

Table 54 — CADE

Cont¢nt ValuelD Content Data Data definition
num?er (2 bytes) length
(Content (2 bytes)
n)
1 0x0001 0x0001 Cancel or deletion of trigger and Representation:
[ActionCode] [Uint8] action ActionCode: :=INTEGER{
cancel (1), delete(R)}
(0..255)
2 0x0002 0x0002 ID of the trigger Representation:
[TriggerID] [Uint16] TriggerID: :=INTEGER({
unavailable (65535)
(0..65535)
3 0x0003 0x0002 ID of the action Representation:
[ActionID] [Uint16] ActionID: :=INTEGER
unavailable (65535)
(0..65535)

12.3.18 Action performied message - APEM (MsgID 0x0026)

This i the message t¢inform that an action was executed.
The APEM is further detailed in Tables 55 and 56.
Table 55 — ValuelD table for APEM

Valu(fID name ValuelD value (Uint16)
[ActionID] 0x0010

[ActionType] 0x0011

[ExecutionTime] 0x0012

[TriggerID] 0x0013

[Vendor Specific] (range) 0xA000-0xAFFF
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Table 56 — APEM

Content ValuelD Content Data Data definition
number (2 bytes) length
(Content (2 bytes)
n)
1 0x0010 0x0002 ID of the action Representation:
[ActionID] [Uint16] ActionID: :=INTEGER({
unavailable (65535) }
(0..65535)
2 UOX00TT 0x0002Z The type of action Representation
[ActionType] [Uint16] ActionType: :=INTEGER{
unavailable (65535) }
(0..65535)
3 0x0012 0x0004 Absolute time when | Representation:

[ExecutionTime] [Uint32] action was executed | GPSSecondOfiieek <= INTEGER
{startOfwWeek (Q) ,
oneMilliSecAfterStartOfWeek (4
endOfWeek (2419199999),
unavailakleAl4294967295) }
(0..2419200000)

Unit: 0,25 ms (0,00025 s)

0x0013 0x0002 The TriggerID that Representation:

[TriggerID] [Uint16] triggered the action,_ \TriggerID: : =INTEGER{
unavailable (65535) }
(0..65535)

12.3.19 Discovery request DREQ (MsgID 0x0010)

The di

This message contains no data. The message header contains the transmitter ID and receiver ID

OxFFF

12.3.2

The di
receiv
discovj

When
broad
interv.

The en
The DI

scovery request message shall be sent ass\UDP from the CC as broadcast or unicast on port

FFFFF respectively.
0 Discovery response DRES (MsgID 0x0011)

scovery response messageé shall be sent as UDP from the test object to the CC when the test
s a discovery request meésage. It shall be sent from port 53242 to the same IP address wh
ery request message'came from (unicast).

A test object entérs initialization state, it shall continuously send a discovery response mess
fast to the network on port 53242. The discovery response message shall be sent with
] of 30 s unitil connection is established with the control centre.

coding-efall string in this message shall be ascii.

RES message is further detailed in Tables 57 and 58.

h3242.
set to

object

bre the

age as
A time

Table 57 — ValuelD Table tor DRES

ValuelD name ValuelD value (Uint16)

Vendor 0x0090

Product Name 0x0091

FW Version 0x0092

Test Object name 0x0093

Test Object Type 0x0094

SubDevice ID 0x0095
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