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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
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mental, in_fiaison with 150, also take part in the work. IS0 collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.
bsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.
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Optics and optical instruments — Field procedures for testing
geodetic and surveying instruments —

Part 6:
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ision (repeatability) of rotating lasers and their ancillary equipment when-used in building an
surements for levelling tasks. Primarily, these tests are intended to befield verifications of the
rticular instrument for the immediate task at hand and to satisfy therequirements of other stan
hot proposed as tests for acceptance or performance evaluation§/that are more comprehensivg
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p}
repgatability) and a thorough assessment of all possiblg.error sources, as prescribed by the 1SO (

part of ISO 17123 can be thought of as one of the first steps in the process of evaluating the

measurement (more specifically a measurand). The\uncertainty of a result of a meag
ndent on a number of factors. These include among,others: repeatability, reproducibility (b
fession of uncertainty in measurement (GUM).

se field procedures have been developed specifically for in situ applications without the need
llary equipment and are purposefully designed to minimize atmospheric influences.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition*-cited applies. For undated references, the latest edition of the
iment (including any-amendments) applies.

3534-1, Statistics<— Vocabulary and symbols — Part 1: Probability and general statistical tern

ISO
org

ISO| 7077, Measuring methods for building — General principles and procedures for the ve
dimeansional compliance

4463-1, Measurement methods for building — Setting-out and measurement — Part 1: P
nizationymeasuring procedures, acceptance criteria

part of ISO 17123 specifies field procedures to be adopted when determining and evaluating the

d surveying
suitability of
Hards. They
in nature.

uncertainty
urement is

etween day
Suide to the

for special

For dated
referenced

S

anning and

rification of

ISO 7078, Building construction — Procedures for setting out, measurement and surveying — Vocabulary and
guidance notes

ISO

9849, Optics and optical instruments — Geodetic and surveying instruments — Vocabulary

ISO 17123-1, Optics and optical instruments — Field procedures for testing geodetic and surveying
instruments — Part 1: Theory

ISO 17123-2, Optics and optical instruments — Field procedures for testing geodetic and surveying
instruments — Part 2: Levels
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GUM, Guide to the expression of uncertainty in measurement BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML

VIM, International vocabulary of basic and general terms in metrology BIPM, IEC, IFCC, ISO, IUPAC, IUPAP,
OIML

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 4463-1, ISO 7077,
ISO 7078, 1ISO 9849, ISO 17123-1, ISO 17123-2, GUM and VIM apply.

4 General

41 Requirements

Before commencing surveying, it is important that the operator investigates that the precision in use off the
measuring ¢quipment is appropriate to the intended measuring task.

The rotating laser and its ancillary equipment shall be in known and acceptable states of permapent
adjustment|according to the methods specified in the manufacturer's handbaok, and used with tripods [and
levelling stgffs as recommended by the manufacturer.

The results|of these tests are influenced by meteorological conditions,»especially by the temperature grad|ent.
An overcadt sky and low wind speed guarantee the most favourable weather conditions. The partiqular

conditions t

b be taken into account may vary depending on wherezthe tasks are to be undertaken. Note sh

buld

also be taken of the actual weather conditions at the time of mieasurement and the type of surface ahjove
which the measurements are made. The conditions chosentfor the tests should match those expected when
the intendedd measuring task is actually carried out (see IS@’7077 and ISO 7078).

Tests perfofmed in laboratories would provide results\which are almost unaffected by atmospheric influenges,
but the cos|s for such tests are very high, and therefore they are not practicable for most users. In addifion,
laboratory tests yield precisions much higher than'those that can be obtained under field conditions.

This part of ISO 17123 describes two different field procedures as given in Clauses 5 and 6. The opefator
shall choosg the procedure which is maest relevant to the project’s particular requirements.

4.2 Procedure 1: Simplified test procedure

The simpliffed test proceduneé” provides an estimate as to whether the precision of a given rotating-laser
equipment s within the_specified permitted deviation, according to ISO 4463-1.

This test pfocedure-is” normally intended for checking the precision of a rotating laser to be used for area
levelling applications, for tasks where measurements with unequal site lengths are common practice,
e.g. building construction sites.

The simplified test procedure is based on a limited number of measurements. Therefore, a significant
standard deviation cannot be obtained. If a more precise assessment of the rotating laser under field
conditions is required, it is recommended to adopt the more rigorous full test procedure as given in Clause 6.

This test procedure relies on having a test field with height differences which are accepted as true values. If
such a test field is not available, it is necessary to determine the unknown height differences (see Figures 1
and 2), using an optical level of accuracy (see 1SO 17123-2) higher than the rotating laser required for the
measuring task. If, however, a test field with known height differences cannot be established, it will be
necessary to apply the full test procedure as given in Clause 6.

If no levelling instrument is available, the rotating laser to be tested can be used to determine the true values
by measuring height differences between all points with central setups. At each setup, two height differences

© ISO 2003 — Al rights reserved
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have to be observed by rotating the laser plane by 180°. The mean value of repeated readings in both
positions will provide the height difference which is accepted as true.

4.3

The

Procedure 2: Full test procedure

full test procedure shall be adopted to determine the best achievable measure of precision of a particular

rotating laser and its ancillary equipment under field conditions, by a single survey team.

Further, this test procedure serves to determine the deflective deviation, a, and both components, 54 and b,

of the deviation of the rotating axis from the true vertical, b = \/b12 +b§, of the rotating laser (see Figure 1).

z=z
X
, b
y
X 2 \
1
by
S a
XI
y
b,
/s
3
a) Horizontal plane b) Vertical plane through x’'
Key
1 Jnclined plane
2 one axis
3 |nclined cone
Figure 1 — Deflective deviations a and b (see Figure 5)

Thel recommended sight-fengths are 40 m. Sight lengths greater than 40 m may be adopted for this precision-
in-use test where the)project specification may dictate, or to determine the range of the measure [of precision
of a|rotating lasef.at respective distances.
Thel test proeedure given in Clause 6 of this part of ISO 17123 is intended for determining the [measure of
pregisionin-use of a particular rotating laser. This measure of precision in use is expressed in terms of the
expgrimental standard deviation, s, of a height difference between the instrument level and a lgvelling staff
(re ing at the cfaff) at 2 distance of 40 m-

SISO-ROLAS

Further, this procedure may be used to determine:

the measure of precision in use of rotating lasers by a single survey team with a single instrument and its
ancillary equipment at a given time;

the measure of precision in use of a single instrument over time and differing environmental conditions;

the measure of precision in use of each of several rotating lasers in order to enable a comparison of their
respective achievable precisions to be obtained under similar field conditions.

© 1SO 2003 — Al rights reserved 3


https://standardsiso.com/api/?name=fc771cad57011cd84580dc0096a51350

ISO 17123-6:2003(E)

Statistical tests should be applied to determine whether the experimental standard deviation, s, obtained
belongs to the population of the instrumentation's theoretical standard deviation, o, whether two tested
samples belong to the same population, whether the deflective deviation, a, is equal to zero, and whether the
deviation, b, of the rotating axis from the true vertical of the rotating laser is equal to zero.

5 Simplified test procedure

5.1

To keep thq
fixed target
distances, {
the six fixed

Key
S

1,2,3,4,5,

To ensure
measuremg

The height

Configuration of the test field

Ifluence of reiraction as small as possible, a reasonably horizontal test area shall be chosen
points, 1, 2, 3, 4, 5 and 6, shall be set up in approximately the same horizontal plane atdiffé
etween 10 m and 60 m apart from the instrument station S. The directions from the instrume
points shall be spread over the horizon as regularly as possible (see Figure 2).

2

6 O—

instrument station
b fixed target points

Figure 2= Configuration of the test field for the simplified test procedure

eliable results, the target points shall be marked in a stable manner, reliably fixed during the
ntsiincluding repeat measurements.

Six
rent
nt to

test

dirferences pbetween the sixX 1ixed points, 1, Z, 9, 4, o and b, shall be determined using an op

level of known high accuracy as described in Clause 4.

The following five height differences are known:

day
d3p
dy3
ds4

des

ical
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5.2 Measurements

The instrument shall be set up in a stable manner above point S. Before commencing the measurements, the
laser beam shall become steady. To assure that the laser plane of the instrument remains unchanged during
the whole measuring cycle, a fixed target shall be observed before and after each set of measurements
number, ; (j=1 ..., 5).

Six separate readings, x; 1, ..., X; 6, On the scale of the levelling staff shall be carried out to each fixed target
point, 1, ..., 6. Between two sets of readings the instrument has to be lifted, turned clockwise approximately
70°, placed in a slightly different position and relevelled. The time between any two sets of readings shall be at
leagt—+OTmiTT:

Each reading shall be taken in a precise mode according to the recommendations of the manufactiirer.

5.3| Calculation

Thel evaluation of the readings is based on the following differences:
ding = X2 = %1

di32=%3 %2

dj’4’3=xj’4—xj’3 j=1,..5 (1)
di54= %5~ %4
di65=%6~%5
whdre

j is the number of the set of measurements to the fixed target points, 1, ..., 6;

riaz=daz—d a3 j=1,..5 @)

ris=des—d;s5

where r;

i1 (152, ..., 6 s the number of the fixed target points) is the residual of the height difference d; , ,_4.

5 5 5 5 5 5 6
Sr2 =Y it D rhant ) riaat Y risat Y ries =D O ri (3)
= = = = =

j=1t=2

© 1SO 2003 — Al rights reserved 5
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where
> 2
v=5x

is the sum of the squares of all 25 residuals;

(6-1)=25 is the corresponding number of degrees of freedom.

erZ
s =
v

(4)

where s is
points of th
includes sy

6 Full t¢

6.1

To keep th
The ground
be avoided

an umbrelld.

e expermentar standard deviation of a single measured nelgnt difference, @, —y, between
e test field and represents in this International Standard a measure of precision. This v
stematic and random errors.

pst procedure

Coniiguration of the test line

b influence of refraction as small as possible, a reasonably horizontal test area shall be cho
shall be compact and the surface shall be uniform; roads covered-with asphalt or concrete s
If there is direct sunlight, the instrument and the levelling staffs*shall be shaded, for exampl

Two levelling points, A and B, shall be set up approximately 40:m apart. To ensure reliable results,

levelling sta
repeat mea
instrument’
chosen equ

ffs shall be set up in stable positions, reliably fixed-during the test measurements, including
surements. The instrument shall be placed at the positions S1, S2 and S3. The distances from
5 positions to the levelling points shall be in agcordance with Figure 3. The position S1 sha
idistant between the levelling points, A and B{(40/2 = 20 m).

Dimensions in m¢

14,6 40 14,6

20 20

two
alue

sen.
hall
e by

the
any
the
| be

ptres

S1
S3

Figure 3 — Configuration of the test line for the full test procedure
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Measurements

Before commencing the measurements, the instrument shall be adjusted as specified by the manufacturer.

For

the full test procedure, m = 4 series of measurements, (i), shall be taken. Each of which requires the

instrument to be set up on the three positions, S1, S2 and S3. After setting up the instrument, the laser beam
shall become steady.

The

readings at the two levelling points, A and B, shall be performed in n = 4 sets, (), from each instrument

position, the instrument bemg rotated by 90°. The mstrument shall always be set up in the same orientation in

Wit
sha
fund
and
Figu
mar

to the same
inal pomt of the compass The d|rect|on of rotat|on shaII be malntalned The d|fferent directions shall be
cted in accordance with the possible given axes of the instrument.

each new set-up of the chosen reference direction (reference marks on the tripod head), thg instrument
| be relevelled carefully. If the instrument is provided with a compensator, care’shall be tgken that it
tions properly. In the ground plane, the 4 orientations of the instrument in the 3uinstrument pgsitions, 1, 2
3, and the numbering of the 12 measurements can be represented for each ‘measuring set as shown in

re4. Each reading shall be taken in a precise mode according tothe recommendations of the
ufacturer.
A S1 B S2 A B A B| S3
Orientation J J J
& 1 : ;
44
‘ﬁh 2 6 10
¥
s\@ﬁ 3 7 11
4
@/ 4 8 12

Figure 4 — Arrangement of the measurements
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6.3 Calculation

The possible deviations of a rotating laser may be modelled as shown in Figure 5.

+ b,

+

L
Key
1 horizontal plane
2 inclined plane
3 inclined gone
4 radius ofcone =40 m
5 height of cone, a

In order to
be correcte

Figure 5 — Model of instrument deviations

Table 1 — Corrections of the readings

Create a horizontal sighting, the readings at the levelling staffs for selected sighting distances s
] using‘the deviations « and b (see Table 1).

From the observation equations for the i th series, the residuals, 4 to r4,, are obtained (see Table 2).

. . Distance
Direction
14,6 m 20,0 m 54,6 m
1 0,365(a + by) 0,500(a + b4) 1,365(a + b4)
2 0,365(a + by) 0,500(a + by) 1,365(a + by)
3 0,365(a — b4) 0,500(a - b4) 1,365(a — by)
4 0,365(a — by) 0,500(a - b,) 1,365(a — by)

hall
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Table 2 — Observation equations for the ; th series

p=202 p=052 p=052
ri=h-by—(xg1-xa1) rs =h+a-by—(xgs—xa5) rg=h—a-b1—(xgg —xag9)
ro =h+by—(xg2 —xp2) re =h+a+by—(xgg—xape) | Mo=h—a+by—(xg10—xa10)
r3=h+b1—(xg3—xa3) r7=h+a+by—(xg7—xa7) ri1=h-a+by—(xg11—-xa11)
rg =h—by—(xga—xp4) rg =h+a-by—(xgg—xpg) | ra=h-a-by—(xg12—xa12)
a8  pis the weighting factor for one reading at the levelling staff (» = 1 for a sighting distance of 40 m)

X=X ;XA j=1,..,12 (5)

whdre

x; is aquasi-observation (height difference);
xp, j is the reading at the levelling staff A;

XB,j is the reading at the levelling staff B.

4 12
1
h; :Elz,ozxj +0,52ij (6)
=1 =5
whdre #; is the height difference between the tevelling staff B and the levelling staff A.
1 8 12
ai=7 05> x;-05) x; (7)
Jj=5 Jj=9
whdre «; is the deflective deviation referenced to a sighting distance of 40 m.

1
by, 25(2,0(—x1+x3)+0,5(—x5 +x7 —xg +x11)) (8)

1
by; :E(Z’O(XZ_X4)+Q5(X6_X8 +x10 —X12)) 9)

where-b, and b, are the components of the deviation of the rotating axis from the true vertical oflthe rotating
laser referenced to a sighting distance of 40 m.

h;, a;, by; and by ; are calculated separately for each series of measurements, (i).
7 = h —b1 — X1
rop = h +b2 - X2
rg = h+ b1 —X3

© 1SO 2003 — Al rights reserved
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h—by —xy

h+a-by—x5
h+a+by—xg
h+a+by—x7
h+a—-by—xg

L )

yal X

r9
0
11
2
whererjare

NOTE In
x, r, a, band

As we have

Zr,-z

where Zriz

v, =12

1

where v; is

where s; is
the ith serie

The square

I J

h—a+by—xqg
h—a+bq—xq1
h—a—-by—x1qo
the residuals calculated according to the observation equations of Table.2!

the group of equations (10), the index, i, pointing to the ith series of meastrements is omitted in the syn
1.

four series of measurements, i = 1, ..., 4, the sum of squares-of the residuals of one series yie

4
2,0y

12
2 2
4051
J=1 j=5

is the sum of squares of the residuals of the ith series of measurements.

-4=8

the number of degrees of freedom for one series of measurements.
b2 |2

v; 8

the experimental standard deviation for a sighting distance of 40 m valid for the observation
S.

0 mean-of the experimental standard deviations of the four series is:

(10)

bols

(11)

(12)

(13)

s of

Zr12 +Zr22 +Zr32 +Zr42

4
2.sf
_ A=t

.

SISO-R

4x8 4

OLAS =¥

with the number of degrees of freedom:

v=4x

10

Vi:32

(14)

(15)

(16)
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The parameters derived from all series of observations are the mean values:

whsg
sigh

6.4

6.4/

Stafistical tests are recommended for the.full test procedure only.

For

ino

rdef to'answer the following questions (see Table 3).

4
2 hi
h=4 17
" (17)
4
2 i
g = i=1 (18)
4
4
va
by=11— 19
1 ) (19)
4
D by,
by — i=1 20
2 2 (20)
b=bZ+b3 (21)

ting distance of 40 m.
Statistical tests

1 General

the interpretation of the results,, statistical tests shall be carried out using

the experimental standard-deviation, s, of a height difference, %, between the instrument
levelling staff (reading-at the levelling staff) referenced to a sighting distance of 40 m,

the deflective deyiation, «a, referenced to a sighting distance of 40 m and its standard deviation

distanceof 40 m and its standard deviation, s,

re b is the total deviation of the rotating axis from the true vertical of the rotating laser refefenced to a

evel and a

s, and

the total deviation, b, of the rotating axis from the true vertical of the rotating laser referenced fo a sighting

a)

b)

Is the calculated experimental standard deviation, s, for one reading at a levelling staff refe

renced to a

sighting distance of 40 m, smaller than the value, o, stated by the manufacturer or smaller than another

predetermined value, o?

Usually the manufacturers state the precision by the deflective angle from the horizontal, whic
interpreted to the corresponding standard deviation, o , at the distance of 40 m.

Do two experimental standard deviations, s and 5, as determined from two different

h should be

samples of

measurements belong to the same population, assuming that both samples have the same number of

degrees of freedom, v?

© 1SO 2003 — Al rights reserved
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The experimental standard deviations, s and §, may be obtained from
— two samples of measurements by the same instrument at different times, or
— two samples of measurements by different instruments.

c) Is the deflective deviation, a, equal to zero?

d) Is the total deviation, b, of the rotating axis from the true vertical equal to zero?

For the follc\A/ing tests_a canfidence levelof 1—o =0 95 and n(‘(‘nrding ta the dpeign of the measurements, a

number of degrees of freedom of v = 32 are assumed.

Table 3 — Statistical tests

Question Null hypothesis Alternative hypothesis
a) s<o s>0
b) o=6 o Xex
c) a=0 a=0
d) b=0 =0

6.4.2 Question a)

The null hypothesis stating that the experimental standard déviation, s, is smaller than or equal to a theoretical
or a predet¢rmined value, o, is not rejected if the following“¢ondition is fulfilled:

s < ok Z1—0{(V) (22)
174
2895(32)
s<op (23)
2895(B2) = 46,19 (24)
s<o % (25)
s<o %120 (26)

Otherwise, the null hypothesis is rejected.

6.4.3 Question b)

In the case of two different samples, a test indicates whether the experimental standard deviations, s and s,
belong to the same population. The corresponding null hypothesis, o =&, is not rejected if the following
condition is fulfilled:

1 52
S_

Froaow) S 32 < Fiogr2(viv) (27)

12 © 1SO 2003 — All rights reserved
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1 s

a5 < 7 < Fo975(32,32)
Fog75(32,32) ~ 52

Fog75(32,32) = 2,02

S2

0,50 < —ZS 2,02

Uy

Otherwise, the null hypothesis is rejected.

(28)

(29)

(30)

6.4/

The
if th

Oth

4 Question c)

null hypothesis, stating that the deflective deviation, a, of the rotating laser is equal tozero, is
e following condition is fulfilled:

|a| < §g X t1fa/2(V)

|a| < s, x 10,975(32)

N

S
e
10'975 (32) =2,04

MsixZM
4
<sx0,51

erwise, the null hypothesis is rejected:

6.4/5 Question d)

The)
lassg

null hypothesis stating that the total deviation, b, of the rotating axis from the true vertical of
ris equal to zero is naot rejected if the following condition is fulfilled:

b < sp x11_g/24¥)

b < sp % 1o,g75(32)

S
Sp S
) 6 x4

hot rejected

31)

(32)

(33)

(34)

(3%)

the rotating

(36)

(37)

(38)

l0,975 (32) =2,04

N

b< x 2,04

y

<sx0,42

Otherwise, the null hypothesis is rejected.

NOTE In practice, the parameters ¢ and b may significantly influence the height readings.

© 1SO 2003 — Al rights reserved

(39)

(40)

13


https://standardsiso.com/api/?name=fc771cad57011cd84580dc0096a51350

ISO 17123-6:2003(E)

Annex A
(informative)

Example of the simplified test procedure

A.1 Configuration of the test field

A level of Known sufficient precision is used to determine the reference heights (relative heights) of ‘thg six
target pointg of the test field.

The experinental standard deviation of a single height difference is determined according»t6 the full [test
procedure as given in Clause 6 of ISO 17123-2:

sz =0f2 mm

The relativg heights of the six target points and the height differences were obtained as

X1=17022m

X, =16214m dyq=-01808m
X3 =1p376m dzo=+01162m
X4 =1f124m d43=+00748m
X5 =1p610m ds 4 =-0,1514m
X =1p088m dg 5 = +0,047 8 m

Z =—0,0934m=)?6—)_61

A.2 Measurements

Table A.1 ¢ontains the measured values, x

j,» in columns 1 to 3, and the height differences, 57,,,_1, in

column 5, asgivermrimClause AT
Observer: S. Miller
Weather: cloudy,+ 11 °C

Instrument type and number: NN xxx 630401
Date: 1999-04-15

14 © 1SO 2003 — All rights reserved
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Table A.1 — Measurements

ISO 17123-6:2003(E)

1 2 3 4 5 6 7
J t X dysq d; g Ft,1-1 r t,2t—1
m m m mm mm?
1 1 2,215
2 2,033 -0,182 -0,1808 +1,2 1,44
3 2,150 +0,117 +0,116 2 -0,8 0,64
Z 2,225 ¥ 0,075 F0,07438 =0,2 0,04
5 2,073 -0,152 -0,1514 +0,6 0,86
6 2,122 + 0,049 +0,047 8 -1,2 1,44
2 1 1,915
2 1,736 -0,179 1,8 3,24
3 1,851 +0,115 +1,2 1,44
4 1,926 +0,075 -0,2 0,04
5 1,776 -0,150 -1,4 1,96
6 1,824 + 0,048 -0,2 0,04
3 1 1,224
2 1,042 -0,182 +1,2 1,44
3 1,158 +0,116 +0,2 0,04
4 1,232 + 0,074 +0,8 0,64
5 1,081 20,151 -04 0,16
6 1,128 + 0,047 +0,8 0,64
4 1 1,585
2 11404 -0,181 +0,2 0,04
3 1,521 + 0,117 -0,8 0,64
4 1,595 + 0,074 +0,8 0,64
5 1,443 -0,152 +0,6 0,86
6 1,489 + 0,046 +1,8 3,24
5 1 1,777
2 1,596 -0,181 +0,2 0,04
3 1,712 +0,116 +0,2 0,04
4 1,788 + 0,076 -1,2 1,44
5 1,637 -0,151 -04 0,16
5§ 1,064 + 0,047 + 0,0 0,64
z —-0,469 -0,093 4 +2,0 20,80
5
246 = x;1) ~ 0,469
j=1

© 1SO 2003 — Al rights reserved
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-6:2003(E)

A.3 Calculation

First, the height differences, d,, ¢, are calculated according to equation (1) (see column 4 in Table A.1).
Then, the residuals, r,,_q, are obtained [see equation (2) and column 6 in Table A.1]. The sum of squares of
the residuals, Xr2, is equal to 20,80 mm2 (see the last line of column 7 in Table A.1). Since the number of
degrees of freedom, v, is equal to 25, the standard deviation of a height difference, d,, 4, is calculated
according to equation (4):

( 2
. 20,80 mm~ 0.9.mm
25

There are t
— Theva

— Five t
5 x (-

vo arithmetic checks in Table A.1 (all dimensions are in metres).

,093 4) — (- 0,469) = 0,002.

16

ue in the last line of column 3 shall be equal to the sum of column 4: — 0,469 = —.0Q,469.

mes the sum of column 5 minus the sum of column4 shall be the\sum of colunin 6:
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