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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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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This secongl edition cancels and replaces the first edition (ISO 17123-8:2007), which has been technig
revised.

ISO 17123 fonsists of the following parts, under the general title Optics and optical instruments — H
procedures|for testing geodetic and surveying instruments:

— Part 1:|Theory

— Part 2:|Levels

— Part 3:|Theodolites

— Part 4 Electro-optical distance meters (EDM measurements to reflectors)

— Part 5| Total stations

— Part 6:|Rotating lasers

— Part 7: Optical plumbing instruments

— Part 8: GNSS field measurement systems in real-time kinematic (RTK)

Annex A, Annex B, and Annex C of this part of [SO 17123 are for information only.
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Introduction

This part of ISO 17123 specifies field procedures for adoption when determining and evaluating the
uncertainty of measurement results obtained by geodetic instruments and their ancillary equipment,
when used in building and surveying measuring tasks. Primarily, these tests are intended to be field
verifications of suitability of a particular instrument for the immediate task. They are not proposed as
tests for acceptance or performance evaluations that are more comprehensive in nature.

The definition and concept of uncertainty as a quantitative attribute to the final result of measurement
was developed mainly in the last two decades, even though error analysis has already long been a part
of a]l measurement sciences. After several stages, the CIPM (Comité Internationale des Poids ¢t Mesures)
refdrred the task of developing a detailed guide to ISO. Under the responsibility of the\[S() Technical
Adyisory Group on Metrology (TAG 4) and in conjunction with six worldwide metrology’orgpnizations,
a gliidance document on the expression of measurement uncertainty was compile@dswith thie objective
metrology
ertainty in

d to finally
by with the

[SO|17123 (all parts) provides not only a means of evaluating the precision (experimentdl standard
devjiation) of an instrument but also a tool for defining an uncertainty budget, which allqws for the
sunpmation of all uncertainty components, whether theyare random or systematic, to a repfesentative
megsure of accuracy, i.e. the combined standard uncertainty.

ISO[17123 (all parts) therefore provides, for defining for each instrument investigated by the grocedures,
a pyoposal for additional, typical influence quantities, which can be expected during practidal use. The
cusfomer can estimate, for a specific application, the relevant standard uncertainty comjponents in
ordpr to derive and state the uncertainty, ofthe measuring result.

© ISO 2015 - All rights reserved v
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Optics and optical instruments — Field procedures for
testing geodetic and surveying instruments —

Part 8:
GNSS field measurement systems in real-time Kinematic
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Normative references

following documents, in whole or in part, areshormatively referenced in this docume

3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and ter
bability

9849, Optics and optical instruments — Geodetic and surveying instruments — Vocabulary
12858-2, Optics and opticdl instruments — Ancillary devices for geodetic instruments — Par

17123-1, Optics and eptical instruments — Field procedures for testing geodetic and
ruments — Part 1: Fheory

17123-2, Optics and optical instruments — Field procedures for testing geodetic and
'uments —.Part 2: Levels

17123-5,YOptics and optical instruments — Field procedures for testing geodetic and
ruments — Part 5: Total stations
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the required application at hand and to satisfy the requirements of other standards. They are not
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rences, the latest edition of the referencedi\document (including any amendments) appligs.
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t2: Tripods

surveying

surveying
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ISO

1EC Guide QR-Q-?(\(\R’ ”nrprfninf‘y nfmpncurpmpnf‘ — Part 3: Guide to the Dvprpccinn nf”n

certainty in

measurement (GUM: 1995)

[SO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and associated
terms (VIM)

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 9849, ISO 17123-1,

ISO

17123-2,1S0 17123-5, ISO/IEC Guide 98-3, and ISO/IEC Guide 99 apply.
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4 General

4.1 Preamble

The real-time kinematic positioning method is a relative measuring procedure using reference (base)
and moving (rover) receivers. For utilization of network RTK applications, a separate reference receiver
is not required. Both receivers perform the observations simultaneously and merge their results by
wireless transmission. Thus, the rover can display the instantaneous coordinates of the antenna in
any appropriate datum, e.g. International Terrestrial Reference Frame (ITRF). For practical use, they
are transformed to horizontal coordinates and ellipsoidal heights. Subsequently, only these types of
coordinate[are treated as original observables.

4.2 Reqpirements

Before conjmencing surveying, it is important for the operator to ensure that the equipment, the GNSS
receiver arld antenna, has sufficient precision for the task required.

The test should apply typically to a set of GNSS receivers and antennae listed.in‘the manufacturer’s
reference rhanual. In case of using network RTK, consistency of antenna models\(e.g. antenna correcfion
parameterf) shall be ensured.

The receiver, antenna, and their ancillary equipment for rover points shall be checked to be in acceptgble
condition dccording to the methods specified in the reference manuakh

The operafor shall follow the guidelines in the manufacturer's reference manual for positiofing
requirements such as the minimum number of satellites, maximum Position Dilution Of Precigion
(PDOP) value, minimum observation time, and possibly othérrequired pre-conditions.

The operatjor shall initialize the receiver by resetting.its,power prior to every measurement and collect
the data affer the integer ambiguity fixing has been completed.

The follow|ng is the guideline for achievable centring precision expressed in standard deviation:

— centri:[g: 1 mm;
— measufing the antenna height: 1 mm:

The result$ of the test are influenced by several factors, such as satellite configuration visible at{the
points, ionpspheric and tropospheric conditions, multipath environment around the points, precision of
the equipnjent, and quality,of.the software running in the rover equipment or in the system generafing
the data transmitted fronrthe base point.

This part of ISO 17123~describes two different field procedures, namely the simplified test procedure
and the full test procedure, as given in Clauses 5 and 6, respectively. Therefore, the observation time of
test procedure shall be so arranged to cover such variations.

The operatjor’shall choose the procedure that is most appropriate to the requirements of the project.

4.3 Concept of the test procedures

The test field consists of a base point and two rover points. The location of the rover points shall be close
to the area of the task concerned. The separation of two rover points shall be a minimum of 2 m and
shall not exceed 20 m. The positions of two rover points may be selected at convenience in the field (see

Figure 1).

The horizontal distance and height difference between two rover points shall be determined by methods
with precision better than 3 mm other than RTK. These values are considered as nominal values and are
used in the first step of both test procedures. The horizontal distances and height differences calculated
from the measured coordinates in each set of measurements shall be compared with these values in

2 © IS0 2015 - All rights reserved
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order to ensure that the measurements are free from any outlier. However, the nominal values are not
used in the statistical tests.

A series of measurements consists of five sets. Each set of measurements consists of successive
measurements at rover points 1 and 2.
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Minimum 2 m; shall not exceed 20 m.

Corresponding distance according to the task-concerned.

Figure 1 — Configuration of the field test network
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the outlier detection and with no statistical evaluation. Conversely, the full test procedure consists of
three series and additionally enables the estimation of standard deviations and statistical tests.

4.4

Procedure 1: Simplified test procedure

The simplified test procedure consists of a single series of measurements and provides an estimate as to
whether the precision of the equipment in use is within a specified allowable deviation.

The simplified test procedure is based on a limited number of measurements. Therefore, a significant
standard deviation cannot be obtained and the statistical tests are not applied. If a more precise
assessment of the equipment is required, it is recommended to adopt the more rigorous full test
procedure as given in 4.5.
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4.5 Procedure 2: Full test procedure

The full test procedure shall be adopted to determine the best achievable measure of precision of the
equipment in use.

The full test procedure consists of three series of measurements.

The full test procedure is intended for determining the experimental standard deviation for a single
position and height measurement.

Further, this procedure may be used to determine the following:

— the miasure of the precision of equipment under given conditions (including typical short- andi¢ng-
term influences);

— the mgasure of the precision of equipment used in different periods of time or under diffefent
conditjons (multiple samples);

— the mdasure of the capability of comparison between different precision of equipment achievable
under pimilar conditions.

Statistical fests shall be applied to determine whether the sample from the experiment belongs to|the
same population as the one giving the theoretical standard deviation and to determine whether fwo
samples from different experiments belong to the same population.

5 Simplified test procedure

5.1 Me:rurements

For the simple test procedure, one series of measureimeénts shall be taken, in which the observer shall
obtain fivel sets of measurements at two rover points. The sequence of the measurements is showh in
Table 1 in Which the column labelled “Seq. No.” explicitly indicates the sequence of the measurement.
Table 1 — Sequence'of the measurements for one series
Seq. Series Set Rox_rer Measurement
No. point
i j k X y h
1 1 1 1 X1,1,1 Y1,1,1 hi,1,1
2 1 1 2 X1,1,2 Y1,1,2 hi,1,2
3 1 2 1 X1,2,1 Y1,2,1 h1,2,1
4 1 2 2 X1,2,2 Y1,2,2 hi,2,2
5 1 3 1 X1,3,1 V1,3,1 h1,3,1
v 4 1 2 o) L
o 4 z 217372 PAYENYA 'L,5, 4
7 1 4 1 X1,4,1 Y1,4,1 hi,4,1
8 1 4 2 X1,4,2 Y1,4,2 hi,4,2
9 1 5 1 X1,5,1 Y1,5,1 hi,5,1
10 1 5 2 X1,5,2 Y1,5,2 hi,s,2

A specific set of measurements is expressed as Xi ik Vijk and hi,j,k where x, y, and h are coordinates

of alocal coordinate system. The index i stands for the series number, the index j for the set number, and
the index k for the rover point number. For example, x,,, is the x component of the third set of

thd)

measurement at rover point 2 in the first series.

4 © IS0 2015 - All rights reserved
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The sequence of measurements should follow Table 1 in the full test procedure (see 6.1).

5.2 Calculation

The individual measurements are compared directly with the nominal values available so as to detect
any measurement with gross error.

Foreachsetj(=1,..,5)intheseriesi (= 1), calculate the horizontal distance and height difference between
two rover points. Subsequently, calculate their deviations from the nominal values.

l i i
Vi = \Kij2 = Xij1) TWij2=Vij1)

Ah. . =h. ., —h. .
) 772 771 ;] — ;g —
LJ LJ i] i=1j=1..5 @8]
¢pij=Di;j—D
*
Epij = hij—h
whére

e y h are x, y, and h measurements, respectively, in-the setj at rover point k in
ij,k? 21 jk? 0Lk

series I;
D.. Ah. . are the calculated horizontal distance and height difference, respeftively, in
LT T the setj in series i;
D h are nominal values of the*hiorizontal distance and height differenc¢, respec-
’ tively;
e e are deviations of the horizontal distance and height difference, respectively.
Dij’ “hij

If any deviation fails to satisfy either-of the two conditions in Formula (2), the inclusion of ar] outlier (or
outliers) in the corresponding measurements is suspected; repeat the test procedure.

gDiJ‘ §2,5><x/£><sxy

(2)
Shi,j‘ < 2,5><\/E><sh
wh¢re
s aiddy are either the predetermined standard deviation according to the full tesf proce-
X h" dure or the values specified by the manufacturer.

6 Full test procedure

6.1 Measurements

For the full test procedure, three series of measurements shall be taken. The sequence of the
measurements in each series is identical to the case of the simplified test. The start times of consecutive
series shall be separated by at least 90 min.

© IS0 2015 - All rights reserved 5
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6.2 Calculation

6.2.1 General

Calculation is performed in two steps. In the first step, individual measurements are compared directly
with the nominal values available in order to detect any measurement with gross error. The statistical
values of interest are calculated in the second step. All procedures of the two steps are described in the
adjacent clauses.

6.2.2 Preliminary measurement check

Thesamep
in all three

6.2.3 Ca

Firstly, apq
¥, and h for

Then ther

" i,jk
Ty ijk

Thijk T

The above
k=2 forx,)

2
2.
2

r
2T

roceduredescribed previouslyinthe simplified procedure shallbe applied to all measunemy
series.

culation of statistical values

lying the least squares adjustment on overall measurements in all serigs) the estimates
each rover point k (= 1, 2) are calculated as

k=1,2j=@.5i=1,23

=

—h. .
i,J,k

residuals are all squared @and summed including measurements for all point index k=1

), and h separately as

ents

Df X,

(3)

(4)

And

(5)

2"

The degrees of freedom for x, y, and h are identical. These are calculated as

VX:V

where
m

n

p

y

=v,=(m-n-1)-p=0Bx5-1)x2=28

is the number of series, = 3;
is the number of sets in a series, = 5;

is the number of rover points, = 2.

(6)
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Finally, the experimental standard deviations of a single measurement of x, y, and h are calculated as

oo
B ~\ 28

N
X
VX
2 ZZ
r r
Y v 28
Y

S [

S

(7)

and|

Hen

and

6.3

6.3
Stat

For
dev

ord

a)

b)

™\ v, V 28
therefore the experimental standard deviation of a single position (x, y) yields

. /2 2
Sxy— SX+Sy

ewith, we can state the standard uncertainties (Type A) of a single position (x, y)
U1S0-GNSS RTK-xy — Sxy
of a single height

U1SO-GNSS RTK-h — Sh

Statistical tests

1 General
istical tests are practicable for the full-test procedure only.

the interpretation of the results, statistical tests shall be carried out using the experiment
jations Sy and s, obtained\from the measurements and their respective degrees of

br to answer the following.questions (see Table 2).

Is the calculated experimental standard deviation, Sy of a single position, x, y, smal

2
ny.

Is the-ealculated experimental standard deviation, s,, of a single height, h, smaller than

acorresponding value, o, , stated by the manufacturer or another predetermined value

(8)

9

(10)

hl standard
‘reedom in

er than or

equal to a corresponding value, Oy stated by the manufacturer or another predetermfined value,

or equal to

?
Gh.

c) Do two experimental standard deviations, Sy and §Xy, of a single position (x, y) as determined

from two different samples of measurement belong to the same population, assuming that both

samples have the same number of degrees of freedom, v+ vy, and v, + \7y, corresponding to s

~ oo
and Sy respectively?

Xy

d) Do two experimental standard deviations, s, and §,, of a single height, h, as determined from two

different samples of measurement belong to the same population, assuming that both samples have
the same number of degrees of freedom, v, and v, , corresponding to s,and §, respectively?

The experimental standard deviations, s and §, may be obtained from the following:

two samples of measurements by the same equipment;

© ISO 2015 - All rights reserved
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— two samples of measurements by different equipment.

For the following tests, a confidence level of 1 —a = 0,95 and the degrees of freedom of v+ v, = 56
or v, = 28 are assumed according to the design of measurements.
Table 2 — Statistical tests
Question Null hypothesis Alternative hypothesis

a) Sy SOy Sxv = Oxy

b) Sp <o h S, >0,

0) Oy =0y Sy = Oxy

d) o, =G, G, =G,
6.3.2 Question a)
The null hypothesis stating that the experimental standard deviatiom; Sy of a single position, x, y, is

smaller th

condition i

hin or equal to a theoretical or a predetermined Value,cxy, is not rejected if the follow
5 fulfilled:

2
X0,95 '(Vx + Vy)

ing

s, <a, - (11)
xy — 1xy 3
vy TV,
2
%0.95 " (56)
P TR e 12)
Xy Xy 56
To.05(5p) = 74,47 13)
74,74
<@ - = [
Sy = Ty ce Oy X 1,15 (14)
Otherwise| the null hypethesis is rejected.
6.3.3 Questionb)
The null hypethesisstatingthatthe-experimental standard-deviation; S efa-singleheighthissmdller
than or equal to a theoretical or a predetermined value, ,, is not rejected if the following condition is
fulfilled:
s, <o, (15)
2
%0.95(28)
s, , 0,95 (16)
28
2
x0795(28) = 41,34 17)
8 © IS0 2015 - All rights reserved
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41,34

s, <o, X
h h 28

=0, x1,22
Otherwise, the null hypothesis is rejected.

6.3.4 Question ¢)

(18)

In the case of two different samples, the test indicates whether the experimental standard deviations,
Sy and Sy of a single position (x, h) belong to the same population. The corresponding null hypothesis,

Oyl = Oy 1s not rejected if the following condition is fulfilled:
2
1 SXy ~ ~
<22 <F v, +v v +V )
= = — .2 — 1-0a/2\"x Y Ux y
Fl—oc/Z(vx +Vy’vx +Vy) Siy o/
2
1 Sx_y
— <=2 <F 56,56
y
0975(56 56)=1,70
2
0,59 < Sy <1,70
52
Xy

Othlerwise, the null hypothesis is rejected.

6.3)5 Question d)

(19)

(20)

(21)

(22)

Thd hypothesis that the two experimental standard deviations, s and §h, of a single heightt, h, belong

to the same population, is not rejectedif the following condition is fulfilled:

2
1 S
F 2 < F a/z("h"h)
1 oc/2(\7h7vh) Sh
2
S
! —g < Fy 475(28,28)
Foo75(28.28, 052 ~ *
Fo o75(28,28) = 2,13
2
Sh
0. 47 < = <L 213
Y — ~2 p———
Sh

Otherwise, the null hypothesis is rejected.

6.4 Combined standard uncertainty evaluation (Type A and Type B)

(23)

(24)

(25)

(26)

The sources of uncertainty (influence quantities) are described in Table 3 as an uncertainty budget.
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Table 3 — Typical influence quantities of the GNSS (RTK)

Sources of uncertainty Symbol Evaluation Distribution
I. Result of measurement
N 1
Standard uncertainty of xy-coordinates U150-GNSS-xy Type A orma
. . Normal
Standard uncertainty of h-coordinates U150-GNSS-h Type A
II. Relevant sources of the GNSS Receiver
Sensitivity jof the tubular level Specified by the
Upup TypeB manufacturer
Display round-off error x, y Ugisp Type B Rectangularn
III. Error ﬂ?ttern from the setting of the
instrumenits
Centring Normal
u. Type B
Antenna héight (see 4.2 Normal
ght ( ) Uy, Type B
Stability offa tripod height (ISO 12858-2:1999) Uy Tpe B Rectangular
Antenna pHase centre off-set-parameter dx and dy u. u
dx “dy Type B Normal
Antenna pHhase centre off-set-parameter dh uy, Type B Normal
multi path Not considered here
Clock in thg GNSS receiver or satellite Not considered here
Orbit of thelsatellite Not considered here
Ionospheri¢ delay Not considered here
Tropospheric delay Not considered here
IV. Mathematical modelling
Transformgtion u,, Type A Normal
Geoid undullation Uy, Type B Rectangular
Combined hincertainty on the horizontal coordinate system is described as
|2 2 2 2 2 2 2
uxy - \/ulSO-GNSS—xy + [ha tan(ubub)] + 2udisp + Ue + Uiy + udy + Ugr (27)

where

p  isthe antenna height.
a
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Combined uncertainty on the vertical coordinate system is described as

[ 2 2 2 | 2 2
u, = \/uISO-GNSth T Ugigp T Upy T Upg + UG, T UGy (28)

Expanded uncertainty:

With coverage factor k = 2

U, =2-u, (29)

U, =2u, (30)

© IS0 2015 - All rights reserved 11
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Annex A
(informative)

Example of the simplified test procedure

A1 Me

Obseryer: Tokio

Weathpr: Fine, +5 °C

Instruments type and number: AAA 01234

Antenna type and number or built in: BBB 05678

Date: 4006-01-21

Base lire (nominal value) horizontal distance D" :19,996 m, heightdifference ah" 0,038 m

Predeflined standard deviation sXy =15 mm; Sy = 25 mm

A.2 Caldulation

According fo Formula (1), the calculated data are shown;in the Table A.1

Table A.1 — Measurements and deviations

Sl\i?.' fet l:)((,)‘i,r‘:: Measuremnients Hgil;itzaolfct:l dilf-lf‘;gel:ltce Deviationp
m m m mm

j k x y h Dj Ahj €pij | Enij
1 1 1 -67 637433 -63 945,554 (320,732 |— — — —
2 1 2 -67)654,082 -63934,442 |320,781 |20,017 0,049 21 11
3 2 1 =67 637,448 -63 945,550 |320,732 |— — — —
4 2 2 -67 654,084 |-63934,451 [320,774 [19,999 0,042 3 4
5 3 1 -67 637,450 -63 945,550 (320,745 |— — — —
6 3 2 -67 654,083 -63934454 (320,793 119994 0,048 =2 10
7 4 1 -67 637,453 -63 945,541 (320,731 |— — — —
8 4 2 -67 654,077 -63934,447 320,783 |19,986 0,052 -10 14
9 5 1 -67 637,450 -63 945,555 320,740 |— — — —
10 5 2 -67 654,083 -63934,452 320,778 ]19,998 0,038 2 0

Eﬁit of each deviation . L . . +53 +88

All deviations satisfy the condition of Formula (2). No outlier is suspected.

12
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B.1

Observer: Bonn

Date: 2006-09-22

Annex B
(informative)

1SO 17123-8:2015(E)

Example of the full test procedure

Weather: Fine, +5 °C

Instruments type and number: BBB 01234

Antenna type and number or built in: CCC 05678

—Measwrements—————— 0000000 @@

Base line (nominal value) horizontal distance D* 19,994 miheight difference Qh* : 0,024

— m
— |Pre-defined standard deviation sxy =15 mm; Sy = 25-min
B.Z Calculation
B.2l1 Preliminary check
Accprding to the Formula (1), the calculatéd-data are shown on the Table B.1
Table B.1 — Measurements and experimental standard deviations
S¢d Series | Set Rm_rer Measurement Ho_r izontal _Helght Deviations
Np. point distance |difference
m m m mm
i j K x y h D; Ah i 1Epd; |Enij
1 1 1 1 -67 635,470 |-63943,197 320,792 |— — — —
2 1 1 2 -67 652,389 [-63932,527 (320,799 |20,003 0,007 9 -21
3 1 2 1 -67 635,479 |-63943,188 |320,788 |— — — —
4 q 2 2 -67 652,376 |-63932,525 (320,824 |19,980 0,036 -14 8
5 + < + 67-635-486 63-942-189—320,789 —
6 1 3 2 -67 652,387 |-63932,529 (320,810 |19,987 0,021 -7 -7
7 1 4 1 -67 635,476 |-63943,192 [320,793 |— — — —
8 1 4 2 -67 652,393 |-63932,530 |320,808 [19,997 0,015 3 -13
9 1 5 1 -67 635,481 |-63943,192 (320,794 |— — — —
10 1 5 2 -67 652,390 |-63932,522 320,803 |19,994 0,009 0 -19
11 2 1 1 -67 635,478 |-63943,191 |320,800 |— — — —
12 2 1 2 -67 652,399 [-63932,535 (320,823 |19,997 0,023 3 -5
13 2 2 1 -67 635,479 |-63943,193 320,798 |— — — —
14 2 2 2 -67 652,392 |-63932,528 320,828 |19,995 0,030 1 2

© ISO 2015 - All rights reserved

13


https://standardsiso.com/api/?name=11f720bbd8d411821c04b2024c8da3d0

ISO 17123-8:2015(E)

Table B.1 (continued)

Seq Series | Set RO\_/er Measurement Ho_r izontal _Height Deviations
No. point distance |difference
m m m mm
i Jj K X y h Dj Ahj €p ij hij

15 2 3 1 -67 635,477 |-63943,194 (320,780 |— — — —
16 2 3 2 -67 652,396 |-63932,530 (320,797 |19,999 0,017 5 -11
17 2 % t =67 6354756394319t —326;786—T— — — =
18 2 4 2 -67 652,395 |-63932,532 (320,812 |19,998 0,026 4 N?D
19 2 5 1 -67 635,476 |-63943,191 (320,784 |— — — q> —
20 2 5 2 -67 652,391 |-63932,534 (320,812 [19,992 0,028 —2:0 "o
21 3 1 1 -67 635,479 |-63943,194 (320,798 |— — ,\q;—} —
22 3 1 2 -67 652,391 |-63932,529 (320,826 |19,994 0,02&\/\ o 0
23 3 2 1 -67 635,478 |-63943,195 (320,805 |— —O — —
24 3 2 2 -67 652,398 |-63932,532 320,823 |20,000 <(\¢.ﬂ,)18 6 -10
25 3 3 1 -67 635485 |-63943,199 |320,799 |— O\ — — —
26 3 3 2 -67 652,400 |-63932,534 |320,813 19,/9\@‘ 0,014 2 -14
27 |3 4 1 -67 635474 |-63943195 [320,804 | << — — —
28 3 4 2 -67 652,394 |-63 932,532 320,8315\\ \0,000 0,027 6 -1
29 3 5 1 -67 635,483 |-63943,200 (32 — — — —
30 3 5 2 -67 652,398 |-63932,537 3\@\8%3 19,995 0,040 1 12
Limit of eacl] deviation mm — — \\\0— — — +53 +88

All deviatigns satisfy the conditions of Formul@q\lo outlier is suspected.

B.2.2 Ca

Table B.2 — Measurem

culation of statistical valueﬁ)\\

.

, residuals, and experimental standard deviation

C.
Seq Seri Rover V . .
No. erjies | Set point %O Measurement Residual Squared residyial
QQ> m mm mm?2
] (\?917 X y h I'x ry rh rj r)% ‘hz

1 1 1® 1 -67 635,470 |-63943,197 320,792 -4 -2 64 16 4
2 1 ,.’({Y 2 -67 652,389 [-63932,527 |320,799 4 3 =17 16 9 249
3 1 —2 + 67635479 63-943:488—320-788 1+ 5 6 1 25 3¢
4 1 2 2 -67 652,376 |-63932,525 320,824 17 5 8 289 |25 64
5 1 3 1 -67 635,480 [-63943,189 |320,789 -2 4 -5 4 16 25
6 1 3 2 -67 652,387 |-63932,529 (320,810 6 1 -6 36 1 36
7 1 4 1 -67 635,476 |-63943,192 |320,793 2 1 -1 4 1 1
8 1 4 2 -67 652,393 |-63932,530 |320,808 0 -8 0 0 64
9 1 5 1 -67 635,481 |-63943,192 [320,794 -3 1 0 9 1 0
10 1 5 2 -67 652,390 |-63932,522 |320,803 3 8 -13 9 64 169
11 2 1 1 -67 635,478 |-63 943,191 |320,800 0 2 6 0 4 36
12 2 1 2 -67 652,399 [-63932,535 (320,823 -6 -4 7 36 16 49
14 © IS0 2015 - All rights reserved
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Table B.2 (continued)

1SO 17123-8:2015(E)

ileq Series | Set Rm_rer Measurement Residual Squared residual
0. point
m mm mm?2

i ] k X y h Iy Iy rh rXZ r; th
13 2 2 1 -67 635,479 |-63943,193 |320,798 -1 0 4 1 16
14 2 2 2 -67 652,392 |-63932,528 |320,828 1 2 12 1 4 144
15 Z 3 T =67 635477 |-63 943,194 320,780 T T -1&F [T 196
16 2 3 2 -67 652,396 |-63932,530 |320,797 -3 0 -19 9 361
17 2 4 1 -67 635,475 [-63943,191 |320,786 3 2 -8 9 4 64
18 2 4 2 -67 652,395 |-63932,532 [320,812 -2 -2 -4 4 4 16
19 2 5 1 -67 635,476 |-63943,191 |320,784 -2 -2 -10 4 4 100
20 2 5 2 -67 652,391 [-63932,534 |320,812 2 -4 -4 4 6 16
21 3 1 1 -67 635,479 |-63943,194 |320,798 -1 -1 4 1 16
22 3 1 2 -67 652,391 |-63932,529 |320,826 1 10 4 ] 100
23 3 2 1 -67 635,478 |-63943,195 |320,805 0 -2 11 0 4 121
24 3 2 2 -67 652,398 |-63932,532 [320,823 -5 -2 7 25 4 49
25 3 3 1 -67 635,485 |-63943,199 (320,799 -7 -6 5 49 36 25
26 3 3 2 -67 652,400 |-63932,534 |320,813 -7 -4 -3 49 16 9
27 3 4 1 -67 635,474 |-63943,195( 320,804 4 -2 10 16 4 100
28 3 4 2 -67 652,394 |-63932,532 (320,831 -1 -2 15 1 4 225
29 3 5 1 -67 635,483 |-63.943,200 |320,793 -5 -7 -1 25 49 1
30 3 5 2 -67 652,398 [%63 932,537 (320,833 -5 -7 17 25 49 289
Avelage over the series 1 -67 635,478 ,\-63 943,193 |320,794 _ _ _ _ L _

2 -67 652,393 |-63932,530 |320,816

Eélsr;jmu:;fion of the squared . . o . . . 696 1479 |2621
s Zrtii‘glli‘;tal standard Se=499  [5,=368 |s,=968 |— |— |— [— |- |-
The degrees of freedom for x, y, and h are identical and they are calculated according to Formula (6) as
Ve FVy = Vh :(m-n—l)-p:(3><5—1>><2:28
Accprding to\Formula (7), the standard deviations of a single measurement of x, y, and h are| calculated
as

22 foor

s, = X =X =, [— =4,99mm
\/ v, 28 28
2
s = —=\/z=\/@:3,68mm
28 28

© ISO 2015 - All rights reserved
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2 2
r /r /
s, = _h _ |Th @:9,68mm
vy 28 28

According to Formulae (8) and (9), related experimental standard deviations are

2 2 2 2
Sxy:\/sx+sy:\/4,99 +3,68% = 6,20mm

s, = 9,68mm

B.3 Statistical tests

B.3.1 Statistical test according to question a)

Sy = b, 20 mm ; Oy =1500mm; v=v, —|—vy =56

6,20 <{15,00x 1,15

6,20 <[17,2

The test cdndition is fulfilled, the calculated experimental standard deviation, Sy of a single posifion

(x, y) is snjaller than or equal to a corresponding value, S5y stated by the manufacturer or another

predetermjned value, Oy
B.3.2 Statistical test according to question.b)
S =968 mm; oy = 25,00 mm, v = 281mm

9,68 <] 25,00 x 1,22

9,68 <|30,5

The test copdition is fulfilled, the calculated experimental standard deviation, s,, of a single height, j, is

smaller thgnorequalto acorrespondingvalue, ¢, , stated by the manufacturer or another predetermined

value, o b

B.3.3 Statistical test nrrnrding to qnpcfinn r)

Sy = 6,20 mm; §Xy =6,00mm;v=v, —|—vy =56
0,59 < 38, 44 < 1,70

)

0,59 < 1,07 < 1,70

The test condition is fulfilled, the null hypothesis stating that the experimental standard deviations, Sy

and §Xy , belong to the same population is not rejected at the confidence level of 95 %.
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