INTERNATIONAL ISO
STANDARD 17123-5

Third edition
2018-02

Optics and optical instruments —
Field procedures for testing geodetic
and surveying instruments —

Part 5:
Total stations

Optique et instruments d optique — Méthodes d'essai sur sfte des
instruments géodésiquies et d'observation —

Partie 5: Stations-totales

Reference number
1SO 17123-5:2018(E)

©1S0 2018



https://standardsiso.com/api/?name=c72824d0d3d39cc3d2f015e4e5c00c16

ISO 17123-5:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva, Switzerland

Tel. +41 22 74901 11

Fax +4122 749 09 47

copyright@iso.org

www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=c72824d0d3d39cc3d2f015e4e5c00c16

ISO 17123-5:2018(E)

Contents Page
FOT@WONM ... oottt iv
00T 00 X0 ) ot o (0) o VOSSOSO \ 14
1 S0P ... 1
2 NOIFINATIVE TEECI@INCES .........ooooooooeeeeeeeeeoeeeeeeeeeeeeeee oottt ettt ettt e eeeeeese e 1
3 R @ T Y 0 Lo 00 = 0 0 o (0] o KOOSO 2
4 _Sy‘m'bﬂ'ls'aud stibset ;pta
4.1 Symbols ...
4.2 SUDSCIIPES . e
5 L <) 1 1<) i | OSSOSO o SASSOTITN (S 3
5.1 REQUIT@IMENTS ....oooc s oo s 3
5.2 Procedure 1: Simplified test procedure............n B Ko 4

5.3 Procedure 2: Full test procedure

6 Simplified test procedure
6.1 Configuration of the test field..

6.2 A L F D<) 0 0 1<) U N oS
6.3 (0721 Lot 81 E=15 1o ) o 0SSO
6.3.1 x-,y-coordinates..
6.3.2  z-coordinate......

6.3.3 Evaluation..

7 FUIL @St PIOCEAUIE .........oooccc N s
7.1 Configuration of the test field. ... i)
7.2 Measurement

7.3 (0721 (101 = U (o ) o 000 OO
7.3 1 Xe, Y-COOTAINALES oot 55
7.3.2  z-coordinate......

7.4 Statistical tests.........s
741  General....... 7
7.4.2  Response'to Question a)
7.4.3  Respofise'to question b)
7.5 Combined unceértainty evaluation (Type A and Type B)

Annex A (informative)Example of a simplified test procedure...............fo. 16
Annex B (informative) Example of the full test procedure...........cssesees oo 18
Annex C (informative) Example of the calculation of a combined uncertainty budget (Type

A QDA TYPE B) ..o e | 24
Annex Difinformative) Sources which are not included in uncertainty evaluation.......... ). 27
BIDJEOBIAPIIY ... e | 28

© 1S0 2018 - All rights reserved iii


https://standardsiso.com/api/?name=c72824d0d3d39cc3d2f015e4e5c00c16

ISO 17123-5:2018(E)

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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
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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Introduction

This document 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
all jneasurement 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 metrologyorganizations,
a gliidance document on the expression of measurement uncertainty was compiledywith thie objective
of providing rules for use within standardization, calibration, laboratory, accreditation and| metrology
seryices. ISO/IEC Guide 98-3 was first published in 1995.

the introduction of uncertainty in measurement in ISO 17123 (all.parts), it is intendef to finally
proyide a uniform, quantitative expression of measurement uncertainty in geodetic metrology with the

[S0|17123 (all parts) provides not only a means of evaluating.the precision (experimentdl standard
devjation) of an instrument, but also a tool for defining an~ncertainty budget, which allgws for the
sunmpmation of all uncertainty components, whether they are random or systematic, to a repfesentative
measure of accuracy, i.e. the combined standard uncertainty.

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

© ISO 2018 - All rights reserved v
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Optics and optical instruments — Field procedures for
testing geodetic and surveying instruments —

Part 5:
Total stations
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Normative references

following documents are referred to in the text in such a way that some or all of th
stitutes requirements of this document. Fordated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

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

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

7077, Measuring methods for building — General principles and procedures for the ver
ensional compliance

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

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

17423-1, Optics and optical instruments — Field procedures for testing geodetic and

precision
hen used

uilding and surveying measurements. Primarily, these tests are intended, to be field verifications of
suitability of a particular instrument for the immediate task at hand andto satisfy the requirements

s that are

se field procedures have been developed specifically for in/situ applications without the need for
Cial ancillary equipment and are purposely designed to mihimize atmospheric influenceg.

Pir content
pplies. For
[s) applies.
ms used in
anning and

ification of

Vocabulary

surveying

ruments — Part 1: Theory

[SO 17123-3, Optics and optical instruments — Field procedures for testing geodetic and surveying

inst

ruments — Part 3: Theodolites

ISO 17123-4, Optics and optical instruments — Field procedures for testing geodetic and surveying

inst

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

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)
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3 Terms and definitions

For the purposes of this document, the terms and definition given in ISO 3534-1, ISO 4463-1, ISO 7077,
ISO 7078, 1SO 9849, ISO 17123-1, ISO/IEC Guide 98-3 (GUM) and ISO/IEC Guide 99 (VIM) apply.

4 Symbols and subscripts

4.1 Symbols

Synibot Quartity Uit

mean value of height differences m

deviation, differences m

coverage factor —

Sl Bl RS RS

mean value of horizontal distance between two m
target points

horizontal distance between two target points m

vertex of the triangle of the mathematical model |—

parameter to calculate the rotation angle —

parameter to calculate the rotation angle —

difference to the mean value m

instrument station —

WU)#-Q"UZ'\‘

experimental standard deviation various

experimental standard deviation of the same various
population

(<]

target point —

expanded uncertainty various

uncertainty various

degree of freedom

mathematical modehcoordinate X

measured coordinate x

mathematical model coordinate Y

measured-coordinate y

mathematical model coordinate Z

8|B|B|B|B|B

nmreastred coordinate z

confidence level

QR IN[ININ|=[*[X|<|s x|

standard deviation of a population various

standard deviation of the same population various

horizontal rotation angle ©

Vertical (elevation) angle °
Chi-Quadrat distribution —

X |€||a,

4.2 Subscripts

Subscript Term
0,975 confidence level 0,975

1-a confidence level

dist distance

disp minimum display digit of coordinates

2 © ISO 2018 - All rights reserved
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Subscript Term

dispx minimum display digit of coordinate x

dispy minimum display digit of coordinate y

dispz minimum display digit of coordinate z

E east axis

g centre of gravity

H height axis

hs height stability of tripod

I Istrument station No.

ISO-TS total station according to ISO 17123-5

ISO-TS-XY coordinates XY measured once in both
face positions of the telescope according to
ISO 17123-5

ISO-TS-Z coordinates Z measured once in both.face
positions of the telescope according'to
ISO 17123-5

J target point No.

k measured set number (single telescope face)

m coordinate of the centre,of gravity of the
mathematical model after rotation

N north axis

prs pressure

rh relative humidity

dist-TS distance'measurement in total station

6-TS horizontal angle on specification of total
Station

t coordinate of the centre of gravity of the
mathematical model after the shift

temp temperature

trd tripod torsion

0 horizontal angle

y vertical angle or elevation angle

YIS vertical angle on specification of total station

X coordinate x (up)

Xy coordinates xy (horizontal)

XY coordinates XY (horizontal) of the
mathematical model

y coordinate y (right)

Z coordinate Z (height) of the mathematical
model

Z coordinate z (height)

5 General

5.1 Requirements

Before commencing the measurements, it is important that the operator ensures that the precision in

use of the measuring equipment is appropriate for the intended measuring task.

© ISO 2018 - All rights reserved
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The total station and its ancillary equipment shall be in known and acceptable states of permanent
adjustment according to the methods specified in the manufacturer’s reference manual, and used
tripods with reflectors as recommended by the manufacturer.

The coordinates are considered as observables because on modern total stations they are selectable as
output quantities.

All coordinates shall be measured on the same day. The instrument should always be levelled carefully.
The correct zero-point correction of the reflector prism shall be used.

The results of these tests are influenced by meteorological conditions, especially by the gradient of

on where the tasks are to be undertaken. These conditions shall include variations in air temperatpre,
wind speedl, cloud cover and visibility. Note should also be taken of the actual weather conditions atjthe
time of mepsurement and the type of surface above which the measurements are made, The conditjons
chosen for the tests should match those expected when the intended measuring task is actually cartied
out (see ISQ 7077 and ISO 7078).

Tests performed in laboratories would provide results which are almost tinaffected by atmosphleric
influences) but the costs for such tests are very high, and therefore theyare not practicable for most
users. In adldition, laboratory tests yield precisions much higher than those that can be obtained urjder
field conditions.

This docurhent describes two different field procedures as given\in Clauses 6 and 7. The operator shall
choose the|procedure which is most relevant to the project's particular requirements.

To evaluatg angle measurement and distance measurement separately, ISO 17123-3 and ISO 17143-4
shall be applied accordingly.

5.2 Progedure 1: Simplified test procedure

The simplified test procedure provides an gstimate as to whether the precision of a given total stafion
is within the specified permitted deviation in accordance with ISO 4463-1.

The simplified test procedure is bdsed on a limited number of measurements. This test procedure
relies on measurements of x-, y- and z-coordinates in a test field without nominal values. The maxinum
difference from mean value is cal¢ulated as an indicator for the precision.

A significapt standard devidbtion cannot be obtained. If a more precise assessment of the total stafion
under field conditions is)required, it is recommended to adopt the more rigorous full test procedurg as
given in Clause 7.

An example of thé&simplified test procedure is given in Annex A.

5.3 Procedure 2: Full test procedure

The full test procedure shall be adopted to determine the best achievable measure of precision of a
total station and its ancillary equipment under field conditions.

This procedure is based on measurements of coordinates in a test field without nominal values. The
experimental standard deviation of the coordinate measurement of a single point is determined from
least squares adjustments.

The full test procedure given in Clause 7 of this document is intended for determining the measure of
precision in use of a particular total station. This measure of precision in use is expressed in terms of
the experimental standard deviations siso-1s-xy and siso-ts-z of a coordinate measured once in both face
positions of the telescope.

4 © ISO 2018 - All rights reserved
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Furthermore, this procedure can be used to determine:

6.1

Twy
tot

(eg
of

Tw
be s
poil

6.2

One
stat

The

the measure of precision in use of total stations 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;

the measure of precision in use of each of several total stations in order to enable a comparison of

their respective achievable precisions to be obtained under similar field conditions.

whether two

example of the full test procedure is given in Annex B.

Simplified test procedure

Configuration of the test field

he ground. The distance between two target points should Be set longer than the avera
60 m) according to the intended measuring task. Their heights should be as different as
he ground allows.

instrument stations (S1, Sz) shall be set out approximmately in line with two target poir
et 5 m to 10 m away from T1 and in the oppositedirection to T». Sy shall be set between
its and 5 m to 10 m away from T».

—

S1O‘:"

Figure 1 — Configuration of the test field

Measurenient

set congists of two measurements to each target point in one telescope face at one of the
ions.

target points (T, T2) shall be set out as indicated in Figure 1. The targets should be firnjly fixed on

be distance
the surface

ts. S1 shall
two target

nstrument

coordinates of the two target points shall be measured by 4 sets (telescope face: I - I - |

- 1I) at the

3 e adeades Q Tl : 4 des Josfe o 1 & deade Q s £
Instramentstation OT. TIITIIISTTUIIITIIU IS SIHTITTU TU STAUIUIL 57 dIIU LIIT SAIIIT STUUTTILT UL HIITAS

carried out. Station coordinates and the reference orientation of the station are discretionary in each set.

rements is

On-board or stand-alone software shall be used for the observations. It is preferable to use the same
software which will be used for the practical work.

The sequence of the measurements is shown in Table 1.

© ISO 2018 - All rights reserved
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Table 1 — Sequence of the measurements for one series

Seq. No. Instrument Target Set Telescope X y z
station point k face
1 ]
1 1 1 | X1,1,1 Y1,1,1 Z1,11
2 2 X1,2,1 Y1,2,1 Z1,2,1
3 1 5 I X1,1,2 Y1,1,2 Z1,1,2
4 1 2 X1,2,2 Y1,2,2 Z1,2,2
5 T 3 I X1,1,3 Y1,1,3 Z1,1,3
6 2 X1,2,3 Y1,2,3 Z1,2,3
7 1 4 I X1,1,4 Y1,1,4 Z1,1,4
8 2 X1,2,4 V1,24 Z1,2,4
9 2 1 1 I X2,1,1 V2,11 Z2,1,1
15 ) 1 4 I X2,1,4 V2,14 Z2,1,4
16 2 X2,2,4 V2,24 22,24

6.3 Calculation

6.3.1 x-

The evalug
the mean v

Each horiz

y-coordinates

li k :\/'(Xi,z,k —Xi1k )2 +(Vizk—Yiik )2

Their mean value L is calculated as:

14
L=52

13

The values

ri’k =]

The maxinj

4
LD ik

1k=1

k—L i=2¥2k=1,234

umvalue dyy of the rjk is defined as:

i=1,2,k=1,2,3,4

pbntal distance between two target points % is calculated as:

of the deviatignof each distance from its mean r; is calculated as:

tion of the test results is given by the deviation‘of the horizontal distance of each set f
alue of all measured horizontal distances.

Xy

dy =maxfr, [ T=LZLKk=1237%

fom

M

(2)

(3)

(4)
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2 z-coordinate

The height differences d, ; x between target points are calculated using measured z-coordinate values
in each set:

The

dyik =Zigk —Zigk 1=1,2k=1234
mean value a; of height difference in all sets:

12 4
[l :—V?d ]

Thd

Thd

6.3

Thd
acc

Xy
exp
tot

7

7.1

Thn
sho
one
tas}

Thn

10 1 away frenieach target point.

z ZaZg LK
8 i=1k=1

differences r; ; k between height differences of two target points and the mean valpea,:

T7ik :dz,i,k -a, i=1,2,k=1,2,3,4

maximum difference value d; is calculated as:

d, :max‘rzli'k‘

3 Evaluation

differences dyy and d shall be within the specified permitted deviation, pxy and p; respg
rdance with ISO 4463-1 for the intended measuring.task). If pxy and p; are not given, th

< Z'SX\/EXSISO-TS-XY and d, <2,5x \/EXSISO-TS-Z respectively, where siso-Ts-xy and siso-

erimental standard deviations of the x-, y- and-z-measurements respectively, determined
he full test procedure with the same instrumient.

Full test procedure

Configuration of the test field

ee target points (Tq, T,~T3) shall be set out at the corner of the triangle (see Figure 2). 1
11d be firmly fixed on-to-the ground. The distances of target points should be different g
distance should bedonger than the average distance (e.g. 60 m) according to the intended
. Their heights should be as different as the surface of the ground allows.

ee instrumefnt-stations (S, Sz, S3) shall be set out close to each triangular side approximz

(5)

(6)

(7)

(8)

bctively, (in
ey shall be
rs-z are the

| according

he targets
nd at least
measuring

tely 5 m to

©IS

Figure 2 — Example of field configuration for full test
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7.2 Measurement

One set consists of three measurements to each target point with a single telescope face at each
instrument station.

From the instrument stations S, Sz, S3, the coordinates of the three target points shall be measured by

four sets of observation sequences (telescope face: I - 11 -1 -1I).

The station coordinates and the orientation are discretionary for each station set up. These configurations

should not be changed while measuring four sets of observations from the same station point.

On-board = me

software which will be used for the practical work.

The sequerce of the measurements is shown in Table 2.

Table 2 — Sequence of the measurements for one series
Seq. No. Instrument Target Set Telescope X Y z
station point k face
i )j

1 1 X111 Y111 Z1,1,1
2 2 1 I X121 V1,21 Z1,2,1
3 3 X1,3,1 Y131 71,31
4 1 X1,1,2 Y1,1,2 Z1,1,2
5 2 2 11 X1,2,2 Y1,2,2 Z1,2,2
6 1 3 X1,3,2 V1,3,2 Z1,3,2
7 1 X1,1,3 Y1,1,3 Z1,1,3
8 2 3 I X1,2,3 1,23 71,2,3
9 3 X1,3,3 1,33 Z1,3,3
10 1 X1,1,4 Y114 Z1,1,4
11 2 4 I X1,2,4 V1,24 Z1,2,4
12 3 X1,3,4 V1,34 71,34
13 1 1 I X211 V2,11 72,11
: 2 : :
24 4 I X2,3,4 V2,34 72,34
25 1 I X3,1,1 Y311 73,11
34 3 1 X3,1,4 Y314 Z3,1,4
35 2 4 I X3,2,4 V3,24 7324
36 3 X3,3,4 V3,34 23,34

7.3 Calculation

7.3.1

x-, y-coordinates

Construction of the mathematical model of the triangle is carried out as follows (See Figure 3).

© ISO 2018 - All rights reserved
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Calculate the horizontal distances [ 3 x between T1 and Tg; [; 1,k between T and T3; I; 2,k between T3 and
Ty respectively by measured coordinates (x;jk, yijk)-

2 2 . . . . 0 . 0
Ii,j,k:\/(Xi,j—l,k_xi,j+1,k) +(yi,j—1,k_yi,j+1,k) 1= 1, 2, 3;]= 1, 2,3 (lf]'l ISOOI‘]+1 1S 4‘, then
replace it by 3 or 1 respectively); k=1, 2,3, 4 9)

The mean length of each side L;:

3 4
L= 2211-']-‘,( T=1,23 (10)

The vertex coordinates of the mathematical model of the triangle M; (j = 1, 2, 3) js'definefl based on
M1 £ (0,0) and the line from M1 to M3 as the x-axis.

Coordinates of M1:

M; (X1,Y1)=(0,0) (11)

Cogrdinates of M»:

M, (X3.Y,)=(L3,0) (12)

Cogrdinates of M3:

2
—@ﬂ+£+@ , _@Q+g+g
M3 (X3,Y3)= BT Lz - o (13)

y

Figure 3 — Mathematical model of the triangle

© ISO 2018 - All rights reserved 9
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The coordinates of the centre of gravity of the mathematical model, (Xg, Yy):

(¥g ¥ )=| =55 (4

The coordinates of the centre of gravity of the triangle obtained at each instrument station, (xg;, yg,i):

= ) a 5] T g
22 ik 2 2 Yik

1%

Shift the doordinates to coincide the centre of gravity of the mathematical mddel on the centrp of
gravity of the measured triangle.

The coordnates of the centre of gravity of the mathematical model (Xt kYt ijk) after the shiftjare
calculated ps:

Xeiil=X; +(xg,,. —Xg); Yeijn=Y; +(yg'1- —Yg) i=1,2,3,91/2,3;k=1,2,3,4 16)

Rotate the mathematical model around the centre of gravity to minimize residuals of the veftex
coordinates between the mathematical model and respective measured triangles.

Rotation angle 0; k:

9i'k=tan_1[qi'k] i=1,2,3k=1,2,3,4 17)
Pi k
3
ZZ((Xt,i,j,k ~Xgi )~(y1-,,-,k —yg,,-)—(Yt,,-,,-,k Vi )~(X,-,,-,k ~Xgi ))
=1 L
Qi k= 3 3 , 18)
z((Xt.i.j.k ~xgi) *(Yes ik~ Ygi) )
j=1
3
Z((Xt,i.j.k "X )'(Xi.j,k ~Xgi )+(Yt,i,j,k Vg )'(yl'J,k Vg, ))
Pik =1 - . . 19)
3 (tonurei) (g ver)’
]=1\ /

Vertex coordinates of mathematical model (Xm,ij k Ym,ijk) after the rotation:

Xm,i,j,k =Xg,i +C0$91,k (Xt,l,_],k _Xg,i )—Sll’l@l‘k (Yt,l,j,k _-yg,l) I = 1, 2, 3, ] = 1, 2, 3,
k=1,2,3,4 (20)
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Ym',-,j_k:yg,,-+sin9,-,k-(Xt,l-‘j,k—xg,,-)+cost9i'k-(Yt',-'j,k—yg’,-> i=12 3j=1 2 3;
k=1,2,34 (21)

Residuals (rxjk ry,ijk) of the coordinates of the measured triangles from those of the rotated
mathematical model are:

rX'i‘j‘kzxi'j,k _Xm,i,j,k i:1, 2, 3,]:1, 2, 3,k:1, 2, 3,4‘ [22)
ry',-u.-_z =V;U.',l —Ym,.’u;'l i=1,2,3:j=1,2,3:k=1,2,3,4 (23)

Thd sum of squares of residuals:
3 3 4
2 _ 2 2
DTN ARy (24)
i=1 j=1k=1

Singe there are 3 sides of the mathematical model, 6 [= 2 (vectors) x 3 (instrument stations)] centre of
grayity points of the measured triangle and 12 [= 4 (sets) x 3 (instrumenit stations)] rotation parameters,
thenumber of unknown parameters v=3 + 6 + 12 = 21. Thus the number of degrees of freedom:

vyy =72-21=51 (25)

The experimental standard deviation:

zrfy
1

Syy = 26
XY = (26)
Finglly, the standard uncertainty of x-, y-coordinates:
UISO-TS-XY = SXY (27)

© ISO 2018 - All rights reserved 11
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7.3.2 z-coordinate

The height difference between T1 and Ty (and T3) is calculated using measured z-values for each set.

dyijk=Zijk~Zigk 1=1,2,3,j=2,3k=1234 (28)

The mean values of d; ;2 k and dy ; 3,k
1 3 4
Oy =25 2, 2 i juc 123 (29)
12 i=1l—1

The residupls r, jj k of the height differences d; ;2 k and d,; 3, x from obtained mean values for each'sg¢t of
measurements are calculated as:

rZ’i’j,k :dz'i,j'k_az‘j i=1, 2, 3,]=2, 3,k=1, 2, 3,4’ 30)
The sum of the squares of the residuals is obtained by:

) 3 3 4 5
Zrz ::Zzzrz,i,j,k 31)
i=1 j=2k=1

The numbér of degrees of freedom is:

vy =24-2=22 32)
Finally, thg standard deviation of height difference or the standard deviation of the z-coordinate:

2 2
Sq7 = ZrZ ; So = ZrZ 33)
27\ "2z 7 N 22x2

Its standard uncertainty:

Uiso-Tsfz =5z 34)
7.4 Statjstical tests
7.4.1 General
Statistical tests are applicable for the full test procedure only.
For the interpretation of the results, statistical tests shall be carried out using the experimeptal
standard deyviation of a coordinate measured on the test triangle in order to answer the following
questions (see’Table 3)
a) Is the calculated experimental standard deviation, s, smaller than or equal to a corresponding

value, g, stated by the manufacturer or smaller than another predetermined value, o?
b) Do two experimental standard deviations, s and s, as determined from two different samples of

measurements, belong to the same population, assuming that both samples have the same number
of degrees of freedom, v?

The experimental standard deviations, s and s can be obtained from
— two samples of measurements by the same instrument but different observers;

— two samples of measurements by the same instrument at different times; or

12 © ISO 2018 - All rights reserved
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— two samples of measurements by different instruments.

For the following tests, a confidence level of 1-a = 0,95 and, according to the design of measurements, a
number of degrees of freedom of vxy = 51 for the x- and y-coordinates and vz = 22 for the z-coordinate
are assumed.

Table 3 — Statistical tests

Question Null hypothesis Alternate hypothesis
a) s<o s>0
b) s=s S#S
7.4{2 Response to Question a)
Theg null hypothesis stating that the experimental standard deviation, s, is smaller than or equal to a
thepretical or a predetermined value, o, is not rejected if the following conditionis fulfilled:
For[x and y:
2
v
S<OX Zl‘a—(XY) (35)
Vxy
2
51
<ox 10,95( ) (36)
51
X505 (51)=68,67 (37)
s<oX 68,67 (38)
51
s<ox1,16 (39)
For(z:
2
o (V.
s<o X Xl(x—(Z) (4.0)
Vi
2
22
s /XOL() (41)
22
To.95 (22)=33,92 (42)
s<ox, o392 (43)
22
s<ox1,24 (44)

Otherwise, the null hypothesis is rejected.

© ISO 2018 - All rights reserved 13
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7.4.3 Response to 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, s=s is not rejected if the

following condition is fulfilled:
Forxandy:
1 s?
< <F_g/2(Vxy Vxy) (45)
Fi_asn (Vxy Vxy) §2 /
it s?
<=<F;q75(51,51) 46)
Foo75(51,51) 52 ™
2
0,57<F-<1,74 48)
~2
S
For z:
2
1 s I
S SF g5 (v7,v7) 49)
Fi_gpl(vzvz) 52 /
2
| s
<Z_<Fy975(22,22 50)
Fyo75(22,22) 52 7 ( )
Fy975(22,22)=2,36 51)
2
0,42< 3S2,36 52)

S

Otherwise] the null hypothesis is rejected.

The numbg¢r of degrees of freedom and, thus, the corresponding test values 7(12—05/2 and Fi_g/p (1

(taken frorh reference books.oil statistics) change if a different number of measurements is analyse

7.5 Combined uncertainty evaluation (Type A and Type B)

The sourc

ds of uricertainty (influence quantities) are described in Table 4 as an uncertainty budget

<
-
<
~—

Table 4 — Typical influence quantities of the total station

Sources of uncertainty Symbol Evaluation Distribution

I. Result of measurement

Standard deviation of x-, y- and z-coordinates UISO-TS Type A normal

II. Relevant sources of the total station

Distance uncertainty on the specification Udist-TS Type B normal, or specified by the
manufacturer

Horizontal angle uncertainty on the Up-TS Type B normal, or specified by the

specification manufacturer

Vertical angle uncertainty on the Uy-TS Type B normal, or specified by the

specification manufacturer

14 © ISO 2018 - All rights reserved
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Table 4 (continued)

Sources of uncertainty Symbol Evaluation Distribution
Minimum display digit Udisp Type B rectangular
II1. Error patterns from the mechanical
setup
Torsion of a tripod (ISO 12858-2) Utrd Type B rectangular
Stability of a tripod height (ISO 12858-2) Uhs Type B rectangular
IV. Error sources of the atmospheres
Temperature Temp TypeB Trornrat
Prgssure Uprs Type B normal
Relptive humidity Urh Type B normal

Undertainty on the polar coordinates system is described as:

_ /.2 2 2 2
Ugist = \/udist—TS + utemp + uprs TUrp

_[2 2
Ug =y Ug.Ts T Utrq
_[2 2
UW = uW-TS +uhS

The transfer formula to the rectangular coordinate frém the polar coordinate:

2 :
ug +uf =(cosf -ugiq ) +(r-sm6-u

uf =(sin6-ugig )2 +(r~c059-uw )2

Combined uncertainty:

2 2( 27\, 2
Uxy z\/uISO-TS-XY +(“N HUE )+“disp

_[2 2 2
U _\/UISO-TS-Z Huy +Udisp

14

)2+(r-c059-u9)2

Expanded uficertainty is, with coverage factor k = 2.

U =2Xuy

Xy y

U,=2xu,

An example of the calculation of a combined uncertainty budget is given in Annex C.

Sources which are not included in the uncertainty evaluation are given in Annex D.

© ISO 2018 - All rights reserved
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Annex A
(informative)

Example of a simplified test procedure

B
In Table A.1 all measurements are compiled according to the observation scheme given in Table. 1t
Table A.1 — Measurements
Dimensions in mdtres
Seq. No.| | Instrument Target Set Telescope X y z
station point k face
1 J

1 1 1 I 6,979 4,886 9,934
2 2 59,617 25,117 6,763
3 1 6,979 4,886 9,933
4 2 2 . 59,619 25,117 6,762
5 ! 1 3 ! 6,978 4,885 9934
6 2 59,618 25,116 6,764
7 1 6,979 4,885 9,934
8 2 * . 59,620 25,116 6,762
9 1 8,344 -47,323 12,767
10 2 $ ! 1,214 8,619 9,596
11 1 ) I 8,346 -47,322 12,764
12 2 1,213 8,619 9,596
13 2 1 8,344 -47,323 12,767
14 2 3 ! 1,213 8,619 9,596
15 1 4 I 8,345 -47,324 12,766
16 2 1,213 8,619 9,596

Observer: Y.JOhshima

Weather: suhny

Temperature: 29°°C

Air pressurd: 10606 hPa

Instrument type and number: NT xxx 309090

Date: 2010-07-08

16
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A.2 Calculation

A.2.1 x-,y-coordinates

According to Formula (1):
l;1=56,392 0m; I, 1 =56,394 5m
l; ,=56,393 8m; I, , =56,393 9m
l;3=56,393 8m; [, 3=56,394 7m

11’4 :56,394 8m, 12,4_ :56,395 8m
and according to Formula (2):
L=56,394 2m

and according to Formula (3):
r11=-0,002 2m; r; ; =0,000 4m
ry ,=—0,000 2m; r; , =-0,000 2m
rs =-0,000 3m; ry3 =0,000 5m

r1,4_ :0,000 6m, I‘2'4 :0,001 6m
andlaccording to Formula (4):
dy, =0,002 2m

A.2.2 z-coordinates

Accprding to Formula (5):

d,11=-3171m; d,,,=-3,171m
d,1,=-3,171m; d,,, #£-3,168m
d,13=-3,170m; d/;3=-3,171m

dy14=-3,172m5d,,,=-3,170m
and according to-Fermula (6):
a,=-3,470 5m

and aecording to Formula (7):
11 =_0,000 Sm, rz’z‘l =_0,000 5m

FZ‘
2,12 =-0,000 5m; I, 22 =0,002 5m
r,13=0,000 5m; r, ;3 =-0,000 5m

ry14=-0,001 5m;r,,,4=0,000 5m
and according to Formula (8):
d,=0,002 5m

© ISO 2018 - All rights reserved 17
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Annex B
(informative)

Example of the full test procedure

B.1 Measurementsofx-and y-coordinates
Table B.1 cpntains an example of observed data taken in accordance with the full test procedure.
Table B.1 — Measurements
Dimensions in mdtres
Seq. No.| | Instrument Target Set Telescope X y z
station point k face
I J
1 1 57,053 50,000 10,9072
2 2 1 I 1,469 39,157 13,12(
3 3 39,429 -2,997 10,641
4 1 57,053 50,001 10,902
5 2 2 11 1,470 39,159 13,121
6 3 39,426 -2,998 10,64(
7 ! 1 57,054 50,001 10,907
8 2 3 I 1,468 39,156 13,12(
9 3 39,427 -2,997 10,64(
10 1 57,054 50,000 10,9072
11 2 4 II 1,470 39,158 13,121
12 3 39,428 -2,998 10,64(
13 1 23,040 96,697 8,837
14 2 1 I 45,141 44,555 11,056
15 3 78,535 90,411 8,576
16 1 23,043 96,698 8,834
17 2 2 II 45,139 44,555 11,056
18 3 78,535 90,412 8,576
19 2 1 23,042 96,697 8,835
20 2 3 I 45,142 44,555 11,05
21 3 78,534 90,412 8,574
22 1 23,040 96,696 8,834
23 2 4 II 45,140 44,555 11,056
24 3 78,534 90,412 8,574
Observer: Y. Ohshima
Weather: sunny
Temperature: 29 °C
Air pressure: 1006 hPa
Instrument type and number: NT xxx 309090
Date: 2010-07-08
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Seq. No. Instrument Target Set Telescope X y z
station point Kk face
I J
25 1 74,685 92,755 11,703
26 2 1 | 18,066 93,974 13,922
27 3 46,198 44,716 11,442
28 1 74,686 92,752 11,703
29 A yA T 18,068 93,975 13,922
30 3 46,198 44,715 11,442
31 3 1 74,687 92,752 11,703
32 2 3 [ 18,068 93,976 13,922
33 3 46,199 44,715 11,442
34 1 74,689 92,751 11,701
35 2 4 11 18,068 93,975 13,923
36 3 46,199 44,715 11,442

Wegther: sunny

Obsderver: Y. Ohshima

Tenjperature: 29 °C
Air pressure: 1006 hPa

Insqrument type and number: NT xxx 309090
Datp: 2010-07-08

B.2 Calculation

B.2l1 x-, y-coordinates

Accprding to Formula (10):
11 =56,726 7 m

Accprdingto Formula (15):

o SO rIan N \
(Rg,ng’l ’-(32.65U I, 26,7 2U 21T

L7 = 55,8499 m

L3 =56,632;1"m

(xg2:¥g2)=(48,905 4m, 77,221 3m)

(xg3,¥g3)=(46,317 6m, 77,147 6 m)

© ISO 2018 - All rights reserved
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Table B.2 according to Formula (16):

Table B.2 — Coordinates of the centre of gravity of the mathematical model

Dimensions in metres

Instrument Set Xt,i1,k Yii1,k X,i2,k Yii2,k Xt,i,3,k Yii3,k
station k

1

1 1 4,624 5 12,506 3 61,256 6 12,506 3 32,0691 61,147 P
1 2 4,624 5 12,506 3 61,256 6 12,506 3 32,0691 61,147 P
1 3 4,624 5 12,506 3 61,256 6 12,506 3 32,069 1 61,147 P
1 4 4,624 5 12,506 3 61,256 6 12,506 3 32,069 1 61,147 P
2 1 20,8799 61,007 4 77,512 0 61,007 4 48,324 4 109,649 0
2 2 20,8799 61,007 4 77,512 0 61,007 4 48,324 4 109,649 0
2 3 20,8799 61,007 4 77,512 0 61,007 4 48,324 4 109,649 0
2 4 20,8799 61,007 4 77,5120 61,007 4 48,324 4 109,649 0
3 1 18,292 0 60,9337 74924 1 60,933% 45,736 6 109,575 3
3 2 18,292 0 60,9337 74,924 1 60,983 7 45,736 6 109,575 3
3 3 18,292 0 60,9337 74,924 1 60,9337 45,736 6 109,575 3
3 4 18,292 0 60,9337 74,924 1 60,9337 45,736 6 109,575 3

Table B.3 according to Formulae (20) and (21):

Table B.3 — Vertex coordinates of the mathematical model

Dimensions in mdtres

Instrument Set Xm,i1,k Yinitk Xm,i,2,k Yin,i,2,k Xm,i,3,k Yin,i,3,k
station k

1
1 1 57,052.9 49,999 8 1,468 5 39,1571 39,4289 -2,996 4
1 2 57,053.9 49,998 7 1,469 0 39,158 6 39,427 4 -2,996 8
1 3 57,053 0 49,999 7 1,468 5 39,157 3 39,428 7 -2,9965
1 4 57,053 6 49,999 0 1,468 8 39,1581 39,427 9 -2,996(7
2 1 23,0401 96,697 0 45,1410 44,555 5 78,5351 90,411
2 2 23,0408 96,698 0 45,139 8 44,555 6 78,5356 90,4101
2 3 23,0399 96,696 8 45,141 4 44,555 4 78,5350 90,4116
2 4 23,0399 96,696 8 45,141 4 44,555 4 78,5350 90,4116
3 T 746859 92,7539 18,0670 93,9740 46,1998 44,714
3 2 74,686 7 92,7525 18,067 8 93,975 4 46,198 2 44,714 9
3 3 74,686 8 92,752 4 18,067 9 93,9755 46,198 1 44,7149
3 4 74,686 9 92,752 1 18,068 1 93,975 8 46,197 8 44,7149

According to Formula (24)
Y re, =0,000 061 6 m”

According to Formulae (26) and (27):

Sxy :0,001 10 m

20
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uISO-TS-XY = 0,001 10m

B.2.2 z-coordinate
Table B.4 according to Formulae (28), (29), (30), (31):

Table B.4 — Residuals of the height differences

Instrument | Set dz,i2,k dz,i3,k Iz,i2,k I'z,i3,k rz2,i2,k rz2,i3,k
station - — — — — — m2
i

1 1 2,218 -0,261 -0,001 75 -0,000 25 0,000 003¢h 0,000 0001
2 2,219 -0,262 -0,000 75 -0,001 25 0,000 0006 0,po0 0016
3 2,218 -0,262 -0,001 75 -0,001 25 0,000 003 1 0,000 0016
4 2,219 -0,262 -0,000 75 -0,001 25 0,000 000 6 0,000 0016

2 1 2,219 -0,261 -0,000 75 -0,000 25 0,000 000 6 0,00 0001
2 2,222 -0,258 0,002 25 0,002 75 0,000 0051 0,000 007 6
3 2,221 -0,261 0,001 25 -0,000:25 0,000 0016 0,000 0001
4 2,222 -0,260 0,002 25 0,000 75 0,000 0051 0,p00 000 6

3 1 2,219 -0,261 -0,000 75 ~0,000 25 0,000 000 6 0,00 0001
2 2,219 -0,261 -0,000,75 -0,000 25 0,000 000 6 0,00 0001
3 2,219 -0,261 -0,000,75 -0,000 25 0,000 000 6 0,000 0001
4 2,222 -0,259 0,002 25 0,001 75 0,000 0051 0,000003 1

Sdijx 26,637 -3,129

az,2 az,3
Mean value 2,219 8 -0,260~7

Accprding to Formula (34)

ulso_Ts_Z = 0,000 98 m

B.3 Statistical tests

B.3l1 Statistiealtest according to Question a)
Test for x and'y;

o0 =5,0mm

Uso-ts-xy =1,10 mm
vxy = 51

1,10 mm < 5,0 mm x 1,16
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1,10 mm < 5,8 mm

Since the above condition is fulfilled, the null hypothesis stating that the experimental standard
deviation

Ujsp.Ts-xy =1,10mm

0=>5,0mm

is smaller fhian or equal to the manulacturer s value 1s not rejected at the confidence level of 95 %,
Test for z:

0 =5,0mm
Urso-rsz = 0,98 mm
vz =22
098 mm <5,0 mm x 1,24
0,98 mmn < 6,2 mm

Since the pbove condition is fulfilled, the null hypothesis stating that the experimental standard
deviation

Uso-tsjz =0,98 mm

is smaller than or equal to the manufacuter's'value o = 5,0 mm is not rejected at the confidence lgvel
of 95 %.

B.3.2 Statistical test according'te Question b)
Test for x and y:

s=1,10d mm

s =1,15 mm

vxy = 5[L
2
0,57g1'21—mng1,74
1,32 mm

0,57<0,92<1,74

Since the above condition is fulfilled, the null hypothesis stating that the experimental standard

deviations s = 1,10 mm and s = 1,15 mm belong to the same population is not rejected at the confidence
level of 95 %.
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