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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 1SO 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
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Optics and optical instruments — Field procedures for testing
geodetic and surveying instruments —

Part 4.
Electro-optical distance meters (EDM instruments)

1 Sco

This part
(repeatal
building

a particu
not propc

This part
measure
number ¢
traceabili
prescribg

These fig
equipme

2 Normative references

The follo
this part
do not a
possibilit
the lates
currently

ISO 3534

ISO 4463

!

De

of ISO 17123 specifies field procedures to be adopted when determining and)evaluating th
ility) of electro-optical distance meters (EDM instruments) and their ancillary“equipment wh
nd surveying measurements. Primarily, these tests are intended to be field verifications of the
ar instrument for the immediate task at hand and to satisfy the requireménts of other standard

of ISO 17123 can be thought of as one of the first steps in the process of evaluating the unc
ment (more specifically a measurand). The uncertainty of a result of a measurement is depg
f factors. These include among others: repeatability (precision), reproducibility (between day re
ty (an unbroken chain to national standards) and a thorough assessment of all possible error
d by the ISO Guide to the expression of uncertainty in measurement (GUM).

Id procedures have been developed specifically for in'situ applications without the need for spec
t and are purposefully designed to minimize atmeospheric influences.

ving normative documents contain provisions which, through reference in this text, constitute p
pf 1ISO 17123. For dated references, subsequent amendments to, or revisions of, any of these
bply. However, parties to agreements based on this part of ISO 17123 are encouraged to inv
of applying the most recent editions of the normative documents indicated below. For undated
edition of the normative-document referred to applies. Members of ISO and IEC maintain
valid International Standards.

-1, Statistics —Vocabulary and symbols — Part 1: Probability and general statistical terms

ISO 7077, Measuring methods for building — General principles and procedures for the verification of
compliangce

sed as tests for acceptance or performance evaluations that are more.comprehensive in naturg.

e precision
en used in
suitability of
s. They are

h

ertainty of a
ndent on a
peatability),
sources, as

ial ancillary

rovisions of
bublications
bstigate the
references,
registers of

-1, Measurement methods for building — Setting-out and measurement — Part 1: Planning and
organization, measufing procedures, acceptance criteria

limensional

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

GUM, Guide to the expression of uncertainty in measurement

VIM, Inte

rnational vocabulary of basic and general terms in metrology
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3 Terms

and definitions

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

4 Gener

4.1 Requ

al

irements

Before commencing surveying, it is important that the operator investigates that the precision in use of the n

equipment

The EDM injstrument and its ancillary equipment shall be in known and acceptable states of permanent aq
according fo the methods specified in the manufacturer's handbook, and used with tripeds, forced

equipment

The results
temperaturg
corrections
depending

wind speed
measuremsg
should mat
ISO 7078).

Tests perfo
costs for su
yield precis

This part o
choose the

4.2 Procg

The simplifi
the specifie

The simplif
deviation cg

it is recomnpended to adopt the more rigorous full test procedure as given in clause 6.

This test pr
is not availg

appropriate to the intended measuring task.

nd reflectors as recommended by the manufacturer.

of these tests are influenced by meteorological conditions. These conditions will include variati
which must be added to the raw distances. The particular conditions te-be taken into account
bn where the tasks are to be undertaken. These conditions shall include variations in air tem
, cloud cover and visibility. Note should also be taken of the aetual weather conditions at th

nt and the type of surface above which the measurements areymade. The conditions chosen for
ch those expected when the intended measuring task;is“actually carried out (see I1SO 7

med in laboratories would provide results which arexalmost unaffected by atmospheric influence

ons much higher than those that can be obtaingd under field conditions.

ISO 17123 describes two different field ‘procedures as given in clauses 5 and 6. The oper
procedure which is most relevant to the;project's particular requirements.

bdure 1: Simplified test procedure

d test procedure provides/an estimate as to whether the precision of a given EDM equipmen
i permitted deviation.according to ISO 4463-1.

ed test procedure-is based on a limited number of measurements. Therefore, a significant

nnot be obtained: If a more precise assessment of the EDM instrument under field conditions is

pcedurerelies on having a test field with distances which are accepted as true values. If such a
lble Nit'is necessary to determine the unknown distances, using an EDM instrument of higher

easuring

justment
centring

pns in air

and air pressure. Actual meteorological data shall be measured cdin-order to derive atmospheric

may vary
perature,
e time of
the tests
077 and

s, but the

ch tests are very high, and therefore they are notypracticable for most users. In addition, laboratory tests

ator shall

is within

standard
required,

test field
precision

than that r

quired for the measuring task or_using the EDM instrument to_be tested immediately after

having it

calibrated according to the full test procedure as given in clause 6.

4.3 Procedure 2: Full test procedure

The full test procedure shall be adopted to determine the best achievable measure of precision of a particular EDM
instrument and its ancilliary equipment under field conditions.

The full test procedure is based on measurements of distances in all combinations on a test line without nominal
values. The experimental standard deviation of a single distance measurement is determined from a least squares
adjustment of the distances in all combinations. Scale errors of an EDM instrument cannot be detected by this
procedure. But scale errors do not have any influence either on the experimental standard deviation, s, or on the

© ISO 2001 — All righ

ts reserved
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zero-point correction, 4. In order to determine the stability of the scale, the measuring frequency of the EDM
instrument should be checked by means of a frequency meter.

The test procedure given in clause 6 of this part of ISO 17123 is intended for determining the measure of precision
in use of a particular EDM instrument. This measure of precision in use is expressed in terms of the experimental

standard

deviation, s, of a single measured distance:

S1SO-EDM

Further, this procedure may be used to determine:

ancill
the m
respe
Statistica
the popu

same po
(see 6.4)

5 Sim

51 Co

The test field shall consist of one permanently marked_instrument station and four permanently mounted

typical d
permane
indelibly

instrume

In order

calculate|
STP (Sta
measure
values sh
in air pre

the npeasure of precision in use of EDM instruments by a single survey team with a single instrun

the mpeasure of precision in use of each of several EDM instruments in order to enablé)a compar

ary equipment at a given time;

easure of precision in use of a single instrument over time;

ctive achievable precisions to be obtained under similar field conditions.

| tests should be applied to determine whether the experimental standard deviation, s, obtainec
ation of the instrumentation's theoretical standard deviation o, whethgr-two tested samples b
pulation and whether the zero-point correction, 4, is equal to zero ér equal to a predeterming

plified test procedure

hfiguration of the test field

stances for the usual working range of (the particular EDM instrument (e.g. from 20 m td
ht mounting of the reflectors is not possible, then the ground points of the reflector stationg
marked. The reference lengths of the four distances shall be determined as described in 4.2, us
nt of adequate precision.

0 set up the test field, each-distance shall be measured at least three times and the mean va
1 (see Figure 1). These mean values shall be corrected for deviations in temperature and air pr
ndard Temperature apd Pressure). For this purpose, the air temperature and the air presst
1 in order to determine/the necessary corrections of the mean values of the four distances
all be corrected by \ppm for any deviation of 1 °C in temperature and/or for any deviation of 3 h
Ssure.

nent and its

son of their

belongs to
blong to the
bd value, dg

reflectors at
200 m). If
should be
ng an EDM

ue shall be
bssure from
re shall be
The mean
Pa (3 mbar)

Figure 1 — Configuration of the test field for the simplified test procedure
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The corrected mean values of the four distances shall be considered to be true values:

T, =d;

T, =d,

T3 = dj

Ty =d,
5.2 Measurements
When setting up the instrument, special care shall be taken when centring above the ground point.
Each distar|ce shall be measured three times. Also, the air temperature and the air pressure shall be me
derive the ptmospheric corrections. The measured distances x1, x,, T3, T, are the“mean values of
measuremgnts corrected for atmospheric influences.

5.3 Calct

All differen
intended m
standard dg
instrument

If the differg
to identify th

5.4 Furth

If all differen
point correg
test proced

If a scale er
frequency n

To check th
the same h
baseline.

pasuring task. If p is not given, all differences shall be |Z; <~z ;| < 2,5 X s, where s is the exp
viation of a single distance measurement, determined according to the full test procedure 2 with
Ised for determining the distances of the test field.

nces |Z; — x;| are too large for the intended task; it is necessary to make further investigation

For is suspected, then-the measuring frequency of the EDM instrument should be checked by m
heter.

lation

es T; — x; shall be within the specified permitted deviation +p (according to 1SO 4463-]

e main sources of the errors.

er investigations

ces T; — x; have the same sign, then a systematic error is suspected. This can be an error of

tion or a scale error. If no systematic error can be recognized, then it is recommended to carry o
ire as given in clause 6.

asured to
he three

) for the
erimental
the EDM

5 in order

the zero-
ut the full

pans of a

b zero-pojnt'correction, d, a temporary baseline (about 50 m) consisting of at least three points aligned in
orizontahplane shall be set out (see Figure 2). Three tripods with forced centring shall cons

titute the

@

3

@

1

~®

Figure 2 — Temporary base line to check the zero-point correction

From the measured distances between the tripods, the zero-point correction is calculated

6=13

—12-23

)

© 1SO 2001 - All rights reserved
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where

) is the zero-point correction;

1,3,1,2, 2,3 are the measured distances between the three tripods.
6 Full test procedure

6.1 Configuration of the test line

A straight line approximately 600 m long with seven points shall be established in a horizontal area orin an area with
a constapt slight slope (see Figure 3). The points shall be stable during the test measurements. (hyorder to obtain
representative values for the experimental standard deviation, s, and the zero-point correction, d,\these|points shall
be selected in such a way that the parts of the measured distances determined by phase measurement with the fine
frequency are evenly distributed over the unit length (measuring scale) of the EDM instrument.

d; d, ds d, ds dq
C'\ JonY Jony JonY JonY JonY /)
L o/ =/ o/ o/ o/ ]
1 2 3 4 5 6 7
d

Figure 3 — Configuration of the test{ine for the full test procedure

A good donfiguration will be achieved if the six distancesidy, ..., dg, between the seven points of the fest line are
derived Iy the following procedure:

— dy =[600 m is the approximate length of the projected test line;
— Ais the wave length of the EDM instrument;

— )\/2 is the unit length (measuring scale) of the EDM instrument.

do — 6,5)\
4= - 2
Bo =5 5 )

where (3{ is rounded to the-nearest integer value:

B=lx\/2 (3)

where p Js an integer number.

With

= — 4

i 72 @
the six distances of the test line and the whole length, d, are calculated:

di =X+ 0+ 3y (5)

© 1S0 2001 — All rights reserved 5
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de = A+

d = 6\ + 1506 + 36

6.2 Measurements

All possiblg twenty-one distances between the seven points (see Figure 4) shall be measured on thexspme day.
Forced cenfring interchange should be used to eliminate centring errors. A sufficient number of prisms-should ensure
that all distgnces are measured with a good return signal. The measurement of the distances should)only ke started
when the visibility is good and a low insolation is to be expected. The air temperature and pressure‘should often be
measured tp ensure that reliable atmospheric corrections can be derived.

3 b 5 6

Figure 4 — Distances to be measured

6 © 1SO 2001 — All rights reserved
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6.3 Calculation

The measurements ?c'p,q (raw distances = readings on the EDM instrument) shall be corrected for systematic effects
(atmospheric correction, slope reduction). These corrected values x,, are evaluated by an adjustment of
observation equations. All weighting factors are set to the unit 1. Unknown parameters are the six distances
T1,T23, --., Ty and the zero-point correction 4.

The results are derived from:

7—p p
a—v"‘ N\ . m—Aa4 5 & (6)
P /_,74PT4q 7/ g r—prq P oo
q=1 q=1
7 p—1
bp i Z Tp,q — qu,p o p=1...,7 (7)
q=p+1 q=1
18
6:£Z(ZP_7)XGP (8)
p=4
where 9 is the zero-point correction.
7+2(p—q)
Tpg Fop—bg— ————Xd0—apg p=1...56 g=p+1 ..., 7 9)

where rj, are the residuals of the 21 measured distangces x, , corrected for systematic effects (atmospheric
correction, slope correction, but no zero-point reduction).

6 7

Yr? = Z Z Tpg =Ta,+ 703+ .. Fas (10)
p=1g=p+1
where

Yr? | s the sum of squares of-all residuals 7, ;.

v=n-—u=14 (12)
where

v is thecnumber of degrees of freedom;

n iS the number of measurements (= 21);

U is the number of estimated parameters (=6 + 1 = 7).

Sr? Yr?
v 14
where s is the experimental standard deviation of a single measured distance.

SI1SO-EDM = § (13)

The experimental standard deviation of the zero-point correction, 4, is derived as follows:

© 1S0 2001 — All rights reserved 7
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1
8§ =8 X — =58 X045

V5

6.4 Statistical tests

6.4.1 General

Statistical tests are recommended for the full test procedure only.

For the inte

— the expg¢rimental standard deviation, s, of a distance measured on the test line, and

— the zerd-point correction, ¢, of the EDM instrument and its experimental standard deviation, s

in order to answer the following questions (see Table 1):

a) Is the

manufagturer or smaller than another predetermined value o?

b) Do two experimental standard deviations, s and s, as determined from two diffefent samples of meas
belong {o the same population, assuming that both samples have the same(degree of freedom, v?

The exgerimental standard deviations, s and s, may be obtained froms
— twolsamples of measurements by the same instrument at diffetent times;
— twolsamples of measurements by different instruments.
c) Is the zg¢ro-point correction, §, equal to zero as supplied by'the manufacturer (0, = 0) or, if prisms are
a given [zero-point correction dg, is 0 = §g?

For the following tests, a confidence level of 1 — a = 0;95 and, according to the design of measurements,
of degrees pf freedom of v = 14 are assumed.

6.4.2 Question a)

pretation ot the results, statistical tests shall be carried out using

alculated experimental standard deviation, s, smaller than a corresponding value o state

Table 1 — Statistical tests

Question Null hypothesis Alternative hypothesis
a) s<o s>0
b) oc=0o o#o
c) 5= 5+ 8

(14)

d by the

Lrements

ised with

A number

The null hypothesis-Stating that the experimental standard deviation, s, is smaller than or equal to a theorgtical or a

predetermir

edalue o is not rejected if the following condition is fulfilled:

2
Sgo‘X\/Xl_a(V>

s< o X

(Y

Xé,gs (14)
14

X605 (14) = 23,68

23,68

SsK o0 X\ ——

14

(15)

(16)

17)

(18)

© 1SO 2001 - All rights reserved
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s <o x130

Otherwise, the null hypothesis is rejected.

6.4.3 Qu

estion b)

(19)

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 = o is not rejected if the following condition is fulfilled:

N

1 S AR
o bt
Fidpwv) = s
1 52

|~ < T
Foolb (14,14) ~ 32

F0,97

0,34

Otherwisg, the null hypothesis is rejected.

6.4.4 Question c)

The hypd

16— Pol < 85 X ti_aya (V)

|(5 — 60| < S§ X to‘g75 (14)

S5 —

to,975
[0 —

Otherwis|

The nunjber of degrees of freedom and, thus, the corresponding test values xi_, (v), Fi_o)
) (taken from reference books on statistics) change if a different number of measurements is a1nalysed.

tl—a/Z (l

< Foors (14,14)

(14,14) = 2,98
82
= < 2,98

thesis of equality of the zero-point corrections § and{; is not rejected if the following condition

S

~ = 5x045
V5
(14) = 2,14

S
00| < —= X 2,14

V5

B, the null hypothesis is rejected.

(20)

(21)

(22)

(23)

is fulfilled:

(24)
(25)
(26)
(27)

(28)

(v,v), and

© 1SO 2001 - Al rights reserved
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Annex A
(informative)

Example of the simplified test procedure

A.1 Configuration of the test field

H Y P | o H ol Y H ) £ 1 kel £ 4l £ Lk
An EDM IN$UCHENTOTRKAOWH MITUISTUTT TS USTU TU UTTTTTITIT UITT TTITTTTILT TTTIYUIS UT T TUUT Uistalivtts Lf the test

field.

The experimental standard deviation of a single measured distance is determined according to the fulltest grocedure
as given in tlause 6.

s =1,8mm
Reference lengths of the four distances:

1= PRL,784 mm
> = PB4,055 mm
3 = [/6,502 mm
T4 = 152,248 mm

10 © 1SO 2001 — All rights reserved
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A.2 Measurements

Observer:
Weather:

S. Miller

sunny

temperature: 4+ 18 °C
air pressure: 1 009 hPa

Instrument type and number: NN xxx 630401

Date:

1999-04-15

Table A.1 — Measurements

1 2 3 4
3
Tjk k;le,k T; T; — Xy
Ty = 3
m m m mm
21,786 21,785 21,784 -1
785
785
54,054 54,053 54,085 2
051
053
76,502 76,504 76,502 -2
505
504
152,243 152,245 152,248 3
247
245

Case 1: The permitted deviation is given: p = £ 5 mm;

Case 2: |

In both c@ses, the.EDM instrument is suited for the intended measuring task.

is not given{aildifferences are |T; — x;| < 2,5 X s =2,5 X 1,8 mm = 4,5mm.

© 1SO 2001 - Al rights reserved
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Annex B
(informative)

Example of the full test procedure

B.1 Configuration of the test line

PR | el £ 4l Lk i L H Lok P Y PRy I | ) L £ bl & ]
The suggegearengtnsor the aistancesar, - - -, Ug a e i reratonto e totar iengt, o, o e testime nd to the

length, \/2| of the EDM instrument.
According tp equations (2) to (4):

600 m — 6,5 X 20 m
Bo = i =31,33m

B =Kk 10m = 30,00m

m 0,2778
= —4 = , m
i "

where d is #pproximately 600 m and A/2 is 10 m.

With these Values, the six distances and the total length, d, of the test line are calculated [according to equation (5)]:

d; = p0,84m
d, = 111,96 m
ds = 13,08 m
d, = 162,52 m
ds = B1,40m
ds = P0,28m
d = 580,08 m

B.2 Measurements

Table B.1 contains, in celtmns 1 to 4, the twenty-one measured values x,, , corrected for meteorological ipfluences
and the slope of the test line.

Observer: S. Miller
Weather: sunny

temperature: +10 °C
air pressure: 890 hPa
Instrument type and number: NN xxx 630401
Date: 1999-04-15
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