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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
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this part of ISO 17123 may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

International Standard 1SO 17123-4 was prepared by Technical Committee 1SO/TC 172, Optics and optical
instruments, Subcommittee SC 6, Geodetic and surveying instruments.

This first edition of ISO 17123-4reancelscand replaces, 1ISO 8322-8:1992 and ISO12857-3:1997, which have been
technically revised.

ISO 17123 consists of the following parts, under thegeneral title Optics and optical instruments — Field procedures
for testing geodetic and surveying instruments:

— Part 1: Theory

— Part 2: Levels

— Part 3: Theodolites

— Part 4: Electro-optical distance meters (EDM instruments)

— Part 5: Electronic tacheometers

— Part 6: Rotating lasers

— Part 7: Optical plumbing instruments
Annexes A and B of this part of ISO 17123 are for information only.

This corrected version of ISO 17123-4:2001 incorporates a correction in the Foreword: ISO 8322-9:1993 has been
deleted from the list of documents cancelled and replaced by this part of ISO 17123.
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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 Scope

This part of ISO 17123 specifies field procedures to be adopted when determining and evaluating the precision
(repeatability) of electro-optical distance meters (EDM instruments) and their ancillary equipment when used in
building and surveying measurements. Primarily, these tests are intended to be field verifications of the suitability of
a particular instrument for the immediate task at hand and to satisfy the requirements of other standards. They are
not proposed as tests for acceptance or performance evaluations that are more comprehensive in nature.

This part of ISO 17123 can be thought of as one of the first steps in the process of evaluating the uncertainty of a
measurement (more specifically a measurand). The uncertainty of a result of a measurement is dependent on a
number of factors. These include among others: repeatability (precision), reproducibility (between day repeatability),
traceability (an unbroken chaingto natienal-standards) and, a-thoroughrassessment of all possible error sources, as
prescribed by the ISO Guide to'the ‘expression of uncertainty-in measurement (GUM).

These field procedures have been developed specificallyforin"situ ‘applications without the need for special ancillary
equipment and are purposefully designed to minimize atmospheric influences.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 17123. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 17123 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated references,
the latest edition of the normative document referred to applies. Members of ISO and IEC maintain registers of
currently valid International Standards.

ISO 3534-1, Statistics — Vocabulary and symbols — Part 1: Probability and general statistical terms

ISO 4463-1, Measurement methods for building — Setting-out and measurement — Part 1: Planning and
organization, measuring procedures, acceptance criteria

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

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, International 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 General

4.1 Requirements

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

The EDM instrument and its ancillary equipment shall be in known and acceptable states of permanent adjustment
according to the methods specified in the manufacturer's handbook, and used with tripods, forced centring
equipment and reflectors as recommended by the manufacturer.

The results of these tests are influenced by meteorological conditions. These conditions will include variations in air
temperature and air pressure. Actual meteorological data shall be measured in order to derive atmospheric
corrections which must be added to the raw distances. The particular conditions to be taken into account may vary
depending on where the tasks are to be undertaken. These conditions shall include variations in air temperature,
wind speed, cloud cover and visibility. Note should also be taken of the actual weather conditions at the time of
measurement and the type of surface above which the measurements are made. The conditions chosen for the tests
should match those expected when the intended measuring task is actually carried out (see ISO 7077 and
ISO 7078).

Tests performed in laboratories would provideresults Which are almost unaffected by atmospheric influences, but the
costs for such tests are very high, and therefore they are not practicable for most users. In addition, 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 operator shall
choose the procedure which is most relevant to the project's particular requirements.

4.2 Procedure 1: Simplified test procedure

The simplified test procedure provides an estimate as to whether the precision of a given EDM equipment is within
the specified permitted deviation according to ISO 4463-1.

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 EDM instrument 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 distances which are accepted as true values. If such a test field
is not available, it is necessary to determine the unknown distances, using an EDM instrument of higher precision
than that required 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
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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:

— the measure of precision in use of EDM instruments 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 EDM instruments in order to enable a comparison of their
respective achievable precisions to be obtained under similar field conditions.

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 and whether the zero-point correction, ¢, is equal to zero or equal to a predetermined value, dg
(see 6.4).

5 Simplified test procedure

5.1 Configuration of the test field

The test field shall consist of one permanently marked instrument station and four permanently mounted reflectors at
typical distances for thejusual.working.;range ofthe.particularoEDM: instrument) (e.g. from 20 m to 200 m). If
permanent mounting of the reflectors is notspossible,.thenthe ground points of the reflector stations should be
indelibly marked. The reference lengths of the four distances shall be determined as described in 4.2, using an EDM
instrument of adequate precision.

In order to set up the test field, each distance shall be measured at least three times and the mean value shall be
calculated (see Figure 1). These mean values shall be corrected for deviations in temperature and air pressure from
STP (Standard Temperature and Pressure). For this purpose, the air temperature and the air pressure shall be
measured in order to determine the necessary corrections of the mean values of the four distances. The mean
values shall be corrected by 1 ppm for any deviation of 1 °C in temperature and/or for any deviation of 3 hPa (3 mbar)
in air pressure.

Figure 1 — Configuration of the test field for the simplified test procedure

© 1S0 2001 — All rights reserved 3
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The corrected mean values of the four distances shall be considered to be true values:

Ty =d;
fzzdz
T3 = d3
Ty =d,4

5.2 Measurements
When setting up the instrument, special care shall be taken when centring above the ground point.

Each distance shall be measured three times. Also, the air temperature and the air pressure shall be measured to
derive the atmospheric corrections. The measured distances x1, x,, T3, T, are the mean values of the three
measurements corrected for atmospheric influences.

5.3 Calculation

All differences T; — x; shall be within the specified permitted deviation +p (according to 1SO 4463-1) for the
intended measuring task. If p is:not givens.all differences shall be |2 |2 z; [ <[2,5 %8, where s is the experimental
standard deviation of a single distance measurement, determined according to the full test procedure 2 with the EDM
instrument used for determining the distances of the-testfield:

If the differences |Z; — x;| are too large for the intended task, it is necessary to make further investigations in order
to identify the main sources of the errors.

5.4 Further investigations

If all differences T; — x; have the same sign, then a systematic error is suspected. This can be an error of the zero-
point correction or a scale error. If no systematic error can be recognized, then it is recommended to carry out the full
test procedure as given in clause 6.

If a scale error is suspected, then the measuring frequency of the EDM instrument should be checked by means of a
frequency meter.

To check the zero-point correction, d, a temporary baseline (about 50 m) consisting of at least three points aligned in
the same horizontal plane shall be set out (see Figure 2). Three tripods with forced centring shall constitute the
baseline.

©

3

C,

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

60=13—-12-23 1)
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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

ISO 17123-4:2001(E)

A straight line approximately 600 m long with seven points shall be established in a horizontal area or in an area with
a constant slight slope (see Figure 3). The points shall be stable during the test measurements. In order 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 dg
C\ Jon) Jony Jon) Vo r>
o A\ <& A\ A\ AV
1 2 3 IA 7
d
Figure 3 — Configuration ofithe test:line for<the full test procedure
A good configuration will be achieved if the six distances dy, ..., dg, between the seven points of the test line are

derived by 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\

fo=—1

where (3, is rounded to the nearest integer value:
B=pxA/2
where p is an integer number.

With

Y= 7
the six distances of the test line and the whole length, d, are calculated:

© 1SO 2001 - Al rights reserved
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de = A+

d = 6\ + 1583 + 367

6.2 Measurements

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

3 b 5 6

Figure 4 — Distances to be measured
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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
ap = quvp—kq - qui—p—kq; p=4>5656 (6)
q=1 q=1
1 7 p—1
bp:? Zmp,q—zqu,p ;o p=1,...,7 )
q=p+1 q=1
18
0= — 2p—7) X a 8
35 ;( p—7) X ap (8)

where ¢ is the zero-point correction.

7+2(p~.4q)

Tpq = bp —bg — X =y gt Up=IB L e\ g p L, T 9)

where 7, , are the residuals of the 21 measured distances x,, corrected for systematic effects (atmospheric
correction, slope correction, but no zero-point reduction).

6 7
Yr? = Z Z Tpg =Ta,+1is+ .. 75, (10)
p=1g=p+1
where

Yr? s the sum of squares of all residuals 7.

v=n-—u=14 (12)
where

v is the number 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:
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