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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 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 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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Introduction

Starting in 1993, several companies developed handheld laser distance meters and introduced them
into the market. With a growing number of different manufacturers, it became obvious that a standard
was needed to establish requirements for device specifications and to describe how to check compliance
with the specified performance of accuracy and range.

ISO 17123 specifies methods of checking specification compliance by the user of the instrument
without any additional measurement equipment. In contrast, ISO 16331 specifies procedures to check
specification compliance using additional laboratory equipment that is unavailable to the typical user.

© IS0 2017 - All rights reserved v
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Optics and optical instruments — Laboratory procedures
for testing surveying and construction instruments —

Part 1:
Performance of handheld laser distance meters

1 (Scope
Thif document specifies procedures for checking compliance with performanece specifications of
handheld laser distance meters.
2 [Normative references
The following documents are referred to in the text in such a wdy that some or all of their content
conptitutes requirements of this document. For dated referenees;”’only the edition cited dpplies. For
undated references, the latest edition of the referenced documeént (including any amendments) applies.
[SO|3534-1, Statistics — Vocabulary and symbols — Part IxGeneral statistical terms and tefms used in
probability
1S0|9849, Optics and optical instruments — Geodetic‘and surveying instruments — Vocabulary
ISOfIEC Guide 98-3, Uncertainty of measuremént — Part 3: Guide to the expression of undertainty in
meqsurement (GUM:1995)
ISOJIEC Guide 99, 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,
ISOfIEC Guide 98-3 and1SO/IEC Guide 99 apply.
[SOfand [EC maintain terminological databases for use in standardization at the following addresses:
— |IEC Electropedia: available at http://www.electropedia.org/
— |ISO. O@nline browsing platform: available at http://www.iso.or
4 Symbols and abbreviated terms
Table 1 — Symbols

D distance

D mean value of a set of distances

A deviation

k coverage factor for a level of confidence of 95 %

M measurement value

N number of measurements taken at each check point
© IS0 2017 - All rights reserved 1
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Table 1 (continued)

R resolution
s experimental standard deviation
u standard uncertainty of measurement
U expanded uncertainty
Table 2 — Subscripts and abbreviated terms
AD absolute distance
Add additional contribution
BG background illumination
CPX check point X
REF reference
M measurement
max maximum
min minimum
high high
low low
C combined
CP checkpoint
i index for individual cases
RM measurement resolution
RT range test
X index for individual cases
T temperature
TO5 temperature 5 °C
T40 temperature 40 °C
5 General information
5.1 General
The maxirhum measurement range on typical targets (info and examples, see Annex F) and |the
uncertainty of measurements provided by handheld laser distance meters are influenced by |the
following fhctors.
5.2 TargetTreflectivity

The higher the target reflectivity, the better the signal to noise ratio at the receiver; therefore better
measurement performance is achievable. For more details, refer to Annex F.

As handheld laser distance meters are used on construction sites and for indoor applications, typical
targets are painted walls, bricks, concrete, wood, and similar targets. Special attention has to be paid to
the effect of penetration of the laser into certain materials, e.g. white marble.

5.3 Background illumination

Background light in indoor applications is typically below 3 klx and therefore negligible. However, in
outdoor applications, the sunlight reflected by the target might reach an illuminance of up to 100 klx
and might cause a degradation of the signal to noise ratio and therefore, a poorer performance of the
instrument.

2 © IS0 2017 - All rights reserved
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5.4 Temperature of key components

The temperature of the laser system and of the receiver system has an influence on the uncertainty of
distance measurement. Most of these instruments have a built-in temperature compensation system to
minimize this kind of influence.

5.5 Atmosphericinfluence

The maximum range and the accuracy of laser distance meters are influenced by meteorological

taken. These conditions include variations in
HEe—a arre-rarreity —Pistan hand er distance
meflers are based on predefined meteorological conditions. To achieve accurate nieapurements,
in particular at long distances, these meteorological variables in the distance caldulatign shall be
det¢rmined and the measured distance shall be corrected accordingly if the device under|test offers
thid possibility.

5.6 Measurement resolution

Thg measurement resolution of a measurement instrument shall be at ledst two times bettgr than the
spefified accuracy. For very accurate measurements, like in a calibration situation, a las¢r distance
metler shall offer a unit setting which allows a measurement resolution that is at least five times better
thah the specified accuracy.

5.7| Average deviation and uncertainty of measurement

The typical user of handheld laser distance meters-wants to take only one single measurement and
waints to rely on the specified maximum tolerances. Therefore, it is the value of the combined and
exppnded uncertainty of a single measurement that the user wants to see below the tolerange limits.

5.8| Relevant contribution to uncertainty

Table 3 £ Relevant contribution to uncertainty

Uncertainty contribution Distribution Typea
Reference system Normal Bb
Measuremeng resolution Rectangular B
Absolute distance test Normal A
(internalmoise at typical conditions)
Background illumination (additional offset and noise) Normal A
Temperature (additional offset and noise) Normal A

a  For further information, refer to GUM “Guide to the Expression of Uncertainty in
Measurement”.

b The uncertainty contribution of the “reference system” comprises a number of
uncertainty contributions, including inter alia, contributions by the uncertainty of the length
standard used, by the uncertainty due to an imperfect geometric alignment of reference and
device under test or by the uncertainty due to imperfect temporal synchronization. All these
contributions have to be carefully, individually assessed to quantify the overall uncertainty of
the reference system.

5.9 Instruction for instrument specifications

As customers of handheld laser distance meters usually are not used to the term “uncertainty of
measurement”, the manufacturers may use the expression “measurement accuracy” in their product
specification.

Since the performance of a handheld laser distance meter depends on various conditions, the
specification of the product shall indicate the conditions that apply, e.g. distance dependency,

© IS0 2017 - All rights reserved 3
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target reflectivity, background illumination and temperature range. It is mandatory to indicate the
performance data (accuracy and range) with favourable conditions and with unfavourable conditions.

Favourable conditions are white and diffuse reflecting target, low background illumination and
temperatures about 20 °C.

Unfavourable conditions are targets with lower or higher reflectivity, high background illumination
and temperatures at the upper or lower end of the specified temperature range.

For an example, see Annex A.

6 Test ]Itrocedure for determining the compliance with accuracy specificationg

6.1 Test

As mentio
The test ¢
temperatu

The target
targets wit
defined, hd
reflectivity
Therefore,
described 1

6.2 Req

6.2.1 Ge|

To determ
following 1

For examp

concept

hed before, the accuracy of handheld laser distance meters depends on’ Various fact]
bncept of this document focuses on the main influences, such as medsurement dista
e of instrument and background illumination.

reflectivity, which also can have an impact on the accuracy, is not tested directly by chang
h different reflectivity factors. The reason is that it is quite difficult to get targets with |
mogeneous and stable reflectivity factors. In addition, théeffect of a target with a lo
 factor of 25 % can be tested using a target with 100-%/reflectivity at double dista
the effects of lower reflectivity factors are indirectly.tested at the absolute distance

n 6.4.2.

lirements

neral

ne compliance with the accuracy specifications for handheld laser distance meters,
heasurement setup is used.

es of determining compliance with accuracy specifications, see Annex B.

6.2.2 Apparatus

6.2.2.1 1T
Size: 0,25 1
Reflectivit

Special att

arget plate, meetingthe following specifications:
h x 0,25 m;
y: (95 £5),% (see Annex E).

entionl is to be paid to the effect of penetration of the laser beam into certain materials

or's.
nce,

ping
vell
wver
hce.
test

the

see

Annex F). In‘gddition, specular surfaces and reflectors should be avoided along the measurement life.

6.2.2.2 Background illumination lamp, that shall achieve at least an illuminance of 30 klx on the
used target plate. Check with an illuminance meter (lux meter) directed as perpendicularly as possible to
the target at 0,1 m distance from the target.

6.2.2.3 Temperature chamber, capable of heating the devices under test up to +40 °C and cooling
them down to +5 °C. The measurements can be taken inside a big temperature chamber or by taking the
heated (or cooled) devices out of the chamber and immediately taking the measurements on a known
reference distance.

© ISO 2017 - All rights reserved
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6.2.2.4 Calibrated reference distance measurement system, to determine the distance between
target and device under test. The uncertainty of measurement of the reference system shall be 20 % or

less than the expected uncertainty of measurement of the device under test.

6.3 Configuration of check points

Select 10 check points CP01 to CP10.

Check point CP10 shall be set either to the longest specified distance of the device under test or to
the maximum range of the reference distance measurement system, but at least 10 m. The following

configuration-efcheckpointstakesinto-considerationthattypicalcustomersmeasure-shortar distances
more frequently than longer ones.
CP0O1
CP02
CPO3
CP04
CPOS
CP06  CPO7 CP08 CP09 CP10
(o (o & & &
| | | | | | | | | | | | | | | | |
4 5 6 7 8 9 10 11 12 13 14 15216 17 18 19 20 K

D(CP01) = 0,02 - D(CP10)
D(CP02) = 0,03 - D(CP10)
D(CP03) = 0,05 - D(CP10)
D(CPP04) = 0,07 - D(CP10)
D(CP05) = 0,10 - D(CP10)
D(CP06) = 0,20 - D(CP10)
D(CP07) =0,30 - D(CP10)
D(CP08) = 0,50 - D(CP10)
D(CP09) = 0,70 - D(CP10)
D(C[P10) = max distance

X: Distance (m)

Figure 1 — Example: CP10 =20 m

6.4 Measurement procedure

6.4 General

To determine compliance with accuracy specifications for handheld laser distance meters, the following

procedure is recommended.

6.4.2 Absolute distance test

This test shall be performed under favourable conditions.
Target reflectivity: (95 + 5) %;

Background illumination: <3 klx;

Temperature range: (20 £ 5) °C;

© IS0 2017 - All rights reserved
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Define the check points (see 6.3).

At each check point, determine the reference distance with the reference distance measurement system
and take 10 measurements with the device under test. Ensure correct alignment of the handheld laser
distance meter to the target by checking at the shortest and the longest distance of the reference system
that the laser spot still hits the target at the centre mark and that the target is oriented perpendicularly
to the laser beam within #1°. Due to this alignment procedure, an additional offset error might come
into account which is not allowed to be compensated by a corrective value (for more details, refer to
Annex G).

6.4.3 Bagkgreundiluminationtest——

This test ¢valuates the influence of high background illumination on the measurement aesulk in
comparisoh to the result of measurements at low background illumination.

Target reflpctivity: (95 £ 5) %;
Background illumination, case A: <3 klx;

Background illumination, case B: >30 klx;

Temperatulre range: (20 + 5) °C.

Build up the measurement setup for the background illumination test (see Annex D for an example(of a
possible seftup). At the checkpoint CP01, CP0O2 or CP03 (depending 0 which point fits better for the fest
under 6.4.4), set the background illumination reflected by the measurement target to an illumingnce
less than 3 klx. Determine the reference distance with the reference distance measurement sysgem
and take and record 10 measurements with the device undértest. In the next step, set the background
illuminatidn reflected by the measurement target to an.illuminance higher than 30 klx and take and
record anofther 10 measurements with the device under test.

6.4.4 Temperature test

This test pvaluates the influence of other;xambient temperatures on the measurement resulf in
comparisoh to the measurement results at 20 °C.

Target reflectivity: (95 £ 5) %;

Background illumination: <3 kIX;

Temperatulre, case A: +5 °C&-2 °C;

Temperatufre, case B: +20-°C £ 2 °C;
Temperatufre, caseC:4+40 °C + 2 °C.

Put the dgvice . under test into a temperature chamber and let the instruments adapt to the fest
temperatufeof case A (recommendation: 2 min/°C). Then, take the instrument out of the chamber and
immediately take and record 10 measurements at the distance CP01, CP02 or CP03 (same distance as
6.4.3). Check that the background illumination reflected by the target is below 3 klx. Repeat the same
procedure for the remaining two test cases. At test case A, verify that the receiver optics do not mist up
during measurements.

Alternatively, the measurements could be taken directly inside a temperature chamber if the instrument
is mounted on a reference distance measuring bar. In this case, the expansion of the reference distance
measuring bar over temperature has to be compensated in the calculations.

6 © IS0 2017 - All rights reserved
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Calculation of deviations and uncertainty of measurement

1 Absolute distance test

Calculate the deviation AM; of all measurements M; from the corresponding reference value at each
check point.

AM; = M; - DRgF

M)

Check, if all calculated deviations AM; are inside the specified tolerance field defined for favourable

confditions. Assuming a level of confidence of 95 %, only 5 of the 100 measured points (10,ateach check
point) are allowed to lie outside the tolerance field with favourable conditions.
At dach check point, calculate the experimental mean value of the absolute distance\test, ISAD :

Dpp=—2i1 M; (2)

N

Cal¢ulate at each check point the deviation AL_DAD of the expetiméntal mean valuel from the
corresponding reference value:

ADpp =Dpp —Dggr (3)
At gach check point, calculate the corresponding experifmental standard deviation, sap, of th¢ measured
valyes and take it as the standard uncertainty, uap, asSociated with the measured values:

1 N = 2
Uap =5SaD Z\/ 2,-=1 ( i_DAD) 4)
N-1

6.5{2 Background illumination test
Calgulate for both cases, low background illumination BG, low < 3 klx, and high background iILumination
BG,|high > 30 klx, and for each measurement V; x, the deviation AM; x from the reference val{e.
Forleach background illummation case, calculate the experimental mean value, BBG'X :

Dpg x = ﬁ2i=1 Myx (5)
wheére X = background low, high.
Calgulatethe deviation AEBG,X of the experimental mean value from the corresponding reference value:

ABDI"‘V = l_)pr“lv - DDP'DE‘D (6)
where X = background low, high.
© IS0 2017 - All rights reserved 7
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Calculate the additional deviation ABBG,Add caused by the background illumination:

ADgg add = DBe high — PBG,low

(7)

Calculate the corresponding experimental standard deviations for both cases of background
illumination and take them as the standard uncertainties associated with both cases:

1

N n 2
UpGx =SBGX = N_—12i=1 (M; x —DBGx) (8)
where X = background low, high.
Calculate the additional uncertainty, upg,add, caused by the background illumination, asstiming that
UBG high > YBG,low- If UBG high < UBG,low, then upg add = 0:
_ 2 2 9
UgG,add =4 UBGhigh ~UBG,low 9
6.5.3 Temperature test
Calculate 1or each temperature case and for each measurement M;y, the deviation AM; x from|the
correspondling reference value.
For each tgmperature case, calculate the corresponding experimental mean value, BT,X :
= 1N i
Drx==2iz1 M; x 10)
N
where X =45 °C, +20 °C, +40 °C.
Calculate the deviation BT’X of the experimentalimean value from the corresponding reference valye:
AD7 x D1 x =Dy ReF 11)
where X =45 °C, +20 °C, +40 °C.
Calculate the additional deviatien AETOS,Add and A5T40,Add caused by the temperature influencds at
+5 °C and 440 °C in reference)to the value calculated at 20 °C:
ADos pdd =AD 506~ ADT20°C 12)
AD140,pdd= D140 °c —~AD120°C 13)

Calculate the corresponding experimental standard deviations for each temperature case and take
them as the standard uncertainties associated to the three cases:

Up x =

N
i=1

Y

s =y~
T,X N_l

where X = +5 °C, +20 °C, +40 °C.

(14)

© ISO 2017 - All rights reserved
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Calculate the additional uncertainties ut aoqq caused by the temperature influences in reference to the
value calculated at 20 °C. For calculation, select the bigger value of the two possible values ut,os °c and

UT,4

oe°c. If ut20°c is the biggest of the three uncertainties, then ur adqq = 0:

_[2 2
Ut Add =+UT,x —UT20°C

where X=5°C or 40 °C.

6.5.

4 Combined deviation and combined uncertainty of measurements

(15)

Cal

on femperature and background illumination) using Formulae (16) and (17):

NO'I
of A

NO'
AD

Cal
und

whg

Cal

whg

ulate the combined deviation range ABC,min ABC,max of the experimental mean valae

AD¢ max =ADpp +max (ADBG,Add :0) +max (ADTOS,Add ADT40,0dd '0)
AD¢ min =AD pp +min (ADBG,Add 10) +min (ADTOS,Add ADT40,dd ,0)

E1  For AD¢ ., only positive contributions of ADpg pqq and only the maximum positive

DTOS,Add or ADT40,Add are taken into account.

r05,Add OF ADr40a4q are taken into account.

ulate the uncertainty, umgr, caused by the meaSurement resolution of the display of
er test:

Ry
UpM ==
243
re Ry is the measurement resolution.

ulate the combined uncertainty, uc, of the measured values:

_[2 2 2 2 2 2 2
Uc = \/ UREF,AD TUREE,BG TUREF,T T URM TUAD TUBG,Add TUT,Add
re

UREF,ADS the standard uncertainty of the reference system at the absolute distance tes

urfEBG Is the standard uncertainty of the reference system at the background illuming

[depending

(16)

(17)

ontribution

E2  For AD(pin, only negative contributions of ADggwyg and only the most negative conjtribution of

the device

test;

urerr  is the standard uncertainty of the reference system at the temperature test;

URM is the standard uncertainty due to the measurement resolution;

© IS0 2017 - All rights reserved

(18)
(19)
t
tion
9


https://standardsiso.com/api/?name=2c1b115930b1fee5e1bce1df96f8ba2d

IS0 16331-1:2017(E)

UAD is the standard uncertainty of measurements at the absolute distance test of the check
point that was used for the background illumination test and the temperature test;

UpG,Add 1s the additional standard uncertainty of measurement at the high background
illumination case in relation to the standard uncertainty of measurement at the low
background illumination case;

uradd 1s the additional standard uncertainty of measurement at higher or lower
temperature in relation to the standard uncertainty of measurement at 20 °C.

6.5.5 Expandeduncertainty of measurements

Calculate t

U=k-

where k = 2.

6.5.6  St3

Give a stat

Deviation 1

Expanded

(level of co

Result:

NOTE
if AD¢ max

he expanded uncertainty, U, for a level of confidence of 95 %:

HC

tement of test result
bment on the test result as follows.
ange of average values: ADC min - ABC k= ___Mmm..___mm
incertainty of a single measurement:
U=__.mm

nfidence 95 %, k = 2,0)
within/out of specification

ut of specification is given if AD i, =U < negative accuracy limit with unfavourable conditior]

-U > positive accuracy limit with unfavourable conditions specified by the manual.

7 Test procedure for determiining compliance with range specifications

7.1 Test

Handheld
of typical 1
length of t

concept

aser distance meters are often specified up to ranges extending the practical dimens
nechanical t€st'benches of reference measurement systems in laboratories. In this case,
he bench.determines the maximum distance investigated for the accuracy compliance

(see 6.3). I this clause, a test procedure is presented to determine compliance with range specificat

for this s

enarip.” Similar to the test procedure for determining the compliance with accuj

ipns, the compllance Wlth range spec1f1cat10ns is also tested with favourable condltlons

20)

sor

ons
the
test
ons
acy
and

biggest 1nfluence by far. Therefore the test procedure focuses on thls effect

7.2 Requirements

the

To test compliance with the range specifications for handheld laser distance meters, the following
measurement setup is recommended.

For examples of determining compliance with range specifications, see Annex C.

10
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Size: atleast 0,5 m x 0,5 m, recommended 1,0 m x 1,0 m.

Reflectivity: (95 £ 5) % (a lower target reflectivity causes lower recei
signals, but also lower noise from background illumination).

Orientation: perpendicular to the measurement direction (+1 2).

ver

Background illumination of <3 klx with favourable conditions and at least

30 klx with unfavourable conditions.

(Check with a lux meter directed perpendicularly to the centre of the
plate at 0,1 m distance from the target plate).

target

Refprence:

To determine the distance between the target and the device under tg
a calibrated reference distance measurement system shall be used. T
uncertainty of measurement of the reference system shall bé\20'% or
than the expected uncertainty of measurement of the deyicé under te
reference measurements, it might be necessary to shadow the target

st,

he

less

st. For
blate or

to use a target prism.

7.3| Description of measurement procedure

To fest the compliance with the specified range for a handheld laser distance meter, th¢ following
megsurement procedure is recommended.

Step 1: Build up the measurement setup,to-test at the specified maximum rapge with
favourable conditions (CP11). Verity, that the target reflectivity is dif{use and
about (95 £ 5) % (refer to Anrex E) and that the background illuminafion is
<3 klx.

Step 2: Determine the distance'between the device under test and the target(plate
using a suitable andgalibrated reference system.

Step 3: Start 10 measutements and record the results.

SteI 4: Change the measurement setup to repeat the test at the specified maximum
range with unfavourable conditions (CP12). The target reflectivity shiall have
(95 £ 5)%. Verify that the background illumination is at least 30 klx. Repeat
steps 2 and 3.

NOTE If the instrument performs less than eight of ten released measurements, at each test cade, the range

speg¢ification is notfulfilled.

7.4 Calculation of deviation and uncertainty of measurement

From t_he measurements taken_at the range tests, calculate for each test case the experimental mean

valye Dy and the deviation ADpr [see Formula (2)] of the average value from the reference yalue Drgg:

ADgt =Dgr —DRgr (21)

Consider the uncertainty upgr of the reference system stated on the corresponding calibration
certificate and include to this all additional uncertainties from the test setup (see Table 3, note b).

Calculate the uncertainty urym caused by the measurement resolution of the device under test [see
Formula (18)]. Be aware that handheld laser distance meters typically change automatically the
measurement resolution when measuring large distances.

Calculate for each test case the experimental standard deviation sgt of the measurements taken at the
range test and take it as the standard uncertainty urt associated with the measured values [refer to

Formula (4)].
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Calculate for each test case the combined uncertainty uc gt of the measurements taken at the range test

with Formula (22):

[ 2 2
UG RT —\/UREF +URM TURT (22)

Calculate for each test case the expanded uncertainty Urt for a level of confidence of 95 %:

URT = k- ucRrT (23)

where k = 2=

7.5 Statement of test result
Give a stat¢ment as follows.

Result of range test at CP11 with favourable conditions.

Deviation ¢f average value: ABRT = __mm
Expanded pincertainty of a single measurement:
] UrT=___mm
(level of copnfidence 95 %, k = 2,0)
Test result within/out of'specification
NOTE ut of specification at CP11 is given if ABRT —Ugrm< specified negative tolerance with favourpble

conditions, pr if ADRT +URT > specified positive tolerance-ith favourable conditions, or if less than 80 % of
the started measurements could be performed.

Result of range test at CP12 with unfavourable conditions.

Deviation ¢f average value: AERT = __mm
Expanded pincertainty of a single measurement:
. Urr =___mm
(level of copnfidence 95 %, k = 2,0)
Test result within/out of specification
NOTE ut of specification at CP12 is given if ABRT —URgt < specified negative tolerance with unfavourpble

conditions, pr if ADRT +URT > specified positive tolerance with unfavourable conditions, or if less than 80 {6 of
the started measurements could be performed.
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Annex A
(informative)

Example of performance specification

Instrument with accuracy specification of 1,5 mm and 100 m maximum range.

Table A.1 — Accuracy specifications

Acduracy with favourable conditionsa:

*1,5 mm (95 % level of confidence)

from 30 m additional tolerancelef0,1 mm/nj

Acduracy with unfavourable conditionsb:

+3,0 mm (95 % level of confidence)

from 30 m additional tolerance of 0,20 mm

m

-10[°C to +50 °C.

a  |White diffuse reflecting target (95 = 5) %, low background illumination <3 klx,temperatures about 20 °C.

b 110 % to 100 % diffuse target reflectivity, high background illumination of @pproximately 30 klx, tempel

atures from

-

Key
distance (m)

accuracy specification (mm)
accuracy,specification at unfavourable conditions

N < X

accuraey'specification at favourable conditions

- A1 —F le of ificati 1

Table A.2 — Range specifications

Range with favourable conditionsa:

0,1 mto 100 m

Range with unfavourable conditionsb:

0,1 mto50m

-10°Cto +50 °C.

a  White diffuse reflecting target (95 + 5) %, low background illumination <3 klx, temperatures about 20 °C.
b 10 % to 100 % diffuse target reflectivity, high background illumination of approximately 30 klx, temperatures from

© IS0 2017 - All rights reserved
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Annex B
(informative)

Examples of determining compliance with accuracy specifications

B.1 Example1l
B.1.1 Performance specifications

Table B.1 — Performance specifications

Accuracy specification: 1,5 mm (95 % level of confidence) with favourable corditionsa from
15 m additional tolerance of 0,10 mm/m

+2,0 mm (95 % level of confidence) with unfavograble conditionsb from
15 m additional tolerance of 0,15 mm/m

Range spedification: 0,05 m to 60 m with favourable conditionsa

0,05 m to 40 m with unfavourable conditionsb

a  White djffuse reflecting target, low background illumination <3 klx, temperatures about 20 °C.

b 10 % to]100 % diffuse target reflectivity, high background illumination-of approximately 30 klx, temperatures ffom
-10°Cto 50pC.

B.1.2 Abssolute distance test

Table B.2 — Determination of check points

Range of instrument: 0,00 m to 60\m

Range of reference system: 0,00 m te 30 m

Check points: CPOI%=0,60 m
CR02/=0,90 m
CR03=1,50m
CP04=2,10m
CP05=3,00m
CP06 =6,00 m
CP07 =9,00 m
CP08 =15,00 m
CP09=21,00m
CP10=30,00m

Table B.3 — Absolute distance test

Dimensions in millimetres

CP 01 02 03 04 05 06 07 08 09 10
DRrgr 600,05 |{900,04 [{1500,02 |2100,03 |3000,01 [5999,95 |9000,03 {15000,07 [21000,03 |30000,08
M1 600,3 {900,2 [1500,8 2100,2 |2999,7 |5999,8 (89997 (149998 21000,1 30000,5
M2 600,5 [900,4 (15004 20999 (29999 (59992 |89994 (150004 21001,0 29999,7
M3 600,1 [899,8 [1500,2 2100,0 (3000,1 [6000,2 (89998 |15000,2 21000,5 30000,6
M 4 5999 [899,7 (15004 21004 |(3000,6 |5999,5 |9000,1 |15000,1 20999,8 30001,3
M5 599,7 1900,7 |1499,7 2100,5 (29998 [6000,5 [9000,2 |150009 21000,7 30000,4
M6 599,6 |900,3 [1500,5 2100,2 29994 (59998 ([8999,7 |149994 209994 29999,3
M7 599,8 [900,0 (1500,2 2099,5 (29999 |6000,0 |90003 |[15000,5 21 000,5 300009

14 © IS0 2017 - All rights reserved
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Table B.3 (continued)

CP 01 02 03 04 05 06 07 08 09 10
M8 599,4 (8999 1499,8 2100,2 (3000,3 [5999,7 |9000,5 |15000,1 21000,1 300018
M9 600,0 [900,5 |[1500,0 2100,4 (29997 |[5999,8 (90000 |149999 21001,1 30000,1
M 10 599,9 899,8 1500,2 2100,7 [3000,3 |5999,5 |[8999,2 |14999,8 20999,7 30000,7
AM 1 0,25 0,16 0,78 0,17 -0,31 -0,15 -0,33 -0,27 0,07 0,42
AM 2 0,45 0,36 0,38 -0,13 -0,11 -0,75 -0,63 0,33 0,97 -0,38
AM 3 0,05 -0,24 0,18 -0,03 0,09 0,25 -0,23 0,13 0,47 0,52
AM# 615 6;34—6;38 637 6;59 645 6,67 6,63 6,23 1,22
AM|5 -0,35 (0,66 -0,32 0,47 -0,21 0,55 0,17 0,83 0,67 0,32
AMI6 -0,45 0,26 0,48 0,17 -0,61 -0,15 -0,33 -0,67 -0,63 -0,78
AMV7 -0,25 -0,04 (0,18 -0,53 -0,11 0,05 0,27 0,43 0,47 0,82
AMB -0,65 |[-0,14 |-0,22 0,17 0,29 -0,25 0,47 0,03 0,07 1,72
AMP -0,05 0,46 -0,02 0,37 -0,31 -0,15 -0,03 -0,17 1,07 0,02
AM(10 -0,15 (-0,24 0,18 0,67 0,29 -0,45 -0,83 -0,27 -0,33 0,62
5 599,92 (900,13 [1500,22 |2100,20 (299997 [5999,80 {8999,8915 000,11 (21000,29 [/30000,53
AEAD -0,13 0,09 0,20 0,17 -0,04 -0,15 -0,14 0,04 0,26 0,45
UAD 0,33 0,34 0,33 0,34 0,36 0,37 0,41 0,42 0,56 0,73
Y
3 I
2+ 1
o
o
1r 8
° g . 3 ¢ © o 2 8 é
0 Q § % g p'e 9 g 4 ]
g 8 g g g 8 8 o
S © o e © 1S o
1+ © S o
2L 2/ ~~~~~ .
-3 J I I ! ! ! ! ! L !
CPOX~ CPO2 CP0O3 CP04 CPO5 CPO6 CPO7 CPO8 CPO9 CP10 y
Y,
Key
X checkpoint
Y deviation from reference (mm)
1 posItive tolerance limit
2 negative tolerance limit
o AM; x
O ADAD,X

Figure B.1 — Absolute distance deviations with favourable conditions
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B.1.3 Background illumination test (CP0O1)

Table B.4 — Conditions for background illumination test

Target 0,25 m x 0,25 m with (95 + 5) % reflectivity
[llumination low (<3 klx)
and high (30 klx)
Temperature 20°C
Iable b.o — bacKground 1Iumination testdt Crul
Dimensions in millimetres
Condition BG low BG high
DREF 600,05 600,05
M 01 600,3 600,8
M 02 600,2 600,5
M 03 599,7 599,8
M 04 600,3 600,3
M 05 599,8 599,9
M 06 600,4 600,1
M 07 600,1 600,5
M 08 599,9 600,3
M 09 600,5 601,0
M 10 600,0 600,1
AM 1 0,25 0,75
AM 2 0,15 0,45
AM 3 -0,35 -0,25
AM 4 0,25 0,25
AM 5 -0,25 -0,15
AM 6 0,35 0,05
AM 7 0,05 0,45
AM 8 -0,15 0,25
AM9 0,45 0,95
AM10 -0,05 0,05
Dpgx 600,12 | 600,33
ADp 0,07 0,28
ADpg pdd - 0,21
UBG,X 0,27 0,38
UBG,Add — 0,27
16 © IS0 2017 - All rights reserved
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Key

o o =< X

=2

B.1

AM; x

Low.
High.

Y
1,5F
1 o
o
0,5+ o
§ :
0 O
X o
2 &
-0,51
_1 -
-1,5 I |
BG® BGP X
Y

measurement condition

deviation from reference (mm)

Figure B.2.— Background illumination test

L4 Temperature test (CP01)

Table B.6 — Conditions for temperature test

Tarjget: 0,25 m x 0,25 m with (95 £ 5) % reflectivity
[llumination: low (<3 klx)
Temperature: 5°C,20°C,40°C

Table B.7 — Temperature test at CP01

Dimensions in millimetres

Condition 5-2°€ 20-°C 408-C
DREF 601,40 601,45 601,50
M 01 601,3 601,8 602,2
M 02 601,2 601,2 601,4
M 03 601,1 601,7 601,3
M 04 601,5 601,4 601,6
M 05 601,0 601,6 602,0
M 06 601,2 601,3 601,5
M 07 601,1 601,7 601,9
M 08 6009 602,0 601,7
M 09 601,4 601,4 601,8

© IS0 2017 - All rights reserved
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Table B.7 (continued)
Condition 5°C 20°C 40°C
M 10 601,2 601,5 601,5
AM 1 -0,10 0,35 0,70
AM 2 -0,20 -0,25 -0,10
AM 3 -0,30 0,25 -0,20
AM 4 0,10 -0,05 0,10
AM 5 -0,40 0,15 0,50
AM 6 -0,20 -0,15 0,00
AM 7 -0,30 0,25 0,40
AM 8 -0,50 0,55 0,20
AM 9 0,00 -0,05 0,30
AM10 -0,20 0,05 0,00
Dry 601,19 | 601,56 | 601,69
AD7y -0,21 0,11 0,19
AD7 x aqd -0,32 — 0,08
UT,x 0,18 0,25 0,28
UT,Add — = 0,14
Y
1,5 F
1L
o
0,5 | o %
0 % 3
-0,5 + g
1L
-1,5 | | |
5°C 20°C 4o0°C
v X
Key
X measurement condition
Y deviation from reference (mm)
<& AM; x

Figure B.3 — Temperature test
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Table B.8 — Combined deviation and expanded uncertainty

Dimensions in millimetres

Calculations at CP1 Value

ABAD -0,13
ADgg pdd 0,21
AD105 Add -0,32
ADr40,add 0,08
ABC,max +0,16
ABC,min =045
UREF,AD 0,10
UREF,BG 0,10
UREF,T 0,10
uMr (MR = 0,1 mm) 0,03
UAD 0,33
UBG,Add 0,27
UT,Add 0,14
uc 0,48
U (95 % level of confidenceyk = 2) 0,96
AD¢ max +U 1,12
Al_)C,min +U, -1,41
Positive tolerance with

s +2,00
unfavourable conditions
Negative tolerance with

s -2,00
unfavourable conditions

© IS0 2017 - All rights reserved
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Key

X  check pgoint

Y deviatipn (mm)

1 positive tolerance limit
2 negativp tolerance limit

Figure B.4 — Combined deviation rarge + expanded uncertainty

Table B.9 — Test result at check point CP01

Y
2,5+
2f —/—mm—
1,5 1
1 AEC,max*' U
0,5 _
ADC,maX
0
-0,5 - T ADC min
-1+ -
ADC,mm' U
-1L5 2 -
Y E N
-2,5 ! ! !
CPO1 X
Y

Deviation range of average value:

AD¢ min -~ ADgmax = ~0,45 mm ... +0,16 mm

Expanded yincertainty of single measurements: U=096 mm
(level of confidence 95 %, k = 2,0)

Test result:

within specification

B.2 Example 2

B.2.1 Performance specifications

Table B.10 — Performance specifications

Accuracy specification:

+1,0 mm (95 % level of confidence) with favourable conditionsa from
10 m additional tolerance of 0,10 mm/m

+1,5 mm (95 % level of confidence) with unfavourable conditionsb from
10 m additional tolerance of 0,15 mm/m

Range specification:

0,10 m to 50 m with favourable conditionsa

0,10 m to 30 m with unfavourable conditionsb

-10 °Cto +50 °C.

a  White diffuse reflecting target, low background illumination <3 klx, temperatures about 20 °C.

b 10 % to 100 % diffuse target reflectivity, high background illumination of approximately 30 klx, temperatures from

20
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B.2.2 Absolute distance test
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Table B.11 — Determination of check points

Range of instrument: 0,00 mto 50 m
Range of reference system: 0,00 mto 20 m
Check points: CP01=0,40m

CP02=0,60m

CP03=1,00m

CP04=1,40m

CPO5=Z,00m

CP06 =4,00m

CP07 =6,00 m

CP08=10,00 m

CP09 =14,00m

CP10=20,00 m

Table B.12 — Absolute distance test
Dimensions in millimetres
CP 01 02 03 04 05 06 07 08 09 10
DRrAr 400,03 |600,04 |1 000,02 |1400,03 |2000,04 |399995 |6000,03 |{10000,07 |14 000,03 |20000,08
M1 400,2 [600,4 |1000,5 (14004 |2000,2 |4000,3¢){6°000,4 |10000,1 14 000,4 20000,0
M 2 400,4 1|600,8 |1000,1 1400,1 2000,4 |4000;1 6000,1 10 000,8 14 001,2 20001,1
M 3 399,9 600,0 [1000,3 |1400,7 |19996 |4000,8 |6000,7 |10000,5 14 000,6 20000,5
M 4 399,6 (599,8 [999,8 1400,0 |[2000,5%44000,2 [5999,5 [9999,3 13 999,2 20 001,6
M 5 400,2 [600,5 |1000,4 |1400,5 |2000,0° |3999,8 |6000,6 |10000,2 14 000,1 20000,3
M 6 400,5 |600,1 |1000,8 |1399,7 |2000,7 |4000,4 (59998 |10000,0 14 000,0 20 000,7
M 7| 3999 600,6 (9999 1400,2%M2 000,3 [3999,3 6000,9 10 000,3 14 000,8 19 999,1
M 8 3994 (600,2 [999,6 1399,8° |2001,0 |4000,5 [59999 |9999,5 13 999,5 20000,8
M 9 399,8 [599,7 1000,1 1400,0 [2000,1 |40000 [6000,5 [9999,8 14 000,9 20000,2
M 1p 400,3 |600,3 |1000,3. [14009 (19998 |3999,7 |6000,1 |9999,6 13 999,7 19999,6
AM|1 0,17 0,36 0,48 0,37 0,16 0,35 0,37 0,03 0,37 -0,08
AM |2 0,37 0,76 0,08 0,07 0,36 0,15 0,07 0,73 1,17 1,02
AMJ3 -0,13 |-0,04..40,28 0,67 -0,44 0,85 0,67 0,43 0,57 0,42
AM K -0,43 0,24 |-0,22 -0,03 0,46 0,25 -0,53 -0,77 -0,83 1,52
AM|5 0,17 0,46 0,38 0,47 -0,04 -0,15 0,57 0,13 0,07 0,22
AM|6 0,47 0,06 0,78 -0,33 0,66 0,45 -0,23 -0,07 -0,03 0,62
AM|7 -0/13 (0,56 -0,12 0,17 0,26 -0,65 0,87 0,23 0,77 -0,98
AMB -0,63 (0,16 -0,42 -0,23 0,96 0,55 -0,13 -0,57 -0,53 0,72
AMP -0,23 |-0,34 0,08 -0,03 0,06 0,05 0,47 -0,27 0,87 0,12
AM10 0,27 0,26 0,28 0,87 -0,24 -0,25 0,07 -0,47 -0,33 -0,48
EAD 400,02 (600,24 |1000,18 |1400,23 |2000,26 |4 000,11 [6000,25 |10 000,01 {14 000,24 |20000,39
AB -0,01 10,20 0,16 0,20 0,22 0,16 0,22 -0,06 0,21 0,31
AD

UAD 0,36 0,35 0,36 0,39 0,42 0,43 0,44 0,47 0,65 0,72
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Figure B.5 — Absolute distance deviations measured with favourable conditions

B.2.3 Bakkground illumination test (CP02)

Table B.13 — Conditions.for-background illumination test

Target: 0,25 m x 0,25 m with 100 % reflectivity
[lluminatiopn: low (<3 klx)

and high (530 klx)
Temperatufe: 20 °C

Table'B.14 — Background illumination test at CP02

Dimensions in millimetres

22

Condition BG low BG high
DREF 600,04 600,04
M 01 600,6 601,4
M 03 599,9 600,0
M 04 600,0 600,6
M 05 600,7 599,5
M 06 600,3 600,9
M 07 599,9 601,6
M08 599,7 599,6
M 09 600,4 601,0
M 10 599,9 600,3
AM 1 0,56 1,36
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Condition BG low BG high
AM 2 0,46 1,56
AM 3 -0,14 -0,04
AM 4 -0,04 0,56
AM 5 0,66 -0,54
AM 6 0,26 0,86
AM 7 -0,14 1,56
AM 8 -0,34 -0,44
AM 9 0,36 0,96
AM10 -0,14 0,26
Dpex 600,19 600,65
ADgg 0,15 0,61
ADp add — 46
UBG,X 0,35 0,78
UBG,Add < 0,70
Y
2 -
1,51 <&
o
1k
8
05 § Y
4 o
<
-0,5F 8
1k
-1,5
-2 a b
BG BG X
Y
Key]
X Heasurement-condition
Y deviation from reference (mm)
<& AM; x
O ADpgy
a Low.
b High.

Figure B.6 — Background illumination test
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B.2.4 Temperature Test (CP02)

Table B.15 — Conditions for temperature test

Target: 0,25 m x 0,25 m with 100 % reflectivity

[Nlumination: low (<3 klx)

Temperature: 5°C, 20°C,40°C

Table B.16 — Temperature test at CP02
Dimensions 1n millimetres
Condition 5°C 20 °C 40 °C

DREF 600,02 600,04 600,07
M 01 600,5 600,4 600,2
M 02 600,8 600,8 5999
M 03 600,3 600,0 599,5
M 04 600,1 600,1 600,5
M 05 600,7 600,5 599,7.
M 06 600,0 600,3 600,0
M 07 600,6 599,9 599,4
M 08 600,9 600,4 599,8
M 09 600,4 600,6 599,6
M 10 600,2 599,7 599,1
AM 1 0,48 0,36 0,13
AM 2 0,78 0,76 -0,17
AM 3 0,28 -0,04 -0,57
AM 4 0,08 0,06 0,43
AM 5 0,68 0,46 -0,37
AM 6 -0,02 0,26 -0,07
AM 7 0,58 -0,14 -0,67
AM 8 0,88 0,36 -0,27
AM 9 0,38 0,56 -0,47
AMHTO 0,18 -0,34 -0,97
BT,X 600,45 600,27 599,77
ADry 0,43 0,23 0,30
AD7 pad 0,20 — -0,53
UT, X 0,30 0,34 0,41
UT,Add — — 0,22
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Figure B.7 <<Temperature test

Table B.17 — Combined deviation and expanded uncertainty

Dimensions in millimetres

Calculations at CP02 Value
AD)p 0,20
ADgg add 0,46
AD105 Add 0,20
ADr40,pdd -0,53
ADG max 0,86
Al_)C,min -0,33
UREF,AD 0,05
UREF,BG 0,10
UREF,T 0,10
urM (Rm = 0,1 mm) 0,03
UAD 0,35
UBG,Add 0,70
UT,Add 0,22
uc 0,83
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Table B.17 (continued)

Key

X  check pgoint

Y deviatipn (mm)

1 positive tolerance limit
2 negativp tolerance limit

Calculations at CP02 Value
U (95 % level of confidence, k = 2) 1,66
AD¢ max +U 2,52
AEC,min -U -1,99
Positive tolerance with 150
unfavourable conditions !
Negative tolerance with 150
unfavourable conditions ’
Y
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2L ADC,maX+ U
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Figure'B.8 — Combined deviation range + expanded uncertainty

Table B.18 — Test result at check point CP02

Deviation range of average values:

AD¢ min -~ ADCmax =-0,33 mm ... +0,86 mm

(level of confidence 95 %, k = 2,0)

Expanded uncertainty of single measurements:

U=1,66 mm

Result:

out of specification
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Annex C

(informative)

1SO 16331-1:2017(E)

Examples of determination of compliance with range
specifications

C.1] Example 3
Table C.1 — Performance specifications
Spdcification of range and Range 0,1 m to 100 m
accuracy with favourable Accuracy +1,5 mm, from 30 m additional 8,05 mm/m
corjditionsa: (+5 mm at 100 m)
Spdcification of range and Range 0,1 mto 50 m
accuracy with unfavourable Accuracy +3 mm, from 30 m additional 0,1 mm/m (5 mm/at 50 m)
corlditionsb

White diffuse reflecting target, low background illumination, tempegatures about 20 °C.

10 % to 100 % diffuse target reflectivity, high background illumination, temperatures from -10 °C to +50

Table C.2 — Range test measurements

Measurement CP11 CP12 Unit
Condition BG low BG high
EREF 100,453 0 50,001 5 m
M 01 100,452 50,005 m
M 02 100,454 50,001 m
M 03 100,453 50,000 m
M 04 100,452 50,002 m
M 05 100,455 50,003 m
M 06 100,451 50,004 m
M 07 100,454 50,001 m
M08 100,456 50,002 m
M09 100,454 50,003 m
M 10 100,453 50,000 m
Table C.3 — Range test calculations
Calculation CP11 CP12 Unit

[_)RT 100,453 4 50,002 1 m

AERT 0,4 0,6 mm
UREF 0,50 0,50 mm
urM (RM=1,0 mm) 0,29 0,29 mm
URT 1,51 1,66 mm
UC,RT 1,61 1,76 mm
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Table C.3 (continued)

Calculation CP11 CP12 Unit
0,
gclfrffi(gznfel,el‘(/el:OZf,O) 3,22 3,52 mm
ABRT +Ug 3,62 4,12 mm
AERT ~Ugrt -2,82 -2,92 mm
Positive tolerance 5,00 6,00 mm
Negative tolerance =500 =600 mm

Key

X checkp
Y deviati
1  positivg
2 negativj

oint

tolerance limit
P tolerance limit

n from reference (mm)

T ;; T ADgy + Ugy

1
[] ADgy
- 2 - ABRT - Upy
| | 1 | |
CP11 CP12 X

Table C.4 — Test results

Figure C.1 =\Average deviation and expanded uncertainty at range test

CP11

CP12

Deviation of average value at range test:

ADRT = +0,4‘ mm

ADRT = +0,6 mm

Expanded uncertainty of single measurements:
(level of confidence 95 %, k = 2,0)

UrT=3,2 mm

UrT = 3,5 mm

Result:

within specification

within specification
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C.2 Example 4

Table C.5 — Performance specifications

1SO 16331-1:2017(E)

Specification of range and accuracy
with favourable conditionsa:

Specification of range and accuracy
with unfavourable conditionsb

Range 120 m
Accuracy +1,0 mm, from 20 m additional 0,05 mm/m
(6 mm at 120 m)
Range 70 m
Accuracy *2 mm, from 20 m additional 0,1 mm/m (7 mm at 70 m)

a

b

fo¥al
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10 % to 100 % diffuse target reflectivity, high background illumination, temperatures from -10 °C to %50

\¥)

Table C.6 — Range test measurements

Measurement CP11 CP12 Unit
Conditionsa BG low BG high
EREF 120,035 0 69,9950 mm
M 01 120,033 69,999 mm
M 02 120,035 69,994 mm
M 03 n.m. 69,997 mm
M 04 120,034 70,000 mm
M 05 120,038 69,995 mm
M 06 n.m. 69,990 mm
M 07 n.ni: n.m. mm
M 08 120,036 69,999 mm
M 09 120,039 69,993 mm
M 10 n.m. 69,996 mm
a  Air temperature =25 °C)ait pressure = 970 hPa, relative air humidity = 50 %.
Table C.7 — Range test calculations
Calculation CP11 CP12 Unit
Condition BG low BG high
ERT 120,035 8 69,9959 m
ABRT 0,83 0,89 mm
UREF 1,00 1,00 mm
urM (RM=1,0 mm) 0,29 0,29 mm
URT 2,32 3,20 T
UC,RT 2,54 3,42 mm
UrT (95 % level of
confidence, k = 2,0) 5,08 6,84 mm
AERT +Ugy 591 7,73 mm
ABRT ~Ugp -4,25 -5,95 mm
Positive tolerance 6,0 7,0 mm
Negative tolerance -6,0 -7,0 mm
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