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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 needed fof]
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 a]l measurement sciences. After several stages, the CIPM (Comité International des Poids ¢t Mesures)
refdrred the task of developing a detailed guide to ISO. Under the responsibility of thé IS() 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 as the Guide to the Expression of Uncprtainty in
Medsurement (GUM) in 1995.

d to finally
by with the

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

[SO|17123 (all parts) therefore provides, for each ifistrument investigated by the procedures|a proposal
for pdditional, typical influence quantities, which can be expected during practical use. The customer
can|estimate, for a specific application, the relévant standard uncertainty components in order to derive
and state the uncertainty of the measuringresult.

© IS0 2022 - All rights reserved v
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e comprehensive in nature.

5 document can be considered as one of the first steps in thée, process of evaluating the y
measurement (more specifically a measurand). The uncertainty of a result of a meas
endent on a number of parameters. Therefore this.decument differentiates betwee
isures of accuracy and objectives in testing, like repeatability and reproducibility (be
batability), and of course gives a thorough assessment of all possible error sources, as pr¢
IEC Guide 98-3 and ISO 17123-1.

rial ancillary equipment and are purposefully designed to minimize atmospheric influen

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. For dated references, only the edition cited g
ated references, the latest-edition of the referenced document (including any amendmen

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

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

707 7%>Measuring methods for building — General principles and procedures for the ver
ensional compliance

precision

eatability) of rotating lasers and their ancillary equipment when used in‘building and surveying
isurements for levelling tasks. Primarily, these tests are intended to be field verificatjons of the
ability of a particular instrument for the immediate task at hand andto satisfy the requirements

s that are

ncertainty
urement is
h different
tween-day
scribed by

se field procedures have been developed spetifically for in situ applications without the need for

ces.

Pir content
pplies. For
[s) applies.

'ms used in

anning and

ification of

ISO 7078, Buildings and civil engineering works — Procedures for setting out, measurement and surveying
— Vocabulary

[SO 9849, Optics and optical instruments — Geodetic and surveying instruments — Vocabulary

ISO 17123-1, Optics and optical instruments — Field procedures for testing geodetic and surveying

inst

ruments — Part 1: Theory

ISO 17123-2, Optics and optical instruments — Field procedures for testing geodetic and surveying

inst

ruments — Part 2: Levels

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)
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ISO/IEC 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 4463-1, ISO 7077,
ISO 7078, 1S0 9849, ISO 17123-1, IS0 17123-2, ISO/IEC Guide 98-3 and ISO/IEC Guide 99 apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Or
— IECEle

4 Symb

4.1 Symbols

1. 1 H ) Y lalal dotodede LL H Lol
HITICT DT UWOSITG PldtlUNIILL. avdalldUIC dt LItLpPS. /7 VW W W.1SU.UL 5 /UUD

ctropedia: available at https://www.electropedia.org/

ols and abbreviated terms

Symbol

Quantity

Unit

A

design matrix

deflective deviation

deviation of the rotating axis

horizontal distance

(wIERWRES NS

mean horizontal distance

height difference between target points

Q|| Qe

vector of mean height difference of target points

vector of height differences of target points

height differenceoflevelling staff B and A

B|8|8|8|8|8|8|8B

F (Fisher) distribution

number oftarget point

~ = s R

series(ofimeasurement

set.of measurement

set of readings

weight matrix of the observations

single weight factor

Q matrix is the inverse of the weight matrix P

residual vector of the height differences

Iy QT w5 |~

residual

(%)
(el

experimental standard deviation

t-distribution

standard uncertainty

measured reading at levelling staff

E RN

observation vector of height differences

vector of unknown parameters

mean vector of unknown parameters

degrees of freedom

significance level

SHESEECER RN

theoretical standard deviation

© IS0 2022 - All rights reserved
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Symbol Quantity Unit
%2 chi-squared distribution —
Q sum of residual squares m
4.2 Abbreviations
Abbreviation Description
A levelling point A
ATZ AnNgie
B levelling point B
ISO-ROLAS ISO specific for rotation lasers
ISO International Organization for Standardization
S instrument station
X,V z cartesian coordinate
5 |General
5.1 Requirements
Befpre commencing surveying, it is important that the operator investigates that the precisipn in use of
the|measuring equipment is appropriate to the intended measuring task.
The rotating laser and its ancillary equipment shall"be in known and acceptable states of permanent
adjystment according to the methods specified inthe manufacturer’s handbook, and used with tripods

an

Th
gra
Th
tas
me
cho

levelling staffs as recommended by the manufacturer.

results of these tests are influenced by meteorological conditions, especially by the tdg
ient. An overcast sky and low wind speed guarantee the most favourable weather
particular conditions to be taken into account may vary depending on the location
s are to be undertaken. Note should also be taken of the actual weather conditions at
surements and the type ef.surface above which the measurements are performed. The
en for the tests should match those expected when the intended measuring task is actug

out|(see ISO 7077 and 1S@~7078).

Thif document describes two different field procedures as given in Clauses 6 and 7. The opsg
chopse the procedune’ which is most relevant to the project’s particular requirements.

5.2 Procedure 1: simplified test procedure

The simplified test procedure provides an estimate as to whether the precision of a giv
rotating-laser equipment is within the specified permitted deviation, according to ISO 4463

mperature
conditions.
where the
the time of
conditions
1y carried

rator shall

en item of
1.

This test procedure is normally intended for checking the precision (see ISO/IEC Guide 99:2007, 2.15) of
a rotating laser to be used for area levelling applications, for tasks where measurements with unequal

site

lengths are common practice, e.g. building construction sites.

The simplified test procedure is based on a limited number of measurements. Therefore, a significant
standard deviation and the standard uncertainty (Type A), respectively, cannot be obtained. If a more
precise assessment of the rotating laser under field conditions is required, it is recommended to adopt

the

more rigorous full test procedure as given in Clause 7.

This test procedure relies on having a test field with height differences which are accepted as true
values. If such a test field is not available, it is necessary to determine the unknown height differences
(see Figures 1 and 2), using an optical level of accuracy (see ISO 17123-2) higher than the rotating

©IS
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laser required for the measuring task. If, however, a test field with known height differences cannot be
established, it will be necessary to apply the full test procedure as given in Clause 7.

If no levelling instrument is available, the rotating laser to be tested can be used to determine the true
values by measuring height differences between all points with central setups. At each setup, two
height differences have to be observed by rotating the laser plane by 180°. The mean value of repeated
readings in both positions will provide the height differences which are accepted as true.

5.3 Procedure 2: full test procedure

The full test prnr‘nﬂnrn shall he ar]npfnr‘] to determine the hest achievahle measure of prnr‘im'nn fa
particular fotating laser and its ancillary equipment under field conditions, by a single survey teain|.
Further, this test procedure serves to determine the deflective deviation, a, and both compoirentg, b,
and b,, of the deviation of the rotating axis from the true vertical, b=\/b12 +b22 of the rotating laser
(see Figurd 1).
X z=7
yl
b
X'
™ 2
by
s 1 N
72 y a
X
a
3
a] Horizontal plane (top view) b) Vertical plane through x' (side view)
Key
1 inclined plane
2 cone axis
3  inclined cone
a  See Figpre 5 also.
Figure 1 — Deflective deviations a and b

The recommended measuring distances within the test field (see Figure 3) are 40 m. Sight lengths
greater than 40 m may be adopted for this precision-in-use test only, where the project specification
may dictate, or where it is determining the range of the measure of precision of a rotating laser at
respective distances.

The test procedure given in Clause 6 of this document is intended for determining the measure of
precision in use of a particular rotating laser. This measure of precision in use is expressed in terms
of the experimental standard deviation, s, of a height difference between the instrument level and

4 © IS0 2022 - All rights reserved
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a levelling staff (reading at the staff) at a certain distance. This experimental standard deviation
corresponds to the standard uncertainty of Type A [see Formula (1)]:

SISO-ROLAS = U[SO-ROLAS

)

Further, this procedure may be used to determine the standard uncertainty as a measure of precision
in use of

— asingle rotating laser and its ancillary equipment by a single survey team at a given time,

a Qinglp rofating laser aver time and diffpring environmental conditions._and

Stat

obthined belongs to the population of the instrumentation's theoretical standard deviation,
tested samples belong to the same population, whether the deflective deviation, g, is eqpal to zero,

twd
and|

zere.

6

6.1

To
cho

several rotating lasers in order to enable a comparison of their respective achievable pr
be obtained under similar field conditions.

whether the deviation, b, of the rotating axis from the true vertical of the rotating laser

Simplified test procedure

Configuration of the test field

keep the influence of refraction as small as paossible, a reasonably horizontal test ar
Ken. Six fixed target points, 1, 2, 3, 4, 5 and 6, shall'be used to cover each horizontal quadr

ecisions to

istical tests should be applied to determine whether the experimental standard dpviation, s,

2, whether

is equal to

pa shall be
ant at least

with one target and shall be set up in approximately the same horizontal plane at different distances,
betveen 10 m and 60 m apart from the instruinient station S. The directions from the instrument to the
six fixed points shall be spread over the herizon as equally as possible (see Figure 2).
2
1
6 O—
S
3
c 4
Key
S instrument station
1,2,3,4,5,6 fixed target points (f)
Figure 2 — Configuration of the test field for the simplified test procedure
© IS0 2022 - All rights reserved 5
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To ensure reliable results, the target points shall be marked in a stable manner and reliably fixed during
the test measurements, including repeat measurements.

The height differences between the six fixed points, 1 to 6, shall be determined using an optical level of
known high accuracy as described in Clause 5.

The following five height differences between the 6 target points are known and calculated with

Formula (2):

d 1 )

d
d
=2,

J

6.2 Measurements

The instru
the laser b
during the
measurem

Once the {

instrument

meter.

Six separate readings, x;; to x; ¢, on the scale of the levelling staff shall be carried out to each fixed ta

point, 1, 2,

approximately 70°, placed in a slightly different position.and relevelled. The time between any two

of readings

Each readi
Detection
rotating la

1)

.6
ment shall be set up in a stable manner above point S. Before commencing the measuremse

ents, (j=1,...,5).

ix target points are marked and reliably fixed, the six hotizontal distances D, betw
station and target points shall be measured, e.g. by using\a tape measure or laser dist3

3,4, 5 and 6. Between two sets of readings the:sihstrument shall be lifted, turned clocky

shall be at least 10 min.

hg shall be taken in a precise mode aceording to the recommendations of the manufactu
bf height differences should be donetby using a laser receiver that is typically part of
ber set. This laser receiver should be set to the highest available sensitivity.

(2)

nts,

bam shall become steady. To ensure that the laser plane of the instrument remains unchanged
whole measuring cycle, a fixed target shall be observed before_and after each set, |,

of

een
nce

rget
yise
bets

rer.
the
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6.3 Calculation

The mean horizontal distance, D, between instrument station and target points of the test configuration
are calculated with Formula (3):

_ 1
D==>» D
6 le / (3)
f=1,...,6
The evaluation of the readings, x; for each set, j, is based on the differences calculated with Formula (4):
&j,21 Xj2 — Xjq
dj = ) : = ) : -
dfr1) \djf = Xjf1
Jj=1,...5 4)
f=2,..,6

Cal¢ulating d, the mean of the differences, &j, the residual vector,of the height differenceq in set, j, is

obtained by Formula (5):

r,=d-d;
] ] (5)
j=1,...,5
The sum of the residual of the height differences in sety’is defined as given in Formula (6):
_..T
Qj =rjrj 6)

Finally, the sum of the residual squares of all five sets yields is calculated with Formula (7):

o=y q, (7)

5
]
j=1
The experimental standard deviation, s, is calculated with Formula (8):

Q
:\/;ZUISO (8)

and where v istthe corresponding number of degree of freedom as calculated according to Fqrmula (9):

v =5x(6-1)=25 ©)

(%)

an =l 4 1 1 & . n L A rad - 1 1.1 . 1. h ol 'l. between
U[so UITE Stalmiart UICeT tatty (1ype 21) Of a SINEIE Medsured et UmiereIce, o = 71,

two points of the test field. This represents in this document a measure of precision relative to the
standard uncertainty of a Type A evaluation. This value includes systematic and random errors.

The experimental standard deviation s is expressed in the unit of length and refers to the specific size of
the configured test field. The transformation in a more comparable angular unit yields to Formula (10):

SAng = tan~! (%) (10)

A calculation example of the simplified test procedure is given in Annex A.

©1S0 2022 - All rights reserved 7
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7 Full test procedure

7.1 Configuration of the test line

To keep the influence of refraction as small as possible, a reasonably horizontal test area shall be
chosen. The ground shall be compact and the surface shall be uniform; roads covered with asphalt or
concrete shall be avoided. If there is direct sunlight, the instrument and the levelling staffs shall be
shaded, for example by an umbrella.

Two levelling points, A and B, shall be set up apart from each other in a distance which is typical for
the worki 124 taskand-withinrthe-manufactarers opcuiﬁuatiuu, SO0 40-m—Toensureretiablet cou}to, the
levelling stffs shall be set up in stable positions, reliably fixed during the test measurements, in€luding
any repeatimeasurements. The instrument shall be placed at the positions S1, S2 and S3. Theldistgnce
from the iffstrument’s position S2 and S3 to the nearest levelling point shall be between 1/4 and 1/]2 of
distance A}B. The position S1 shall be chosen equidistant between the levelling points-A-and B. S¢e a
configuratjon example of using 40 m as distance, D,p, in Figure 3.

Distances in mdtres
15 40 15

20 20

S1
S3

Figure 3 — Example of a configuration of the test line for the full test procedure

7.2 Measurements

iler's

specifications.

For the full test procedure, i = 4 series of measurements should be performed. In each series, three
instrument setups S1, S2 and S3 are chosen, according to the configuration test line described before.
At any setup n = 4 sets of readings are taken. Each set consists of two readings, x,; and xg;, namely to
rod A and to rod B. After each set, the orientation of the instrument has to be changed clockwise about
90° (see Figure 4). Hence one series consists of j = 3 x 4 = 12 readings for each rod. In order to ensure
that the deviation b is aligned properly during the measurements, the instrument has to be oriented at

the three positions S1, S2 and S3 in the same direction and the sense of rotation has to be maintained.

With each new setup of the chosen reference direction (reference marks on the tripod head), the
instrument shall be relevelled carefully. If the instrument is provided with a compensator, care shall be
taken that it functions properly. It is recommended to assign the four orientations of the instrument on

8 © IS0 2022 - All rights reserved
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the ground plate. The numbering of the 12 measurements can be represented for each measuring set as
shown in Figure 4. All readings shall be taken in a precise mode according to the recommendations of the
manufacturer. Detection of height differences should be done by using a laser receiver that is typically
part of the rotating laser set. This laser receiver should be set to the highest available sensitivity.

s1 S2 S3
Setn orilentztion Readings x,; and xg; Readings x,; and xg; Readings x,; and xg;
n=1,., . . .
j=1,.4 j=5,..8 j=9,.,12
Set1 /é\ Xa1 XB1 X5 Xps5 XA9 XB9
Set 2 EB“ Xa2 Xp2 XA6 XBg XA10 XB10
Set 3 \qB/ Xp3 Xp3 X7 X7 XA11 XB11
Set 4 ‘@g Xp4 XB4 Xa8 XBg Xa12 XB12

Figure 4 — Arrangement of measuréments

7.3| Calculation

The possible deviations of a rotating laser may be modelled as shown in Figure 5.

©1S0 2022 - All rights reserved 9
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+b,

©

y4
|/ TS\ [ JE 27—
=4 \\ 4
/ ‘\;“Laﬂ?
d’""l ',' @
‘
", >- =
L
Key
1 horizontal plane (1), (2),(3),(®) directions
2 inclined plane, expressed by b, and b,, (deviation of the
rotatin} axis from the true vertical)
3 inclined cone
radius ¢f cone = sighting distance
5 height ¢f cone, a

Figure 5 — Example of.a configuration of the test line for the full test procedure

In order tg create a horizental sighting in the described measuring configuration, the readings at{the
levelling staffs for selected sighting distances can be corrected in respect of the later to deternjine
deviations|a and b (se&Table 1) by a correction factor with respect to the used distance.

From the opservation formulae for the ith series, the residuals, ry to ry,, are obtained (see Table 1).

jth
S1 S2 S3
ry=h-bi-(Xg1-Xa1) rs = h+a-by-(Xps-Xss) ro = h-a-by-(Xgg-Xa9)
ry = h+by-(Xpp-Xap) Ie = h+a+by-(Xpe-Xpe) r'10 = h-a+by-(Xg19-Xa10)
ry = h+by-(xg3-Xs3) r; = h+a+b;-(xg7-X,7) ri1 = h-a+bi-(Xg11Xa11)
ry = h-by-(Xg4-Xp4) rg = h+a-b,-(Xpg-Xpg) ryp = h-a-by-(Xg1-Xa17)

With 12 observations and four unknown parameters, a, b;, b, and h (height difference of levelling
staff B and A), we have an over-determined system, which leads to a parametric adjustment. As the
observation formulae are already linear, Table 1 can easily be transferred in matrix notation:

r=Ay-x (11)

10 © IS0 2022 - All rights reserved
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where
r is the (12 x 1) residual vector of the ry, j = 1,...12
X = X=X is the (12 x 1) quasi-observation vector of the height differences, with

(12 x 1), reading vector xA]-,j = 1,..,12 of the levelling staff A and
(12 x 1), reading vector xBj,j =1,..,12 of the levelling staff B;

y =[hab;b,]T isthe (4 x 1) vector of the unknown parameters, and

is (12 x 4) the full-rank design matrix defined in Formula (12)

1 111 1 111 1 1 1 1

T 0o 00 0 1111 -1 -1 -1 -1
AT = (12)

-1 01 0 -1 01 0 -1 0 1 O

0 10-1 0 10-1 0 1 0 -1
In gqrder to derive the weight matrix of the observations, P, we assume, that error accumplates as a
funftion of distance. The weighting factor is referred to the chosen sighting distance, D,, bptween the
levglling points. We assume that all observations are uncorrelated. Therefore, the weight majtrix will be
a dipgonal matrix with the corresponding weights:

_ Dpg
pz - .
max(di\B) (13)
i=1,...,12

Where D,y is the configured distance between the two levelling points A and B, and max(diB) is the

maximal distance between the instrument setup’and its furthest levelling point (A or B) in eYery series,
i=1, 2, 3 (see Figure 4). Based on the configuration of the test line for the full test proceddre given in
Figlire 3, the resulting weight matrix is calculated with Formula (14):

Py 0
P=| . (14)

0 P12
Theg optimal solution foythe overdetermined system of equations, Formula (11), is obtainefl using the
method of least squarés; The estimated vector of the unknown parameters for each series,|i, finally is

calqulated with Formula (15):

1

a -1
V= b’ =(a"Pa) " ATPx;=N"ATPx, (15)
1i
Lot~
The experimental standard deviation for the full test procedure in each series is given by Formula (16):

T
P
si=\o (16)

with v=12-4=8 and

©1S0 2022 - All rights reserved 11
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from all series i = 1,..,4 of observations we can derive the mean values of the parameters with

Formula (17):

h;
4 4
_ 1 .1 a;
y=—2)’i=—z (17)
41':1 41':1 by;
by,

Finally, we get the total deviation of the rotating axis from the true vertical of the rotating laser,
referenced to the sighting distance, D, 5, according to Formula (18):

b=\bj +13 18)
With Formpla (16) the overall experimental standard deviation of all seriesi = 1,...,4 yields

4
" 2 T
Lsi | 2niPr
1 _{|i=t

4\ 32

[19)

Herewith we can state the standard uncertainty (Type A) of a height difference between the instruriLent
level and a[evelling staff (reading at the levelling staff) referenced t¢/a'sighting distance, D, g, as defined
in Formulal (20):

Uiso-RqLAS =S 20)

The experimental standard deviation for the parametefs of all series can be calculated by Formula (P1):

1 ..
Sy =s\ ZdlagQ 21)
where
|
Q=(4afpa) 22)

Thus, the standard deviations and the standard uncertainties (Type A), respectively, of the parameters
a, b and h gre given by Farmulae (23) to (25):

Shzuh 23)

24)

12 © IS0 2022 - All rights reserved
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Sp1 =Sp2 =Sp12

(25)

Applying the law of variance covariance propagation on Formula (18), the experimental standard

dev

iation of the parameter b can be written as given in Formula (26):

1 22 2.2
Sb:E\/blsbl +b3sp7

Using Formula (25) leads to Formula (27) and (28):

(26)

and|

Thd
size
For

1\/ 22 22
=7 bisp1 +b3Sh12 =Sp12

Sb :Ub

standard deviations, s,, s, 5}, and sy, are expressed in the unit of length and refer to 4
of the configured test field. The transformation in a more cemiparable angular un
mulae (29) to (31):

A c?

7.4

7.4
Stat

For

_ -1 Sa
Sa,Ang = tan D
AB

_ o —1{ Sh12
Sbl,Ang_SbZ,Ang_tarl ( J

Dpg
a1 Sh
Sb,Ang—tan _D
AB

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

1 General
istical tests are recommended for the full test procedure only.
the interprefation of the results, statistical tests shall be carried out using:

the experimental standard deviation, s, of a height difference between the instrument
leveling staff (reading at the levelling staff) referenced to a sighting distance, D,p,

(27)

(28)

he specific
t yields to

(29)

(30)

(31

level and a

the deflective deviation, a, referenced to a sighting distance, D,, and its standard deviat

ion, s, and

— the total deviation, b, of the rotating axis from the true vertical of the rotating laser referenced to a

ino

a)

sighting distance, D,p, and its standard deviation, s;;
rder to answer the following questions (see Table 2).

[s the calculated experimental standard deviation, s, for one reading at a levelling staff

referenced

to a sighting distance, D,p, smaller than the value, o, stated by the manufacturer or smaller than

another predetermined value, 0?

Usually the manufacturers state the precision by the deflective angle from the horizontal, which
should be interpreted to the corresponding standard deviation, g, at the sighting distance, Dp.

© IS0 2022 - All rights reserved
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b) Do two experimental standard deviations, s and §, 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 §, may be obtained from
— two samples of measurements by the same instrument at different times, or
— two samples of measurements by different instruments.

c) Isthe deflective deviation, a, equal to zero?

d) Isthe fotal deviation, b, of the rotating axis from the true vertical equal to zero?

For the follpwing tests, a confidence level of 1 - @=0,95 and, according to the design of the meaSurements,
a number qf degrees of freedom of v = 32 are assumed.

Table 2 — Statistical tests

Question Null hypothesis Alternative hypothesis
a) s<o S>0
b) s=§ S#S
9 a=0 a#0
d) b=0 b+#0
7.4.2 Question a)

The null hypothesis stating that the experimental standard deviation, s, is smaller than or equal fo a
theoretical or a predetermined value, o, is not rejected’if the conditions of Formulae (32) to (36)|are
fulfilled:

2
1%
Sgg.\le() 32)
1%
2
32
s<o )Co,95( ) 33)
32
X605 (2)=46,19 34)
s<o. |02 35)
\ 32
s<o-1,20 36)

Otherwise, the null hypothesis is rejected.
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7.4.3 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=5, is not rejected if the
conditions of Formulae (37) to (40) are fulfilled:

1 §2
S 37
F ,(v,v) 3§ 1_g( ) N
T2
2
1 S
<= <Fy 975 (32,32 )
Fo975(32,32) &2 0,975 (32,32) .
§2
0,50 <—-=< 2,02 )
52

Othlerwise, the null hypothesis is rejected.

7.4}4 Question c)

The null hypothesis, stating that the deflective deviatien, a, of the rotating laser is equal to fero, is not
rejdcted if conditions of Formulae (41) to (43) are fulfilled:

|a|gsa 'tl_(x (V) (41)
2

|a| <54 +t0,975 (32) (42)

to.975(32)=2,04 (43)

Othlerwise, the null hypothésisiis rejected.

7.4)5 Question d)

The null hypothesis’stating that the total deviation, b, of the rotating axis from the true veiftical of the
rotating laser is-equal to zero is not rejected if the conditions of Formulae (44) to (46) are fulfilled:

|b|£.§'b'l‘:1_g (V) (44)
2

Ib}isb too7s 32) (45)

to.975(32)=2,04 (46)

Otherwise, the null hypothesis is rejected.
A calculation example of the statistical tests is given in B.3.

NOTE In practice, the parameters a and b can significantly influence the height readings.
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8 Influence quantities and combined standard uncertainty evaluation (Type A
and Type B)

The standard uncertainty, ujgq.rorass Calculated in 7.3, represents a measure of precision for the
described test configuration under the prevailing test conditions. To achieve in practice a realistic
estimation of a quantitative measure of accuracy for a special application, we have to assemble all
possible influence quantities that can affect the measurement result. Table 3 lists a range of typical
influence quantities which could be considered. Through this we can derive uncertainty components
either by a Type A or Type B evaluation. Rules for evaluating the different standard uncertainties and
their summation to the combined standard uncertainty are given in ISO 17123-1. Subsequent possible

influence quamntitiesusing therotatingtaserarecompited:
Table 3 — Typical influence quantities of the rotating laser
Sources of uncertainty (influence quantity) Evaluation Distribution
I.|Relevant sources of the rotating laser
Type A
Typical megsure of precision for measuring distance D,p normal
U1S0-ROLAS
Expanded measurement range Type A normal
Non-orthogonality between rotating axis and laser path, pa- Type B rectangular
rameter a
Inclination|of the rotating laser plane or standing (rotating) Type B triangular
axis, paramnjeter b
Instability pf laser beam, variation of the parameters a and b Type B rectangular
by temperature
I1. Error sources of the staff

Tilts of the staff, misadjustment of spot bubble Type B rectangular
Zero error Type B rectangular
Staff scale Type B rectangular
Junction erfor Type B rectangular

I1I. [Error patterns of the electronic reading
Round-off grror Type B rectangular
Random eryjor of electronic beam detection, e.g. vibration effects Type A normal
Dependenck on light intensity Type B rectangular

IV. General inflience quantities

Dependencf on atmosphéric’conditions Type B rectangular
Error due tp subsidencefof instrument Type B rectangular
Curvature ¢f the eatrth Type B rectangular
To calculatlethe standard uncertainties of the individual influence quantities in consideration of their

distributions, i many cases 1t 1s advised to determine or estimate upper and fower 1imits,; additionally,
itis necessary to state the probability that the value considerably lies in this interval. Detailed advice is
additionally given in ISO/IEC Guide 98-3:2008, 4.3.

Sometimes it is useful, after the calculation of the combined standard uncertainty, to indicate the
expanded uncertainty due to the higher level of confidence that will better meet the accuracy indication
of a measuring tolerance.

An example for the calculation of a typical uncertainty budget of the rotating laser is given in Annex C.
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Annex A
(informative)

Example of the simplified test procedure

IO TIOtIUIT U CIICteOTITCT

A l¢gvel of known sufficient accuracy is used to determine the reference heights (relative heights) of the
six target points of the test field.

The experimental standard deviation and the standard uncertainty, respectivély, of a sihgle height
difference is determined according to the full test procedure as given in ISO 1%123-2:2001, Jlause 6.

Sz =Uuz =0,2mm

The relative heights of the six target points and the height differences were obtained 3s given in
Tabje A.1.

Table A.1 — Relative heights and height differences

X1 =1,7022m
X,=15214m dy; =-0,1808m
X3=1,6376m d3 5 =+0,1162m
X,=17124m dy3=+0,0748m
X5 =1,5610m ds 4=-0,1514m
Xg=1,6088m dg 5=+0,047 8 m

) =-0,0934m =%, %

A.2 Measurements

Tabje A.2 contains the measured values, x; ¢ in columns 1 to 3, and the height differences Jf,f_l in
colymn 5 as.given in A.2.

©1S0 2022 - All rights reserved 17
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Table A.2 — Measurements

1 2 3 4 5 6 7
; f Xy dpr dpsa 7 i1
m m m mm mm?
1 1 2,215
2 2,033 - 0,182 -0,180 8 +1,2 1,44
3 2,150 +0,117 -0,116 2 -0,8 0,64
4 2,225 + 0,075 +0,074 8 =02 0,04
5 2,073 - 0,152 -0,151 4 +0,6 0,36,
6 2,122 +0,049 +0,047 8 -1,2 D44
2 1 1915 Q"
2 1,736 -0,179 -0,1808 -18 4 324
3 1,851 +0,115 -0,116 2 v 1,44
4 1,926 +0,075 00748 | 0,2 0,04
5 1,776 - 0,150 -0,1514 \@ “14 1,96
6 1,824 +0,048 +0,0478 4 -02 0,04
3 1 1,224 &
2 1,042 - 0,182 - 0808 +1,2 1,44
3 1,158 +0,116 | 30,1162 +0,2 0,04
4 1,232 +0,074 4, "+0,0748 +0,8 0,64
5 1,081 -0,151°5"| - 0,1514 - 0,4 0,16
6 1,128 + 0,7 +0,047 8 +0,8 0,64
4 1 1,585 R
2 1404 | “To181 -0,180 8 +0,2 0,04
3 152100 +0,117 -0,116 2 0,8 0,64
4 1,595 | +0,074 +0,0748 +0,8 0,64
5 1443 - 0,152 - 0,151 4 +0,6 0,36
6 -\1,489 +0,046 +0,047 8 +1,8 3,24
5 1 1,777
25| 1,59 -0,181 -0,1808 +0,2 0,04
o 1,712 +0,116 -0,116 2 +0,2 0,04
ey 1,788 +0,076 +0,074 8 -1,2 1,44
ROEE 1,637 - 0,151 - 0,151 4 - 04 0,16
R 6 1,684 +0,047 +0,047 8 +0,8 0,64
é ‘ - 0,469 -0,093 4 +2,0 20,80
5
D (xj6-%; - 0,469
j=1

A.3 Calculation

First, the height differences, &f,f_l , are calculated according to Formula (4) (see column 4 in Table A.2).
Then the residuals, Iy f-1,are obtained according to Formula (5) (see column 6 in Table A.2). The sum

of squares of the residuals, Zrz is equal to 20,80 mm? (see the last line of column 7 in Table A.2). Since
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the number of degrees of freedom, v, is equal to 25, the standard deviation and the standard uncertainty,
respectively, of a height difference, df,f—l) are calculated according to Formula (8):

/2 2
s= 0'82%:“150 =0,9mm

There are two arithmetic checks in Table A.2:

— the value in the last line of column 3 shall be equal to the sum of column 4: -0,469 = -0,469;

Cicaats N £o0l C ; N £l 4 ol ] £eal 6-5-4-0,093 4)-
ITTVUO LUIITICO LIIC SUITITUT CUTUILIIIT J, ITTTITUS LIICU SUTIT UT CUTUITIIITN T SITdIT UU LIICU SUIIT VI CUTUIITIT U J )

(-0,469) = 0,002.
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Annex B
(informative)

Example of the full test procedure

B.1 Measurements

Table B.1 ontains the measured values, x,; and xg; of the ith series of measurement (thecseries of
measurements numbers 2, 3 and 4 were not printed).

Observer: S. Miller

Weather: sunny, +10 °C

Instrument type and number: NN xxx 630401

Date: 1999-04-15

Configuratjon of test line (distance D,): 40 m as an example,Same configuration as in Figure[3

Table B.1 — Measurement and residuals of series No. 1

1 2 3 4 5
Instrumeint setup Jj " "Bj 5
m m m

1 1 1,779 1,537 -0,242

2 1,780 1,536 -0,244

3 1,783 1,535 -0,248

4 1,783 1,536 -0,247

2 5 1,596 1,352 -0,244

6 1,600 1,352 -0,248

7 1,604 1,353 -0,251

8 1,601 1,353 -0,248

3 9 1,633 1,393 -0,240

10 1,634 1,390 -0,244

11 1,630 1,387 -0,243

12 1,631 1,390 -0,241

D 20,054 17,114 - 2,940

B.2 Calculation

Based on the configuration of the test line by using 40 m and according to Formula (13) and (14), the
weight matrix results in:

diag(P):[40 40 40 40 40 40 40 40 40 40 40 40

———————————— =(22220,70,70,70,70,7 0,7 0,7 0,7)
20 20 20 20 55 55 55 55 55 55 55 55

The four unknown parameters, h, a, b; and b, are calculated according to Formula (15):
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0,147 0,147 0,147 0,147 0,0515 0,0515 00515 0,0515 10,0515 0,0515 0,0515 0,0515

] o0 0 0 0 0125 0,125 0,125 0,125 0,125 0,125 -0,125 0,125
17 02941 0 02941 0 01029 0 01029 0  -01029 0 01029 0
0 02941 0 -02941 0 01029 0 -0,1029 0 01029 0  -0,1029
—-0,245 1
. —-0,002 9 (m)
= m
17 20,002 8
0,000 6
Following Formula (11), the residuals can be calculated to:
1 0 -1 0 -0,242 -0,3
1 0 0 1 —-0,244 —0;5
1 0 1 0 —-0,248 0,1
1 0 0 -1 —-0,247 1,3
1 1 -1 0 |-0,2451 —-0,244 -1,2
11 0 1 |-0,0029 —-0,248 0,6
r= m)- (m)= (mm)
11 1 0 |-0,0028 ~0,251 0,2
1 1 0 -1{ 0,0006 —-0,248 -0,5
1 -1 -1 0 —-0,240 0,6
1 -1 0 1 —-0,244 2,4
1 -1 1 0 -0,243 -2,0
1 -1 0 =1 -0,241 -1,8
Accprding to Formiula' (16), the standard deviation of the first series over a distance of 40 ny

dev

iation of the‘weighting unit) yields:

2
1 :‘f—14,968mm =1,4mm

The corresponding results of the second, third and fourth series are for the parameters:

0,244 8
1 -0,0033
Y27 0,002 5

0,001 3

© IS0 2022 - All rights reserved
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-0,248
—0,247
-0,244
-0,248
-0,251
-0,248
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-0,243
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Y4 =

—0,245 4
-0,003 6
-0,002 1

—-0,245 4
-0,003 6
-0,002 7

0,000 8

m)

and for the

52:0,

For every §

\% =V1
The stand3
according 1

VvV =4x)

0,000 7
standard deviations:

D mm
| mm
D mm

eries, the following holds:

rd uncertainty (Type A) ujso.roLas and the parameters h, a, by, b, over all series are calculg

o Formulae (19), (20), (17) and (18):
32

1=

,2 mm)2 +(0,9 mm)2 +(1,1 mm)2 (0,9 mm)2

i

Ujso-rQ

=1,0 mm
4

LAS :1,0 mm

45 1-0,244 8-0,2454-0,245 4

=-0,2452m
4

0029-0,0038—-0,0036-0,0036

=-0,0034m
4

,002'8-0,002 5-0,002 1-0,002 7

=-0,002 5m
A

~0,006+0,001 3+0,000 8+0,007

b,

22

=+0,000 8m
4

ted
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