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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical com-
mittees. 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 liai-
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matters of electrotechnical standardization.
| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.

htional Standards adopted by the technical committees are circulated to the member bodies f

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

| Standard 1SO 17123-3 was prepared by Technical Committee/1ISO/TC 172, Optics and optid
committee SC 6, Geodetic and surveying instruments.

ition of 1ISO 17123-3 cancels and replaces 1SO 8322-4;1991 and 1SO 12857-2:1997, which h
evised.

consists of the following parts, under the general title-Optics and optical instruments — Field pn
eodetic and surveying instruments:
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Optics and optical instruments — Field procedures for testing
geodetic and surveying instruments —

Part 3:
Theodolites

1 Scope

This part|of ISO 17123 specifies field procedures to be adopted when determining and evaluating the p
peatability) of theodolites and their ancillary equipment when used in building and surveying measuremg
rily, thesg tests are intended to be field verifications of the suitability of a particular instrument for the imn
at hand and to satisfy the requirements of other standards. They are not proposedas tests for acceptd

formancs

This part
measure
number
traceabili
prescribg

These fig
equipme

2 Norr

The follo
this part
do not a
possibilit
the latest
rently val

ISO 3534

ISO 4463
tion, meg

ISO 7077

evaluations that are more comprehensive in nature.

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

Id procedures have been developed specifically for in"situ applications without the need for speq
t and are purposefully designed to minimize atmospheric influences.

hative references

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

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

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

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

recision (re-
ents. Prima-
nediate task
\nce or per-

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

ial ancillary

rovisions of
publications
pstigate the
references,
sters of cur-

d organiza-

Himensional

complian

ce

ISO 7078, Building construction — Procedures for setting out, measurement and surveying — Vocabulary and guid-
ance 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, I1SO 4463-1, I1ISO 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.n
equipment is appropriate to the intended measuring task.

easuring

The theoddlite and its ancillary equipment shall be in known and acceptable states of permanent adjustment

according t¢ the methods specified in the manufacturer's handbook, and used with tripods as, recommend
manufacturer.

bd by the

The results|of these tests are influenced by meteorological conditions, especially by the gradient of tempenrature. An

overcast sk and low wind speed guarantee the most favourable weather conditiods?)The particular conditi

bns to be

taken into gccount may vary depending on where the tasks are to be undertaken. 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 ronditions chosen for the tests should match those expected when the intended measuring task is actu-

ally carried put (see ISO 7077 and ISO 7078).

Tests perfomed in laboratories would provide results which are almost unaffected by atmospheric influences, but the

costs for suh tests are very high, and therefore they are not practicable for most users. In addition, labora
yield precisjons much higher than those that can be obtained under field conditions.

The measufe of precision of theodolites is expressed initerms of the experimental standard deviation (r
square errdr) of a horizontal direction (HZ), observed.once in both face positions of the telescope or of
angle (V) observed once in both face positions of the-telescope.

fory tests

bot mean
A vertical

This part of[SO 17123 describes two different field procedures both for the measurement of horizontal diregtions and
vertical andles as given in clauses 5 and.6: The operator shall choose the procedure which is most relevant to the

project's pafticular requirements.

4.2 Procgdure 1: Simplified test procedure

The simplified test procedure provides an estimate as to whether the precision of a given theodolite is
specified pgrmitted deviation, according to ISO 4463-1.

equipment |n conjunction with its operator is appropriate to carry out the measurement to the specified m

vithin the

pasure of

This test picedure is normally intended for checking whether the measure of precision in use of the measuring

precision requirement.

This simplified test procedure is based on a limited number of measurements and, therefore, the exp
standard deviation calculated can only be indicative of the order of the measure of precision achievable in

erimental
common

use. If a more precise assessment of the measuring instrument and its ancillary equipment under field conditions is
required, it is recommended to adopt the more rigorous full test procedure. Statistical tests based on the simplified

test procedure are not proposed.

4.3 Procedure 2: Full test procedure

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

particular

2 © 1S0 2001 - All rights reserved
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The full test procedure is intended for determining the experimental standard deviation of a horizontal direction or a

vertical a

ngle observed once in both face positions of the telescope:

8150-THEO-HZ @Nd S50-THEO-V

Further, this procedure may be used to determine:

— the measure of precision in use of theodolites 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;

— them
achisg

Statistica
the popu
same po

5 Med

5.1 Co

Fixed tar
located 4
intervals
preferabl

easure of precision in use of each of several theodolites in order to enable a comparison of the
\vable precisions to be obtained under similar field conditions.

| tests should be applied to determine whether the experimental standard deviation, 5, obtaine(
ation of the instrumentation's theoretical standard deviation, o, whether two tested_samples b
pulation and whether the vertical index error, 4, is equal to zero or has not changed’(see 5.4 an

surement of horizontal directions

nfiguration of the test field

pets (4 targets for the simplified test procedure and 5 targets for the full test procedure) sha
pproximately in the same horizontal plane as the instrumeént, between 100 m to 250 m away, an

/ target plates.

Ul
o

r respective

| belongs to
blong to the
1 6.4).

| be set up
1 situated at

around the horizon as regular as possible. Targets shall be used which can be observed upmistakably,

g

Figure 1 — Test configuration for measurement of horizontal directions

L

5.2 Measurements

For the simplified test procedure, m = 1 series of measurements shall be taken.

For the full test procedure, m = 4 series of measurements shall be taken under various but not extreme weather

condition

S.

© 1SO 2001 - All rights reserved
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Each series (¢) of measurements shall consist of n = 3 sets (j) of directions to the ¢ = 4 or t = 5 targets (k).

For the full test procedure, when setting up the theodolite for different series of measurements, special care shall be
taken when centring above the ground point. Achievable accuracies of centring expressed in terms of experimental
standard deviations are the following:

— plumb bob: 1 mm to 2 mm (worse in windy weather),

— optical or laser plummet: 0,5 mm (the adjustment shall be checked according to the manufacturer's handbook),

— centring rod: 1 mm,

NOTE With
shorter the d

The targetg
position Il 0
each set. If
the theodol

5.3 Calcu

5.3.1 Simq

targets at 100 m distance, a miscentring of 2 mm could affect the observed direction by up to 4”(1,3.n]
stance, the greater the effect.

shall be observed in each set in face position | of the telescope in clockwise sequence, an
physical rotation of the graduated circle is not possible, as e.g. for electronic theodolites, the low
te may be turned by approximately 120° (133 gon) on the tribrach.

lation

lified test procedure

gon). The

d in face

f the telescope in anticlockwise sequence. The graduated circle shall be changed’by 60° (67 gon) after

er part of

The evaluation of the measured values is a least squares adjustment of observation equations. One difection is
marked by ¥ . or ; 1, the index j being the number of the set:and the index k being the number of th¢ target. |
and Il indicate the face position of the telescope.
First of all, the mean values of the readings in both face pesitions | and Il of the telescope are calculated:
Tk + Tipn = 180° ;g1 + Taka = 200 gon _
wjp = [T STk — ZER T ). =123 k=1 ...4 )
2 2

Reduction ipto the direction of the target No» 1 results in:

x;,k: ik—Tjn =123 k=1,...,4 2)
The mean Values of the directions resulting from n = 3 sets to target No. k are:

/ / /
A7 .+ o L
Ty = Ak T2EETSE 14 3)
3

From the differences

dj,szk—x;,k; j=123 k=1,...,4 (4)
for each set of measurements the arithmetic mean values result in:

= dips+dj,+djs+dja )

dj = 343 2. j=1,2,3 (5)
from which the residuals result:

rik=djx—dj; j=1,23 k=1,.,4 (6)

© 1SO 2001 - All rights reserved
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r the rounding errors, each set must meet the condition:

4
Y k=0 j=1,273 @)
k=1
The sum of squares of the residuals is:
3 4
mt =33 ©
T—=1k—1
For n = |3 sets of directions to ¢ = 4 targets the number of degrees of freedom is:
v=[3-1)x(4—1)=6 9)
and the gxperimental standard deviation s of a direction x; ;. taken in one set observed, in both face posjtions of the
telescopg¢ amounts to:
Yr? [ Sr? 10)
S = _— —_
\ v 6
5.3.2 Fyll test procedure
The evaluation of the measured values is an adjustment of“observation equations. Within the il' series of
measurefnents, one direction is marked by x; r, or ;. theJiddex j being the number of the set and|the index k
being thg target. | and Il indicate the face position of the telescope. Each of the . = 4 series of measurgments shall
be evaluated separately.
First of all, the mean values
Tig +x;pn £ 180° T g g = 200 gon .
Tk 7.k, PRl _ Lk 7.k, g =123 k=1 ...5 (1)
2 2
of the reddings in both face positions(T'and Il of the telescope are calculated. Reduction into the direction pf the target
No. 1 results in:
i FTik — T 4,23 k=1,...,5 (12)
The meah values of th€directions resulting from n = 3 sets to target No. k are:
/ / /
Ty B +
Ty, o RSB Tk g5 (13)
3
From theldifferences
djx =Tp — Ty j=1,2,3 k=1,...,5 (14)
for each set of measurements, the arithmetic mean values result in:
— dixn+dj,+djz+djs+d; .
=2 L2 T8 T8 T8 i =1,2,3 (15)
5
from which the residuals result:
rik=djxr—dj; j=1,2,3 k=1,...,5 (16)
© 1SO 2001 — All rights reserved 5
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Except for rounding errors, each set must meet the condition:

5
E rj,k
k=1

The sum of

=0; j=1,23

squares of the residuals of the i"" series of measurements is:

3 5

17)

(18)

ol =
j=1k=1
For n = 3 gets of directions to ¢ = 5 targets for each series the number of degrees of freedom is:
vi=(3-1)x(5—-1)=8
and the experimental standard deviation s; of a direction x; 5. taken in one set observed in both face positic
telescope, Valid for the i series of measurements amounts to:
Y
S; — = _—
V; 8
The experimental standard deviation, s, of a horizontal direction obsérved in one set (arithmetic mean of
ings in both|face positions of the telescope) according to this part.of ISO 17123, calculated from all m = 4
measuremgnts at a degree of freedom of
v=4xvy, =32
amounts to
4 4 4
p_Tr | x| B
=1 1=1 =1
S = — = =
v 32 4
SISO-THEp-HZ = §
5.4 Statigtical tests
5.4.1 Gengral

(19)

ns of the

(20)

the read-
series of

(21)

(22)

(23)

Statistical tests are recommended for the full test procedure only.

For the interpretation of the results, statistical tests shall be carried out using the experimental standard deviation, s,
of a horizontal direction observed in one set in both face positions of the telescope in order to answer the following

guestions:

a)
smaller

b)

than another predetermined value, o?

belong to the same population, assuming that both samples have the same degree of freedom, v?

Is the calculated experimental standard deviation, s, smaller than the value, o, stated by the manufacturer or

Do two experimental standard deviations, s and s, as determined from two different samples of measurements,

© 1SO 2001 - All rights reserved
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The experimental standard deviations, s and s, may be obtained from:
— two samples of measurements by the same instrument but different observers;
— two samples of measurements by the same instrument at different times;

— two samples of measurements by different instruments.

3:2001(E)

For the following tests, a confidence level of 1 — a = 0,95 and, according to the design of the measurements, a

number of degrees of freedom of v = 32 is assumed.
Table 1 — Statistical tests

Question Nullhvnothesis Alternative hvnothesis
< P PA

a) s<o s>o0

b) oc=0 oc#o

5.4.2 Question a)

The null jhypothesis stating that the experimental standard deviation, s, of a horizontal direction obselved in both
positions|is smaller than or equal to a theoretical or a predetermined value, o, is not rejected if the following condition

is fulfilleq:

2
14
S<T>< Xl—a()

1%
[ X2 o (32
s< b x Xog;z( )

X6.05|(32) = 46,19

b 46,19
S T _—
= 32
s < ¢ X 1,20

Otherwisg, the null hypothesis is-rejected.

5.4.3 Q¢estion b)

In the cage of two different samples, a test indicates whether the experimental standard deviations, s an
to the same population. The corresponding null hypothesis, o = o, is not rejected if the following conditio

2
i N
Fi oo 8

1 2
- <
Foors (32,32) ~ 32

0

< Foers (32,32)
Foo75 (32,32) = 2,02

0,49 < < 2,02

Cnl\gl CIJN

Otherwise, the null hypothesis is rejected.

© 1SO 2001 - All rights reserved
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The degree of freedom and, thus, the corresponding test values x3_, () and Fy_, , (v, v) (taken from reference
books on statistics) change if a different number of measurements is analysed.

6 Measurement of vertical angles

6.1 Configuration of the test field

The theodolite shall be set up in a distance approximately 50 m from a high building. At this building, well defined

ed or set

points (part
up to cover

6.2 Meas|

Before com
required is

For the sim
shall consis

s of windows _corners of bricks narts of antennas._etc ) or taraets fixed at awall shall he selec
T LI T 7 )

a range of the vertical angle of approximately 30° (see Figure 2).

AN

Figure 2 — Test configuration for measurement of vertical angles

Urements

mencing the measurements, allow the\instrument to acclimatize to the ambient temperature.
hbout two minutes per degree Celsjius\temperature difference.

lified test procedure, m = 1.series of measurements, x; ., shall be taken. This series of meas
t of n = 3 sets (j) of directions to the ¢ = 4 targets (k).

For the full fest procedure, m =-4.séries of measurements (z) shall be taken under various but not extreme

conditions.

Thet = 4t
target No. 1

to target Ng.

Fach series of measurements shall consist of n = 3 sets (7) of directions to the ¢ = 4 targets

hrgets shall belobserved in each of the n = 3 sets in face position | of the telescope in the seque

The time
Lirements

weather
k).

nce from

to targetNo! 4, and in the same set in face position Il of the telescope in the sequence from tanget No. 4

1.

ot

6.3 Calc

ian
Taarott

The evaluation of the measured values is a least squares adjustment of observation equations. Within the i'" series
of measurements, one vertical angle (normally zenith angle) is marked by x; x, or ;. the index k being the
number of the target. | and Il indicate the face positions of the telescope. In the full test procedure, each of the m = 4
series of measurements is evaluated separately.

First of all, the mean values

/ —

lL'j'kJ — wj’k’“ + 3600
2

ZTj k1 — Tjkn 1 400 gon
2

(- )

(33)

© 1SO 2001 - All rights reserved
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of the readings in both face positions | and Il of the telescope are calculated. These values are not affected by the
vertical index error, d;. The vertical index error, d;, shall be calculated for each series of measurements separately
(recommended for the full test procedure only):

3 4
1 Tig1+ Tipn — 360° Tjkl + T, k||—400gon
5 — ik, 7.k, _ J, 7 34
= ) mZZ (34)
j:lk::l —lk 1
4
20
P =
4

The meah values of the vertical angles resulting from n. = 3 sets to target No. k are:

xf . + x5, + X
Ty, ;’“ W k=14 (35)

The residuals result
Tik ¥ a:;-’k —Ty, 7=1,2,3 k=1, .,4 (36)
Except far rounding errors, the residuals of all sets shall meet the conditien:

n

3
D )Y rik=0 (37)

j=1kF1
The sum|of squares of the residuals of the i"" series of Méasurements is:
3 4
DN @
j=1k=1
For n = |3 sets of vertical angles to =4 targets, in each case the number of degrees of freedom is:
v;=|(3—1)x4=8 (39)

and the gxperimental standard deviation, s;, of a vertical angle, x’; ke observed in one set in both face pogitions of the
telescopg, valid for the 4™ Series of measurements amounts to:

Yr? Y2
S; — A = 8 (40)

The following equations (41) and (42) apply only to the simplified test procedure:

V=1 (41)
s =8 (42)
The following equations (43) to (59) apply only to the full test procedure:

For the experimental standard deviation, s, calculated from all ' = 4 series of measurements, the number of
degrees of freedom is:

v=4xy =32 (43)

© 1S0 2001 - All rights reserved 9
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and the experimental standard deviation of a vertical angle observed in both face positions, calculated from all
m = 4 series of measurements, is:

4 4 4
O DO DoF:
=1 =1 =1

S =

v 32 4

S|So-THEO-V = §

6.4 Statidtical tests

6.4.1 General

Statistical te¢sts are recommended for the full test procedure only.

For the inte
— the exp

— the vert

in order to 4

a) Is the ¢
manufa

b) Do two
belong

The exq
— two
— two

— two

c) Isthe vgrtical index error, 9, equal to zero?

For the follgwing tests, a confidence level of 1 — o = 0,95 and, according to the design of the measurs

number of d

pretation of the results, statistical tests shall be carried out using
brimental standard deviation, s, of a vertical angle observed in both face-positions, and

cal index error, ¢, (orientation of the vertical circle) and its experimental standard deviation, s

nswer the following questions (see Table 2):

alculated experimental standard deviation, s, smaller*than a corresponding value, o, state
Cturer or smaller than another predetermined value,. g2

experimental standard deviations, s and s, as determined from two different samples of measy
0 the same population, assuming that both samples have the same number of degrees of freeq

erimental standard deviations, s and s, may be obtained from:
samples of measurements by the same instrument but different observers;
samples of measurements by thé same instrument at different times;

samples of measurements by) different instruments.

(44)

(49)

d by the

rements,
om, v?

ments, a

egrees of freedom of v = 32 are assumed.
Table 2 — Statistical tests
Question Null hypothesis Alternative hypothesis
a) s<o s>0
b) g=a og#ag
c) §= §#0

6.4.2 Question a)

The null hypothesis stating that the experimental standard deviation, s, of a vertical angle observed in both face
positions is smaller than or equal to a theoretical or a predetermined value, o, is not rejected if the following condition

is fulfilled:

/N

S

10

(46)

© 1SO 2001 - All rights reserved
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2
X0,95 (32)
s< o x4 ———= 47
= 32 (47)
X605 (32) = 46,19 (48)
<o X 46,19 (49)
s<o —
h 32
s < agx1.20 (50)
Otherwisg, the null hypothesis is rejected.
6.4.3 Qtestion b)
In the cage of two different samples, a test indicates whether the experimental standard, deviations, s and s, belong
to the safne population. The corresponding null hypothesis, o = &, is not rejected if the following condition is fulfilled:
! <S<r (v, v) (51)
— = _ v,V
F_ P (l/, I/) SN2 N 1—a/2
! <® <F (32,32) (52)
F0’975 (32,32) ~ :§2 ~ 0,975 ’
Foo74 (32,32) = 2,02 (53)
52
0,49 z < 2,02 (54)
Otherwisg, the null hypothesis is rejected.
6.4.4 Qestion c)
The hypothesis stating that the vertical index error, ¢, is equal to zero is not rejected if the following [condition is
fulfilled:
0] 85 X t1—a /2t (55)
|5| S§ X t0’975 (32) (56)
= 7 57
55 = B i (57)
too7s (32) = 2,04 (58)
9] < ° %204
X T — ]
\/48 (59)

<sx0,3

Otherwise, the null hypothesis is rejected.

The number of degrees of freedom and, thus, the corresponding test values xi_,, (v), Fi_n /. (v,v) and
li—a/2 (V) (taken from reference books on statistics) change if a different number of measurements is analysed.

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

Example of the simplified test procedure (horizontal directions)

A.1 Measurements

Table A.1 contains in columns 1 to 4 the measured values ; ., and Z; ¢ .

Observer: S. Miller
Weather: sunny, + 10 °C
Instrument tfype and number: NN xxx 630401
Date: 1999-04-15
NOTE The gircle of the instrument is divided in 400 gon (instead of 360°).
Table A.1 — Measurements and residuals
1 P 3 4 5 6 7 8 9 10
J 3 Tj k. Tj k.l Tjk x;k Tk dj,k Tk T;,k
gon gon gon gon gon mgon mgon mgon?
1 il 310,475 110,470 310,4725 0,0000 0,0000 0,0 0,0 0,00
P 6,131 206,126 6,1285 95,6560 95,6553 —0,7 —0,7 0,49
3 130,481 330,477 130,4790 220,0065 220,0058 —0,7 —0,7 0,49
a 208,878 8,872 208,8750 298,4025 298,4040 +1,5 +1,5 2,25
) 655,965 655,945 655,9550 614,0650 614,0651 +0,1 +0,1 3,23
2 il 376,749 176,744 376,7465 0,0000 0,0 —0,5 0,25
P 72,403 272,398 72,4005 95,6540 +1,3 +0,8 0,64
3 196,753 396,749 196,7510 220,0045 +1,3 +0,8 0,64
a 275,154 75,148 275,1510 298,4045 —0,5 —1,0 1,00
) 921,059 921,039 921,0490 614,0630 +2,1 +0,1 2,53
3 il 42,049 242,044 42,0465 0,0000 0,0 +0,6 0,36
137,705 337,700 137,7025 95,6560 —0,7 —0,1 0,01
3 262,056 62,050 262,0530 220,0065 —0,7 —0,1 0,01
346454 +46-449 340-4545——208-4056 +0 64 0,16
2 782,264 782,243 782,2535 614,0675 —2,4 0,0 0,54
6,302
2 Value represents X7

A.2 Calculation

First, the values x; 1, are calculated with the measurements x; 1, and ;. In equation (1), &= 180° was substituted
by + 200 gon (see column 5 in Table A.1).
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Then the values x; ; are reduced into the direction x;; of the target No. 1. These values x;k are calculated
according to equation (2) (see column 6 in Table A.1).

Column 7 in Table A.1 contains the mean values T, of the reduced directions :c;k [see equation (3)].

The differences d; ; result from the values of T} and :c;k according to equation (4) (see columns 6 to 8 in
Table A.1). ’

4

For each set of directions, the mean value Ej of d; 1 is calculated according to equation (5) (Z djr = 4d;, see
lines X in column 8 in Table A.1). k=1

With the
The sum

The exp
positions|

S =

values d; i, and d;, the residuals 7; j, are calculated according to equation (6) (see column 9in
Yr? = 6,30 mgon? is then calculated with the values in column 10 in Table A.1 [accordifgto e
| and Il, according to equation (10), amounts to

6,30 mgon?
— = 1,0 mgon

As arithmetic checks for each set of directions (j = 1, 2, 3), the sums in‘the columns in Table A.1 have

following

the s
suital

655,9
921.(

782,2

the g
colun

655.9
921,(

782,34
the d

614,(

conditions (except for rounding errors):

Lim in column 3 plus the sum in column 4 shall be two times the sum in column 5 4 4 X 200
ble integer number):

65 + 655,945 = 2 X 655,955 0
59 + 921,059 = 2 X 921,9490

64 + 782,264 = 2 X 782,253 5

um in column 5 minus four times'the value of the direction to target No. 1 shall be equal to
n 6 & 1 X 400 gon (w is a suitable integer number):

550 — 4 x 310,4725 —614,065 — 3 X 400
490 — 4 X 376,746"5 = 614,063 — 3 X 400

535 —4 X 42,0465 = 614,067 5 + 0 X 400

fference pbetween the sum in column 7 and the sum in column 6 shall be equal to the sum in cg

654 ¥ 614,065 = +0,000 1

Table A.1).

uation (8)].

erimental standard deviation of a direction x;, measured in one set of measurements in both face

to fulfill the

gon (i is a

the sum in

lumn 8:

614,

651 — 614,065 = +0,0021

614,065 1 — 614,067 5 = —0,002 4

the sum in column 9 shall be equal to zero [see equation (7)];

the sum of all twelve values in column 6 shall be equal to three times the sum of the four values in column 7:

614,065 + 614,063 + 614,067 5 ~ 3 X 614,065 1

the sum of all twelve values in column 8 shall be equal to zero:

01+21-24=-02;~0,0

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

Example of the full test procedure (horizontal directions)

B.1 Measurements

Table B.1 contains in columns 1 to 4 the measured values x; x, and x; k. of the series of measurements No. 1 (the

series of meastrementsNos—23ant-4-were-hotprinted):
Observer: S. Miller
Weather: sunny, 4+ 10 °C
Instrument fype and number: NN xxx 630401
Date: 1999-04-15
Table B.1 — Measurements and residuals of series No1
1 2 3 4 5 6 7 8 9 10
71k Tj k.l Tj kil Zjk x;,k Tk djk | Tik r;k
o !/ " o / " o / " [¢] !/ L/ o / " " 12 (//)2
1 1 28 12 37| 208 12 42 28 12 395( O 00, 00,0| O 00 00,0 0,0{+0,1|( 0,01
2 83 50 35263 50 40 83 50 37,5| 55_ 87 580| 55 38 00,3|+2,3|+2,4|| 576
3 141 45 30| 321 45 35 141 45 325|413 32 530|113 32 50,8|—2,2|—2,1|| 4,41
4 219 30 49| 39 30 50 219 30 49,5§%191 18 10,0f 191 18 95 |(—0,5/—0,4|| 0,16
5 308 26 31128 26 33 308 26 32,0 280 13 525|280 13 52,5 0,0{+0,1|( 0,01
b 781 46 02| 961 46 20 781 46110 | 640 42 535|640 42 531 |—-04|-+0,1|| 10,35
2 1 87 48 51 | 267 48 55 87 48 53,0 0 00 00,0 0,0/ —1,7|| 2,89
2 143 26 52323 26 51 143 26 515| 55 37 585 +1,8/+0,1| 0,01
3 201 21 41| 21 21 _(47 201 21 44,0113 32 51,0 —-0,2| —1,9|| 3,61
4 279 07 01| 99 0659 279 07 00,0| 191 18 07,0 +2,5|+0,8{| 0,64
5 8 02 42| 18802 40 8 02 41,0| 280 13 48,0 +4,5|+2,8|| 7,84
b)) 719 47 07 |.899 47 12 719 47 09,5| 640 42 445 +8,6|+0,1(| 14,99
3 1 147 0813 | 327 08 08 147 08 105| O 00 00,0 0,0{+1,7|| 2,89
2 202 <46 17 | 22 46 13 202 46 15,0| 55 38 045 —4,21 —2,5|| 6,25
3 260 41 01| 80 40 57 260 40 59,0| 113 32 485 +2,3|+4,0|| 16,00
4 | 1338 26 241158 26 20| 338 26 2201191 18 115 —20l-—03l] 0,09
5 67 22 07 | 247 22 08 67 22 075|280 13 57,0 —4,5|—-2,8| 7,84
> | 1016 24 02|836 23 46| 1016 23 54,0| 640 43 015 —8,4/40,1| 33,07
58,412
2 Value represents Xr?.
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First, the values x; are calculated with the measurements x;x, and x;; according to equation (11) (see

column 5

in Table B.1).

Then, the values x; are reduced into the direction x;,; of the target No. 1. These values x' .k are calculated
according to equation (12) (see column 6 in Table B.1).

Column 7 in Table B.1 contains the mean values T, of the reduced directions x;k [see equation (13)].

The diffe

ences rfJ- w—result from the values of Ty and "/'j.n am‘nrding to pnlllatinn (14) (QPQ columns 6 to 8 in

Table B.1

For each
lines X in

With the
The sum

The exp
positions|

S1 =

).
5

set of directions the mean value d of d; i is calculated according to equation (15) (z djr =
column 8 in Table B.1). =

values d; ;, and Ej the residuals r; ;. are calculated according to equation (16),(se€ column 9 i

»r2 = 58,41 (") is then calculated with the values in column 10 in Tablg B.1 [according to eq

I and Il, valid for the series No. 1, according to equation (20) ameunts to

58,41 (")°

=27"
8 1

As arithmetic checks for each set of directions (j = 1, 2, 3), the sums in the columns in Table B.1 have

following

— the g
suital

781°
719°

10146

— the g
colun

781°

719°

conditions (except for rounding errors):

um in column 3 plus the sum in column 4~shall be two times the sum in column5 + p X 1
ble integer number):

16'02" + 961°46'20" = 2 x (781°46"11") + 1 x 180°

17'07" +899°47'12" = 2(X)(719°47'9,5") + 1 x 180°

©24'02" 4 836°23'46"= 2 x (1016°23'54") — 1 x 180°

um in column 5.minus five times the value of the direction to target No. 1 shall be equal to
n 5+ X 360%(u is a suitable integer number):

16'11" ~5/x (28°12'39,5") = 640°42'53,5"” + 0 x 360°

17'9,5" — 5 x (87°48'53") = 640°42'44,5" + 0 x 360°

= 5d;, see

Table B.1).

Lation (18)].

erimental standard deviation of a direction x;, measured in oné set of measurements in both face

to fulfill the

BO° (u is a

the sum in

1016°23'54" — 5 x (147°08'10,5") = 640°43'1,5” 4 0 x 360°

— the difference between the sum in column 7 and the sum in column 6 shall be equal to the sum in column 8:

640°42'53,1" — 640°42'535"” = —0,4”

640°42'53,1" — 640°42'445" = +8,6”

640°42'53,1" — 640°43'1,5" = —8,4"”

— the sum in column 9 shall be equal to zero [see equation (17)];

© 1SO 2001 - All rights reserved
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the sum of all fifteen values in column 6 shall be equal to three times the sum of the five values in column 7:

640°42'53,5" + 640°42'44,5" + 640°43'1,5" ~ 3 x (640°42'53,1")

— the sum of all fifteen values in column 8 shall be equal to zero:
—04" +86" —84" = —02" ~ 0"

The results of the four series of measurements are:

5 = 2,7~
s, =1p"
sg =2p"
s, =2,B"

The overall [experimental standard deviation, s, and the number of degrees of freedom, v, are calculated according
to the equations (22) and (21):

19,14 (")?
S:\[ O

Siso-trepHz = 2,2
B.3 Statistical tests

B.3.1 Statistical test according to question a)

o=2"

s=22"

v =32

2,2" 2" %1,20
<l 24"

Since the above condition is fulfilled, the null hypothesis stating that the experimental standard deviation s = 2,2" is
smaller than or equal to the manufacturer's value o = 2" is not rejected at the confidence level of 95 %.

B.3.2 Statistical test according to question b)

s=272"
s=1,6"
v =32

16 © 1S0 2001 - All rights reserved
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