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Figure 1 - Test configuration 

5.1.3 Observations 

Four series of observations shall be performed. The observations shall be carried out under 
various but not extreme weather conditions. Each series (k) of observations shall consist of 
three sets (j) of directions to the five targets (i). 

The five targets shall be observed in each set in face position I of the telescope in a clockwise 
sequence (0, (2), (39 (99 (39 and in face position II of the telescope in an anticlockwise 
sequence (5), (4), (3), (2), (1). The graduated circle shall be changed for 60’ (67 gon) after 
each set. If physical rotation of the graduated circle is not possible, e.g. for electronic 
theodolites, the lower part of the theodolite may be turned approximately 120’ (133 gon) on 
the tribrach. 

5.1.4 Calculations 

The evaluation of the measured values is an adjustment of observation equations. Within a 
series of observations k, one direction is marked by ri j I or ri j II9 the index i being the target 
and the indexj being the number of the set. I or II points out the face position of the telescope. 
Each series of observations is evaluated separately. 

First of all the mean values 

r i jI +5 jII- r.=” ” 
+ 200 gon I 

l>j 3 
; i= 1,2,3,4,5 ; j = 1,2,3 

of the readings in both face positions I and II of the telescope are calculated. By reduction into 
the direction to target No. 1 we obtain the results: 

r’i j 9 =‘;:j f - rI,j; i = 1,2,3,4,5; j = 1,2,3 
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The mean values of the directions resulting from three sets to target No. i are: 
rli 1 +rli 2 +rli 3 

q= ’ t t 

3 
; i = 1,2,3,4,5 

From the differences 
d i,j =Y,-r’ij ; i = 1,2,3,4,5 ; j = 1,2,3 , 

we obtain for each set of observations the arithmetic mean values 
- 
d - do j , + d2 j I + d3 j , + d4 j , + d5 j , e 

j- 5 
; J = 1,2,3 

from which the corrections result: - 
C. iti =dij -dj; i= 1,2,3,4,5; j = 1,2,3 t 

Except for the rounding errors, each set must meet the condition: 
5 

c 
C ij ~0; j = 1,2,3 t 

i=l 

The square sum of the corrections of the series of observations No. k is: 
3 5 

cck = cc 
2 

ci,j 
j=l i=l 

For three sets of directions to five targets in each case the degree of freedom is: 

fk =(3-1)(5-l) = 8 

and 
No . 

the standard deviation sk of a direction ri j, taken in one set of the series of observations 9 
k, amounts to: 

The standard deviation s, of a horizontal direction observed in one set (arithmetic mean of the 
readings in both face positions of the telescope) according to this part of IS0 12857, 
calculated from all four series of observations at a degree of freedom of 

f =4; f,=32 

amounts to: 

k=l 

f 

k=l 

32 

SISO-THEO-HZ = sO 
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5.1.5 Statistical tests 

For interpretation of the results, statistical tests shall be carried out using the standard 
deviation S, of a horizontal direction observed in one set in order to answer the following 
questions. 

4 Is the calculated standard deviation ~~~~~~~~~ smaller than the value o0 stated by the 
manufacturer or smaller than another predetermined value o0 ? 

W Do two standard deviations s1 and s2, as determined from two different samples of 
measurements, belong to the same population, assuming that both samples have the 
same degree of freedomf? 

The standard deviations s1 and S, may be obtained from: 

- two series of measurements by the same instrument but different observers; 
- two series of measurements by the same instrument at different times; 
- two series of measurements by different instruments. 

Table 1 - Statistical tests 

Question Null hypothesis Alternative 
hypothesis 

A 
SO s 00 So ’ 00 

I B I Ol = CT* 

For the following tests a confidence level of I- a = 0,95 and according to the design of 
measurements a degree of freedomf= 32 are assumed. 

A) The null hypothesis stating that the empirically determined standard deviation so is smaller 
than or equal to a theoretical or predetermined value a0 is not rejected if the following 
condition is fulfilled: 

d 2 

s() < 00’ 
Xf,l-a 
- - 

f 

s() < 00 l 

2 
x 32;0,95 

32 
2 

x 32;0,95 = 46,19 

so < 00 l 1,20 

Otherwise, the null hypothesis is rejected. 
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B) In the case of two different samples No. 1 and No. 2, a test indicates whether the estimated 
standard deviations ~1 and ~2 belong to the same population. The corresponding null 
hypothesis 0, = o2 is not rejected if the following condition is fulfilled: 

1 2 

< Sl 
- 2 

S2 F f,f,l-a/2 
' Fffl-a/2 J , 

1 2 

< Sl 
- 

F 2 < 42.32-0975 , , , 
32;32;0,975 S2 

F 32;32;0,975 = 2,02 
2 

0,49 5 ; < 2,02 
S2 

Otherwise, the null hypothesis is rejected. 

The degree of freedom and, thus, the corresponding test values ~2~ 1 a and Fr; f2 l-a,2 (taken from 
reference books on statistics) change if a different number of observations isanalysed. 

5.2 Measurements of vertical angles 

5.2.1 General 

The following field procedures shall be adopted for determining the accuracy of theodolites 
for vertical angles measured by a single survey team with a single instrument and its ancillary 
equipment. 

The results of these tests are influenced by meteorological conditions. These conditions will 
include different air temperatures and pressures, wind speed, cloud cover and visibility. An 
overcast sky guarantees the most favourable weather conditions. Tests performed in 
laboratories would provide results which are almost unaffected by atmospheric influences, but 
the costs for such tests are very high and therefore they are not practicable for most users. 

5.2.2 Test configuration 

A precision invar levelling staff shall be set up vertically in a fixed position by means of struts 
during every series of observations. When testing a theodolite with a resolution of 3” (1 mgon) 
the distance x, should be approx. 5 m, and for theodolites with a resolution of 1” (0,3 mgon) 
approx. 15 m (see figure 2). 
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Figure 2 - Test configuration 

5.2.3 Observations 

In total four series of observations shall be carried out under various but not extreme weather 
conditions. The height difference between the instrument and the staff shall be varied in order 
to cover a larger range of the vertical circle. 

Each series of observations (k) shall comprise twelve vertical angle (zenith angle) 
measurements taken to six graduation lines (i> on the precision invar staff, six angles in face 
position I and six angles in face position II of the telescope. The graduation lines shall be 
spread evenly over the staff, but sights near the ground shall be avoided. 

5.2.4 Calculations 

The evaluation of the measured angles is an adjustment of observation equations. Within a 
series of observations NO. k, one zenith angle is denoted by ZiI or ziII, the index i being the I 
graduation line. I or II points out the face position of the telescope. Each series of observations 
is evaluated separately. 

NOTE - For facilitating the following calculations, a suitable computer program is given in 
Annex B of this part of IS0 12857. 

In the calculations all distances are in centimetres. The units of the observations z depend on 
the type of the theodolite. If the reading is centesimal grades (gon) then we take for p = 200 
gonk . If the reading is sexagesimal degrees (O), then we take p = 1 SOok 

The non-linear observation equations of the adjustment are for measurement in face position I 
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7c 
Zi 1 + Ci 1 + 0 = p ’ - - arCtan , , 2 

and for measurements in face nosition II 

where 

Zi 1 , + Ci I+ 0 = p ’ , 

hi l COSX, -XI 
x2 + hi sinx, 

hi l COSX, 0x1 
x2 + hi sinx, 

; i= 1, . . . ,6 

; i= 1, . . . ,6 

. 1 \ 
0 is the unknown index correction (orientation of the vertical circle); 
x, is the height of the tilting axis of the theodolite, related to the zero-point of the levelling 

staff; 
x2 is the distance of the theodolite from the levelling staff; 
x3 is the inclination of the levelling staff against the vertical direction (angle between the 

zenith and the levelling staff, this angle shall be the same over one series of observation). 

Since the functional model is not linear in the three unknown parameters x, , x2 and x,, it is 
necessary to determine approximate values xp and xi. The approximate value for x, is zero. xp 
and xi should be measured directly. Alternatively, they can be determined by measurements in 
face I to the upper line h, and to the lowest line h, of the graduation: 

x1 '=h6-COSZg,* 
(4 - h,) - sin zl,l 

, sinfz6 1 - ZlI ) , , 

0 
x2 = sin zg,j ’ 

(hl - he) l sin zj,l 

sin& 1 - zll) , 

In order to get normal equations with appropriate units, we use in the following linearized 
observation equations for the two angles to graduation line No. i a scaling factorfa, which is for 
centesimal gradesfa = 100 and for sexagesimal degreesfa = 60: 

0 

ai, = r- x2 

(hi -Xf)' +(Xg)2 
l fa 

ai, = r- 
hi-X? 

(hi -Xy,' +(Xgj2 
l fa 

hi *ai 
ai, 

, =- 
r 

I. z,ll 
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