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29Statistical Methods Applied in Evaluating the Reliability of Land Surveying Equipment

taken with the instruments with the results of measurements made by previously 
proven, correctly operating instrument.

Analyzing the results of the two series of measurements one can determine 
whether the tested differences do not exceed levels that would indicate the presence 
of systematic errors in the test equipment [4].

To this end, we constructed confidence intervals for a selected confidence level 
for the average value. On the basis of the value Q calculated from the two series of 
measurements, we created two confidence intervals separately for each series, as 
their boundaries would be different due to the different average values x1 and + x2 
(the ranges would be the same if the average of both series is equal; x1 = x2).

For the calculations, we assume the null hypothesis H0 that the average values 
are homogeneous (derived from the general population). 

If the intervals partially overlap, the hypothesis H0 can be considered true. In 
the absence of common areas in the intervals, the alternative hypothesis H1 should 
be deemed as true, consisting in that the averages are not homogeneous, and hence 
that there are systematic errors in measurements.

Example 3

In two series, the distance between two stabilized points was measured 30 times. 
The first series of results was obtained from a previously proved Topcon GTS-220 
total station, the second series – from the testes Leica TS 02 level [2]. The results are 
presented in the Table 4.

Table 4. Results of measurements for both series

No.
Series I Series II

distance; Topcon GTS-220 distance; Leica TS 02
[m] −ix x [mm] −( )ix x 2 [mm2] [m] −ix x [mm] −( )ix x 2 [mm2]

1 83.693 –0.5 0.25 83.687 1.3 1.69
2 83.694 0.5 0.25 83.685 –0.7 0.49
3 83.693 –0.5 0.25 83.685 –0.7 0.49
4 83.693 –0.5 0.25 83.686 0.3 0.09
5 83.693 –0.5 0.25 83.686 0.3 0.09
6 83.693 –0.5 0.25 83.686 0.3 0.09
7 83.693 –0.5 0.25 83.686 0.3 0.09
8 83.694 0.5 0.25 83.685 –0.7 0.49
9 83.694 0.5 0.25 83.685 –0.7 0.49
10 83.694 0.5 0.25 83.687 1.3 1.69
11 83.694 0.5 0.25 83.685 –0.7 0.49
12 83.694 0.5 0.25 83.685 –0.7 0.49
13 83.693 –0.5 0.25 83.685 –0.7 0.49
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No.
Series I Series II

distance; Topcon GTS-220 distance; Leica TS 02
[m] −ix x [mm] −( )ix x 2 [mm2] [m] −ix x [mm] −( )ix x 2 [mm2]

14 83.693 –0.5 0.25 83.685 –0.7 0.49
15 83.694 0.5 0.25 83.686 0.3 0.09
16 83.694 0.5 0.25 83.686 0.3 0.09
17 83.694 0.5 0.25 83.686 0.3 0.09
18 83.694 0.5 0.25 83.686 0.3 0.09
19 83.694 0.5 0.25 83.686 0.3 0.09
20 83.693 –0.5 0.25 83.685 –0.7 0.49
21 83.693 –0.5 0.25 83.685 –0.7 0.49
22 83.693 –0.5 0.25 83.686 0.3 0.09
23 83.693 –0.5 0.25 83.685 –0.7 0.49
24 83.693 –0.5 0.25 83.685 –0.7 0.49
25 83.693 –0.5 0.25 83.685 –0.7 0.49
26 83.693 –0.5 0.25 83.686 0.3 0.09
27 83.693 –0.5 0.25 83.686 0.3 0.09
28 83.694 0.5 0.25 83.687 1.3 1.69
29 83.694 0.5 0.25 83.687 1.3 1.69
30 83.694 0.5 0.25 83.686 0.3 0.09
x 83.6935 –1.0 7.500 83.6857 0.0 14.300

Mean error for individual observations is:
‒‒ for measurements by Topcon GTS-220 (series I): m–I = 0.5085 mm
‒‒ for measurements by Leica TS 02 (series II): m–II = 0.7022 mm
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For both series, we construct the confidence intervals for mean value:

= = = =0.09 mm;             0.13 mm.
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Student’s distribution tables provide the value t0.05/29 = 2.045.
The confidence interval of the mean for series 1 shall be:

α − α −− ⋅ ≤ α ≤ + ⋅ = −α/ 1 / 1( ) 1
I I I II n X I n XP x t Q x t Q  � (4)

− ⋅ ≤ α ≤ + ⋅ =(83.6935 2.045 0.00009 83.6935 2.045 0.00009) 0.95P ,

≤ α ≤ =(83.6933 83.6937) 0.95P .

Table 4. cont.






