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Abstract

The main purpose of this study was to obtain information about the actual precision of
angle measurements with two instruments (Trimble M3 1 "and South NTS-362R),
realizable in given measurement conditions. This object is achieved by using a simplified
method of testing instruments contained in the PN-ISO 17123-3 standard [1]. This is a
continuation of research described in [2], carried out on the same test base, but this time
in a different, less favorable field conditions. The use of the same instrument has created
an opportunity to compare and analyze the measurement results. The scope of work
includes the measurement and results preparation along with statistical processing of the
obtained results for both instruments.
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1. STUDY USING SIMPLIFIED METHOD IN ACCORDANCE
WITH PN-ISO 17123-3 STANDARD

According to the PN-ISO 17123-3 standard [1] theodolites testing can be
performed using two procedures. Full testing procedure, allows to define
the highest achievable accuracy of the instrument in a variety of possible
conditions. While a simplified testing procedure gives information what is the
accuracy of measuring equipment in the current measurement conditions.
Continuing research described in [2] was used simplified procedure.
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The subject of testing were two total stations: Trimble M3 1 "(Fig. 1a) and South

NTS-362R (Fig. 1b).

a)

H

b)

Fig. 1. Total stations used in the test: a) Trimble M3 1” source: trimble.com; b) South
NTS-365R, source: southinstrument.com

Comparison of the basic technical parameters relating to horizontal and vertical
angles measurement of the tested instruments are listed in Table 1.

Table 1. Basic specification of the instruments

Feature Trimble M3 17 South NTS-362R
Accuracy of angle 17/ 5 2
measurement
Diameter of encoder disk 62 mm 79 mm
Measuring method Absolute Absolute
Telescope magnification 30x 30x
Effective aperture 40 mm 45 mm
Field of view 1°20° 1°30°
Minimal Focus dictance 15m Im
Auto compensator Dual axis, Liquid-electric | Dual axis, Liquid-electric
Working range of 35 3

compensator

Measuring base for horizontal angles consisted of four clearly identifiable, clearly
visible targets, symmetrically arranged around at the height of the horizon of
telescope. The test consisted of three series of measurements to four points.
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Measured points were observed in each series in face | position of the telescope
clockwise and in face Il position of the telescope in opposite direction to
clockwise. Bearing of encoder disk was changed by about 67gon after each series.
Measurement base for vertical angles were four targets located on the wall of the
building, covering about 30gon range of vertical angle. Measurements were
carried out with both instruments at the same time from the two adjacent stations.
In contrast to the measurement conditions during previous research targets were
not equally exposed. Two of them were in the shade, and the other two were
heavily sunny. They were also different weather conditions: higher air
temperature and strong wind.

2. ANALYSIS OF HORIZONTAL AND VERTICAL ANGLE
MEASUREMENT ACCURACY OF TESTED IMSTRUMENTS

On the basis of field measurements, calculations were carried out according to the
recommendations of PN-ISO standard [1]. The results of measurements and
calculations are summarized in Tables 2 and 3, for Trimble M3 1 "and in Tables
4 and 5 for South NTS-362R.

Table 2. A simplified method of horizontal angle testing for Trimble M3 1”7

Bk Xkt [ | xikn [ | xik [ | X'k [9] X[ [ dik [ | rik [ | Pk [
1| 0,00000 | 200,00240 | 0,00120 0,00000 0,00000 0,00 -0,88 0,77
2| 85,32680 | 285,32990 | 8532835 | 8532715 | 8532750 | 350 | 2,62 | 6,89

. 3| 199,84340 | 399,84550 | 199,84445 | 199,84325 | 199,84282 | -4,33 | -521 | 27,13
4 293,72640 | 93,73200 | 29372920 | 293,72800 | 293,72843 | 4,33 | 346 | 1196
1| 0,00000 | 200,00540 | 0,00270 0,00000 0,00 5,67 32,11
2| 85,32880 | 285,33340 | 85,33110 | 85,32840 -8,67 | -3,00 9,00

? 31 199,84420 | 399,84800 | 199,84610 | 199,84340 -7,33 | -1,67 2,78
4 293,72840 | 93,73540 | 293,73190 | 293,72920 -6,67 | -1,00 | 1,00
1| 0,00000 |200,00510 | 0,00255 | 0,00000 000 | -471 | 2217
2| 8532670 | 285,33230 | 8532950 | 8532695 583 | 1,13 | 127

s 31 199,84230 | 399,84640 | 199,84435 | 199,84180 8,67 3,96 15,67
41 293,72680 | 93,73450 | 293,73065 | 293,72810 4,33 -0,38 0,14

$=5,0% 2=| 14846
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Table 3. A simplified method of vertical angle testing for Trimble M3 17

i k| Xiki[g] Xj k. [g] X'jk1 [0] Xk [g] rik [] r%jx [*?]
1 69,50450 330,50100 69,50175 69,50225 -5,00 25,00
2 80,79170 319,21250 80,78960 80,79007 -4,67 21,78
o 90,09780 | 309,90880 | 90,09450 | 90,09495 -4,50 20,25
4 98,31490 301,68620 98,31435 98,31492 -5,67 32,11
1 69,50450 330,49890 69,50280 5,50 30,25
2 80,79160 319,21150 80,79005 -0,17 0,03
2 3 90,09640 309,90650 90,09495 0,00 0,00
4 | 9831560 | 301,68470 | 98,31545 5,33 28,44
1 69,50400 330,49960 69,50220 -0,50 0,25
3 2 80,79090 319,20980 80,79055 4,83 23,36
3 90,09710 309,90630 90,09540 4,50 20,25
4 | 9831550 | 301,68560 | 98,31495 0,33 0,11

s =50« r2= 201,83

The resulting accuracy of Trimble M3 for horizontal angles is 0,5 mgon (Table 2).
The same result is for vertical angles (Table 3). So these are the values that are at
the limit of accuracy the specified by the manufacturer and declared in a factory
data (Table 1).

Table 4. A simplified method of horizontal angle testing for South NTS-362R

bk X 9 | xikn [0 | xjk [ | X'k [9] Xic[9 | dik [ | riw [ | 3 [2]
1| 0,00000 |200,00160| 0,00080 0,00000 0,00000 0,00 | -2,12 4,52

2 | 100,73590 | 300,73880 | 100,73735 | 100,73655 | 100,73615 | -4,00 | -6,12 | 37,52
13 194,40210 | 394,40300 | 194,40255 | 194,40175 | 194,40235 | 6,00 | 3,87 | 15,02
4 |290,37470 | 90,37490 |290,37480 | 290,37400 | 290,37465 | 6,50 | 4,37 | 19,14

1| 0,00000 |199,99930| -0,00035 | 0,00000 0,00 3,50 12,25

21 100,73450 | 300,73670 | 100,73560 | 100,73595 2,00 5,50 30,25

2 3| 194,40080 | 394,40370 | 194,40225 | 194,40260 -2,50 | 1,00 1,00
4]290,37550 | 90,37580 |290,37565 | 290,37600 -13,50 | -10,00 | 100,00

1| 0,00000 |200,00060| 0,00030 | 0,00000 000 | -1,37 | 1,89

2 | 100,73480 | 300,73770 | 100,73625 | 100,73595 2,00 | 0,63 | 0,39

3 3| 194,40230 | 394,40370 | 194,40300 | 194,40270 -3,50 | -4,88 23,77
4 1290,37370 | 90,37480 |290,37425 | 290,37395 7,00 5,63 31,64
s=6,8% 2= 277,38
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Table 5. A simplified method of vertical angle testing for South NTS-362R

ik Xjk1 [0] Xjkn [g] X'jk1 [0] Xk [g] i [] | e[
1 | 7091760 | 329,08100 | 70,91830 | 70,91865 | -3,50 12,25
2 | 8113400 | 31885560 | 81,13920 | 81,13873 4,67 21,78
! 3 92,41780 307,57340 92,42220 92,42142 7,83 61,36
4 100,56030 299,43370 100,56330 100,56378 -4,83 23,36
1 70,91670 329,08020 70,91825 -4,00 16,00
2 81,13600 318,86040 81,13780 -9,33 87,11
2 3 92,41750 307,57540 92,42105 -3,67 13,44
4 100,56020 299,43340 100,56340 -3,83 14,69
1 70,91720 329,07840 70,91940 7,50 56,25
2 | 8113480 | 31885640 | 81,13920 4,67 21,78
33 92,41740 | 307,57540 | 92,42100 -4,17 17,36
4 100,56180 299,43250 100,56465 8,67 75,11
§=7,3% r2= 420,50

The resulting accuracy of South NTS-362R for horizontal angles is 0,68 mgon
(Table 4). While resulting accuracy of South NTS-362R for vetical angles is 0,73
mgon (Table 5). So these are the values that are at the limit of accuracy the
specified by the manufacturer and declared in a factory data (Table 1).

In this case, the values are exceeding the accuracy of the horizontal and vertical
angle defined by the producer. These values are also greater than those obtained
with the same instrument and the same method in better measurement conditions
[2].

The results of measurement accuracy obtained by using a simplified method may
raise doubts as to the value declared by the manufacturer, so the article attempts
to verify the accuracy of measurement using statistical methods.

3. VERIFICATION OF TOTAL STATIONS ANGLES
MEASURING ACCURACY BY STATISTICAL METHODS

To check the resulting measurement accuracy of total stations Trimble M3 and
South NTS-362R and verify the correctness the performed procedure statistical
tests: the sign test and the Shapiro-Wilk test were used. While to verify measuring
accuracy declared by the manufacturers test 2 was used
[2, 3, 4,5, 6].

Systematic influence of factors on the average value in the series of measurements
can be determined using the sign test. This test, as the name suggests, is based on
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signs of differences between pairs of successive observations (whether they are
negative or positive). You can specify the probabilities associated with all the
proportions (occurrence of +/- signs) that could occur. Knowing the probability
of each directional change, you can assess whether the results are significant [4,
5, 6]. In order to verify that the measurements are not affected by systematic errors
signs test offered in the package Statistica 7.0 was used. The method of
verification of the hypotheses proposed in this program was also used. If the level
of significance for the designated value of the statistics is less than the assumed
level of significance (p-value<0,05) the hypothesis that the measurements do not
contain systematic errors should be adopted (Table 6 and 7).

Table 6. Results of sign test for Trimble M3 17

Observations The calculated value of statistics p-value
Horizontal angles 3,175426 0,001496
Vertical angles 3,175426 0,001496

Table 7. Results of sign test for SOUTH NTS-365R

Observations The calculated value of statistics p-value
Horizontal angles 3,175426 0,001496
Vertical angles 2,598076 0,009375

There is a lack of systematic errors in both cases, which leads us to the conclusion
about the suitability of the tested equipment for surveying.

Test Shapiro-Wilk test is a non-parametric test of the random variable as (1) [4,
5, 6]:

(z g (n)(xn:i+1 =X ))2
W= S ' (3.1)

where:

Xjg - value of the elements of sample,

ai(n) - constants (tabulated in the tables Shapiro-Wilk)
If the determined statistics W, belongs to the interval (Wa(1/2 a,;n); ) there are
no grounds to reject the hypothesis of normal distribution of measurement errors,
hence the request for the normal distribution of errors. The lower limit of the range
for o = 0,05, read from the Shapiro-Wilk tables is W4=0,828.
The calculated value of the Shapiro-Wilk statistic for horizontal angles W=
0,98331 belongs to the interval (0,828; o), so normal distribution of errors and
proper operation of Trimble total station for measuring horizontal angles can be
concluded.
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The calculated value of the Shapiro-Wilk statistic for vertical angles
W= 0,87833 belongs to the interval (0,828; =), so normal distribution of errors
and proper operation of Trimble total station for measuring vertical angles can be
concluded.

The calculated value of the Shapiro-Wilk statistic for horizontal angles
W= 0,96040 belongs to the interval (0,828; ), so normal distribution of errors
and proper operation of SOUTH total station for measuring horizontal angles can
be concluded.

The calculated value of the Shapiro-Wilk statistic for vertical angles W=
0,92182 belongs to the interval (0,828; o), so normal distribution of errors and
proper operation of SOUTH total station for measuring vertical angles can be
concluded.

The %2 test was used to check whether the accuracy of the angle measurement is
less than or equal to the value declared by the manufacturer at the significance
level of 0.05. y2 test is the most commonly used test. You can use it to examine
the compatibility of both characteristics: measurable and immeasurable [5, 6]. If
the results of the measurements are normally distributed and the number of results
is less than 50 2 test can be used (2):

_Jves, (3.2)
(e}
gdzie:
x? - value of *statistics,
S - an estimate of the standard deviation,
c - standard deviation,

v - degrees of freedom, v = (3-1)-(4-1) = 8.
The value of 3?1, (V) statistics is read from the ? test tables. The rejection area

isP(?< x°) = a. If the determined y2 statistics, belongs to the (0, »°.] interval

There is a reason to reject the hypothesis that the estimate of the standard
deviation obtained in simplified method of total station testing is equal to
measurement accuracy declared by the manufacturer.

Table 8. The results of y test for Trimble M3 17

Observations The calculated value 0 2 Compliance with the declared
of y? statistics 0 7°a) measurement accuracy

Horizontal 2,828 (0; 2,732) "

angles

Vertical 2,828 (0; 2,732) "

angles
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Table 9. The results of y? test for South NTS-362R

_ The calculated value L Compliance with the declared
Observations 2 paticri ©; x°«)
of y? statistics measurement accuracy
Horizontal 3.206 (0; 2,732) +
angles
Vertical 3,441 (0: 2,732) +
angles

On the basis of the analyzes (Table 8 and 9) it may be stated that tested equipment
meets declared accuracy of measuring horizontal and vertical angles.

4.

CONCLUSIONS

Based on conducted measurements and tests following conclusions can be
formulated:

signs test showed no influence of systematic errors of horizontal and vertical
angles measurements with both instruments,

Shapiro-Wilk statistic confirmed normal distributions of errors and
correctness of total stations angle measurements,

2
the 4 test showed that tested equipment meets declared accuracy of
measuring horizontal and vertical angles,
equipment is suitable for making geodetic measurements.
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ANALIZA DOKEADNOSCI POMIAROW KATOWYCH TACHIMETRAMI
ELEKTRONICZNYMI TRIMBLE M3 1” ORAZ SOUTH NTS-362R

Streszczenie

Glownym celem niniejszych badan bylo uzyskanie informacji o rzeczywistej doktadnosci
pomiarow katowych dwoma instrumentami (Trimble M3 1” oraz South NTS-362R),
mozliwej do uzyskania w danych warunkach pomiarowych. Cel ten zrealizowano
wykorzystujgc uproszczong metode testowania instrumentéw zawartg w normie PN-1SO
17123-3 [1]. Jest to kontynuacja badan opisanych w [2], przeprowadzonych na tej samej
bazie testowej jednak tym razem w odmiennych, mniej sprzyjajacych warunkach
polowych. Wykorzystanie w testach tego samego instrumentu stworzylo mozliwosé
poréwnania i analizy uzyskanych parametrow. Zakres prac obejmowal wykonanie
pomiaroOw oraz zestawienie i opracowanie ich wynikoéw dla obu instrumentéw wraz
z obrobkg statystyczng otrzymanych rezultatow.

Stowa kluczowe: ~ norma ISO, pomiar katow, analiza doktadnosci
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