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ABSTRACT

The calibration of the digital levelling system consists of the type testing and the
calibration of the instrument-rod system. In this case the type testing includes some field
tests. The system calibration includes the comparison of the difference of rod readings
with true height differences.

In the Finnish Geodetic Institute (FGI) we have investigated the precision of the digital
levelling system (Zeiss DiNil12) and the spirit levelling method (Wild N3) with the
simultaneous measurements at a new test field in Metsahovi. The results showed that
the precision of the Zeiss DiNi12 was, significantly, better than that of the Wild N3.

For the system calibration of the digital levels a comparator is under construction. The
comparator will apply components of the existing FGI vertical laser rod comparator and
realize, ssimultaneoudly, the rod scale and the system corrections. Some preliminary
measurements to calibrate the Zeiss DiNi12 system have been carried out and the effect
of the single non-typical line correction was discussed .

INTRODUCTION

Since the launching of the first digital levelling system Wild NA2000 a lot of studies on
the digital levels have been carried out (REITHOFER 1993; MAURER,
SCHNADELBACH 1993; etc.). The cdibration of the instrument-rod system, i.e., the
system calibration of the digital level is displacing the rod scale calibration. RUEGER
and BRUNNER (2000) discussed in their article routines for type testing of the digital
levels including following items. Repeatability at different sighting distances; effect of
obstructions; temperature response, system precision, effect of light intensity, rod
calibration and system calibration.

In autumn 2000, the type tests of the Zeiss DiNi12 were started in the Finnish Geodetic
Institute (FGI). During the first two months of the year 2001, the preliminary system and
rod scale calibrations of the Zeiss DiNi12 were carried out using and utilizing the FGI
vertical laser rod comparator (TAKALO 1997).



FIELD TESTS
Metsdhovi Test field
In order to determine the line levelling accuracy of the Zeiss DiNi12 the Metsdhovi test

field (Fig. 1) was established. The field locates in the wooded area near by the
Metsdhovi
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Space Geodetic station in Southern Finland. The field consists of five bench marks
forming four intervals. All sites for rods are small bolts set on bedrock, boulders or
support and all bench mark bolts are set on bedrock. The levelling roads are partly of
sand, partly of rock and the total length of linesis 0.98 km.

M easur ements

The precision of the both levelling systems was determined as follows: Each bench
mark interval from setup to setup was simultaneously measured with the Zeiss DiNi12
and with the Wild N3. The 3 m long bar code invar rods and the conventional 3 m long
invar rods were used. In al, five fore and back measurements were carried out on the 7.-
10,.13. and16. November, 2000. The weather conditions were favorable for precise
levelling (cloudy, air temperature 2-7°C).

Results

The measured height differences of each bench mark interval are givenin Fig. 3.



—e— Zeiss DiNi12

—O— Wild N3
Section M2-M1 Section M2-M3
~ -322,5 ’g 2417
E £
£ s A = 24165 |
% s 2416
% -323,5 < b/
ke D
T 3 | T 24155 . : -
1 10
The number of the measurement The number of the measurement
Section M2-M4 Section M4-M5

'g 4858 E 136,5

£ £

— 48575 T 136 W

a 9;06’&0%% % a

= 4857 £ 1355 O

2 =

2L 48565 ‘ : $ 135 : :

0 5 10 0 5 10
The number of the measurement The number of the measurement

Fig. 3. Simultaneous measurements in the Metsdhovi Test Field.

The mean of the measured height differences of each bench mark interval and their
standard deviations are given in Table 1.

Table 1. Results of the simultaneous levellings with Zeiss DiNil2 and Wild N3 in the
Metsdhovi test field. Number of measurementsis 10.

Bench mark Zeiss DiNil12 Wild N3 Comparison
Interval L HD STDEV HD STDEV DIFF STDEV
(m) | (mm) (mm) (mm) (mm) (mm) (mm)
1=M2-M1 278 | -323.348 +0.156 -323.265 +0.244 -0.083 +0.289
2=M2-M3 246 | 2416.307 +0.125 2416.290 +0.213 0.017 +0.247
3=M2-M4 208 | 4857.290 +0.119 4857.250 +0.120 0.040 +0.169
4=M4-M5 252 | 135.816 +0.112 135.802 +0.169 0.014 +0.203
In Total 982
Mean 246 +0.129 +0.192 *) 00385 | £0.231

Key to columns. L = Length of interval ; HD = Mean of height differences, STDEV =
Standard deviation; DIFF = Difference between height differences of DiNi12 and Wild N3
*); Mean of absolute values.

The standard deviations
Sreisspini1z = £0.26 mm/ v km
Swidnz = +0.39 mm/ vV km.



Hence, according to Deutsche Norm DIN 18723 part 2 the accuracy with 95% confidence
lies between following limits

0< Ozdsspinite < 0.32 mm/ v km

0< Owignz <0.48 mm/ vV km.

The standard deviation of the Zeiss DiNi12 is significantly smaller than that of the Wild N3,
because the Fisher test value

F=S%widns/ S zesspin12= 2.25

iswith the 95% confidence larger than the critical value
F(36,36,p=0.05) = 1.70.

On the contrary, the height differences between the instruments do not differ, because with
95% confidence the Student t-test value for the difference (DIFF) of the instrument means

T = (DIFF-0) / { S pirrV(UNzeiss piniz2 + Unwilanz)} = 0.74
is smaller than the critical value
T(40+40-2,p=0.05) = 1.99.

When considering the results of measurements by setups (Figs. 4-7), we can recognize some
systematic sequences between the instruments.
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Fig. 4. The height differences observed at the setup nos. 1, 2, 3 and 4 of the section M2-M 1.
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Fig. 5. The height differences observed at the setup nos. 1, 2, 3 and 4 of the section M2-M 3.
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Fig. 6. The height differences observed at the setup nos. 1, 2, 3 and 4 of the section M2-M4.
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Fig. 7. The height differences observed at the setup nos. 1, 2, 3 and 4 of the section M4-M5 in the
Metsdhovi test field.

According to the setup observations (Figs. 4-7) we can state that the precision of the Zeiss
DiNi12 is better than that of the Wild N3.

SYSTEM CALIBRATION

Nowadays, approximately, 30-40 digital levels of different type are in use in Finland. Thus
the need for calibration is evident and many users ask: “How reliable are the rod readings of
the digital levelling system and what are the restrictions and the real accuracy of the system”.
The system calibration, in which the differences of the rod readings are compared with the
true differences determined with the laser interferometer (TAKALO 1999), tells us about the
reliability of the digital levelling system. Also the accuracy of the digital levels can be
derived from the residuals of corrections. The comparator for the digital levels is now under
construction in the FGI. The calibration system will partly apply the existing vertical |aser
rod comparator and make possible the simultaneous calibrations of the rod scale and the
instrument-rod system. With the comparator we can, now, use 1.7 m and 7.0 m sighting
distances. In the future we hope to expand our sighting distances with plain mirrors.

Some preliminary system calibrations of the Wild NA2000 instrument with afiber glass bar
code rod GPCL4 using 1.7 m sighting distance (Fig. 9) and of the Zeiss DiNi12 using 1.7 m
and 7.0 m sighting distances (Fig. 11 and 12) were carried out. When we had calibrated the
rod scales with the FGI vertical laser rod comparator, results revealed non-typical errors both
in the Zeiss DiNi (Fig. 10) and in the Wild bar code scales (Fig. 8). Many of them are out of
standard given by the DIN 18717, which specifies a tolerance of +(0.02mm+20ppm) for an
arbitrary rod interval at 20°C.
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Fig. 8. Line correction of the Wild NA2000 barcode rod GPCL 4.
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Fig. 9. System calibration of the Wild NA2000.



Line correction of rod no. 14092, T = 20 °C, 8.2.2001
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Fig. 10. Line correction of the Zeiss DiNi coded rod no. 14092.
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Fig. 11. System calibration of the Zeiss DiNi12 using 1.7 m sighting distance.
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Fig. 12. System calibration of the Zeiss DiNi12 using 7.0 m sighting distance.
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Fig. 13. Line correction of the Zeiss DiNi coded rod no. 12653.

As shown in Fig. 8, abig jump of line correction, app. 0.3 mm, causes asimilar jump in rod
reading of the Wild NA2000 (Fig. 9). The origin of this jump is from a poor junction
between two sections of the fiber glass rod Wild GPCL4. The line corrections of the Zeiss
DiNi coded rod no. 14092 (Fig. 10) are unexpected large compared to the corresponding of
a“normal” Zeiss DiNi coded rod no. 12653 (Fig. 13), but the influence of big line errorsis
minute as shown in Figs. 11 and 12.



CONCLUSIONS

The simultaneous measurements with the digital level the Zeiss DiNi12 and the spirit
level Wild N3 in the Metsdhovi test field result that the precision of the Zeiss DiNi12 is
better than that of the Wild N3. When considering the results of bench marks intervals,
no systematic effect was found. On the other hand, the results of single setup indicated
some systematic behaviour.

The simultaneous calibration of the digital levelling system Zeiss DiNi12 and the bar
coded rod showed that even big graduation errors of the rod can have a small effect on
the rod readings.
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