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Abstract.  The Kyviškės Calibration Baseline was established by the Institute of Geodesy of the Vilnius Gediminas 
Technical University (VGTU) in 1996 for calibration of electronic distance measurement (EDM) instruments. The 
length of the 6-pillar baseline is 1 320 m, and a 7th pillar, established in 2000, extends it to a triangle-shaped test 
field. The Finnish Geodetic Institute, together with the Institute of Geodesy of VGTU, is measuring the baseline in 5–
6 years cycles with high precision instruments. Calibration results (lengths and uncertainties) of the three first 
measurements in 1997, 2001 and 2007 are presented. As an essential part of a metrological work, the traceability 
chain and measurement methods are described as well. 
The traceability chain from the definition of the metre to baseline lengths consists of several stages: absolute and 
relative measurements of quartz gauges, standard baseline measurements using white-light interferometry, projection 
measurements enabling calibration of transfer standards, and finally, calibration of the calibration baseline itself. 
After all this, 0.2 mm to 1.2 mm total uncertainties have been repeatedly obtained for the lengths of the pillar 
intervals at Kyviškės. Furthermore, the three results are compatible within the uncertainty limits, showing the 
baseline and test field very stable. In addition to testing and calibration of EDM instruments, Kyviškės is suitable for 
testing of total stations and GNSS measurement equipment. 
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1. Introduction.   
 

The Kyviškės Calibration Baseline was founded by 
the Institute of Geodesy of the Vilnius Gediminas 
Technical University (VGTU) in 1996. The purpose was 
to establish calibration facilities for EDM instruments. 
Six observation pillars were fundamented on the 
grassland on the western side of the Darius and Girėnas 
squadron airport, 15 km east of centre of Vilnius. 
Observation pillars are located from north to south at (0) 
0 m, (1) 100 m, (2) 360 m, (4) 1 120 m, (5) 1 300 m and 
(6) 1 320 m. A new pillar (7) was built in 2000 on the 
other, eastern side of the airport, 644 m to 949 m from the 
other pillars. This enables more versatile testing of 
surveying instruments in a triangle-shaped test field. 

Repeated high precision measurements with 
demonstrated traceability are essential in validating new 
measurement standards. The original baseline was first 
measured in June 1997 in co-operation between the 
Institute of Geodesy of VGTU and the Finnish Geodetic 
Institute (FGI); the FGI is a national standards laboratory 

in Finland. To verify the stability and to meet the 
metrological requirements, the second measurement was 
performed by the same institutes in October 2001. The 
new pillar no. 7 was included in the measurements then. 
These two calibrations are reported in Jokela et al. [1,2]. 
The third calibration was performed in August 2007, 
again by the same institutes, and using about the same 
methods and high precision EDM instruments as before. 

In this paper the results of the third calibration are 
presented and compared with the previous calibrations. 
The traceability chain from the definition of the metre to 
baseline lengths is described, too. 

Metrological activities both at the VGTU and the 
FGI are guided by quality management systems and meet 
the requirements of ISO 17025 and ISO 9001 standards.  

 
2. Traceability chain 

 
The lengths at Kyviškės are traceable to the 

definition of the metre. The Nummela Standard Baseline 
in Finland, measured regularly with the Väisälä 



 1275

interference comparator, and the quartz gauge system 
determining the scale in it, are essential measurement 
standards in the traceability chain. The scale is transferred 
from Nummela to Kyviškės with a high precision EDM 
instrument Kern ME5000 (Mekometer) of the Laboratory 
of Geoinformation and Positioning Technology of the 
Helsinki University of Technology. Results of 2007 are 
described here in some detail; the traceability chain is 
identical in all three calibrations. 

 
2.1. Quartz metre system  

 
Quartz gauges are 1-m-long measurement standards, 

hollow quartz tubes with sealed, rounded ends. These 
artefacts were made by Yrjö Väisälä, who developed the 
famous interference measurement method [3]. More than 
70 years the quartz metre system (now called as BTM00) 
has been maintained with absolute calibrations and 
relative comparisons. These measurements bring 
traceability to the lengths of the quartz gauges with 
±40 nm standard uncertainty. Latest absolute calibrations 
for several quartz gauges have been made at the PTB, 
Braunschweig, in 1995 and in MIKES, Helsinki, in 2000. 
The method developed in MIKES, based on white-light 
and laser interferometry, is described in Lassila et al. [4]. 
Relative comparisons with optical methods are performed 
at the Tuorla Observatory of University of Turku. These 
comparisons are based on the known distance between 
parallel glass surfaces, which is determined using the 
principal measurement standard of Tuorla, the quartz 
gauge no. 29. Comparisons are performed (at least) 
before and after every baseline measurement with the 
Väisälä comparator, but laborious absolute calibrations 
less frequently. Since 2005 experts of the FGI has carried 
out the practical work at Tuorla (Figure 1).  
 

 
 

Fig 1. Change of length of quartz gauge no. VIII, based on 
comparisons at the Tuorla Observatory. This quartz gauge 
transfers the scale to the Nummela Standard Baseline. The black 
spot at 2000 is the latest absolute calibration at MIKES. 

 
2.2. Nummela Standard Baseline  

 
The length of the 1-m-long quartz gauge is extended 

to a more serviceable geodetic length standard with the 
unique Väisälä (white-light) interference comparator 
[5,6]. This is still the most accurate method to measure 
geodetic standard baselines. The Nummela Standard 
Baseline of the FGI is probably the only place in the 

world, where this knowledge is still maintained and 
developed (Fig 2). From Nummela the traceable scale has 
been transferred to 10 countries during the last 10 years. 
In 2008–2010 the Nummela Standard Baseline is included 
in the absolute long-distance measurement project of the 
new European Metrology Research Programme (EMRP). 

 

 
 

Fig 2. Preparations for scale transfer. 
 
For calibrations at the Nummela Standard Baseline 

there are six observation pillars with forced-centring 
plates at 0, 24, 72, 216, 432 and 864 metres. In 
calibrations for the scale transfer to Kyviškės, true 
distances from interference measurements in 1996 [7] 
were used in 1997 and 2001, and in 2007 true distances 
from interference measurements in 2005 [8]. Standard 
errors of the true distances 24 m to 864 m are ±0.03 mm 
to ±0.07 mm. In 2005, only half of the Nummela Standard 
Baseline, 432 m, could be measured, because of 
constantly unfavourable weather conditions. The latest 
interference measurements were performed in 2007, soon 
after the latest measurements at Kyviškės, and now again 
up to 864 m. The final results are not yet available, but the 
preliminary results of 2007 fit very well with the results 
of both 1996 and 2005, as well as in the 60 years time 
series; the standard uncertainty of the 864 m length is 
again below 0.1 mm. 

The most stable lengths at the Nummela Standard 
Baseline are the distances between underground 
benchmarks. Observations – both in interference 
measurements and EDM calibrations – are made on 
observation pillars next to the underground markers. To 
obtain and maintain the best possible accuracy, frequent 
projection measurements, based on precise angle 
measurements, are needed to determine the projections of 
the underground benchmarks perpendicularly to the line 
in space between the observation pillars. In 2007, four 
projections at five pillars (at 0, 24, 72, 216 and 432 
metres; 864 m was not used) between July 19 and August 
31 served for the scale transfer to Kyviškės. Leica 
TC2003 and Wild T2002 theodolites were used. The 
results are presented in Table 1. Reconditioning of 
observation pillars 24–864 in June 2007 seems not to 
have caused any instability.   
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Table 1. Projection corrections (mm) between the underground 
benchmarks and forced-centring plates on observation pillars at 
the Nummela Standard Baseline for calibrations for scale 
transfer to Kyviškės in 2007. The variation represents how 
accurately the true values from interference measurements can 
be utilized in calibration measurements.  
 

 July 
19–25 

August 
8–13 

August 
13–14 

August 
28–31 

Mean 
(mm) 

0 +0.67 +0.52 +0.82 +0.84 +0.71±0.07 
24 –0.17 –0.29 –0.32 –0.42 –0.30±0.05 
72 –0.10 –0.03 –0.08 –0.20 –0.10±0.04 

216 –0.49 –0.41 –0.37 –0.56 –0.46±0.04 
432 –0.23 –0.33 –0.43 –0.51 –0.38±0.06 

 
2.3. Calibration of transfer standard  

 
The transfer standard, Kern ME5000 high precision 

EDM instrument  (no. 357094) with prism reflector (no. 
374414) was calibrated eight times at the Nummela 
Standard Baseline (Fig 3). Four calibrations were made in 
July between the 1st and 2nd projections and four more in 
August between the 3rd and 4th projections, the 
measurements at Kyviškės between. Every calibration 
consisted of 10 different distances 24 m to 432 m 
measured from both ends, altogether 160 distances; every 
observation included two single readings with 0.1 mm 
reading accuracy.  

 

 
 
Fig 3. Kern ME5000 at the Nummela Standard Baseline. 
 

Weather data was obtained with an Assmann 
psychrometer both at the EDM instrument and at the 
reflector, and with two Thommen aneroids at the 
Mekometer; all instruments were calibrated. Temperature 
varied from 14.7 °C to 22.7 °C, pressure from 98.28 kPa 
to 100.97 kPa and humidity from 47 % to 97 %. The 
weather was mostly cloudy, except on August 20 and 21, 
when it was sunny.  

After velocity corrections for weather conditions, 
geometrical correction onto reference height level, and 
projection corrections, the measured distances were 
compared with the true distances from interference 
measurements. Additive constant of the EDM equipment 
was determined first, and removed, and the scale 
correction was determined in a least-squares fit. Results 

are presented in table 2. In weighting the results larger 
standard deviations produce smaller weights; unstable 
weather conditions cause much of the larger variation. 
The weighted mean value of scale correction, +0.316 ppm 
±0.070 ppm was used in the computation of 
measurements at Kyviškės. Also the weighted mean of 
additive constant, +0.052 mm ±0.006 mm, was applied. 

Compared with previous results for the same 
instrument, differences in the scale correction are 
customarily small. The result from four calibrations on 
May 8–11, 2007, was +0,015 ppm ±0,068 ppm. 
Exhaustive twelve calibrations in August and October, 
2006, for an international comparison at KRISS, Korea, 
yielded the value +0.168 ppm ±0.052 ppm. All 
uncertainty estimates here are standard errors of the 
means. 

Projections and calibrations at Nummela in 2007 
were performed by Jorma Jokela and Martin Rub, except 
the projections during the measurements in Lithuania by 
Joel Ahola and Martin Rub. Jyrki Puupponen and Olli 
Vilkman assisted in preparations earlier in summer. 

 
Table 2. Calibration results for the Kern ME5000 EDM 
instrument no. 357094 + prism reflector no. 374414 at the 
Nummela Standard Baseline for the scale transfer to Kyviškės in 
2007. Weights were determined reversely proportional to the 
standard deviations of the eight calibrations.  
 

 
2007 

Additive 
constant (mm) 

Scale correction 
(ppm) 

July 25–26 +0.05 +0.46 
July 26–27 +0.00 +0.80 
July 27, 30 +0.02 +0.88 

July 30 +0.06 +0.21 
August 20 +0.07 +0.07 
August 21 +0.05 +0.35 
August 22 +0.01 +0.35 
August 23 +0.07 +0.22 

Mean: +0.041 ±0.009 +0.418 ±0.101 
Weighted mean: +0.052 ±0.006 +0.316 ±0.070 

 
3. Repeated calibration 
 

The third calibration of the Kyviškės Calibration 
Baseline was performed in August 2007. At the original 
baseline, pillars no. 1–6, the 15 different distances 20 m 
to 1 320 m were measured from both ends four times with 
the Kern ME5000 on August 9, 10, 11 and 13. Alike, 
distances between pillar no. 7 and other pillars, 644 m to 
949 m, were measured, but computed separately. 
Altogether 168 distances were measured; every 
observation included two single readings with 0.1 mm 
reading accuracy. Measurement instruments and methods 
have been about the same in all the three calibrations. 

Again, weather data was obtained with an Assmann 
psychrometer both at the EDM instrument and at the 
reflector, and with two Thommen aneroids at the 
Mekometer; instruments were the same as at Nummela. 
Temperature was 20.1 °C to 29.8 °C, pressure 98.65 kPa 
to 99.71 kPa and humidity 34 % to 90 %. Though the 
weather was mostly clear, it was quite appropriate for the 
measurements due to the steady south-eastern wind every 
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day calming down temperature changes. – The situation 
was completely different in the first calibration in June 
1997, when the sun was rapidly heating the cold soil. 
Weather conditions in the second calibration in October 
2001 were good. See figure 4 for more details. Velocity 
corrections for weather conditions have been computed 
using recommended methods.  

 

 
 

Fig 4. The three calibrations have been performed in completely 
different weather conditions. Both in the chilly October 2001 
(triangles) and in the warm August 2007 (circles) changes in 
temperature were smooth and reasonably registered and 
modelled during the 6 to 9 hours observation periods. Larger 
temperature fluctuations in June 1997 (quadrangles) resulted in 
larger uncertainty. After velocity corrections all the results are 
consistent, representing an extensive variety of real field 
conditions. 

 
Measurements at Kyviškės (Fig 5) were reduced 

onto reference height level of pillar 1, H1 = 161.023 m, 
on which also the previous measurements have been 
published. Heights of other pillars are H2 = 161.260 m, 
H3 = 162.256 m, H4 = 165.180 m, H5 = 166.506 m, H6 = 
166.816 m and H7 = 164.551 m. For users of the baseline 
this geometrical reduction is actually unnecessary, and to 
avoid extra work in practical measurements, a list of 
slope distances between the centres of centre holes on 
tops of pillars (i.e. between the forced-centrings) is also 
available.  

 

 
 

Fig 5. Kyviškės baseline observations from pillar no. 7. 
 
Velocity corrections, geometrical corrections and 

instrument corrections (scale correction, +0.316 ppm 
±0.070 ppm, and additive constant, +0.052 mm 
±0.006 mm, as determined at Nummela) were made 
before the least-squares adjustments. Computation was 
made first for the four measurements between pillars no. 
1–6 separately. The weighted mean of them is used for 
the final results. The weighting was reversely proportional 
to standard deviations of the four measurements; means 
with equal weights deviate from the weighted means –
0.03 mm to +0.02 mm. Next, the 6-pillar baseline was set 
fixed, and the position of the pillar no. 7 was computed 
using a least-squares adjustment program for triangulation 
and trilateration networks on ellipsoid. Finally, 
geometrical reductions were made back to distances 
between the top surfaces of pillars.   

Uncertainty of measurement presented with the final 
results is the extended uncertainty, which is computed 
from the standard errors of uncertainty components in the 
traceability chain: square root of sum of squares of 
standard errors, multiplied by two. Standard error of the 
length of the Nummela Standard Baseline is ±0.04 mm, 
determined from the interference measurements up to 432 
metres in 2005; for the extension up to 1.32 km it is 
±0.09 mm/km. Standard errors of projections were 
±0.07 mm. Instrument errors of the Kern ME5000 
between its calibrations in July and August were 
estimated (from the calibration results) to be 
±0.17 mm/km. Estimated standard error due to imperfect 
weather observations is ±0.20 mm/km (which means 0.2° 
in temperature or 60 Pa in pressure). Random errors from 
the adjustments were ±0.11 mm to ±0.15 mm. Finally, the 
total extended uncertainty is ±0.3 mm to ±0.8 mm for the 
lengths 20 m to 1 320 m. 

Results of 2007, compared with results of 1997 and 
2001, are listed in tables 3–4 and in figure 6. 
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100161

100162

100163

100164

100165

1996 2000 2004 2008

mm

1 - 2, 100 m

 

360173

360174

360175

360176

360177

1996 2000 2004 2008

mm

1 - 3, 360 m

 

1120377

1120378

1120379

1120380

1120381

1996 2000 2004 2008

mm

1 - 4, 1120 m

 

1300470

1300471

1300472

1300473

1300474

1996 2000 2004 2008

mm

1 - 5, 1300 m

 

1320480

1320481

1320482

1320483

1320484

1996 2000 2004 2008

mm

1 - 6, 1320 m

 

260010

260011

260012

260013

260014

1996 2000 2004 2008

mm

2 - 3, 260 m

 

760202

760203

760204

760205

760206

1996 2000 2004 2008

mm

3 - 4, 760 m

 

180091

180092

180093

180094

180095

1996 2000 2004 2008

mm

4 - 5, 180 m

 

20008

20009

20010

20011

20012

1996 2000 2004 2008

mm

5 - 6, 20 m

 

841805

841806

841807

841808

841809

1996 2000 2004 2008

mm

1 - 7, 842 m

 

775235

775236

775237

775238

775239

1996 2000 2004 2008

mm

2 - 7, 775 m

644374

644375

644376

644377

644378

1996 2000 2004 2008

mm

3 - 7, 644 m

804744

804745

804746

804747

804748

1996 2000 2004 2008

mm

4 - 7, 805 m

933817

933818

933819

933820

933821

1996 2000 2004 2008

mm

5 - 7, 934 m

949184

949185

949186

949187

949188

1996 2000 2004 2008

mm

6 - 7, 949 m

 
 
Fig 6. Results of three calibrations of the Kyviskes baseline (at epochs 1997.4, 2001.8 and 2007.6), lengths with extended (95 %) 
uncertainties. 
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They show some variation between the three 
calibrations. Results of 1997 and 2007 are very close to 
each other; the largest difference is 0.22 mm between 
pillars no. 5 and no. 6. Results of 2001, measured 
probably in the best weather, are slightly shorter. 
Defective modelling of the measurement conditions, 
especially temperature, may be one reason for the 
variations: Two psychrometers at the end points cannot 
always represent the real (varying) temperature along the 
light beam well enough. Daily variations in weather seem 
also to cause daily changes in the behaviour of the EDM 
instrument, a feature that is difficult to investigate 
properly. However, the variations are within the 
measurement uncertainty, and the good repeatability 
backs up the assumption of good stability of the baseline.  

In connection with the calibrations, some angles 
measurements have been made between the baseline end 
points no. 1 and no. 6 and the newer pillar no. 7: on 
October 25, 2001, four angle sets in two telescope face 
positions with a Wild T2002, and on August 13, 2007, 
three angle sets in two telescope face positions with a 
Leica TC2003. Closing errors were –0.31 mgon and – 

0.58 mgon, respectively, and measurement uncertainty is 
of the order of 1 second of arc. The two adjusted results 
from different periods are listed in table 5.  

 
Table 3. Results of three calibrations of the Kyviškės baseline, 
distances (mm) between the top surfaces of observation pillars 
reduced onto reference height level of pillar 1, H1 = 161.023 m. 
Uncertainty values are extended (95 %) uncertainties 
 
 June 1997 October 2001 August 2007
1 – 2 100 163.5 ±0.4 100 163.3 ±0.2 100 163.5 ±0.3
1 – 3 360 175.1 ±0.6 360 175.2 ±0.4 360 175.3 ±0.3
1 – 4 1 120 379.2 ±1.0 1 120 378.5 ±0.6 1 120 379.2 ±0.7
1 – 5 1 300 472.6 ±1.2 1 300 471.6 ±0.7 1 300 472.5 ±0.8
1 – 6 1 320 482.6 ±1.2 1 320 481.6 ±0.7 1 320 482.8 ±0.8
2 – 3 260 011.6 ±0.6 260 012.0 ±0.3 260 011.8 ±0.3
3 – 4 760 204.1 ±0.8 760 203.3 ±0.5 760 203.9 ±0.5
4 – 5 180 093.4 ±0.4 180 093.1 ±0.3 180 093.3 ±0.3
5 – 6 20 010.0 ±0.4 20 010.0 ±0.3 20 010.3 ±0.3
1 – 7 841 806.5 ±0.7 841 806.7 ±0.6
2 – 7 775 236.9 ±0.7 775 237.0 ±0.5
3 – 7 644 736.3 ±0.7 644 736.5 ±0.5
4 – 7 804 745.9 ±0.7 804 746.7 ±0.6
5 – 7 933 818.8 ±0.7 933 819.7 ±0.6
6 – 7 949 186.1 ±0.7 949 187.1 ±0.6

 
Table 4. Results of three calibrations of the Kyviškės baseline, slope distances (mm) between the top surfaces of observation pillars. 
The mean difference from 1997 to 2001 is –0.74 mm/km, whilst from 2001 to 2007 it is +0.78 mm/km.  
 

 June  
1997 

 
diff. 

October 
2001 

 
diff. 

August 
2007 

1 – 2 100 163.82 –0.26 100 163.56 +0.24 100 163.80 
1 – 3 360 177.29 +0.10 360 177.39 +0.03 360 177.42 
1 – 4 1 120 387.28 –0.68 1 120 386.60 +0.68 1 120 387.28 
1 – 5 1 300 484.71 –1.00 1 300 483.71 +0.91 1 300 484.62 
1 – 6 1 320 495.91 –1.01 1 320 494.90 +1.16 1 320 496.06 
1 – 7   841 814.13   841 814.37 
2 – 3 260 013.55 +0.35 260 013.90 –0.20 260 013.70 
2 – 4 1 020 223.55 –0.42 1 020 223.13 +0.44 1 020 223.57 
2 – 5 1 200 321.06 –0.75 1 200 320.31 +0.68 1 200 320.99 
2 – 6 1 220 332.30 –0.76 1 220 331.54 +0.92 1 220 332.46 
2 – 7   775 244.07   775 244.17 
3 – 4 760 210.00 –0.78 760 209.22 +0.65 760 209.87 
3 – 5 940 307.54 –1.10 940 306.44 +0.98 940 307.42 
3 – 6 960 318.81 –1.11 960 317.70 +1.14 960 318.84 
3 – 7   644 380.67   644 380.85 
4 – 5 180 098.41 –0.33 180 098.08 +0.24 180 098.32 
4 – 6 200 110.26 –0.35 200 109.91 +0.48 200 110.39 
4 – 7   804 746.59   804 747.46 
5 – 6 20 012.44 –0.03 20 012.41 +0.25 20 012.66 
5 – 7   933 821.55   933 822.41 
6 – 7   949 189.49   949 190.53 
Mean 730 910.46 –0.54 

(–0.74 ppm) 
730 909.92 +0.57 

(+0.78 ppm) 
730 910.49 
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Table 5. Angles between the corner points of the test field. 
 

 October 2001 August 2007 
6 – 7 – 1 94° 48’ 45” 94° 48’ 47” 
7 – 1 – 6 45° 44’ 56” 45° 44’ 55” 
1 – 6 – 7 39° 26’ 19” 39° 26’ 18” 

 
4. Conclusions 
 

1. The Kyviškės Calibration Baseline is a national 
measurement standard for calibration of EDM 
instruments in Lithuania. Extended to a test field it also 
serves in testing of a wider variety of surveying 
instruments, such as theodolites and GNSS equipment. 
The length of the 1 320-m baseline and its sections, 20 m 
to 949 m, are traceable to the definition of the metre 
through a traceability chain. Newest results of the 
interference measurements at the Nummela Standard 
Baseline in Finland and the best available high precision 
instruments have been utilized in the scale transfer.  

2. Results of repeated calibration of the baseline, in 
years 1997, 2001 and 2007, are compatible, confirming 
the baseline stable, without any significant pillar 
movements. The obtained total uncertainty, now ±0.3 mm 
to ±0.8 mm, is accurate enough for testing and calibration 
of practically all EDM instruments.  

3. Methods and traceability of long-distance 
measurements are topical research subjects in Europe.  

This relates to both traditional and new terrestrial 
and satellite geodetic methods. In consequence of our 
work, also the Kyviškės Calibration Baseline is qualified 
for contributing to this international research. 
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