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Abstract— The paper deals with the construction and 

determination of coordinates of the absolute EDMs baseline 

in a laboratory with 16 pillars with forced centering. Leica 

Absolute Tracker AT401 (standard deviation of distance 

measurement: 5 µm, standard deviation of angle 

measurement: 0.15 mgon), which is designed for very 

accurate industrial measurements, was used for our purpose. 

Lengths between the baseline points were determined with a 

standard deviation of 0.02mm. The baseline is used for 

determining systematic and random errors of distance 

meters and for accuracy of distance meters at short distances 

common in engineering surveying for purposes of 

mechanical engineering. 
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I. INTRODUCTION 

All surveying instruments and their measurements suffer 

from some errors. To refine the measurement results, it is 

necessary to use procedures restricting influence of the 

instrument errors on the measured values or to implement 

numerical corrections. To determine the magnitude of the 

errors and standard deviations of measurements of distance 

meters of total stations EDM (Electronic Distance Meter) 

baselines are used. Calibration of distance meters at the 

baselines are carried out as a simple regular checks, further 

as legal metrological control of measurement or for error 

detection and more accurate results. The EDM baselines are 

realized as outdoor or laboratory. Outdoor baselines are 

usually made up of pillars with forced centering and lengths 

of more than 1 km. Lengths on these baselines are 

determined with an accuracy of 0.5 mm - 4.0 mm (when 

new determinations 0.3 ppm D or less). Distance meters are 

tested directly by comparing the measured distance and the 

reference distance of forced centering. These baselines are 

used mostly for routine calibration of distance meters used 

in common practice. Laboratory EDM baselines are used for 

accurate experimental measurements or for calibration of 

total stations used in engineering. The lengths of the 

baselines are 20 m - 50 m. Classical laboratory baseline 

consists of a rail and the interferometer (standard deviation 

of the measured distance by the interferometer is 1.5 ppm D) 

and is determined the difference of the relative distance 

measured by the interferometer and by the total station. 

EDM baseline combining both types of baselines, having 

stabilized points with forced centering and with distances 

determined with extra high precision was realized in 

geodetic laboratory at the Faculty of Civil Engineering CTU 

in Prague. The 16 concrete pillars with forced centering 

were set up and the absolute distances between the points 

were determined with a standard deviation of 0.02 

millimeter using Leica Absolute Tracker AT401. The 

baseline was built for testing of the distance meters of total 

stations, the actual lengths between the pillars ("true 

values") are compared with the measured lengths. The aim 

of the tests is to identify random and systematic errors of 

measured distances and determine possible methods of its 

correction for usage in engineering (indoor) measurements. 

II. OPERATING PRINCIPLES AND CONSTRUCTION 

A. Electromagnetic Energy 

The electromagnetic principles of Electronic Distance 

Measurement (EDM) theory and operation are well covered 

in most Surveying text books and on the internet. The intent 

here is to give the reader a general understanding of EDM so 

that error sources are better understood and controlled. 

An EDM uses electromagnetic (EM) energy to 

determine the length of a line. The energy originates at an 

instrument at one end of a line and is transmitted to a 

"reflector" at the other end from where it is returned to the 

originating instrument. The nature of the "reflector" is 

dependent on the type of EM. 

If electro-optical (infrared or laser) EM is used, 

then the "reflector" is typically a passive device which 

bounces the signal back to the transmitter. 

If the EM is microwave, Figure A-2, then the 

reflector is a second instrument which captures the incoming 

energy and re-transits it back to the originating instrument. 

In either case the measurement is the total distance from the 

instrument to the reflector and back to the instrument. 

We will limit discussion to electro-optical EM instrument 

since the majority of EDMs and Total Stations employ that 

EM type. 

III. DISTANCE DETERMINATION 

An EDM uses the EM signal stricture & determines distance 

using phase shift. The EM signal has a sinusoidal wave 

form. 

Remember from trigonometry that the sine curve 

looks like, fig 1: 

 
Fig. 1: Sine Curve 

This wave form repeats every 360°. The distance 

between wave form ends is the wavelength, λ, fig 2 

 
Fig. 2: Wavelength 
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Different wavelengths are generated at different modulation 

frequencies, f. 

Wavelength, frequency & the speed of light are related by: 

λ= c/f      eq. 1 

λ: wavelength 

c: light speed 

f: frequency 

The wavelength is a known quantity since it is 

generated by the EDM at a specific frequency. The signal 

leaves the EDM at 0° & 360° creating a partial wavelength, 

p, fig 3 

 
Fig. 3: Phase Shift 

The EDM can very accurately determine the length 

of the last partial wavelength from its phase. The total 

EDM-reflector-EDM distance is (N λ + p). 

IV. DISTANCE REDUCTION 

An EDM measures the line of sight distance between the 

instrument & reflector. This is a slope distance. fig 4, and 

not horizontal unless the EDM & reflector are the same 

elevation. 

 
Fig. 4: Slope Measurement 

In order to determine a horizontal or vertical 

distance additional information is needed. Combining an 

EDM with a digital theodolite results in Total Station 

Instrument(TSI). The TSI measures the slope distance & a 

zenith angle from which it computes a horizontal & vertical 

distance, Fig 5 

 
Fig. 5: Slope Reduction 

H = S x sin. (Z)  eq. 2 

V = S x cos. (Z) eq. 3 

It’s a little more complex than this & we’ll discuss 

a refinement in the Errors chapter. 

V. EVOLUTIONARY SIDEBAR 

Early attempts to integrate EDMs with theodolites resulted 

in some pretty interesting (& bizarre) hybrid instruments. 

The first affordable EDMs were stand alone & 

couldn’t measure distances – no zenith angles. A typical 

procedure is shown in fig 6: 

1) Measure a zenith angle with a theodolite, 

2) Remove the theodolite from the tripod & mount the 

EDM (often using the same tribrach to maintain the 

same setup) & measure the slope distance, & finally 

3) Manually reduce the slope distance to horizontal. 

 
Fig/ 6: Swapping Instruments 

As EDMs became more affordable & smaller, other 

integration methods appeared. 

EDMs were placed in yokes mounted to a 

theodolite’s standards, fig 7 (a). The vertical angle would be 

measured with the theodolite, & recorded or manually 

entered into the EDM. The slope distance would be 

measured with the EDM. Slope would be reduced to 

horizontal either manually or by the EDM if it could accept 

angle input. 

 
Fig. 7: (a) Standard mount 

Fig. 7: (b) Convergence 

Fig. 7: Standard Mount EDM 
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The advantage of this mounting method was that 

the EDM’s measuring center was always vertically above 

the same point – it didn’t change position as it was elevated 

or depressed to sight the prism. 

Another mounting method placed the EDM on top 

of, fig 8 & later wrapped around the theodolite telescope. 

Measurement & slope reduction was similar to that of a 

yoke-mount EDM. This method had the same disadvantage 

as the yoke mount plus two additional ones: 

1) It shifted the measuring center of the EDM as the zenith 

angle changed (necessitating more computations), &, 

2) It stressed the telescope mount & lock which were not 

designed for the additional eccentric weight. 

 
Fig. 8: Telescope Mount EDM 

It wasn’t until the digital theodolite was developed 

that the EDM could be seamlessly integrated with an angle 

measuring device: the Total Station. This has become the 

primary instrument for most surveyors & represents the 

latest evolutionary step of the EDM. For the rest of this 

chapter, we’ll discuss distance measurement with a TSI. 

VI. ADVANTAGES AND DISADVANTAGES 

A. Advantages 

1) Complex shapes can be produced while it is difficult to 

be machined by conventional machining. 

2) Extremely hard material can be cut with tight tolerance. 

3) Good surface finish can be obtained. 

4) The part can be machined without perceivable 

distortion, because there is no direct contact between 

tool and piece. 

5) Tolerances of +/- 0.005 can be achieved. 

6) The EDM process leaves no burrs. 

7) Applicable to all 2D & 3D surfaces. 

8) Rapid 3D data collection. 

9) Rapidly developing survey technology. 

10) Ideal for all 3D modeling & visualization purpose. 

B. Disadvantages 

1) High power consumption. 

2) The removal rate of material is very slow. 

3) Due to electrode war, it is difficult to reproduce sharp 

corners on the workpiece. 

4) Excessive tool wear occur during machining. 

5) Only able to machine conductive materials. 

6) More expensive process than conventional milling or 

turning. 

7) Some systems don’t work in sun or rain. 

8) No common data exchange format currently in use. 

9) Difficult to stay up-to-date with developments. 

10) Hardware expensive & sophisticated software required 

to process data. 

VII. APPLICATIONS OF EDM 

There are many other facilities available, the EDM can be 

used for the following purposes. 

− Detail survey i.e., data collection. 

− Control Survey (Traverse). 

− Height measurement (Remove elevation measurement- 

REM). 

− Fixing of missing pillars (or) Setting out (or) Stake out. 

− Resection. 

− Area calculations, etc. 

Remote Distance Measurement (RDM) or Missing 

Line Measurement (MLM). 

VIII. TESTING OF THE EQUIPMENT 

It is assumed to use 2 tribrachs (1 for instrument and 1 for 

the target), 1 carrier and 1 prism for testing of the distance 

meters on baseline. To ensure high precision of the absolute 

distances determined between the pillars and the informative 

value of tests distance meters, it was necessary to perform a 

test measurement of the tools to determine their parameters 

so that subsequent measurements were not discarded 

unnecessarily because of damage. 

Equipment of the facilities of the Department of 

Special Geodesy at Faculty of the Czech Technical 

University in Prague was selected to determine the baseline. 

Available was one precise carrier Leica GZR3 for which the 

manufacturer specifies the accuracy of centering at 0.3mm. 

It was also possible to use 5 Topcon tribrachs, from which 

two best also with similar characteristics according to the 

test measurement were selected and one of the three 

available mini prisms LeicaGMP101 was chosen. All this 

equipment is used for the purposes of baseline measurements 

only. 

To verify the reliability and accuracy of tribrachs 

the tests of re-centering and re-attaching of the carrier and 

also a test of repeated rotation of the carrier in the tribrach 

were designed. There were also determined the addition 

constants of the mini prisms. All tests were performed with 

use of the tracker. 

Appropriate carrier and tribrach together were 

always assembled for the test of the repeatability of 

centering. Screwing and leveling at the centering plate by 

carrier’s bubble were done five times. There was maintained 

the same position and orientation of the tribrach screws and 

of the carrier. Length measurement was performed after 

each screwing. Between five tribrachs, the difference in 

length at the same pillar was up to 0.7mm. Sample standard 

deviation of repeatability of centering of individual tribrachs 

reached values of 0.002mm – 0.007mm. 
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For the test of repeatability of placement of carrier 

(verification of the functionality of locks of the tribrach), 

there was always screwed a tribrach on a centering plate and 

accurately leveled by the carrier bubble. Then the carrier was 

five times removed and again clamped during unchanged 

leveling and orientation of the carrier to the instrument. 

After each clamping length measurements were taken. 

Standard deviation of repeatability reached values of 

0.002mm–0.04mm. 

On the basis of these tests 2 of the tribrachs for that 

the test of centering showed the same position were selected 

and they have also a minimal standard deviation of repeated 

clamping of carrier to tribrach. It was taped one adjustment 

screw on tribrachs so that when it was re-centered, it was 

always equally high. Values determined in test 

measurements also reflect the degree of wear of tools and 

point to necessity of control of used equipment. 

For the test of the eccentricity of the carrier tribrach 

with a carrier was accurately leveled. The carrier was then 

rotated around its axis to the 9 position and rotation was 

performed twice (clockwise and vice versa). After each 

rotation the distance was measured. There was detected 

approximately circular eccentricity with radius of 0.03mm. 

Additive constants of the Leica GMP101 mini 

prisms were determined by the comparison of the lengths 

measured at the spherical prism and Leica mini prisms. 

Lengths were measured on three pillars of baseline and to 

each pillar it was measured five times. For all tested prisms 

additive constant of approx. 16.5mm was determined in 

comparison of 16.9mm specified by the manufacturer. 

Sample standard deviation of determined constants totals 

had reached values of 0.006mm–0.03mm. Designated 

additive constant of selected mini prism is used in the 

testing of instruments on the baseline. 

Distance (ft) Error (ft) Linear Precision PPM 

10 0.0164 1:600 1670 

25 0.0165 1:1,500 670 

50 0.0166 1:1,300 330 

100 0.0167 1:6,000 170 

300 0.0173 1:17,000 60 

500 0.0179 1:28,000 35 

1000 0.0194 1:50,000 20 

2000 0.0224 1:90,000 10 

4000 0.0284 1:140,000 7 

6000 0.0344 1:170,000 6 

EDM Error Tabulated over Distance Where Error is +- 

(5mm + 3mm) 

Table 1: EDM Accuracy 

IX. CONCLUSION 

In geodetic laboratory of the Faculty of Civil Engineering 

CTU in Prague was established 38.6 meters long EDM 

baseline consisting of 16 concrete pillars with forced 

centering. Lengths between the pillars were determined using 

an accurate instrument Leica Absolute Tracker AT401 with 

use of the least square adjustment method with a standard 

deviation of 0.02 mm. From time to time implementation of 

control is assumed - verification measurements to determine 

the stability of the base and constancy of used equipment. 

The base is at present used for testing of distance meters 

instruments useful in indoor industrial measurements and for 

determining the size of their errors. 
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