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1. INTRODUCTION 

Control points are inseparable components of the laser scanning measurement process. 
They are mainly applied to connect point clouds from various standpoints. These points 
also ensure control in transformations of individual scanning positions and thus 
significantly affect the accuracy of the whole processing. This article deals with the 
evaluation of the accuracy of control points’ position determination using the Leica HDS 
3000 laser scanning system. For this purpose, a special measurement experiment was 
designed and performed in which a geodetic network consisting of control points of 
various design and produced by various manufacturers was measured. The measuring 
experiment checked the “internal accuracy” (by repeated measurements) of the 
determination of control points’ coordinates using the laser scanning method; 
furthermore, the accuracy of coordinates determined by the laser scanning method was 
compared with the coordinates measured by the total station. Coordinates determined 
by means of laser scanning from different standpoints were mutually compared. Last, 
but not least, the instrument accuracy declared by the manufacturer was monitored and 
compared with the results of measurements conducted in laboratory conditions. Five 
types of control points were used for this experiment. Then, the position determination 
accuracy was evaluated in relation to individual types of control points used. 
  
2. EXPERIMENT DESCRIPTION 
 

A three-dimensional geodetic network with 27 determined points was set up and 
successively measured at the atrium of the Faculty of Civil Engineering, CTU in Prague 
on 6. 5. 2010. The measurement by total stations was conducted from five standpoints, 
4001 to 4005, and by a laser scanner from standpoints 5001 and 5002.  
 
The measured control points were signalized by five different types of targets. These 
were six spherical targets manufactured by the Trimble Company, six hemispherical 
targets by the Leica Company, reflective target plates by Trimble and Leica Companies, 
again in six pieces each. The last type was a pyramid-shaped target developed at the 
Laser Scanning Laboratory of the Department of Special Geodesy. This type of target 
was used in the network three times.  
 
The effort was to use the FCE atrium to the maximum potential to uniformly distribute 
control points within it. The narrow, oblong-shaped atrium does not allow a fully 
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uniform configuration of control points and standpoints. A detailed diagram of the 
positioning of standpoints and control points is presented in Fig. 1. 

 
Fig. 1. Diagram of positioning standpoints and control points. 

 

2.1.  Methods of control point measurement  

Control points were scanned with the Leica HDS3000 terrestrial scanner, and the 
network was measured using the Trimble S6 – High Precision and Topcon GPT-7501 
total stations. 
  
2.1.1. Leica HDS 3000 Laser scanning system   

The above-mentioned control points were scanned from two standpoints (5001, 5002) 
using the Leica HDS3000 scanner. From the first standpoint (5001), each control point 
was scanned five times. On the second standpoint (5002), each point was only scanned 
once because of shortage of time.  
 

The HDS 3000 laser scanning system (Fig. 2) is one of the products of the HDS (High 
Definition Surveying) series of instruments manufactured by the Leica Geosystems 
Company. It is a scanning system based on the principle of the three-dimensional polar 
method. 
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coordinates obtainrd from repetitive measurements on the first standpoint (5001). Then, 
it will be clear which types of control point targeting are suitable for the Leica HDS3000 
scanner and which are not. 

4.1. Internal accuracy of coordinate determination  

The coordinates determined five times on the standpoint 5001 served for the calculation 
of their average values (߮ܺ, ߮y, ܼ߮) and for subsequent corrections (ܼݒ ,  ,ܺݒ) for each 
coordinate. Furthermore, standard coordinate deviations (ܺߪ,   were calculated (ܼߪ ,yߪ
from these corrections using the formula [BÖHM et al. 1990]:  
 

࢞࣌ ൌ ට∑࢞࢜࢞࢜
ି

       (1) 

 

where the variable ݔ represents ܺ, ܻ, ܼ coordinates. The resulting error of the position of 
a respective control point was calculated from the formula [BÖHM et al. 1990]: 

 

࣌ ൌ ටࢄ࣌  ࢅ࣌  ࢆ࣌                         (2) 

 

For each type of used control point, the standard positional deviation was calculated as 
the quadratic mean using the formula [BÖHM et al. 1990]: 
 

࣌ ൌ ට∑ ࣌
స


       (3) 

 

where ݊ is the number of control points. 
 

4.1.1. Internal accuracy of spherical targets by Trimble Company  

The maximum standard positional deviation of this type of control point takes the value 
of 0.9 mm. The quadratic mean of standard positional deviations for this type of control 
point takes the value of 0.6 mm. In terms of the resulting positional accuracy of these 
targeted points, these targets are suitable for measurements using this type of scanner. 
If, however, the demands for measurement are considered (left, right, upper, lower – all 
this in both positions of the telescope) and the demands for manual evaluation of the 
centre of the spherical area in the Cyclone programme as was described above, this type 
of target is unsuitable for projecting the scanned spherical area as it is very time 
consuming.  

4.1.2. Internal accuracy of reflective target plates by Trimble Company  

The maximum standard positional deviation of this type of control point takes the value 
of 21.1 mm. The quadratic mean of standard positional deviations for this type of 
control point takes the value of 11. 8 mm. Reflective target plates by the Trimble 
Company have a much larger surface area of a highly reflective centre than original 
targets by the Leica Company. The HDS 3000 scanner is fitted with implicit setting of 
the reflective target area size, therefore, while scanning Trimble reflective targets the 
reflective area is incompletely scanned and, successively, the centre of this target is 
erroneously evaluated in the automatic processing in the Cyclone programme. Trimble 
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reflective targets are manufactured for a different type of scanner and have proved 
unsuitable for the Leica HDS3000 scanner. 

4.1.3. Internal accuracy of reflective target plates by Leica Company  

The maximum standard positional deviation of this type of control point takes the value 
of 0.4 mm. The quadratic mean of standard positional deviations for this type of control 
point takes the value of 0.3 mm. The presumption that original targets should be the 
most suitable was confirmed. They are suitable not only in terms of accuracy of position 
determination using the Leica HDS3000 scanning system, but also in terms of evaluation 
and sighting by the total station. The centre signalized by a small black circle was aimed, 
and the scans were automatically evaluated in the Cyclone programme. The time 
savings in aiming a large number of control points will be significant observing the 
maximum demands for accuracy. 

4.1.4. Internal accuracy of hemispherical targets by Leica Company  

The maximum standard positional deviation of this type of control point takes the value 
of 0.7 mm. The quadratic mean of standard positional deviations for this type of control 
point takes the value of 0.4 mm. In repetitive measurements, the flat part of the 
respective hemispherical target was used. The used material is identical to the Leica 
reflective target plate differing only by dimensions (reflective target plate 3” 3 ݔ”, 
hemispherical target 6”). Therefore, it corresponds by its accuracy to the preceding type 
of target. At the same time, the other positive qualities also apply to it. The internal 
accuracy of the determination of the hemispheres’ coordinates cannot be evaluated, as 
they were measured from the second standpoint (5002) and only once. The evaluation of 
the centres of these hemispherical targets was automatic, unlike the spherical targets by 
the Trimble Company. 

4.1.5. Internal accuracy of pyramid-shaped control points   

The maximum standard positional deviation of this type of control point takes the value 
of 1.1 mm. The quadratic mean of standard positional deviations for this type of control 
point takes the value of 0.8 mm. This type of control point is definitely not superior to 
original targets supplied by the manufacturer, nevertheless, it was manifested that this 
type of targeting is applicable. Evaluation in the Cyclone programme is relatively 
demanding and lengthy, but the resulting standard positional deviation for this type of 
control point is below 1 mm. In places where a reflective plate cannot be fixed, a 
naturally targeted intersection of three planes may be used under the condition that all 
sides have been scanned with roughly the same density.   

4.1.6. Overview of internal accuracy of control points  

Provided the Trimble reflective target plate, which was found unsuitable for this type of 
scanner, is removed from the evaluation, all the other positional deviations have 
complied with the expected internal accuracy up to 1 mm. It was confirmed that the 
most suitable solution are original targets, but the accuracy of the other two target types 
is not dramatically worse and in case of need they are usable.  Numerical values are 
presented in the table below.  
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Table 1. Internal accuracy of control points 

Control point type ߪ [݉݉] 

Trimble spherical target  0.6 

Trimble reflective target plate  11.8 

Trimble reflective target plate 0.3 

Leica hemispherical target  0.4 

Pyramid 0.8 

 

4.2. Measurement accuracy from first standpoint in relation to adjusted coordinates  

Having determined internal accuracy from the five times repeated first scan, the 
accuracy of the determination of control points’ coordinates in relation to adjusted 
coordinates may be evaluated in the GNU Gama programme. First of all, however, the 
coordinates of control points obtained by means of the laser scanning methods had to be 
transformed [PAVELKA et al., 2001] into a coordinate system in which adjusted 
coordinates had been determined using the GNU Gama software. The positional 
accuracy of the control points’ coordinates thus determined was 0.6 mm. If the effect of 
the accuracy of adjusted coordinates was to be eliminated, it would be necessary to 
quadratically subtract the positional deviations of control points’ adjusted coordinates 
from positional deviations of the coordinates determined by scanning (and 
transformation). The introduction of this correction produced a correction of positional 
deviations in the order of tenths of a millimetre, therefore, this correction was not used. 
The evaluation was performed by comparing transformed coordinates (ܺܶ, ܻܶ, ܼܶ) from 
individual repeated measurements from the first standpoint with the control points’ 
coordinates determined by adjustment in the GNU Gama programme. Corrections (ࡳࢄ࢜, 
 ሻ were calculated from adjusted coordinates and from them standard coordinateࡳࢆ࢜ ,ࡳࢅ࢜
deviations (ࡳࢆ࣌ ,ࡳࢅ࣌ ,ࡳࢄ࣌ሻ for each control point were calculated using formula (1). The 
positional deviation of a respective control point ࡳ࣌ was calculated from formula (2). 
The positional deviation ࡳ࣌  of a specific type of control point was determined as the 
quadratic mean using formula (3).  

4.2.1. Overview of control point accuracy in relation to adjusted coordinates   

As compared to the evaluation of internal accuracy of repeated scanning, positional 
deviations in relation to adjusted coordinates are by one order less accurate. It is not 
possible to evaluate the effect of transformation into a common coordinate system on the 
accuracy of coordinates determined by scanning. Provided the Trimble reflective target 
plate, which was found unsuitable for this type of scanner, is removed from the 
evaluation, the accuracy rate of all the other types of control points is comparable. It 
was confirmed that the most suitable are original targets, but the accuracy of the other 
two types of target is not dramatically worse. It is possible that a control point located 
too close to the scanner is determined with lower accuracy than more distant points. The 
resulting standard positional deviations are presented in the table below. 
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Table 2. Overview of control points’ accuracy in relation to adjusted coordinates 

Control point type ࡳ࣌ [݉݉] 

Trimble spherical target 1.7 

Trimble reflective target plate 11.8 

Trimble reflective target plate 1.2 

Leica hemispherical target 1.4 

Pyramid 1.5 

 

4.3. Accuracy of measurement from both standpoints in relation to coordinates 
 determined by adjustment  

After the unification of the coordinate systems of both completed scan positions was 
performed, the accuracy of the determination of control points’ coordinates in relation 
to adjusted coordinates may be evaluated in the GNU Gama programme. The effect of 
these coordinates’ determination is not considered as it is of minimum value. The 
evaluation was performed by comparing the mean coordinates of five repeated 
measurements in the first scan and the once measured coordinates in the second scan 
with adjusted coordinates. These coordinates were used for calculating corrections (ࡳࢄ࢜, 
 was ࡳ࣌ ሻ and from them the positional deviation of a respective control pointࡳࢆ࢜ ,ࡳࢅ࢜
calculated using formula (2). The positional deviation ࡳ࣌  of a specific type of control 
point was determined as the quadratic mean using formula (3). The same procedure was 
used for the calculation of standard coordinate deviations (ࡳࢄ࣌ ࡳࢅ࣌ , ࡳࢆ࣌ , ሻ.   
4.3.1. Overview of accuracy of control points from standpoints 5001, 5002 in relation to 

 adjusted coordinates  
The values of standard deviations of points determined from the second standpoint are 
in all cases greater than the values of standard deviations of points from the first 
standpoint. These differences, however, are practically negligible for some types of 
control points (Leica and pyramid targets) with respect to the statistical error in 
determining standard deviations. A slightly lower accuracy in the determination of 
control points on the second standpoint is attributed to numerous random errors which 
were eliminated by repeated measurement on the standpoint 5001. For both types of 
targets manufactured by the Leica Company, the difference between the five times and 
once measured control points is the least. The Cyclone software is, therefore, able to 
evaluate control points to maximally eliminate the random error component so that only 
the systematic error mainly remains. 

 
Table 3.  Overview of accuracy of control points from standpoints 5001 and 5002 in relation to adjusted 

coordinates 

Control point type ࣌ࡳ ࡳ࣌ [݉݉] [݉݉] 

Trimble spherical target 1.7 2.6 

Trimble reflective target plate 11.8 12.4 

Trimble reflective target plate 1.2 1.0 

Leica hemispherical target 1.4 1.2 

Pyramid 1.5 1.4 
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5. CONCLUSION  

 

The objective of this article was to evaluate the accuracy of positional determination of 
control points using the Leica HDS3000 terrestrial laser scanner. Five types of control 
point targets were used for this experiment: reflective targeting plates and 
hemispherical targets produced by the Leica Company, reflective target plates and 
spherical targets by the Trimble Company and pyramid-shaped control points 
manufactured exclusively for this experiment at the laboratory of the Department of 
Special Geodesy. First of all, internal accuracy of the determination of control points’ 
position was monitored with the Leica HDS3000 scanner, using five times repeated 
measurements from one standpoint. The hypothesis that original targets are the most 
suitable option for this type of scanner was confirmed; their accuracy of position 
determination is 0.4 mm. Reflective Trimble target plates, on the contrary, proved 
unsuitable for this type of scanner as their dimensions are incompatible. Trimble 
spherical targets and pyramid-shaped control points are usable for this type of scanner, 
but the evaluation of point clouds poses much greater demands on time than the 
evaluation of original targets. Here, the accuracy of 0.6 mm may be obtained for 
Trimble spherical targets and 0.8 mm for pyramids. 
 

Furthermore, the accuracy of their position determination was compared in relation to 
coordinates measured by total stations, which were adjusted in the GNU Gama 
programme. The standard positional deviation of adjusted coordinates is 0.6 mm. It was 
performed in a common coordinate system (control points determined by scanning were 
transformed), and thus the evaluation is not completely independent. The results, 
however, confirm previous measurements. And, like in the evaluation of internal 
accuracy, Leica control points again appear the most suitable option (the standard 
deviation of position determination using Leica targets was only 1.0 mm), but the other 
types of targets, except for Trimble reflective target plates, are also applicable (the 
standard deviation of position determination of Trimble spherical targets being 1.4 mm, 
and of the pyramid 1.2 mm). 
 

To conclude, the coordinates of control points measured from the second standpoint 
were compared in relation to adjusted and also averaged coordinates from five times 
repeated measurements. It was confirmed that by repetitive measurements random 
errors are eliminated and what remains is mostly only the systematic error component.  
 

The manufacturer declares the accuracy of the determination of coordinates for a target 
of 2 mm; this value was reached during five times repeated measurements for each type 
of control point, except for the Trimble reflective target plate (11.8 mm). In the 
measurement performed once, the value declared by the manufacturer was exceeded in 
the evaluation of Trimble reflective target plates and spherical targets   (12.4 mm or 2.6 
mm respectively), while for pyramids (1.1 mm) and original control points the accuracy 
was observed (1.0 mm or 1.4 mm respectively).  
 

It should be emphasized that if we use original targets the accuracy of the determination 
of control points’ position is practically doubled against the value declared by the 
manufacturer (the standard deviation being half its value). The experiment was 
performed in laboratory conditions; the distance from the scanner to control points was 
in the interval of 5 m to 25 m. 
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