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 The geodetic setting activities come down to location in the space of the selected 
points, lines and planes that represent parts of machines or devices in accordance 
with the project. For small machines there are used workshop methods, which enable 
to gain high measurement accuracy within relatively small observation space 
(Ćmielewski, 2007; Matsui and Zhang, 2002). 
During assembly of machines and mechanic devices, characterized by large sizes, 
setting activities as well as activities associated with the control of geometric 
conditions of the exploited machines, may be realized only with the use of geodetic 
methods (Batusov et al, 2009; Kuchmister et al, 2012). It comes out of the use of 
horizontal and vertical geodetic control networks. They compose the reference 
system that is the basis for any observations. Concerning machine building, the 
setting out and control surveys are carried out based on proper designed and fixed 
geodetic control networks, which are called the assembly bases (Kavanagh, 2010;  
Schofield and Breach, 2007). 
 The size and shape of horizontal geodetic control networks are strictly connected 
with the operated machine or the mechanical device (with strict connection to the 
parameters that characterize the accuracy of geodetic control network with assembly 
tolerances, set up for the appropriate type of device or machine). The horizontal 
geodetic control networks should be characterized by the well-matched accuracy 
parameters, ensuring the attainment of the final measurement effect, which is proper 
with project requirement (Ágfalvi et al, 2006; Mora, 1998; Pelzer, 1988; Schweitzer et 
al, 2012). 
 There are the following types of horizontal assembly bases: 

1) Flat assembly bases: 
 a) elongated bases, 
 b) surface bases, 
 c) circular bases, 
 d) radial- annular and radial bases, 
 e) optical bases, 

2) Assembly spatial bases. 
 

Ad. 1. Flat assembly bases: 

 Elongated bases are rectilinear (single or multiple). 
They are established parallel to the main axis of the mounted device and are located 
in a vertical plane, crossing this axis or in a plane, moved a fixed distance from the 
main axis. They are used for geodetic surveys during building of shipping motors, 
turbogenerators, machine slides, transmission shafts etc. 
 Surface bases are dedicated for machines and superficial expanded devices. 
They are found as geodetic control networks of a shape typical for regular geometric 
figures (square and rectangular bases), which are used to measure angles and 
lengths.  
 Concerning devices that take up larger surfaces there are used nets containing 
larger number of squares and rectangles. Surface bases might also include traverse 
networks of any shapes. High flexibility of these networks enables to adjust them to a 
shape of the operated device. 
 Elongated bases are used in geodetic works that are led for objects and devices 
of a circular section or close to this. 
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 Setting up of these network points’ location, assuming that the central point is 
inaccessible, might be done based on a length measurement of the sides and the 
angles in the closed polygon. 
 Radial-annular and radial bases are created for the needs of an operation of 
unique machines such as f.eg. synchrotrons. Control points are located on an 
annulus (circumference) as well as in a radius of the basis. 
 Optical bases may be in a form of a single line, several parallel and perpendicular 
lines and square or rectangular frame. Creating such bases is based on the use of 
many mirrors and theodolites that perform functions of autocollimators (Mora, 1998). 
 
Ad. 2. The assembly spatial bases are used during setting up of devices that are 
expanded in vertical directions. Their task is to secure the right assembly of each part 
of a device on the determined working levels according to the vertical line. Such 
geodetic control networks give a chance to do works on different levels at the same 
time. Spatial network may create any points, fixed on different levels in a way that 
ensure their link to geometric elements. Mutual connection of points means that in a 
network there are measured lengths, horizontal and vertical angles in a simple and 
accurate way. There are often found here regular square or rectangular networks. 

 
 To measure geometric quantities at distances of 0.0÷40.0 m, there might be used 
laser trackers (f.eg. LTD800 Leica company), which are three-coordinated 
measurement instruments. The head of a tracker that emits an infrared laser beam in 
the direction of the viewfinder, which is a small reflector. 
 These are complicated devices and because of the type of the emitted laser beam 
they do not allow to visualize the route of the sides of designed geodetic control 
networks. The individual visualization of the sides of geodetic control networks is 
necessary for proper observation site planning (Leica, 2012). 
 The common accessibility of optoelectronic elements (solid-state lasers, CCD 
cameras), their small sizes and invariability of the parameters for longer periods of 
their use, allow for their application in devices that help during survey works 
(Ćmielewski, 2007; Herty and Albert, 2002; Kuchmister et al, 2012).  
 The authors created optoelectronic set of tools that visualize the route of the 
geodetic assembly control network’s sides, especially on engineering and industrial 
objects can be identified in this test. 

 
 

2. Project of the set of devices for prolonging or renewing of the setting out 
horizontal geodetic control networks 

 
In figure 1 there is presented the laser transmitter, created by the authors, that allows 
for visualization of the geodetic control network’s sides while prolonging and 
renewing of geodetic control network, whose points have been destroyed or are 
partially inaccessible. 
 The next essential element of the set is the transmitter with CCD camera, which is 
used for setting up of the in space situated planes’ position and marking of control 
points. The design guidelines of the transmitter are shown in figures 2 and 3. 
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Table 1. The evaluation of the measurement repeatability of the set of devices on the basis 
of the registered sequence of images. 

Positions 
of the 

receiver’s 
screen 

Calculated the 
distances 

between the 
planes’ edges 

Mean 
value 

Number of 
measurement 

cycles 
 ni 

Residue 
from the 

mean 
value 

vi 

The 
measurement 
mean error in 

the fixed 
position of the 

receiver’s 
screen  

mi 
[pix] [pix] [pix] [pix] [mm] 

1 
503.0 

503.02 3 
-0.03 

0.10 0.002 502.9 -0.08 
503.1 0.11 

2 
411.5 

410.92 3 
0.62 

0.55 0.012 410.5 -0.45 
410.8 -0.17 

3 
317.1 

317.06 3 
0.08 

0.68 0.014 316.3 -0.72 
317.7 0.64 

4 
221.9 

221.29 3 
0.59 

0.99 0.021 221.8 0.55 
220.1 -1.15 

5 
130.5 

130.50 3 
0.00 

0.50 0.011 130.0 -0.50 
131.0 0.50 

6 

-55.0 

-55.88 4 

0.88 

1.03 0.022 
-56.5 -0.63 
-55.0 0.88 
-57.0 -1.13 

7 
-164.0 

-
163.08

3 
-0.92 

0.88 0.018 -163.0 0.08 
-162.3 0.83 

8 

-257.4 
-

257.77
4 

0.37 

1.52 0.032 
-258.0 -0.23 
-256.0 1.77 
-259.7 -1.90 

9 
-308.2 -

308.52
2 

0.31 
0.45 0.009 

-308.8 -0.31 
The global mean deviation error  m0 0.77 0.016 
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Table 2. The accuracy evaluation of the distance calculation between the energetic centres 
of the vertical laser planes’ edges with the use of the micrometric table 

 
T

he
 r

ea
di

ng
 s

 o
n 

th
e 

m
ic

ro
m

et
ric

 s
cr

ew
 The calculated distance 

between energetic centres of 
the laser planes on the 

registered images 

The calculated 
difference 

between energetic 
centres of the 

planes in 
reference to the 

initial position (on 
the registered 

images) 

The direction 
difference 

calculated on the 
basis of the 

measurement on 
the image and the 

reading on 
micrometric 

screw’s scale  

Measure
ment 
result  

Mean 
value 

Mean 
error of a 

single 
measurem

ent 
dk xi xśri mśr di = xśr1 – xśri �d = di- dk 

[mm] [pix] [pix] [pix] [pix] [mm] 
[mm] 

( [pix] ) 

2.00 
503.0 

503.02 0.10 0.00 2.000 
0.000 

( 0.00 ) 
502.9 
503.1 

4.00 
411.5 

410.92 0.55 92.10 3.972 
-0.028 

( -1.33 ) 
410.5 
410.8 

6.00 
317.1 

317.06 0.68 185.96 5.982 
-0.018 

( -0.86 ) 
316.3 
317.7 

8.00 
221.9 

221.29 0.99 281.73 8.033 
0.033 

( 1.56 ) 
221.8 
220.1 

10.00 
130.5 

130.50 0.50 372.52 9.977 
-0.023 

( -1.10 ) 
130.0 
131.0 

14.00 

-55.0 

-55.88 1.03 558.89 13.968 
-0.032 

 ( -1.54 ) 
-56.5 
-55.0 
-57.0 

Measurement accuracy 
0.018 

( 0.84 ) 
 
 Each of the vertical laser planes has been represented by the section, which has 
been registered as segment visible on the top or bottom of the image. 
Such a representation of the vertical laser planes’ edges at their identical colour has 
enabled to get more accurate coincidence and proper identification during working up 
the registered images.   
 The experimental studies have been conducted in both of the illustrated versions: 

- at the direct reading (with the naked eye) on the flat receiver’s screen (figure 
10A); 
- at the direct reading (visual) of the in real time projected image on the monitor’s 

screen (figure 10B). 
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 In table 3 there have been presented the readings’ results of the micrometric 
screw’s scale for such a position of the receiver, that has been resulted from a 
coincidence of the extracts of the vertical laser planes’ edges. The coincidence of the 
laser planes has been carried out in two versions. At the direct reading (with the 
naked eye) on the receiver’s screen there have been conducted 4 measurements. In 
the second version at the direct reading (visual), for the in real time projected image 
on the monitor’s screen, there have been conducted 5 images’ registrations. Based 
on the calculations carried out for each version there have been calculated the mean 
value of the readings on micrometric screw’s scale and its error. After that there have 
been calculated the distances on the image between the laser planes’ edges, their 
mean values and the errors. 
 

Table 3. The evaluation of the covering accuracy of the laser planes edges’ images 

Visual 
coincidence 

of the 
planes’edges 

Readings 
on the 

micrometric 
screw’s 
scale 

Mean 
value 

Mean 
value’s 
error 

Distance on 
the image 

between the 
laser planes 

edges’ images

Mean 
value 

Mean 
value’s 
error 

[mm] [pix] [mm] 
[pix] 

( [mm] ) 
[pix] 

( [mm] )

on the 
receiver’s 

screen 

14.00 

14.065 0.048 

7.4 0.159 
6.1  

(0.130) 
0.8  

(0.018) 
14.06 7.5 0.161 
14.09 5.4 0.116 
14.11 4.0 0.086 

on the 
monitor’s 
screen 

14.12 

14.160 0.029 

0.0 0.000 

-1.0  
 (-0.021) 

1.4  
(0.030) 

14.15 2.6 0.056 
14.16 -4.4 -0.094 
14.17 -3.0 -0.064 
14.20 0.0 0.000 

 
 On the basis of the results presented in table 3 there can be noticed that in case of 
the visual coincidence on the camera’s screen there has occurred a systematic error 
of the value of approximately 6 pixels. 
 The reason for this error’s occurrence has been a differential laser light’s intensity, 
which has been emitted by the receivers, and the size of the camera’s screen (image 
scale 1:1).  
 In the second version, in which there has been conducted the planes’ edges 
coincidence on the screen (image scale 3:1), a systematic error can be omitted. 

 
4. Conclusions 

 
The set of measurement devices, presented in the article, has an innovative 
character. Concerning authors’ intention, this is the set supporting geodetic surveys 
such as prolonging and renewing of setting out horizontal control points. 
 The common accessibility and at the same time the low cost purchase of the 
optoelectronic subassemblies, which compose the measurement set, unable to an 
extensive use of the set in field survey works. 
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 The technical parameters of the CCD/CMOS cameras and the solid-state lasers 
unable a miniaturization and a portability as well as ensure a long-lasting exploitation, 
resulting from the use of supply sources, which are safe for living organism. 
 The authors worked out and created the set of measurement devices in two 
versions, that unable a prolonging or renewing of control points on the level of the 
industrial hall’s floor (figure 2 and figure 3). It is also possible to position the set on 
tripods over the industrial hall’s floor (figure 6). 
 With the use of the created set of devices there can be done a prolonging of points 
of differential geometric shaped geodetic control networks. 
 It is necessary then to have enough laser transmitters and receivers. 
 One person is enough to do geodetic surveys with the use of the measurement 
set. 
 The prototypical set has been experimentally tested under laboratory conditions. 
Based on the study and analysis of accuracy, following conclusions were reached: 
1. The identification repeatability of the laser planes, that has been received by the 

CMOS camera, located on the micrometric table, has come to ±0.016 mm (0.8 
pixels); 

2. The measurement accuracy of the set of devices, resulting from identification of 
the energetic centres of the laser planes’ edges, visualizing the geodetic control 
networks’ sides, for short distances between 2.0 m and 20 m, has varied between 
±0.02 mm and ±0.05 mm; 

3.  The visual identification accuracy of the covering of images of the vertical laser 
planes’ edges, independently from the way of bringing them to a coincidence, has 
come to 0.02mm. In case of using the camera screen there has occurred a 
systematic error amounts to 0.13 mm; 

4.  The accuracy of a stabilization or renewing of the setting out a horizontal  control 
point, using the CMOS camera, has come to about ±0.25 mm; 

5. The accuracy of a stabilization or renewing of the setting out a horizontal control 
point, at positioning the laser edges with the naked eye on the screen surface of 
the receiver’s camera, has come to about ±0.35 mm. 
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