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 The session I was performed the conditions of relatively small temperature 
variations (11.5 – 19.6 ºC). During the session II the temperature varied between 
21.2 to 46.3 ºC. Therefore results obtained In this session will be more interesting. 

 
4. Determination of displacements of points on the skylight construction 
 
In order to determine displacements of points of the skylight construction the local 
coordinate system was assumed. The station of the instrument, understood as the 
section of the main axis of the instrument and the horizontal axis of the telescope had 
the coordinates (0, 0, 0); the orientation of the OY axis was defined accordingly to the 
direction of the collimation axis to the point 7 (Fig. 4).  

The first stage of processing results of measurements consisted of averaging the 
pointing in particular series of measurements. This allows to eliminate instrumental 
errors (collimation and the zero point of the vertical circle) and, at the same time, to 
control particular pointing operations (collimation and zero points should have stable 
values). The averaging process concerned measured values and the time of 
measurements. During the next stage, the stability of the total station station was 
checked. Points 1 and 7, located on the supports of the skylight construction were 
used for that purpose. As a result, the relative stability of the station was proved with 
respect to X and Y coordinates; considerable variations in the orientation fo the 
horizontal circle were also detected. This phenomenon will be described in more 
details in section 5.  
 The successive stage of work consisted of introduction of corrections to measured 
distances, related to the temperature and the atmospheric pressure. Temperature 
variations, recorded by means of the EXTECH RH520A recorder and introduced in 
the TCcalc1200 application were used for that purpose. The atmospheric pressure 
value was read out from the barometer; it was assumed as constant for the entire 
measurements. Since the cycle of temperature recording was not correlated with the 
time of measurements, determination fo the temperature for particular observations 
required interpolation. It was performed by means of one of the procedures of the 
software application.  
 The last stage of works consisted of determination of spatial coordinates of points 
on the skylight construction, for averaged moments of measurements of particular 
points, in particular series. 
 Coordinates of points were calculated basing the following relations: 
 

X = X 0 + d�cosA  
Y = Y 0 + d�sinA  
Z= Z 0 + d�ctgV  

where: 
X,Y,Z – coordinates of the total station, 
d – horizontal distance, 
A – azimuth of the direction to the point being determined, 
V – zenithal angle to the point being determined. 

The horizontal distance is calculated from the relation: 
d = s�sinV  

where: 
s – the inclined distance after introduction of the correction due to 

atmospheric conditions. 
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 Due to the small size of the object (the maximum length of the sight line equaled to 
33m) the influence of the Earth curvature was neglected. 
 In order to estimate the accuracy of determined coordinates, the following mean 
errors of the s distance measurements, the Hz horizontal angle and the V zenithal 
angle measurements, were assumed: 

ms = ± 0.3mm     mHz = ± 10cc     mV = ± 10cc  
 

 The mean error of the horizontal distance is described by the formula: 
 

md =√sin (V )2 ms
2+ cos(V )2mV

2

 
 

 After substitution of the assumed errors and the minimum zenithal angle (90g), 
which occurs in the measurements, one obtains md = ± 0.296mm; this allows for 
making the simplifying assumption md ≈ ms. 
 As a result, mean errors of coordinates may be expressed as the following 
relations: 

mX =√cos2( A)md
2+ d 2sin2( A)mHz

2

 
mY= √sin2(A)md

2+ d 2cos2( A)mHz
2

 
mZ= √cos2(V )ms

2+ s2 sin2(V )mV
2

 
 

 It may be easily checked, that for the current assumptions and for the longest sight 
line (d=33m) mean errors of coordinates X, Y and Z will obtain the maximum values 
of 0.5mm 
 Diagrams presenting changes of coordinates in mm for particualr points are 
presented in successive parts of the paper.  

 
4.1. Session I 

 

Fig. 5. Horizontal displacements of control points (X coordinate) 
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Fig. 6. Horizontal displacements of control points (Y coordinate) 
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Fig. 7. Vertical displacements of control points (Z coordinate) 
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Fig. 8. Changes of temperature in °C 

 
 Temperature variations during this session were relatively small; however the 
reaction of the object on these variations may be easily noticed. This concerns, in 
particular, the Z coordinate, where the amplitude of movements reaches 2mm; points 
behave similarly and independently on the point location of the skylight construction. 
In the case of X and Y coordinates, changes are much smaller and their nature 
depends on locations of points on the skylight construction.  
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4.2. Sesion II 
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Fig. 9. Horizontal displacements of control points (X coordinate) 
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Fig. 10. Horizontal displacements of control points (Y coordinate) 
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Fig. 11. Vertical displacements of control points (Z coordinate) 

 
Fig. 12. Changes of temperature in °C 
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5. Influence of the temperature on the measuring system 
 
Although the basic objective of measurements was to analyse movements of the 
skylight construction, performed measurements also allowed to obtain interesting 
results concerning the behaviour of elements of the measuring set in high 
temperature variations. In particular, changes of the collimation error value, the zero 
point of the vertical circle and changes of orientation of the horizontal circle, were 
analysed. It was possible to determine changes of the collimation value and the zero 
point of the vertical circle since measurements were performed in two faces. As a 
result of analysis of measuring data it could be concluded that temperature variations 
slightly influence the changes of the collimation values and the zero point of the 
vertical circle. The amplitude of changes during session II did not exceed 15cc, both, 
for the collimation and the zero point of the V circle. These results confirm the 
considerable improvements in thermal resistance of the telescope construction, 
comparing to older models of instruments. Modifications in the ATR system 
construction, introduced in TPS1200+ series instruments are described by Kirschner 
H. and Stempfhuber W. (2008) 
 Changes in orientation of the horizontal circle may be tracked basing on 
measurements to reference points 1 and 7. As a result of analysis of measurements 
it was stated that changes of the horizontal direction to these points are compliant, 
what proves the stability of the angle between them. Therefore, it was considered 
that changes in direction to each point resulted from the changes of the instrument 
itself. Since the total station was placed on a standard, wooden tripod during each of 
the measurements, this tripod became the most probable source of observed 
changes. 
 The diagram of changes in orientation of the instrument for session I is presented 
in Fig.15. Unit of orientation changes is taken as 0.1 mgon. 
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Fig. 15. Changes of horizontal orientation of the instrument 

 
 
The issue of stability of geometric parameters of the measuring set will be the subject 
of a separate paper.  
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6. Conclusions  

 
Performed experiments confirmed the usefulness of the developed measuring 
system for monitoring deformations of constructions.  
 In the case of the analysed object it was very important to record the temperature, 
as the basic component which caused deformations. The applied solution, which 
consisted of utilisation of the external recorder allows to consider the influence of 
temperature at the stage of processing the results of measurements. Consideration 
of the influence of atmospheric conditions at the stage of measurements will be 
possible after the expansion of the system with a sensor which may be read out in 
real time. The example of such a sensor is Meteo sensor DTM manufactured by 
Leica Geosystems. We plan to expand the system with a similar sensor in the future. 
 Data concerning displacements of the object proved the high sensitivity of the 
construction to changes in temperature. Vertical displacements were of the same 
order as horizontal ones. The control points, placed on the skylight construction 
allowed to obtain the image of distribution of displacements; their location,. however, 
within a similar distance to the construction centre resulted in incompleteness of this 
image. In order to obtain the more complete information about the behaviour of the 
construction it would be reasonable to complement the set of control points with 
points located close to supports and a point located close to the construction centre. 
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