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appeared. Designing new elements, with the use of CAD/CAM systems requires that 
objects are described as 3D forms. Measurements were initially performed using 
tacheometers, allowing for obtaining spatial co-ordinates of every measured point. 
This technique required the use of a reflector and involvement of two persons. In the 
case of an industrial plant, zones inaccessible for humans often occur; therefore 
reflector-less tacheometers appeared on the market, allowing for contactless 
measurements. However, measurements lasted too long and they were not efficient. 
 Basing on this technology, a laser scanner was constructed, which performs 
automatic measurements of millions points and operates faster than a total-stations. 
Terrestrial laser scanning produces a three-dimensional description of geometry of a 
scanned object. The accuracy of measurements does not differ in this case from the 
accuracy performed using precise tacheometers; the speed of measurements 
reaches about one million points per second. Integration of terrestrial laser scanning 
with digital photography allows for creation of a realistic three-dimensional model. 
Data acquired with the use of a laser scanner may be used for inventory of 
complicated industrial objects and for valuable analyses which could not be 
performed using conventional techniques (Elseberg, et. al, 2014). Operations with 
the “point cloud” concerns realistic visualisation, precise measurements in a space 
transferred to the virtual reality and they are also the basis for advanced spatial 
modelling and reverse engineering (Gergont, Kierys, 2009, Luhman, et. al, 2013, 
Vosselman & Mass, 2012). Technology of terrestrial laser scanning aims at the full 
automation, but complete utilisation of acquired geometrical data requires specialist 
knowledge and appropriate software tools. 
 Together with the development of measuring methods based on the terrestrial 
laser scanning, algorithms and methods of point clouds generation, basing on digital 
images applied in computer vision (CV) and photogrammetry, were also developed 
(Braazetti & Scaioni, 2009, Luhman, et. al, 2013). One of the most modern 
approaches to point cloud generation is the method based on the structure-from-
motion (SfM) algorithms, which are widely applied in computer vision algorithms. It is 
the fully automated method which allows for implementation of relative orientation of 
photographs, generation of dense point clouds basing on the network of photographs 
only. Its advantage concerns the ability to process both metric and non-metric 
photographs, which do not have the camera calibration certificate (Markiewicz & 
Turek, 2014; Mousa, 2014).  
 
2. Factors which influence the accuracy of laser scanning 
 
Before the measurements with the use of terrestrial laser scanning were started  
a series of laboratory tests were performed, which aimed at the analysis of the 
influence of various factors on the scanning accuracy (Radziejewski, 2013). 
 
2.1. Evaluation of the reflectance on surfaces of industrial objects 
 
The experiment concerning scanning of a pattern of a full colour palette and a palette 
of black shades was performed using the Z+F 5006h scanner. Performed laboratory 
tests proved that the intensity of reflectance of a laser scanner signal is similar to 
natural visual sensing. The darker the scanned colour, the lower the intensity of 
reflectance. White objects will be best projected, and projection of black objects will 
be the worst. Figure 1 presents the original pattern of colours with the partially 
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