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Summary

This study investigates the applicability of a compact terrestrial laser scanner (Leica BLK360) 
for assessing the verticality of a  tall industrial chimney, and compares its performance with 
high-precision total station measurements. In the first phase, a reference control network was 
established and observed using the tangential envelope method with a total station, providing 
a precise benchmark. Terrestrial laser scanning was then carried out, and circles were fitted to 
horizontal cross-sections extracted from the point cloud. A  least-squares approach was used 
to calculate chimney-axis deviations and evaluate verticality along the height of the structure. 
The results of both methods revealed a consistent trend of deviations increasing with height. 
Maximum differences between the total station and TLS measurements did not exceed 5 mm, 
which remains within acceptable geodetic tolerance. This demonstrates that the BLK360 is ca-
pable of providing sufficiently accurate data for preliminary deformation monitoring of tall en-
gineering structures. The main advantage of the BLK360 scanner lies in its rapid and automated 
data acquisition, which allows for more frequent observations, reduced fieldwork time, and 
early detection of structural irregularities. However, limitations such as a reduced measurement 
range, lower sensitivity under unfavorable conditions, and dependency on surface reflectivity 
were also identified. Despite these constraints, the study confirms that the BLK360 can serve as 
a valuable supplementary tool to conventional total station surveys, offering practical support 
for ongoing monitoring, and contributing to improved safety in engineering practice.
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1. Introduction 

Slender engineering structures, such as industrial chimneys, cooling towers, masts, and 
telecommunication towers, represent a significant area of research within engineering 
geodesy and structural health monitoring [Gikas 2012]. Owing to their considerable 
height, susceptibility to dynamic influences, and operational importance, these struc-
tures are the focus of numerous studies that apply both conventional and advanced 
measurement techniques.

Classical geodetic methods, such as total station (TS) measurements, provide high, 
millimetre-level accuracy; however, their implementation requires precise instrumenta-
tion, is time-consuming, and remains prone to observer-related errors [Głowacki 2022]. 
An alternative is the use of GNSS measurements, which can also ensure high accuracy 
but require access to appropriate measurement infrastructure, thereby increasing the 
overall cost of surveys [Chmielewski at al. 2009]. In recent years, terrestrial laser scan-
ning (TLS) has been increasingly employed [Beshr et al. 2023, Marjetič 2018, Siwiec 
and Lenda 2022], enabling rapid, automated, and contactless acquisition of spatial data 
with high point density and millimetre-level accuracy [Barazzetti et al. 2019, Teng et 
al. 2022]. Scanning an object allows for the collection of a significantly larger number 
of points compared to any total station survey [Matwij et al. 2024]. Nevertheless, total 
station remains essential for establishing control points, which facilitates the registra-
tion of TLS point clouds and enables quality assessment of the registration. Ensuring 
stable control points in the vicinity of the object is crucial, as it guarantees the repeat-
ability of measurements over time [Barazzetti et al. 2019].

In the literature, several strategies for TLS data analysis used to assess the verticality 
and deformation of slender structures have been distinguished. The first approach is 
the cross-sectional method, in which circles are fitted to thin layers of the point cloud 
at different heights, allowing for the determination of the structural axis displacement 
and the evaluation of its deviation from verticality [Marjetič and Štebe 2017, Matwij 
et al. 2024, Muszynski and Milczarek 2017]. The second approach involves paramet-
ric surface modeling, enabling the direct determination of the inclination angle of the 
structural axis, as well as more advanced analysis of geometric deformations, such as 
ovalization or irregularities of walls. This approach is mainly applied when the shape 
of the object is somewhat more complex, e.g., in the case of cooling towers or wind 
turbine blades [Muszynski and Milczarek 2017, Pleterski et al. 2024, Popović et al. 
2022]. Another method is the projection of surface point coordinates onto a vertical 
plane, used, for example, in the analysis of cooling towers, which allows for determin-
ing the wall curvature equation, calculating the axis inclination, and identifying local 
deformations [Beshr et al. 2023]. The integration of TLS data with other technologies, 
including photogrammetry and radar interferometry [Owerko et al. 2012], enables 
a comprehensive assessment of the structural condition [Daliga and Kurałowicz 2019, 
Zrinjski et al. 2021].

Previous studies indicate that TLS measurements are primarily performed using 
advanced, high-precision geodetic scanners. In practice, however, there may be 



Compact TLS scanners in engineering... 41

https:// gll.urk.edu.pl

a need to use simpler, more affordable, and more mobile instruments, whose meas-
urement capabilities have not yet been extensively analyzed. In this study, an attempt 
was made to verify the applicability of the Leica BLK360 compact scanner ‒ a device 
with limited range and lower accuracy compared to standard geodetic instruments 
‒ for the measurement of slender structures. The aim of the study is to evaluate the 
suitability of a  lower-class scanner for basic analyses of the geometry of slender 
constructions. Deviations from the verticality of the chimney axis obtained from 
TLS measurements were calculated by fitting circles at each analyzed level, and then 
compared with total station measurements and computations using the tangential 
envelope method.

2. Materials and methods

The object of the survey is a brick industrial chimney, currently out of service, located 
next to the historic Water Tower on Na Grobli Street in Wrocław. The height of the 
chimney, including its base, is 42 meters.

2.1.	Methods 

The research approach involves comparing the results of determining the vertical-
ity of the chimney using two measurement methods: total station and terrestrial 
laser scanning. Measurements were conducted simultaneously under stable weather 
conditions: temperature 21°C, pressure 1019 hPa, wind speed 10 m/s. The reference 
instrument was a Trimble C5 electronic total station, with an angular measurement 
accuracy of 15cc and a distance measurement accuracy of 2 mm + 2 ppm. The Leica 
Geosystems BLK360 scanner, on the other hand, features an integrated fast HDR 
spherical imaging system. Scans were performed panoramically with a vertical scan-
ning range of 270°, a maximum range of 45 meters, and a scanning speed of 680,000 
points per second. The control points P1–P5 and the surveyed targets T1–T10 are 
shown in Figure 1.

2.1.1. Total station

For the chimney verticality measurements using the total station, the tangential enve-
lope method was employed. Initially, the reference network points P1–P5 (Fig. 1) were 
stabilized, after which they were measured with a total station in two series from two 
different telescope orientations.

The control points were additionally measured using GNSS in order to determine 
the cardinal directions. Subsequently, the verticality survey was carried out simultane-
ously from three stations: P1, P2, and P3. Measurements of the left and right tangents 
were performed at eight characteristic levels of the chimney 0‒7 (Fig. 2).

The control points were adjusted using the least squares method in the C-GEO soft-
ware. During the free-network horizontal adjustment, point P4 was determined with 
the lowest accuracy, with an error of 2 mm, while the mean square positional error was 
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Source: Authors’ own study

Fig. 1.	 Reference network with sightlines from control points a) P1, b) P2, c) P3

1.5 mm. In the vertical adjustment, the least accurate point was P3, with an error of 1.1 
mm. Subsequently, the coordinate system was transformed so that its origin was placed 
at the center of the chimney at level 0, while preserving the cardinal directions. The 
mean discrepancy in horizontal angle observations during tangent measurements was 
20cc (≈ 0.6"of arc). The mean direction of the chimney axis was calculated for each level 
and instrument station, followed by determining the angular deviations relative to level 
0. Finally, differential adjustments were performed in C-GEO, yielding the chimney 
axis displacements at individual levels in the X and Y directions.

Legend

Control point

Target



Compact TLS scanners in engineering... 43

https:// gll.urk.edu.pl

2.1.2. Terrestrial Laser Scanning 

The chimney was scanned from 14 stations (Fig. 3). Ten targets dedicated for Leica 
scanners, each with a diameter of 10 cm, were affixed to the structure and its imme-
diate surroundings. The centers of the targets, as well as characteristic edges on the 
chimney, were measured with a Trimble C5 total station in order to provide georefer-
encing (a coordinate system consistent with that used in the method of surrounding 
tangents).

The registrations were performed in Cyclone Register 360 PLUS. Unfortunately, 
despite scanning the targets from a maximum distance of 12–15 meters, they were not 
detected by the software and were therefore not included in the registration process. 
Due to the scan density, 33 connections between scans were identified. The overlap 
amounted to 54%, and the strength to 74%. The connections detected between indi-
vidual stations are shown in Figure 4. Two stations were excluded from the registration 
process because they were located too far from the previous stations, resulting in insuf-
ficient overlap that disrupted the registration.

Source: Authors’ own study 

Fig. 2.	 Characteristic levels of the chimney (a) with the method of targeting level 0 (b) and each 
subsequent level (c)
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Source: Authors’ own study 

Fig. 3.	 Scanner stations during the survey of the structure

Source: Authors’ own study 

Fig. 4.	 Connections detected between individual scanner stations
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Georeferencing was performed in CloudCompare by selecting characteristic points 
and edges on the point cloud that had been previously measured with a total station. 
Cross-sections of the point cloud were then extracted at the heights of the levels meas-
ured with a total station. Although the chimney height was within the device’s declared 
scanning range and the measurement stations were located in the immediate vicin-
ity of the structure, only five of the eight measurement levels could be extracted. The 
Fit-Circle tool was subsequently applied to the cross-sections to fit a circle and deter-
mine their centers and radius (Fig. 5).

Source: Authors’ own study 

Fig. 5.	 Circle fitting in a point cloud: (a) view of the extracted chimney levels, (b) detailed view 
of the point cloud with the fitted circle, (c) circle fitting for level 2 

A circle is fitted to a selected subset of the point cloud. The procedure begins with 
determining the best-fit plane by means of principal component analysis, followed 
by projecting the points onto this plane. In the resulting 2D coordinate system, circle 
fitting is carried out using the least squares method, which minimizes the deviations 
of the data points from the geometric model. The equation takes the following form:

	 x2 + y2 + ax + bx + c = 0 	 (1)

Accordingly, for each point (xi, yi), the equation can be expressed in a linear form 
with respect to the unknown parameters a, b, c:
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	 ax by c x yi i i i+ + = − +( )2 2 	 (2)

Collecting the equations for all points yields a linear equation:

	 AX = L	 (3)

where: 
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The solution is obtained from the formula:

	 X = (ATA)–1 ATL	 (5)

From the determined parameters  the circle center coordinates and the radius are 
obtained:
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Given the calculated circle centers  and radius, the root mean square (RMS) fitting 
error can be determined as follows: 
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where n – number of points in the selected subset.

3. Results

Table 1 presents the chimney axis displacements at successive measurement levels rela-
tive to the reference level 0, determined by the surrounding tangents method, together 
with the mean elevations of the measurement levels and the corresponding chimney 
radii. Table 2 presents the chimney axis displacements obtained from terrestrial laser 
scanning, along with the RMS error of circle fitting. 

Comparison of the chimney axis deviation results presented in both tables indicates 
consistency in the trend of increasing deviations with height. In both datasets, devia-
tions along the Y axis increase more dynamically than along the X axis. The deviations 
in the X axis exhibit slightly less regularity, yet they also show an upward trend. The 
largest differences between the results obtained with the two methods are observed at 
level 4, where the discrepancy in the X axis is approximately 0.003 m and in the Y axis 
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Source: Authors’ own study 

Fig. 6.	 Graphical representation of chimney axis deviations: (a) deviations in the X direction, 
(b) deviations in the Y direction, (c) chimney axis deviations in the horizontal plane 
X–Y, (d) directions of deviations at individual chimney levels in the X, Y, H space
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about 0.0004 m. At lower levels, the deviations are even more similar, with discrepan-
cies within the range of 1–3 mm. Therefore, it can be concluded that the maximum 
differences between the methods do not exceed a few millimeters and do not signifi-
cantly affect the overall pattern of chimney axis deviations increasing with height.

Table 2.	 Results of chimney axis deviations determined by TLS measurements using the circle 
fitting method 

Level Deviation along the X-axis [m] Deviation along the Y-axis [m] RMS

0 0.000 0.000 0.0042

1 0.001 0.004 0.0041

2 0.005 0.006 0.0058

3 0.004 0.010 0.0054

4 0.007 0.012 0.0056

Figure 6 presents a graphical representation of the chimney axis deviations in both 
directions (X, Y). The plots illustrate:
•	 deviations in the X direction (Fig. 6a), 
•	 deviations in the Y direction (Fig. 6b), 
•	 deviations of the chimney axis in the horizontal plane X-Y (Fig. 6c), 
•	 directions of deviations at individual chimney levels in the X, Y, H space (Fig. 6d).

This visualization enables not only the analysis of absolute deviation values in 
particular directions but also the assessment of the overall trend of displacements and 
their spatial characteristics.

4. Discussion 

The conducted study demonstrated that the use of the Leica BLK360 scanner, despite its 
technical limitations, allows for obtaining results comparable to total station measure-
ments in the analysis of the verticality of tall structures. Of particular importance is 
the observed consistency in the trend of chimney axis deviations, obtained both using 
the method of enclosing tangents and through the analysis of the point cloud acquired 
from laser scanning. The discrepancies between the two methods, which did not exceed 
5 mm, fall within acceptable measurement error margins, confirming the potential 
application of this class of equipment in geodetic tasks requiring higher accuracy.

The accuracy of deviation determination from the point cloud is significantly influ-
enced by the method of geometric model fitting. In this study, the least squares method 
was used to fit circles to rings extracted from the point cloud. The obtained RMS 
values indicate a high quality of fitting. The density of the point cloud, achieved up to 
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the fifth measurement level, was sufficient to extract rings with widths not exceeding 
a few centimeters. Alternatively, robust estimation methods [Muszyński 2014] can be 
applied to reduce the influence of outliers. Moreover, in the case of wider rings, it may 
be appropriate to use a conical model, which better represents the actual geometry of 
an industrial chimney. Wider rings usually occur when the point cloud is sparse or 
when parts of the object’s surface are partially obstructed, for example by ladders. In 
the analyzed object, neither the chimney nor its surroundings caused data obstruction, 
allowing the acquisition of a  dense point cloud and the extraction of narrow rings. 
Under such conditions, the least squares method provided satisfactory fitting results. 
However, it should be noted that for taller industrial chimneys, with limited acces-
sibility or partially obstructed by structural elements, the BLK360 scanner may prove 
insufficient.

At the same time, the limitations of the BLK360 scanner should be emphasized, 
particularly its relatively short measurement range, which is even smaller than declared 
by the manufacturer for vertical measurements. This is especially important for slender 
structures, where data must be acquired at multiple height levels. Difficulties in scan-
ning dedicated target plates also limit the ability to precisely correlate and control the 
data. As indicated by Muszynski and Milczarek [2017], the quality of the point cloud ‒ 
the most important measurement product ‒ largely depends on structural accessibility 
and weather conditions. In our case, the weather conditions were ideal; however, under 
less favorable conditions, scan quality may be insufficient.

Despite these limitations, a  significant advantage of the applied solution remains 
the speed of measurement, enabling more frequent monitoring of engineering struc-
tures. Even with limited accuracy, this facilitates early detection of potential geometric 
irregularities in the structure, which may form the basis for conducting more detailed 
total station measurements or using other high-precision methods.

The obtained results indicate that BLK360-class scanners can serve as a valuable 
supplement to conventional measurement methods for monitoring deformations in tall 
structures. Their main advantage is the ability to capture deformations across the entire 
surface, allowing for more frequent observations and the early detection of concern-
ing trends in structural behavior, while more precise geodetic techniques ‒ although 
limited to a few points ‒ remain essential for the final verification of results. In future 
studies, it would be worthwhile to consider integrating scanning measurements with 
total station methods, in order to combine the advantages of both technologies and 
create a comprehensive system for monitoring verticality and deformations of engi-
neering structures.

5. Conclusions 

Based on the presented case study, the following conclusions can be drawn:
1.	 The measurements of the verticality of the industrial chimney showed consistency 

between the results obtained using total station and TLS, with maximum discrepan-
cies not exceeding 5 mm.
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2.	 The main advantage of the Leica BLK360 scanner is the speed and ease of data ac-
quisition, enabling more frequent monitoring of structures and early detection of 
potential irregularities.

3.	 To validate the findings of this case study, the equipment should be tested on other 
structures.

4.	 Future studies should consider using larger target plates with better reflectivity and 
comparing the BLK360 with higher-end devices to evaluate its accuracy and effec-
tive range of use.

5.	 An important aspect for future investigation is the impact of atmospheric condi-
tions and structural accessibility on data quality, along with the development of 
methods to compensate for these limitations.

In conclusion, the Leica BLK360 compact laser scanner can serve as a  valuable 
supplement to conventional measurement methods in monitoring deformations of tall 
engineering structures, particularly in applications requiring frequent observations 
and rapid assessment of structural trends.
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