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Abstract. Building structures are exposed to the impact of various forces and natural

phenomena. Earthquakes, heavy rains, displacements of land surrounding the building can
have a significant and negative impact on the elements of buildings or entire construction
objects. Terrestrial laser scanning technology can be successfully used to obtain data on
changes in the structure of an object. This papier discusses the use of TLS as a measurement
method for obtaining information on displacements and deformations that have occurred after
heavy downpour. As a result of the rapid rain, the ground displacement occurred, which in
effect led to damage to the retaining wall. The terrestrial laser scanning was used to measure
the area covered by the displacements and the M-split method to model the obtained data.
Keywords: Buildings, TLS, M-split Estimation, Defects, Hazards.

1 Introduction
Laser scanning technology allows to obtain a large amount of information about an object in a
short time. For this reason, this technology is becoming increasingly popular also in buildings
monitoring. Traditional methods of monitoring work require the involvement of building
inspectors who assess the technical condition of the object. They take a series of measurements,
drawings and photos and then the collected data are analysed. Sometimes it turns out that some
information is missing or the inventory was not carried out correctly. In the classic approach to
inventory, deficiencies in documentation require a re-visit to the site of inspection. Terrestrial
laser scanning allows you to acquire data as a point cloud of varying accuracy. It is possible to
measure an object with a resolution of 1 mm if such accuracy is required. Each measured point
has three coordinates X, Y, Z and the intensity parameter. Thus, very detailed data about the
object is obtained, that can be in the next step analyse.
Because some structures of building objects can be represented as vertices, lines, planes or
others and can be described by a mathematical function. This gives the opportunity to automate
the data processing what was discussed in many publication for example: Janowski and
Rapiński (2013), Wang and Hsu (2007) and Zheng (2008). With this assumption it is possible
to analyse for e.g. the building wall planarity, edge verticality or vertical and horizontal
displacements. In the case of testing the displacement of two elements that constitute two
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planes, the Msplit estimation method can be used. The method developed by prof. Wisniewski
(Wiśniewski, 2008), allows to split a functional model into two or more models, and thus
identify for example two planes in the cloud of points. This paper presents the possibility of
fitting planes into one cloud of points so that it is possible to identify fragments of two concrete
slabs of the retaining wall that have been displaced due to ground displacement.

2 Msplit Estimation Description
The Msplit estimation method assumes that every measurement result can be a realization of
either of two or more different random variables. This estimation method was introduced by
Wisniewski (Wiśniewski, 2008) and widely described in (Wiśniweski, 2009) and (Wiśniewski,
2010). Thus, based on the assumption that the functional model is split into two competitive
model Yα or Yβ each observation has its own “split potential”— the possibility to belong to one
of the random variables. Therefore, the observation set Ω = {yi : i = 1, 2, . . . , n} is a disordered
mixture of the elements assigned to the random variables yα or yβ in an unknown way. For that
reason, each observation Yi may have either of two competitive expected values Eα{Yi} = E{Yα}
or Eβ{Yi} = E{Yβ }. In this paper the functional model V=AX+L is split into two competitive
ones which concern the same vector of observation L:
𝑽𝜶 = 𝑨𝑿𝜶 + 𝑳
𝑽𝜷 = 𝑨𝑿𝜷 + 𝑳

𝒔𝒑𝒍𝒊𝒕 (𝑽 = 𝑨𝑿 + 𝑳) =

(1)

where A is a common coefficient matrix, Vα and Vβ are competitive vectors of random
variables, Xα and Xβ are competitive parameter vectors. To achive this task the cross weighting
procedure must be introduced. Estimation of competitive vectors (Xα and Xβ) of parameters
using the same observation vector L requires specially formulated of the objective function.
The proposed method replaces function ρ(v) with functions ρα (vα) and ρβ (vβ) according to the
equation (2) and in compliance with the cross-weighting Vα and Vβ. The weights of
observations are modified according to the following equation:
𝜔 (𝑣 ) =
𝜔 (𝑣 ) =
If

𝜌 (𝑣 ) = 𝑣 𝑣 ,

𝜕𝜌 (𝑣 )
𝜕(𝑣 )

(2)

𝜕𝜌 (𝑣 )
𝜕(𝑣 )
𝜌 (𝑣 ) = 𝑣 𝑣

(3)

Then the weight functions can be written in the following form:
𝜔 (𝑣 ) = 𝑣 ,

𝜔 (𝑣 ) = 𝑣 ,
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(4)
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The idea of Msplit estimation can be easily explained on the example presented in Figure 1.

Figure 1. The idea of Msplit estimation and Least Square Method on the example of line fitting.

Figure 1 shows a line fitting using the least squares method and Msplit estimation. Similarly,
one can fit two or more planes into a set of points by splitting the functional model into two or
more respectively.

3 Application of Msplit Estimation in Terrestrial Laser Scanning
Figure 2 shows the selected area of the retaining wall supporting the scarp. This scarp consists
of several concrete slabs which as a result of the heavy rain were displaced and a crack was
formed.

Figure 2. Two concrete slabs displaced due to ground washing.
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The selected fragment shown in Figure 2 was measured using the terrestrial laser scanner.
The scanning resolution set to 1mm /10 m. The crack, that formed as a result of the plates
displacement is about 6-7 cm wide. The selected point cloud representing the displaced slabs
and a crack is presented in Figure 3.

a crack

Figure 3. The selected point cloud representing two displaced slabs.

The classical approach would lead to fitting each plane separately with either manual
selection of points or some search algorithm. To automate the process of fitting individual
planes into the measured point cloud the Msplit estimation method was used. The Msplit
estimation fitting results are presented in Figure 4 and Figure 5.

Figure 4. The result of fitting two planes into one cloud of points representing two concrete slabs of a retaining
wall. Rotated view.
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Figure 5. The result of fitting two planes into one cloud of points representing two concrete slabs of a
retaining wall. Front view.

Figure 4 and Figure 5 present that the Msplit estimation can be successfully applied in two
planes detection. As a result of the proposed algorithm two separate data sets were obtained.
Thus, it was possible to automatically fit two planes representing displaced retaining wall slabs.
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Conclusions

Displacements determination based on the analysis of point clouds from TLS using the Msplit estimation can be successfully performed.
- The Msplit estimation method can be successfully applied in detection of the adjacent planes.
- The Msplit estimation method can be used assuming that the functional model is split into two
models, thus it is possible to fit two planes into one point cloud.
- The possibility of fitting two planes allows for further analyzes, e.g. calculating the
displacement of two plates, the distance between them and the angle of their inclination.
The proposed Msplit method has some disadvantages:
- as a result of TLS measuring a huge dataset (point cloud) is obtained, what affects the timeconsuming data processing. So dataset should be reduced using an appropriate algorithm.
- the functional model must be selected very carefully in the terms of mathematical
description of estimated model and data structure.
These topics will be the subject to further research and publications
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