Available online at www.sciencedirect.com

ScienceDirect Procedia
Engineering

CrossMark

ﬁﬁ‘
ELSEVIER Procedia Engineering 100 (2015) 1625 — 1633

www.elsevier.com/locate/procedia

25th DAAAM International Symposium on Intelligent Manufacturing and Automation, DAAAM
2014

The Use of Surface Laser Scanning for Creation of a Three-
Dimensional Digital Model of Monument

Irina Kuznetsova®, Darya Kuznetsova™*, Xeniya Rakova®

“Kazakh National Technical University after K.I. Satpaev, Satpaeva st.22, Almaty,480013
Republic of Kazakhstan
b<St. Petersburg State Politechnical University, Politechnicheskaya st. 29, St. Petersburg, 195251, Russia

Abstract

For architectural survey, the most important factor is to create a very believable drawing of the existing building, structure or
monument (sculpture). In order to carry out such surveys, there can be used reflectorless tacheometers, phototheodolites, digital
cameras and surface laser scanners. Nowadays, it is the most expeditious method of obtaining the detailed and reliable
information concerning the particular object. With the help of laser scanning, it is possible to create the most accurate and
detailed digital models of the whole environment in the shortest possible time. The information concerning the object in the form
of a point cloud can be got in minutes. Thus, we have a unique opportunity for real-time monitoring of the processes, both natural
and manmade character.
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1. Introduction

For architectural survey, the most important factor is to create a very believable drawing of the existing building,
structure or monument (sculpture). In order to carry out such surveys, there can be used reflectorless tacheometers,
phototheodolites, digital cameras and surface laser scanners [1].
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The traditional survey methods do not allow achieving the required accuracy and efficiency, and they are not so
effective, as nowadays, the majority of projects is performed in the three-dimensional environment.

A standard tacheometer with reflectorless range measuring system allows performing the survey of any building
from some particular points (corners of the window frames, doors, double cusps of different parts of the building
and so on). However, such tacheometer is useless, if the task involves the survey of rather difficult elements — such
as the ruin of buildings, colonnades, jewelry, armorial elements and other parts of the building. Until recently, such
elements could be drawn only with the help of rather expensive photogrammetric equipment, the cost of which
sometimes can reach several hundred thousand dollars. At the same time, the result is highly dependent on the skills
of a photogrammetrist [2].

Nowadays, surface laser scanning is the most effective method of obtaining the detailed and reliable information
concerning the investigated object. With the help of laser scanning, it has become possible to create the most
accurate and detailed 3D-models of any objects and the environment itself in the shortest time.

The automatic three-dimensional scanning process can be used in the manufacturing environments, as an
alternative to the inspection and testing of various parts of machines and equipment, for example, a high-pressure
valve or parts of the body. During the measurement, the scanner has been moved and positioned at the target points
with the help of a robot [3,4].

3D-technology of laser scanning is successfully used for monitoring of the hillside, shoreline deformation. The
scanning results allow modelling and predicting the areas, which are prone to landslides, and timely using protective
actions [5,6,7].

Small objects, such as a 20-cent coin, a cup, a set of certain tools for drilling and other items can be used as
scanning objects for the detection and reconstruction of 3D-surface and rating the surface defects with high accuracy
(12-15 mkm). In some cases, a compact hand-held 3D-scanner can be used [8,9,10,11].

During the last period, there has been developed a great number of scanners of different purposes, parameters and
accuracy. The speed of data acquisition and processing is becoming more important issue, which should be taken
into account choosing the proper device for work implementation with the required accuracy [12]. First of all, the
choice depends on the object size and its location, as well as the accuracy with which you have to perform the task.
In order to use the devices in construction and architecture, the parameters of devices should be taken into account
during the choice of laser scanner models, which allow scanning large areas with high accuracy. The received data
can be used for the survey of the surface deformation of buildings and constructions, for the reconstruction and
modernization of facades of regular and irregular forms [13].

The high resolution of the surface scanner images provides the detailed geometric information of the object state
as well as other data, which could not be accurately obtained with the help of traditional geodesic activities. The
method of 3D-laser scanning has become a very effective measure of traditional architecture and geodesy. The laser
scanning technology has a great potential for the state assessment, in particular, for the damage assessment, and
enables the research and quantitative estimate of the particular material damage using 3D LiDAR, including mass
loss because of the collision of vehicles, reinforcement corrosion and surface erosion [14,15].

The technology essence, based on the use of surveying instruments - laser scanners, is to determine the exact
spatial coordinates of the surface object points at high speed (several thousand measurements per second). Laser
survey allows providing the higher density and accuracy of the laser points and, consequently, the higher level of the
detailed survey, whereby it becomes possible to obtain a three-dimensional digital model of any object, whether it is
a building, a monument, an industrial building with complex structural elements or an inaccessible underground
structure [16,17,18].

The use of materials of the surface laser scanning in architecture and building constructions allows solving some
problems concerning the measurement of building, constructions and monument parameters, as well as the creation
and restoration of the asbuilt documents and engineering drawings. It makes it possible to carry out the design of
monuments and architectural constructions, the restoration of facades, to create virtual models of the outward things
in order to choose the best location for the monument or architectural construction, the review of the projected
construction from the different points of view, taking into account the real data.

According to the results of such survey, it becomes possible to evaluate the condition of the observed object
(vertical and horizontal deformation, rolling, cracks, etc.) [1].
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2. Main part of the research

Regardless of the type of the laser scanner and the used software, the resulting data of the surface laser scanning
and primary processing is the pixel array, in other words a “point cloud” with the known coordinates X, Y, Z
[19,20].

The software plays an important role in the scanning process management, the data accumulation in computer,
further processing and provision of the result of the whole work. As the measurement range is from a few tens of
thousands to several hundred million points, the main load concerning the processing falls on the software. Cyclone
is a widely used program for fast and efficient processing of the scan data.

The whole process of scanning can be divided into two parts. The first part is to perform the field survey, and the
second one is to perform the office analysis. Speaking about the field survey, the surface laser scanning is most of
all similar to the traditional phototheodolite survey, but a high degree of measurement automation and
computerization of all the stages of work make the new method much more productive and efficient [21,22].

The object for scanning is the K.I.Satpayev monument in Almaty (Kazakhstan). Before starting the field survey,
there have been carried out the reconnaissance operations, which have led to the choice of the scanner installation
location for the measurements and the place for the mark installation (target), we should estimate the time required
for the complete scope of work.

The location of marks can be chosen arbitrarily, and it is optional, all of them should have the known coordinates.
In order to change the coordinates of the entire data arrayj, it is sufficient to determine the coordinates of three
targets in the necessary coordinate system. During the operation process, the scanner automatically recognizes these
targets and determines the coordinates of their centers.

The places, from which there is the survey, have been chosen in such a way, that the surveyed subject can be seen
from all the angles. At the same time, each station point, from which the survey is performed, should be removed in
such a way, that the particular “images” have the overlapping (common details or parts of object details) [23]. .

The object scanning has been performed in two scanner and target stations. The targets have been set around the
monument, so they fall into the area of overlapping of the neighbouring scans. After visual observation of the
territory, it has been decided to place the scanner and the target in accordance with Figure 1.

a b

t2 2
o o
Graphical symbol
_ — The scanned object
B — The scanner station
E\ —  Mark station point with the unknown coordinates
E\ ~ Mark station point with the known coordinates

Fig. 1. Diagram of scanner and mark station points: (a) for the first position;
(b) for the second position.
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The coordinates of the targets have been determined with the help of GPS-receiver Leica GPS1200. GPS-receiver
Leica GPS1200 operates on two frequencies, with the possibility of obtaining the millimeter accuracy. The
coordinates of the points have been determined in the local coordinate system in RTK mode (Real Time
Kinematics). GPS1200 can be used as a base and a mobile station in any of the operating modes from static to RTK
[24].

After preparation and installation of the scanner and special targets on the selected places, we proceed directly to
the object scanning. Before scanning, we should measure the instrument height. In order to do this, on the device
body there is a special label.

All the processes of the device management are carried out with the help of a portable computer (laptop) and
special program Cyclone.

Before scanning, there has been created a project using the command Configure - Databases, which then gets the
name.

Then, it has been photographed with the help of the built-in camera, which allows “pointing” the device at the
object and selecting the necessary scanning area. Making sure that the image quality is good, there has been carried
out the repeated photography [25,26].

Figure 2 shows an image taken from the first scanner station point, and Figure 3 - from the second station point.
The figures clearly show the “collected” spherical image of several images obtained during the process of
photographing with the help of scanner Leica ScanStation.

The images show the monument from both sides.

-

In order to scan the object, there has been chosen the step between the survey points (the closer the points are,
the more time it takes to make the scan), the distance to the scanned object.

During the scanning process, there has been controlled the process of obtaining the “point cloud” in the tab
ModelSpace, in which there have been checked the “silent” zones. If such zones have appeared, there has been
performed the additional scanning of the particular parts. After scanning, the scanner automatically recognizes the
targets and specifies their location.

Finishing the work from the first station point, we have performed the scanning of the other part of the
monument from the second point in the same sequence. In this case, one of the marks has been moved, as it has been
invisible, and others have been within line of sight of new scanning task in order to ensure the continuity of point
clouds.

2 iz PEY 4
Fig. 2. The image obtained during the process of object photographing from the first scanner station point.
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Fig. 3. The image obtained during the process of object photographing from the second scanner station point.

There have been made two scanner stations. Figure 4 shows the “point cloud” obtained during the scanning
process from the first scanner station point, and Figure 5 - from the second point.

Fig. 4. “Point cloud” obtained during the scanning process from the first scanner station point.
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Fig. 5. “Point cloud” obtained during the scanning process from the second scanner station point.

Immediately after scanning of one object from different locations, it becomes possible to make all the points
combined into a single space. We get the spatial cloud consisting of a number of points painted in a specific colour.
The obtained point cloud can be divided into as many parts as you need, in order to build the sections, to save the
position, from which this or that object is better seen.

Time spent on the field survey depends on the object location, the distance to it, the requirements for the
measurement density and details. The office analysis of field survey has been also carried out with the help of
Cyclone and has consisted of two main stages. The first one is the union of the separate scans into a single point
cloud; the second one is to build a digital model of the monument.

In order to create a single cloud, it is necessary to combine both results of the scanning process, in order to do
this, in the tab of registration, check both scans using the mouse - ScanWorld1l and ScanWorld2. First of all, there
has been performed the trial registration (alignment) of the data by four points via the menu Registration- Registr.

As according to the technical characteristics, the accuracy of the position determination of each mark should not
exceed 2 mm, but during the registration, the accuracy has been greater due to the fact that one of the marks has
been shifted during the scanning process. Therefore, it is necessary to leave out one of the marks (R1) because of the
large value of the error. It has been 28 mm. Then, there has been held the registration again. After the changes, the
accuracy of the position determination of each mark does not exceed 2 mm. Figure 6 shows the image of two united
scans.

Fig. 6. Image of two united scans.
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The visual observation of all the sites of conjugation of two scans has showed that the combination of scans has
passed correctly, i.e. the image is clear; there are no “silent zones”. Consequently, the scheme of the scanner and the
target location has been chosen correctly. If the combination has passed incorrectly (the scans have superimposed
upon each other), the registration process should have to be repeated. In order to bind the scans to each other and to
the coordinate system, there has been performed the identification of marks, the viewing of the checkpoint, given the
mark names. Figure 7 shows how the identified mark looks like, in the center of which there are the coordinate axes.
This operation should be done for all the points for the first scan as well as for the second scan.

Fig. 7. Image of the identified mark.

As the coordinates of the points of the scanned object are defined in the conventional coordinate system of the
scanner itself, it is necessary to bind them to the local coordinate system. In order to do this, there has been created
the text file with the coordinates of the points, which have been defined in the local coordinate system, using GPS.

After project registration and binding to the local coordinate system, we proceed to the creation of a three-
dimensional model of the object. Once the coordinates of the points have been imported into Cyclone, we perform
the key stage of the work - we create a model of the monument. According to the stated tasks, the end result of work
on scanning can be a point cloud (the spatial raster) or a full 3-D model of the object on the basis of which there are
solved various engineering problems.

In order to create the three-dimensional model of the object, there should be opened the object model, consisting
of the combined scans, then there should be cut out unnecessary parts of the “point cloud” and there should be left
only the necessary object part, the 3D-model of which should be created, i.e. there should be purified the “point
cloud” of extra circuits [27]. As a result of the implemented work, there has been got a ready three-dimensional
model of the monument, as shown in Figure 8.

Fig. 8. Three-dimensional model of the monument.
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The three-dimensional model can be considered as a kind of virtual world, in which you can make the movement

along the model, view the model from any point, create the sections, and take the measurements and so on. Figure. 9
(a, b) shows the view of the monument from the side and bottom.

Fig. 9. View of the monument: a) from the side, b) from the bottom.

In the future, the three-dimensional model can be used in order to observe the deformations of the object, the
implementation of the restoration work, to get frontal and measuring drawings, the fault detection by comparing
with the design model, and the creation of the drawing sections in any section during the restoration and so on [28].

Figure 10 shows the three-dimensional model of the object with the horizontal sections. The step of the section
may be different. It is determined depending on the stated task.

Fig. 10. Three-dimensional model with sections.

Thus, the process of creation of the three-dimensional digital model of any object comprising

the field survey concerning the marking of the checkpoint and object scanning
“combination” of the separate “scans” in one “point cloud”

the changing of the “point cloud” into the digital model in the given software environment for its further
processing [18]
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Conclusion

The method of laser scanning has the undeniable advantages in comparison with other methods. This method
allows reducing the time of field and office survey, several times increasing the information content of the data,
provides the visual and convenient visualization of the three-dimensional form. It is achieved due to the fact that the
laser scanning technology is fully implemented the principle of remote sensing, allowing to collect the complete and
detailed information about the analyzed object in the form of surface point coordinates at a distance. This feature
can significantly reduce labour costs, increase efficiency and make the work safer.

The information concerning the object in the form of a point cloud can be got in minutes. Thus, we have a unique
opportunity for real-time monitoring of the processes, both natural and manmade character.

The laser scanning technologies are accepted and highly useful in solving different practical problems concerning
the urban planning, land registry, architecture, building construction and operation of engineering structures, as well
as can also be used in such areas as: oil and gas production, power generation, mining industry, archeology.
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