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Abstract—3 dimensional (3D) modeling of an object or an environment using point clouds is an important problem in many
scientific fields such as photogrammetry, remote sensing, materials processing, reverse engineering, construction industry, virtual
reality and medicine etc. Laser scanning is an effective technique that facilitates 3D modeling process with providing large amount of
3D point cloud data in a short time. In this study, design process of point laser sensor and line laser sensor based low cost scanner
systems is proposed. Performed 3D data measurements with these two different laser scanners show that; point laser range sensor based
scanner, that can capture lesser 3D point for per second, provides more detailed and more sensitive measurements. It can be preferred
in applications when the details are very important and are suitable for modeling small objects. However, line laser range sensor based
scanner can capture much more 3D point data per second and it is suitable for applications where time critical models with large

objects and environment.
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. INTRODUCTION

Laser scanners can obtain large amounts of data called 3D
point cloud and this data is used for constructing a 3D model
which is used to facilitate the analysis of a real world object or
an environment [1, 2]. 3D scanning technology is used variety
of fields such as photogrammetry and remote sensing [3],
materials processing and manufacturing [4-8], reverse
engineering [5-8], civil engineering [9], virtual reality and
augmented reality [10], cultural heritage [11, 12] and medical
[13] applications.

Wide variety of hardware and software based solutions for
3D data acquisition is commercially available. Laser scanner
[14], structured light scanner [15], stereo vision [16],
photogrammetry [17] , interferometry [18] and shape from
shading [19] are popular techniques have been developed.
With the advances in technology, accuracy of these devices is
increased while costs are decreased. This situation makes 3D
data attractive for many applications. Among all these

techniques, laser scanners provide large amount of 3D data
more precisely and quickly [20].

In this study, two different scanner systems are designed
that differs in terms of used laser range sensor type. Point laser
and line laser range sensors are mounted on a highly precise
pan tilt unit. Coordination, between pan tilt unit that
performed the localization and laser range sensors, is
controlled precisely by developed 3D data acquisition
software.

At the rest of this paper proposed point laser based scanner
and line laser based scanner are discussed in section 2.
Comparison of the two different laser range sensor and
measurement results are given in section 3. Conclusions are in
section 4.

Il.  PROPOSED LASER SCANNING MODELS

Proposed low cost scanning systems consist of a pan tilt
unit and two different laser range sensors. Pan tilt unit that
used in our system is PTU D46-70 [21] obtained from
Directed Perception. PTU-D46-70 can be controlled from a
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computer via RS-232 port. The operation speed of this unit is
60° / sec and resolution is 0.012857° per pan and tilt step. Load
capacity is over 4.08 kg. Therefore, it is preferred in many
applications such as robotics, computer vision, security,
surveillance, industrial automation, tracking, webcams and
laser ranging. PTU-D46-70 pan tilt unit is given in Fig. 1.

Fig. 1. PTU D46-70 pan tilt unit.

Our measurement systems differ in terms of laser scanner
sensor types. First laser range sensor that used in our system is
FLS C-10 [22] point-laser scanner obtained from Dimetix.
Point laser range sensor only detects the distance of one point
in its direction of view. The other sensor that used in the
system is UTM 30 - LX [23] obtained from Hokuyo. The
sensor view direction can be changed by using a rotating
mirror. Thus, scanning process performed along a line.

In our measurement system, the pan-tilt system has been
placed on a tripod. Each laser range sensor can be mounted on
the pan tilt unit. Experimental setup can be seen in Fig. 2.
Laser sensors measures continuously while pan tilt unit take
steps along maximum and minimum pan and tilt range of
motion. PTU-D46-70 pan-tilt has 24836 steps for pan and
5823 steps for tilt. In other words, it can scan -159.65° to
159.67° for pan and -45.1° to 29.76" for tilt. Both pan tilt unit
and laser range finder are connected to a host computer and
can be controlled from RS-232 port. The details of the
proposed models are given in the following sub-sections:

A. Point-laser based scanner

FLS C-10 is a powerful laser range sensor for industrial
applications. It allows accurate and contactless distance
measurement over a wide range using the reflection of a laser
beam. It measures from 0.05 to 65 meters with 1.0 millimeter
accuracy. The laser distance range finder is a safe class Il laser
device that can measure both near and far. Technical
specifications of the sensor are given in Table 1 and FLS C-10
point laser range sensor is given in Fig. 2(a).

TABLE I. TECHNICAL SPECIFICATIONS OF FLS C-10POINT LASER.

Technical Specifications

Measuring Range 0.05m-65m
Accuracy +1.0mm
Max. Measuring Rate 200Hz
Dimensions 150 x 80 x 55 mm
Weight 690g
Serial interfaces RS-232, RS-422
Signal Measurement | Single or Continuous

Dimetix FLS-C10 sensor is working with phase shift
principle. The sensor scans the scene with a periodic light
wave and distance to the scene is calculated from the
difference between the phase and the frequency of the
received signal. Because of no waiting for the received signal,
this method provides high sample density and accuracy in
comparison with time of flight principle.

B. Line-laser based scanner

Hokuyo UTM-30LX is a Class | laser distance
measurement sensor for many applications that require high
speed and accuracy. The sensor can be changed view direction
by a rotating mirror and thus measure the points along a line at
a time. Hokuyo UTM-30 LX is working with the time of flight
principle. This principle is based on the calculation of the time
between the transmitted and received laser signals as a result
of surface reflection. The distance of the desired point is
calculated from speed of light and round trip delay of the
signal. UTM-30LX line laser sensor has a rotating mirror and
position encoder. With the rotating mirror scanning process is
performed along a line and position encoder determines the
measurement resolution on the line. The standard encoder
resolution is 1080 counts per revolution.

Fig. 2. Proposed laser scanner systems: (a) point laser, (b) line laser.

TABLE II. HokKUYO UTM-30LX TABLE 1. TECHNICAL SPECIFICATIONS

OF HoKuYO UTM-30LX

Technical Specifications
Measuring Range 0.1 ~30m
Accuracy 0.1 - 10m:+30mm, 10 - 30m:x50mm
Max. Measuring Rate | 40 Hz.
View 270°
Dimensions 60 X 60 X 87mm
Weight 210 gr
Serial interfaces RS-232, RS-422
Signal Measurement | Single or Continuous

Line laser range finder is mounted up to the pan tilt unit in
our system as shown in Fig. 2(b). However, tilt motion is
performed by the rotating mirror. Only pan motion can be
controlled by the used in this type of scanner.
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C. 3D Data Acquisition System

Both in point and line laser based scanners, the output is
pan angle, tilt angle and distance. The analytical 3D model is
given in Fig. 3. In Fig. 3, origin of the coordinate system is
intersect of the two axes of control platform X and Y. Z axis is
parallel to laser distance measuring line. M(x,y,z) is the
measured point and D is the distance between point and
control platform. t (tilt angle) is the vertical scanning step
angle of control platform and the p (pan angle) horizontal
scanning step angle of control platform. 3D coordinates of the
measured point can be calculated from pan angle, tilt angle
and distance by Equation 1.

YA

Ny

Fig. 3. Analytical 3D model

y =D -sin(t)
x = D -cos(t) - sin( p)
z=D-cos(t) - cos( p)

@

Pan-tilt unit and laser sensors can be controlled from serial
port. Developed 3D data acquisition system, provide the
control of the pan-tilt unit and laser sensors, according to the
user specified parameters. Data acquisition system contains a
variety of programs that developed in MATLAB environment
to receive, record and process of the pan angle, tilt angle and
distance data. In 3D data acquisition systems, user can control
scanner system with the parameters of scanning range, step
size for pan and tilt, start and finish positions of the pan and
tilt. Operation steps of the system can be seen in Fig. 4.

Obtain scan range from user

Obtain step size for pan and
tilt from user

Point PTU to the starting point
Move one step in pan direction

Measure the distance

Record distance, pan and tilt
values

NO

Reach to the pan range?

? Move one step in tilt direction
YES

Reach to the tilt range?
NO

YES

Stop moving PTU

Calculate x,y and z
coordinates of the points from
distance, pan and tilt

Fig. 4. Flowchart of laser scanner 3D data acquisition software

. 3D MEASUREMENTS WITH PROPOSED LASER
SCANNERS

Two different laser sensors are used in our system. Point
laser can measure a single point at the view of the direction.
Localization in horizontal and vertical direction is performed
by pan tilt unit. On the other hand, line laser can measure
along a line at the view of the direction. Vertical position
derived from rotating mirror and position encoder in its
structure. Horizontal localization is performed by pan tilt unit.
In point laser scanner both in horizontal and vertical
positioning depends on the pan tilt unit resolution.

Advantages and disadvantages of both scanner systems are
listed below:

e Point laser scanner can measure a single point; on the
other hand, line laser scanner can measure the points
along a line at a time.

e Point laser scanner is more precise because of the
positioning procedure with pan tilt unit both in
horizontal and vertical. Line laser sensor has a same
resolution in horizontal direction; however the
positioning resolution depends on encoder resolution.

e Point laser scanner can capture 20 point in a second.
Pan tilt unit resolution is 0,012858° and this unit can
get 24836 different positions for pan and 5823
different position for tilt.

e Line laser has a rotating mirror and 1080 count per
revolution. With 25 Hz measuring rate, it can capture
27000 point at a time. Only pan motion can be
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controlled by user. Pan angle can get 24836 different
values.

e Point laser scanner is suitable for applications that
details are very important. Scanning time is
reasonable for small object measurements.

e Line laser scanner is suitable for applications that
require less detail. Scanning time is reasonable for
large objects or environments. In particular,
applications such as cultural heritage, environment
reproduction, indoor and outdoor mapping where the

scanning area is large.

(b)

For the assessment of scanning performances a small
sculpture is modeled with point laser scanner and a laboratory
is modeled with line laser scanner. 3D point clouds belong to
same object or environment taken from different locations
laser scanners are registered with well-known Iterative Closest
Point algorithm. After registration, obtained noisy point cloud
that represents the whole object, is filtered by singular value
decomposition method. Obtained point clouds are given in
Fig. 5 and 6 for sculpture and laboratory model, respectively.

Fig. 5. Sculpture model: (a) original model, (b) 3D point cloud, (c) noisy mesh, (d) filtered mesh.

@ (b)

IV. CONCLUSION

In this study, two different laser scanning systems are
proposed. Scanner systems are differing in terms of laser
range finder type. Measurement results showed that point
laser based scanner is slower than line laser based scanner.
Point laser range finder scanned the sculpture very detailed
and scanning time is acceptable. The sculpture is a small
object and scanning area is small. Point laser based scanner
provides more detailed and more sensitive for scanning
small objects and in applications when the details is very
important.

© (d)

Fig. 6. Laboratory model: (a) original model, (b) 3D point cloud, (c) noisy mesh, (d) filtered mesh.

Scanning of the laboratory is very easy with line laser
and scanning time is very short. This type of sensors can be
preferred applications such as cultural heritage, built
environment, indoor mapping etc.
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