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Abstract

Nowadays, computer vision systems have been widely applied in manufacturing industry for controlling
processes, event detection, object recognition and object modeling and reconstruction. The used of robots
with vision in Flexible Manufacturing Cell (FMC) to reconstruct manufacturing parts can efficiently save
cost and time. In this paper, the method of reconstructing three-dimensional (3D) model of manufacturing
parts is described. We developed a vision system for FMC (IV-FMC) to reconstruct the 3D surface model
of manufacturing parts. In the proposed method, range scanning from a laser is used to obtain dense range
data in the form of 3D point cloud. The scanned object is then rotated in several angles, letting the system
to obtain the full view of the whole object. These points are stored in database before they are retrieved
later on and converted into triangular mesh that represents the object surface shape. The registered set of
surface measurements is then combined to form a single 3D surface model through integration. We also
discuss the hardware and software configuration of 1V-FM C and the results obtained from system.

Keywords: Computer vision, reconstruction, three-dimensional (3D) model, Flexible Manufacturing Cell
(FMC)

| ntroduction

Computer vision is a scientific discipline that concerns with the theory and technology of
building artificial vision system to obtain information from images. It can be considered
as a form of image analysis, taking a 2D image and converting it into a mathematical
description [1].Computer vision surpasses human vision in the ways that it provides the
high speed, high magnification and the anticipation of long hour and frequently repeated
inspection task in comparison with human vision which causes failure due to illness,
distraction and circumstances. Owing to these advantages, computer vision is highly
applied in manufacturing industry for quality control, object recognition, event detection,
object modeling and reconstruction [2-5]. The consistency and accuracy of computer
vision systems has made it feasible to be applied in flexible manufacturing cells to
reconstruct 3D model of manufacturing parts. The use of computer vision technology to
reconstruct manufacturing parts in FMC can reduce extensive cost and time to produce
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highly customized products. The time for product design and redesign can be eliminated
by acquiring the 3D model of the product directly from range scanning. This paper
discusses the method of reconstructing 3D model of manufacturing parts. IV-FMC is a
vision system for FMC to reconstruct the 3D surface model of manufacturing parts. This
system first captures the 3D positions of an object’ s surface by range scanning. A number
of measurement techniques can be used to create a range image, including structured
light, time-of-flight lasers, radar and sonar from the computer vision literature such as
depth from stereo, shading, texture, motion and focus [6,7]. In IV-FMC, laser strip is
used to capture the range images. The scanned object is then rotated in different angles
and the range scanning is repeated. After severa scans, the full view of the whole
object’s surface is acquired. The range images are then combined to create the 3D
surface model of the object. The remainder of this paper is organized as follows. Section
2 describes previous work on 3D model reconstruction by range scanning. Section 3
shows the hardware and software configuration of 1V-FMC, including the description of
the 3D object’s surface reconstruction method. Section 4 presents the results obtained by
IV-FMC. Section 5 concludes the work and explores promising directions for future work
and development.

Related Work

Much work has been done on 3D model reconstruction by range scanning [8-11]. Unlike
most of the data acquisition methods that capture the color of 2D image of pixels, range
scanning portrays the pixels as the radial distance values of a physical object from the
device that creates the scan. Range scanning may be broadly divided into active and
passive methods [12]. In passive range scanning method, the sensor records the light
already exists in the scene. The most common form of passive range scanning methods is
photogrammetry [13]. Further study of passive range scanning method can be referred to
[14, 15]. Active range scanning is the method in which a specia light pattern is projected
in the scene. Thus, it is also known as structured-light sensing. Examples of active range
scanning method are optical triangulation, time of flight (TOF) and depth from defocus
[6-8].

Active range scanning method typically performs well in the absence of scene texture,
computationally inexpensive and robust, and return accurate, densely-sampled range data
[12].Triangulation laser scanners project alaser at an object’s surface from one end of the
scanner and receive the reflected laser along the other end of the scanner. By measuring
the angle between the laser and the laser spot sensor which is normally a video camera or
charge-coupled device (CCD) camera, the depth profile of the object can be calculated.
Nevertheless, one limitation of this range scanning method is that the maximum
resolution of the range data will decrease with the distance between the range scanner and
the object. Another approach for range sensing is known as time delay which sweeps a
laser beam in a known way and records the response time of the returning beam. By
using the response time for the laser beam and the speed of light, the distance of the
object can be computed. This TOF technique has long range and thus it can work with
large volumes over long distances. The weakness of TOF range scanning is its inaccuracy
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due to the problem of timing the round trip time of the laser beam. Different strategies
have been exploited on the measurement principle of TOF with pulsed lasers, Amplitue
Modulation (AM) and Frequency Modulation (FM) [16].The use of the type of laser
range finder depends on the applications it is applied. The TOF or modulated beam |aser
scanning method is suitable for scanning the large object in long distance such as
building and geographical features. The triangulation is accurate in scanning the object in
small range. Other types of active range scanning methods are radar and sonar [17-19].

IV-FMC

IV-FMC is arange scanning system to automate the reconstruction of 3D surface models
of manufacturing parts. It consists of two parts which are hardware configuration and
software processing. The system uses principle of triangulation to acquire the range data.

Hardware Configuration

IV-FMC consists of a laser module, a colour CCD camera, a stepper motor controller
card connected to a stepper motor and a rotatable platform. The laser module is placed at
the fixed distance, D from the rotatable platform. The CCD camerais installed on top of
the laser module at distance H and a defined angle, facing the rotatable platform. The
hardware setup for the system is illustrated in Figure 1. The range data acquisition
process is as follows. An object is placed on the rotatable platform which is within the
filed of view (FOV) of the laser module. The laser module spreads the laser beam onto
the object. The CCD camera then captures the reflected strip. Based on the principle of
triangulation (Figure 2), the position of the object is computed. The range data obtained is
in the form of (X, Y, Z) coordination. The object then sweeps through the FOV at afixed
angle step to obtain a sequence of range image. Stepper motor can achieve accurate
position control to the rotatable platform when the object is rotated to acquire different
view of it.

CCD
camera
"y
Object Laser
v module

N\
“~ ~

308



The 2nd National Intelligent Systems And Information Technology Symposium (I9TS07), Oct 30-31, 2007,
ITMA -UPM, Malaysia.

Figure 1. Hardware set up of IV-FMC
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Figure 2: Range data acquisition. (a) Triangulation (b)Object (c)Range image

Automated Object Surface Model Reconstruction

Software for automated 3D object surface model reconstruction is developed. The
reconstruction procedures follow the reconstruction process proposed by Ismail et al.
[20]. The procedures are image data acquisition, calibration, surface registration, surface
reconstruction, which is also known as surface integration and surface modeling and
smoothing. The 3D surface model reconstruction scheme is illustrated in Figure 3. The
range datais first acquired by the laser module in the form of point cloud with (X, Y, Z)
coordination. This datais stored in adatabase. It is noted that the data acquired from laser
strip is raw and it may contain noise data. Thus, the raw data has to undergo image
processing process to discard the noise. If the distance value of two subsequent points
falls above a defined threshold value, the point are considered as noise data and
discarded. The data is then retrieved from the database to reconstruct the 3D surface
model of the object.
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Figure 3: 3D surface model reconstruction scheme
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The laser module is controlled by the software. When a laser strip is projected onto an
object, the CCD camera captures the image of the laser strip. While scanning the image,
the software detects the laser strip. Based on the principle of triangulation, the depth
profile of the image is computed. The range data is then stored in a database. The work
area window of scanning the image captured is shown in Figure 4 (a) and (b). After
scanning a surface, the object is automatically rotated to another view by the software.
The scanning process is repeated until the whole surface of the object is captured. The 3D
surface model of the object is then displayed in the 3D image view windows as shown in
Figure4 (c).

Figure 4: Work area window of data acquisition (a)System grabs the image (b)System scans laser
strip (C) System generates 3D image

Figure 5 demonstrates the reconstruction procedure. After acquiring range data from the
scanning, the data is transformed from the world coordination system to the image
coordination system. Registration refers to the process where the range data are aligned to
transform al the measurements into a common Euclidean space. In the integration stage,
all the data are merged into a single surface model. The visualization of the surface model
is made at the modeling and smoothing stage.
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Figure 5: 3D surface model reconstruction procedure

Calibration

Calibration refers to the step to transform the world coordination system to the image
local coordination system. A 4 X 4 transformation matrix is used to transform the image
of the object to the computer screen as it appearsin the scanner’s FOV.

Surface Registration

In IV-FMC, the range images of the object are acquired by rotating the object to different
angels in relative to the laser module. These range images need to be transformed into a
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common coordination system where the proper alignment between the range images is
found so that the points in one image can be related to their corresponding points in the
other image. Iterated closest-point agorithm [11] is implemented to conduct the range
image registration. To apply ICP, it is assumed that every point on a surface has a
corresponding point on the other surface. Let P and Q be the two range images. P is a set
of (X,, Z) point with N, points, { pi} and Q isaset of (X, Y, Z) point with Ng points, { g} .
P is transformed by an initia transformation matrix T, in WhICh P has become P’. The
closest point g for T(p) is found where p; denotes the i™ point in P. After al the
temporary correspondence of N data pointsin P are determined, T, isiteratively updated
by minimizing the objective function f,(T) of the n" iteration which is expressed as.

f(T) = %_Nu Q-TPY |’ 1)
i=1

where T denotes the transformation between the two range images. The transformation is
composed of translation and rotation.

Surface Integration

In integration stage, the (X, Y, Z) points have to be converted into triangular mesh to
represents the object surface shape. Mesh integration techniques aim to merge multiple
range surfaces into a single mesh by removing the redundant parts of the overlapping area
between the merged surfaces. Triangular meshing [21] is utilized to reconstruct the
surface model of an object. Each of these point triples is made into a triangle if the edge
lengths fall below a distance threshold [22]. If the distance value of two subsequent
points falls above the threshold value, the point are considered as noise data and
discarded. Triangular meshing method connects every three nearest neighboring points
for every single pair of image y-position. The vertical meshing process iterates until a
complete object surface model is generated.

Surface Modeling and Smoothing

The surface normal of the mesh is determined. In this context, the surface normal is
computed at every (X, Y, Z) point on the surface mesh so a smooth view of the object
image is generated.

Experimental Results

The experiments are conducted on one 1.5 GHz Intel Pentium M processor of a Asus
L4500R running on Windows XP SP2. Figure 6 shows the results of automated 3D object

surface model reconstruction of a manufacturing part. Figure 6 (b) shows the point clouds
of the object in Figure 6 (a). Figure 6 (c) shows the point clouds of the object after the
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Iterated closest-point algorithm was implemented on the range data in surface
registration. The reconstructed surface model is shown in Figure 6 (d).

@ (b)

(©) (d)

Figure 6: Results. (a)Real object (b) Sampled points (c)Sampled points after ICP algorithm (e) Surface
mesh by triangular meshing

Conclusions

An automated range scanning system, 1V-FMC was developed in this paper. This system
automates the reconstruction procedure for 3D object surface model. 1V-FMC consists of
two parts. hardware configuration and software processing. A laser module is used to
scan the object. A CCD camera captures the image of the laser strip. Based on the
principle of triangulation, range data of the object is obtained. The same procedure
repeats until the range images of the whole object are scanned. To reconstruct the surface
model of the object, the reconstruction process is followed: data acquisition, calibration,
surface registration, surface integration as well as surface modeling and smoothing.
Iterated closest-point algorithm was implemented to automate the registration of the
range images. Triangular meshing was applied to reconstruct the surface mesh of the
object. IV-FMC is robust for ssmple shape object reconstruction. The method devel oped
in this paper can be extended to reconstruct the surface model of objects with complex
curvature.
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