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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 IV-FMC and the results obtained from system.  
 
Keywords:  Computer vision, reconstruction, three-dimensional (3D) model, Flexible Manufacturing Cell 
(FMC) 
 
 
Introduction 
 
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 several 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 IV-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 special 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 a laser 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 laser 
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 a range 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 camera is 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 a fixed 
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.  
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Figure 1: Hardware set up of IV-FMC 
 
 

  
 
 
 
 
 
 

 
 
 
 

Figure 2: Range data acquisition. (a)Triangulation (b)Object (c)Range image 
 
 
Automated Object Sur face 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 data is first acquired by the laser module in the form of point cloud with (X, Y, Z) 
coordination. This data is stored in a database. 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.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 
Figure 4 (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 all 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.  
 
 
 
 

 
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 appears in the scanner’s FOV.  
 
 
Sur face 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 

Data 
acquisition 

Calibration Sur face 
Registration 
 

Sur face 
Integration 

Modeling 
and 

Smoothing 
 



The 2nd  Na tiona l Intelligent Systems And  Information Tec hnology Symposium (ISITS’07), Oc t 30-31, 2007, 
ITMA -UPM, Ma laysia . 
 

 311 

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 algorithm [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, Y, Z) point with Np points, { pi}  and Q is a set of (X, Y, Z) point with Nq points, { qi} . 
P is transformed by an initial transformation matrix Tp in which P has become P’ . The 
closest point qi for T(pi) is found where pi denotes the i th point in P. After all the 
temporary correspondence of N data points in P are determined, Tp is iteratively updated 
by minimizing the objective function fn(T) of the nth iteration which is expressed as. 
 
 

 fn(T) = �
=

-
N

i
PTQ

N
ii

1
||)(||1 2           (1) 

where T denotes the transformation between the two range images. The transformation is 
composed of translation and rotation.  
 
 
Sur face 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. 
 
 
Sur face 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.  
 
 
Exper imental 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).   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
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, IV-FMC was developed in this paper. This system 
automates the reconstruction procedure for 3D object surface model. IV-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 simple shape object reconstruction. The method developed 
in this paper can be extended to reconstruct the surface model of objects with complex 
curvature.  
 
 
Acknowledgement 
 
This work is supported by the IRPA (MOSTI) Fund of Malaysia under Grant No. 09-02-
04-0823-EA001.  
 
 

(a) (b) 

(c) (d) 



The 2nd  Na tiona l Intelligent Systems And  Information Tec hnology Symposium (ISITS’07), Oc t 30-31, 2007, 
ITMA -UPM, Ma laysia . 
 

 313 

References 
 
[1] Fung, J. and Mann, S. “Computer vision signal processing on graphics processing units” . In 

Proceedings of IEEE International Conference on Acoustics, Speech and Signal Processing 
(ICASSP’04), 5 (2004) v93 - 96.  

[2] Ghassan A. Al-Kindi and Bijan Shirinzadeh.. “An evaluation of surface roughness parameters 
measurement using vision-based data” . International Journal of Machine Tools and Manufacture, 47 
(2007) 697 – 708. 

[3] Dworkin, S.B. and Nye, T.J. “ Image processing for machine vision measurement of hot formed parts” . 
Journal of Materials Processing Technology, 174 (2006) 1 – 6. 

[4] Ahmed Abouelela, Hazem M. Abbas, Hesham Eldeeb, Abdelmonem A. Wahdan and Salwa M. Nassar. 
“Automated vision system for localizing structuring defects in textile fabrics” . Pattern Recognition 
Letters, 26 (2006) 1435 – 1443. 

[5] Shafeek, H. I., Gadelmawla, E. S., Abdel-Shafy, A. A. and Elewa, I. M. “Automatic inspection of gas 
pipeline welding defects using an expert vision system”. NDT & E International, 37 (2004) 301 – 307. 

[6] Rafael Muñoz-Salinas, Eugenio Aguirre and Miguel García-Silvente. (2007). “People detection and 
tracking using stereo vision and color” . Image and Vision Computing, 25 (2004) 995 – 1007.  

[7] Adams, M.D. “Coaxial range measurement – current trends for mobile robotic applications” . IEEE 
Sensors Journal, 2 (2002) 2 – 13. 

[8] Turk, G. & Levoy, M. “Zippered polygon meshes from range images” . In Proceedings of the 21st 
Annual Conference on Computer Graphics and interactive Techniques (SIGGRAPH ©94), July 24–29, 
(1994) 311–318. 

[9] Hoppe, H., Derose, T., Duchamp, T., Mcdonald, J. and Stuetzle, W. Surface “Reconstruction from 
unorganized points” . In Proceedings of the 19th Annual Conference on Computer Graphics and 
interactive Techniques (SIGGRAPH ©92), (1992) 71-78.   

[10] Kanatani, K. “Analysis of 3D rotation fitting” . IEEE Transaction on Pattern Analysis and Machine 
Intelligence. 16 (1994) 543-549.  

[11] Besl, P. J & McKay, N. D. “A method for registration of 3-D shapes” . IEEE Transactions on Pattern 
Analysis and Machine Intelligence. 14(1992) 239 – 256. 

[12] Hall-Holt, O. and Rusinkiewicz, S. “Stripe boundary codes for real-time structured-light range 
scanning of moving objects” . In Proceedings of the 8th IEEE International Conference on Computer 
Vision, 2 (2001), 359 – 366. 

[13] Kolmogorov, V. &  Zabih, R.. “Multi-camera scene reconstruction via graph cuts” . In: A. Heyden et al. 
(Eds.): ECCV 2002, LNCS 2352, (2002) 82 - 96.  

[14] Konolige, K. “Small vision systems: Hardware and implementation” . In Proceedings of the 8th 
International Symposium on Robotics Research, (1997) 111 – 116.   

[15] Dhond, U.R.; Aggarwal, J.K. “Structure from stereo – a review” . IEEE Transactions on Systems, Man 
and Cybernetics, 19 (1989) 1489 – 1510. 

[16] Hebert, M. “Active and passive range sensing for robotics” . IEEE Sensors Journal, 2 (2000) 2 – 13. 
[17] Zerr, B. and Stage, B. “Three-dimensional reconstruction of underwater objects from a sequence of 

sonar images” . In Proceedings of International Conference on Image Processing. 3 (1996) 927 – 930.  
[18] Dura, E., Bell, J. and Lane, D. “Reconstruction of textured seafloors from side-scan sonar images” . 

IEE Proceedings Radar, Sonar and Navigation, (2004) 114 – 126. 
[19] Curless, B. “From range scans to 3D models” . ACM SIGGRAPH Computer Graphics, 33 (2000) 38 – 

41.  
[20] Ismail, N., Rahman, K. A., Yusof, J. M, Kassim, M. S. M., Tang, S. H. &  Samin, R “Vision-based 3D 

part recognition systems for flexible manufacturing cell” . Conference on Intelligent Systems and 
Robotics (ATCi 2005), December 6 – 8, (2005). 

[21] Ismail, N., Ng, S. C., Rahman, K. A., Kassim, M. S.M., J. M. “3D Object Surface Modeling and 
Reconstruction of Manufacturing Parts for Flexible Manufacturing Cells” . In Proceedings of the World 
Engineering Congress (WEC2007), August 5-9, (2007)  186 – 195. 

[22] Hilton, A., Stoddart, A. J., Illingworth, J. & Windeatt, T. “Reliable surface reconstruction from 
multiple range images” . In Proceedings of the European Conference on Computer Vision, (1996) 117-
126.  

 


