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ABSTRACT 
Tomographic imaging is a technique for exploration of a cross-section of an inspected object without 
destruction. Normally, the input data, known as the projections, are gathered by repeatedly radiating coherent 
waveform through the object in a number of viewpoints, and receiving by an array of corresponding detector in 
the opposite position. In this research, as a replacement of radiographs, the series of photographs taken around 
the opaque object under the ambient light is completely served as the projections. The purposed technique can be 
adopted with various beam geometry including parallel-beam, cone-beam and spiral cone-beam geometry.    
From the process of tomography, the outcome is the stack of pseudo cross-sectional image. Not the internal of 
cross section is authentic, but the edge or contour is valid. 

Keywords: Image Reconstruction, 3D Rendering, Photographic Tomography, Helical Cone-Beam 
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1. INTRODUCTION 
Shape extraction is the first step of many 3D 
applications, including a 3D modelling, object 
recognition, robot navigation, machine inspection, 
geometry measurement, and so on. To satisfy these 
applications, it requires an appropriate shape 
extraction method. Nowadays, several shape 
extraction systems are proposed, and each one is 
suitable in the limited range of applications. Some of 
those, including stereo disparity [Bar82a-Dho89a], 
laser range finder [Bos98a-Oka98a], structured light 
[Sat94a-Boy14a], shape from shading [Hor89a-
Pen93a], optical flow [Hor80-Bro97], etc.  

In this research, we investigated the process for 

various beam geometry. In the simple case, the object 
is placed a long distance. In this case, each scan line 
on the images taken from different projection is 
served as the projection data for parallel-beam image 
reconstruction algorithm. 

The parallel-beam geometry is not applicable due to 
the long focal-object distance (FOD).   Cone-beam 
geometry can be used in the case of small FOD.  
However, when the long object is applied, in order to 
cover the whole part of object, the wide-angle lens 
must be used. This results in distortion of the 
resulting 3D model.  To avoid the problem, the spiral 
cone-beam tomography is purposed. With the small 
pitch distance and small field of view on the camera, 
the trajectory of light from the object to the camera 
resembles a parallel ray and hence lessen the 
distortion problem. 

This work is organized as the following: - Section 2 
discusses theory involved in tomography in various 
beam geometry. Shape extraction process is provided 
in section 3. Section 4 explains the acquisition 
system. The results are provided in section 5. 
Discussions and conclusions are given in section 6. 
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2. MODIFIED HELICAL  
CONE-BEAM RECONSTRUCTION 
ALGORITHM 
The cone-beam process [Fel84a] can be modified to 
cope with long object. By changing path of camera to 
helix and using helical cone-beam reconstruction 
algorithm [Wan93a], the speed of acquisition and the 
resolution of results for long object are improved. 
Since we can simultaneously change the azimuthal 
angle and the z-level of camera while taking the 
projections, the time used to complete all projections 
is reduced.  

And since we can place the camera close to the 
object, the details in the projections are enlarged. 
Mathematical model of the modified helical cone-
beam reconstruction algorithm is given by [Wan93a] 
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where f(x, y, z) is the volumetric data, Rβ() is the two-
dimensional silhouetted projection, β is the rotational 
angle, DSO is the cone distance, (t, s) are the 
coordinates which are rotated from (x, y) by β, and 
z~ is given by 
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where hp is the pitch of the helix turn. 

3. SHAPE EXTRACTION PROCESS   
The entire process for the shape extraction from a 
series of photographs is shown as a diagram in Figure 
1. This process starts with capturing a number of 
images around the inspected object, which will be 
elaborated in section of imaging unit. As stated 
before, the method concerns only the shape or outline 
of the object; therefore, the segmentation procedure, 
the thresholding for high-contrasting image or the 
blue-screen technique for the others, is brought up to 
turn the captured images into  binary format where  

 
 

Figure 1. The process diagram of the 
photographic tomography 

the background is equal to zero and the foreground is 
equal to one. As a result, this kind of shape extraction 
algorithm can extract the shape of any object 
regardless of the type of surface either the 
Lambertian or non-Lambertian surface. When the 
binary images or the silhouetted projections are 
passed into the modified reconstruction algorithm 
described previously, the stack of enhanced pseudo 
cross-sections whose shape is comparable to its 
original is attainable. This stack of cross sections can 
be utilized in such applications as a 3D shape 
modeling, geometric measurement, and so on. 

4. ACQUISITIONING SYSTEM 
In order to collect a series of photographs from the 
inspected object, it is suggested to rotate the object 
about the origin i.e. its axis and take the photograph 
using a fixed camera rather than to move the camera 
around the vertex path. This idea is substantial for the 
object which is motionless and small to medium-
sized, the common characters of most of the objects. 
By adhering to this idea, the imaging unit can be 
assembled simply from a few components, and less 
in complexity. 

The imaging unit shown in Figure 2 is mainly 
composed of a digital camera, a controllable rotating 
platform and the translatable platform.  The object is 
placed on the rotating platform and the camera is 
placed translatable platform which is on the dual 
rails. Controlled by a computer, the rotating platform 
is capable of rotating precisely to any specified angle, 
while the digital camera is capable of moving to the 
specified z coordinate. For cone-beam tomography, 
the camera is stationary while the object is rotated. In 
the case of spiral cone-beam tomography, the camera 
is translated  when the object is rotated. 

For simply extracting the silhouette from the 
photograph, the object is placed in front of the 
background contrasting from the color of object, and 
illuminated by an ambient light to avoid specula 
artifacts.  

5. RESULTS 
When only the surface of the object is needed 
regardless of an internal structure, it is advised to use 
the surface rendering techniques, the most prominent 
technique of which is the marching cube [Lor87a]. 
This technique uses the divide-and-conquer strategy 
to complete the surface; it breaks up the volumetric 
data into a number of small cubes and matches each 
cube with the pre-calculated surface pattern. Hence, 
it delivers the continuous surface made up of an 
enormous number of linked triangles. However, the 
marching cube only illustrates the first-order 
interpolated frontier of the object. The rendering 
technique together with the Gourad [Gou71a] and 



Phong [Pho75a] shading and illumination can closely 
resemble the real surface properties which response 
to the specula and ambient lights.  

The surface of the object is created by segmenting 
the reconstructed data, calculating normal vectors for 
every polygon from gray levels of the same 
information, and then rendering using technique 
described above. Regarding to the conditions verified 
in the preceding chapter, the volumetric data of 
shown  in Figure. 3 to Figure. 5 along with their solid 

 
 

Figure 2. The prototype of an imaging unit for 
acquiring the sequence of photographs consisting 

of digital camera,  rotating platform and 
translatable platform placed on dual rails. 

models rendered in the distinctive viewpoints (cube 
size of the marching cube equals to one). It is noted 
assorted objects, whose surfaces are either 
Lambertian or non-Lambertian type, are 
reconstructed from their corresponding sequences of 
photographs. All of the investigated objects are that 
some objects use the number of projections twice as 
many as the specific value to make the gradient 
smoother. 

Form the results, the process achieves successfully 
on the simple-shaped objects such as the 
woodcarving. Nevertheless, some information is 
missing in the high-detailed object caused by the 
totally concave problem. The ceramic cup is the best 
examples of this problem;  

6. CONCLUSION AND DISCUSSION 
The 3D shape extraction using photographic 
tomography is studied extensively. The main idea of 
the method is that the tomographic imaging is used to 
reconstruct the stack of pseudo cross-sectional 
images from a series of photographs taken around the 
object. The shape of the stack can closely resemble 
the shape of original object. Compared with other 3D 
shape extraction techniques, the equipment used to 
collect the data for this technique is much lesser in 
complexity. It mainly consists of the rotating 
platform and the digital camera which is locally 
available and affordable. Various beam geometry is 
also investigated in this paper. Parallel-beam 
geometry can be used when the focal-to-object 
distance is large. Conversely, cone-beam geometry 
can be used when the focal-to-object distance is 
small. Spiral cone beam is considered when the long 
object is modelled or when the perspective distortion 
is meaningful. Despite some drawbacks, the 
proposed technique is tested successfully to generate 
the shape of a variety of objects. 
 

 
  

(a) (b) 

Figure 3. Ceramic cup, (a) actual model and 
               (b) rendered model (Az.70,El.15,Tw.10) 

(Cone-Beam: DSO = 50 cm) 
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(a) (b) 

Figure 4. Vase, (a) actual model and (b) rendered 
model (Helical Cone-Beam: 40 Prj/360◦, number 

of turn = 3 DSO = 47 cm and Pitch size = 256 pixel) 

  
(a) (b) 

Figure 5. Spray bottle, (a) actual model and  
(b) rendered model  (Helical Cone-Beam:  

40 Prj/360◦, number of turn = 3, DSO = 47 cm and 
Pitch size = 256 pixel) 

7. REFERENCE 
[Ali81a] Alitschuler, M. D., “ The Numerical Stereo 

Camera”, Proc. Soc. Photo-Opt. Eng. Conf. 2-D 
Math. Perception, SPIE, WA, vol. 283. 1981. 

[Bar82a] Barnard, S. T. and Fischler, M. A., “ 
Computational Stereo”, ACM Computing Surveys, 
vol. 14, no. 4, pp. 553-572, 1982. 

[Bic92a] Bichsel, M.  and  Pentland, A. P. "A Simple 
Algorithm for Shape from Shading", CVPR 
Conference on Computer Vision and Pattern 
Recognition, Champaign, Illinois, June 15-18, pp. 
459-463, 1992. 

[Beh86a] Beheim, G. and Frisch, K., “ Range 
Finding using Frequency-modulated Laser 
Diode,” Appl. Opt., vol. 25, pp. 1439-1442, 1986. 

[Boy87a] Boyer, K.  L. and Kak, A. C., “ Color-
coded Structured Light gor Rapid active ranging, 
IEEE. Trans.  Pattern Anal. Machine Intell., vol. 
9, no.1,  pp. 14-28, 1987. 

[Bro97a] Brooks, M., Chojnacki, W., van den 
Hengel, A., and Baumela, L.,” 3D Reconstruction 
from Optical Flow Generated by an Uncalibrated 

Camera Undergoing Unknown Motion,” Proc. 
International Workshop on Image Analysis and 
Information Fusion, Adelaide, November 1997, 
pp. 35-42.  

[Dho89a] Dhond, U. R. and Aggarwal, J.,   “ 
Structure from Stereo- A Review,” IEEE Trans. 
On Syst. Man. and Cybern., vol. 19, no. 6, pp. 
1489-1510, 1989. 

[Dho89b] Dhond U. R., Aggarwal J. “Structure from 
Stereo - A Review.” IEEE Trans. on Syst. Man. and 
Cybern. vol. 19, pp. 1489-1510, 1989. 

[Fel84a] Feldkamp, L. A., Davis L., Kress K., 
“Practical Cone-Beam Algorithm,” Jounal of the 
Optical Society of America,vol.1,Jun.1984.pp 
612-619 

[Ger99a] Gering, D.T., Wells, W.M., III. “Object modeling 
using tomography and photography”. Multi-View 
Modeling and Analysis of Visual Scenes, (MVIEW '99) 
Proceedings. IEEE Workshop on. pp. 11-18, 1999. 

[Gor71a] Gouraud H. “Continuous Shading of the Curved 
Surface,” IEEE Trans. Computer, vol.20, no.6, 
1971.pp.623-629 

[Hor80a] Horn, B. K. P., and  Schunck, B. G.,  
Determining optical flow. AI Memo 572. 
Massachusetts Institute of Technology, 1980.  

[Hor89a] Horn, B. and Brooks, M.  (eds.). Shape 
from Shading. MIT Press, 1989. 

[Hor93a] B.K.P. Horn et. al. “Impossible Shaded Images.” 
IEEE Trans. Pattern Analysis and Machine 
Intelligence. vol. 15, no. pp. 166-170, 1993. 

 [Hu89a] Hu. G. and Stockman, G., “ 3-D Surface 
Solution using Structured Light and Constraint 
Propagation”, IEEE. Trans.  Pattern Anal. 
Machine Intell., vol. 11, no.4,  pp. 390-402, 1989. 

[Joh99a] Johnson A.J. et. al. “Three-Dimensional Surface 
Reconstruction of Optical Lambertian Objects Using 
Cone-Beam Tomography.” Proc. Int. Conf. on Image 
Processing. vol. 2,  pp. 663 -667, 1999. 

[Kak88a] Kak A.C., Slaney M. Princicles of Computerized 
Tomographic Imaging. New York : IEEE Press, 1988. 

[Kra93a]  Krattenthaker, W., Mayer, K. J. and Duwe, 
H. P., “ 3D-Surface Measurement with Coded 
Light Approach”, Proc. Öesterr. Arbeitsgem. 
MusterKennung, vol. 12, pp. 103-1114, 1993. 

[Lic98a] Lichtenbelt B.,Crane R. and Naqvi S. 
“Introduction to Volume Rendering (Hewlett-
Packard Professional Books).” Practice Hall 
PTR., 1998 

[Lor87a] Lorensen W.E. and Cline H.E. “Marching 
Cubes: A High Resolution 3D Surface 
Construction Algorithm,” Computer Graphics 
(Proc.SIGGRAPH),vol.21, no.3, Jul.1987.pp 163-
169 

[Mea70a] Meadows D. M. et. al. “Generation of Surface 
Contours by Moiré Pattern.” Appl. Opt. vol. 9, pp. 942-
947, 1970. 


