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Abstract— Performing accurate and precise collision detection 
method be-tween objects in virtual environment application such 
as computer games and medical simulation is important in 
computer graphics research and development. Given pair of 
objects that near colliding, numerous mechanic has been 
developed by researchers in order to minimize computation time 
and increase accuracy of the detection. However, most of these 
techniques required a lot of computational cost, extra processing 
power and complex algebraic equations just to solve distance 
between near colliding objects. In this paper, we described an 
alternate technique, which is a theoretical framework of novel 
technique in order to find the optimum closest distance between 
two or more convex polyhedral in virtual environment 
application. Given pair of near colliding objects, we proposed an 
easy to implement mechanism using dynamic origin point by 
creating inner and middle Axis Aligned Bounding-Box just to 
find closest distance between objects. We believed that the 
technique is suitable to be used in any game engine tools for com-
puter games and medical simulation. 

Keywords— collision detection, virtual environment, distance 
computation, computer graphics 

I.  INTRODUCTION 
The development of virtual environment application has 

become one of the recent trends especially in computer 
graphics research area. In order to develop a well-structured 3D 
virtual environment application, numerous aspects has to be 
considered before the real event take place, as many important 
factors has to be checked. Criteria such as collision detection, 
lighting, texturing, speed, objects complexity, and some other 
techniques are the main consideration for virtual environment 
application. For medical simulation, an accurate collision 
technique along with the high-definition texturing technique 
and superb lighting technique are the main important factors. 
Meanwhile, computer games development requires 
sophisticated physic system with fast collision detection 
depending on what type of games that the developers are trying 
to develop. Hence, this is why the 3D computer graphics is one 
of the 21st century’s research areas that could bring profits to 
most of the top computer graphics companies. 

Determining the precise contact between two or more 
polyhedral is not an easy task as every time steps and 
movement of the objects must be calculated and computed. 
Hence, the collision detection system must be properly 
installed in the simulation or computer games in order to 
maintain the realism of the surrounding environments. 
However, the problem exists where the collision response can 
only manage to react once the collision has been collided 
before sending information that the objects has come into 
contact. The matter of this event is how long computer can 
receive input from the collided objects back to the collision 
detection mechanism. Important input such as time of contact, 
location of the contact and time lapse between reporting this 
event back is required in order to maintain the stability of the 
simulation.  

In this research, we have proposed a theoretical framework 
on how to precisely know the exact distance between two 
convex polyhedral compared to other methods. Instead of 
performing complex algebraic solution that has been used in 
various techniques to determine the distance computation 
algorithm in determining collision, we have proposed a 
technique that use the efficiency of Axis-Aligned Bounding-
Box (AABB) that create boundary surrounding the last piece of 
triangle in Bounding-Volume Hierarchies (BVH). This 
technique is called Dynamic Object Point for Distance 
Computation (DOPDC) technique. It explicitly used the inner 
and outer AABB capabilities that have been created using 
dynamic parallel lines. Section II will describe about previous 
works on collision detection and distance computation 
algorithms. Section III explained in detailed regarding 
Bounding-Volume Hierarchies and the theoretical framework 
and the pseudo code of the algorithm along with the analysis. 
Section IV conclude our framework. 
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II. RESEARCH BACKGROUND

Collision detection research studies have been performed 
well by many top researchers in various fields such as 
computational geometry, robotics, computer games and 
animation and computer graphics [1-19]. Some of the main 
references for other researcher in term of survey papers are 
[17, 20-27]. Hence in this section, we described few selected 
technique that are related to the work of collision detection 
especially in discrete and continuous collision detection. 

A. Discrete Collision Detection 
Discrete collision detection (DCD) works has been 

introduced since few decades ago when the speed of 
intersection between intersecting object need to be detected is 
vitally important. In 1988, Gilbert et al [19] created an 
efficient algorithm for computing the Euclidean distance 
between triangles using mathematical programming method 
where they used the position and orientation of the object and 
detect it along a continuous path. Later in 1990, Gilbert et al 
[28] improved it by using a simple extension of exploiting the 
capabilities of the polytope itself where it became more 
efficient than the previous algorithm. Later in 1994, Sean 
Quinlan [29] presented an efficient algorithm for DCD by 
using hierarchical representation of spheres. By enclosing the 
object with spheres for multiple levels, it helps to reduce the 
complexity by huge factors and also reduced computational 
cost.  

By 1996, Hubbard introduced a sphere tree construction by 
using oct-tree based type. By using space-time bound 
technique, Hubbard technique allowed the collision detection 
technique working fast by approximation and graceful 
deprivation on the objects. In his dissertation, he concluded 
that the implementation of the algorithm works faster than the 
previous one.  

Bounding-Volume Hierarchies of k-DOPs has been 
proposed by Klosowski et al [30] in 1998 by using a convex 
polytopes with some orientations of k value. By implemented 
this technique, their algorithm showed promising results that 
could benefits in complex static environment with collision 
detection algorithm. Other researchers also used various of 
BVs for the BVH such as boxtrees[3, 31] , Axis-Aligned 
Bounding-Box (AABBs) [3, 16, 32-38], Oriented Bounding-
Box (OBB) [5, 12, 32, 33, 37, 39-45], k-Dop [46] Oriented-
Dops [12, 44, 47] and convex hulls [28, 29, 48, 49]. 

B. Continuous Collision Detection 
Continuous Collision Detection (CCD) works differently by 

Discrete Collision Detection (DCD) algorithm. Instead of using 
time step to recognize the potential colliding information, CCD 
used the object movement towards other object in smallest 
approximation value. Hence, by knowing the distance between 
two or more object using either algebraic equation or other 
technique, we can approximate precise contact between 

colliding object. CCD is the most accurate solution for real-
time simulation such as medical simulation and high precision 
measurement simulation. However, the computational cost for 
CCD is far more expensive than the DCD methods. 
Apparently, most of these approaches seem unable to perform 
very fast CCD queries compared to DCD queries on general 
polygonal models. Only few of those can handle polygon-soup 
models such as [18, 50]. In Redon et al.[50], they extend 
capabilities of static OBB tree algorithm used in [45] by 
modifying the separating axis theorem. They create a 
continuous version of separating axis theorem and demonstrate 
real-time performance on polygonal models. However, it 
creates another problem as it becomes excessively conservative 
when it involves large rotations between two objects. It occurs 
when two objects has extreme collision that almost huge part of 
the second object intersects with first object. Compared to 
Zhang et al.’s algorithm [48], it much slower for polyhedral 
models. They already implemented the algorithm in articulated 
models [51], but it still use the same fundamental which is 
polyhedron. Redon et al. [52] illustrate an extension of [53] to 
articulated models and their algorithm also had similar 
problem. Schwarzer et al.’s algorithm [54] is based on a 
conservative condition to guarantee a collision-free motion 
linking with two configurations, but the condition may become 
excessively conservative when an object slides over another 
object.  

III. THEORITICAL FRAMEWORK

In this paper we will describes our theoretical framework of 
our propose technique that use the capabilities of Axis-Aligned 
Bounding-Box to calculate the distance between two objects 
down to the distance between two triangles. 

A. Region Creation 
At first, from the Bounding-Volume Hierarchies (BVH) 

that enclosed the triangle down to the last piece of triangle, we 
will use the AABB for each of the triangle that approximately 
close to each other. By maintaining one of the axes that has the 
shortest distance between two AABBs, we can create an 
invisible AABB just to enclose both of BV into one 
(combined). By doing this, we can get a new region that has 
two triangle that might close together to create a contact or 
determine the contact between them. Figure 1 explain how one 
of the axes can approximately know which triangles that most 
likely can come into contact and then determine the distance. 

 
Figure 1 From the figure, both triangles can be recognized their 
potential axes in order to collide 
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Figure 3 Outer AABB for removing those lines that are not required 
for Distance Computation Calculation 

Figure 4 Final configuration of Distance Computation calculation 
where points/lines that close to only the nearest intersection of area 
that might come into contact is required 

Figure 5 New Origin Point 

B. Parallel Line Elimination using Outer AABB techniques 
Parallel Line Elimination (PLE) stands for elimination of 

the axes lines that we do not require for distance computation 
between both triangles. In this case, we need to search for any 
lines that we do not need for intersection and distance 
computation testing. Figure 2 explains the situation. 

From the Figure 2, we found that using the maximum and 
minimum point that created AABB, we can do the elimination. 
Given Axmin and Axmax  as minimum and maximum points of 
first triangle (the leftmost), and Bxmin and Bxmax for the second 
triangle (the rightmost). First we will perform comparison 
between Axmin and Bxmin in order to determine which one will be 
having the greater or lower value. We perform elimination or 
remove the lower value, as it is not require for distance 
computation algorithm. This only applies for X-axis where the 
nearest distance most likely to lies between Axmax and Bxmin. 
Thus in this case Axmin is lower that Bxmin and we will select 
Axmin as candidate to be removed from our distance 
computation calculation. The same thing applies for maximum 
points comparison between both triangles in X-axis where 
between Axmax and Bxmax, only Bxmax will be removed from our 
calculation as the Bxmax is largest value of all X-axis. In short, 
between Axmin , Axmax  , Bxmax, and Bxmin, remove any points that 
has highest and lowest X-axis values thus leaving only the X-
axis point that most likely the nearest of X-axis that can come 
into contact. 

 

Outer AABB is one of the techniques that can be used to 
eliminate those lines that we do not need in order to calculate 
the distance between those two triangles. By finding the 
maximum and minimum points of all triangles (that we used to 

create AABB for each triangle), we can create a new Outer 
AABB to find any points that belong to Outer AABB creation. 
In previous paragraph we have explained how to find the 
lowest and highest value for each axis. However, we can 
perform faster elimination by performing Outer AABB 
technique. Figure 3 shows Outer AABB technique. 

It works be enclosing the triangle that might come into 
contact (nearest) with the big AABB. Then, once we have 
found points that created Outer AABB (big AABB), we can 
determine which point that most likely to create them. In this 
case, Aymax,  and Bymin are belongs to Outer AABB creation and 
thus we removed them from our distance computation 
calculation. Figure 4 shows the final configuration for us to 
compute the distance. 

 
 
 

C. Midpoint of AABB 
From a closer look at the ‘empty box’ that lies between the 

two triangles in AABB, we now can find the midpoint of the 
AABB as one of the main component for distance computation 
calculation. We will then transforming the old origin point 
located at the coordinates (0,0,0) into the new one (let say 
Xneworigin, Yneworigin, and Zneworigin). Figure 5 explains the 
procedure to determine a new origin point for distance 
computation algorithm that we develop. 

From Figure 5, a New Origin Point (NOP) can easily be 
calculated by using the formula below: 

2  
the same process will happens to the y coordinate by changing 
it to: 

Figure 2 Parallel Line Elimination process to remove any lines 
that we do not require for nearest intersection contact. 
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Once NOP has been calculated, we will save it into the 
memory for distance computation calculation after this.  

D. Figures and Tables Middle Box of AABB for 
Intersection Points 

The Middle Box of AABB is an “empty box” that 
temporarily created to find the midpoint of rectangle in order 
to initialize NOP. Once the NOP has been saved into memory, 
the process of distance computation calculation continues with 
the process of finding the nearest side of triangle that may 
come into contact. Figure 6 shows the corresponding behavior 
that need to be check in order to find the nearest side of 
triangle. 

 

 

where    is the interception of y axis that need to be 
calculated first. 

From the Figure 6, the process of finding the right edge of 
intersection area started by using all points that created the 
Middle Box of AABB. By utilizing the Axmax, Aymin, Bxmin, and 
Bymax, we can easily create an edge and thus it can be declared 
as the nearest edge that might come into contact. Line 
equations for both edges must be calculated in order to obtain 
points or triangle that intersected with a line that is created 
from the NOP to both edges. From Figure 7, we can obtains 
two line equations 

CONCLUSION AND FUTURE WORK 
We have presented our current research progress on 

development of a novel algorithm of Distance Computation 
using Axis Aligned Bounding Box (AABB) Parallel 
Distribution of Dynamic Origin Point. Currently, the 
experimental process in being carried out using C++ 
programming language in Visual Studio C++ 2010. Stanford 
3D model has been used in our experiments in order to 
maintain the standard 3D object that had been used for 
collision detection testing.  

 ACKNOWLEDGMENT 

We would like to thank for Centre for Telecommunication 
Research and Innovation (CeTRi) for research feedback and 
Dr. Abdullah Bade and Prof. Datuk Dr. Mohd Harun Abdullah 
from Universiti Malaysia Sabah for PhD supervision. 

REFERENCES 

[1] B. Chen, X. Ye, L. An, and Y. Wang, "Detection of Collision and Self-
Collision Using QPSO for Deformable Models," in Intelligent System 
Design and Engineering Application (ISDEA), 2012 Second 
International Conference on, 2012, pp. 1028-1031. 

[2] H. Qu and W. Zhao, "Fast Collision Detection of Space-Time 
Correlation," in Computer Science and Electronics Engineering 
(ICCSEE), 2012 International Conference on, 2012, pp. 567-571. 

[3] O. Arcila, S. Dinas, and J. M. Banon, "Collision detection model based 
on Bounding and containing Boxes," in Informatica (CLEI), 2012 
XXXVIII Conferencia Latinoamericana En, 2012, pp. 1-10. 

[4] W. Zhao and X. Guo, "The Collision Detection Algorithm in Virtual 
Reality," in Computer Science and Electronics Engineering (ICCSEE), 
2012 International Conference on, 2012, pp. 538-541. 

[5] Z. Wei and Z. Ying, "Survey of Collision Detection in Roaming of 
Virtual Environment," in Computer Science and Electronics 
Engineering (ICCSEE), 2012 International Conference on, 2012, pp. 
552-556. 

Figure 6 Middle Box of AABB located just between two
triangles and contains Middle Point AABB or NOP  

 

Figure 7 The mechanism to detect potential edges by using 
points that created AABB of the triangles 

Figure 8 Trigonometric rules of finding the distance between
two points 

International Conference on Microelectronics, Communication and Renewable Energy (ICMiCR-2013)



[6] O. Fan and Z. Tie, "Octree-based Spherical hierarchical model for 
Collision detection," in Intelligent Control and Automation (WCICA), 
2012 10th World Congress on, 2012, pp. 3870-3875. 

[7] K. W. Ng, Y. W. Yeap, Y. H. Tan, and K. I. Ghauth, "Collision 
detection optimization on mobile device for shoot'em up game," in 
Computer & Information Science (ICCIS), 2012 International 
Conference on, 2012, pp. 464-468. 

[8] J. Byung-jin, C. Hyouk Ryeol, K. Ja Choon, and M. Hyungpil, 
"Collision detection using band designed Disturbance Observer," in 
Automation Science and Engineering (CASE), 2012 IEEE International 
Conference on, 2012, pp. 1080-1085. 

[9] L. Jie and A. Ephremides, "A New Approach to Random Access: 
Reliable Communication and Reliable Collision Detection," 
Information Theory, IEEE Transactions on, vol. 58, pp. 989-1002, 
2012. 

[10] R. E. Sofronia, G. G. Savii, and A. Davidescu, "Real-time collision 
detection for long thin medical instruments in virtual reality-based 
simulators," in Optimization of Electrical and Electronic Equipment 
(OPTIM), 2012 13th International Conference on, 2012, pp. 1107-
1112. 

[11] Z. Wei and L. Lei, "Improved K-DOPs collision detection algorithms 
based on genetic algorithms," in Electronic and Mechanical 
Engineering and Information Technology (EMEIT), 2011 International 
Conference on, 2011, pp. 338-341. 

[12] S. Yanchun and S. Xingyi, "Research and improvement of collision 
detection based on oriented bounding box in physics engine," in 
Communication Software and Networks (ICCSN), 2011 IEEE 3rd 
International Conference on, 2011, pp. 73-76. 

[13] H. A. Sulaiman, A. Bade, and N. M. Suaib, "Balanced hierarchical 
construction in collision detection for rigid bodies," in Science and 
Social Research (CSSR), 2010 International Conference on, 2010, pp. 
1132-1136. 

[14] H. A. Sulaiman, A. Bade, D. Daman, and N. M. Suaib, "Collision 
Detection using Bounding-Volume Hierarchies in Urban Simulation," 
presented at the The 5th Postgraduate Annual Research Seminar, 
Faculty of Computer Science & Information System, UTM, 2009. 

[15] N. M. Suaib, A. Bade, and D. Mohamad, "Collision Detection Using 
Bounding-Volume for avatars in Virtual Environment applications," in 
The 4th International Conference on Information & Communication 
Technology and Systems, Institut Teknologi Sepuluh Nopember (ITS), 
Surabaya, Indonesia, 2008, pp. 486 - 491. 

[16] R. e. Weller, J. Klein, and G. Zachmann, "A Model for the Expected 
Running Time of Collision Detection using AABB Trees," in 
Eurographics Symposium on Virtual Environments (EGVE), Lisbon, 
Portugal, 2006. 

[17] C. Ericson, Real-Time Collision Detection (The Morgan Kaufmann 
Series in Interactive 3-D Technology) (The Morgan Kaufmann Series 
in Interactive 3D Technology): Morgan Kaufmann Publishers Inc., 
2004. 

[18] S. Redon, A. Kheddar, and S. Coquillart, "CONTACT: arbitrary in-
between motions for collision detection," in 10th IEEE International 
Workshop on Robot and Human Interactive Communication, 2001, 
2001, pp. 106-111. 

[19] E. G. Gilbert, D. W. Johnson, and S. S. Keerthi, "A fast procedure for 
computing the distance between complex objects in three-dimensional 
space," Robotics and Automation, IEEE Journal of, vol. 4, pp. 193-203, 
1988. 

[20] H. A. Sulaiman, A. Bade, and N. M. Suaib, "Bounding-Volume 
Hierarchies Technique for Detecting Object Interference in Urban 
Environment Simulation," in Second International Conference on 
Environmental and Computer Science, 2009. ICECS '09, 2009, pp. 
436-440. 

[21] M. Tang, S. Curtis, S.-E. Yoon, and D. Manocha, "Interactive 
continuous collision detection between deformable models using 
connectivity-based culling," presented at the Proceedings of the 2008 
ACM symposium on Solid and physical modeling, Stony Brook, New 
York, 2008. 

[22] S. H. Kockara, T.; Iqbal, K.; Bayrak, C.; Rowe, Richard;, "Collision 
Detection - A Survey," presented at the IEEE International Conference 
on Systems, Man and Cybernetics, 2007. ISIC., 2007. 

[23] G. V. D. Bergen, Collision Detection in Interactive 3D Environments. 
United States of America: Elsevier, Inc., 2004. 

[24] M. C. Lin and D. Manocha, "Collision and Proximity Queries," in In 
Handbook of Discrete and Computational Geometry, 2nd Ed. vol. 35, 
ed Boca Raton, FL: CRC Press LLC, 2004, pp. 787-807. 

[25] S. Redon, Y. J. Kim, M. C. Lin, and D. Manocha, "Fast continuous 
collision detection for articulated models," presented at the Proceedings 
of the ninth ACM symposium on Solid modeling and applications, 
Genoa, Italy, 2004. 

[26] S. A. Gottschalk, "Collision queries using oriented bounding boxes," 
The University of North Carolina at Chapel Hill, 2000. 

[27] G. Zachmann, "Virtual Reality in Assembly Simulation - Collision 
Detection, Simulation Algorithms, and Interaction Techniques," 
Department of Computer Science, Darmstadt University of 
Technology, Germany, 2000. 

[28] E. G. Gilbert and C. P. Foo, "Computing the distance between general 
convex objects in three-dimensional space," Robotics and Automation, 
IEEE Transactions on, vol. 6, pp. 53-61, 1990. 

[29] S. Quinlan, "Efficient distance computation between non-convex 
objects," in Robotics and Automation, 1994. Proceedings., 1994 IEEE 
International Conference on, 1994, pp. 3324 - 3329. 

[30] J. T. Klosowski, M. Held, J. S. B. Mitchell, H. Sowizral, and K. Zikan, 
"Efficient Collision Detection Using Bounding Volume Hierarchies of 
k-DOPs," IEEE Transactions on Visualization and Computer 
Graphics, vol. 4, pp. 21-36, 1998. 

[31] X.-p. Wang, X.-c. Dong, H.-b. Wang, H.-c. Zheng, and S.-f. Gu, 
"Solution to collision detection based on bounding box in Vega Prime," 
in Future Information Technology and Management Engineering 
(FITME), 2010 International Conference on, 2010, pp. 113-116. 

[32] Z. Wei and S. Jing, "Collision Detection Research for Deformable 
Objects," in Computer Science and Electronics Engineering (ICCSEE), 
2012 International Conference on, 2012, pp. 557-561. 

[33] H. Rui, "Optimizing collision detection in 3D games with model 
attribute and Bounding Boxes," in Electrical & Electronics 
Engineering (EEESYM), 2012 IEEE Symposium on, 2012, pp. 589-591. 

[34] L. Hanwen and W. Yi, "Coherent hierarchical collision detection for 
clothing animation," in Haptic Audio Visual Environments and Games 
(HAVE), 2011 IEEE International Workshop on, 2011, pp. 129-134. 

[35] J. Gong, J. An, and L. Cui, "Research and Application for Collision 
Detection Algorithm in Virtools," in Business Computing and Global 
Informatization (BCGIN), 2011 International Conference on, 2011, pp. 
457-460. 

[36] X. Yi-Si, X. P. Liu, and X. Shao-Ping, "Efficient collision detection 
based on AABB trees and sort algorithm," in Control and Automation 
(ICCA), 2010 8th IEEE International Conference on, 2010, pp. 328-
332. 

[37] C. Tu and L. Yu, "Research on Collision Detection Algorithm Based 
on AABB-OBB Bounding Volume," in First International Workshop 
on Education Technology and Computer Science, 2009. ETCS '09. , 
2009, pp. 331-333. 

[38] X. Zhang and Y. J. Kim, "Interactive Collision Detection for 
Deformable Models Using Streaming AABBs," IEEE Transactions on 
Visualization and Computer Graphics, vol. 13, pp. 318-329, 2007. 

[39] W. Zhao and L. Wang, "A fast collision detection algorithm suitable 
for complex virtual environment," in Transportation, Mechanical, and 
Electrical Engineering (TMEE), 2011 International Conference on, 
2011, pp. 502-505. 

[40] J.-W. Chang, W. Wang, and M.-S. Kim, "Efficient collision detection 
using a dual OBB-sphere bounding volume hierarchy," Computer-
Aided Design, vol. 42, pp. 50-57, 2010. 

[41] C. Lu and Q. Guofeng, "Optimization of the collision detection 
technology in 3D skeleton animation," in Computer Application and 
System Modeling (ICCASM), 2010 International Conference on, 2010, 
pp. V10-539-V10-543. 

[42] X. Zhou, "Research of collision detection based on OBB in skinned 
mesh," in Computer Application and System Modeling (ICCASM), 
2010 International Conference on, 2010, pp. V6-643-V6-645. 

[43] X.-l. Shen and J.-s. Zhang, "Research of collision detection algorithm 
based on particle swarm optimization," in Computer Design and 
Applications (ICCDA), 2010 International Conference on, 2010, pp. 
V1-60-V1-63. 

[44] J.-W. Chang, W. Wang, and M.-S. Kim, "Efficient collision detection 
using a dual OBB-sphere bounding volume hierarchy," Computer-
Aided Design, vol. In Press, Corrected Proof, 2009. 

International Conference on Microelectronics, Communication and Renewable Energy (ICMiCR-2013)



[45] S. Gottschalk, M. C. Lin, and D. Manocha, "OBBTree: a hierarchical 
structure for rapid interference detection," presented at the Proceedings 
of the 23rd annual conference on Computer graphics and interactive 
techniques, 1996. 

[46] P. Zhang and g.-l. Du, "A fast continuous collision detection algorithm 
based on K_DOPs," in Electronics, Communications and Control 
(ICECC), 2011 International Conference on, 2011, pp. 617-621. 

[47] A. Bade, N. Suaib, M. Z. A, and T. S. T. M, "Oriented convex 
polyhedra for collision detection in 3D computer animation," presented 
at the Proceedings of the 4th international conference on Computer 
graphics and interactive techniques in Australasia and Southeast Asia, 
Kuala Lumpur, Malaysia, 2006. 

[48] X. Zhang, M. Lee, and Y. J. Kim, "Interactive continuous collision 
detection for non-convex polyhedra," Vis. Comput., vol. 22, pp. 749-
760, 2006. 

[49] S. Cameron, "A comparison of two fast algorithms for computing the 
distance between convex polyhedra," Robotics and Automation, IEEE 
Transactions on, vol. 13, pp. 915-920, 1997. 

[50] S. Redon, A. Kheddar, and S. Coquillart, "Fast Continuous Collision 
Detection between Rigid Bodies," Computer Graphics Forum, vol. 21, 
pp. 279-287, 2002. 

[51] A. Wong, "Adaptive bilateral filtering of image signals using local 
phase characteristics," Signal Processing, vol. 88, pp. 1615-1619, 
2008. 

[52] J. Zhou, H. Zhu, H. Shu, and L. Luo, "A generalized diffusion based 
inter-iteration nonlinear bilateral filtering scheme for PET image 
reconstruction," Computerized Medical Imaging and Graphics, vol. 31, 
pp. 447-457, 2007. 

[53] N. Bhoi and S. Meher, "Circular spatial filtering under high-noise-
variance conditions," Computers & Graphics, vol. 32, pp. 568-580, 
2008. 

[54] J. Luo and M. Boutell, "Natural scene classification using 
overcomplete ICA," Pattern Recognition, vol. 38, pp. 1507-1519, 
2005. 

International Conference on Microelectronics, Communication and Renewable Energy (ICMiCR-2013)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


