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ABSTRACT 

 

 

 

Shape retrieval is a very important topic in computer vision. Image retrieval consists 

of selecting images that fulfil specific criteria from a collection of images. This thesis 

concentrates on contour-based image retrieval, in which we only explore the 

information located on the shape contour. There are many different kinds of shape 

retrieval methods. Most of the research in this field has till now concentrated on 

matching methods and how to achieve a meaningful correspondence. The matching 

process consist of finding correspondence between the points located on the designed 

contours. However, the huge number of incorporated points in the correspondence 

makes the matching process more complex. Furthermore, this scheme does not 

support computation of the correspondence intuitively without considering noise 

effect and distortions. Hence, heuristics methods are convoked to find acceptable 

solution. Moreover, some researches focus on improving polygonal modelling 

methods of a contour in such a way that the resulted contour is a good approximation 

of the original contour, which can be used to reduce the number of incorporated 

points in the matching. In this thesis, a novel approach for Ant Colony Optimization 

(ACO) contour matching that can be used to find an acceptable matching between 

contour shapes is developed. A polygonal evolution method proposed previously is 

selected to simplify the extracted contour. The main reason behind selecting this 

method is due to the use of a stopping criterion which must be predetermined. The 

match process is formulated as a Quadratic Assignment Problem (QAP) and resolved 

by using ACO. An approximated similarity is computed using original shape context 

descriptor and the Euclidean metric. The experimental results justify that the 

proposed approach is invariant to noise and distortions, and it is more robust to noise 

and distortion compared to the previously introduced Dominant Point (DP) 

Approach. 
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ABSTRAK 

 
 
 
Dapatan semula bentuk merupakan topik yang amat penting dalam penglihatan 

komputer. Dapatan semula imej melibatkan pemilihan dari koleksi-koleksi imej yang 

memenuhi kriteria tertentu. Tesis ini menjurus kepada dapatan semula imej 

berasaskan kontur, di mana kami meneroka hanya maklumat yang terletak pada 

kontur bentuk. Terdapat pelbagai jenis kaedah dalam dapatan semula bentuk. 

Sehingga kini, kebanyakan penyelidikan di dalam bidang ini tertumpu kepada 

kaedah-kaedah pemadanan dan cara untuk mencapai kesepadanan hubungan yang 

lebih baik. Proses pemadanan ini terdiri daripada mendapatkan kesepadanan 

hubungan antara titik-titik yang terletak pada kontur-kontur yang direka. Walau 

bagaimanapun, kewujudan jumlah yang besar bagi titik-titik pemadanan di dalam 

kesepadanan hubungan tersebut sehingga pemadanan menjadi lebih kompleks. Selain 

itu, kaedah ini tidak mengambilkira kesan hingar dan gangguan-gangguan lain. Oleh 

itu, kaedah heuristik digunakan untuk mencari penyelesaian yang lebih bermakna. 

Tambahan pula beberapa penyelidikan memfokuskan kepada penambahbaikan 

kaedah-kaedah pemodelan poligon kontur supaya kontur yang dihasilkan mempunyai 

penghampiran yang baik berbanding kontur asal, di mana ia boleh digunakan untuk 

mengurangkan bilangan titik-titik pemadanan. Dalam tesis ini, satu pendekatan baru 

untuk pemadanan kontur bagi Pengoptimuman Koloni Semut (PKS), boleh 

digunakan dalam mencari pemadanan antara bentuk-bentuk kontur. Satu kaedah 

evolusi poligon yang dicadangkan sebelum ini telah dipilih bagi memudahkan kontur 

yang telah diekstrak. Tujuan utama di sebalik pemilihan kaedah ini ialah disebabkan 

penggunaan kriteria pemberhentian yang perlu ditentukan pada peringkat awal. 

Proses pemadanan yang diformulasikan sebagai Masalah Tugasan Kuadratik (MTK) 

telah diselesaikan dengan menggunakan PKS. Satu penghampiran keserupaan dikira 

menggunakan bentuk penghurai konteks asal dan metrik Euclidean. Sebagai 

kesimpulan dari keputusan eksperimen, pendekatan ini tidak varian kepada bunyi 

bising dan gangguan-gangguan, dan lebih teguh kepada bunyi bising dan gangguan-

gangguan berbanding dengan Pendekatan Titik Dominan (TD) sebelumnya. 
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CHAPTER 1 

 
 
 
 

INTRODUCTION 

 

 

1.1 Background study 

 

 

Shape retrieval is a very important topic in computer vision. It is an act of selecting 

images that fulfil a specific criterion from a collection of images (Nacereddine et al., 

2007). It is based on shape matching, which is one of the fundamental techniques in 

verifying those criteria. Shape matching is classified into two main categories, region 

based matching and contour based matching. This research focused only on contour 

based matching. 

In contour based matching, only the information located on the shape contour 

is explored. The contour consists of a collection of points located along the edges, 

formulating a bipartite graph that can be structured as a Quadratic Assignment (QA) 

(Kaick et al., 2007). Most of the research in this field has till now concentrated on 

how to achieve a meaningful correspondence between contour points (Kaick et al., 

2007). Based on the distribution of the contour points, a bipartite graph can be 

formulated, and the problem is structured as Quadratic Assignment Problem (QAP). 

This is considered as one of the NP-Hard problems. Finding an optimal solution for 

such problems is so difficult and in some cases, impossible (Ruberto and Morgera, 

2011). For this complexity reason, heuristics techniques are convoked to find 

acceptable solutions instead of using exact methods. 

On the other hand, some researches focus on improving polygonal 

approximation methods of a contour in such a way that the resulted contour contains 

only the most dominant points that can be used to extract meaningful information 

(Parvez and Sabri, 2010) which can reduce the correspondence complexity. 

 
1.2 Motivation 
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Shape matching has been deeply studied by many researchers (Veltkamp et al., 

2001). However, challenges still remain. The first challenge is the invariance. Since 

shape in many applications is often discussed based on the property of invariance, 

shape matching is expected to be invariant to transformations such as example 

translation, scale and orientation. The second challenge is tolerance as noise, blur, 

crack and deformation are usually introduced when the shape of an object is 

extracted from an image. In this case, a shape matching is required to be robust to 

these imperfections. 

Moreover, in contour based matching, the points along the contours as a 

bipartite graph can be figured out and formulated as a QA. This is considered as an 

NP-hard problem (Ruberto and Morgera, 2011). In order to find an acceptable 

solution, heuristics techniques are often used. The main idea is to compute the 

mapping between two contours by minimizing the global dissimilarity. Many 

research studies have been proposed. For example, Hungarian method uses the 

simple greedy matching (Papadimitriou and Stieglitz, 1982), and COPAP (Scot and 

Nowak, 2006) takes into account the order preserving. However, the main drawback 

of these techniques is the omission of proximity information measurement between 

feature points on the same shape contour. For this reason, Kaick et al. (2007) 

proposed an Ant Colony Optimization (ACO) approach based on incorporating 

proximity into an optimization framework. However, the huge number of points 

incorporated in the correspondence makes the matching more complex and less 

accurate (Ruberto and Morgera, 2011). A modified ACO matching approach has 

been proposed by Ruberto and Morgera (2011) based on genetic algorithm; only 

dominant points are used instead of the sampling distribution of contour points, 

which improves the correspondence accuracy and reduces the complexity. 

In this research, a new ACO matching approach based on Discrete Curve 

Evolution (DCE) was proposed. In order to reduce the number of contour points 

incorporated in the correspondence, a polygonal approximation proposed previously 

(Latecki and Lakamper, 2000) was selected to simplify the extracted contour. 

Mainly, it simplifies the contour by neglecting distortions while at the same time 

preserving the perceptual appearance at a level sufficient for object recognition. To 

test the effectiveness of our approach, an MPEG-7 subset described by Ruberto and 

Morgera (2011) was used to test shape retrieval considering noise and distortions 
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effect. The results were also compared with the previous work of ACO matching by 

Ruberto and Morgera (2011). 

 
 
1.3 Objectives 

 

 

The objectives of this research are: 

(i) To design a shape contour matching algorithm based on Ant Colony 

Optimization and DCE techniques. 

(ii) To develop a prototype for shape matching which will be known as myMatch  

(iii) To test the prototype and evaluate its efficiency by comparing it with an 

existing approach, namely Dominant Point (DP). 

 

 

1.4 Scope of study 

 
 
This research focused only on Ant Colony Optimization approach as a model of 2D 

contour matching. We used the original shape context which is not invariant to 

rotation. Not invariant to rotation means that the accuracy of the matching 

process is affected by rotation. Only the invariance to distortion and noise was 

investigated in this approach. This approach was tested using MPEG-7 dataset 

following the work of Ruberto and Morgera (2011) which was the only research on  

matching algorithm based on ACO and approximation method. 

 

1.5 Significance of study 

 

 

Shape matching has numerous applications in both computer vision and graphics. 

The significance of this study is to provide a robust matching invariant to noise and 

distortion, which can be used in many different potential applications: 

(i) This research can be used in registration as a matching model. The 

registration can be used for various applications such as assistance in surgery 

and also for reconstruction of data from different images. 
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(ii) It could be used in the field of medical image analysis such as matching two 

images to identify diseased tissue or to detect tumours. 

(iii) It could be used in similarity measure for 2D shape based object retrieval and 

recognition. 

(iv) This technique can be a basis for modelling new computer aided detection 

software for automated detection of abnormalities. 

 

 

1.6 Thesis outline 

 

 

This thesis is organized as a progressive study of our approach using ACO matching 

and DCE. Each chapter shows a stage in the research and is based on the foundation 

provided by previous chapters. 

In Chapter 2, the basic concepts used in contour matching are initially 

followed by a review on Ant Colony Optimization (ACO). A review has been done 

on previous work, focusing on contour correspondence based heuristics techniques 

and polygonal approximation techniques. Some concepts on polygonal 

approximation are also presented. This survey is not exhaustive but serves to set the 

context for the contribution of this thesis and also summarizes the problems and 

issues of the topic. 

The focus in Chapter 3 is on establishing the direction of research that takes 

into account the issues decorticated in Chapter 2. In this chapter, the proposed 

approach consists of ACO matching based on DCE is introduced briefly by using 

original shape context as a descriptor. The main idea is to reduce the number of the 

contour points along the contour in such a way that the simplified contour preserves 

the original frame of the shape. This simplification provides a solution for the 

problem related to the complexity of correspondence and also improves the accuracy 

of correspondence by reducing noise and distortion effect. Finally, the flowchart of 

the proposed approach is presented. 

Chapter 4 describes the implementation part of this research, which is part of 

the research contribution. It consists of a detailed explanation of the DCE algorithm 

used with the ACO matching. The mathematical model of DCE is described and the 

different functions used in the algorithm are detailed. Furthermore, the original ACO 
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algorithm is explained with its mathematical model. Finally, some problems 

encountered during the implementation of the approach are discussed. 

In Chapter 5, the obtained results are discussed. The experimental results are 

justified for each class which provide a good analysis for the efficiency of the 

proposed approach. Moreover, a comparison between the proposed approach and 

Dominant Point approach (Ruberto and Morgera, 2011) is carried out in order to 

prove the robustness of the proposed approach. 

Finally, Chapter 6 concludes the thesis with a summary of the contributions. 

Some limitations of the proposed approach are highlighted, and possible directions 

and future research are presented.  
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CHAPTER 2 

  
  
 
 

LITERATURE REVIEW 

  
 

2.1 Introduction 

              
  
Nowadays, shape analysis has become a hot topic in computer vision. It has been 

widely adopted in many applications of computer graphics. In particular, shape 

matching—one of the fundamental techniques of shape analysis—plays a primordial 

role in shape retrieval, recognition and classification, and medical registration 

(Tsapanos et al., 2011). Shape matching has reached a state of maturity in which 

many real products based on shape matching are commercialized in different areas 

(Aaron et al., 2011). In the commercial domain, shape matching methods are being 

used to retrieve and classify images, for personal and institutional needs like security 

and military. In the medical domain, shape matching is used in radiology to diagnose 

and to assess medical images to determine the progress and the suitable treatment 

options. 

Shape matching is application dependent. Different applications may have 

different requirements on invariance and tolerance to noise, distortion, blur, 

transformation, scale and orientation. Thus, it is difficult to design a universal 

method which is suitable for all applications. Nowadays, many techniques have been 

proposed but most of them only focus on the applications where shape is invariant to 

transformation. 

Based on the representation techniques, shape matching techniques can be 

classified into two categories: contour based matching and region based matching 

(Luciano and Roberto, 2009). This research is focusing on contour based matching 

techniques, in which only the information located on the shape contour is explored. 

Most of the past research concentrated on how to achieve a meaningful 
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correspondence (Kaick et al., 2011). On the other hand, some research focused on 

improving representation methods of a contour in such a way that the resulted 

contour could be used to extract meaningful information (Luciano and Roberto, 

2009). 

Over the last years, several correspondence based matching methods have 

been introduced; some of them are heuristic-based. They represent an acceptable 

solution for the cases where the matching is formulated as an NP-hard problem 

(Kaick et al., 2007). Furthermore, many methods for representing shape contours by 

approximation have been proposed. The rest of this chapter will discuss on 

correspondence based contour matching, polygonal approximation, Ant Colony 

Optimization (ACO) and some issues related to the topic.  

 
 
2.2 Fundamentals of shape representations 

 

 

Shape plays a crucial role in human object classification and identification 

(Beeck et al., 2001). It is also regarded as being one of the predominant features 

determining the perceived similarity of images (Lu et al., 2007). The term shape, 

however, is used in a variety of meanings. The task of defining shape is complex 

(Luciano and Roberto, 2009). The point is that if shapes are to be successfully 

analysed, we must precisely know what they are and what properties they exhibit, 

and often take into account the way they are perceived by humans. Therefore, this 

research adopts a definition of shape which tries to take into account what the object 

is and to decide on shape equivalence under a generic class of transformations were 

adopted. Regarding this aspect, a shape can be considered as any connected set of 

points. Many fundamental concepts are described in order to put the reader in the 

context of this research. 

 As shown in Figure 2.1, shape representation can be classified into three 

categories: representation based contour, representation based region and 

representation based transformations. According to the type application, a 

representation model is selected. The most useful model is region based 

representation because using the whole surface gives more efficiency than using 

contour. However in some particular application, using the whole surface is not 
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significant. Contour based representation is useful in many types of applications 

especially in medical image processing and image detection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: A taxonomy of contour based shape representation techniques (Luciano 
and Roberto, 2009) 

 

 

2.2.1 Shape representation by contour based method 

 

 

Shape representation generally consists of finding effective and perceptually 

important shape features based on either shape boundary information or boundary 

plus interior content (Zheng and Doerman, 2006). Shape representation and 

description techniques can be generally classified into three classes of methods 

(Luciano and Roberto, 2009). The focus in this research is on contour based 

representation. Figure 2.2 shows fundamental contour points; it comprises set of 

consecutive points forming the general frame of the shape. It is very important to 

mention that all the contour tracing techniques used to obtain contour points are for 

the same results. 

This discussion focuses only on contour based methods, which is the focus of 

this research. According to Luciano and Roberto (2009), contour shape methods only 

exploit shape boundary information. 

SHAPE 
REPRESENTATION 

Transforms Contours 
 

Regions 
 

Parametric contour Curve 
Approximation 

Set of Contour 
point 

 Polygonal approximation 
 Multiscale Primitives. 

 Chain-codes 
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Figure 2.2: Contour based representation (Kaick et al., 2007) 

 
 

 
(1) Parametric Contour 

 
 
Representing shapes directly by binary images implies some drawbacks. For 

example, it demands large storage space and does not explicitly identify the shape 

elements. Hence, an alternative approach has been introduced based on parametric 

representation. This alternative approach involves representing the contour as a 

parametric curve thus implying a sequential order along it as shown in Figure 2.3. 
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Figure 2.3: Parametric contour representation on a discrete grid. 
 

 
(2) Set of Contour Points 

 
Several approaches in representing the shape as a parametric contour are based on 

tracking the shape boundary in a given order. Assuming that ),( qpg  is a binary 

image where 1),( qpg  for shape pixels and 0),( qpg  for background pixels 

creates a set of contour points stored in the variable cs , which is of the above 

defined contour set type. 

 Square tracing algorithm (see Figure 2.4) is adopted to trace the contour. 

Given a digital pattern and a group of black pixels on a background of white pixels (a 

grid), a black pixel is located and declared as a "start" pixel. (Locating a "start" pixel 

can be done in a number of ways. For instance, at the bottom left corner of the grid, 

each column of pixels is scanned from the bottom going upwards starting from the 

leftmost column and proceeded to the right until a black pixel encountered. Then, 

that pixel is declared as a "start" pixel). 

In order to extract the contour of the pattern, every time a black pixel is 

found, the direction is turned to the left, and every time a white pixel is found, the 

direction is turned to the right, until the start pixel is encountered again. The black 

pixels found during the loop constitute the contour of the pattern. 

 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



65 
 

Appendix A 

  

 
REFERENCES 

 
 
 
    
Aaron, S. K., Christopher, R. I., & Sharon, C. G. (2011). Characterizing complex 

particle morphologies through shape matching: descriptors, applications, and 

algorithms. Journal of Computational Physics, 230(17), p. 20. 

Allen, B., Curless, B., & Popovi´c, Z. (2003). The space of human body shapes: 

reconstruction and parameterization from range scans. ACM Transactions on 

Graphics (Proc. SIGGRAPH), pp. 587–594.  

Anguelov, D., Srinivasan, P., Pang, H. C., Koller, D., Thrun, S., & Davis, J. (2004). 

The correlated correspondence algorithm for unsupervised registration of 

nonrigid surfaces. Advances in Neural Information Processing Systems. 

Beeck, H., De, V. R., & Wagemans, J. (2001). The representation of perceptual 

similarity between shapes in the inferotemporal cortex of rhesus monkeys. 

Journal of Vision. 

Belongie, S., Mori, G., & Malik, J. (2006). Matching with Shape Contexts. 

Engineering and Technology. 

Berg, A. C., Berg, T.L., & Malik, J. (2005). Shape Matching and Object Recognition 

Using Low Distortion Correspondences. Proc. of IEEE Conf. on CVPR. pp. 26–

33. 

Bronstein, A. M., Bronstein, M. M., Bruckstein, A. M., & Kimmel, R. (2006). 

Matching Two-dimensional Articulated Shapes Using Generalized 

Multidimensional Scaling. Proc. Conf. on Articulated Motion and Deformable 

Objects. 

Bronstein, A. M., Bronstein, M. M., Bruckstein, A. M., & Kimmel, R. (2008). Partial 

similarity of objects, or how to compare a centaur to a horse. Int. J. of Computer 

Vision. 

Bronstein, A. M., Bronstein, M. M., & Kimmel, R. (2006). Efficient computation of 

isometry-invariant distances between surfaces. SIAM J. Scientific Computing, 

pp. 1812–1836. 

Chang, W. & Zwicker, M. (2008). Automatic registration for articulated shapes. 

Computer Graphics Forum (Proc. SGP). 1459-1468. 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



66 
 

Appendix A 

  

Chui, H. & Rangarajan, A. (2003). A new point matching algorithm for non-rigid 

registration. Computer Vision and Image Understanding, 89, pp. 114–141. 

Costa, L. D. F. & Sandler, M. B. (1993). Effective detection of digital bar segments 

with Hough transform. CVGIP Graphical Models and Image Processing,  55. 

Dorigo, M. & Thomas, S. (2004) Ant Colony Optimization. Cambridge: MIT Press, 

ISBN-10:0-262-04219-3. 

Ehrgott, M. & Gandibleux, X. (2004). Approximative solution methods for 

multiobjective combinatorial optimization. TOP. Springer. Volume 12, Number 

11-63. doi: 10.1007/BF02578918. 

Elad, A. & Kimmel, R. (2003). On bending invariant signatures for surfaces. IEEE 

PAMI, pp. 1285–1295. 

Gold, S., Rangarajan, A., Lu, C. P., Pappu, S., & Mjolsness, E. (1998). New 

algorithms for 2D and 3D point matching: pose estimation and correspondence. 

Pattern Recognition, 31(8), pp. 1019–1031. 

Hong, W. H. & Soatto, S. (2005). Enforcing local context into shape statistics. 

Springer Science. doi: 10.1007/s10444-008-9104-5. 

Jain, V. & Zhang, H. (2007). A spectral approach to shape-based retrieval of 

articulated 3D models. Computer-Aided Design, pp. 398–407. 

Jain, V., Zhang, H., & Kaick, O. V. (2007). Non-rigid spectral correspondence of 

triangle meshes. Int. J. on Shape Modeling. 

Kaick, O. V., Hamarneh, G., Zhang, H., & Wighton, P. (2007). Contour 

Correspondence Via Ant Colony Optimization. Proc. 15 Pacific 

Graphics,United States, pp. 271-280. 

Kaick, O. V.,  Zhang, H., Hamarneh, G., & Cohen-Or, D. (2011). A survey on shape 

correspondence. Computer graphics forum . 

 Kirchberg, K. J., Jesorsky, O., & Frischholz W. R. (2006). Genetic model 

optimization for Hausdorff distance-based face localization. Lecture Notes in 

Computer Science, 2359. 

Kolesnikov, A. (2012). ISE-bounded polygonal approximation of digital curves. 

Pattern Recognition Letters, Elsevier . 

Lakaemper, R. & Sobel, M. (2008). Using the particle filter approach to building 

partial correspondences between shapes.  International Journal of Computer 

Vision , 88. 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

http://www.springerlink.com/content/lq1p1565737144k0/
http://www.springerlink.com/content/lq1p1565737144k0/
http://www.springerlink.com/content/1134-5764/
http://www.springerlink.com/content/1134-5764/12/1/
http://www.springerlink.com/content/1134-5764/12/1/
http://www.springerlink.com/content/?Author=Klaus+J.+Kirchberg
http://www.springerlink.com/content/?Author=Oliver+Jesorsky
http://www.springerlink.com/content/?Author=Robert+W.+Frischholz
http://www.springerlink.com/content/v27hg0ec7hq7wk14/
http://www.springerlink.com/content/v27hg0ec7hq7wk14/
http://www.springerlink.com/content/0302-9743/
http://www.springerlink.com/content/0302-9743/
http://www.sciencedirect.com/science/journal/01678655
http://www.springerlink.com/content/?Author=Rolf+Lakaemper
http://www.springerlink.com/content/?Author=Marc+Sobel
http://www.springerlink.com/content/0920-5691/
http://www.springerlink.com/content/0920-5691/


67 
 

Appendix A 

  

Latecki, L. J. & Lakämper, R. (2000). Shape similarity measure based on 

correspondence of visual parts. IEEE Transactions on Pattern Analysis and 

Machine Intelligence, 22(10). 

Leitao, H. C. G. & Stolfi, J. A. (2002). Multi-scale method for the re-assembly of 

fragmented objects. IEEE Transactions on Pattern Analysis and Machine 

Intelligence, 24(9), pp. 1239–1251. 

Leordeanu, M. & Hebert, M. (2005). A Spectral Technique for Correspondence 

Problems Using Pairwise Constraints. Proc. of Int. Conf. on Comp. Vis. (ICCV),  

2, pp. 1482–1489. 

Liu, L., Wang, G., Zhang, B., Guo, B., & Shum, H. Y. (2004). Perceptually Based 

Approach for Planar Shape Morphing. Proc. of Pacific Graphics, pp. 111–120. 

Lu, Y., Kaneko, K., & Makinouchi, A. (2007). Using a partial geometric feature for 

similarity search of 3D objects. Information and Media Technologies, 2(4), pp. 

1181–1189. 

Luciano,  D. F. C. & Roberto, M. C. J. (2009). Shape Classification and Analysis: 

Theory and Practice. 2nd Ed. CRC Press. 

Maciel, J. & Costeira, J. P. (2003). A global solution to sparse correspondence 

problems. PAMI, 25(2), pp. 187–199. 

Marji, M. & Siy, P. (2004). Polygonal representation of digital planar curves through 

dominant point detection—a nonparametric algorithm. Pattern Recognition, 37, 

pp. 2113–2130. 

Mateus, D., Horaud, R., Knossow, D., Cuzzolin, F., & Boyer, E. (2008). Articulated 

Shape Matching Using Laplacian Eigenfunctions and Unsupervised Point 

Registration. Proc. of IEEE Conf. on CVPR, pp. 1–8. 

Nasreddine, K., Benzinou, A., & Fablet. R. (2010). Variational shape matching for 

shape classification and retrieval. Pattern Recognition Letters, 31(2, 1). 

Papadimitriou, C., and Stieglitz, K. (1982). Combinatorial Optimization: Algorithms 

and Complexity. Prentice hall. 

Parvez, M. T. & Sabri A. M. (2010). Polygonal approximation of digital planar 

curves through adaptive optimizations. Pattern Recognition Letters. 

Parvez, M. T. & Sabri A. M. (2010). Polygonal Approximation of Planar Curves 

Using Triangular Suppression. Proceeding Of International Conference on 

Information Science, Signal Processing and their Applications. 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Yingliang+Lu
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Akifumi+Makinouchi
https://www.jstage.jst.go.jp/AF06S010SryTopHyj?sryCd=imt&noVol=2&noIssue=
https://www.jstage.jst.go.jp/AF06S010SryTopHyj?sryCd=imt&noVol=2&noIssue=4
http://www.amazon.com/s/ref=ntt_athr_dp_sr_1/188-7257878-4528609/188-7257878-4528609?_encoding=UTF8&field-author=Luciano%20da%20Fona%20Costa&ie=UTF8&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_2/188-7257878-4528609/188-7257878-4528609?_encoding=UTF8&field-author=Roberto%20Marcond%20Cesar%20%20Jr.&ie=UTF8&search-alias=books&sort=relevancerank
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DNasreddine,%2520Kamal%26authorID%3D26434359300%26md5%3D397d5b7628dbce54354a574674b59ad4&_acct=C000057152&_version=1&_userid=2387683&md5=344407fe7d5265e57ee97942063bc218
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBenzinou,%2520Abdesslam%26authorID%3D25928231000%26md5%3D6f9b8791a59d5e66a9ff4aef06f24c96&_acct=C000057152&_version=1&_userid=2387683&md5=2d2b4a2360d63d8f5bc8e8cc852e132c
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DFablet,%2520Ronan%26authorID%3D6603508732%26md5%3D652f948e4efa10b0b09db8c18cdcdec3&_acct=C000057152&_version=1&_userid=2387683&md5=f13b0603084145f440a474273f0ae3fe
http://www.sciencedirect.com/science/journal/01678655


68 
 

Appendix A 

  

Paulsen, R. R. & Hilger K. B. (2003). Shape modelling using markov random field 

restoration of point correspondences. Lecture Notes in Computer Science, 2732. 

Pauly, M., Mitra, N. J., Giesen, J., Gross, M., & Guibas, L. J. (2005). Example-based 

3D Scan Completion. Proc. of Symp. on Geom. Processing (SGP), pp. 23–32. 

Pavilidis, T. & Horowitz, S. L. (1974). Segmentation of Plane Curves. IEEE 

Transactions, 23(8), pp. 860–870. 

Poyato, A. C., Cuevas, F. J. M., Carnicer, R. M., & Salinas, R. M. (2010). Polygonal 

approximation of digital planar curves through break point suppression. Pattern 

Recognition, 43. 

Ramer, U. (1972). An iterative procedure for the polygonal approximation of plane 

curves. Computer Graphics and Image Processing, 1(3). 

Rangayyan, R. M., Mudigonda, N. R., & Desautels, J. E. L. (2000). Boundary 

Modelling and Shape Analysis Methods for Classification of Mammographic 

Masses. Med. Biol. Eng. Comput., 38, pp. 487–496. 

Rongjiang, P. & Xiangxu, M. (2005). Fragment re-assembly based on LCS matching. 

Chinese journal of computers. 28(3), pp. 350–356. 

Rosenfeld, A. (2001). From image analysis to computer vision: an annotated 

bibliography. Computer Vision and Image Understanding 84(2), pp. 298–324. 

Ruberto, C. D. & Morgera, A. (2011). ACO Contour Matching: A Dominant Point 

Approach. Proceeding of 4th International Congress on Image and Signal 

Processing (CISP), 3, pp.1391–1395. 

Rusinkiewicz, S. & Levoy, M. (2001). Efficient Variants of The ICP Algorithm. 

Proc. of 3rd Int. Conf. on 3D Digital Imaging and Modeling, pp. 145–152. 

Sclaroff, S. & Pentland, A. P. (1995). Modal matching for correspondence and 

recognition. PAMI, 17(6), pp. 545–561. 

Scott, C. & Nowak, R. D. (2006) Robust contour matching via the order-preserving 

assignment problem. IEEE Trans. On Image Processing, 15(7), pp. 1831–1838. 

Sebastian, T. B., Klein, P.N., & Kimia, B. B. (2003). On aligning curves. IEEE 

Transactions on Pattern Analysis and Machine Intelligence, 25(1), pp. 116–125. 

Shwartz, J. T. & Sharir, M. (1987). Identification of partially obscured objects in two 

dimensions by matching of noisy characteristic curves. International Journal of 

Robotics Res, 6(2), pp. 29–44. 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

http://www.sciencedirect.com/science/journal/0146664X
http://www.sciencedirect.com/science/journal/10773142


69 
 

Appendix A 

  

Siddiqi, K., Shokoufandeh, A., Dickinson, S., & Zucker, S. (1999). Shock graphs and 

shape matching. Int. J. on Comp. Vis. (IJCV), 35(1), pp.13–32. 

Singh, U. P., Saxena, K., & Jain, S. (2011). A review: different types of similarity 

measures. Pioneer Journal of Computer Science and Engineering Technology, 

2(1), pp. 43–63. 

Styner, M. A., Rajamani, K. T., Nolte, L. P., Zsemlye, G., Székely, G., Taylor, C. J., 

& Davies, R. H. (2003). Evaluation of 3D correspondence methods for model 

building. Lecture Notes in Computer Science 2732, 63–75. 

Sumner, R. W., Schmid, J., & Pauly, M. (2007). Embedded deformation for shape 

manipulation. ACM Trans. on Graphics. 

Tsapanos, N., Tefas, A., Nikolaidis, N., & Pitas, I. (2012). Shape matching using a 

binary search tree structure of weak classifiers. Pattern Recognition, 45(6), pp. 

2363–2376. ISSN 0031-3203. 

Tsutsui, S. & Fujimoto, N. (2011).  Fast QAP Solving by ACO with 2-opt Local 

Search on a GPU. Proceedings of the IEEE Congress on Evolutionary 

Computation (CEC-2011), IEEE, New Orleans. 

Veltkamp, R. C. (2001). Shape matching: similarity measures and algorithms. Shape 

Modeling and Applications, SMI International Conference on. , vol., no., 

pp.188-197, May 2001. 

Veltkamp, R. C. & Latecki L. J. (2006). Properties and Performance of Shape 

Similarity Measures. Content-Based Retrieval. 

Werman, M. & Weinshall, D. (1995). Similarity and Affine Invariant Distances 

between 2D Point Sets. IEEE Transaction. 

Yanjuan, Z. & Laishui, Z. (2004). A Multiscale Method of Contour Matching Based 

on Hausdorff Distance. Chinese Mechanical Engineering, 15(17), pp. 1553–

1561. 

Zass, R. & Shashua, A. (2008). Probabilistic Graph and hypergraph matching. Proc. 

of IEEE Conf. on CVPR.  

Zheng, Y. & Doermann, D. (2006). Robust point matching for nonrigid shapes by 

preserving local neighborhood structures. PAMI, 28(4), pp. 643–649. 

Zhou, X. & Lou, Y. (2010). Polygonal Approximation of Digital Curves Using 

Adaptive MCMC Sampling. Proceedings of 2010 IEEE 17th International 

Conference on Image Processing. 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH




