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Evolution of Contours for Shape Recognition Ukrit Watchareeruetai1 and Kriangkrai Phanjan2 School of Engineering and Technology, International College King Mongkut’s Institute of Technology Ladkrabang Chalongkrung Road, Ladkrabang, Bangkok 10520, Thailand E-mail: [email protected], [email protected] Abstract: This paper proposes an evolutionary method for constructing contour feature extraction programs for shape recognition. The proposed method adopts a variant of genetic programming (GP), called linear GP, to optimize the performance of programs. Linear GP used in this paper requires two types of registers: 1) numerical registers and 2) contour registers. Consequently, the contour of an object which is stored in a contour register can be processed to produce some features and also be transformed by some primitive operators to generate another contour. During evolutionary process, an input contour is evolved and, hopefully, its useful features are then extracted. Preliminary results show that the proposed method can automatically construct a contour feature extractor for a leaf recognition problem, with an accuracy of 90%.



which is an image property depicting the form of objects. As a main contribution of this paper, a new evolutionary method that can automatically construct a program for extracting shape features from a given contour is proposed. In the proposed method, a modified version of linear GP [2], which is a variant of GP, is adopted to optimize the performance of feature extraction programs. The rest of this paper is organized as follows: Section 2 briefly explains the concept of GP and linear GP. Section 3 describes the proposed method. Section 4 presents and discusses experimental results. Section 5 summarizes the paper.



2. Linear Genetic Programming 2. 1 Genetic Programming



1. Introduction



GP [5, 11] is a search/optimization paradigm inspired by biological evolution in nature. Until now, GP has been adopted to solve many problems effectively. The key idea of GP is to mimic the mechanism of biological evolution by means of natural selection. In GP systems, a population of computer programs is randomly generated in the first generation. These computer programs can be represented by a representation such as tree, graph, or sequence of primitive operators (POs). Each computer program will be executed to solve a given problem and its performance will be then measured in a process called fitness evaluation. A computer program with a higher performance in solving the problem will have a higher chance to be chosen and reproduced. A new population of programs, called the next generation, is reproduced from the current population by using selection, crossover, and mutation operators. However, reproduction process is not perfect as in biological reproduction. In other words, a reproduced program, often called offspring, is not exactly the same as its original program(s), called parent(s), but they are similar to each other. The next generation of population will be evaluated and reproduced again by using the same process. This will be repeated until an appropriate program is found or some termination criteria are satisfied.



Feature extraction is a crucial process that strongly affects the performance of a computer vision system. Generally, human experts choose a set of appropriate features to solve a given problem and design algorithms to extract such features from an input image. However, designing a feature extraction program is a difficult task and also requires a high level of expertise and problem-dependent knowledge. To overcome the difficulties in designing a feature extraction algorithm, there are a number of research attempts to develop a system that can automatically construct a feature extraction program or directly construct a set of features1 from a given set of training images [6-8, 12, 14-20, 22]. Most of them adopt evolutionary computation techniques such as genetic programming (GP) [5, 11]. In such a system, users only need to provide a training dataset (input images and their corresponding answers) and define objective function(s) which is used to evaluate the effectiveness of constructed programs. The system then randomly generates a population of feature extraction programs and evolves them based on the principle of natural selection. Such an evolutionary system proposed so far can successfully extract several image features such as texture [15], local and global statistical properties [6-7, 18-20], or interest points [17]. This paper, however, focuses on shape



2. 2 Linear Genetic Programming Linear GP [2] is a form of GP that uses a sequence of instructions, which is called a linear program, as a program representation, which is called a linear program. Execution of a linear program is done sequentially starting from the first instruction, followed by the subsequent instructions. A set of registers is a key component for execution of a linear program. In linear GP, a register is used for three purposes: 1) to store an input of the program, 2) to store an



1



Related approaches are to automatically construct a classifier that makes a decision from raw image data (actually, feature extraction and decision making are combined into one and are constructed simultaneously) [10] or a program that transforms an input image into a desired output image [1, 13].
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intermediate result obtained during the execution, 3) to store an output of the program. An instruction in linear GP must define the index of register(s) from which input(s) will be fetched, the index of a register to which the output will be stored, and a PO that converts the input(s) into the output.



 



3. Proposed Method 



This research focuses on feature extraction process in a simple shape recognition system shown in Fig. 1. The goal of this process is to extract useful features from the contour of an object in the input image. In this paper, a new evolutionary method that can automatically construct a contour feature extraction program is proposed. It adopts linear GP to optimize the performance of feature extraction programs. However, linear GP used in this work is different from the original one as to be described in the following sub-sections.



 



Input image



 Image segmentation Contour extraction



where A is the area enclosed by the contour and P is the perimeter of the contour. Eccentricity – a value measuring how much a cone deviates from being a circle. It is defined as follows:



a 2  b2 , a2 where a and b are the length of major axis and minor axis, respectively. Radius of minimum bounding circle (MBC) – the radius of the smallest circle enclosing the contour MBC area – the area of MBC of the contour MBE area – the area of MBE of the contour Maximum contour-centroid distance – the longest distance between the centroid and a point on the contour Minimum contour-centroid distance – the shortest distance between the centroid and a point on the contour Convexity defect – the number of concaves on the contour Contour vertices – the number of vertices on the contour Contour sampling – resampling a contour Averaging filter – smoothing a contour by applying an averaging filter to the original contour Fourier descriptor – reconstructing a new contour from the first n frequency spectrum of the original contour Polygonal approximation – computing a polygon that approximates the original contour eccentrici ty 



Contour feature extraction Classification







Predicition result



  



Figure 1. Flowchart of a simple shape recognition system



3. 1 Type of Registers 



Two types of registers are used in this research: 1) numerical registers and 2) contour registers. A numerical register, as originally used in linear GP, stores a value which might be a parameter, an input or an output of an instruction. A feature, which is a value that describes an object, is also stored into this type of registers. On the other hand, a contour register, which is a new idea introduced in this paper, is used to store an input contour or a modified contour produced by an instruction. The use of contour registers allows linear GP to evolve an input contour into a more appropriate form for feature extraction.



    



3. 2 Primitive Operations Several primitive operators (POs) used in this work are contour processing operations such as a computation of some contour descriptors or even a contour transformation. The use of these POs enables an evolution of contours and contour features. Table 1 presents all POs used in this paper, categorized by the number and type of input(s)/output. The following are descriptions of some key operators2.



2



Perimeter – the number of pixels on the contour Area – the number of pixels enclosed by the contour Width and height of minimum bounding box (MBB) – the width and height of the smallest rectangle enclosing the contour Major axis and minor axis – the width and length of minimum bounding ellipse (MBE), which is the smallest ellipse enclosing the contour Diameter – the longest distance between two points on the contour Equivalent diameter – the diameter of a circle whose area is equal to the area of the contour Circularity – a value measuring how much the contour is similar to a circle. It is defined as follows: 4A circularit y  2 , P



The details of several operators can be found in [3, 9].
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3. 3 Genetic Operators One-point crossover [2, 11] is used to exchange the genetic material between two selected parents. Mutation operator used in this paper consists of three sub-operations: insertion, deletion, and modification. Mutation by insertion inserts a random instruction into a linear program at a random position, while mutation by deletion randomly deletes an



Table 1. List of primitive operators



instruction from a linear program. Mutation by modification, on the other hand, does not affect the number of instructions but randomly modifies an instruction in a linear program. 3. 4 Fitness Functions During fitness evaluation process, a linear program will be executed to produce a set of features extracted from a given set of input contours. A classifier is trained and is then used to predict the class of an input contour. To assess the performance of a feature extraction program generated by linear GP, the classification accuracy, as defined in (1), is used as the fitness function. n acc  c  100% , (1) N where nc is the number of contours correctly classified and N is the total number of contour images.



One-input Operators



Two-input Operators



Number  Number sine, cosine, common logarithm, exponential, square root Contour  Number perimeter, area, width of minimum bounding box, height of minimum bounding box, major axis, minor axis, diameter, equivalent diameter, circularity, eccentricity, radius of minimum bounding circle, area of minimum bounding circle, area of minimum bounding ellipse, maximum contour-centroid distance, minimum contour-centroid distance Contour  Contour convex hull



(Number, Number)  Number addition, subtraction, multiplication, division, modulo (Contour, Number)  Number convexity defect, contour vertices



4. Experimental Results



(Contour, Number)  Contour contour sampling, averaging filter, Fourier descriptor, polygonal approximation



Table 2. Best-so-far fitness (classfication accuracy (%))



An experiment has been conducted to test whether the proposed method can evolve a set of appropriate contour features for a given pattern recognition problem.



Trial no.



Best-so-far fitness (%) 10 features



15 features



93.13 90.63



93.13



20 features 89.38



91.25



90.00



90.63 89.38



90.63



90.00



91.25



88.75



90.00



89.38



6



90.63 92.50



88.75



94.38



7



89.38



89.38



91.25



8



88.75



90.00



91.88



9



91.25



90.00



10



91.25 90.00



91.88



Average



90.60



90.75



91.88 90.69



1



4. 1 Image Datasets
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The proposed method has been tested to generate contour feature extraction programs for a leaf recognition problem. A leaf image dataset called Flavia [21], consisting of leaf image from 32 species, was used in the experiments. In the experiment, two sets of images were used as follows: 1) eight images from each class (totally 256 images) for training a classifier, and 2) two images per class (totally 64 images) for fitness evaluation. For each image, it must be segmented and its contour must be obtained before using the proposed method (Fig. 2).



3 4 5



4. 2 Experiment Setup and Parameter Setting The parameters of linear GP were set as follows. The population size was 1000. The maximum number of generations was 100. The length of an individual was variable but not longer than 50 instructions. The number of numerical registers was 20. The number of contour registers was 20. Tournament selection with tournament size of 5 and the elitist mechanism were used in the selection process. Crossover rate and mutation rate were set to 0.6 and 0.2, respectively. The number of outputs, i.e., the number of features extracted by a generated program, was varied and compared in the experiment (10, 15, and 20). A set of features extracted by a generated program was input into a decision tree [4] for classification. The proposed method has been tested independently in ten trials. 4. 3 Results and Discussion As shown in Table 2, the classification accuracy of constructed feature extraction programs varied from 8894%. The number of features, which was the independent variable in the experiment, did not show any effect on the performance of constructed programs as the average accuracies were very close to each other (around 90%). The



Figure 2. Example of leaf images and their contour.
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results indicate the success of the proposed method in automatically constructing a contour feature extraction program for a leaf recognition problem.



5. Summary This paper proposed a linear GP based method for automatically constructing contour feature extraction programs. Linear GP used in this work uses two types of registers: 1) numerical registers and 2) contour registers which enable the method to evolve an input contour into a more appropriate form as well as to extract contour features. A preliminary experiment has been conducted to evaluate the performance of this method. For a leaf recognition problem, the proposed method could automatically construct a contour feature extraction program with an average accuracy of 90%.



References [1] A. Aoki and T. Nagao, “Automatic construction of treestructural image transformation using genetic programming,” Proc. ICAIP-99, Venezia, Italy, pp.136141, 1999. [2] M. Brameier and W. Banzhaf, Linear Genetic Programming, Springer, 2007. [3] L.F. Costa and R.M. Cesar Jr., Shape Analysis and Classficiation: Theory and Practice, CRC Press, 2001. [4] R.O. Duda et al., Pattern Classification (2nd Edition), Wiley, 2001. [5] J.R. Koza, Genetic Programming: On the Programming of Computers by Means of Natural Selection, MIT Press, 1992. [6] K. Krawiec and B. Bhanu, “Visual learning by coevolutionary feature synthesis,” IEEE Trans. System, Man, and Cybernetics, Part B, vol.35, no.3, pp.409-425, 2005. [7] K. Krawiec and B. Bhanu, “Visual learning by evolutionary and coevolutionary feature synthesis,” IEEE Trans. Evolutionary Computation, vol. 11. No.5, pp. 635650, 2007. [8] K. Lilywhite et al., “A feature construction method for general object recognition,” Pattern Recognition, vol.46, pp.3300-3314, 2013. [9] F.B. Neal and J.C. Russ, Measuring Shape, CRC Press, 2012. [10] M.L. Nguyen et al., “Rice leaf detection with genetic programming,” Proc. 2013 IEEE Congress on Evolutionary Computation, pp.1146-1153, 2013. [11] R. Poli et al., A Field Guide to Genetic Programming, published via http://lulu.com and freely available at http://www.gp-field-guide.org.uk, 2008. [12] L. Shao et al., “Feature learning for image classification via multiobjective genetic programming,” IEEE Trans. Neural Networks and Learning Systems, vol.25, no.7, July, 2014. [13] S. Shirakawa and T. Nagao, “Genetic image network (GIN): Automatically construction of image processing,” Proc. IWAIT 2007, pp.643-648, 2007.



210



[14] A. Song, “Fast video analysis by genetic programming,” Proc. 2008 IEEE Congress on Evolutionary Computation, Hong Kong, China, pp. 32373243, 2008. [15] A. Song and V. Ciesielski, “Texture segmentation by genetic programming,” Evolutionary Computation, vol.16, no.4, pp.461-481, 2008. [16] A. Teller and M. Veloso, “PADO: a new learning architecture for object recognition,” in Symbolic Visual Learning, K. Ikeuchi and M. Veloso (Eds), Oxford Univ. Press, pp.77-112, 1997. [17] L. Trujillo and G. Olague, “Automated design of image operators that detect interest points,” Evolutionary Computation, vol.16, no.4, pp.483-507, 2008. [18] U. Watchareeruetai et al., “Acceleration of genetic programming by hierarchical structure learning: a case study on image recognition program synthesis,” IEICE Trans. Information and Systems, vol.E92-D, no.10, pp.2094-2102, 2009. [19] U. Watchareeruetai et al., “Multi-objective genetic programming with redundancy-regulations for automatic construction of image feature extractors,” IEICE Trans. Information and Systems, vol.E93-D, no.9, pp.2614-2625, 2010. [20] U. Watchareeruetai et al., “Redundancies in linear GP, canonical transformation, and its exploitation: A demonstration on image feature synthesis,” Genetic Programming and Evolvable Machines, vol.12, no.1, pp.49-77, 2011. [21] S.G. Wu et al., “A leaf recognition algorithm for plant classification using probabilistic neural network,” Proc. IEEE ISSPIT 2007, pp.11-16, 2007. [22] M. Zhang et al., “A domain independent window approach to multiclass object detection using genetic programming,” EURASIP Journal on Applied Signal Processing, vol.8, pp.841-859, 2003.



























[image: cued speech hand shape recognition]
cued speech hand shape recognition












[image: Recognition Memory and the Evolution of Cooperation: How simple ...]
Recognition Memory and the Evolution of Cooperation: How simple ...












[image: Recognition Memory and the Evolution of Cooperation]
Recognition Memory and the Evolution of Cooperation












[image: Active Contours for Measuring Arterial Wall Diameter of ... - CiteSeerX]
Active Contours for Measuring Arterial Wall Diameter of ... - CiteSeerX












[image: Shape-based Object Recognition in Videos Using ... - Semantic Scholar]
Shape-based Object Recognition in Videos Using ... - Semantic Scholar












[image: Active Contours for Measuring Arterial Wall Diameter of ... - CiteSeerX]
Active Contours for Measuring Arterial Wall Diameter of ... - CiteSeerX












[image: Regularized Active Shape Model for Shape Alignment]
Regularized Active Shape Model for Shape Alignment












[image: Regularized Active Shape Model for Shape Alignment]
Regularized Active Shape Model for Shape Alignment












[image: Shape Descriptor using Polar Plot for Shape ... - Clemson University]
Shape Descriptor using Polar Plot for Shape ... - Clemson University












[image: BINAURAL PROCESSING FOR ROBUST RECOGNITION OF ...]
BINAURAL PROCESSING FOR ROBUST RECOGNITION OF ...












[image: Draft for publication in International Journal of Shape ...]
Draft for publication in International Journal of Shape ...












[image: The Evolution of Cultural Evolution]
The Evolution of Cultural Evolution












[image: Shape of you.pdf]
Shape of you.pdf












[image: Free Flow Cytometry for Measurement of Shape Index ...]
Free Flow Cytometry for Measurement of Shape Index ...












[image: Review of Iris Recognition System Iris Recognition System Iris ... - IJRIT]
Review of Iris Recognition System Iris Recognition System Iris ... - IJRIT












[image: Globally Optimal Finsler Active Contours]
Globally Optimal Finsler Active Contours












[image: Ultra-Fast detection of salient contours through ...]
Ultra-Fast detection of salient contours through ...












[image: EFFICIENT SEARCH OF MUSIC PITCH CONTOURS ...]
EFFICIENT SEARCH OF MUSIC PITCH CONTOURS ...












[image: Magnification of Images with Rough Contours via ...]
Magnification of Images with Rough Contours via ...












[image: Interpolated Eigenfunctions for Volumetric Shape ...]
Interpolated Eigenfunctions for Volumetric Shape ...












[image: Review of Iris Recognition System Iris Recognition System Iris ...]
Review of Iris Recognition System Iris Recognition System Iris ...















Evolution of Contours for Shape Recognition






School of Engineering and Technology, International College. King Mongkut's Institute ... genetic programming (GP), called linear GP, to optimize ... computer program with a higher performance in solving the problem .... Best-so-far fitness (%). 






 Download PDF 



















 1MB Sizes
 0 Downloads
 185 Views








 Report























Recommend Documents







[image: alt]





cued speech hand shape recognition 

paper: we apply the decision making method, which is theoretically .... The distance thresholds are derived from a basic training phase whose .... As an illustration of all these concepts, let us consider a .... obtained from Cued Speech videos.














[image: alt]





Recognition Memory and the Evolution of Cooperation: How simple ... 

How simple strategies succeed in an agent-based world ... depends on the fit between that strategy and the (ecological and social) ..... MIT Media Laboratory.














[image: alt]





Recognition Memory and the Evolution of Cooperation 

cooperation, but that the effectiveness of such a simple recognition memory ..... memory slot and gain enough energy to reproduce and giving defectors fewer.














[image: alt]





Active Contours for Measuring Arterial Wall Diameter of ... - CiteSeerX 

Jason Deglint a. aVision and Image Processing Lab ... Waterloo, Ontario, Canada. Waterloo ... volves creating a smoothed edge map of the image and using ac-.














[image: alt]





Shape-based Object Recognition in Videos Using ... - Semantic Scholar 

Recognition in videos by matching the shapes of object silhouettes obtained ... It is the closest ap- proach to ours regarding the nature of the data while we use.














[image: alt]





Active Contours for Measuring Arterial Wall Diameter of ... - CiteSeerX 

volves creating a smoothed edge map of the image and using ac- tive contours to converge to the upper and lower vessel bound- aries. Preliminary results show ...














[image: alt]





Regularized Active Shape Model for Shape Alignment 

locating a landmark. ai equals to 0 implies that classifier can perfectly predict shape's boundary; while ai equals to 1 means classifier fails to ..... asm/index.html.














[image: alt]





Regularized Active Shape Model for Shape Alignment 

PCA is still unsmooth when the shape has a large variation compared with the mean ...... Sparse Data. 3D. Data Processing, Visualization and Transmission, 2004.














[image: alt]





Shape Descriptor using Polar Plot for Shape ... - Clemson University 

Experimental results are promising on silhouette images. ... image of the world, using object models .... The center of mass of any shape is .... ftlib/coil-100.html.














[image: alt]





BINAURAL PROCESSING FOR ROBUST RECOGNITION OF ... 

ing techniques mentioned above, this leads to significant im- provements in binaural speech recognition. Index Termsâ€”. Binaural speech, auditory processing, ...














[image: alt]





Draft for publication in International Journal of Shape ... 

matching at the next higher level of resolution (see example on Figure 6). As a ... edge. Two branches match together when the nodes belonging to them match ...














[image: alt]





The Evolution of Cultural Evolution 

for detoxifying and processing these seeds. Fatigued and ... such as seed processing techniques, tracking abilities, and ...... In: Zentall T, Galef BG, edi- tors.














[image: alt]





Shape of you.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Shape of you.














[image: alt]





Free Flow Cytometry for Measurement of Shape Index ... 

Oct 21, 2016 - A.I. Konokhova,1 M.A. Yurkin,1,2 E.A. Pokushalov,3 A.V. Chernyshev,1,2 V.P. Maltsev1,2,4*. Abstract ... files (LSPs) of single particles.














[image: alt]





Review of Iris Recognition System Iris Recognition System Iris ... - IJRIT 

Abstract. Iris recognition is an important biometric method for human identification with high accuracy. It is the most reliable and accurate biometric identification system available today. This paper gives an overview of the research on iris recogn














[image: alt]





Globally Optimal Finsler Active Contours 

Segmentation boundaries generally coincide with strong edges in the source ..... Minimization of the Active Contour/Snake Model. J. Math. Imag. Vision (2007).














[image: alt]





Ultra-Fast detection of salient contours through ... 

Closed contours are known to be highly salient in the human visual system [15], .... (5) then local feed- back might result in slower convergence to equilibrium.














[image: alt]





EFFICIENT SEARCH OF MUSIC PITCH CONTOURS ... 

namic time-warping procedures that were too computation-intensive for use in real ..... would be extremely computationally intensive [2]. If the set. B = {b1, b2, Â·Â·Â· ...














[image: alt]





Magnification of Images with Rough Contours via ... 

Related Work. In image segmentation, the aim is to partition a given image into multiple segments, such that certain image characteristics are similar within each segment and different between different segments. The result of an ..... world data, na














[image: alt]





Interpolated Eigenfunctions for Volumetric Shape ... 

cases are volumetric shape processing tools that are fast and robust to changes in ..... For ease of visualization these dis- tributions are shown on ..... tool for harmonic analysis and structure definition of data: Diffusion maps. PNAS 102(21) ...














[image: alt]





Review of Iris Recognition System Iris Recognition System Iris ... 

It is the most reliable and accurate biometric identification system available today. This paper gives an overview of the research on iris recognition system. The most ... Keywords: Iris Recognition, Personal Identification. 1. .... [8] Yu Li, Zhou X


























×
Report Evolution of Contours for Shape Recognition





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















