


 

       

 

 

 
Advances in Image Analysis - Nature Inspired Methodology 

 

 

 
 

 

 
Dr. Xiaodong Zhuang 

1 
Associate Professor, Qingdao University, China 
2 
WSEAS Research Department, Athens, Greece 

 

Prof. Dr. Nikos E. Mastorakis 
1
 Professor, Technical University of Sofia, Bulgaria 

2 
Professor, Military Institutes of University Education, 

Hellenic Naval Academy, Greece 
3
 WSEAS Headquarters, Athens, Greece 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Published by WSEAS Press     

www.wseas.org 

 

ISBN:  978-960-474-290-5  



 

Advances in Image Analysis –  

Nature Inspired Methodology 

 

 

 
 

 

 
Published by WSEAS Press      

www.wseas.org 

 

 

 

 

 

 

 

 

Copyright © 2011, by WSEAS Press 
 

All the copyright of the present book belongs to the World Scientific and Engineering Academy and 

Society Press. All rights reserved. No part of this publication may be reproduced, stored in a retrieval 

system, or transmitted in any form or by any means, electronic, mechanical, photocopying, recording, or 

otherwise, without the prior written permission of the Editor of World Scientific and Engineering Academy 

and Society Press. 

 

 

 
 

All papers of the present volume were peer reviewed by two independent reviewers. Acceptance was 

granted when both reviewers' recommendations were positive. 

See also: http://www.worldses.org/review/index.html 

 

 

 

 
ISBN:  978-960-474-290-5   

 

 

 

 

 

 

     
 

World Scientific and Engineering Academy and Society  



 

Preface 
 

 

The development of human society relies on natural resources in every area (both material and spiritual). 

Nature has enormous power and intelligence behind its common daily appearance, and it is generous. We 

learn in it and from it, virtually as part of it. Nature-inspired systems and methods have a long history in 

human science and technology. For example, in the area of computer science, the recent well-known ones 

include the artificial neural network, genetic algorithm and swarm intelligence, which solve hard problems 

by imitating mechanisms in nature. Nature-inspired methods are also being quickly developed and applied 

in other areas. In this book volume, the authors just try to pick up a drop from the sea of nature’s 

intelligence, and apply it in a specific area. The authors hope that it may inspire the readers’ interest of 

nature’s intelligence when exploring in their own areas of science and technology. 

The research work in this book volume is supported by WSEAS on the topic of “Advanced Image 

Processing Techniques”. Nature-inspired methods in image processing have attracted more and more 

attention and research efforts. Related work has achieved promising results in practical tasks, which 

indicate that it is a direction potentially leading to breakthroughs of new image analysis techniques. 

Methods inspired by physical electro-magnetic field make up a main branch of this direction, which have 

been successfully applied in the practical applications including: recognition of human ear, face and gait; 

extraction of corner, edge, and shape skeleton in images. The existing methods inspired by electro-magnetic 

theory generally belong to two categories: analysis of the virtual field generated by the image (such as the 

“force field transform”), and deforming a shape or curve under the virtual force field generated by the 

image (such as the “active counter model”).  

The authors have been exploring in the area of nature-inspired image analysis for years, and have published 

a series of papers about their novel methods and results. These methods are mainly inspired by the theory of 

electro-magnetic field, which reveal the structure properties of the image by electro-magnetics inspired 

transforms. In these transforms, the formulas in electro-magnetic theory are adjusted to more generalized 

forms in order to suit practical image analysis tasks, and some novel viewpoints which take the image as a 

virtual field are presented. Several types of methods have been proposed from different aspects of field 

theory (vector field, scalar potential field, and field source distribution). The work in the paper seires 

indicate that the physics inspired virtual field is a novel way of designing new effective image transforms. 

There are other nature inspired methods proposed in the paper series including: image segmentation 

inspired by the physical deformable grid, image feature extraction inspired by the artificial swarm, and the 

measurement of image local property by fractal feature. Because this series of papers mainly concentrate on 

nature-inspired methodology, they are now gathered and published as a book volume. 

Nature-inspired methodology itself means continuous exploration in the rich resource of the intelligence 

shown by nature. Therefore, this book volume does not mean the end and final conclusion of the authors’ 

on-going work. Further promising results in both theory and practice are expected. And the authors hope 

their research attempts shown in the book volume may inspire new ideas of others, which will surely be 

much more valuable than the book volume itself. 
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Summary 
 

 
In electro-static fields and magneto-static fields, the field and its source are two indivisible parts of a 

physical system. The field is derived from the source, and it naturally reflects the characters of the source 

distribution. On the other hand, the source may be mathematically inverted from the field. Therefore, the 

field and its source can be regarded as two domains of a special transform, and either of them can represent 

the characters of the other. The potential and the field intensity have a similar relationship, which means 

they are two different presentations of a same physical system. 

Images can be regarded as a two-dimensional distribution of data. Image transform is the basic technique 

in image analysis, which finds a clearer and more convenient representation in the transform domain for 

better analyses. The natural transforms implied in the theory of physical electro-magnetic field just satisfy 

the need of the transform and feature extraction in image analysis. Moreover, the mathematical forms of 

electro-magnetic formulas have a unique advantage of the balance between local and global analysis, which 

is needed in many practical tasks. 

In recent years, there have been increasing research efforts in nature inspired methods for image 

analysis. Promising results have been obtained in edge detection, corner detection, shape skeletonization, 

ear recognition, etc. Existing research focuses on scalar potential field, but the work on vector field 

transform is rare. The direct application of the formulas of physical fields is common, but there is much less 

work of adjusting and altering the forms of physical formulas to suit practical applications better. Moreover, 

most of the existing work in this area takes the image as the source and produces its virtual field, but the 

inverse transform from the image as a field to its virtual source is not investigated in previous research 

work. In the paper series of this book volume, the authors try to widen the research of physical field 

inspired methods in image analysis. 

This book volume is the collection of the authors’ recent original work mainly in the area of physics-

inspired methods for image analysis, which provide a new kind of natural representation of image structure 

imitating the electro-magnetic field. Three virtual vector field transforms (diffusing vector field, curling 

vector field, compressing vector field) are proposed based on the electro-static or magneto-static analogy. A 

scalar virtual potential field (relative potential field) is also proposed for image analysis. Besides, two 

different virtual source reverse methods (potential source reverse, curling source reverse) are proposed 

imitating the physical fields derived from the static charges and static current distribution. The edge vector 

field is also presented, and the virtual magnetic field generate by it is also investigated. In the above work, 

the basic properties of the virtual fields are analyzed and experimentally investigated, and their possible 

applications in image analysis are also studied by experiments. The experimental results indicate the 

impressive research value of physical field inspired methods in image analysis. 

Other methods proposed in this book volume include: an image segmentation method inspired by 

physical deformable grid, a biological swarm inspired method for feature extraction, fractal representation 

of image local feature, and a social insect inspired method for task allocation in parallel processing tasks. 

The experimental results of the proposed methods show the promising wide application of nature inspired 

methods in practice. 
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