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4 Support

The Rhodes University Zoology Department will provide hair patterns extracted

from various types of animal hair and a camera device capable of capturing

microscopic hair patterns.

5 Objective of Research

Classifying objects into groups is the main purpose behind the �eld of pat-

tern recognition and recently this �eld has become an important component in

�machine intelligence systems built for decision making�[7].

This project's main objective is to investigate image pattern recognition

techniques that can be used to identify animal species through the classi�cation

of their hair patterns. This investigation should result in a system that provides

su�ciently accurate information that can be used by a researcher who needs to

corroborate �ndings from a manual hair identi�cation process.

6 Background/History of the Study

The matching of mammal hair features as a means of identi�cation has been

valuable in the �elds of forensics and ecology [5] ,and attempts to produce man-

ual classi�cation reference systems, comprising hair structure photographs, have

been reported as far back as Keogh's study[3] in 1983. More recent studies, us-

ing computer image matching to identify individual cheetah [2] and zebra[4]

through photographs of their body markings, were done in 2001 and 2002 re-

spectively. However this recent computer-based work by Kelly[2] and Krijger

[4] was concerned with matching images of animal skin patterns, as opposed to

the earlier manual work of Keogh[3] which was concerned with images of hair

structure patterns. This project will build on elements from both of these pre-

vious approaches in its study of computer image pattern recognition techniques

to match animal hair structure patterns.

This project will additionally draw concepts from state of the art applica-

tions of pattern recognition, which may have no relation to the �eld of animal

identi�cation through the use of hair. Such applications include:

1. the use of image and pattern recognition to provide information on the

contents of documents found in digital libraries [6],
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2. the use of pattern recognition in DNA microarray analysis to classify

cancer[1],

3. and the use of image analysis and pattern recognition in face recognition[8].

These applications contain critical elements of pattern matching, namely feature

selection, feature extraction and classi�er design[7] and the concepts found in

these elements will be relevant to this project.

7 Approach to the Study

The study will be based on the stages carried out in the design of a pattern

classi�cation system. Theodoris and Koutroumbas[7] name the basic stages of

designing a classi�cation system as sensor, feature generation, feature selection

, classi�er design and system evaluation. The study will mirror these stages to

produce a hair classi�cation system that can report the most likely identities of

a hair pattern.

7.1 Sensor stage

The �rst part of the study will involve the capture of hair pattern digital micro-

graphs and the manipulation of these micrographs. Image capture and manip-

ulation techniques will be investigated in order to achieve the goal of producing

appropriate input data for the rest of the study.

7.2 Feature generation stage

The second part of the study will require the identi�cation of potential features1

to be used in classifying hair patterns. These features will be represented as

statistical methods to enable the measurement of hair pattern characteristics

found in input digital micrographs. The goal of this stage will be to generate

more features than necessary to allow for the identi�cation of the best features

during the next stage, feature selection.

7.3 Feature selection stage

The third stage of the study will involve the selection of the best features gener-

ated in order to minimise the computational complexity and error probability of

1A feature is a variable that can be used as a measurement in classifying a pattern [7]
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the classi�cation system. The goal of this stage will be to provide �information-

rich features� [7] to simplify the next stage ,classi�er design.

7.4 Classi�er design stage

The fourth stage involves the design of classi�ers2 based on the features selected

from the previous stage. The goal of this stage will be to investigate classi�ers

that will appropriately place patterns into their most likely classes to enable

their identi�cation.

7.5 System evaluation

This stage of the study will involve a performance evaluation of the hair pattern

classi�cation system. The goal of this stage will be to ascertain the error of

the hair classi�cation system by testing how well it can identify patterns. The

testing of the system will be done in the following ways:

1. Known hair patterns will be provided as input to the classi�cation system

to check if the system's results agree with the prior knowledge of the

input's identity.

2. Unknown hair patterns will be provided as input to both the classi�cation

system and a manual hair identi�cation process carried out by the Rhodes

University Zoology Department. The results produced by the classi�cation

system and manual process will be compared.

If the error level found is unacceptable, earlier design stages will be revisited to

correct the system.

8 Information Derived/Deliverables

The main deliverable of this study will be a hair pattern classi�cation system

that uses optimal image pattern recognition techniques investigated during the

study. The system will be pilot-tested in the real-life pattern recognition appli-

cation of identifying the hair of prey found in predator scat.

The most important information to be derived from this study will be an

understanding of image pattern recognition techniques in the �eld of hair pattern

2A classi�er is a discriminator that de�nes di�erent classes of patterns. [7]
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identi�cation. An insight into which image pattern recognition techniques are

suitable for hair pattern recognition will be sought in this study.

9 Equipment Requirements

9.1 Hardware

A device capable of capturing microscopic patterns and producing digital micro-

graphs will be needed to provide input images for the study. Once the capture

is done a simple computer will be required for development of the system.

9.2 Software

A public domain image processing application called ImageJ will be used in

the study to provide a base on which plug-ins may be written. ImageJ was

selected as it can be easily extended through the use of plug-ins written in the

Java programming language. This approach will allow for the easy integration of

image pattern recognition facilities into an existing image processing application

by the development of plug-ins.

10 Planned Fieldwork Dates and Locations

A �eld trip to a game reserve near Grahamstown is proposed to test the system

in a real life application. The purpose of the trip will be to extract hair from

predator scat, probably cheetah, and identify the hair using the hair classi�ca-

tion system. This �eld trip is proposed for the end of the third term.

11 Timeline for Implementation

Start Date: March 14, 2005

Finish Date: November 7, 2005

Duration: 238 days
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Task Start Date Finish Date Days allocated

Read Literature 14 March 22 April 35

Investigate manual hair identi�cation system 14 March 15 April 29

Overall System Planning and Design 4 April 15 April 11

Sensor Stage Design 16 April 29 April 12

Feature Generation 22 April 13 May 19

Feature Selection 14 May 28 May 13

Classi�er Design 22 June 12 August 45

System Evaluation 13 August 2 September 18

Possible �eld trip to test system 19 August 22 August 3

Draft paper �nalisation 3 September 19 September 1

Final paper �nalisation 20 September 26 September 6

Project Presentation 4 November 4 November

Project Hand in 7 November 7 November

12 Relevant publications

Literature from which information will be drawn will comprise of books, journal

articles and a past computer science honours project. The journal articles and

honours project will provide application speci�c information which can be used

in the study, while the books will provide a more general insight into the �eld

of pattern recognition.

12.1 Books

1. Sergios Theodoridis and Konstantinos Koutroumbas,Pattern Recogni-

tion, Amsterdam : Elsevier Academic Press, 2003.

2. Ruby L. Kennedy and Yuchen Lee and Benjamin Van Roy and Christo-

pher D. Reed and Richard P. Lippman, Solving data mining problems

through pattern recognition, Upper Saddle River, N.J. : Prentice Hall,

1997.

3. Andrew R. Webb, Statistical pattern recognition, Chichester : John

Wiley, 2002.

6



12.2 Journal Articles

1. Sung-Bae Cho and Hong-Hee Won, Machine learning in DNA mi-

croarray analysis for cancer classi�cation, in CRPITS '19: Proceed-

ings of the First Asia-Paci�c bioinformatics conference on Bioinformatics

2003, Australian Computer Society, Inc., pp. 189�198, 2003.

2. Blaise Hanczar and Melanie Courtine and Arriel Benis and Corneliu Hen-

negar and Karine Clement and Jean-Daniel Zucker, Improving classi-

�cation of microarray data using prototype-based feature selec-

tion, ACM SIGKDD Explorations Newsletter, vol. 5, no. 2, pp. 23�30,

2003.

3. Marcella J. Kelly, Computer-aided photograph matching in stud-

ies using individual identi�cation: An example from Serengeti

cheetahs, Journal of Mammology, vol. 82, no. 2, pp. 440�449, 200.

4. Hillary J. Keogh,A photographic reference system of the microstruc-

ture of the hair of southern African bovids , South African Journal

of Wildlife Research, vol. 13, no. 4, pp. 89�132, 1983.

5. Bertrand Le Saux and Giuseppe Amato, Image recognition for digital

libraries, in MIR '04: Proceedings of the 6th ACM SIGMM international

workshop on Multimedia information retrieval, ACM Press, pp. 91�98,

2004.

6. M.R. Perrin and B.S. Campbell, A key to the mammals of the An-

dries Vosloo Kudu Reserve(eastern Cape), based on their hair

morphology, for use in predator scat analysis, South African Jour-

nal of Wildlife Research, vol. 10, no. 1, pp. 1�14, 1980.

7. Paul Suetens and Pascal Fua and Andrew J. Hanson, Computational

strategies for object recognition, ACM Computing Surveys, vol. 24,

no. 1, pp. 5�62, 1992.

8. N. Vujovic and D. Brzakovic, Evaluation of an algorithm for �nding

a match of a distorted texture pattern in a large image database,

ACM Transactions on Information Systems, vol. 16, no. 1, pp. 31�60,

1998.
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9. W. Zhao and R. Chellappa and P. J. Phillips and A. Rosenfeld, Face

recognition: A literature survey, ACM Computing Surveys, vol. 35,

no. 4, pp. 399�458, 2003.

12.3 Previous Rhodes University Computer Science Hon-

ours Projects

1. Hans Krijger, Individual Zebra Identi�cation:An investigation into

image pre-processing, stripe extraction and pattern matching tech-

niques, 2002.
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