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Abstract

Practical computer-based teaching methods are often used in conjunction with
theory-based lecture sessions and textbooks when teaching image processing. In
kind, electronic or on-line image processing courses commonly provide both
theoretical and interactive components, however these are often disparate in that
the software use to provide each component is independent rather than integrated.
It is less common to find electronic instructional resources for image processing
that integrate theoretical textual and practical interactive content together into one
seamless package. An integrated approach has the advantage that the concepts

are more easily conveyed and reinforced when taught ‘side-by-side’ this way.

The World Wide Web offers an attractive medium for delivering an integrated
instructional resource on image processing. Applets written in Java may be
seamlessly integrated into a hypertext environment. These applets can provide
practical demonstrations of image processing concepts along side the relevant
hypertext-based theoretical content. One of the major barriers to realising this
kind of resource is the development effort required to create the necessary applets.
This research demonstrates that the provision of a software framework can
significantly reduce the burden of developing these applets. Such a framework
provides a common code base that can be drawn upon during applet development,

thereby avoiding the need to start from scratch each time a new applet is needed.

The framework’s design is modelled on a dataflow view of image processing,
allowing applets to be built in terms of interconnections between operations. This
design is intended to provide the developer with an intuitive and easy-to-use
application programming interface (API) for developing applets. The framework
also provides APIs for the programmer to implement new operations and data
types, thereby extending the capabilities of the framework. Further, the
framework’s design is general enough to allow it to be used for developing
general purpose image processing programs, or other programs that lend
themselves to development using a dataflow language. This thesis shows that the
proposed framework achieves its aims through an example application of the

development of an applet that demonstrates a thresholding operation.



Table of Contents

Abstract.

iii

Acknowledgments .........

1. Introduction.

vii

1.1 Image Processing

1.2 Web-Based Instruction
1.3 Electronic Textbooks

1.4 The Java Programming Language
1.5 A Framework.......

T~ N SO U

2. Framework Requirements

11

2.1 Image Processing Software
2 1.1  Categories of Image Processing Software...

2.1.2  Software for Interactive Image Processing instructxon
2.1.3  Java Applets for Interactive Image Processing Instructlon
2.1.4  The Basis of an Image Processing Framework ...........cccccoceccvrneenieeercinsesneesnesesncenns

2.2 Framework Components

2.2.1  Extensible Image Processing Operation Library............cocccoiniiiiiinninic e

222 Data Types...
223 A Superwson System
224  Applet Support...

sl
il

15
16

17

.18

s 19
s 20
... 24

2.3 A Data Orlented Model

25

2000 O 0 Ve ¢ QL= o £ i) 11 Lo L 0 0L DU NS U oY
232 A Dataflow FramieWoTk . ..« e suermsessosssnessss suesasstionesssmssssenssssssssatns sansrasmannsnsmasssasssns

2.4 Summary

.. 26

.27
29

3. Framework DeSiBIl ...sessmsmscsssssins

Me:hodology
Definitions ..

3. 2 Operatxons

L:J L L

L ] (o e I o RO S

32.1 Operator...

3:2.2  PRMIHVE o s s i i e s
FED el i i R e e e s s e e R
32 SURTREY ormenissnmmmms s e R e R T wlonad

3.3 Data Types ...

'..;J '..;J bJ

3 Data Passing.............

L A s e e e S e b
2 COTIUTION TIPS ... ncrrsneessnersnssasmssmnssmsnnssnassassassassssassanssnssssnanssnsssasssssrsnmsssossssssssonsassssnasss
B 11 |

Progress.

DataManager....
Port.

[ T 'S T S I P I P PO L2 LI Ly
F=s

s i
l= WL VI~ PR (S

INPUL AN OB i cimis insiuman sosn wssnsssnsinims oy saiass sasssa 5455533385404 57550 5mhA oo 40 RS SRS
Inpuunanagerand<3uqnnhaanager“""“"QQIIIII:::f:::ﬁﬂ:::::::ﬁiﬂﬁiﬂﬁiﬂﬁu

O,



Table of Contents v

34.8 Inputs, Outputs Sources and Smk584

35 Schedulmg 89
Blockinig and PnblocKing: . ummmmmasnimmisissuiiiimmwimsassasasaimin 30
Primitive"'s Maif EOop.cocnamnnamimamsmisssimbiahivimswsmnscnmas92
ControlElowE X Ception «..cnininamimisiinasmimssssisiimissmsivsase
Shared Threads! nnumnnavmssmamnmessms R e 9D
b6 4 1 T S AT R B
D BB CEIIE o s s B e R e R e e e s w e i B
BURINRE Y cxcussciscim s s SRR TR R 100

3.6 Applet Support 101
T
N T o N

3.7 Addltlonal Features 103

1  JlegalACHONEXCEPIION .. coimmmuosmomesiusnininusssisss somasssudss s vassss oo s Tasssas s 103
2. JLOOPING COMSHITETE . sevas svmmmansssues wsvaesinsissssssss s usmsi s i s sssnssis s 453 s s S ATAS 104
BeTeD VOO L v inmsevsmosansontnminmsesms 5 45nss s x s KA AN 5 AT AR A SRR S A SRR SR S R SIS 106

L L L L La La L
Lh Lh Lh Lh Ln
B T S

n
-1 O\ Ln

4. Application EXample.......ccoovneincsenrescccsnssnnnessssssnnenssssssscsssssseses 109
4.1 Concept 109
4.2 Design - veeeee 110

4.3 Implementation T S D SO S R SNAPFRRERS 111
TSRO v e R T T e R A e s 112

d R )
L L L Ll
B R —

4. CONCIUSIONS cvnisasimsimmsssianss R e R R e 121

References. ey o L . ST, 132

Appendix 1: Optimally Accessing Image Data in Java cceceereseessessscssssssansanee 135
Al.1 Introduction 135

Al.2 Storage/Access Patterns 136
ALZH AR COMMERIATION uovesmrammimmmisas s s s o e s s TS 136
ALZ:Z: POEGVE T yDE S EIEE O o s mmmssar s R s S S TR e O
Al23 ACCESS SHAIORY ..ot aswiassnianmmassnn 138

Al.3 Experimental Design 139

ALl Evaluation CHUEHR iiniiisiiiuismms mesmsetssssnsassnnssssssassassssussassessssssassassmsensasso L 90
Al:3:2 Patterns inthe EXPerimient i mimtomasmmmismsriosstimssssbisessmaisssssensstsspsisnsnsis 139
Al1.3.3 Experimental Conditions...........cccoiiiiiurieiinnincencrccerrsmsncsrssssssseressssmssessssenssessess 140

Al.4 Results and Discussion 141
Al.5 Conclusions 143
Al.6 Future Work 144







vil

Acknowledgments

First and foremost, thanks must go to my two very capable supervisors, Donald
Bailey and Wyatt Page, each of whom made very different but equally important
contributions to the research presented in this thesis. Thanks must go to Donald
for his constant ability to provide expert advice and sound common sense in the
face of my more fantastic and quick-conceived ideas. He was, after all, the
originator of this research and therefore best qualified to provide the direction for
the project, both overall and in its every detail. I would also like to thank Donald
for inspiring me in the art of devising useful analogies, which itself proved useful
when it came time to write this thesis. Wyatt, for his part (and to our fortune) had
been less involved at the time the project was initially formulated, and so was able
to bring a more objective perspective to the nature of the problem we had set out
to solve. His speciality expertise in a variety of niche areas also proved invaluable

on more than one occasion.

I am grateful to acknowledge Massey University’s assistance, in the form of a
Massey Masterate Scholarship. In kind, Donald’s financial contribution to the
project is also gratefully acknowledged in full, the sum of which afforded me an

additional level of support that I might not have otherwise enjoyed.

[ would like to give special thanks to my family. To my parents, for being forever
interested in everything I do, and to my extended family, for being such a kind,

generous and supportive bunch.

My friend and co-conspirator, David Orchiston, is deserving of thanks; his threats
mixed with encouragement were of increasing value as the deadline for this thesis

approached.

Finally, I would like to warmly thank Rachelle, not only for the constant
companionship and much needed distraction she provided during this project, but

also for being brave enough to love an aspiring computer systems engineer.





