
 
 

 
 
 
Methods on Tumor Recognition and Planning Target Prediction 

for the Radiotherapy of Cancer 
 

DISSERTATION 

zur Erlangung des akademischen Grades 

 

Doktoringenieur 

(Dr.-Ing.) 

 

von  “Dottore in Ingegneria Elettronica” Angelo ZIZZARI 
 
geb. am 10. September 1967 
 
in  Monteroni di Lecce, Italien 

 

 

genehmigt durch 

die Fakultät Elektrotechnik und Informationstechnik 

der “Otto von Guericke” Universität Magdeburg 

 
 
Gutachter:  Prof. Dr. Bernd Michaelis 

   Prof. Dr. Günther Gademann 

   Prof. Dr. Klaus Tönnies 

 
 
Promotionskolloquium am 19. Dezember 2003 
 

 
 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 

 
 



Shaker  Verlag
Aachen  2004

Berichte aus der Elektrotechnik

Angelo Zizzari

Methods on Tumor Recognition and
Planning Target Prediction for the

Radiotherapy of Cancer

.



Bibliographic information published by Die Deutsche Bibliothek
Die Deutsche Bibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data is available in the internet at
http://dnb.ddb.de.

Zugl.: Magdeburg, Univ., Diss., 2003

Copyright  Shaker  Verlag  2004
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 permission
of the publishers.

Printed in Germany.

ISBN 3-8322-2562-5
ISSN 0945-0718

Shaker  Verlag  GmbH  •  P.O. BOX 101818  •  D-52018  Aachen
Phone:  0049/2407/9596-0   •   Telefax:  0049/2407/9596-9
Internet: www.shaker.de   •   eMail: info@shaker.de

.



 
 

 
Zusammenfassung 

 

Die Strahlentherapie ist neben dem chirurgischen Eingriff und der Chemotherapie eine der 

drei wichtigsten Methoden zur Krebsbehandlung. Es erfolgt meist eine Bestrahlung des 

Tumorvolumens aus unterschiedlichen Richtungen mit energiereichen Photonen, die mit Hilfe 

eines Linearbeschleunigers erzeugt werden. Die Bestrahlungsrichtungen werden so gewählt, 

daß die Strahlenschädigung kritischer Organe und gesunden Gewebes minimiert wird. 

Das wesentliche Anliegen der Dissertation ist es, Methoden vorzuschlagen, um aktuelle 

Computersysteme zur Planung der Strahlentherapie, weiterzuentwickeln. Diese Methoden 

wurden als Softwaremodule für ein derartiges Computersystem implementiert. 

Das erste Teil der Arbeit betrifft die Tumorerkennung in Röntgenbildern. In der 

medizinischen Praxis werden bei der Strahlentherapie die Tumorgrenzen üblicherweise 

visuell vom Arzt erfaßt und manuell markiert. Das entwickelte Modul zur Tumorerkennung 

stellt ein halbautomatisches Werkzeug zur Objekterkennung und -extraktion dar mit 

deutlichen Vorteilen bezüglich Genauigkeit und Geschwindigkeit. Weiterhin können die 

eingeführten Optimalen Merkmalsfunktionen  für die Gebiete des maschinellen Sehens und 

der Mustererkennung verallgemeinert werden. 

Der zweite Teil zur Tumormodellierung stellt einen weiteren Beitrag dar. Bei der 

Strahlentherapieplanung dient er als ein nützliches Hilfsmittel zur Prädiktion des 

Tumorwachstums unter Berücksichtigung der zugrundeliegenden biologischen Prozesse 

sowie der geometrischen Randbedingungen, die sich aus der anatomischen Form des 

Patienten ergeben. Das verwendete Verfahren zur Approximation einer Sequenz von 

Oberflächen, bei der die einzelnen Oberflächen durch tensor product splines repräsentiert 

werden, beschreibt das Tumorwachstum sehr synthetisch und effizient und kann auch für die 

Modellierung anderer wachsender Objekte erweitert werden. 

Der dritte Teil zur Zielvolumenprädiktion stellt ein weiteres Werkzeug für den Arzt zur 

Definition des Bestrahlungsvolumens in der conformalen Strahlentherapie dar. Die 

vorgeschlagene Methode erweitert frühere Polynomansätze durch Nutzung von B-splines, 

deren Koeffizienten durch ein künstliches neuronales Netz ermittelt werden. Die derartige 

Anwendung von künstlichen neuronalen Netzen ist nach derzeitigem Wissensstand ein 

weiterer Beitrag dieser Dissertation. 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 
 

Abstract 
 

Radiation therapy is, with surgery and chemotherapy, one of the three main modalities for 

treatment of patients affected by cancer. This treatment usually consists in irradiating the 

tumor volume, from different directions, with high energy photon beams generated using a 

linear accelerator. Beam directions are chosen in such a way that the simultaneous radiation 

damage to critical organs and healthy tissues is minimized. 

 The main contribution of this thesis is to propose methods in order to improve the 

performance of the actual radiotherapy planning systems. These methods have been 

implemented as software modules of an integrated computer system.  

 The module for tumor detection in radiographic images is a first contribution. In the 

medical centers for radiotherapy usually the tumor borderlines are visually recognized and 

manually designed by medical doctors. The developed module introduces a semi-automatic 

tool, supporting the object detection and extraction tasks, with a consequent advantage respect 

to the level of precision and the required time for the same procedure. Furthermore, the 

improvements introduced with the proposed optimal feature functions can be extended to the 

general fields of Computer Vision and Pattern Recognition. 

 The module for tumor modeling represents a second contribution. In the radiotherapy 

planning environment, it introduces a useful tool predicting the tumor growth according to the 

anatomical conformation of the patient and to the related underlying biological processes. The 

method of approximation for a sequence of surfaces, using some tensor product splines, 

introduces a very synthetic and efficient description of the tumor growth. This method can be 

easily extended to the modeling of different evolving objects. 

 The module for planning target prediction is a third contribution of this thesis. It 

introduces another supporting tool for medical doctors, involving the definition of the 

irradiation volume for conformal radiotherapy. The proposed method extends a former 

polynomial approach, using some B-splines whose coefficients are defined by an artificial 

neural network. The use of artificial neural networks in such a way is, at the best of the actual 

knowledge, another contribution of this thesis. 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Acknowledgements 
 

This study was carried out in the Technical Computer Science Group at the Institute for 

Electronics, Signal Processing and Communications (IESK) of the University of Magdeburg, 

Germany, during the years 2000 – 2003. 

I would like to express my gratitude to Prof. Bernd Michaelis, Prof. Günther 

Gademann and Prof. Klaus Tönnies, for the supervision and the co-operation in the scientific 

research, and in particular Prof. Bernd Michaelis for allowing me to work in his research 

group and for providing me with excellent facilities for completing this thesis. 

 I wish to thank my colleagues in the Technical Computer Science Group: Dr. Gerald 

Krell, Dr. Udo Seiffert, Dr. Rüdiger Mecke, Nils Riefenstahl, Dr. Andreas Herzog, Rene 

Rebmann, Dr. Weihua Zhang, Dr. Ayoub Al-Hamadi, Roman Calow, Robert Kuhn and Conny 

Steffen, for creating a very pleasant working environment.  

 My thanks also to the colleagues of the Faculty of Medicine : Sebastian Swiderski and 

Mathias Walke; and the Faculty of Mathematics: Prof. Norbert Gaffke and Andreas Zoellner 

for their valuable contributions. 

 Prof. David Burton, Prof. Michael Lalor and Dr. Francis Lilley of the Liverpool John 

Moores University – Liverpool, England, and Prof. Chris Moore of the Christie Hospital NHS 

Trust - Manchester, England, are acknowledged for many useful discussions and for their 

constructive criticism, which improved the quality of this research work. 

Many thanks also to Dr. Nicholas Ayache, Dr. Herve Delingette and Dr. Gregoire 

Malandain of the Institute National de Recherche en Informatique et en Automatique 

(INRIA), Sophia Antipolis - France,  for their valuable co-operation and contributions. 

 This work has been financially supported by the Ministery of Education, Science and 

Culture of Sachsen-Anhalt, Germany, and this support is gratefully acknowledged. 

Furthermore, part of this work has been developed under the Marie Curie Fellowship 

Program, from the European Commission, and this additional support is highly appreciated.  

 I wish to thank my father Antonio, my mother Annita, my sister Maria Cristina and 

my brother Massimo for their love and support over the years. 

 

Magdeburg, 30th October, 2003.      Angelo Zizzari 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
Contents 

 

1. INTRODUCTION..........................................................................................................15 

1.1 RADIOTHERAPY ..........................................................................................................15 

1.2 COMPUTER-ASSISTED RADIOTHERAPY.......................................................................16 

1.3 THE SCOPE OF THE THESIS .........................................................................................18 

1.4 THE CONTRIBUTION OF THE THESIS ...........................................................................19 

1.5 THE OUTLINE OF THE THESIS .....................................................................................20 

2. COMPUTER SYSTEMS FOR RADIOTHERAPY......................................................22 

2.1 BACKGROUND ON RADIOTHERAPY .............................................................................22 

2.2 GLIOBLASTOMA MULTIFORME...................................................................................23 

2.3 RADIATION THERAPY .................................................................................................25 

2.4 TREATMENT PLANNING ..............................................................................................26 

2.4.1 Patient Immobilisation and Reproducibility of Patient Position.............................27 

2.4.2 Imaging for Tumor Localisation............................................................................28 

2.4.3 Target Volume Delineation ...................................................................................29 

2.4.4 Dose Delivery Planning ........................................................................................29 

2.5 TREATMENT PLANNING SYSTEMS...............................................................................30 

2.6 INTENSITY MODULATED RADIOTHERAPY...................................................................32 

2.7 ARCHITECTURE OF A TYPICAL SYSTEM FOR RADIOTHERAPY ....................................35 

2.7.1 Image Acquisition .................................................................................................35 

2.7.2 Image Networks ....................................................................................................36 

2.7.3 Presurgical Planning ............................................................................................37 

2.8 METHOD DEVELOPMENT AND ANALYSIS PRACTICES.................................................40 

2.8.1 The Environment of Method Development .............................................................40 

2.8.2 Application Knowledge .........................................................................................40 

2.8.3 Test Image Material ..............................................................................................41 

2.9 DEVELOPMENT TOOLS................................................................................................42 

2.9.1 The Matlab Technical Computing Environment.....................................................42 

2.10 PERFORMANCE OF THE METHODS ............................................................................44 

2.11 GENERAL ARCHITECTURE OF THE DEVELOPED COMPUTER SYSTEM.......................45 



 
 

3. DETECTION OF TUMOR IN DIGITAL IMAGES OF THE BRAIN........................47 

3.1 THE PROBLEM OF TUMOR DETECTION.......................................................................47 

3.2 TEXTURE ANALYSIS AND IMAGE SEGMENTATION ......................................................50 

3.2.1 The Choice of a Specific Classifier ........................................................................50 

3.2.2 Feature Space .......................................................................................................52 

3.3 EVALUATION TECHNIQUES .........................................................................................59 

3.3.1 Comparing Classifiers...........................................................................................59 

3.4 SELF-ORGANIZING FEATURE MAPS............................................................................61 

3.4.1 Basic Concepts......................................................................................................61 

3.4.2 SOM training ........................................................................................................62 

3.4.3 SOM classification ................................................................................................64 

3.5 DISCUSSION.................................................................................................................67 

4. IMPROVING THE DISCRIMINATORY POWER OF TEXTURAL FEATURES...68 

4.1 THE PROBLEM OF PATTERN RECOGNITION................................................................68 

4.2 DISCRIMINATION ENHANCEMENT PROBLEM ..............................................................69 

4.2.1 Problem: formal definition ....................................................................................70 

4.2.2 Problem: geometrical interpretation .....................................................................71 

4.2.3 Problem: formal solution ......................................................................................73 

4.2.4 Extended Problem to ΩN classes ...........................................................................77 

4.3 DISCUSSION.................................................................................................................82 

4.4 SOM CLASSIFICATION USING OPTIMAL FEATURE FUNCTIONS ..................................86 

5. MODELING THE BRAIN TUMOR GROWTH DYNAMICS....................................90 

5.1   TUMOR MODELING ...................................................................................................90 

5.1.1 Spatio-Temporal Distribution of Tumor Cells........................................................91 

5.1.2 The Basic Diffusion Equation................................................................................92 

5.1.3 The Gaussian Function .........................................................................................92 

5.1.4 Time Evolution of the Solution...............................................................................96 

5.1.5 Probabilistic Interpretation...................................................................................98 

5.1.6 Diffusion in Bounded Domains..............................................................................99 

5.1.7 Anisotropic Diffusion ..........................................................................................101 

5.1.8 The Diffusion-Reaction Equation.........................................................................102 

5.1.9 Numerical Solution..............................................................................................104 



 
 

5.1.10 Approximation of Iso-Concentration Surfaces : Tensor Products Splines ..........106 

5.2 IMPLEMENTATION ................................................................................................107 

5.3 DISCUSSION...........................................................................................................112 

6. AUTOMATIC DEFINITION OF PLANNING TARGET VOLUME.......................113 

6.1 BACKGROUND ON RADIOTHERAPY ...........................................................................113 

6.2 SYSTEM ARCHITECTURE AND DEVELOPED METHOD................................................114 

6.2.1 Artificial Neural Networks for Prediction on Time Series Data ...........................116 

6.2.2 The Integrated Model for PTV Prediction............................................................118 

6.3 IMPLEMENTATION OF THE INTEGRATED MODEL......................................................120 

6.3.1 Design and Training of the Neural Network ........................................................123 

6.3.2 Experimental results............................................................................................127 

6.4 DISCUSSION...............................................................................................................128 

CONCLUSIONS ..............................................................................................................129 

APPENDIX A. PROOF OF THEOREMS ......................................................................131 

A.1 Proof of Lemma 1 ..................................................................................................131 

A.2 Proof of Lemma 2 ..................................................................................................133 

A.3 Proof of Theorem 1................................................................................................135 

A.4 Proof of Theorem 2................................................................................................135 

APPENDIX B. ALGORITHMS ......................................................................................138 

B.1 ALGORITHM 1 BASED ON THEOREM 1 .......................................................................138 

B.2 ALGORITHM 1A BASED ON THEOREM 1A...................................................................140 

B.3 ALGORITHM 1B BASED ON THEOREM 1B...................................................................142 

LIST OF ABBREVIATIONS ..........................................................................................144 

BIBLIOGRAPHY ............................................................................................................145 

BIOGRAPHICAL NOTES ..............................................................................................150 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

“ I was born not knowing and have only had a little time 
to change that here and there”. 
 
  Richard P. Feynman  (1918 – 1988) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 


