
��������� 	
������ ���� ����� ��������� ���

��������������

Lisa Shannon Wray

A dissertation submitted to the Department of Electrical Engineering,

University of Cape Town, in fulfilment of the requirements

for the degree of Master of Science in Engineering.

Cape Town, February 2001



���������	


� ������� �	�� �	
� �
�������
� 
� �� ��� ��
��� ����� �� 
� ��
� ����
����

��� �	� ������ �� ������ �� ��
��� 
 ��
���
� 
 �	� �
����
�� �� ����

���� �� 	�� �� ��� ����
���� ������ ��� �� ������ �� � ��
��
� 
 ��

��	�� �
����
���

�
������ �� !��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���

"# $������� %&&"






�������

! 
�����������
� ���	��
� �������� ����� '�!() �
������� ��� ������� ��� �	�

�������� �� � ���
���
� �
�	 �� ���������
� �� �	� 
�����������
� ��������

�
��
� ���
� �� ����� 
���� 
���������
�� �	� �
�����
� ���	�� ��*

����� 
���� ����
��
�� �� �����
 �������� �� ���� � ���	��
� 
���� �� ��+�
���


���� �� � �
�
��� ������
� ����� ',��)� -
�	� ���	 �����
��
�� ����� ����*

������� � �����
 �����
.���
� ��� �� �������� ����������
� �������� /�����


����� 
����� �	� ������
� 
�����0 ����� ����� ����
�� ������ ����� ��	��*

���� �������� ��	����� ������� �������
��� ��	����� ������� �������� �	����


������������ �� -������ 
�������������

�	� �
������� 
����� ��� �������� �
�	 ������ �!( 
����� ���� �	� �������

����� !����1� �(� '����	 (����� ���
�) 
���
� ������
��� �� �	
�	 � ����

��������
� �� �� ���� �	� �
�������1� ������	 
� 
 �������
� ���
�� ��

����� �����
 �� ������ �� �������� �������
�� �	��� �	� �������
� 
������
�

����
��� �� �	� �����
 ����� 
� �	� ��
���� ����
����� �� �	� 
���� ����
��
���

! ���
�
����� ���
��� ����������� ����� �� � ������� ������
� ������� ����


��������� �� ����	�� ������� ���� ����
��
� ������� �� �� ����� ��������

�� 
��������� � ������ -
�	� ���	 �� � ����� ��� �	� ����
��� ������� ����
�

�� ��	�� ������ 
���������� ��� �
��������







���
	��������
�

������ �� � ��� � ��� �	�� � �� ��� ��� � ���� 2�� �	� � ������

�� �� �������� �	� ����
�� ����
���� �� ����� 
 �	�
� �
������ �������

�� ���� � ����� ����	 �	� ����	�

3�������

�� ��� �	� 	��� 	����� 
 �	� ������� �� ����
�
� 
���������� �� ����
���

�����
� �	
�� �����
� �� .����4
���
��
�4���
��
�� �� ����	 ����� �	
�

���� ���� ���� ����
�� �	��*���� �� �� ��� ����	��� 5�������� �
�	��� (�

���� �� ,�� !���� 2�� 6���� 6
��
��� !� 
 �����
�
� �� �� ������

������
��� �
�	 ������ 	��� �� �������� �������

,�1� 5�
�7

3�	� 
���		���1� ����� �� �	� ������








�	
��
�

Declaration i

Abstract ii

Acknowledgements iii

Contents iv

List of Figures viii

List of Tables xi

List of Symbols xii

Nomenclature xv

1 Introduction 1

"�" �!( �
�������� 
 �	� 8
��������� "9:; * "99< � � � � � � � � � � � %

"�"�" �
������� ����� � � � � � � � � � � � � � � � � � � � � � � � =

"�"�% �������� �
������� ���� � � � � � � � � � � � � � � � � � � � >

"�% 5��?��� @���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � >

"�%�" ���� A���� � �	� 5������ ��������� � � � � � � � � � � � #

"�%�% �������
� �
�	 /�	�� �������� � � � � � � � � � � � � � � � #

"�= ���� ,��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � :

"�=�" �
�� " * ���� (��
�� ����	 !��
�� � � � � � � � � � � � � � :

"�=�% �
�� " * B���� (������
�� 8����	� � � � � � � � � � � � � � � :

"�; /���
� �� �	��
� � � � � � � � � � � � � � � � � � � � � � � � � � � � <

2 Radar Simulation Theory 10

%�" �!( ����
� ����� � � � � � � � � � � � � � � � � � � � � � � � � � "&

%�"�" ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � ""


�



%�"�% ������
� ���� @���� (��� �� ���� (��� � � � � � � "=

%�"�= �
�� 8���
� (���� ����
� @������� �� C�
��� � � � � ">

%�"�; ��!( ����
� ����� � � � � � � � � � � � � � � � � � � � � "#

%�% ������������� ��.�����
� �� ,�� /�
����
� � � � � � � � � "<

%�= 5���
��� $�
�	� ���?������ ������ � � � � � � � � � � � � � � � � � � "9

%�=�" ������ ����� * ��� ,
���
��� D��� ,������ ����
� � %&

%�=�% ������ ����� �
�	 E��
��
� * ��� ,
���
��� D���

,������ ����
� �
�	 (������ ,�� � � � � � � � � � � � � %&

%�=�= $����� ����� * �	��� ,
���
��� ����
� ����� � � � � � %%

3 Fundamental Properties of SAR Images 23

=�" �
�����
� �� �!( !���
���� ������ � � � � � � � � � � � � � � � � %;

=�"�" (���� 2���������� ����� � � � � � � � � � � � � � � � � � � � %;

=�"�% !���
���
� �� ������� � � � � � � � � � � � � � � � � � � � � %9

=�% �
�����
� �� �!( 5	��� ������ � � � � � � � � � � � � � � � � � � =%

=�%�" @������� 2�	
� 5	��� ��������
�� � � � � � � � � � � � � =%

=�= �	� @������
� ������ ���������� � � � � � � � � � � � � � � � � � ==

=�=�" �����
��� ,�.
�
�� � � � � � � � � � � � � � � � � � � � � =;

=�=�% @���� �� ���� (��� ������
� � � � � � � � � � � � � � =>

=�=�= (��
�����
� �� @������
� 5������ ��������
�� � � � � � =<

=�; �
�
� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ;&

4 Interferometric Simulator Software Architecture and Operation 44

;�" 5������ !��	
������� � � � � � � � � � � � � � � � � � � � � � � � � � ;;

;�"�" �
�����
� ����� � � � � � � � � � � � � � � � � � � � � � � � ;>

;�"�% �
�����
� !��	
������� � � � � � � � � � � � � � � � � � � � ;:

;�% 5������ ���� $
��� � � � � � � � � � � � � � � � � � � � � � � � � � ;<

;�%�" A��
� �����
�� �� 8����
�� �� ���� $
��� � � � � � ;<

;�%�% ���� 5�������� $
��� � � � � � � � � � � � � � � � � � � � � ;9

;�%�= ,
�
��� ������
� ����� ',��) � � � � � � � � � � � � � � � >"

;�%�; ,�� @�� $
�� � � � � � � � � � � � � � � � � � � � � � � � � � >%

;�%�> ,�� E��
�
�� ���� � � � � � � � � � � � � � � � � � � � � � >;

;�%�# ,�� �����
 ���� ���� � � � � � � � � � � � � � � � � � � >;

;�%�: ,�� �����
 ���� ,�.
�
� $
�� � � � � � � � � � � � � � >;

;�= 5������ /����� $
��� � � � � � � � � � � � � � � � � � � � � � � � � >:

;�=�" A��� � �!( 5��?���
�� � � � � � � � � � � � � � � � � � � � >:

;�=�% A��
� �����
�� �� 8����
�� �� /����� $
��� � � � � >:

�



;�=�= 8�� $
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � >:

;�=�; ,�� ������� @���� (��� � � � � � � � � � � � � � � � � � >9

;�=�> ,�� ������� ���� (��� � � � � � � � � � � � � � � � � � � >9

;�=�# (���� ����� ����
� � � � � � � � � � � � � � � � � � � � � � >9

;�=�: A�����
��� (���� ����� ����
� � � � � � � � � � � � � � � � #&

;�=�< �	���� ��� � � � � � � � � � � � � � � � � � � � � � � � � � #&

;�=�9 8������ ��� � � � � � � � � � � � � � � � � � � � � � � � � � #"

;�=�"& ������ ��	������ ���
���� � � � � � � � � � � � � � � � #"

;�=�"" ��	����� �
�� $������ ���� (��� � � � � � � � � � � � � #%

;�=�"% ��	����� @������
� $������ ���� (��� � � � � � � � � � #%

;�=�"= ��	����� �A( $������ ���� (��� � � � � � � � � � � � � #%

;�=�"; @��
� !������� 5	��� � � � � � � � � � � � � � � � � � � � � #=

;�=�"> @��
� 6������ 5	��� � � � � � � � � � � � � � � � � � � � � #=

;�=�"# �����
 !������� 5	��� � � � � � � � � � � � � � � � � � � � � #=

;�=�": �����
 5	���� 6������� ���� � � � � � � � � � � � � � � � #=

;�=�"< �����
 5	���� 6������� ����� $������� � � � � � � � � � #;

;�=�"9 �����
 5	���� 6������� �
�	 A�
�� � � � � � � � � � � � � #;

;�=�%& �����
 5	���� 6������� �
�	 A�
��� $������� � � � � � � #;

;�=�%" �8� ����� ���� !��� " � � � � � � � � � � � � � � � � � #>

;�=�%% �8� ����� ���� !��� "� $������� � � � � � � � � � � � #>

;�=�%= �8� ����� ���� !��� % � � � � � � � � � � � � � � � � � #>

;�=�%; ���
���� �� ������ ������������ � � � � � � � � � � � � ##

;�; 5������ /�����
� � � � � � � � � � � � � � � � � � � � � � � � � � � ##

;�;�" ���� $
�� 5�������
� � � � � � � � � � � � � � � � � � � � � ##

;�;�% (�
� ���� � � � � � � � � � � � � � � � � � � � � � � � � #:

5 Results of Simulation and Comparison to Actual SAR Images 68

>�" ���� 5�
���� �
�����
� � � � � � � � � � � � � � � � � � � � � � � #<

>�"�" A���� � �
�����
� 5�������� ������
� � � � � � � � � � � #<

>�"�% ,����
��
� �� ������ 
 �	����
� �������
�� � � � � � � :&

>�% ��������� �����
� �
�����
� � � � � � � � � � � � � � � � � � � :=

>�= B���� �
�����
� � � � � � � � � � � � � � � � � � � � � � � � � � � � :;

>�; ������
�� �� �
������� ������ �� !����� �(� ������ � � � � � � :;

>�;�" 5���� ����� ������
�� � � � � � � � � � � � � � � � � � � :>

>�;�% ��	����� ����� ������
�� � � � � � � � � � � � � � � � � :#

>�;�= ������������ ����� ������
�� � � � � � � � � � � � � � � ::

�




6 Conclusions and Future Work 79

A Gallery of Simulated Images 82

B Simulator Input Parameter File Examples 95

C Sample Log File 102

D Listing of Program Source Code Files 109

Bibliography 111

�





��� 	� ������

"�" ������ �
������� 4 ��	���� ������ �
������� 2���� ,
����� � =

"�% 5������ �
������� 4 ���	���� ������ �
������� 2���� ,
����� ;

"�= ����� * 2���� �
������� 2���� ,
����� � � � � � � � � � � � � � � ;

"�; =, �
�� �� �	� ���� ���
� ,��� �	� ���� ����� ��� ��������

���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � :

"�> =, �
�� �� B���� �������
�� ���
��� ���� � �
�
��� ������
� ������

A���	 
� �� 
 �	
� .����� ����� �������� @� ,����� � � � � � � � � <

%�" �!( 
���
� ������ � � � � � � � � � � � � � � � � � � � � � � � � � "&

%�% ����� �� ��
� ��������� �����
��� � � � � � � � � � � � � � � � � ""

%�= @���� ���� �� ���� ���� �������
��� ������
�� � � � � � � � � "%

%�; 5��� ���� ����� 
���
� �� �����
���� ����� 
���� �����
���

������ ��� �!( 
���� ������ � � � � � � � � � � � � � � � � � � � � ";

%�> ���� ���� �F���� ������ �� �
�� ����
� ���?���
� ��������� � � ">

%�# ��!( 
���
� ������ � � � � � � � � � � � � � � � � � � � � � � � � "#

%�: ����� ����
� �� 
����
��� -
�	� ���	 ������
����� �� �	� �����
��

������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "9

%�< !��
����� -
�	� ���	 �� ,�� ��������� � � � � � � � � � � � � � � %&

%�9 �����
G�� ����
�	� �
� -
�	� ���	 �� ,�� ��������� � � � � � � � %"

%�"& ,
�����
� �F���� � � ������� �
������ 
����� � � � � � � � � � � � %"

�






=�" �!( ����
���� 
����� �� �	� ����	�� ���� 5�
����� 8 �� (0

�
������� ����� ����� ����
�� �
������� ���
���� �� ������ 


������������ ������ �(� �
��� �8� ����� 
����� �
�����
�

����������0 �*���� EE*�����
���
�� %= ������ �
�*����	 
�
*

��� ����� ���� 	�
�	� :<> ��� � � � � � � � � � � � � � � � � � %>

=�% (���������
� �� ����� ���� �������
� ���� ���� !��. . . . . . 26

3.3 Angular dependence of sigma nought (backscatter coefficient) for

various terrain types using the Ulaby and Dobson empirical models. 29

3.4 Height-ground range analysis of flat earth phase calculations. . . . 33

3.5 Figure showing setup for geometrical solver module. . . . . . . . . 34

3.6 Local terrain slope of terrain cross-section. . . . . . . . . . . . . . 37

3.7 Layover condition in terrain cross section. . . . . . . . . . . . . . 38

3.8 Expected time of simulation versus slant range image size. . . . . 41

3.9 Geometrical solver module flowchart - part 1 of 2, showing con-

version of ground to slant range coordinates and calculations of

phase, coherence and backscattered power. . . . . . . . . . . . . . 42

3.10 Geometrical solver flowchart, part 2 of 2. . . . . . . . . . . . . . . 43

4.1 Block diagram of simulator showing all input files and output images. 45

4.2 Symbolic interferometric simulation model. Primary functions of

each stage is noted on top of each dotted module with the associ-

ated code filename at the bottom. . . . . . . . . . . . . . . . . . . 46

4.3 Symbolic interferometric simulation model with locations of out-

put files noted. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

4.4 Distinguishing geometrical parameters used for first input para-

meter file are the slant range distance to the near swath and the

number of slant range samples. . . . . . . . . . . . . . . . . . . . 50

4.5 Distinguishing geometrical parameters used for second input pa-

rameter file are the incident angle at mid-swath and the ground

range distance to mid-swath. . . . . . . . . . . . . . . . . . . . . . 51

ix



4.6 Faceted surface formed from interpolating a DEM. Provided by

PCI Enterprises Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 52

5.1 Simulated images of northern Cape peninsula. Each image is 308

x 582 pixels representing 12.4 x 23.5 km ground range. . . . . . . 71

5.2 Simulated images of southern Cape peninsula. Each image is 358

x 540 pixels representing 14.6 x 22.1 km ground range. . . . . . . 72

5.3 Simulated images of Cedarberg Mountains near Cape Town, South

Africa. Each image is 360 x 562 pixels representing 17.4 x 27.3

km ground range. . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

5.4 Simulated images of Katse dam region in Lesotho. Each image is

394 x 337 pixels representing 13.5 x 9.9 km ground range. . . . . . 74

5.5 Comparison of simulated (left) magnitude squared image from the

SLC: �v��
� �� ������ �(� '�
�	�) ����� 
���� ����

�� � � � � � � � :>

>�# ������
�� �� �
������� '����) �� ������ �(� '�
�	�) ��	�����


������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ::

>�: ������
�� �� �
������� '����) �� ������ �(� '�
�	�) 
�������*

����
� �	��� 
������ � � � � � � � � � � � � � � � � � � � � � � � � � :<

 



��� 	� �����

=�" !��
����� �����
 ����� ��� ����� 
���� ����������� ������ � � � � %:

=�% (��������� ���
�
��� ����������� ����� ���H�
��� ��� �*���

EE*�����
���
� ������ � � � � � � � � � � � � � � � � � � � � � � � � %<

=�= (���� �
�����
� ���������� ��� ����
� �	� ����������� ������ � =&

;�" �
������� 
��� .���� � � � � � � � � � � � � � � � � � � � � � � � � � ;<

;�% ,�� @�� .�� ������� � � � � � � � � � � � � � � � � � � � � � � � � >=

;�= �
������� ������ .���� � � � � � � � � � � � � � � � � � � � � � � � � ><

>�" 5��������� ��� ���� 5�
���� �
�����
�� � � � � � � � � � � � � � #9

 




��� 	� ����	�

� ���� ���� ����� 
�� 

���� �� ������ 
������� @����
� ����� ���
����

���� �� �� �������
� ��?���

	�� @���� ���� �������
� ���� ����

	�� ���� ���� �������
� ���� ����


��� �� ������ 
������� @����
� ����� ���
����

�� 2���
��	 �� �����
���� �����

 ����� �� �
�	�

��� �� ������ 
������� @����
� ����� ���
����

�	� !G
���	 ���?���
� �� ���� ���� ���� 	��

�� ,�� �G
���	 ����
�

�� ,�� ���� ����
�

��� ������� �� 	�� ������
����� �� ��

� ��� ����
��
��� � ������
� ��������

�0 ����� ���+���� �� �����
���� �����

��� ���� ���� �
����� ���� ���� � �� ��
� ���

� @�
 �� �����

���� �� �!( ������ ��
� �������

� ,�� ���� 
�� 

����� �� � ������ ����� �� �!( ����� 
����� �	� ���
���� �� �	�

������ 
�����������

� ������ �����
�
��

� ������ ����� �� �	��� ������

� �����
 ����� �� � ���
�

 





�� ���H�
��� �� ������� ���
��
� ����������� �+���
�

���� �� ����������� ������ �
��

���� 5���� ������� ���� ������ �� ��� ����	

� A����� �� ���������� ��� �
 ��

� ��� �� ������ ��
� � �����


��� ������ ��
�1� -�� ����	 �����
�

�� ���H�
��� �� ��� ����������� �+���
�

����� 5���� ������� ���� ������ �� ��� ����	

�� (���
��� �����

�	 �����
���� �����

���� �� �� ������
� �����
��� ������

� ���� ����

� ������� ���
��
�

�� E��
���

���� �� !���
���� �� �!( 
���� � ����� ���

���� �� ������ �!( 
����

�
���� �� �
������� �
�� �!( 
����

� E�����

� ��� 6����
� ��������

� !G
���	

� @���� ����

�
��	� @���� ���� � ��� �� ����	

� I�
�	�

�(�� ������ 
�����������

 8��� ���� �� �����

! 8���� ����� ����

� ������ ��	�����

"��� @������
��� �� �����
� ��	�����

"	��� �������� ��	�����

"��� ��	����� ��� �� .
�� �
��� �� �
�� ���
�

#��� ,
��� 
������

�	�$ !��� 	��
G���� �����
�

�� ����� 
����� ���� �������� �	
��

 






�� 5��	 �
F����� �� ���

�% Interferogram phase � %
�
� %

�
� ��	�z����

�%�� $������� 
����������� �	���

& � G��� ,������ ����� �	� �����
��� �������� ��

�	� ����� 
����� ���� ����

� � G��� ,������ ����� �����
��� ������
����� �� &

��� A����� �
���
���
�

' ��
��� ����

( ����
�� ��������	

) ���

* 5
� =�";">9���

+0 2���������� ���H�
��

+0
����

�'� ���
�
����� ���
��� ��� ����������� ���H�
��

+ (���� ����� ����
�

+� (���� ����� ����
� ��� �
� ������

% 6������ �	���

, !������� �	���

 
�



�	��
�������

���	 ����� !�&��� %� �
������	�����2���	�� ����� � ��� 
����

��+�
�
�
�� �� �	� ���� ���� ���� ��
�	��� �
������� ���
�� �� � ������
�� ��

�
�������

�3����"2,
����� 
 � 	��
G���� ����� �������� �� �	� ����� ������

0��������� �	�4���
� �+��2�	� � ������ ����� �� �	� ������������� �����

�����
��� �
�	 ������� �� �����

�	"���
��2����
��
��� ��������
� ������ �� ��� ��
�� �� 
������

1
���
2(����� �� �	� ����� 
 �	
�	 ��������� ����� ����� �� 
������
��

/�	�
� !�
��2�	� ������
����� �
����� ���� �	� ����� ����� �� � �
��

��?��� � ����	1� ��������

/�	�
� �����25��	 �� ����� ���?����� �� �	� 	��
G���� �����

�
������	�����2,��
�� ���	 �� � 
���
� ����� �	�� ���� ��� �
F���� ���	�

��� 
���
�� �� ������� 
������
� ���� �	� ��	���� 
��������� ������ �	�

��� �
�����

�
������	������ ��
�"���� �&������ !���� 5�
��!62! ���	
+�� 
*

����
� �	��� ����������� ���� �������
�� �
������ �� ������
�� �!( 
����� ��


��� �
F����
�� ���� �� ���� �	���� ��� �	� ������� �� ������
� ���� ���*

��� �	���� � �� �� �	� ����	� ������� �
�	 ����������� ������ �������� ��

���
��
�
���

���	���2�F��� �� �
�� ����
� ����� �	����� ����
��� ������ ��-���
�� ���

�����
������ ��� �� �	�
� �+��� �
����� �� �	� ������

%"��2�	� ���� �� � ������ ������

 �



!���� ��	 �����	
 5!��6 �+�2The expected value of the backscattered

power from terrain to sensor.

!���� %"��2A property of a periodic phenomenon, for example a wave,

referring to its starting point or fractional advancement relative to an arbitrary

origin.

���
� !�
��2The distance measured along a line between the radar antenna

and the target.

�"��	�2Effect of side looking radar image whereby regions of terrain are hid-

den from the radar due to the terrain and radar geometry.

��
�"���� �&������ !���� 5��!62A signal-processing technique for im-

proving the azimuth resolution beyond the beamwidth of the physical antenna

actually used in the radar system. This is done by synthesizing the equivalent of

a very long side-looking array antenna.

����"2The area on earth covered by the radar signal.

7��	 �	&&���2Angle of radar transmission which results in no relative motion

between the imaged point and the radar. When observing stationary targets, the

angle is perpendicular to the radar velocity vector.
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inverse problem� [10][11]

A complete simulator would model the complete SAR process, including the

radar transmitter and receiver, the operation of a signal processor and the pro-

duction of a radar image. However, most currently existing simulators address

only a particular aspect of the whole process, according to the needs of a specific

application. It is not surprising that such a wide variety of applications should

spawn an equal extent of implementations. These implementation types will be

described with emphasis on function, input parameters and output results.
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Figure 1.1: System Simulator / Coherent System Simulator Block Diagram
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Table 3.2: Recommended empirical backscatter model coefficients for C-band

VV-polarisation radar.
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The means, ), and standard deviations, �, of the random variables �� 
�  are as

follows.

)�� � )�� � )�� � )�� � )�� � )�� � � (3.11)

��� � ��� � ��� � ��� (3.12a)

��� � ��� (3.12b)

The random variables � and 
 are independent and correlated, whereas � and 

are independent and uncorrelated. The degree of correlation will be related to
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Six Gaussian distributed random images, �� � ��� 
� � 
�� � � � are generated by

multiplying a two dimensional array of Gaussian distributed random variables

with zero mean and standard deviation of one by the square root of the calculated

variance.
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be expressed with or without the high frequency fringe pattern due to the phase

contribution of the geoid. The former is known as the phase, and the latter as
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The flattened interferogram phase has the “flat earth” component removed, that

is, for the solved point � , the distance from the radar positions to the point ����
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observing at constant azimuth swaths, that is, at right angles to its trajectory,

is justified considering that the squint angle, defined as the angle on the ground

plane between the line of sight and the perpendicular to the azimuth axis, is

generally small [15]. Hence the azimuth axis may be ignored and the problem
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To evaluate the functionality and operation of the simulation model, comparison

to actual images is necessary. The northern Cape Peninsula images were chosen

to demonstrate the strengths and weaknesses of the simulator.

The available ERS images include power, coherence, and interferometric phase

images with the earth component included. The images were obtained from flight
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numbers 05715 and 25388. The following simulated and actual ERS images are

all imaged from 12 degrees north of east, the range axis, and image the terrain

from east to west. The azimuth axis indicates the direction of motion and is

perpendicular to the range axis which indicates the direction the radar is imaging.
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Comparison of the simulated power to the actual power images is shown in Figure

5.5. The simulated power image on the top left and the actual ERS power image

is on the top right.

Figure 5.5: Comparison of simulated (left) magnitude squared image from the
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For each of the simulated regions; Cape Peninsula - North, Cape Peninsula -

South, Cedarberg Mountains, Katse Region, the following full resolution simu-

lated images will be included in pairs, as follows. The simulation parameters are

identical to the ones outlined in Chapter 5.

� Image Pair #1

I /�	�
� ��
�� �1;: DEM in ground range coordinates represent-

ing increasing height with lighter greyscale pixel values, filename:

DEM_subset_gr.

I ���
� ��
�� �1;: DEM in slant range coordinates, again with

increasing height denoted with lighter greyscale pixel values, filename:

DEM_subset.

� Image Pair #2

I !��: radar cross section with area effect, filename: rcs.

I %	���: power image, filename: complex_interg_mag.

� Image Pair #3

I 0����
� �	"���
��: coherence due to geometrical baseline, scaled

from 0 (black) to 1 (white), filename: coh_baseline.

I ���&	��� �	"���
��: coherence due to temporal decorrelation, file-

name: coh_time.
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� Image Pair #4

I �	"���
��8 total coherence, filename: coh.

I ���	���: layover map, defined as black: 0 solved points, grey: 1

solved point, white: 2 or more solved points, filename: layover.

� Image Pair #5

I ����
 &"��: clean phase with earth component, filename: phs_

terrain_ wrap_clean.

I ����
 H����
�� &"��: clean phase without earth component, file-

name: phs_terrain_wrap_clean_flat.

� Image Pair #6

I �	�� &"��: noisy phase with earth component, filename: phs_

terrain_ wrap_noisy.

I �	�� H����
�� &"��: noisy phase without earth component, file-

name: phs_terrain_wrap_noisy_flat.
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Ground range DEM (left), slant range DEM (right) images of northern Cape

Peninsula simulation.

Radar cross section (left), power (right) images of northern Cape Peninsula

simulation.
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Baseline coherence (left), temporal coherence (right), images of northern Cape

Peninsula simulation.

Coherence with SNR model applied (left), layover (right) images of northern

Cape Peninsula simulation.

85



Clean phase (left), clean flattened phase (right) images of northern Cape

Peninsula simulation.

Noisy phase with SNR noise model (left), noisy flattened phase (right) images

of northern Cape Peninsula simulation.
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Ground range DEM (left), slant range DEM (right) images of southern Cape

Peninsula simulation.

Radar cross section (left), power (right) images of southern Cape Peninsula

simulation.
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Baseline coherence (left), temporal coherence (right) images of southern Cape

Peninsula simulation.

Coherence with SNR noise model (left), layover (right) images of southern

Cape Peninsula simulation.
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Clean phase (left), clean flattened phase (right) images of southern Cape

Peninsula simulation.

Noisy phase with SNR noise model (left), noisy flattened phase (right) images

of southern Cape Peninsula simulation.
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Ground range DEM (left), slant range DEM (right) images of Cedarberg

Mountains simulation.

Radar cross section (left), magnitude of the complex interferogram (right)

images of Cedarburg Mountains simulation.
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Baseline coherence (left), temporal coherence (right) images of Cedarburg

Mountains simulation.

Coherence without SNR noise model (left), layover (right) images of Cedarburg

Mountains simulation.
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Clean phase (left), clean flattened phase (right) images of Cedarberg Mountains

simulation.

Noisy phase without SNR noise model (left), noisy flattened phase (right)

images of Cedarberg Mountains simulation.
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Ground range DEM (left), slant range DEM (right) images of Katse simulation.

Radar cross section (left), power (right) images of Katse simulation.

Baseline coherence (left), temporal coherence (right) images of Katse

simulation.
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Coherence without SNR noise model (left), layover (right) images of Katse

simuation.

Clean phase (left), clean flattened phase (right) images of Katse simulation.

Noisy phase without SNR noise model (left), noisy flattened phase (right)

images of Katse simulation.
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Samples of the two types of input parameter files, &0)23�)4*4�/�35)� �)*+
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