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ABSTRACT

This thesis explores various methods of using PVM (Parallel Virtual
Machine) to improve the speed of processing a SAR (Synthetic Aperture

Radar) image.

A network of heterogeneous machines were set up as the basis of the
parallel virtual machine. SAR processing software was written for testing
the PVM.

The software performed simplified range and azimuth compression on
simulated SAR images of a point target. The theory and results were
examined as part of the thesis. Complications such as range curvature,

range migration and range dependent focusing were not addressed.

Tests were performed by running the compression program on this PVM
system to gauge the performance of processing SAR images. Certain
factors that affect the. performance were taken into account and
investigated. These factors were the task granularity, the total number of
messages conveyad, the number of slaves, system resources, the method
of pérallelism, the network considerations, load balanting and the time

spent on specific functions.

The tests proved that PVM improves the time taken to process a SAR

image once these factors are optimised.
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1. INTRODUCTION
1.1 Background

This thesis explores various methods of using PVM (Parallel Virtual
Machine) to optimise the speed of processing a SAR (Synthetic Aperture

Radar) image.

Processing SAR images is a computationaliy intensive exercise. PVM is
_investigated here for speeding up this process as PVM provides the

| means to process any application in parallel over a network of machines.
1.2 Objectives

The aim of this thesis is to demonstrate that the use of PVM does indeed

improve the time taken to process SAR images.
1.3 Procedure

SAR image processing software was designed for this thesis. The
software consists of three programs to perform range compression, matrix
corner-turning and azimuth compression respectively. See Figure 1 for

the procedure used to run these programs.

The two compression programs are the programs uséd for testing PVM. -
Each compression program has a master which sets up the PVM
environment, starts a specified number of slaves and manages the
processing work of each. The slaves perform the actual compression but .

on small sections of the data thereby minimising the processing load.
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Input file:
e.g. T2.asc or Sim1.asc

RANGE COMPRESSION

(type: rngmast
T2.asc rngcomp.asc)

Range Compressed File:
rgcomp.asc

CORNER TURN

(type: cnrturn
rngcomp.asc inpazm.asc)

Corner Turned File:
inpazm.asc

AZIMUTH COMPRESSION

(type: azmast
inpazm.asc azmcomp.asc)

Azimuth Compressed File:
azmcomp.asc

Note: File names are user defined.
Examples are given above (*.asc).

Figure 1: Procedure for running the PVM compression programs
1.4 Scope

This document introduces the subject, explains the theory, methods and
results both of the PVM tests and of the SAR image processing software

then provides conclusions to the investigation.
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1.5 Plan of development

Chapter 2 PARALLEL VIRTUAL MACHINE discusses the background

and general details to creating and using a parallel virtual machine.

Chapter 3 RANGE COMPRESSION explains the need and use for range
compression of SAR images. It explains the assumptions and parameter
values chosen for generating and processing the input files. It then goes
on to explaining how the software is designed and compiled to perform
the compression processing. The chapter runs through each method and
shows the corresponding result for each step of the range compression

process.

Chapter 4 AZIMUTH COMPRESSION e)zplains the need and use for
azimuth compression of SAR images. It also explains the need and use
of the matrix corner turning process. It then goes onto explaining how the
software is designed and compiled to perform the compression
processing. The chapter runs through each method and shows the

corresponding result for each step of the azimuth compression process.

Chapter 5 TESTING PVM explains and makes observations from the PVM
implementation used in this case. The chapter shows the various tests
performed on the SAR compression software in PVM. It explains the test
procedures, shows the corresponding result and draws conclusions from

each test.

Chapter 6 CONCLUSIONS discusses the conclusions drawn from the
results of the thesis and suggests future actions to further the use of PVM

for SAR image processing.
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2. PARALLEL VIRTUAL MACHINE

2.1 How PVM Works

2.1.1 Description

PVM (Parallel Virtual Machine) [7] is a software system that enables a

user-configurable pool of heterogeneous computers to be used as a

unified and flexible concurrent computational resource.

2. 12 Major Features

The major features of PVM are:

Portable - PVM runs on many machines using many different
architectures, plus many shared and distributed memory

multiprocessors.

Heterogeneous - Any type of machines can be combined in a single

virtual machine.

Scaleable - Virtual machines can include hundreds of host computers

and run thousands of tasks.

Dynamic configuration - Computers can be dynamically added and

deleted from the PVM by the application or manually.

Hooks for fault tolerance - Application can be notified via messages of

lost processes, processors, or addition of new resources.

Dynamic process groups - User-defined process grouping for functions
like broadcast to allow single messages to multiple processes. Groups

can overlap and change dynamically during an application.

Signals - PVM tasks can send signals to other tasks.
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e Multiple message buffers - Allows easier development of PVM math
libraries and graphical interfaces each communicating with a separate

buffer stream.
e Tracing - Call-level tracing buiit into PVM library.

» Can be customised - Users can write manager tasks to implement

custom scheduling policies.
2.1.3 Applications

Applications where PVM has been used include molecular dynamics
simulations, superconductivity studies, distributed fractal computations

and matrix algorithms.
2.1.4 PVM History

PVM was publicly released in March 1991 and has gone through a
number of updates. The version of software used in this thesis was
version 3.3.1. PVM was produced by the Heterogeneous Network Project
- a collaborative effort by researchers at Oak Ridge National Laboratory,
the University of Tennessee and Emory University specifically to facilitate

heterogeneous computing.

PVM was one of the first software systems to enable machines with widely
different architectures and floating point representations to work together
on a single computational task. PVM can be used on its own or as a
foundation upon which other heterogeneous network software can be
built.

PVM is a continually evolving experimental research project. Several
enhancements are in progress, foremost of which is the development of a

generalised distributed computing (GDC) layer for PVM.
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The GDC layer will support:

1)

parallel input-output with enhanced filesystem semantics for
shadowing, interleaved access, and rolilback. Shadowing will allow
multiple disks to be kept in step with each other by receiving the same
/O operations, interleaved access will allow performance
enhancements similar to RAID technology where multiple disk spindles
are used to spread each I/O operation and rollback is a form of

journalling to allow changes to be undone if errors occurred.

access control, authentication and abstract mutual exclusion
mechanisms. The abstraction of the mutual exclusion mechanism will

hide the implementation details from the user.

support for the client-server model of distributed computing, with
facilities for the transparent exporting and invocation of services
allowing client machines to call services and not care where they are

actually executed.

4) distributed transaction processing primitives.

Early resuits from [21] indicate that these facilities can be provided at high

levels of efficiency and that the enhanced functionality will prove

beneficial for many new classes of application domains.

To obtain a more detailed description of PVM’s features, such as a copy

of the PVM Users Guide or source code, simply send email to

netlib@ornl.gov with the message “send index from pvm”.
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2.1.5 Environments

~ The machines used by PVM include:

. Shéred or local memory multiprocessors
e Vector supercomputers

e Specialised graphics engines

e Scalar workstations

The PVM system components have been compiled and tested [21] and

[18] on the architectures shown in Table 1.

2.1.6 Modes

Three different modes can be used by PVM when defining the use of

tasks on the heterogeneous network:

e Transparent mode - Tasks are automatically executed on the most

appropriate computer.

e Architecture-dependent mode - User specifies which type of computer

is to run a particular task.

Ed

o Low-level mode - User may specify a particular computer to execute a

task.

in all modes, PVM takes care of data conversions from computer to

computer as well as low-level communication issues.
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6] abed

juaplels
nsylng
ajooug
Jedsepy

juonbag

alenbg |jepua)

G-IND ‘2-WO ONL

(e129) LN/S6
SMOPUIA SN 98G6/981/98€

$9X0g XiuN 985/981/98¢€

jeJaua ejeQq

060¢ ‘2-dS W8I 1XaN
98¢ 2/0Sd! ‘098/0Sd! ‘aqnosadAH ‘uobeled |aju] ®100) uns
d-s AeuD ‘g-Ae1d ‘diNA ‘ae-1 ‘060 Aeld LN/S6 SMOPUIM SN solydes uodlis
Jeidwaxy ‘7o xaAuo) | xnhui dH //ueiuod
000201 Alanng Nag G-wajshAs wali 1aad ++0
8/xd eljly ass o3a EINEIE| o)
sia}ndwooladng swaj)sAs Bujesado mcm:ﬂmfo,\s._ SYIOMION alemyos

uo sunJ AIAd

€ WA UM pa)sa) Sainjoayyoly ;| alqel

WAd ONISN ONISSTO0Ud ¥VS



SAR PROCESSING USING PVM

2.1.7 PVM program installation and structure

The PVM package is small (about 1 Mbyte of C source code) and easy to
install. It needs to be installed only once on each machine to be
accessible to all uéers provided that it is installed in a public directory
such as /usr/local. Moreover, the installation does not require special

privileges on any of the machines and thus can be done by any user.

The PVM system is composed of two parts. The first is a daemon, called
pvmd3, that executes on all the computers -making up the virtual machine.
Pvmd3 is designed so any user with a valid login can install this daemon
on a machine. A user wishing to use PVM first configures a virtuai
machine by specifying a host-pool list, the daemons are started on each,
and cooperate to emulate a virtual machine. The PVM application can be

started from a shell command line prompt on any of these computers.

The second part of the system is a library of PVM interfaces. This library
contains user callable routines accessible from C, C++ and FORTRAN for
message passing, spawning processes, coordinating‘ tasks, and modifying
the virtual machine. Application programs must be linked with this library
to use PVM.

2.1.8 PVM application calls

Below are a few application calls common to all PVM programs. These

examples are written in C.
Include files

#include “pvm3.h" - header file required for each source code

module
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Tasks

pvm_mytid() - enrolls the process in PVM.

pvm_exit() - exits from the PVM environment.

pvm_spawn() - spawns a requested number of copies of a
slave task on the computers specified to PVM.

Sending messages

pvm_initsend() - clears the default send buffer and épeciﬁes the

message encoding.

pvm_packX() : - packs the data of type X into the sending
buffer.

pvm_send(tid, msgtag) - send the message ‘of ID msgtag to the process
tid.

pvm_mcast() - same as pvm_send but to multiple tasks

specified in an array of tids.
Receiving messages

pvm_recv(tid, msgtag) - receive a message of msgid msgtag from the

process tid.

pvm_unpackX() - unpacks the data of type X from the receiving
buffer.
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2.1.9 PVM implementation )

1. Once the program has been written, compile the program separately
for every architecture in your virtual machine using a command similar
to this:

cc -L~/pvm3/1ib/ARCH file.c -lpvm3 -o file

where file is the file to be compiled and ARCH is the architecture

name of the computer.

2. After compiling, move the executable to the directory
~Ipvm3/bin/ARCH.

3. Before running the program, start PVM.
4. Run the executable from the UNIX command line.
- Example for a LINUX on Intel machine:
1. Compile the program test.c which contains PVM calls:
cc -L~/pvm3/1ib/LINUX test.c -lpvm3 -o test
2. Now move the executable to the PVM executable directory:
mv test ~/pvm3/bin/LINUX/.

3. Before running the program, start PVM and then exit to UNIX leaving
PVM running by typing quit (not halt):

pvm
quit
4. Run the executable from the UNIX command line:

test

Page 22




SAR PROCESSING USING PVM

5. Type halt to shut down PVM when finished:
halt
2.1.10 Performance Considerations

For PVM programs to fully exploit the strengths of different machines, the

following considerations must be taken into account:

1. Task granularity - the ratio of the number of bytes received by a
process to the number of floating point operations it does i.e. incoming
message size vs. work done. Increasing the granularity will speed up
the application but the tradeoff is a reduction in the available

parallelism.

2. The total number of messages sent - sending a small number of
large messages takes less time than sending a large number of small
messages. This statement is a generalisation and the problem is
really application specific. Some applications can overlap sending

small messages with other computation.

3. Functional para"elism vs data parallelism - compare functional
parallelism where different machines do different tasks based on their
specific capabilities to data parallelism where the data is distributed to

all of the tasks with similar operations in the virtual machine.

4. Network considerations - different computers have different
processing power. Machineé with the same initial processing power
may be disadvantaged due to multitasking by others. Even in a
dedicated networked environment, with no external use, raw
performance is hard to measure since operating system activity,
window and filesystem overheads, and administrative network traffic

can influence results. The processing power available may change
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dynamically based on machine loads. To combat these problems,

load balancing should be applied.
2.1.11 Load Balancing

Load balancing enhances performance by ensuring that each task is

doing its fair share of work.

1. Static load balancing - work is assigned in the beginning. The size
and number of tasks can be varied depending on the processing power of

a given machine. This scheme is effective on a lightly loaded network.

2. Dynamic load balancing - various methods are used depending on

the specific application. Two of the most common are:

a) master/slave program where the master sends slaves jobs to do when
they become idle. This method is not suited for applications which
require task to task. communication since tasks will start and stop at

arbitrary times.

b) At some predetermined time all processes stop, the work loads are

then reexamined and redistributed as needed.
2.1.12 Raw Communication Performance

The time taken for processes to exchange messages is dependent on
several factors, including the host machines, network speeds and, most

predominately, the message size.

Experiments were conducted by Oak Ridge National Laboratory [21] on
unloaded workstations rated at 50 MIPs. Table 2 presents the data
transfer times (milliseconds) for differing message lengths and network

types.
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SAR PROCESSING USING PVM

possible for fast networks with increases in host speeds and protocol

optimisations.

With these performance considerations in mind we now turn to the actual

testing done.
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3. RANGE COMPRESSION
3.1 Why Perform Range Compression?

A real aperture radar determines target range by emitting brief intense
rectangular pulses. The sampled returned signals are averaged over time
intervals no shorter than the emitted pulses. In the representation given
Figure 3, the Tx emissions would result in Rx returns that would be

averaged over the pulse duration.

0 104 208 312 416 520

Figure 3: Transmit and Receive Pulses

Each averaged value is then the backscattered intensity from the surface
at the slant range corresponding to half the round trip time of the signal.

ie.:

ct

r=—
Since the averaging interval is bounded below by the pulse width, the
range resolution is directly proportional to the pulse width T, i.e.:

cT
2

Ar>
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In a simple pulse radar, the bandwidth B corresponds to the inverse of the

pulse width T, so

High resolution requires short pulse width and, as energy is proportional

to peak power,

E-P,T

pk
high resolution requires very high intensity levels in order to obtain
adequate energy in the return signal for typical radar remote sensor

ranges. As a result the power requirements for orbiting SAR systems

would appear to be high.

Linear Frequency Modulation pulse radar or “Chirp” radar was introduced
by R.H.Dicke (patent 1945), in which pulses are frequency modulated
thereby making bandwidth independent of pulse width. Large bandwidth

and large pulse width make possible high resolution and high energy.

Although the returns from points at adjacent range intervals overlap in
time, the frequency modulation of the pulse is distinctive enough for signal
analysis to enable the components of the superimposed signals to be

resolved. This is represented in Figure 4.
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o | =

Figure 4: Received Pulses from Adjacent Ranges (real)

Upon reception, the pulses must be compressed to permit separation of
adjacent range resolution cells. Two received expanded pulses overlap
but, after compression, they are time-separated and can be resolved

exactly as if a short pulse had been transmitted. This is represented in

Figure 5.

|..rn |,_U

Figure 5: Compressed Pulses from Adjacent Ranges (real)

The range compressor is a form of matched filter or correlator. This
method is such that when the returned echo correlates with the
transmitted signal, a narrow pulse resulits at the lag corresponding to the
round trip travel time. Thus we match the echo to the original pulse to the
delay appropriate to the range of the target. This is described further in

Hovanessian [11].
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3.2 The Range Compression Software

The Range Compression Software consists of the pvmrngin.c, rng.c and

rngcomp.c files as shown in Figure 6.

input.asc
[azmbin]
[rngbin]
azmbin no. of
slaves
] input.asc II :
pvimrngin.c [rngbin] |
master
rng.asc
[rngbin]
rng.c mg.asc | rngcomp.c
[rngbin]
rngcomp.asc
[rngbin] [
rngspike.asc rngcomp.asc
[rngbin] ‘ [azmbin]
[rngbin]

Figure 6: Range Compression Algorithm
3.3 The input files

- The input files used for testing the thesis software are T2.asc and
sim1.asc which are outputs from the radar simulators RADSIM [8] and
SARSIM [15] respectively.

Page 30



SAR PROCESSING USING PVM

In the tests used here, the target is a stationary point target and the radar
source travels past it in a straight line perpendicular to the target at a

constant height, (see Figure 7).

DURATION

3 ruse
/:%

INTER-PULSE

\ FOOTPRINT

Figure 7: Radar Source travels perpendicularly past Stationary
Target at constant height

Various factors affecting the processing such as antenna shape,

beamwidth, STC and reflectivity have been excluded for simplicity.

The same waveform parameters were used to generate both files, see
Table 3.
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Table 3: Parameter Values used when generating and processing

Test Files
Description Parameter Value Units
Number of Range RngBin 256 Number
Bins
Number of Azimuth AzmBin 512 Number
Bins
Azimuth Filter AzmFilt 140 Number
Coefficients
Simulation SimFreq 0.15 GHz
Frequency
Pulse Width PulseWidth 700.0 ns
Bandwidth Bandwidth 0.1 GHz
Peak Amplitude MaxAmpl _10.0 Vv
Centre Frequency CentreFreq 0.141 GHz
Puise Repetition PRF 180.0 Hz
Frequency
Target X (azimuth) TargetX 0.0 m
Position
Target Y (ground TargetY 20000.0 m
range) Position
Target Z (height) TargetZ 0.0 m
Position
Source Z (height) SourceZ 10 000.0 m
position
Source Velocity SourceV 246.0 m/s
Range Offset RngOffset 22300.0 (T2.asc) m
22302.0 (Sim1.asc)
Transmission Power TxPower 1.0 kW
Radar Cross RCS 1.0 m?
Sectional Area

Page 32




SAR PROCESSING USING PVM

Losses Losses 0.0 dB -
(TxLoss+RxLoss+Pr
opl.oss)
Antenna Gains AntGain 7.0 dB
Amplification Amplify 10 000 000.0 Number

The difference of the range offset value between the two input files 72.asc
and Sim1.asc are caused by the coarse data capturing process used in
SARSIM [15] but this problem is solved by the range offset value which

realigns the source and target geometry.

The parameter values used are unrealistic but were chosen specifically

for purpose of demonstration.

The file pvmcomp.ini contains these setup parameters read by the
PVMCOMP software.

3.3.1 The pvmrngin.c file

The pvmrngin.c file is the PVM master which reads the range
compression input file, runs rng.c to generate the matching reference
waveform then generates PVM slaves to perform the range compression.

Pvmrngin.c reads the file pvmecomp.ini for the setup parameters.

3.3.2 The rng.c file

i

The rng.c file is called by pvmrngin.c to generate the reference file
rng.asc. Rng.c generates the expected range return pulse. For
simplification, rng.c generates the transmitted puise as it has similar
frequency properties as the range returns and illustrates range
compression equally well. Other factors affecting the return pulses such
as antenna shape, beamwidth, STC and reflectivity have been excluded

for simplicity.
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Rng.c is given the transmitted waveform parameters from pvmrngin.c. To
set the simulation framework, rng.c is given the simulation frequency and
the number of range bins. The square waveform is described by the pulse

widthv and amplitude and the chirp frequency from the chirp bandwidth.

The waveform is calculated by using a derivative of the equation:

/ 2

-1 . '
Tx(t) = A cos(coo-t + ”2 ) where p = 2-n-$ , B = chirp bandwidth,

T = pulse width

In this case, the signal is down-converted so that the equation is

2

The equation used in the simulation environment is

Tx(t) = A-cos

( T . )2 B

p-| n- —simfreq .

Tx(t) - A-cos 2 where p == 2-n-—s—'Lnerq
2 T- simfreq

simfreq = simulation frequency, n = 0 to no. of range bins.
3.3.3 The rngcomp.c file

Each PVM slave is apportioned an azimuth vector of the input file. The
slaves each run rngcomp.c to match the rng.asc file with the range return

values at that azimuth, see Figure 8.
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REFERENCE FILE
SLAVE 1 SLAVE 2 SLAVE 3 .
rng.asc
input.asc input.asc input.asc
azimuth 1 azimuth 2 azimuth 3

Figure 8: Range Compression Slaves

Rngcomp.c contains the range compression algorithm which scans range
returns for chirp pulses having frequehcies that match those expected.
This is achieved by transforming the raw image data to the frequency
domain, multiplying the frequency pattern with that of the reference
function (matched filter), then converting the result back to time domain'.

The FFT process used is that from [2].

The matching process matches the image from the start of the image
vector to the end by assuming that the image before the start and after the
end has the same pattern (infinite extent). To rule out this foldback

operation from affecting the result, the reference and image vectors are

! See Appendix E MATCHING THE CHIRP PULSE which explains the theory of matching chirp pulses
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expanded to double the RNGBIN length and this excess is padded with
zeros. The Range Compression process returns the result having the
original length which includes the resulting waveform in the case of
T2.asc and Sim1.asc because the target is positioned within RNGBIN

number of bins.
3.3.4 The rngspike.asc file

One of the range slaves generates a file rngspike.asc for use by the
PVMCOMP Azimuth Compression software. The slave performs range
compression by matching the reference range function to itself to provide

a sample range compressed waveform. -
3.3.5 Compiling the Range Compression Program

The executable programs can be compiled from the source code by typing
make on the command line. This invokes the standard make utility
included with the C compilers on the test machines and this utility
processes the file makefile. This makefile defines the individual
components of the executables and the order in which they are compiled.
These are called dependencies. More information on the syntax of make
files can be found by consulting the man pages on the individual systems.
if invoked without any arguments the makefile is set up to create the
compression executables, the corner turn executable and the slave
programs. Typing make help will display the various arguments you may

choose for selectively building various executables.
To execute the range compression program you must type:
rngmast inputfilename outputfilename

where inputfilename is the raw image data and outputfilename is the

processed range compressed data.

Page 36




SAR PROCESSING USING PVM

Both input and output files are text files containing ASCII numbers written
as floats of choice (nominally 6 digit) resolution. Each pair of numbers
are separated from the next pair by a comma. A line break character may
also be included. Each pair of numbers consists of the real and imaginary

values per range bin, all per azimuth bin.

This ASCII format is chosen as it is the output of the radar simulators
RADSIM [8] and SARSIM [15]. This method is very inefficient storage.
Normally, IEEE floats would be utilised. |

3.4 Program Methods and Resuits

The Range Compression Software is given the radar image as the range

returns received versus azimuth.

The following figures? show the resulits of range compressing the input file

T2.asc except where specified as compressing sim1.asc.

In the test examples used here the target is a stationary point target and
the radar source travels past it in a straight line perpendicular to the target

at a constant height.

The master divides the image into the range returns along each azimuth
and supplies each to the slaves. The master also generates the

reference range return for the matching of the chirp radar pulses.

The reference pulse is set up to be the transmitted pulse as it has the
ideal chirp wave characteristics, as the radar return would be somewhat
noisier and degenerated. The amplitude of the reference pulse is set to a

constant square wave waveform, see Figure 9.

2 All figures in this section show the actual values obtained from the test resuits
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Although the pulsewidth equals 700 nanoseconds, it is used by the
software as 105 units long by taking the simulation frequency of 0.15 GHz

into account. The transmitted pulse centre is therefore at 52.5 units.

15 T T

10 [ressssesisy -
RogAmpl | 4in.0

0 100 200 300

Figure 9: Transmitted Pulse Envelope

The real and imaginary transmitted chirp waveforms are shown in Figure
10. Note that the chirp pattern is symmetrical around the centre of the

pulse.

|

300 300

Figure 10: Reference Chirp (real & imag)
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The return pulse at the exact azimuth of the point target, is shown in

Figure 11. The return pulse centre is at 115.

0 100 200 300 0 100 200 300

Figure 11: Input Chirp (real & imag)

The master shares out these range returns to the slaves to match with the
reference pulse. An example of the corresponding real and imaginary

waveforms are shown in Figure 12 which are matched by the slaves.

300

Figure 12: Reference and Input Chirps (real & imag)
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The reference pulse is “windowed” using a Hamming window to reduce

range sidelobes (at the expense of gain and resolution)®. The windowed
reference function is shown in Figure 13.

100 A T 1 | T

WindowRef megbin ,0 50 [~ \ ]

Figure 13: Windowed Reference Pulse (power)

The slaves match the pulses by converting the reference pulse and return
pulse into the frequency domain. This is done by performing an FFT
(Fast Fourier Transform) on the waveforms. The frequency description of

the reference pulse is shown in Figure 14.

2°10 | T T T T

1se10* —

WindowRefFreq mebin ,0 110* -

5000 [— -
A

" :
] W 1 |
0 50 100 156 200 250 300

mgbin

Figure 14: FFT of Reference Pulse (power)

3 see Appendix E MATCHING THE CHIRP PULSE which explains the theory of matching chirp pulses
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The frequency description of the input pulse is shown in Figure 15.

530.637500 T T T T T
v.i'1|
Irll |||I i‘,’\I,
[
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400 ;ﬂil-lrl \Il .'J !| _—\-"\'| J|' L II I'u-,l ﬂﬂ \ I-," \:"|II I'I "‘", —
\J U | iI "..I; I'I L | | .\II |
UL WIPR L s T
by
200 — !l..-’. —
!
"W
W,
.0.0223771, 0 1 | I %) VPR 1 ]
0 50 100 150 200 250 300
O, mgbin 255,

Figure 15: FFT of Input Pulse (power)

The frequency waveforms of the reference pulse and the input pulse are

multiplied together to effectively correlate the two in terms of the time

domain. The resulting waveform is shown in Figure 16.

6
810 T T T T T
601, ]
610> ¥/ |
f* '
'|_v:| A
Compkreq bin, 0 4,106 - I'..': I"l —
v '-.II IIJ.',II
2108 - W —
i | Dl | L L
0 50 100 150 200 250 300
mgbin
Figure 16: Multiplied FFT Pulses (power)
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The resulting waveform is then transformed back to the time domain

revealing the resulting compressed pulse, see Figure 17.

Comp gbin,04°10° [~ .

0 50 100 150 200 250 300

Figure 17: Range Compressed Pulse (power)
We expect the resulting waveforms to have the following characteristics:

1. The main lobe width should be approximately 3 units wide which is the

simulated version of % - 210 where B is the chirp bandwidth.
2. The origin should be at approximately 167 units which is the difference
of the two pulses (115 units - 53 units) plus the pulsewidth (105 units).

Figure 18 zooms in on the compressed pulse to show that our

expectations are met satisfactorily.
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RagC o gbin 4°10° [~ =

2*10° |~

p /
156157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175176

mgbin

Figure 18: Range Compressed Pulse (power)

The pulse compression ratio is expected to be approximately 70 from
either of 2 equations:

T % T.B = 700-10 2100-10°

to
Figure 19 shows the envelopes of the input and resulting waveforms by

combining the complex vectors of each signal. The figure shows this

expected ratio to be true.
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£10
e , i
RngCrngbin |
4'1(? I | -
Refmrﬁgbﬁgooo |
1
|
210 - ' 4
0 |
0 30 60 90 120 150 180 210 240 270 300

mgbin

Figure 19: Envelopes of Range Compressed Chirp Pulse vs
Transmitted Pulse

The return pulses return at different times depending on the range to the
target at different azimuths. Each slave matches a different azimuth and,
once the master combines the compression results, the result, as in
Figure 20 and Figure 21, reveals a three dimensional arc around the

target.
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4. AZIMUTH COMPRESSION
4.1 Why Perform Azimuth Compression?

Although azimuth information is sampled at very high resolution, the echo
signal from a target is distributed over a large number of samples
corresponding to the interval that the beam sweeps past the target. This
interval is known as the coherent integration time. The problem then is to

distinguish the echo signal in terms of its position within the beam.

The centre of the beam passing over the target can be identified by the

phase of the echo as follows:

Refer to Figure 24. Consider a pulse transmitted when the target is
nearest distance R away. When the pulse is returned, the aircraft has
moved a distance x along a straight line perpendicular to the target. The

target is now a distance R + dR away.

\“dR

X

Target

Figure 24: Boresight Line of Array
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The phase error is then:

® - 2nfty ©- 2nf 2R g . 2-1:-2';R
Cc

where t; is the two way time delay and f is the transmitted pulse
frequency.

For the given nearest range distance R, the phase varies (approximately)
quadratically with the azimuth position. This quadratic variation in phase

can be interpreted as a frequency that varies linearly with azimuth

position as demonstrated by the following:

Given that

(R-dR)? - R? - X2

2\\
RZ. 2RdR + dR? - R? - x2 2RdR|1- IR 2
"_\ 2R/
X X2
dR is approximately dR - — giving ® - 2:-5-—
Pp y >R gwving R
2,2
as x° - V2t%, o - 27t
AR
do V2.2t
aso - —, — = 21
dt AR

and finally, as o - 2-z-f(®), we get the frequency shift as

2.2t
AR

f(®) -
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where V is the velocity of the source and t is the time it took to travel the

distance there and back.

The changing frequency of the signal in the azimuth direction resembles a

linear chirp multiplied by the antenna pattern as represented by Figure 25.

2 T B T T T
1.5f —
1 p— —
0.5+ —
RZdRﬁn’o 0 p—
0.5 —
“1 —
-15 -
" | ] 1 1 L
0 100 200 300 400 500 600

Figure 25: Azimuth Phase Shift in Azimuth Plane

Thus, the azimuth phase shift must be correlated with the point target

response in the azimuth direction.
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4.2 The Azimuth Compression Software

The Azimuth Compression Software consists of the cnrturn.c, pvmazmin.c,
azm.c and azmcomp.c files as shown in Figure 26.

input.asc
[azmbin]
[rngbin]
cnrturn.c
input.asc rngspike.asc
[rngbin] [rngbin]
[azmbin]
rngbin no. of
slaves
input.asc [
pvmazmin.c [azmbin] [I
master
azm.asc
[azmbin]
azm.c azm.asc azmcomp.c
[rngbin]
[azmbin] azmcomp.asc
[azmbin] [
i

azmcomp.asc
[rngbin]
[azmbin]

Figure 26: Azimuth Compression Algorithm

Page 51



SAR PROCESSING USING PVM

4.2.1 The input files

The input files used for testing the thesis software were range
compressed versions of T2.asc and sim1.asc which are outputs from the
radar simulators RADSIM [8] and SARSIM [15] respectively.

The assumptions and parameters used in generating these input files are
explained in Chapter 3. RANGE COMPRESSION was first run on these
files before the following corner turning and azimuth compression took

place.
4.2.2 The cnrturn.c file - Matrix Corner Turning

Corner Turning is used to transpose the matrix of the input file from
“range returns per azimuth” to “azimuth values per range bin”. Files input
to the thesis Azimuth Compression software require this latter format.
Files of the first format, such as files output from the thesis Range

Compression software, are converted by the Corner Turn function.

Corner Turning is traditionally a complicated method which shuffles the
positions in memory that store the large amounts of SAR image data. In
this case, the data is small enough to be shuffled while reading the input

file.
4.2.3 The rngspike.asc file

The range compressed waveform used as a reference in azm.c is read
from the file rngspike.asc which is generated by the thesis Range

Compression software.
4.2.4 The pvmazmin.c file

The pvmazmin.c file is the pvm master which reads the azimuth

compression input file, runs azm.c to generate the matching reference
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image then generates pvm slaves to perform the azimuth compression.

Pvmazmin.c reads the file pvmcomp.ini for the setup parameters.
4.2.5 The azm.c file

Azm.c calculates this 3-dimensional image of the expected range and

azimuth profile.

The following describes the steps taken during calculation starting from

the simple range compressed pulse to the resulting 3-D image.

To calculate the simple range compressed pulse, an example range
compressed signal is obtained and assumed the same for each azimuth
vector, see Figure 27. The range compressed waveform used as a
reference is read from the file rngspike.asc which is generated by the

thesis Range Compression software.
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Figure 27: Simple Range Compression Signals

Azm.c then calculates the 3-dimensional range of the target to the source

at each azimuth bin, taking the source velocity into account.

Figure 28 shows the range of the source to the target as the source travels
past. The figure was generated using a smaller AZMBIN value which
created a “zoomed-in’ representation. The figure clearly displays the

range of the target being closest as the source travels past.
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0.4 | I T 1 1
02 —
Geom, - 22361 |- _
-0.2f- -
04 ] | | I |
0 50 100 150 200 250 300

Figure 28: Range of Target to Aircraft vs Azimuth

Azm.c uses the range to calculate the signal gain given the transmitted
power, the RCS, the radar losses, the antenna gain and an amplifying

factor.

Gain is initially calculated as

cainPower . Clight ))TxPower- 1000-RCS
(CentreFreq 1.0°) | L°:’Zes
| 641310

Gain is then recalculated at each azimuth, taking the geometry and

antenna gain into account.

AntGain
10

10 - Amplify- GainPower

<Geomaz> 2

Gain -

Figure 29 shows the return signal gain increasing as the source travels
past the target. The figure was generated using a smaller AZMBIN value
which created a “zoomed-in” representation. The figure clearly displays

the return gain being greatest as the source travels past.
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Figure 29: Radar Gain vs Azimuth

The timeshift is then used to calculate the range compressed waveform

values at each range, see Figure 30.

Figure 30: Range Compressed Pulses with Timeshift
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At each azimuth, azm.c uses the range to calculate the timeshift which is
the two way delay

ty =

2r
c
The range value has been shortened by a range offset to bring the range
returns within the simulation environment. See section 3.2.1 for the
RNGOFFSET values used for the test files. The timeshift equation

becomes:

_ 2:(r - RngOffset)

t,
d c

The final step is to add the effect of the azimuth phase shift. As explained
previously, the azimuth phase shift is seen as a chirp pulse in the radial

direction.

Azm.c uses the timeshift to calculate the azimuth phase shift from the

equation:

b - 21If td
where t; is the two way time shift and f is the transmitted pulse frequency.

The azimuth phase shift vector is multiplied with the “image” vector to give

the resulting two dimensional azimuth reference image.

ReAz - Re-cos(®) - Im-sin(®) ImAz = Re-sin(®) - Im-cos(®P)
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4.2.6 The azmcomp.c file

Each pvm slave is apportioned an range vector of the input file and that of
the reference file azm.asc. The slaves each run azmcomp.c to match the

azimuth values within those vectors, see Figure 8.

REFERENCE FILE

SLAVE 1 SLAVE 2 SLAVE 3 .

azm.asc
input.asc input.asc input.asc
range 1 range 2 range 3

Figure 31: Azimuth Compression Slaves

Azmcomp.c contains the azimuth compression algorithm which scans
azimuth values for chirp pulses having frequencies that match those
expected. This is achieved by transforming the raw image data to the
frequency domain, multiplying the frequency pattern with that of the
reference function (matching filter), then converting the result back to time

domain‘. The FFT process is that from [2].

* See Appendix E MATCHING THE CHIRP PULSE which explains the theory of matching chirp pulses

Page 58



SAR PROCESSING USING PVM

The matching process matches the image from the start of the image
vector to the end by assuming that the image before the start and after the
end has the same pattern (infinite extent). To rule out this foldback
operation from affecting the result, the reference and image vectors are
expanded to double the AZMBIN length and this excess is padded with
zeros. The Azimuth Compression process returns the result having
double the original length which includes the resulting waveform in the
case of T2.asc and Sim1.asc because the target is positioned at or after
AZMBIN number of bins.

Due to range curvature, the edges of the signal in any specific range bin
are moved into further range bins. By matching all azimuth values in a
single range bin, we are omitting part of the signal. To focus the energy
back to the original range bin, the compression program limits the window
size to those azimuth values that contain the signal at the centre of the

curve.
4.2.7 Compiling the Azimuth Compression Program

Use the make utility as described in the section 2.2.6 Compiling the
Range Compression Program to create the executable azmmast. The
make file is set up to create both compression programs and the corner
turn executable as well as the slave programs if invoked without any

arguments.
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To execute the azimuth compression program you must type:

azmmast inputfilename outputfilename

where inputfilename is the corner-turned, range compressed data in
ASCII format and outputfilename is the processed azimuth compressed

data.

4.3 Program Methods and Results

The Azimuth Compression Software is given the radar image as the
azimuth values expected at the same range vectors. In the test examples
used here the target is a stationary point target and the radar source
travels past it in a straight line perpendicular to the target at a constant
height.

The following figures® show the results of range compressing the input file

T2.asc except where specified as compressing sim1.asc.

The master divides the image into the azimuth values for each range bin
and supplies each to the slaves. The master also generates the two
dimensional reference azimuth values for the matching of the azimuth

chirp.

The reference waveform varies according to the range and so, in turn,

does the chirp compression factor.

® All figures in this section show the actual values obtained from the test resutts
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At range bin 163, the reference waveform azm.asc is shown in Figure 32
as it resembles a chirp waveform and it matches the input file 72.asc as

shown in Figure 33.

200 : ; 200 |
£ \ lf
Ill 4 !il |
i 1 ll [
1 :i .l 1 J
AT, g1 512+ azmmbin,0 O [:' F— - ATy 63512+ azmbin, 1 O - P oy bt -
| | \ | %
\f \/ F
v v \VAERY
20 1 1 , ; 2 L
0 200 400 600 0 200 400 600
azmbin azmbin

Figure 32: Reference Chirp (real & imag)

The range compressed input of file T2.asc has that pattern at range bin
163, see Figure 33.

50 — = 1 )
r'/ 3 50 h f‘

Ji 1‘. | II'-
f 4 \ !
A || ll- Wids — || | !

AZlp, bin 256+ 163,00 <\ DLRS A [ A
+ 163, \r! l{ 'l [J" AZNBIP_ 'azmbin 256 + 163, 1 1] -4 \_‘_! [ ~ lrer(\lr\_, -

L | _ VA
S l 1

[ 200 400 600

Figure 33: Input Chirp (real & imag)

The master shares out these azimuth waveforms to the slaves to match
with the reference waveforms. An example of the corresponding real and
imaginary waveforms are shown in Figure 34 which are matched by the
slaves. The centres of these waveforms in range bin 163 are both at 256

for the reference and input waveforms of T2.asc respectively.
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Figure 34: Reference and Input Chirps (real & imag)

The reference pulse is “windowed” using a Hamming window to reduce

range sidelobes (at the expense of gain and resolution)®. The windowed
reference function is shown in Figure 35.

WindowRef_ .. J |

20 - -

azmbin

Figure 35: Windowed Reference Waveform (power)

The slaves match the waveforms by converting the reference waveform
and input waveform into the frequency domain. This is done by
performing an FFT (Fast Fourier Transform) on the waveforms. The

frequency description of the reference waveform is shown in Figure 36.

® See Appendix E MATCHING THE CHIRP PULSE which explains the theory of matching chirp pulses
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WindOWRefFreqazmbin 05.105 -

0 100 200 300 400 500 600

azmbin

Figure 36: FFT of Reference Waveform (power)

The frequency description of the input waveform is shown in Figure 37.

2°10 T T 1 ' I
15410° —

. ¢ ll

0 100 200 300 400 500 600

azmbin
Figure 37: FFT of Input Waveform (power)

The frequency waveforms of the reference waveform and the input
waveform are multiplied together to effectively correlate the two in terms

of the time domain. The resulting waveform is shown in Figure 38.
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Figure 38: Multiplied FFT Waveforms (power)

The resulting waveform is then transformed back to the time domain
revealing the resulting compressed pulse, see Figure 39.
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Figure 39: Azimuth Compressed Pulse (power)
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We expect the resulting waveforms to have the following characteristics:

1. The main lobe width should be approximately 64 units wide calculated
2-v- sin<9>

2
fromW = ———

the wavelength and 0 is the angle of approximately 32° as the source’s

where v is the source velocity of 246 m/s, A is

view looking down in a triangle whose base line is made up of the 512

azimuth points.

2. The origin should be at approximately 512 units which is the difference
of the two pulses (0 units - 0 units) plus the pulsewidth (512 units).

Figure 40 zooms in on the compressed pulse to show that our

expectations are met satisfactorily.

12

1.73°10 —
./’I .\\\
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384 416 448 480 512 544 576 608 640
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Figure 40: Azimuth Compressed Pulse (zoomed-in)
The pulse compression ratio is expected to be approximately 4 from the

T. 140

equation: b 32
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Figure 41 shows the envelopes of the input and resulting waveforms by
combining the complex vectors of each signal. The figure shows this

expected ratio to be true.

2°10
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0 32 64 96 128 160 192 224 256 288 320 352 384 416 448 480 512
azmbin

Figure 41: Envelopes of Azimuth Compressed Chirp Pulse vs
Windowed Reference Pulse (power)

The azimuth compression removes the azimuth phase shift. Each slave
matches a different range bin and, once the master combines the
compression results, the result, as in Figure 42 and Figure 43, reveals a

three dimensional spot representing the target position.
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_1.004°1 ()8

AzmC2D

Figure 42: T2 Azimuth Compression Spot (3D - range vs azimuth)

9
_B.608°10

AzmC2D

Figure 43: Sim1 Azimuth Compression Spot (3D - range vs azimuth)

Seen from the top in Figure 44, the spot is quite visible.
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5. TESTING PVM
5.1 The PVM Environment

5.1.1 The Setup

PVM version 3.3.1 was installed on four heterogeneous machines on a
non-switched, moderately loaded Ethernet network and then the program

was tested with different machine configurations.
The four machines are shown in Table 4.

Table 4: Architectures tested by PYMCOMP

Machine Operating System | Network IO Interface | Memory (MB)
Tatung Pentium Linux v1.3.20 UTpP 32
75MHz
Alphastation 200 Digital Unix v3.2¢ UTpP 32
HP 9000 / 806 HP-UX v10.20 UTP 64
HP 9000/ 817 HP-UX v9.0 UTP 96

5.1.2 Installations

Installations of PVM onto the machines worked correctly on the first
attempt. The only post-installation work involved setting the permissions
on the $PVM_ROOT/bin directory to allow writing of slave executables by
all users and setting the environment variables such as PVMROOT as

described in the installation document.
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Pentium (Linux 1.3.20)

1. Some problems were experienced with the remote login access onto
the Linux version. After repeated attempts to set up the .rhosts and
inetd.conf files, it was decided to use the Linux box as the PVM

master.

2. During compilation of the C code the GNU C compiler did not generate
warnings regarding array addressing that were generated by the other
architectures. This did not influence the operation of the code and can

be attributed to the default warning level of the compiler.

3. A local PVM installation was done into a user directory on this

machine.
Alphastation (Digital UNIX 3.2c)

1. The Digital UNIX Alphastation machine did not have GNU C installed

and the default DEC C compiler was used.

2. The PVM installation was done into a public directory on this machine
necessitating changes to the Makefile to use
Jusr/local/pvm3/bin/ALPHA.

3. The math.h header file needed Pl defined and so it was added in

globals.h.
HP 9000/817 (HP-UX v9.0)

1. The HP UNIX machine did not have GNU C installed and the default
HP Non-ANSI C compiler was used.

2. The PVM installation was done into a public directory on this machine
necessitating changes to the Makefile to use /usr/local/pvm3/bin/HPPA.
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. The Non-ANSI C compiler forced function declarations to be in the old
style with function parameters declared on a separate line after the
function declaration. It also did not allow use of the void keyword in
function declarations. This only affected the slave routines as no PVM

master code was run on this machine.

. The Non-ANSI C compiler did not allow function prototypes and these

were removed.

. The math.h header file needed Pl defined and so it was added in

globals.h.

. The Non-ANSI C compiler also does not allow initialization of string

arrays. These were replaced with the relevant strcpy() functions.

HP 9000/806 (HP-UX 10.20)

1. The HP UNIX machine did not have GNU C installed and the default

HP Non-ANSI C compiler was used once again.

2. The PVM installation was done into a public directory on this machine

necessitating changes to the Makefile to use /usr/local/pvm3/bin/HPPA.

3. The math.h header file needed P! defined and so it was added in

globals.h.
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5.1.3 Running PVM

The master code was written to specify the specific host machine when
spawning slaves. The actual slave/host configuration for each run was
read from a configuration file config.ini. The PVM spawn command to

start slaves on the Alpha machine was:
numt=pvm_spawn (SLAVENAME, (char**)0, PvmTaskArch,

"Alpha", NumSlavesAvailable, tids):

The SLAVENAME argument above is the zero-terminated character string
describing the slave executable compiled on all slave machines. The
program must be compiled separately for every architecture in the virtual

machine typically using the following command:
cc -L~/pvm3/1ib/ARCH file.c -lpvm3 -o file

where file is the file to be compiled and ARCH is the architecture name of

the computer.

After compiling, the executable was placed in the directory
~/pvm3/bin/ARCH which is where PVM looks by default.

The tests were performed in host-dependent mode where the user
specifies exactly which host computer in the virtual machine the slave is to

run on.

Calling “pvm hostfile” on the command line starts PVM running on alil
specified machines automatically. This can be verified by entering the

PVM console and typing the conf command.
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Here is the host file called linux_dual used below in the example:
pentium
alpha dx=/usr/local/pvm3/lib/pvmd so=sm
hppal dx=/usr/local/pvm3/lib/pvmd so=sm

Here is a typical output from the PVM console after starting PVM with the

above hostfile:

pentium:/home/swuyts/pvmwork# pvm linux dual

pvin> conf

3 hosts, 3 data formats
HOST DTID ARCH SPEED

pentium 40000 LINUX 1000

alpha 80000 ALPHA 1000
hppal c0000 HPPA 1000

pvm>

Calling pvm from the command line without specifying a hostfile runs PVM

only on the local host.
5.1.4 The Program and Tests

The Range Compression and Azimuth Compression programs are run
sequentially with Azimuth Compression input data made up of the results

from the Range Compression program.

A compression program consists of a PVM master which sets up the data,
spawns PVM slave tasks, handles message buffers to and from these

tasks, and manages the data to and from the slaves.
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Using the test input files, the Range Compression program needs 512
slaves in total and the Azimuth Compression program needs 256 slaves in
total. The master reads the config.ini file to see how many slaves to run at
a time per remote machine. It then performs as many runs of this amount

necessary to achieve the total number of slaves.

The ASCII input file used in all cases was the Sim1.asc file. Either
alternative input file would take the same processing time as they are all

the same length.

The tests shown in Table 5 were performed on the hosts shown in Table 4
by running PVMCOMP on the PVM virtual machine.

Table 5: Setups of Tests Performed

No Description

| 1 | Each machine, in turn, runs a number of slaves.

2 | Combinations of machines run a number of slaves.

3 | Slaves recalculate compression N times.

4 | Master resends message N times.

5 | Master sends large message.

6 | Time entire compression procedure.

Tests 1 to 5 measure the time in seconds from when the master enrolls
into PVM until it receives the replies from the slaves. It does not measure
the time taken to generate the reference data, read setup files and save
the output file. This is measured in Test 6. These functions are omitted
from the timing as they overwhelm the contrast between the time taken by

processing versus the PVM handling time.
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5.1.4.1 Test 1

Test 1 consists of a number of smaller tests, each testing the spawning of

slaves on specific machines. They measure the processing time for

different numbers of siaves per run.

5.1.4.2 Results of Test 1

See Appendix D for the full results of the following tests.

Table 6 shows the running time of the range compression and azimuth

compression programs for each specified number of slaves per run on

each machine operating in isolation.

Table 6: Running Time of Test 1 (mgcomp / azmcomp) in seconds

Test 1 No of slaves per run
Slave Machine 16 32 64 128 256
Pentium 49/35 50/34 53/36 58/42 -
Alphastation 74/44 83/52 - - -
HP 8000 / 806 79159 - - - -
HP 3000/ 817 - - - - -
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Table 14: Times of Overhead Functions on Single Machine

(seconds)
Total Time No. Of No. Of Time of
(sec) Computations | Transmissions Overhead
(sec)
Test 1 49 1 2 28.6
Test3: 5 93 5 2 27.8
lterations
Test 3: 10 149 10 2 27.8
Iterations
Test4: 5 71 1 6 322
Iterations
Test 4. 10 94 1 11 32.2
Iterations
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Table 15: Times of Overhead Functions on Combination of Machines

(seconds)
Total Time No. Of No. Of Time of
(sec) Computations | Transmissions Overhead
(sec)
Test 1 49 1 2 28
Test3: 5 93 5 2 26.6
Iterations
Test 3: 10 149 10 2 26.6
Iterations
Test4: 5 71 1 6 26.2
lterations
Test 4: 10 94 1 11 26.2
Ilterations

As can be seen from these tables, the overhead time is unaffected by the

number of iterations performed by a process.
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sending and computations quickly as, again, it shares the workload over

many machines.
Together Figure 53 and Figure 54 show the following:

1. The single machine spends a lot of overhead time setting up the
transmission of messages but, once going, performs them quickly. By
comparison, the combination of machines has little message overhead

and yet still performs them rapidly once set up.

2. The startup overhead time is much the same for both configurations as
the same startup operations occur and all in the master (single)

machine.

3. The computing times are better in the combination of machines and

should prove even better as larger computing is required.
These show the benefit of using PVM.
6.1.9 In Closing

PVM definitely improves the time taken to process a SAR image once all

these factors, especially task granularity, are taken into consideration.
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6.2 Future Work with PVM

The following are suggestions for future work planned using PVM for SAR

processing:

1.

Tests should be performed with real SAR images to test the speed

reduction capability.

. Tests should be performed using larger networks, groups of networks

and different types of networks e.g. FDDI or ATM.

Tests should be performed using more machines in a heterogeneous

or homogeneous environment.

Tests should also be done by splitting the reference function
computation over a PVM network. In the case of range compression,
each slave would be computing the same reference function so no
speed advantage would be seen. In the case of azimuth compression,
each slave would be computing its own distinct reference function
although parts of the computation would have the same parameter
values. If this test is performed on azimuth compression the results

may show that PVM is quicker especially in the case of large images.

Tests should experiment with using all facilities available in PVM e.g.

fault tolerance hooks, signals and tracing.

6.3 Conclusions of SAR IMAGE COMPRESSION:

Sections 3.3 and 4.3 show that the compression accurately pin-pointed

the point target location and produced results that agree with the theory.

The compression produced the same results from two different radar

simulation programs.
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6.4 Future Work with SAR IMAGE COMPRESSION

The following are suggestions for the refinement of the SAR image

compression software:

1. The compression programs should be refined to compensate for other
effects that influence SAR images. These effects incilude range

curvature, azimuth migration and motion.

2. The program should also be tried with real SAR images to test the

compression performance.

3. The compression set-up data should use more realistic parameter

values as these have not been used for the sake of demonstration.

The aim of this thesis was to demonstrate that the use of PVM improves

the time taken to process a SAR image. This has been shown to be true.
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7. APPENDIX A: RADSIM VERSION 4 TEST PARAMETERS
| Simulation begins

$GENERAL A

1 I' [ ] Number of Pulse Repetition Intervals to Simulate
180.00 ! [Hz] Pulse Repetition Frequency
256 ! [ ] Number of range samples to simulate

0.15 ! [GHz] Simulation frequency

$TARGET A

0.00 ! [m] Target x direction offset from mid path
20000.00 I'[m] Ground range at closest approach
0.00 ![m] Target height above ground level

5.00 ![m"2] Target radar cross section

$GEOMETRY G1 A
NULL ! Use which motion data ?
10000.00 ! [m] Aircraft altitude

246.00 ! [m/s] Aircraft velocity
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'SWRITE G1, ASC, OVR, G1.ASC

$PULSEGEN T1 A1 | Generate pulse waveform data and put into array A1
and T1

A ! Use which GENERAL data ?
100.0 ! [ns] Rise time

100.0 ! [ns] Fall time

600.0 ! [ns] Pulse width

10.0 ![V] Peak amplitude

CHIRP ! CHIRP or MONO

0.1 ! [GHz] Chirp Bandwidth (arb non-zero for MONO)

$WRITE A1, ASC, APP, A1.ASC
$WRITE T1, ASC, APP, T1 ASC
$FFT F1T1

$WRITE F1, ASC, APP, F1.ASC
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$MATCHFILT F2 ! Output
F1 nput

0.08 ! Windowing Factor

$WRITE F2, ASC, APP, F2.ASC

$RETURNL T2 G1 A1

1.0 ![kW] Radar Transmitted Power
0.141 | [GHz] Radar centre frequency
7.0 1[dB] Antenna gains

0.0 ![dB]Losses ( TxLoss + RxLoss + PropLoss )

1.0 ![m*2] Radar cross sectional area
22300.0 I [m] Range offset for geometry setup
CHIRP I Chirp or Mono

0.1 ! [GHz] Chirp Bandwidth (arb non-zero for MONO)
NULL ! SIN or NULL antenna type
60.0 ! [deg] Elevation beamwidth

7.16 | [deg] Azimuth beamwidth
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-40.0 ! [deg] Elevation angle (down is negative)

0.0 ! [deg] Fixed squint angle (forward is positive)

$SAMPLIFY T2 T2 10000000.0
SWRITE T2, ASC, APP, T2.ASC
SFFTF3 T2

SWRITE F3, ASC, APP, F3.ASC
SMULTIPLY F4 F3 F2

SWRITE F4, ASC, APP, F4.ASC
SFFT T3 F4

$SWRITE T3, ASC, APP, T3.ASC

$A2D D1 T3

240 ! [V]LSB value

8 I [bits] number of bits of A2D precision (4, 8 or 16 )
0 ! [bin] Starting bin ( inclusive )
0 ! [bins] How many bins to process after starting bin

( O means process until end of range line )
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1 | [samples/bin] skip how many samples for one output bin ?

$WRITE D1, ASC, APP, D1RAD.ASC
$ENDLOOP

I End of simulation
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8. APPENDIX B: SARSIM VERSION 060597 TEST PARAMETERS
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9. APPENDIX C: CODE FOR PVM COMPRESSION SOFTWARE
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SAR PROCESSING USING PVM

11. APPENDIX E: MATCHING THE CHIRP PULSE
11.1 The Theory

The transmitted Linear FM waveform consists of rectangular pulses of

constant amplitude A and of pulse width T.

The pulses of carrier frequency f, are modulated with a frequency increasing

linearly from f; to f, over the duration of the pulse. i.e. frequency f is

f="fy- th where bandwidth B - f, - f, and angular frequency o, is
p-t B
Oy = 0Oh - — Wwherep - 21—
0 0,, 2 T
Letting amplitude A = unity, the waveform f(t) becomes
T T
f(t) - cos coo-t . for-—<t<—
2 2 2

According to matched filter theory, the impuise response h(t) of the matched

filter is the time-reversed complex conjugate of f(t), namely:

| 2.
2- -t T , . .
h(t) - <t -Ccos ot - 52— where the e is required for unity gain.
o ‘ , T
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SAR PROCESSING USING PVM

The return signal f<t0> from the target at time t, will have the characteristics of the

transmitted signal except that it will be shifted in frequency proportional to the

Doppler shift, o, as follows

[ 2
H- to

<m0 + cod>'t0 + 5

S

f (\to) - cos

The convolution of the return signal with the matched filter is given by

[0
a(t) - f(t)-h(t - 1)
J-w
T
2 2 / \ .
\ u-(7) 2 | 1
g<t0'0)d> - cos| (@ + Oy |1 + 5[] }-cos-[mo(to ) - 5
T
S 2
o, + ut
— o sin 9 0-(T—:t0)
, . “’ d \
g(\to,(l)d> = JE'COS <(D0 + 2>t0 <T ‘tol) /L i
d

For cases of no Doppler shift, “d ~

9 <t0 ' 0> becomes
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SAR PROCESSING USING PVM

ot
— sin -2—0-‘T to
[ ‘ '
g;to/ - ?-cos\mo-to/;\T— to 1
4T )
2 b
Thus
. >u-t0 .
’ sin| e T- 4t
gt - q);to,r" T- L ,L
' pety
2T

Here ®js the carrier harmonic which is modulated by a triangle pulse and a

sinc of quadratic time.
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SAR PROCESSING USING PVM

This is because the single antenna cannot transmit and receive at the same
time, so transmit time must be a small fraction of the inter-pulse period. The
bandwidth theorem puts a theoretical lower bound of 1 on the time-bandwidth

product of any signal (the minimum being realised only by a Gaussian pulse).

Amplitude of the autocorrelation pulse is given relative to a maximum value

D where D is defined as the dispersion factor and is equal to T.B, the time-

bandwidth product.

In current radars using pulse compression techniques , dispersion factors of

thousands can be achieved.
11.2 Windowing

The resolving capability of the system is determined by the narrowness of the
main lobe and its separation from, and amplitude ratio to, the sidelobes.
. sin(x) .
After compression, the =~ pulse shape has the closest sidelobes at -
X

13.2dB [19] down from the peak.

The large sidelobes are often objectionable since a large target might mask
nearby, smaller targets. Also near-in sidelobes might at times be mistaken
for separate targets. To compensate for this sidelobe ambiguity, it is useful

to weight (or window) the returned signal over the integration time.

Although not used in the thesis software, the windowing can equivalently be
done in the frequency domain where it can be efficiently incorporated into the
reference function. This suppression occurs at the expense of reduced
signal-to-noise ratio at the compression filter output and a small increase in

pulse width.
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The most widely used is a window function of the cosine on a pedestal form

[17],

2-n-f
B |

W(f) = a - B-cos‘ wherea - § - 1

The Hamming Window is popular for which a - 0.54 and has been chosen

for use in the thesis software.
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SAR PROCESSING USING PVM

10. APPENDIX D: RESULTS OF PVM COMPRESSION SOFTWARE
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