
Master Thesis 

Electrical Engineering 

September 2011  

 

 
 

Development of a GB-SAR System and 

Perform Basic and Advance 

Measurements for a Fixed Target 

 

 

                                    Mohammed Faisal 

 
                                                                                                                                                                                                                         

 

                                            This thesis is presented as part of Degree of 

Master of Science in Electrical Engineering with emphasis on Radio Communication 

 
 

                                   

 

                               

Blekinge Institute of Technology (BTH) 

September 2011 
 

 

School of Engineering  

Department of Electrical Engineering 

Blekinge Institute of Technology, Sweden  

Supervisor:  Viet Thuy Vu 

Co-supervisor:  Thomas Sjögren 

Examiner:  Prof. Mats Pettersson 



This thesis is submitted to the School of Computing at Blekinge Institute of Technology in partial 

fulfillment of the requirements for the degree of Master of Science in Electrical Engineering with 

emphasis on Radio Communication. The thesis is equivalent to twenty weeks of full time studies. 
 

 

 

 

Contact Information  

 

 

Author:  
Mohammed Faisal 

Email: mofa09@student.bth.se, faisal_bth27@yahoo.com   

 

 

University Supervisor:  
Viet Thuy Vu  

Dept. of Electrical Engineering 

School of Engineering  

Blekinge Institute of Technology (BTH), Sweden.  

E-mail: viet.thuy.vu@bth.se  

 

 

University Co-supervisor:  
Thomas Sjögren  

Dept. of Electrical Engineering 

School of Engineering  

Blekinge Institute of Technology (BTH), Sweden.  

E-mail: thomas.sjogren@bth.se 

 

 

Examiner:  
Prof. Mats Pettersson  

Dept. of Electrical Engineering 

School of Engineering  

Blekinge Institute of Technology (BTH), Sweden.  

E-mail: mats.pettersson@bth.se 

  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

School of Engineering                                                                               web: www.bth.se/tek  

Blekinge Institute of Technology                                                              Phone: +46 457 38 50 00  

SE-371 79 Karlskrona                                                                               Fax: +46 457 271 29  

Sweden. 



i 

 

ABSTRACT 

  

Ground-Based Synthetic Aperture Radar (GB-SAR) system is a new innovative monitoring 

technique has been invented depending on the use of ground based applications and highly 

repeatable measurements. GB-SAR is a new class of SAR system based on unconventional 

platform like ground, building and ground vehicles that acts as a useful complement of airborne 

and spaceborne SAR system. 

 

In this empirical thesis project, we described a first hands-on experience working with our 

Ground-Based Synthetic Aperture Radar (GB-SAR). A large part of this thesis has been devoted 

to describe image construction process by Global Backprojection (GBP) algorithm, development 

of a GB-SAR system and perform two different experiments. We have developed a system full 

of polarimetric and interferometric functionalities to perform different measurements 

phenomena. The system consists of a Vector Network Analyzer (ENA 5071C), one Double 

Ridge Guide Horn Antenna, one Low loss-high frequency cable and an Antenna Positioner. The 

system can be operated in a frequency range from 300 MHz to 20 GHz, allowing a scanning 

aperture of 1.8 meter 1.6 meter in horizontal and vertical direction respectively. Measurements 

has performed in a closed door environment for two different experiments related to acquired 

data compression in range and image formation by GBP algorithm. The experimental results 

showed the excellent interferometric performance as we expected from our GB-SAR system, 

which should perform many useful and paramount applications for further research work at 

Blekinge Institute of Technology (BTH, Sweden).     

 

Keywords:  Double Ridge Guide Horn Antenna, Global Backprojection (GBP), Ground-Based 

SAR (GB-SAR), Interferometry, Low loss-high frequency cable, Vector Network Analyzer 

(VNA). 
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1. INTRODUCTION 

 

1.1 Introduction 

This thesis has been written at the Blekinge Institute of Technology (BTH), Karlskrona, Sweden 

during the period September 2010- March 2011 as a M.Sc. thesis in Electrical Engineering with 

emphasis on Radio Communication. 

 

BTH acquired the instruments for building a Ground Based Synthetic Aperture Radar (GB-SAR) 

system in July 2010. The chance to conduct my research work at the very initial stage of 

constructing the GB-SAR system made me gracefully choose this research topic for my thesis 

work at this institute. 

 

SAR has multipurpose remote sensing applications such as ground imaging which is appreciated 

to both military and civilian end-users. GB-SAR is a type of SAR that is placed on ground, 

buildings, or ground vehicles instead of aircrafts or spacecrafts. GB-SAR has been introduced for 

some advantages in comparison to satellite or airborne based SAR. For example, GB-SAR has 

ability to illuminate areas of interest from an optimal angle. Investigating the fast deformation of 

an object due to an applied force requires also GB-SAR. As an active sensor, GB-SAR produces 

its own illuminations and processes the backscattered echoes. The system can result in complex 

SAR images of the inspected areas or objects. Several GB-SAR systems such as LiSA [1], GB-

XTI-INSAR [2] and GB-ATI-INSAR [3] have been developed for different applications, for 

example, deformation monitoring of ground surfaces, subsurface structure monitoring, detecting 

surface movements, glacier monitoring, avalanche prediction, environmental change monitoring 

and disaster prevention, volcano front monitoring, dams monitoring and so on. A GB-SAR 

system can be used to acquire different sets of data that are essential for scientific research.  

 

Imaging a SAR scene is based on SAR image formation algorithms. The aims of the algorithms 

are high image quality and short processing time. In general, the SAR algorithms has classified 

into two groups: frequency domain and time domain. According to this classification, Range 

Doppler (RD) [4], Range Migration (RM) [5] and Chirp Scaling (CS) [6] algorithms belong to 
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the frequency-domain group while Global Backprojection (GBP) [7], Fast Backprojection (FBP) 

[8] and Fast Factorized Backprojection (FFBP) [9] the time-domain group. GBP is the first time-

domain algorithm which has been introduced in 1980‟s. This algorithm is a point-to-point image 

reconstruction method and interpreted directly as a linear transformation process from reflected 

radar echoes into SAR image. Some unique characteristics of GBP are automatic motion 

compensation, unlimited scene size and local processing. Thus, GBP can offers high quality SAR 

image and is suitable for using in experiments.  

 

1.2 Thesis works 

In this thesis, we develop a GB-SAR system. Our developed GB-SAR system consists of four 

main parts:  

– a double ridge guide horn antenna for both transmission and reception. 

– a two-dimensional antenna positioner to scan observed objects and/or areas along 

horizontal and vertical directions. 

– Four-port vector network analyzer to generate radar signal and to collect the reflected 

echoes. 

– a PC to control data acquisition operations. 

– a reflector 

The procedure for data acquisition using this GB-SAR system includes: 

– GB-SAR  and SAR scene arrangement 

– the electronic calibration (ECal). 

– scattering parameter measurement S11, S22, S33 or S44 . 

– data saving. 

Radar echo processing is then processed in Matlab. The processing is divided into two main 

stages: 

– range compression using Matched Filtering (MF) technique. 

– Imaging the SAR scene using the GBP algorithm. 
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1.3 Thesis outline 

This thesis is presented in five main parts. The first part describes fundamental theory of 

RADAR and SAR. The second part outlines SAR signal processing in general and SAR 

processing algorithm in particular. The GBP algorithm for image formation is focused. The 

processing of GBP is illustrated with simulated data. The third part is all about GB-SAR 

systems, applications and developing process of the GB-SAR system with specific instruments. 

The fourth part is the main topic of this thesis that concern about the methodology of two 

experiments and the experimental results. The last part summarizes the whole project work and 

analyzes the experiment results in context of expected results. 
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2. Theory of RADAR and SAR 

 

In this chapter, we present the fundamentals of radar and radar working principles. The 

background of SAR, SAR applications, different modes of SAR operation and the essential 

geometry terms are then discussed in this chapter.  

 

2.1. Radar 

Radio detection and ranging (Radar) system is a complex electronics system composed of 

several major subsystems. Radar is known as an “active sensor device”. It generates own 

illuminations as transmitting radio waves toward targets and receiving the reflected echoes. 

However, a portion of the radiated energy reflects back and some of it intercepts by the targets. 

 

Transmitting and receiving processes maintain time sharing schedule because most of radar 

systems use single antenna. In the case where a radar radiates narrow beam from an antenna and 

scans the region of a target, the location of that target measures by range and angle. The range is 

determined by measuring the total roundtrip time a radio wave takes. 

                                                    
  

 
                                                                        (2.1) 

where   is the velocity of radiated energy and   is the roundtrip time needed for a radio wave. 

The angular direction is retrieved from the antenna positions at the time when the echo is 

received.  

 

Figure 2.1 shows a basic monostatic radar system diagram. Transmitter of a radar system 

produces short duration radio pulses of energy and radiates or emits into space by a radar 

antenna. Duplexer switches the radar antenna between transmitter and receiver so that the 

antenna can be used simultaneously. This mechanism is extremely important because if energy 

were allowed to go into the receiver, the high-power pulses from transmitter would destroy the 

receiver [10]. Receiver amplifies and demodulates the reflected signals (echoes) from targets on 

the ground or in the air and then forwards them to signal processing. 
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Transmitting path:   Transmitter      Duplexer      Antenna      Electromagnetic wave      Target 

Receiving path: Target      Echo signal    Antenna      Duplexer     Receiver    Signal Processing   

Figure 2.1: A basic monostatic radar system 

In general case, the amount of power    returning to the receiving antenna can be measured by 

the radar equation [11]   

                                                        
        

 

       
   

                                                       (2.2) 

where    is the transmitter power,    is the gain of the transmitting antenna,    is the effective 

area of the receiving antenna,   is the scattering coefficient of the target,   is pattern propagation 

factor,    is the distance from the transmitter to the target and     is the distance from the target 

to the receiver.  

For monostatic case, where the transmitter and the receiver are at the same location,       and 

the term    
   

  can be replaced by   , where    determines the range. Now the equation of the 

radar can be reduced to 

                                                         
        

 

       
                                                         (2.3) 

The equation shows that the received power decreases as the forth power of the range, which 

means the reflected power from distant target(s) is very, very small. For further simplification, 

the equation above with      can be considered, which represents vacuum without interference 

[11]. Hence, the antenna is here assumed to be isotropic or omni-directional.  

Duplexer Transmitter Receiver Signal 

Processing 

 
Antenna 

 
      Target 
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Figure 2.2: CARABAS-II, an example of an airborne SAR system. 

 

2.2. Synthetic Aperture Radar 

The synthetic aperture in SAR is defined by the generation of an effective long aperture by 

signal- processing technique rather than the use of a large physical aperture. Let us consider the 

simplest case where only a single and relatively small physical antenna is used. In that case, one 

makes reference to the characteristics of a large linear array of physical antennas. Hence, a 

number of radiating elements are produced and located at appropriate locations along a straight 

line. By using a physical linear array, all signals are fed simultaneously to each of the elements 

of the array. Similarly, when the array performs receiving operation, all the elements receive 

signals simultaneously.  

 

Figure 2.2 shows CARABAS-II as an example of an airborne SAR system. The radar is mounted 

on the aircraft where a single beam-forming antenna frequently illuminates an area with pulses at 

wavelength of several meters. The successive reflected echoes from different antenna positions 

are coherently collected, then stored and finally post-processed them to form an image of the 

target area.  

 

The radar can also attached to satellites which are known as spaceborne SAR. Figure 2.3 

illustrates the operations of a spaceborne SAR system. 
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(a)                                                           (b) 

 

Figure 2.3: (a) Emitted pulse on ground (b) Scattered pulses by the ground back to the 

antenna 

SAR has many potential applications such as it provides information about mineral exploration 

to geologists, oil spill boundaries on water for environment monitoring and ice maps for 

navigation. In military, SAR provided information about reconnaissance and targeting for 

specific military operations. SAR is comparatively more independent of weather and sunlight 

and its geometric resolution is not sensor altitude or wavelength dependent. In imaging 

applications, resolution of the obtained image is a big concern and better resolution in azimuth 

direction is always expected.  

 

The transmitter and receiver can be located in the same platform or different platform. The 

former refers to Monostatic SAR and the later Bistatic SAR. Hence, in the monostatic case, radar 

uses the same antenna for both transmission and reception and the transmitter is usually at 

approximately the same location as the receiver. In the bistatic case, the transmitter and the 

receiver are placed at different locations. In that case, platforms operate simultaneously, one 

performs signal transmission operation and the other one executes reception. 
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(a)                                                                             (b) 

 

(c) 

 

Figure 2.4: SAR operation. (a) Stripmap mode, (b) Spotlight mode 

 (c) Scan mode. 

 

2.2.1. SAR Operation Modes 

There are three different modes of operation which are applied to conventional SAR systems as 

shown in Figure 2.4 [12]. A SAR system can be designed to work with a single mode or different 

modes.  

 

Stripmap SAR: In this mode as shown in Figure 2.4(a), antenna pointing direction is constant. 

The beam sweeps toward the illuminate area at a uniform rate so that a contiguous image can be 

formed. The length of the strip is limited by how far the radar sensor moves and the azimuth 

resolution depends on antenna length. 
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Spotlight SAR: This mode is used for obtaining high resolution by steering the radar beam, to 

keep target point within the beam for a longer period to form a longer synthetic aperture. 

Spotlight SAR has the ability to extend high-resolution SAR imaging capability significantly and 

increment of azimuth resolution is proportional to the increment of pulses are used [12]. For 

simulating a wider antenna beam, the beam steering uses the transient effect. The process is 

illustrated in Figure 2.4(b). 

 

Scan SAR: In this mode, antenna is scanned several times so that a much wider swath is 

obtained but it experiences poor azimuth resolution. Best azimuth resolution can be achieved by 

multiplication of the strip map mode and the number of swaths scanned. Figure 2.4(c) shows the 

Scan SAR operation.  

 

Spotlight mode offers better resolution than stripmap mode, using the same physical antenna. 

Spotlight mode is also preferable for its possibility of imaging a scene from multiple angles 

during a single pass and efficient imaging of multiple smaller scenes where there is a long strip 

in the stripmap mode images [13].   

 

2.2.2 SAR Terms 

The main terms, which are used in the SAR technique, are demonstrated in Figure 2.5 and 

summarized as follows: 

 

Target: A hypothetical point on the earth‟s surface for imaging. Actually, the SAR system 

images an area on the earth but to develop an equation, a representative point on earth is called 

“point target” or “point scatterer” or simply “target.” 

 

Beam footprint: Radar transmits electromagnetic pulses towards the ground at a regular 

interval. During transmission, radar antenna forms a beam on that area of the ground which 

referred to “foot print”. Position and shape is depended on antenna beam pattern and sensor 

geometry. 
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Figure 2.5: SAR data acquisition geometry 

Nadir: the nadir is called the point on the Earth‟s surface which is straight below the sensor. For 

a spherical Earth, the vector from the sensor to the Earth‟s centre intersects the earth surface at 

the nadir but it is not applicable for an ellipsoidal model. 

 

Radar track: When the nadir point moves along the ground, it projects the radar track. 

 

Velocity: In SAR mechanism, two system velocities are considered: 

 Platform velocity: This is the velocity of the platform along the flight track or path, 

denoted by     . 

 Beam velocity: This is the velocity with which the zero Doppler line sweeps along the 

ground, denoted by     . 

 

Azimuth: In SAR processing, azimuth is a direction aligned with the respective platform 

velocity vector. It can be considered as a vector which is parallel to the net sensor motion. 

 

Beam width: Beam width can be observed as a cone and the foot print is observed as the 

intersection of the cone with respect to the ground. Angular width in the azimuth and elevation 

Radar 

Sensor path 

Plane of zero  

Doppler 

Squint 

angle     

Nadir 

Radar track (azimuth) 

Target 

 Slant range (After processing 

 to zero Doppler) 

Slant range  

Beam footprint 

   

   

Ground range 

(After processing to zero Doppler) 
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plane is the two significant dimensions of the beam and half power beamwidth or beamwidth is 

defined by the angle subtended by the beam edges. 

 

Zero Doppler plane: A plane which contains the sensor that is perpendicular to the platform 

velocity vector (in Earth centered rotating coordinates). The intersection of this plane with 

ground is called zero Doppler line. When the Doppler line crosses the target, the radial velocity 

of the sensor is zero. 

 

Slant range plane: This plane contains the sensor velocity vector and the slant range vector for a 

specific target. The orientation of this plane changes with targets at different ranges,   , with 

respect to the local vertical. 

 

Ground range: This is actually the projection of the slant range on the ground. When maplike 

format is used to represent the image, the slant range variable is converted to ground range. 

When the data is registered to zero Doppler, the direction of ground range is parallel to the 

Earth‟s surface and orthogonal to the azimuth and then, its origin will be at nadir point. 

 

Squint angle: It is often describable that the squint angle    , is the angle that the slant range 

vector makes with the zero Doppler plane. Sometimes, the squint angle is measured from the 

sensor velocity vector instead of zero Doppler plane. It is an important component in the 

description of the beam pointing direction which can be measured in the slant range plane. For a 

given pointing direction, the squint angle depends on the target range   .  

 

Integration angle: The angle measured from the two endpoints of the flight path and it 

determines the eventual synthetic length of SAR system as shown in Figure 2.6. 

 

 Coherent pulses: The transmitted pulses are evenly spaced pulse. The word “coherent” means 

the start time and phase of each transmitted pulse is carefully controlled. In SAR system, 

demodulator and receiver maintain high timing accuracy. Coherency is considered as an 

important property to obtain high azimuth resolution in the SAR system.  
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Figure 2.6: Integration angle 

Radar can receive echoes reflected back from the objects and Surfaces when it stops 

transmission. A time-line of transmitted pulse and received echoes is shown in Figure 2.7. In 

airborne SAR, echo is always received directly after the transmitted pulse and before another 

pulse is transmitted. In spaceborne SAR, echo for a specific transmitted pulse is received after 6 

to 10 intervening pulses have been transmitted because of longer ranges and the intervening 

pulses can be determined from sensing geometry. 

 

SAR Resolution: In order to achieve high-resolution image of the ground, it is necessary to 

achieve range resolution or resolution along the radar beam and azimuth resolution. In the range 

direction, the received signal has FM characteristics that are inherited to the transmitted signal. 

High range resolution is achieved by pulse compression, a technique performed by matched 

filtering of linear FM pulse signal. The slant range resolution and ground range resolution 

respectively can be expressed as 

    
  

 
                                                                  (2.2) 

and 

                                               
  

 
 
 

    
                                                              (2.3) 

where c is the speed of light,   is pulse length and     is look angle as shown in Figure 2.8 [10]. 
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Figure 2.7: Timing of the transmitted radar pulse 

Range resolution is infinite for vertical look angle and can be improved by increasing look angle 

and bandwidth of the SAR system. Shorter bandwidth can produce higher bandwidth because 

bandwidth is only a small fraction of the carrier frequency. 

 

SAR also has the ability to produce high azimuth resolution that differentiates from other radar. 

For azimuth resolution, a physically large antenna is needed which focus the transmitted and 

received energy into a sharp beam. The sharpness of the beam defines the azimuth resolution 

[12]. A narrow beam results from the relatively large synthetic aperture yields good resolution. 

The obtainable azimuth resolution can be expressed as 

                                                          
   

      
                                                            (2.4)                                                                             

where     the height of the antenna,    is the geometric length of the antenna,   is the wavelength 

of the transmitted pulse and     represents the incidence angle. The equation shows, azimuth 

resolution decreases with increasing altitude where SAR system is used to achieve higher 

resolution. The azimuth resolution is approximately equal to one- half of the length of actual 

antenna and it does not depend on altitude or distance. 
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Figure 2.8: Geometry of imaging SAR system. 
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3. Signal Processing and SAR Algorithms  

 

In this chapter, the theoretical preliminaries and mathematical expressions for SAR signal 

processing issues is discussed. Image formation process from collected SAR raw data are also 

covered here which is an important concern towards further proceeding. All issues are described 

up to the depth as it was found necessary during algorithm implementation.  

 

3.1. Chirp Signal  

“Chirp signal” is widely used in SAR. It is a linear FM signal with quadratic phase or in other 

words its frequency is a linear function of time. A chirp signal sounds like the chirping tone of 

birds and this is the reason behind its naming. A chirp signal sweeps linearly from a low to a 

high frequency or vice versa.  

 

In time domain analysis, a linear FM signal with constant amplitude has the time duration    , 

the center frequency   , and a phase component      that varies with time. The phase is a 

quadratic function in case of linear frequency modulation. The mathematical expression of a 

chirp signal is given by 

                                                  
 

  
                    

                                        (3.1)      

Where κ is the linear FM rate or chirp rate and   is the fast time variable. A plot of a complex 

linear FM signal is shown in Figure 3.1, where each real and imaginary parts oscillates as a 

function of time and the oscillation of frequency increases apart from the origin. The phase of the 

baseband signal is expressed by 

                                                                                          (3.2)  

The instantaneous frequency can be derived from the first derivative of       

                                          
 

  
 
     

  
                                                          (3.3) 

That means the frequency is a linear function of time. Bandwidth defines the range of frequency 

spanned by the significant energy of the chirp or frequency excursion of the chirp signal (for real 

signal, only positive frequencies will be considered).  
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Figure 3.1: Transmitted chirp signal 

It is the product of chirp rate and chirp duration, and is 

                                                                                                                                  (3.4) 

If   is positive, the signal       is called “up chirp” and if it is negative, the signal is called 

“down chirp”. 

 

3.2. Spectrum of Chirp Signal 

The spectrum of a signal is a Fourier transform of that signal. For the linear FM signal given in 

(3.1), the spectrum can be expressed as                                

                                          
 

  
 

 

  

                              

                                             

 

  

 

                    

 

  

                                                            

where        is the real valued envelope, the phase is absorbed into a single phase 

                                                                                                      (3.6) 
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Substituting (3.2) into (3.6) results in 

                                                                   (3.7) 

If we set 

     

  
                                                                (3.8) 

We get the frequency versus time relationship 

                                                                     (3.9) 

or 

  
 

 
                                                                (3.10) 

Applying the stationary phase principle to the Fourier transform, the envelope      and the 

phase      in the frequency domain can be expressed by 
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and 
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Hence, the approximation of the spectrum of the chirp signal can be written by 

           
 

   
        

  

 
                                        (3.13) 

and is shown in Figure 3.2. 

 

3.3. Pulse Compression and Matched Filtering 

A pulse of energy is used to measure distance, speed, shape, or reflectivity of an object. The 

received pulse should be strong and have good resolution for a useful measurement. Before 

compression, resolving power is simply equal to transmitted pulse duration   . To get a high 

power and fine resolution, a short pulse or a suitable pulse obtained by signal processing must be 

used. A technique that has been introduced by transmitting an “expanded” pulse and later 

compressing it to the desired resolution is called “pulse compression”.  

The objective of pulse compression is to achieve a fine resolution in time from the received data. 
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                               Figure 3.2: Spectrum of the transmitted chirp signal 

In this technique, the signal is expanded and compressed in the time domain and the transmitted 

signal has a longer duration than the resolution [14]. Its duration is the inverse of the bandwidth.  

Pulse compression is processed by the “matched filtering” technique. This terminology arises 

from the fact that the filter is “matched” to the phase of the received signal. In this context, 

convolution is a very important mathematic operation. If the filter is applied with convolution, 

the filter kernel        is the time-reversed complex conjugate of the signal replica        such as 

                                                                                                                           (3.14) 

The convolution integral representing “matched filtering” for the signal      is written by       

                                                                        

 

  

 

If the received signal is a chirp signal given in (3.1), the matched filter for the baseband signal 

will be given by 

          
 

  
                                                      (3.16) 

The matched filter or convolution filter output is 
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The matched filter output          has to be divided into two parts: the signal is to the left and the 

signal is to the right of the matched filter. Putting boundaries to the filter we have 
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                                                                                                   (3.18) 

The compressed form of the baseband chirp signal in Figure 3.1 is shown in Figure 3.3. 

 

3.4. UWB SAR Imaging Algorithms 

Ultra Wideband (UWB) imaging faces many challenges [15]. Processing algorithm, coherent 

integration angle, side lobe control and motion compensation are well known practical issues in 

UWB SAR processing [16-18]. Different algorithms have been proposed to process or to 

translate spread out data into a focused image. The main objective of all algorithms are image 

quality, time consumption connected to computational cost and other purposes based on 

applications [19]. In general, all algorithms can be divided into two main groups: time domain 

and frequency domain. These two domains imply the domain where SAR data is processed. 

Based on computer processing, Range Doppler (RD) is the first algorithm [4] developed in 

1970‟s and later other algorithms based on image quality and/or short processing have been 

developed. 
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                                       Figure 3.3: Received signal after pulse compression                        

According to the classification, RD belongs the frequency domain group where the radar echo is 

first converted to RD domain by Fast Fourier Transform (FFT) in the azimuth. After range cell 

migration correction and azimuth compression, an Inverse Fast Fourier Transform (IFFT) 

operation is introduced to obtain a SAR image. Range Migration (RM) [5] and chirp scaling (CS) 

[6] are also frequency-domain image processing algorithms. RM offers high image quality but it 

requires “Stolt interpolation” which is computationally expensive. CS does not require any 

interpolation due to efficient performance like complex multiplication and FFT [19]. Different 

CS versions such as Nonlinear Chirp Scaling (NCS) [20], extended Chirp Scaling (ECS) [21] 

and recently Ultra-wideband Chirp Scaling (UCS) have been developed aiming different 

applications. 

 

Time-domain algorithms are work as a linear and direct transformation process from echo into 

SAR image [19]. GBP, the first time-domain algorithm has been developed in 1980‟s [7]. GBP 

offers high quality SAR image and automatic motion compensation but it requires extremely 

high computational cost for range calculation for each aperture position. However, the drawback 
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can overcome by Fast Backprojection (FBP) [8] or by Fast Factorized Backprojection [9]. The 

number of beam-forming is the main difference between FBP and FFBP. 

 

However, among all frequency-domain algorithms, RM can be an excellent choice for UWB 

SAR data processing in absence of motion error. UCS [16] can perform better than other CS 

versions by reducing the phase error. For frequency-domain algorithms; the term “motion 

compensation” for the nonlinear sensor trajectories faces so many difficulties to focus SAR data. 

For the virtue of motion compensation, time-domain algorithms are highly recommended for 

UWB SAR image processing.    

 

3.5. Global Backprojection 

GBP, the first time-domain algorithm [7] is a point to point reconstruction method to offer high 

quality image for SAR processing. GBP has been introduced for several advantages and other 

time-domain algorithms are developed based on it. Despite of higher computational load 

drawback, GBP is one of the highly recommended algorithms for UWB imaging. UWB low-

frequency SAR imaging process requires range migration and motion compensation that can be 

achieved by GBP. The number of operation needed for GBP is equal to            ; where 

each term represents the number of aperture positions, the number of pixels in the x-axis 

(azimuth direction) and the number of pixels in the y-axis (range direction), respectively, for an 

image space of        . The illuminated scene size can be seen to be unlimited and it strongly 

depends on the radiated power, Pulse Repetition Frequency (PRF), flight altitude, integration 

time and antenna beamwidth of the SAR system [19]. By GBP, the imaged scene can be selected 

from small area to the whole illuminated scene [19]. 

 

3.5.1. SAR Raw Data Acquisition 

In a SAR system, the data acquisition is performed as follows: 

 Consecutive linear FM pulses is transmitted through an antenna for each aperture 

position. 

 The pulses are reflected back to the receiving antenna. 

 To achieve a good resolution, all required phase are compressed by matched filtering. 
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 Then, all the reflected compressed pulses are arranged together in an exclusive 

fashion to make it suitable for two-dimensional image processing operation. 

 

The selection of the matched filtering is to attain compressed pulse as described in subsection 3.3 

and for a maximum SNR. The matched filter, is the time-reversed complex conjugate of the 

transmitted signal (3.1), 

 

The arrangement of all collected samples is a two-dimensional data set or matrix is known as 

“SAR raw data”. The data arrangement follows a special rule such as: first received data point 

from each range must accommodate at the top while the last received data point accommodates 

at the bottom [22]. The collected organized pulses form a bow-shaped curve as shown in Figure 

3.4. Analyzing the curve, received signal strength with respect to the point target for each 

aperture position can be determined. 

 

3.5.2. SAR Data Processing by GBP 

GBP works with high precision for imaging scenes. A SAR image is a linear transformation from 

the radar echo data. For SAR imaging in this method, there is no intermediate step(s) between 

raw data acquisition and final image formation after being produced from the echo data. Despite 

of high computational cost, GBP can be considered as a preferable one in term of evaluation or 

comparison between all other time domain algorithms. The superposition of backprojected radar 

echo to reconstruct the imaged scene for a point target placed at point         is interpreted by 

the integral [19] 

                   

 
 
 

 
 
 

                                                                

where           is the backprojected signal,    is the aperture length and         is the range 

compressed data for the point target. For a straight flight track along the x-axis, the range   , 

with reference to the point target is represented by the hyperbolic function 
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                         Figure 3.4: SAR raw data in two dimensional signal memory 

The GBP is implemented with the following procedure: First of all, an empty image       of 

size 100 is defined. Secondly, the range distance     for each aperture position is measured 

where the range between the target and aperture positions varies from point to point. After 

ascertaining the range distance, we determine the time delay           (where   is the speed 

of light), and then the index. The index modifies the signal matrix to form the image matrix. 

Each component of the image matrix accommodates a rectangular area. Finally, scaling the 

image data by an appropriate MATLAB command displays the SAR image as shown in Figure 

3.5. Figure 3.6 shows the two dimensional Fourier transform of the SAR image given in Figure 

3.5.  
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Figure 3.5: SAR image of the point target by GBP algorithm 

 

 

Figure 3.6: SAR image in GBP in two dimensional frequency domain 

 

 

 

Local range [m]

L
o

ca
l 

az
im

u
th

 [
m

]

10 20 30 40 50 60 70 80 90 100

10

20

30

40

50

60

70

80

90

100

Range frequency [Hz]

A
zi

m
u

th
 f

re
q

u
en

cy
 [

H
z]

10 20 30 40 50 60 70 80 90 100

10

20

30

40

50

60

70

80

90

100



Page 25 

4. Development of Ground Based SAR System 

 

A radar system can be mounted on simple platforms such as linear tracks and ground vehicles. 

The aperture is synthesized through the motion of those platforms. This innovative technique is 

known as GB-SAR. GB-SAR system allows us to observed areas and the collected data is used 

to reconstruct the complex image of that area. In this chapter, applications and then development 

of GB-SAR are discussed. 

 

4.1. Applications of GB-SAR 

Nowadays, GB-SAR system has a wide range of application as environment monitoring, 

landslide monitoring, resources management and monitoring different natural phenomena [23]. 

In summary, the applications of GB-SAR are listed as follows: 

 Static and dynamic load analysis for different constructions like bridge and building. 

 Land slide monitoring 

 Mass movement monitoring 

 Mine slope monitoring 

 Volcano and Earthquake movement detection 

 Highly repeatable measurements 

 Environment monitoring and disaster prevention  

 Urban area subsidence detection 

 Noninvasive ground-truth validation in vegetation monitoring, etc. 

 

In the following, some typical applications of GB-SAR are presented. Landslide monitoring is 

the first example of how to take advantage from the use of an Interferometric Ground-Based 

SAR (In-GB-SAR) and utilize it as monitoring tools of instable slopes [1]. For landslide area 

monitoring, GB-SAR does not required direct inspection so it appears as an advantage when the 

access to the inspected area is dangerous [3]. A well consolidated application for landslide 

monitoring is reported in literature [1]. The study and the interpretation of the patterns of 

movement associated with landslides have been carried out by using a wide range of application 

of survey markers like extensometers, inclinometers, analog and digital photogrammetry. 
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Landslide monitoring requires a detailed description of mass movements of the investigated area. 

For active landslides monitoring, optical images with a low spatial resolution have been applied 

with small success because of cloud cover. Researchers of this measurement enhanced landslide 

mapping by processing SAR and SAR interferometry data in combination with optical images. 

They extracted landslide appearances from an InSAR-derived Digital Elevation Model (DEM) 

and Landsat Thematic Mapper (TM) images where landslide detections have been introduced as 

ground deformations by means of differential InSAR (D-InSAR). In [3], the developed system 

acquired an extensive sequence of SAR interferograms with a frequency of about 40 images per 

day and by analyzing these data, they identified some key features such as the upper scarp, the 

debris flow, the accumulation zone and to estimate the landslide-induced ground deformation. 

 

GB-SAR is also a quite good tool for understanding the scattering mechanism from natural 

objects. Finding out detailed scattering mechanisms can be relied on polarimetric and 

interferometric analyses which have been actually introduced for spaceborne and satellite radar 

sensing datasets. The researchers have reported their research work regarding natural object 

monitoring by performing two measurements of outdoor test sites with polarimetric and 

interferometric configurations [24]. They applied differential interferometry acquisition 

technique to detect small changes on the target at different times and under different conditions. 

The interferometry experiment reveals that In-GB-SAR can detect and measure small changes 

with high accuracy at any atmospheric condition by applying a differential interferometry 

algorithm. According to research experiments, an exterior wall of a wooden house selected as the 

target. They performed two SAR measurements under two different conditions. The first 

measurement was in normal condition. The second one was measured by attaching some 

additional objects like two wooden plates, a wooden box and an aluminum plate with some 

specifications, e.g. by providing width, height, thickness to measure size. The measurements 

have been carried out by setting the GB-SAR at a distance of about 5m between the antenna and 

the target with an elevation angle of 30 degrees. In terms of short time measurement 

understanding, they performed 1-D data acquisition. They used modified and the conventional 

SAR processing methods for image reconstruction. The modified technique is proved to give the 

better results than the conventional techniques as the noise and artifacts in images are reduced. 

Moreover, they confirmed that by applying differential interferometry, the ability to detect small 
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displacement that exceeds the range resolution characterized by the applied frequency band that 

was recognized with phase information. In the polarimetric experiment, the Pol-GB-SAR system 

was set at the top of the building and the antenna is looked down 20 degrees from horizontal. 

They set a coniferous tree as the target and for detecting distance. The amplifier was installed on 

the transmitting antenna and they used two different antennas for both transmission and 

reception and acquired the full polarimetric data (HH, HV and VV) along the scan line. The 

experimental result shows the adequate demonstration that Pol-GB-SAR, developed for analysis 

of spaceborne and satellite radar remote sensing datasets, has a powerful capability to acquire 

and analyze scattering mechanisms and behaviors of targets.  

 

GB-SAR is further used to investigate artificial structures like skyscrapers, bridge, building, 

tunnels, nuclear power plant, monitoring base rock crashes and snow slides movement. GB-SAR 

interferometry (GB-InSAR) is used for monitoring mass movements. It can perform to 

accomplish high repetitive data collection experiments for a meaningful scientific research work.  

 

4.2. GB-SAR Development 

There are different developed GB-SAR systems such as LiSA system [1] and Ground-based 

polarimetric SAR system [24] whose applications for landslide and natural object monitoring, 

respectively. Based on LiSA, Interferometric Ground-based Imaging Deformometer (InGrID-

LiSA) has been developed for monitoring deformations on the Stromboli volcano [2]. 

 

In 2003, LiSA was developed at the Joint Research Centre of the European Commission (JRC) 

based on a stepped-frequency GB-SAR that illuminates the area under study [1]. The radar 

transmitting and receiving antennas are mounted on a positioner controlled by a computer that 

allows synthesizing a linear aperture along the azimuth axis. The developed system consists of a 

Hewlett Packard network analyzer (HP-8753D) with a built in microwave source. The measured 

frequency ranges have been selected from 16.70–16.78 GHz, sampling a total of 1601 frequency 

points. The total synthesized aperture length is 2.8 m and the corresponding number of samples 

is 401. The transmitted power is set to 25 dBm and the polarimetric data VV is acquired during 

the measurement campaign. 
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In 2004, InGrID-LiSA [2], also designed by the JRC, was installed on a stable flank of the Sciara 

del Fuoco due to the request of the National Civil Protection Department. The researchers of this 

project actually had been testing the instruments for landslide monitoring but for the first time, 

they introduced it for mass movement monitoring in a volcanic environment. Like LiSA system, 

InGrID-LiSA composes of continuous-wave step frequency (CW-SF) radar. The system consists 

of two antennas for transmission and reception, by a 3.0 m long linear rail. The antennas move 

on the rail at steps of 5 mm synthesizing aperture. By sweeping the bandwidth from 17.0 and 

17.1 GHz, the transmitter provides continuous waves at 1601 discrete frequency values. The 

system was then installed on a lateral location, at an equal distance from the target area of about 

600 m. The system acquired images of the investigated area at every 12 minutes, at any time and 

condition of visibility, with pixel resolution of about 2 m both for range and azimuth throughout 

the radar measurements.  

 

In 2005, a group of researchers from IETR laboratory, University of Rennes, France and Center 

for North Asian Studies, Tohoku University, Japan have developed a Polarimetric and 

Interferometric Ground-Based SAR (Pol-GB-SAR, In-GB-SAR) [24]. The developed stepped-

frequency radar system consists of a vector network analyzer, one dual polarized horn antenna 

and an antenna positioner. The system uses the network analyzer to measure the scattering 

information in a frequency domain within the range from 50 MHz to 20 GHz with a scanning 

aperture in 20 m in horizontal direction and 1.5 m in vertical direction. It is obvious that, the 

developed system is different from conventional SAR whose data acquisition operation is usually 

performed in a very small frequency bandwidth with a fixed center frequency. The size of the 

antenna scanning aperture is also considered as a difference. Antenna positioner controls antenna 

scanning in 1-D or 2-D on the rail and synthetic aperture is achieved by a position controller. A 

PC is responsible for data acquisition operation.  

 

Based on the principle of conventional SAR, we have developed a GB-SAR system which is 

used for research experiments and studies. The system follows similar principles like an airborne 

or spaceborne SAR system. 
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Figure 4.1: Block diagram of the developed GB-SAR system 

 

4.2.1. System Configuration 

The schematic block diagram is described in Figures 4.1 whereas the real GB-SAR system is 

shown in Figures 4.2. The system consists of a vector network analyzer (E5071C) that offers the 

highest RF performance and the fastest speed in its class. This equipment is used to determine 

the scattering information in frequency domain from a low frequency (minimum 700 MHz) to a 

high frequency (up to 18 GHz). We used a dual ridge guide horn antenna for both transmitting 

and receiving. The features of the vector network analyzer and the antenna are summarized in 

Table 4.1. The aperture is realized by moving the antenna on a 2 m linear rail.  

 

First, the signal is transmitted through the selected port of the antenna. The backscattered signal 

is fed by the antenna through the same port and recorded by the network analyzer. A PC controls 

the data acquisition operations being connected to the network analyzer. 
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Figure 4.2: Photograph of the developed GB-SAR system  
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Table 4.1: Characteristics of ENA E5071C and double ridge guide horn antenna 

Item 

 

Characteristics Nominal value 

E5071C 

Vector Network 

Analyzer 

Wide dynamic range 123 dB dynamic range at test port 

Low trace noise .004 dB rms@ 70 KHz IFBW 

Frequency options From 9 KHz-4.5 GHz/6.5 GHz/8.5 GHz 

Frequency range 300 MHz-20 GHz 

 

 

 

 

Double ridge 

guide horn 

antenna 

(SAS- 571) 

Frequency range              700 MHz-18 GHz 

Antenna factor 22 to 44 dB 

Gain (dBi) 1.4 to 15 dBi 

Maximum continuous           

power 

300 watts 

Pattern type Directional 

Impedance 50 Ω 

VSWR 1.6 : 1 (3.5 : 1 max) 

Connector N-Type, female 

Weight 1.59 kg 

Aperture 5.5”×9.6” (139 cm × 24.4 cm) 

 

Beamwidth 

 

E-plane 48  

H-plane 30  
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5. Experiments by the GB-SAR 

 

In the previous chapter, we describe a detailed description about our developed GB-SAR system. 

In this chapter, two experiments are introduced and their results are presented. Here, we 

precisely explain the Electronic Calibration (ECal) process, the measurement and data saving 

process for experiments and their results step-by-step to make the research work quite 

understandable.   

 

5.1. S - Parameters 

Scattering parameters or S-parameters represent the elements of a scattering matrix that describe 

the electrical behavior of linear electrical networks when electrical signals experience various 

steady state stimuli. S-parameters have been considered as a useful tool for electrical 

engineering, electronics engineering and communications systems design. The parameters are 

member of a family of similar parameters such as Y-parameters, Z-parameters, H-parameters, T-

parameters or ABCD-parameters but they are different in the sense that they do not apply open 

or short circuit environments to typify a linear electrical network. Instead of open and short 

circuit terminations, matched load are used to make it much easier to use at high signal 

frequencies. S-parameters is common for both optical engineering and RF engineering because 

many electrical properties of networks of elements such as inductors, capacitors and resistors can 

be expressed using S-parameters in terms of gain, return loss, voltage standing wave ratio 

(VSWR), reflection coefficient and amplifier stability.  The term „scattering‟ refers to the way 

where the currents and voltages in the transmission line affected by discontinuity because of the 

insertion of a network into the transmission line. Although S-parameters are usually used for 

networks at Radio Frequency (RF) and microwave frequencies, it can be applicable at any 

frequency. The applications at RF and microwave frequencies make the quantification of signal 

power and energy much easier than currents and voltages. In order to measure any S-parameter, 

frequency must be specified. The parameters are presented in matrix form following the rules of 

matrix algebra.  
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Figure 5.1: Two port network block.  

Figure 5.1 shows an example of a 2-port network. The relationship between the terms reflected, 

incident power waves and the S-parameters can be expressed by 

                                                         
  
  
   

      
      

  
  
  
                                                             

Expanding the matrix in (5.1), we can express (5.1) by two equations as                                                            

                                                                                                                                       

                                                                                                                                      

Power, voltage and current can be considered to be in the form of waves travelling 

in both directions. If we consider an incident wave at port 1, some part of this signal reflects back 

out of that port and some part of the signal exits other ports.     refers to the signal reflected at 

port 1 for the signal incident at port 1 

    
  
  
                                                                               

while     indicates the signal exiting at port 2 for the signal incident at port 1  

    
  
  
                                                                               

Similarly,     and     are defined by  

    
  
  
                                                                               

And 

    
  
  
                                                                              

S-parameters include magnitude and phase components, or in other words complex, as both the 

magnitude and phase of the input signal are changed by the network 

 

 

http://en.wikipedia.org/wiki/File:TwoPortNetworkScatteringAmplitudes.svg
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5.2. Calibration with ECal 

Microwave Electronic Calibration (ECal) module makes calibration process fast, easy and 

accurate. ECal is a precise choice for single-connection calibration technique for vector network 

analyzer. Furthermore, the accuracy of the ECal process is very high in comparison to traditional 

mechanical calibrations that need intensive operator interaction, which leads to errors. The 

operator just needs to connect the ECal module with the network analyzer and the software 

controls the rest activities. Our network analyzer (E5071C) can control the ECal module 

(N443A) directly through a USB interface. The ECal module offers: 

 Reliable solid-state switching. 

 Simplified calibration process. 

 Less chance of erroneous operation. 

 Shorter calibrating time required. 

 Less degradation of performance because of wear (PIN diodes and FET employment in 

Ecal module). 

 

For the reflection measurements, we used only second port of ENA E5071C for both 

transmission and reflection. In this case, we only calibrated the port we used. The 1-port 

calibration for the ENA E5071C VNA is implemented in the following steps: 

Step 1: Turn on the ENA E5071C VNA. 

Step 2: In the STIMULUS key group 

– Press Trigger key 

– Select Hold to specify the trigger in hold mode   
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Step 3: Connect the ECal module 

– Connect the ECal module‟s USB port to one of the E5071C VNA‟s USB ports 

via the USB cable. 

– Connect the low loss-high frequency between one of the ECal module‟s RF 

ports, e.g. RF port 2, and the VNA‟s RF port which will be used for the 

measurements, e.g. RF port 2. 

 

     

 

Step 4: In the RESPONSE key group  

– Press Measure key to display the measurement menu 

– Select S22 (to specify the measurement parameter S22 which is the reflection 

coefficient at port-2) 

 

 

Step 5: From the STIMULUS key group 

– Press Trigger key 
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– Select Continuous (to switch the trigger mode from Hold to continue)  

– Select Start and Stop key to select measurement frequency range of interest for 

calibration. In the experiments, the signal with bandwidth 100 MHz is used (from 

700 MHz to 800 MHz). 

 

 

Step 6: In the RESPONSE key group 

– Press Cal key 

– Select ECal  

– Select 1-Port Cal to calibrate only one port among four (a single port has been 

used throughout the measurements) 

– Select Port 2 (because we are using the second port of the VNA for both 

transmissions and reflections ) 
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Step 7: Allow the ECal module to warm up (approximately 15 min.) until the indication 

switches from WAIT to READY.  

 

 

Step 8: In STIMULUS key group 

– Press Trigger 

– Press Hold to hold the trigger up until next instruction  

 

 

Step 9: Remove the ECal module 

Step 10: In the STIMULUS key group 

– Press Trigger key 

– Select Continuous to specify the trigger mode 
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5.3. Experiment 

The main concern of this thesis is not only to describe the development process of the newly 

arrived GB-SAR system but also to ensure that the system is working properly. So the developed 

system needs to be tested. Thus, we performed two basic experiments regarding data acquisition, 

matched filtering operation, and implementation of GBP. These steps have already explained in 

previous sections. We placed the GB-SAR system at our laboratory so that the experiments have 

been carried out in an indoor environment. A metal reflector with good reflectivity has 

positioned as target for both experiments.  

 

5.3.1 Experiment 1 

In this experiment, the GB-SAR was set at the front of a reflector. The distance from the antenna 

to the reflector is about 1.7 meter. Since we used the port 2 of E5071C for both transmission and 

reflection, the reflection coefficient S22 had been measured because. We measured S22 within 

the frequency range of 700 MHz - 800 MHz with the frequency step 1 MHz. Thus, the number of 

measurements is one hundred times. After each measurement, the complex data is saved in the 

real/imaginary format. The measurement and saving data in the frequency range of 700 MHz - 

701 MHz are performed in the following order:   

Step 1: In the STIMULUS key group 

– Select the Start frequency, i.e. 700 MHz. 
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– Select the Stop frequency, i.e. 701 MHz. 

 

 

Step 2: In the INSTR-STATE key group 

– Press Save/Recall  
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– Select Save SnP 

 

 

– Select SnP Format 

 

 

– Select S1P 
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– Select softkey [2], then the Save As dialog box appears 

 

 

– Select the destination folder and input a file name 

– Click Save to save the file 

 

An example of a part of data saved in a file is given as 

!Agilent Technologies,E5071C,MY46107165,A.09.30 

!Date: Wed Jan 19 10:56:36 2011 

!Data & Calibration Information: 

!Freq S22:SOLT1(ON) 

# Hz S RI R 50 

700000000 7.844447e-001 2.286776e-001 

700005000 7.844502e-001 2.286709e-001 

700010000 7.844340e-001 2.287792e-001 

700015000 7.843052e-001 2.285583e-001 

700020000 7.844612e-001 2.284039e-001 

700025000 7.845723e-001 2.284660e-001 

700030000 7.843518e-001 2.283350e-001 

……………. ……………….. ………………… 
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Figure 5.2: Spectrum of the zero padded signals.  

The data file in one measurement contains 201 samples. After 100 measurements, we got one 

hundred files for the hundred consecutive frequency bands, i.e. 700 MHz-701 MHz, 701 MHz-

702 MHz and so on, up to 799 MHz-800MHz. Please note that for each measurement, the Start 

frequency and the Stop frequency must be changed. We considered these data as the received 

signal for single aperture position but for different frequency band.  

 

We arranged all the received data in one “notepad” file. In data processing part, we need to 

import three column vectors indicating frequencies, real and imaginary data parts. A simple 

“complex” MATLAB function is used to construct complex values from the real and imaginary 

data vectors. The raw data is a vector with               complex values and forms a 

single received signal vector. To get the correct signal in time domain, zero padding is required. 

Hence, we pad a number of zeros at the beginning and to the end which is seven times greater 

than the original vector length. The zero padding result is shown in Figure 5.2. 

 

For pulse compression, the matched filtering technique mentioned in Section 3.3 is applied. The 

matched filtering is interpreted by a convolution of the received signal with its conjugated 

complex in time-domain. To get the signal in time-domain, we can simply use “ifft” function. 
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Figure 5.3: Compressed signal after matched filtering 

For the conjugation operation is performed by the “conj” function in Matlab. Finally the “fftfilt” 

function is used to implement the convolution. Figure 5.3 shows the compressed signal which 

can be further processed.  

 

5.3.2 Experiment 2 

The purpose of the experiment is to collect data at different aperture positions and then 

reconstruct a SAR image from the collected data using the GBP algorithm. Like Experiment 1, 

the target of the experiment is also the reflector. Measurement frequency range and the distance 

between the antenna and the reflector have remained unchanged as previous experiment. The 

same reflection coefficient S22 has been measured due to the use of port 2 of ENA E5071C. The 

length of the aperture was 1.76 meter and the synthetic aperture had realized by moving the 

antenna on a horizontal rail manually with a sample interval of 0.055 m. With this arrangement, 

the integration angle is up to 55 . As an indoor experiment, the measurement was carried out in 

an ideal condition, e.g. without RFI. The parameters of the experiment are listed in Table 5.1. 

The total setup for this experiment is shown in Figure 5.4.  
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Table 5.1: Parameters for experiment 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 5.4: Measurement setup for experiment 2  
 

Each data (S22) file includes     samples containing magnitude and phase information collected 

at a single aperture position within the same operating frequency range. Similar to the previous 

experiment, we created two column vectors which accommodate real and imaginary data parts. 

The processing chain is introduced in Figure 5.5. Hence, we used complex function to construct 

complex values from the real and imaginary data vectors.  

 

 

Experimental Parameters Value 

Frequency band 700-800 MHz 

Length of azimuth synthetic aperture 1.76 m 

Number of aperture positions 33 

Sample interval of azimuth 0.055 m 

Altitude 1.6 m 

Minimum range 1.7 m 

Target height 1.6 m 

Integration angle 55  

1.7 meter 

Scanner system 

on which the 

antenna is 

mounted 

1.76 meter 

Antenna 

Reflector 
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Figure 5.5: Processing chain 

In this experiment, there are 33 aperture positions so that the raw data is presented in a matrix of 

size        where the former dimension indicates the number of aperture positions and the 

later the range samples. We need also to pad            zeros at the beginning and to the 

end of each vector. After performing zero padding, the matched filtering is performed to get the 

rage compressed data. The dimension of the data matrix is now increased to        . 

 

For pulse compression, we first used simple function ifft to transform the frequency domain 

signal into time domain. The function fftfilt was then used to perform the matched filter. The 

collective view of the range compressed data (signal history) is shown in Figure 5.6. The 

received quantity here is not a single signal for single aperture position rather a total 33 aperture 

positions considered throughout the experiment. 

 

The data is upsampled to increase the sampling rate of the signal matrix. We upsampled the data 

by transforming it in frequency domain using fft function and then transformed it back to time 

domain by ifft command however with larger size. The upsampling factor was 5.315. This factor 

also allows the sampling frequency to be exactly the Nyquist frequency. The signal history after 

upsamling is shown in Figure 5.7.  
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Figure 5.6: Range compressed data (after zero padding) 

 

 

Figure 5.7: Range compressed data (after upsampling) 
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       Figure 5.8: Point target reconstructed by GBP. 

 

The main goal of image formation algorithm is to achieve a SAR image of the point target from 

the received signal (reflected echo). GBP, a basic time domain algorithm, allows image 

formation with high precision [19]. In algorithm implementation stage, we interpreted the 

received signal matrix into image by implementing GBP. At first, we created an empty matrix of 

size        . Then we ran three for loop; the first one is for every antenna position of the GB-

SAR system, the second one is the Cartesian coordinate        of the image in azimuth direction 

and the third one is for Cartesian coordinate        of the image in range direction. For image 

reconstruction using GBP (as mentioned in Section 3.5.2), we calculated the ranges between the 

antenna positions and the pixels of the image, simply using the distance formula in       . After 

determining the range distance  , we calculated time delay             and found an index 

with the number of delays by using the formula          , where    is the sampling time. Then, 

we replaced the value of the azimuth positions and the index with round function. Finally, 

scaling the image data by imagesc command displays the desired SAR image. We see the 

reconstructed SAR image in Figure 5.8. 
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6. CONCLUSION 

 

In this thesis, a study of GBP algorithm, development process of a GB-SAR system, system 

characteristics of the GB-SAR system, measurements from basic to advanced using the 

developed G-SAR system have been presented. The crucial parts of this thesis work are the 

development of the GB-SAR system and two measurement campaigns based on this GB-SAR 

system. 

 

To accomplish these, the features of GBP have been discussed in details. GB-SAR development 

process; critical aspects of the data collection process and data processing for measurements 

have been learned throughout the thesis work. The key observations of this empirical thesis work 

are presented below. 

 

 It is necessary to achieve a good image with high resolution for detection and tracking an 

object. Our simulated image provides a quite translucent result for GBP, which offer high 

SAR image quality. We observed that SAR image pixels in GBP offers and high 

computational cost but it considered exchangeable by automatic motion error 

compensations. 

 

 Based on the use of ground based experiment, we have developed a new GB-SAR system 

that can be tested for various polarimetric and interferometric applications. As the system 

consists of a vector network analyzer, ECal module has been introduced to calibrate the 

system that is preferable for solid state circuit technology. Our GB-SAR has the 

limitations of the scanning aperture due to the absence of a position controller that 

achieves synthetic aperture radar. This is important to provide further measurement 

precision for different experiments. 

 

 Two types of measurement have been conducted to perform. A good GB-SAR data 

measurement process has been carried out for better interpretation in experimental 

outcomes and to verify the outcomes with the theoretical results. All constructive steps 
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for calibration; data measuring and saving process have been mentioned to aggrandize 

further research scope in BTH. The basic measurement was about data compression in 

range with matched filtering technique. The advanced measurement was the GB-SAR 

experimental data acquisition and image formation by applying GBP algorithm. After 

successful execution of GBP, we performed upsampling process to maintain sufficient 

quality in final image. 

 

As a final word, it is really difficult to understand a complex monitoring system like the GB-

SAR system despite it being used for commercial purposes. The experimental results have shown 

the performance of the developed system is satisfactory but for further applications, a lot of work 

should be done to determine accessible functionalities of the system. 
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