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Abstract	  
	  

Synthetic Aperture Radar (SAR) is an emerging technique in remote sensing. The technology 

is capable of producing high-resolution images of the earth surface in all-weather conditions. 

Thesis work describes the present available methods for positioning and imaging targets using 

M-sequence UWB (Ultra-Wideband) radar signals with moving antennas and SAR algorithm 

to retrieve position and image of the target.  

M-sequence UWB radar technology used as signal source for transmission and receiving 

echoes of target. Pseudo random binary sequence is used as a transmitted signal. These radars 

have an ability to penetrate signal through natural and unnatural objects. It offers low cost and 

quality security system. Among a number of techniques of image retrieval in Synthetic 

Aperture Radar, study of Global back projection (GBP) algorithm is presented. As a time 

domain algorithm, GBP possesses inherent advantages over frequency domain algorithm like 

ability to handle long integration angle, wider bandwidth and unlimited aperture size. GBP 

breaks the full synthesis aperture into numbers of sub-apertures. These sub-apertures are 

treated pixel by pixel. Each sub-aperture is converted to a Cartesian image grid to form an 

image.  During this conversion the signal is treated with linear interpolation methods in order 

to achieve the best quality of the images. 

The objective of this thesis is the imaging of target using M-sequence UWB radar and 

processing SAR raw data using Global back projection algorithm.  

Keywords: Synthetic Aperture Radar, Time domain algorithm, Back projection algorithm,  

Ultra Wide-beam, M-sequence, SAR Image processing, UWB radars with M-sequence. 
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Chapter	  1:	  Introduction	  
	  

This chapter gives a brief background about Synthetic Aperture Radar with UWB system and 
motivation of project work and outline. 

1.1 Background	  
	  

In remote sensing system, radar imaging is growing rapidly.  Among the numbers of methods 

in creating landscape images, SAR has been played a significant role. With its inherent 

properties the system is getting more popularity in imaging and monitoring the radar objects. 

The ability to effectively operate in different weather conditions is the major advantage of 

SAR compared to other sensor systems [1].  SAR can be used with UWB for high range 

resolution images using large bandwidth even using low frequency, which is practically 

impossible.  Radar can only capture the reflection within its antenna beam width, which limits 

the area of image. SAR has extended the area of coverage by using antennas with very wide 

beam width in a moving platform.  In addition to these benefits SAR generates a finer 

resolution of the target image in comparison to real aperture radar. The principle of SAR was 

developed in the early 20th century. Radar technology has been widely used in military 

purpose during World War II. Thereafter, it has been used in regular practice in military and 

civilian daily life. It is been used for both air borne (ground) and space (satellite) borne 

system.  

In the radar image scanning or remote sensing technique process, SAR is widely in practice 

due to its ability of producing high-resolution images of the earth surface. In 1976, SAR data 

were processed by coherent optics where they used laser beams and lenses to focus images. 

Although the process was fast, it has however limits the dynamic range. Normally, radar can 

only capture reflections within its antenna beam width. For higher dynamic range, the antenna 

beam width range should be bigger to achieve the higher and better resolution. This is 

practically impossible. Alternative for that is SAR, which collects and stores large numbers of 

echoes from the long range moving platform. This can be processed using digital signal 

processing to get the high-resolution image. 

Different algorithms have been proposed to process the SAR image. The main objectives of 

algorithms are image quality, time consumption connected to computational cost and other 

aspects related to the application [2]. The two major groups are time domain and frequency 
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domain algorithms. Due to the computational efficiency frequency domain (FFT) based 

algorithms were widely used in 20th century up to early 80’s. These algorithms are valid for 

linear cases where the flight trajectory is straight and speed is constant. The Fast Fourier 

Transform (FFT) based methods tend to minimize the processing load, but they are not 

universally applicable. The range-Doppler and polar formatting algorithms rely on geometric 

approximations that break down in various limits (large image size, wide bandwidth or 

integration angle, etc.). Another problem for FFT method is that they require interpolation of 

data in the frequency domain and interpolation errors cause artifacts that are spread over the 

entire image [2]. The common frequency domain algorithms are Range Doppler Algorithm 

(RDA), Chirp Scaling Algorithm (CSA) and Range Migration Algorithm (RMA). These 

methods are suitable in producing good quality images for non-wideband. But our interest of 

imaging is on UWB, so frequency domain is not recommended. Thus in UWB SAR imaging 

process it is better to use time domain algorithms.  The key root for time domain algorithm is 

Global Back Projection (GBP), which was first introduced in 1980’s [3] [4]. Further, 

development of GBP has been playing a vital role in SAR. Other examples of these 

algorithms are Local Back Projection (LBP), Fast Back Projection (FBP) and Fast Factorized 

Back Projection (FFBP). This thesis work deals with basic to Global Back Projection method.  

1.2	   Motivation	  and	  objective	  
	  

This thesis work is supported by Radarbolaget AB in Gävle, which provides radar solutions 

for industrial applications. The main motive behind the project is the detection of the position 

and image formation of the steel billets in a hammer forge placing the moving antennas 

outside the furnace, where the temperature inside the furnace is about 1200 degree Celsius. 

The main objective of the project is to study and investigate the different SAR algorithms and 

develop an algorithm for positioning and imaging targets using UWB radar signals with 

moving antennas or moving targets. Moving antennas are used by Radarbolaget to measure 

the dimensions and positions cylindrical steel billets. Development shall also include 

simulation and testing in real situations. The time-domain signals from Radarbolaget’s radar 

system shall be used in the experimental setups. 
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1.3	   Thesis	  outline	  	  
	  

Thesis comprises of following frameworks. 

1. Chapter 2 describes the background information of SAR geometry and M-sequence 

along with UWB radar system. 

2. Chapter 3 describes the measurement setup, signal processing method and Results. 

3. Chapter 4 describes the discussions and conclusion.  
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Chapter	  2:	  Theory	  
	  

This chapter describes the background information about SAR, its geometry and application. 

Also describes the M-sequence along with UWB radar system and its application and 

requirements to make suitable for SAR.  

2.1	  	   Synthesis	  Aperture	  Radar	  (SAR)	  
	  

RADAR is the acronym for “Radio Detection and Ranging”. The principle of radar is based 

on the electromagnetic wave and propagation, the radar sensor transmits the electromagnetic 

wave called pulses and parts of them are reflected back to the receiver after it strikes the 

targets (echoes). This results in signals, which are processed and gives information about the 

range, altitude, direction, or speed of moving objects. According to the design or the setup 

position of the transmitter and receiver, radar systems are classified as mono-static radar or bi-

static radar. The radar where the transmitter and receiver are collocated, are called mono-

static radar and where the transmitter and receiver are separated, are called bi-static radar. 

SAR is microwave radar sensor, which is used for satellite imaging and remote sensing 

purposes in general. When considering about SAR-imaging, major concerns are high 

resolution. High resolution is desired in the azimuthal direction. This azimuthal resolution is 

depending on target distance from radar and radar beam width. The shorter wavelength of 

transmiting  signals and long distance antennas can give high resolution. Shorter wavelengths 

can be achieved by using high frequency transmitted signals, but it is difficulty with longer 

distance (length) antennas. In Real Aperture Radar (RAR), the system in order to get high 

resolution has to have an antenna size that is longer than the aircraft length, which is 

practically impossible. To overcome this issue, data synthesis technique has been developed 

to get good aperture size, in other word length. A typical radar system schematic diagram is 

shown in fig (2.1). 
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fig 2. 1: Schematic diagram of typical radar system. 

An effective narrow beam can be formed by the conventional RAR or SAR systems. This 

effective narrow beam provides azimuthal resolution and azimuthal resolution is increased by 

decreasing the effective narrow beam width. The relation between antenna aperture and beam 

width is inversely proportional, which means that a large antenna aperture produces narrow 

beam width subsequently gives well azimuthally resolution but how is an issue?. A successive 

collection of transmitted and received pulses in a sequence forms a synthetic aperture, which 

is generated on a computer, aperture has been synthesized as long as the obstacle or target 

within the beam range. All small apertures are contributing to form a full aperture, and these 

apertures give an image. The large aperture concept is shown in fig (2.2). 

	  
fig 2. 2: Schematic of large synthetic aperture. 

 

A typical SAR system schematic is presented in fig	   (2.3). A sensor is mounted on the aircraft, 

where a single beam-forming transceiver antenna frequently illuminates an area with pulses at 
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wavelengths of several meters. The successive reflected echoes from different antenna 

positions are coherently collected. The collected data are then stored and finally post-

processed in order to form an image of the targeted area.  

	  

fig 2. 3: Typical SAR System. 

	  

2.1.1	   SAR	  Geometry	  Fundamentals	  
	  

The SAR Graphical representation is displayed in fig (2.4). In order to understand SAR 

system, it is important to understand the basic knowledge of SAR geometry and the 

fundamental terminologies. 

	  

fig 2.4: Synthetic aperture radar basic image concept. 

	  

Azimuth: A parallel linear distance along with flight track is called azimuth, but it is also 

called as along-track or Nadir track. A perpendicular to the azimuth is called Range or 

Ground range. The exact point beneath the flight (radar) is called Nadir. 
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A practical picture of a Slant range and Scan area is given in fig (2.5) for better 

understanding. Here, the swath is the radar focusing terrain point and the nearest point of the 

swath is called as near range, and the far edge point is called the far range. 

	  

fig 2. 5: Slant range and scanning of SAR 

	  

A few fundamental angles of SAR are presented in fig (2.6), which are to be considered when 

SAR is concerned. They are integration angle, incidence angle, aspect angle, elevation angle 

and depression angle.   

	  

fig 2. 6: Different types of angle of SAR. 

The SAR signal receiving and transmission set-up (SAR system geometry) and signal history 

are shown in fig (2.7). Here AB is the flight or a radar travelling path along with an XY 

direction in a XYZ coordinate system. A point target is placed in the middle of the trajectory 

and coordinates (x, y, z) are defined as the x-coordinate to be equal to the half of the 

trajectory length (L/2), y-coordinate to be equal to the altitude and consider Zero for Z-

direction due to point target is placed on the earth. The signals are being reflected from a 

point target or obstacle. 
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fig 2. 7: SAR geometry setup and history of a signal. 

Here, L is flying trajectory and calculated by   L=2√2h(tan(α/2)). Here, α is 45°. 

After that, Range has been calculated between the center of the cartesian image every plane 

position and target by using equation (2.3). 

    R= √ ((Xtg-Xpf)2+(Ytg-Ypf)2+(Ztg-Zpf)2)                                                        2.3 

Here R is Distance between radar to platform, tg is target, pf is platform or radar position and 

X,Y,Z are coordinates. 

2.1.2	   Modes	  of	  SAR	  
 

SAR can acquire data according to the systematic geometry or modes of system arrangement. 

Generally, there are three different operating modes available for SAR they are: strip map, 

spotlight and scan mode. These three types of modes are displayed in fig (2.8). 

 
(a) Stripmap 

 
(b) Scan Mode 

 
(c) Spotlight 

fig 2. 8: Modes of operation of SAR. 
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During the stripmap mode of operation, the antenna direction of pointing the target is fixed 

giving the strip image of the ground. The antenna directivity is also fixed during the entire 

period of platform movement. The length of antenna defines the azimuth resolution and 

whereas distance travel by the sensor gives the length of the image. During scanning mode, 

the antenna directivity is changed continuously along the SAR flight path and while sweeping 

along its flight path, it collects several range samples. During spotlight mode of operation the 

antenna keeps the target (area of interest) into its beam for a longer time, which gives a larger 

aperture and a better resolution of an image. During tracking of the target, the antenna 

directivity alters consistently. The target is kept fixed and antenna collects more pulse 

samples during its flight path. This gives a high-resolution image of the target. Therefore 

during thesis work scan mode of operation is considered.  

2.1.3	   SAR	  Resolution	  and	  equations	  
	  

The minimum distance between two targets is called as SAR resolution, which allows 

differentiating two targets. Generally SAR Can produce a two-dimensional image namely, 

range resolution and azimuth resolution. Transmitted pulse width (wide frequency) defines 

the range resolution (narrow pulse) in the time domain. Perpendicular to the range is azimuth 

and sharpness of beam defines azimuth resolution. That is wavelength is divided by antenna 

physical size.  High frequency can produce a finer azimuth resolution.  

Range	  Resolution	  

Range resolution ("cross-track") is the minimum distance in the direction perpendicular to the 

direction of motion of radar. Let us assume that the radar system emits pulses of certain 

bandwidth B, with the pulse duration ᴦ is given as, . 

	  

fig 2. 9: Range Resolution. 

B
1

≈τ
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Here H is radar platform height, θ is look angle, t is time delay.
 
	  

In the ground range radar system, the time represents the distance travel to and from the 

reflected object, see fig (2.9) and given the range resolution Rr is given in equation (2.4). 

                   =                  2.4 

Where θ is look angle, B is Bandwidth of radar, ᴦ is pulse length 1/B, and C is speed of light. 

Azimuth	  resolution	  

Azimuth resolution ("along-track") is the resolution along the tracking platform, in the 

direction of radar movement. The key point to get the fine azimuth resolution is to widen the 

bandwidth of the signal or by synthesizing a very long antenna. Synthesis aperture signal 

processing method attempt to enhance the azimuth range with the help of advanced digital 

signal processing to synthesize a large antenna aperture such that to make comparisons with 

range resolution. 

2.2	   M-‐sequence	  with	  UWB	  Radar	  and	  its	  operation	  
	  

M-sequence or Maximal Length Sequence is a kind of PRBS (Pseudo Random Binary 

Sequence) also called as an N-sequence at times. PRBS has a periodic nature and repeats the 

whole sequence. Characteristics of these signals are closer to real random signals. So, they are 

placed under random signal category. The whole sequence is repeated after 2m-1 value for the 

length-m that is given in equation (2.5). 

         N=2m-1=2n-1                                                                   (2.5) 

Here N is the length of Sequence (number of samples) and m or n is degree, generally 

integers. The basic schematic diagram of a linear shift register is shown in fig (2.10). 

 

 

 

 

 

θ
τ
sin
1*

2
CRr = θsin

1
2B
C
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fig 2. 10: Linear feedback shift registers [4]. 

There are many ways to generate M-sequence and one of the easiest ways to generate M-

sequence is Linear Feedback Shift Register (LFSR) with over a length-m and that provide the 

maximum length of the sequence. This sequence has unique code combination and it is 

reproduced after M-shifts. LFSR is easy to implement in software because of the low cost. A 

lower-order LSFR can produce a sequence length of 20, and that means 1,048,575 samples 

(220-1 sample) long [5]. The M-sequence has special benefit when using whole period that 

makes it attractive as a stimulus signal. Due to the periodic nature of the signal, we can 

represent variations in response signals between two periods of the stimulus to noise [5]. In 

this thesis work, using Simulink tools in Matlab, a length of 9, generates M-sequence of 29-

1=512 samples. The basic schematic diagram of the M-sequence is shown in fig (2.11). 

	  

fig 2. 11: Schematic diagram of m-sequence. 

Ultra wideband technology works on very short pulse transmission, which has a typical pulse 

width of less than 1.5 ns and large bandwidth so m-sequence can be easily used for UWB 

applications.  

2.2.1	   Advantages	  of	  M-‐Sequence	  
	  

M-sequence radar system is able to measure weaker reflected signals robustly from target or 

obstacles. By applying discrete correlation on M-sequence, it is possible to get good resolving 

power (equivalent to resolution) that leads to improve Signal to Noise ratio (SNR). The signal 

to noise ratio is increasing with the degree of M-sequence when compared with a 

conventional impulse. Background noise can be reduced due to cross-correlation because it 

has high SNR and the impulse can be measured easily, which means that measurement can be 
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done in noisy environments [6]. Because of its own distortion properties, it is possible to do 

more measurements on the same order system with different M-sequences to distinguish 

different distortions. It is a best choice for code synchronization operation [7]. Reduces 

circuitry switching time and decrease linearity confines of the experiment. 

2.2.2	   Disadvantages	  of	  M-‐sequence	  
 

Time-aliasing (overlap) can happen when the signal length is not equal or less than the 

computed impulse response. When measuring the system interval, the whole system should be 

time-invariant or at least part of the interval. M-sequence is not appropriate for the use of 

same sequence set [7]. 

2.2.3 PRBS	  sequence	  with	  UWB	  radar	  operation	  
	  

Radar applications are reserved for defense, weather, surveillance, air security purpose and 

some sectors of daily life. In thesis paper, it is discussed about one of the new RF-technique 

called UWB (Ultra wideband) radars and they are playing a crucial role in radar technology. 

UWB technology is preferable in multiple field application because of their low-cost. It is a 

very short electromagnetic pulse based modulated technology. Non-sinusoidal short pulses are 

having less than 1.5 ns width, which allows the transmitted signal spectrum to spread over 

several GHz of frequency. One nanosecond pulse width can provide 15 cm resolution in 

distance that makes UWB technology very interest in many short-range road applications [8]. 

Another key factor is that the information bandwidth is significantly narrower than its radio 

frequency bandwidth. In order to measure the distance between the target and radar, it is 

needed to calculate time delay between emitted signal and the received signal. Distance is 

defined in equation (2.6). 

                         (2.6) 

Where C is the velocity of light and is time delay. 

UWB radar pulses have the capability and properties of penetrating naturally and unnatural 

objects such as ground, vegetation and wall etc. UWB radars are good for short-range 

obstacles or target identification and detection purposes. These are very simple to implement 

and having low-cost. 

d = CΔt
2

Δt
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UWB radars have various advantages, such as 

The improvement in resolution of radar in a measurement can be achieved in all directions 

(coordinates) due to its inherent property of accurate target range. Echo signals have 

properties of having signal separation element and information about the target. So target 

separation can be done easily, because the echo signal has very short sampling time. The 

interference of rain, clouds, metal etc., can be deducted extremely because of the scattering 

cross section is lower compared (focus) to target cross section. UWB radars are less resistible 

for noise and narrow band Electromagnetic radiation effects. 

The basic schematic of UWB radar with M-sequence or PRBS is shown in fig (2.12). UWB 

radar can provide higher resolution for operations because of short pulse usage, which leads to 

higher bandwidth of the system and PRBS signal; having shorter auto-correlation function 

which means larger bandwidth in flat spectrum [8]. The system consists of a clock, a PRBS 

generator at the transmitter antenna end, an analogue to digital converter (ADC), and 

correlation filter at the receiver antenna end. 

	  

fig 2. 12: Basic schematic of M-sequence UWB radar [8]. 

The latter signal processing has to be done for detection and target position. Working 

principle is very simple. RF-clock stimuli shift register. Shift registers can provide a stimulus 

signal to the system. The whole system is controlled by RF clock, it is connected to binary 

divider, which is accommodating data, and binary divider sends data to the transmitting 

antenna. This antenna sends the signal as electromagnetic waves. Similarly, the receiver 

receives reflected Electromagnetic (EM) waves from target. After that, a sampling gate 

captures data from the receiver. It is a series of ‘hold and sampling’ data samples before the 

signal reaches the ADC. Finally, a signal is sent to ADC. Here, digitization can be done and 

the apparatus sends the data to a filter where the signal processing technique is performed, in 

order to find out target detection and positioning.  
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M-Sequence UWB radars have various advantages when compare to conventional [8], such as 

requisite of analogue components are very less. Radar performance can be controlled through 

sampling rate, averaging and length of sequence. Nevertheless, the resolution is restricted by 

analogue antenna impulse response (ringing). 

2.3	   Global	  Backprojection	  
	  

There are different image formation algorithms based on the frequency domain and time 

domain. Time domain algorithms have more advantages over frequency domain algorithms. 

The basic time domain algorithm is also called as Global Backprojection (GBP) and is the 

root for entire time domain algorithms. In the real time scenario the UWB SAR system 

transmits m-sequence UWB signal and utilizes a wide antenna beam width with a high rate 

(speed) and collects a bunch of information regarding target. M-sequence UWB radar system 

is the new tool that shows effectiveness for the detection of target inside the furnace using 

high bandwidth and the real property of penetrating the natural and unnatural objects.  

After the raw data is received, it is treated with an appropriate focusing algorithm. GBP is the 

root to the entire time domain algorithm. Therefore, all other time domain algorithm methods 

are compared and developed after it. Although the computational time is higher than the other 

domain method, it provides extreme migration, motion compression and unlimited screen 

size. But this unlimited screen size means maximum aperture size, which is determined by the 

integration angle, flight altitude, and radiated power of the SAR. In GBP, the number of 

operations to produce an image of Nr*Nx matrix where Nr denotes the number of image pixels 

in the range and Nx denotes the number of image pixels in the azimuth with Na aperture 

position is proportional to Nr*Nx*Na. This computational time increases proportionally with 

the size of aperture position and the size of the image [9]. 
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Chapter	  3:	  System	  Description	  &	  Results	  
	  

This section describes the arrangement of the physical radar system, Simulink design to 

generate M-sequence, and working principles. The whole chapter is explained with the help of 

a flowchart, which is shown in below fig (3.1).  

 

 

 

 

 

 

 

 

 

 

 

fig 3. 1: Description of measurement setup and signal processing. 

The above flow chart conveys how this chapter is described step by step. Initially m-sequence 

is generated and fed as input to the measurement setup where SAR raw data can be produced. 

After generating the raw data and is arranged in suitable order (data acquisition) to process in 

Matlab to form an image with the help of Global back projection and this image has lots of 

noise which is reduced through interpolation technique. Image quality is increased after 

interpolation technique applies to the image. 

Generation of M-sequence 

(input signal) 

Measurement setup 

Working principle (Raw data 
generation) 

Pulse compression and Data 
Acquisition  

Signal processing for image 
formation (GBP) 

End 

start 
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System	  Description	  

3.1	   M-‐sequence	  generation	  in	  Matlab	  

	  
In order to acquire good results in Simulink, it is needed to understand every block in M-

sequence radar. A M-sequence generator assembly can produce M-sequence or PRBS for 

UWB radar and M-sequence (PN) block has been implemented in Simulink, which is a major 

tool in Matlab. M-sequence generator assembly consists of M-sequence generator, Pulse 

Generator (PG), XOR gate, and Adder, shown in fig (3.2). 

	  

	  

	  

	  

	  

	  

 

fig 3. 2: M-sequence sequence Generator assembly. 

	  

PN-sequence generator generates required pseudo noise sequence and fed to the logical 

operator along with rectangular pulses, which are produced by the pulse generator (PG). The 

main purpose of the logical operator (X-OR) is to convert the un-modulated rectangular 

pulses and pseudo noise sequence as a modulated PN sequence before fedding to the Adder. 

Then the output from an Adder is a modulated PN-sequential signal, which is fed as an input 

signal to the measurement.  

After setting the required parameters in the Simulink of a pulse generator and PN-sequence 

generator, required m-sequence signal has been produced as explained in above paragraph and 

this signal is sent to the UWB radar which converts the m-sequence into short range pulses 

and produce an output signal or received signal. In order to get required m-sequence signal 9 

shift- resisters were used with length of 1000 and the whole sequence is used as an input 

signal to the measurement. The schematic diagram transmitted and received signal of M-

Pulse 
Generator 

Logical	  Operator	  
(X-‐OR	  gate)	  	  

Adder	  	   Output	  (0	  /1)	  

PN- sequence  

Generator 
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sequence UWB radar is shown in fig (3.3). The generation of PN-sequence in Matlab is 

shown in appendix B. 

 

 

fig 3. 3: Transmitted and received signals of M-sequence. 

Above diagram (see fig 3.3) have consisted of two signals, which are transmit signal and 

received signal. The transmitted signal is indicated by full blue color bars (up) and received 

signal is indicated by a normal sine wave (down). In received signal, first peak (between 100 

and 200 samples) represents the input signal information and the second peak (between 200 

and 300 samples) represents the received signal, which provides targeted information. 

3.2	   Measurement	  setup	  
	  

The schematic diagram of measurement setup has been shown below in fig (3.4) and physical 

measurement setup of the same system is showed in fig (3.5). This setup has been made in 

Radarbolaget’s laboratory under supervision of Daniel Andersson and m-sequence has been 

introduced into this setup. This setup consists of two UWB radar, which are having one 

transmitting and receiving antenna, processing unit, and computer unit to process the raw 

data.  

Antennas or sensors are used to send and receive the electromagnetic signals. These antennas 

are placed on an iron-bar or pillar to move up and down and vice versa with the help of 

motors to make system as linear or straight path. A target is placed in the middle with 2-3 

meters distance from the sensors. Here two cases are considered as to target and without a 

target.  Measurement results have been taken in both cases. Here, the processing unit controls 



Binod	  shrestha	  &	  Madhava	  Reddy	  Kota	   	   	  	  	  	  	  	  	  	  GBP	  FOR	  IMAGING	  OF	  TARGETS	  

23	  
	  

both radars. So one of the radar is used only to receive signals from other radar if target is not 

existing, that means one radar has pre-occupied data. In case of target existence, un-pre-

occupied radar send the same signals and receiver receives the signal after hit and reflected by 

the target. These two radars have difference signal data and difference between data provides 

information about the target, such as distance from target, thickness of target. Here, radar 

follows start-stop approximation that means radar sends a pulse and receives the echo pulse 

and move to next position again send another pulse and receive, it continues until two radars 

reach the end of iron bar (i.e. Last position) and this information is sent to the processing unit. 

	  

fig 3. 4: Schematic diagram of measurement Setup. 

A single processing unit can control both radars and records all data regarding signals, such as 

time taken for each pulse, each movement of the radar, start and stop position of radar in the 

form of raw data. This data send to computer to perform signal processing. In physical 

measurement setup Tx (transmitter) and Rx (receiver) on the pillar or iron-bars are antennas.   

	  

fig 3. 5: Physical Measurement Setup in Radarbolaget Lab. 
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3.2.1 Working	  Principle	  
	  

After generating the m-sequence in Matlab and fed to the processing unit, which stores the 

information of m-sequence signal. Later, these signals are sent to the UWB radar antennas, 

which converts m-sequence signals as a short-range electromagnetic pulses and propagate 

signals. When the radar is moving top to bottom with the help of motors, the transmitting 

antenna propagates short-range pulses. These pulses are hitting the target and some of the 

scattered pulses are reflected back to the receiver, which contains target information. 

 
(a) Scanning  

 
(b) Data collection 

fig 3. 6: Processing Unit internal operation. 

. 

Functionality of processing unit explained below. 

Processing unit consist of two functional blocks (a) Scanning and (b) data collection. 

(a) Scanning: This unit has stored information about whole sequence or signal and useful 

to set all required basic parameters such as the number of samples has been taken, 

number of transmitter and receiver are to be used, distance between the start and end 

position of radar, time takes to go radar next move or position.  

(b) Data collection: The main function of this block is to scan the output sequence 

(target) and store the information of each pulse send and receive by the radar. In this 

case 1500 pulse are considered for different aperture positions.  

After records the all information, such as the positions of the antennas, time taken for next the 

move or position of antennas, time taken to receive the reflected signal and sequence data.	  
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These raw data are fed to the computer where subtraction is performed of the two signals. 

This correlation of two measurement results will give require information of the target. This 

processing unit uses the ‘Radarmin’ software, which is used by the Radarbolaget Company to 

extract the SAR raw data unit is shown in fig (3.6).	  

The differences between two signals are presented in the fig (3.7), where can see three 

different colored lines. Red colored signal represents the pre-occupied data which means 

without target information, orange colored line indicates the with target information and green 

line signifies the required target information which means subtraction (correlation) between 

the signals with and without target information. This information is arranged in a matrix form. 

	  

fig 3. 7: Subtraction Between two signals. 

 

3.2.2 Pulse	  compression	  and	  Data	  Acquisition.	  
	  

Before applying signal processing data should be placed in an order, to retrieve an image, 

called as data acquisition. Before implementing an appropriate algorithm to the received data, 

data is compressed and arranged in the matrix form to make it suitable for the data processing 

algorithm. Matched filtering is common for pulse compression. Here, all reflected data are 

collected for matching filtering and displayed as bow shaped curved line as shown in fig (3.8-

3.11). These pictures illustrate the received signal strength with reference to the point of target 

at different positions. 	  
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In general, the quality of an image is an important task in image processing of SAR. In order 

to get good quality of the image, target sensibility must be high in formation about SAR 

image. To differentiate between the two target points short duration (range) pulses need to be 

used. UWB radars can send short duration pulses. In order to get good SNR and good image 

(target) quality, pulse compression is being carried out. This is done by Matched filter or 

convolution technique. In matched filtering, the phase is a key object. 

After performing the pulse compression then GBP is applied. Hereafter, can directly apply the 

back projection algorithm. To evaluate this processing algorithm on raw data, a number of 

scanning and testing has been performed. The target was placed in different positions (x, ρ) 

for testing the image in Matlab code. The back projection process in interpreting by integral is 

given in equation (3.1). 

       	   	   	  	  	  	  	  	  	  	  	  	  	  	                          (3.1)	  

Where, h (x, ρ) is the back projection signal, g(x', r) is the range compressed data of the 

stationary point target, representing x' as the platform position in the flight path and L is the 

length of the aperture. 

3.2.3	   Different	  Scenarios	  	  
	  

In this thesis work, there are four different test cases have been performed. Where a single 

target with different target positions has been placed resulting in different distances. However 

target is placed center of the radar, assuming all coordinates are at (0, 0, 0). The platform 

coordinates are calculated by elevation angle and azimuthal angle. A linear (straight) path has 

been taken into account, because the system has designed and supports for linear path.  

SAR raw data is the composition of in-phase and quadrature. In general, each target reflects 

echoes and has an identical frequency but the difference in amplitude makes unique from each 

pulse. Here in our project received data matrix has consisted of real number values, to form an 

image. To get the target reflected signal strength, the target was placed at different distances 

from the sensor and the received signals are viewed in the figures (from fig 3.8-fig 3.11).  The 

position of the target can be clearly viewed in the pictures and it can be easily differentiated, 

the data values are all considered in meter ranges.    

∫
−
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As mentioned above, a single target is used for all measurements and placed in different 

positions to obtain the required results in all scenarios and relevant signal process has done. 

Resultant figures are displayed along with real time images in all scenarios and all scenarios 

are explained as follow and with suitable diagrams. These scenarios related high quality 

images are shown in section 3.3.2 after interpolation.    

 

 
(a)	  Real image  

 
(b) Compressed data 

fig 3. 8: Scenario 1. 

 

Scenario 1: A target is placed at 2 meters distance from the radar, which is shown in 3.8(a) 

and 3.8(b) represents the related distance matrix. In fig 3.8 (b), the red line indicates the point 

target and can see the distance from radar to target at about 1050 meters range. Target is 

indicating all sub aperture positions in y- direction and some noise is also presented in the 

image. 
 

 
(a) Real image  

 
(b) Compressed data 

fig 3. 9: Scenario 2. 
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Scenario 2: In this case, same target is placed at 2.2 meters away from the radar and real time 

image is displayed in 3.9 (a). Resultant compressed or received data matrix also shown in 

3.9(b) and the target is shown with red color and the distance from the radar is presented at 

1000 meters range in X-direction. The numbers of sub aperture positions are 445 in Y-

direction.   

 
(a) Real image 

 
(b) Compressed data 

fig 3. 10: Scenario3. 

 

Scenario 3: Target is placed at 2.4 meters distance from the radar, which real image is shown 

in 3.10 (a) and 3.10 (b) gives the related output matrix or compressed data matrix. In fig 3.10 

(b), a red color bow shape line indicates the point target and can see the distance from radar to 

target about 950 meters range. Y-direction represents the all sub aperture positions. 

 

Scenario 4: In this scenario, the target is placed at 2.6 meters distance from the radar 

antennas and can see the real time image is shown in fig 3.11 (a). Fig 3.11 (b) represents the 

related output matrix or compressed data matrix. In fig 3.11 (b), a red color bow shape line 

indicates the point target and can see the distance from radar to target about 900 meters in X-

direction. Target image is produced by all sub aperture positions. All scenarios different 

parameters are listed in table 3.1 
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(a) Real image 

 
(b) Compressed data 

fig 3. 11: Scenario 4. 

 
 

Scenario Number of aperture positions 
(Y-direction) 

Distance between target and 
radar range (m) 

1 475 1050 
2 445 1000 
3 475 975 
4 475 900 

Table 3. 1: Different scenarios details 

The resulted raw data are pre-processed with match filtering, also known as pulse 

compression. The range resolution and SNR can be increased by correlating the received 

signal with modulated transmitted pulse in this process. After that can directly apply the 

Global back projection algorithm to the raw data, explained in section 3.3.1. 

3.3	   Results	  

3.3.1	   GBP	  algorithm	  for	  image	  formation	  
	  

In the image processing and formation method, Global back projection (GBP) is an 

elementary time domain algorithm and all other time domain methods or algorithms are 

compared and developed based on it because of its inherent properties like pixel-by-pixel 

manner. Although, the computational time is higher than all other algorithms GBP provides 

extreme range migration, motion compression, and unlimited screen size. The key idea to 

SAR is to transmit pulses store the scene echoes along the flight path and combine echoes 

afterward by the appropriate focusing algorithm [11]. The implementation of GBP explained 

in the next subsection. 
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GBP is a high computational load method but works as pixel-by-pixel manner that means a 

pixel (echo) is selected and integrated over aperture, compute that pixel value and move to the 

next pixel. Let us say, received data matrix has an aperture or platform positions L. Each 

position can produce one pulse and have L pulses F (L, t) are contributing each pixel in 

required image, which means that pixel values are calculated in parallel. Basically GBP 

follows parallel process, each pulse in a row represents a particular pulse and each column 

matrix represents the particular pulse range in the data matrix. Practically, we have to use 

each pulse once from data matrix and interpolation technique access it. This is the big 

advantage due to pulse-by-pulse method. The interpolation of F (L, t) requires integration 

with respect to t, in other words each resolution pixel integrated in the output image. 

However, carrier phase must deduct (due to approximation of data) from F (L, t) before going 

for interpolation and restore the matrix to perform GBP sum.   

To form a [M*N] or [N*N] pixel image, L numbers of pulses are needed. Each pixel in an 

image produced by L additions, which means that computational complexity of range 

compressed data is equal to L*M*N or L*N*N, where M, N are range, azimuthal sizes and L 

represents the total integration length (aperture) of radar respectively. Numbers of methods 

are proposed to reduce the computational complexity, such as FBP, FFBP.  

To an implement image with the GBP method in Matlab, a fixed-point target received data 

matrix is used to retrieve images of targets. All properties of point target are used. In order to 

retrieve images of the target, an NxN empty matrix is created, later converts as a final image 

matrix, which provides required image. By using distance formula equation (2.3), calculated 

the distance between pixel of the image and position of plane to calculate the azimuthal plane 

and x, y pixel of the image. Time delay is found by dividing with sampling rate and replace 

azimuthal position. All azimuthal and range positions are calculated stored in the final image 

file. Here, meshgrid function has been used to build x_mat, in azimuthal and y_mat, in the 

range direction to arrange pixel position into image.   

The process without interpolation for different positions or all scenarios of the target is shown 

in fig (3.12 -3.15). Each result appears to be similar but if we observe keenly each figure, a 

point target is indicated with red color and different distances or range of target represented in 

meters range. 
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fig 3. 12: Scenario 1 without interpolation. 

 

	  

	  

fig 3. 13: Scenario 2 without interpolation. 

Here, the X-axis represents the local range in meters and the Y-axis represents the local 
azimuth in meters, no window is applied to the image before applying back projection. 

	  

	  
fig 3. 14: Scenario 3 without interpolation	  

	  
fig 3. 15: Scenario 4 without interpolation	  

            

The resulted quality of images is too poor due to the substantial noise in the signal reception. 
This noise has to be removed from the image. In order to remove noise in image interpolation 
technique is used, described in section 3.3.2. 

3.3.2	   Interpolation	  	  	  
	  

Complex data points or pixels are included in SAR images and these data points have 

different signal strength, which are denoted in Matlab with different colors. Strong received 

pulses can bring maximum point target and these data are compressed with more noise. In 

order to reduce noise levels in an image, interpolation technique is applied and it makes the 
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image smother. There are several interpolation techniques available to increase image quality 

and the most important one is listed in this paper. 

Linear interpolation is a commonly used method to improve image quality. Data points can be 

estimated between two linear points (straight line) [10]. In this method, two point variables 

are existed, either one is dependent on the other. Let assume, (x1, y1) and (x2, y2) are known 

points and we want to compute a point between (intermediate) these two points (x, y). As 

mentioned above, one is dependent (x) and another one is independent (y). The dependent (x) 

value is estimated by using known independent (y) values. A geometry equation is needed for 

two point’s calculation, shown in equation (3.2). 

                                                                                                               (3.2)                                  

And the dependent variable x value is calculated as follow, in equation (3.3). 

                                                                                                          (3.3)            

In above equation, 
	  
indicates the slope of a straight (linear) line.  

However, this method removes noise form the image and subsequently improves the image 

quality. In this thesis work, linear interpolation is used in order to reduce noise in the image. 

After applying interpolation technique, the quality of image is improved. The goal of the 

thesis is to get a point target image with high quality in GBP method. The image quality is 

poor due to the substantial noise. The Applying interpolation technique can reduce this noise 

in an image. Due to this, image quality has been improved.  

Assuming a 30-degree of integration angle and zero degree of elevation angle the resulted 

images after applying interpolation is shown in fig (3.16-3.19), because long integration angel 

can provide long aperture size. The target places have been changed for each time about 20 

cm, the system considers as the target is placed in the middle of the scene or aperture. Though 

different values are received in the matrix, the target is placed in the middle. 

x − x1
x2 − x1

=
y− y1
y2 − y1

x = x1 + (y− y1).
x2 − x1
y2 − y1

m =
x2 − x1
y2 − y1



Binod	  shrestha	  &	  Madhava	  Reddy	  Kota	   	   	  	  	  	  	  	  	  	  GBP	  FOR	  IMAGING	  OF	  TARGETS	  

33	  
	  

	  

fig 3. 16: Scenario 1 after interpolation 

  

	  

fig 3. 17: Scenario 2 after interpolation. 

 

In the center of the images we can see different shapes because of different data values, in 

other words, when the position of the target is changed time delay of received echoes will also 

be changed, so the difference in received data occurs for each position of the target. 

 
fig 3. 18: Scenario 3 after interpolation.	  

 

 
fig 3. 19: Scenario 4 after interpolation. 

 

By observing above all images, we can see differences in the middle of the target because of a 

minute or small distances in position of the target. The image quality is depending on number 

of aperture positions. In this thesis work, each receiver matrix has different aperture positions. 

All images are magnified images, to show differences in detection and position in the middle 

of the image.	  

Above diagrams have good quality and noise is reduced compared to before interpolation 

diagrams. In this diagram each block represents one pulse.  Point target image of SAR is 

obtained with GBP method, where the integration angle of 30 degrees and the elevation angle 
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10 degrees are used. The target is placed in the middle of the image scene with high quality, 

due to interpolation.   

Few of the parameter has been taken when doing GBP process and they are tabulated in table 

(3.2). 

Maximum frequency 4 GHz 

Minimum frequency 800 MHz 

Central frequency 2.4 GHz 

Bandwidth 3.2 GHz 

Sampling frequency 16 GHz 

Distance between the target and radar 1850 mm 

Distance between the Tx and Rx 250 mm 

Height of the platform 800 mm 

Integration angle (degrees) 45 

Elevation angle (degree) 10 

Table 3. 2: Parameter of SAR. 

	  

3.3.3	   Different	  results	  with	  integration	  angle	  
 

Integration angle is the most important angle among all SAR geometry angles, which is 

directly proportional to the length of the aperture of platform positions. For smaller angles, 

size of the aperture should be smaller. Due to this, collection of received signal curve almost 

straight. Using extreme positions of the radar or the platform retrieves much of aperture size. 

However, extreme aperture positions are making point target signal strength weaker. 

Subsequently, quality of image might be reduced. So the integration angle should be within 

the range of 0 to 45 degrees. This phenomenon can see in time domain algorithms.   

  

Collection of receiving signals provides point target SAR image and point target shape can be 

changed due to different integration angles. The image resolution is depending on the 

received signals, which are reflected in the azimuthal direction. If a small number of points 

are collected in the azimuth direction then the image may not be describe the target position 
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and nature of it. When low integration angles are applied to point the image, point edge may 

touch the boundary of image and treated as a spurious detection in image. The point target 

image looks good by increasing the integration angle and aperture position gradually.   
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CHAPTER	  4:	  Discussion	  and	  Conclusion	  
	  

In this chapter we present the Discussion and conclusion of the project. 

4.1	   Discussions	  
 

In this thesis work, initially a test case has been considered and a single target has been taken 

and placed in different positions to test the measurement setup and results have been noted 

with relevant diagrams.  Though there are many algorithms for SAR such as frequency 

domain and time domain algorithms, all are discussed in section 2.3. Time domain algorithms 

are increasing the image quality and decreasing processing time. The comparison has been 

done according to the peak sidelobe ratio (PSLR), integrated sidelobe ratio (ISLR). GBP is a 

Linear and direct transformation method which is suitable for linear path radars, after pulse 

compression data would be into complex SAR image. For SAR image processing algorithms 

interpolation technique is an important task. In GBP, the range interpolation has been 

performed for SAR raw data, but no azimuth interpolation has been applied. 

4.2 Conclusion	  and	  Future	  work	  
	  

In this section we conclude the proposed Global Back Projection (GBP) algorithm for SAR 

positioning of targets using M-sequence ultra wideband radar.  By using the M-sequence we 

can directly achieve SAR received matrix with the matched filtering then the GBP is applied 

to transform the radar echoes into a complex SAR image from the above process we have 

achieved point target detection with good image quality. It is applicable in the steel industries 

where we can detect the shape of the metal billet over the roller inside the furnace. This 

project can be developed further to extract the image of the target. 

As a future work, here we consider a point target, in order to get the exact image as a digital 

camera picture more investigation has to be done on finding the exact shape of the target and 

need to study of PRBS signals. Moving targets are an interesting topic with time domain 

algorithms and good extension to this topic. We have to consider about target distances 

because each time the system considers target to be in the middle of the aperture. So, this has 

to go be a drawback with point target algorithms and the necessary to work with distances.  
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This thesis has just sketched the surface by the use of SAR in the Radarbolaget. This chapter 

will concisely answer the researched question posted in chapter 1 and will draw the 

conclusion from the work performed in this thesis work. 

If we want an image of target as a digital camera image, we have to consider following 

parameters 

Polarization: Which polarization is using that means vertical or horizontal or a combination 

of both polarizations? But some public SAR data sets have both polarizations to form an 

image. 

Resolution: In time domain algorithms the image quality for SAR is high but need to know 

the exact amount of resolution can be provided by the algorithm.   

Coordinate of system: Most important parameters for image generation need to be known 

before conducting experiments or else need to be facing problems with target distances. 

Path: when SAR raw data is collected, should know about platform or radar rotational motion 

which means that either circular motion or linear motion. For circular motion target is placed 

in the middle and radar rotates along with orbit and linear path radar moves along a straight 

line. 

Target: Type of target is playing a key role because some targets are not reflecting the signal 

back to receive properly. So, raw data may not efficient enough to process, moreover target 

making material another important issue and size of the target. 

Radars: When collecting the SAR data, what kinds of antennas are used to send and receive 

data, aperture size of antennas and shape are important. 

Angles: How much angle is used, for linear path integration angle has to be taken 0 to 45 

degrees, for circular path has to be taken 360 degrees. Other angles can be used depending on 

necessity.   
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4.3	   Pseudo	  code	  Matlab	  Description	  	  

 
Define sensor parameters 

Input Bandwidth (Hz), Center freq (Hz), Integration Angle (degrees), Elevation Angle 
(degrees), Range to sensor (m). 

Define image parameters 

Input Scene extent x (m), Scene extent y (m), Number of samples in FFT (nFFT), Number of 
samples in x direction, Number of samples in y direction, dB of dynamic range to 
display 

Define Point targets 

Input Point target positions (m), Point target amplitudes (~voltage) 

 

Set Number of Pluses (Np) to the size of row matrix of the raw data 

Set Number of Frequency bins per pulse (K) to the size of column matrix of the raw data 

 Generating the frequency row vector (freq) of K points linearly spaced between and 
including the difference of sensor center frequency and half of sensor bandwidth and 
summation of sensor center frequency and half of sensor bandwidth. 

Generating the azimuth angle of the sensor at each pulse (azim) of Np points linearly spaced 
between and including the difference of sensor elevation angle and half of sensor integration 
angle and summation of sensor elevation angle and half of sensor integration angle. 

Generating the [X,Y,Z] position of sensor at each pulse by transforming data stored in 
cylindrical coordinates to Cartesian coordinates. Azimuth angle, Elevation angle, and range of 
sensor must all be the same size 

Raw data (meas22) stored in phase history data (phdata) 

 

[X_mat,Y_mat]==meshgrid(x_vec,y_vec) replicates the grid vectors x_vec and y_vec to 
produce a full grid. This grid is represented by the output coordinate 
arrays X_mat and Y_mat.  

Z_mat== all zeros with the size of X_mat 

Range of each pluse (Ro)== sensor range multiplied by ones with size of X  positions 
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Frequency step size(deltF)== differences between adjacent elements of freq along the first 
array dimension  

minimum frequency (miniF)== frequency multiplied by ones with size of X positions 

Average azimuth angle step size(deltaAZ)== absolute and mean value of differences between 
adjacent elements of azimuth angles of the image pulses(AntAZ) along the first array 
dimension 

total azimuth angle of the aperture(totalAZ)== difference of Maximum and minimum values 
of azimuth angles (AntAZ)of image pulses 

 

Determine the maximum scene size of the image (m) 

maxWr = c/(2*deltaF);    

maxWx = c/(2*deltaAz*mean(minF)); 

Determine the resolution of the image (m) 

dr = c/(2*deltaF*K); 

dx = c/(2*totalAz*mean(minF)); 

Output returns the Maximum Scene Size:  m range, m cross-range using maxWr,maxWx 
returns the Resolution:  m range,  m cross-range using dr,dx 

 

Initializing the image  

Range to every bin in the range profile(r_vec)= linspace(-Nfft/2,Nfft/2-1,Nfft)*maxWr/Nfft; 

im_final== empty image with zero of Xmat size 

 

For each pluse 1 to Np 

Range profile with zero padding added (rc)== fftshift of  the Nfft point inverse DFT of 
vector phdata for every counter of pluse 

dR = R= √ ((Xtg-Xpl)2+(Ytg-Ypl)2+(Ztg-Zpl)2)                                                         

Pixel within the range(I)== find(and(dR > min(r_vec), dR < max(.r_vec))); 

Updated the image using linear interpolationg  im_final(I)== im_final(I)+ 
interp1(r_vec,rc,dR(I),'linear').* phCorr(I); 

End of for loop 
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Output  

Set the scale for Xaixs and Yaxis and Name the Xlabel with ‘Local range’ and Y lable with 
‘Local Azimuth’ 

displays im_final as an image and specifies the bounds of the x- and y-axis with 
vectors xvec and yvec 
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Appendix	  A	  
	  

List of abbreviations 

BP Back projection 

CSA Chirp Scaling Algorithm 

EM  Electromagnetic 

ESA European Space Agency 

ESL  Element Selection Logic 

FBP  Fast Backprojection 

FFBP           Fast Factorized Back projection 

FFT Fast Fourier Transform 

FIR Finite Impulse Response  

FMCW Frequency Modulated Continuous Wave 

FOPEN Foliage Penetration 

GBP Global Backprojection 

GMTI Ground Moving Target Indicator 

GPEN Ground Penetration 

LBP  Local Back projection 

NASA National Aeronautics and Space Administration 

PRBS   Pseudo Random Binary Sequence 

RADAR Radio Detection And Ranging  

RAR Real Aperture Radar 

RDA Range Doppler Algorithm 
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RMA Range Migration Algorithm 

SAR Synthetic Aperture Radar 

SNR Signal-to-Noise Ratio 

UWB  Ultra-wideband 
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Appendix	  B	  
 
%PN_sequence_generation.m 
clear all; 
close all; 
clc; 
G=1000; % Code length 
%Generation of first m-sequence using generator polynomial [45] 
sd1 =[0 0 0 0 1]; % Initial state of Shift register 
PN1=[]; % First m-sequence 
for j=1:G  
    PN1=[PN1 sd1(5)]; 
      if sd1(1)==sd1(4) 
         temp1=0; 
      else temp1=1; 
      end 
 sd1(1)=sd1(2); 
 sd1(2)=sd1(3); 
 sd1(3)=sd1(4); 
 sd1(4)=sd1(5); 
 sd1(5)=temp1; 
end 
%subplot(3,1,1) 
stairs(PN1) 
xlabel('Samples'); 
ylabel('Amplitude'); 
title('transmitted signal') 
 


