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Abstract- Synthetic Aperture Radar (SAR) has been widely used for Earth remote sensing. Significant effort of both the
scientific and industrial community is invested in research and development of multi-frequency, multi-
polarization, and high-resolution SAR systems. One of the key issues is to realize efficient methods with low profile
antenna for imaging, reconstruction, and target detection of flying objects and electrically large-scale objects. This will
provide day-and-night and weather-independent images for a multitude of applications ranging from geo-science and
climate change research, environmental and Earth system monitoring, 2-D and 3-D mapping, change detection
and security-related applications.

In this paper, a study of SAR based on high-resolution imaging , using low profile antenna is presented. The key factor of
SAR is to generate multiple images of the same object due to the platform motion. The paper demonstrates how multiple
images can produce comparable resolution of an object using required signal processing algorithm. This study will be
useful to understand the effects of backscattering and static scene related issues.

Keywords — Synthetic Aperture Radar (SAR),high-resolution, Range Resolution, Azimuth Resolution, low profile
antenna, virtual view, SAR Imaging

I. INTRODUCTION

The history of SAR and radar in general is important when investigating methods of SAR imaging. Radar was
initially developed in World War 11 for tracking of ships and aircrafts. Use of radio frequency has the advantage of
being able to penetrate through heavy weather and darkness to locate targets where remote sensing with visible light
fails. SAR techniques like polarimetry for improved parameter retrieval, interferometry for deriving the surface
topography and differential interferometry for the measurement of Earth surface displacements were developed in
the 80s and 90s[1].

SAR uses the motion of radar antenna over the target region by typically mounted on moving platform such as an
aircraft or spacecraft ,to provide finer spatial resolution than conventional beam scanning radars. The distance the
SAR device travels over a target in the time taken for the radar pulses to return to the antenna creates larger
synthetic antenna aperture. This may allow SAR to create high resolution images with comparatively small physical
antennas[5]. Signal processing of the successive recorded radar echoes allows to combine these radar echoes from
multiple antenna positions which forms SAR and allows the creation of high resolution of different positions of
antenna. In this way Synthetic Aperture Radar (SAR) systems take advantage of the long-range propagation
characteristics of radar signals and the complex information processing capability of modern digital electronics to
provide high resolution images [2].The well ordered combination of received signals at different time ,map to
different positions of the object digitized ,builds a virtual aperture that ismuch longer than the physical antenna
length. This is why “synthetic aperture”, giving it the property of being an imaging radar. Here the range direction is
parallel to target track and perpendicular to azimuth direction which is also known as along- track direction because
it is in line with the position of the object within the antenna’s field of virtual view.In this paper different aspects of
SAR imaging system is discussed and analyzed to identify the future scope of work.

Il. LITERATURE SURVEY

2.1 Side-looking airborne radar :

Side-looking airborne radars normally are divided into two groups: the real-aperture systems that depend on the
beamwidth determined by the actual antenna, and the synthetic aperture systems that depend upon signal processing
to achieve a much narrower beamwidth in the along-track direction than that attainable with the real antenna [5].The
early versions of Side Looking Airborne Radar (SLAR) systems were primarily used for military reconnaissance
purposes. Until mid 1960s, high- resolution SLAR image was declassified and made available for scientific use [2].
Table 2.1 shows a comparison of a SAR image with moderate resolution and obtained with the new generation
of high-resolution SAR satellites. The trend for future systems shows the need for an increased information content
in SAR images that can be achieved by multi-channel operation (polarimetry, multifrequency), improved range and
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azimuth resolution, time series (frequent revisit of the same area) as well as observation angle diversity
(interferometry and tomography). Figure 2.1shows Evolutaion of SAR with improvements in Resolution.The
ultimate goal of future space-borne SAR systems is to allow a wide-swath high- resolution monitoring of dynamic
processes on the Earth surface in a quasi-continuous way [3].

2.2 Improvement in image resolution with SAR

The image formed by SLAR is poor in azimuth resolution. For SLAR the smaller the beam width, the finer the
azimuth resolution. In order to obtain high-resolution image one has to resort either to an impractically long antenna
or to employ wavelengths so short that the radar must contend with severe attenuation in the atmosphere
[8].Synthetic Aperture Radar (SAR) is a technique which uses signal processing to improve the resolution beyond
the limitation of physical antenna aperture.

Table 2.1:Comparison of a SAR image with moderate resolution

Satellite Country ~ Year  Band  Frequency Wavelength Incident Polarization  Pulse Bandwidth Azimuth

(GHz) (cm) Angle (MHz)/ (Range  Resolution (m)
(deg) Resolution (m)) I (Looks)
SEASAT USA 1978 L-band 1.275 2.5 23 HH 19/(7.9) 6/(1)
SIR-A UsA 1981 L-band 1.275 235 50 HH 6/(24.9) 65/(1)
SIR-B USA 1984 L-band 1.275 235 15-65 HH 12/(125) 6/(1)
ERS-1/2 Europe  1991/95  C-band 525 57 23 Vv 15.5/(9.7) 25/(3)
ALMAZ USSR 1991 S-band 30 10 30-60 HH -/ 15% 15/(2)
JERS-1 Japan 1992 L-band 1.275 B35 39 HH 15/(10) 30/(4)
J R 25 17
USA L-band 1.25 35 5oss HH. HV. _—
SIR-C/ . ) . VH, WV 10/(15) -
XSAR 1994 C-band 53 57 20/(75)
Germany X-band 9.6 3 34 Vv 6/(1)
11.6/(12.9) 8/4)
RADARSAT-1 ~ Canada 1995  C-band 53 57 20-50 HH 17.3/(8.6) 50/ (2-4)
30/(5) 100/ (4-8)
USA 2000 C-band 525 57 54 HH, VV 20/(7.5) 15/(1)
SRTM
Germany X-band 96 3 54 Vv 8/(18.7) §-12/(1)
HH, BV 61()
ENVISAT Europe 2002 C-band 525 57 15-45 \,H‘ \..\.," 9/(16.6) 150/(12)
' 1000/ (18-21)

Synthetic Aperture Radar (SAR) is a technique which uses signal processing to improve the resolution beyond the
limitation of physical antenna aperture. In SAR, forward motion of actual antenna is used to ‘synthesize’ a very long
antenna. SAR allows the possibility of using longer wavelengths and still achieving good resolution with antenna
structures of reasonable size can be taken as reference graph from figure 2.1 as Evolution of SAR with
improvements in resolution .It is equipped with multi-frequency, multi-polarization SAR that operates in the L, C
and X-band and provides HH, VV, VH and HV polarization [2].

Resolution (ft)

1940s 1950s  1960s 1970s 1980s 1990s 2000+
Decade

Figure 2.1: Evolutaion of SAR with improvements in Resolution
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2.3. Comparision of SLAR with SAR with present techniques

SLAR can be used if all points lie in a plane surface, and this modification can result in excessive distortion in
mountain areas[1]. SAR allows the possibility of using longer wavelengths and still achieving good resolution with
antenna structures of reasonable size which motivates to study SAR for achieving high resolution imaging using low
profile antenna. SAR is a complicated data processing of received signals and phases from moving targets with a
small antenna, the effect of which is to should be theoretically convert to the effect of a large antenna, that is
a synthetic aperture length.

The synthetic aperture length is the beam width by range which a real aperture radar of the same length, can project
in the azimuth direction.Basically by the theory of resolution in the azimuth direction is given by half of real
aperture radar as shown:

Real beam width . [F=2/D
Real resolution: &L= i R=Ls (synthetic aperture length)
Synthetic beam width : s =/ 2Ls= D / 2R

Synthetic resolution : &Ls = isR=D /2

where A :wavelength ,D: aperture of radar ,R: slant range

The brief discussion of how aperture synthesis changes the azimuth resolution to half of the along-track antenna
length, require basic knowledge of SAR geometry which is described in this paper in section 3.3,it is the key note of
comparing SAR with SLAR.

1. IMAGING WITH SYNTHETIC APERTURE RADAR
The principle idea behind SAR is to synthesize the effect of large aperture physical radar for detection of objects or
targets in radar imaging to provide high-range resolution of two-dimensional images independent from daylight,
cloud coverage and weather conditions[10].SAR is sensitive to small surface roughness by providing control over
such factors as power, frequency, phase, polarization, incident angle, spatial resolution and swath width, all of which
are important when designing and operating a system for the extraction of quantitative information which is helpful
in the detection of objects. In this figure 3.1, the flight direction is denoted as azimuth and the line-of-sight as slant
range direction. On the surface, range direction is said ground range direction. The point just below the platform is
said nadir. The nearest point to the nadir of the fan shaped beam from Antenna is known as near range and farthest
point is known as far range. Distance between near range and far range is the swath.
Where slant range =Time Delay * ¢/2, in which distances are measured between the antenna and the target ground
range, and also distances are measured between the platform or beam ground track and the target.
Range ‘R’ is determined by measuring the time from transmission of a pulse to receiving the echo from a target and
resolution are achieved in Synthetic Aperture Radar (SAR) is determined by the transmitted pulse width i.e. narrow
pulses yield fine range resolution [8].
A synthetic aperture is produced by the forward motion of the radar. As it passes a given scatterer, many pulses are
reflected in sequence. By recording and then combining these individuals signals, a "synthetic aperture" is created in
the computer providing a much improved azimuth resolution.
Taking Azimuth Angle =arcsine[c x f /2v], to note that some details of the structure of the echoes produced by a
given target change during the time the radar passes by. This change is explained also by the Doppler effect which
among others is used to focus the signals in the azimuth resolution. When the target is entering the beam, the
Doppler shift is positive because the source to target distance is decreasing and vice versa We will illustrate these
points with an analogy to figure 3.1.
Radar images can then be synthesised by scanning the incidence angle and sequentially synthesising images for the
different beam positions as shown in Figure 3.2. Swath widening is achieved by the use of an antenna beam which is
electronically steerable in elevation. The imaged area from each particular beam is said to form a sub-
swath. Determining the radar operation time between two or more separate sub-swaths in such a way as to obtain
full image coverage of each swath.From the geometry of an imaging radar is shown in figure 3.1. 6V is determined
by the width(Wa)and length of antenna, and wavelength of transmitted signal (o). This relation is written as
Oy = AW,

(3.2)
The antenna is mounted on a platform such as an aircraft that travels along a flight path with velocity v. It
illuminates the shaded path i.e shadow on the ground as the aircraft moves in the direction of flight path. The width
(Wag) of the ground swath is given as

AR

Wy= ——
4 W, eosfl

(3.2)
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where 0 is the incidence angle (lookangle) of the beam, R is the slant range from the antenna to the midpoint of
swath[6]. The RF energy transmitted from antenna has a duration tp and is repeated at a given interval, pulse
repetition interval (PRI) that can be inverted to obtain the pulse repetition frequency (PRF).

Flight path Slant range
k]

image ’
/o

Antenna "

‘mev: ! ! pHay over
week radar shad

radar shadow

Figure 3.2: Geometric Distortions in SAR

3.1 Range resolution

Range resolution is the ability of radar system to distinguish between two or more targets on the same bearing but at
different ranges. The degree of range resolution depends on the width of the transmitted pulse, the types and sizes of
targets, and the efficiency of the receiver and indicator. If the pulse width is relatively large then the two adjacent
targets cannot be distinguished as two but instead their echoes will be mixed and they will appear as a single target
at the receiver end. Pulse width is the primary factor in range resolution[4].Unlike normal radars, in SAR obtaining
fine range resolution, a short pulse duration is needed.

From Figure3.3 by precisely measuring the time difference between the transmitted pulse between a target and the
ground range, is measured on the basis of the travel time of the transmitted microwave pulses and the receipt of the
reflected energy, radar is able to determine the distance of the reflecting object (called range or slant range).

antenna beam
width c: speed of light
T pulse width
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Figure3.3: SAR illumination with different pulse durations
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From the time (t=0), when the first edge of pulse arrives at the surface, to the time (t=T ) when the end edge of a
pulse with a width of T arrives at the surface, the received power increases linearly. The received pulses are
composed of echoes from various parts ground surface. Therefore the travel time can be calculated by averaging the
received pulses. As radar range resolution depends on the bandwidth of the received signal, which is inversely
proportional to the pulse duration. So short pulses are better for range resolution. The amplitude versus time of the
return pulse is a recording of the reflectivity of the surface. If adjacent reflectors appear as two distinct peaks in the
return waveform then they are resolved in range.
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Figure 3.3: Range resolution for varied pulse width
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The nominal slant range resolution is Ar = C1/2 where 7 is the pulse length, C is the speed of light =3.00 x 10*8 m s
and 0 is the look angle. The factor of 2 accounts for the 2-way travel time of the pulse. The incident angle or look
angle of microwave to a target is the angle from the normal line. The smaller the look angle,the larger the back
scattering intensity .Range resolution is infinite for vertical look angle of (0 ¢, 90° ) and improves as look angle is
increased to 20 °to 50 ¢ practically. The ground range resolution is geometrically related to the slant range
resolution by Rr=Crt /2 sin 6 .

Thus range resolution is independent of the height of the spacecraft. Hence range resolution can be improved by
increasing the bandwidth of the radar using Pulse compression .The ability to compress the pulse depends on
the bandwidth of the transmitted pulse (B) in MHz ,not by its pulse width. Shorter wavelength will enable higher
bandwidth as bandwidth is only a small fraction of carrier frequency. Receiver needs at least the same bandwidth to
process the full spectrum of the echo signals. Range resolution, Rr, is related to signal bandwidth, B.

Rrec1l/B (3.3)
This allows very high-resolution to be obtained with long pulses, thus with a higher average power. Figure 3.4shows
the variation of slant range resolution with bandwidth.

3.2 Azimuth resolution
The other dimension is called azimuth ‘ALs’ (or along track) and is perpendicular to range. Synthetic Aperture
Radar’s (SAR) ability to produce relatively fine azimuth resolution differentiates it from other radars can be
described from two cases i.e Doppler processing viewpoint and by time width of compressed chrip in azimuth
direction.
(i)The target's Doppler frequency determines its azimuth position. Utilizing the Doppler effect cannot increase the
range resolution but it does greatly increase the azimuth resolution. When a detector moves with respect to a source
of waves, a shift in frequency is observed known as the Doppler effect[3]. To calculate the Doppler frequency shift
for a specific target, we first calculate dR/dt the relative speed with which the target and antenna approach each
other.To find the R-directional component of Vrel (the velocity with which the target approaches the sensor), we can
project yre) g@arallel to x) onto a line parallel to R to get

rel R

(3.4)

rel

V=V cos(%—&} =V, sind
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One could form a longer synthetic aperture by steering the transmitted radar beam which follows the target by

practical aspects. Since the return echo will be shifted by the same amount, the Doppler frequency shift for the target

is

f, _ - 2V, sin 9.9: 2V, g X (3.5)
Cc C A AR

This value provides a means of determining exactly where the echo signal came from. From the equation for

Doppler frequency shift fd , the azimuth resolution can be calculated as

ox =[£LR ]5fﬂ1

Vyel
(3.6)
where 6fd is the resolution of the Doppler frequency shift approximately equal to the inverse of the time during
which the point target was in the beam, §fd = 1 / tspan. This time span can be calculated as

arc length  Réy RA

f
an
LE: Vel L v (3.7)

Therefore the azimuth resolution of synthetic aperture radar is given by

AR Y Lyw L
S¥ =[ ][ a rei] - e
Qv M RA 2 38)

Making the antenna length L as short as possible to form a complete aperture without aliasing longer wavelengths
back into shorter wavelengths we must pulse the radar at analong-track distance of L/2 or shorter. This result of
6x=La/ 2 is not strictly true, however, since we assumed that a constant Doppler frequency shift was observed
during the entire time tspan. In fact, 6fd changes throughout the observation and is only approximately constant for
a time much less than tspan[2].To understand why such a rapid pulse rate is necessary, consider the maximum
Doppler shift from a point that is illuminated at a maximum distance ahead of the radar where vo is the carrier
frequency = C/A and v is the velocity of spacecraft relative to the ground. The maximum Doppler shift occurs at a
maximum angle of

sin 0A=4
So Av =L (3.9)
for (BA =45 < 10 90 =). 20— (§)[lj(ij _

csing, A ANCAL L

This corresponds to a maximum along-track distance between samples of L/2.0ne way of achieving better along-
track performance is to boost frequency; another is to increase along-track antenna positions; a third is to decrease
the target range. None of these options are very effective from space. However, resolution is determined by the
Doppler bandwidth of the received signal, rather than the along-track width of the radar's antenna beam pattern. This
is the key step to understanding the principles upon which SAR is based on time width of compressed chrip in
azimuth direction[12].

(ii)From the geometry of SAR is shown in Fig. 3.5, the along track performance antenna beam illuminates the target
when beam reaches position tn and continues to illuminate the target for a distance until it reaches tn+3. The length
LSA called "synthetic aperture length”.The time to fly the array through point target is given by Integration or
dwell time

T=v (3.10)

Figure 3.5:SAR Imaging to determine azimuth resolution
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Considering the SAR imaging geometry we take that at along track direction total antenna length as 2LSA to the
ground.Note that LSA is basically the arc length of along track beamwidth 6A.

RA

AT

Where DAT is along track antenna length
Nowif R(t)=./x2 + R?

Let us define the beams position at any time t as 'x' and the alongtrack velocity 'v'.The broad side slant range to
target as R and the slant range to the target at any time is R(t).

R(t)=/(vt); + R
R(t)=Ro/(vt)?/Ro+1 312

Typically x<< RO which implies vt/R0 << 1
Let us denote this equation as a=V (1+b)
Recalling binomial theorem we can write

LSA =ROA =

(3.11)

a=V (1+h2) as 1+h2/2 - b4/8+h6/16---- (3.13)
Since b<<<1 we can consider first order as a=1+b2/2

Using this (3.14) approximation

1/2(vt)?
R(t)=R. |1 3.14
O=F " Ry o
R(t) =R, |R, + V) (3.15)
2R,

Consider the signal transmitted from the beam to be of simple sinusoid form as cos(w00) .This ignores pulse
compression but useful in our approximation when target is moving.Let the signal recieved back at the moving beam
after reflection from target be cos(w0(t+t2w)) .As time taken for two way trip is 2w, it is considered as
pw= 2RO _2 [, o’ (3.16)
cC Cc\° 2R
The received signal is then )
cos(w0t+m0t2w) = cos[wOt+ C()OE(RO +

vy*

2R,

= ot w
cos[w tc (2R, + 5 y ]

0

) ]

As @0 =24 _27
o A

So the recieved signal becomes -
cos(@0t+m0t2w) = cos[w0ffRo . 2V

= cos[wOt+dpR(t)] o

= cos[dT(1)] (3.17)
where R(t) is the phase delay of the two way travel between the beam and target and ¢T(t) is the total phase angle
of the received signal.

If we define instantaneous angular frequency of sinusoid as

() e (1)
At
Wy + ——
R,
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S0 w= = w0 + Bt (3.19)

Thus the resultant signal has variation in its frequency variation induced on it as a result of motion towards the
beam .The recieved signal therefore appears as received "chirp" or FM modulated signal.
Here B is the doppler rate given as B=4nv2/ R0 A rad/s2 .Hence if B expreseed in terms of frequency
2
B=2V" ;g2 (3.20)
0
Generally this azimuth cripped signal deals same way as range chripped signal i.e through matched filtering.So in
matched filtering frequency bandwidth has inverse relation with pulse width.We also take in to account of visible
time of the target towards beam ,which is the total time (tT)the azimuth signal frequency is modulated by doppler.
So the total chrip bandwith is taken as
BLg,
Bc=BtT =,
Now the width time of azimuth is
Ta:i
B

Ta= v VBO/I | D,
Bl v’ JI R A

DAT

2V

So the total time width T of the compressed chrip can be taken in azimuth direction by multiplying it with beam
velocity as

(3.21)

Ta=

T=Tav= D2AT (3.22)

Hence azimuth resolution is achieved via synthetic aperture for fully focussed SAR processing by considering
doppler effect and pulse compression techniques and by ignoring burst of unwanted pulses. This is the reason why
SAR has a high azimuth resolution with a small size of by considering the half of azimuth direction with the
variation of total time width .

IV. COMPONENTS AND TECHNIQUES OF SAR

The azimuth resolution is limited only by the length of the synthetic aperture, not by the size of the antenna carried
by the aircraft. However, a constraint on the real (physical) antenna remains: to be capable of keeping the scene of
interest within the antenna beam footprint. Appropriate synthetic aperture lengths, which are commonly from
several meters to tens of kilometers, are calculated from range, resolution and wavelength. SAR images are more
appealing in aesthetic terms when the range resolution is commensurate with that of the finer azimuth resolution.
Finer range resolution is achieved by sending a pulse of adequate bandwidth; this can be done either by sending a
suitably short pulse or by modulating a pulse so as to yield a narrow autocorrelation function similar to that which
characterizes spread spectrum communications. Popular modulation schemes include random phase codes and the
linear-frequency- modulated (LFM) chirp signal. Modern SAR systems typically employ pulses that range from
several microseconds to sev- eral hundred microseconds in length, with time-bandwidth products that are sometimes
in the tens of thousands. The LFM chirp signal is particularly advanta-geous for fine resolution SAR systems in that
it can be easily generated; another advantage is that it can be partially processed before the data is digitized. Prior

to sampling, the chirp can effectively be removed from the echo signals via heterodyning. The resulting video signal
has reduced bandwidth, in which a constant frequency maps to a constant relative delay (range) The azimuth
resolution is limited only by the length of the synthetic aperture, not by the size of the antenna carried by the aircraft.
However, a constraint on the real (physical) antenna remains: to be capable of keeping the scene of interest within
the antenna beam footprint. Appropriate synthetic aperture lengths, which are commonly from several meters to tens
of kilometers, are calculated from range, resolution and wavelength. SAR images are more appealing in aesthetic
terms when the range resolution is commensurate with that of the finer azimuth resolution. Finer range resolution is
achieved by sending a pulse of adequate bandwidth; this can be done either by sending a suitably short pulse or by
modulating a pulse so as to yield a narrow autocorrelation function similar to that which characterizes spread-
spectrum communications. Popular modulation schemes include random phase codes and the linear-frequency-
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modulated (LFM) chirp signal. Modern SAR systems typically employ pulses that range from several microseconds
to several hundred microseconds in length, with time-bandwidth products that are sometimes in the tens of
thousands. The LFM chirp signal is particularly advantageous for fine resolution SAR systems in that it can be
easily generated; another advantage is that it can be partially processed before the data is digitized. Prior to
sampling, the chirp can effectively be removed from the echo signals via heterodyning. The resulting video signal
has reduced bandwidth, in which a constant frequency maps to a constant relative delay (range)
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Figure 4.1: Block diagram of SAR system

Transmitter-Power amplifier: The main functions of the transmitter are to generate the desired waveform, amplify it
and transmit via an antenna. STALO is used as reference signal for chirp or waveform generator and other local
oscillator (LO) to maintain the coherence of SAR system. The modulation circuit provides proper pulse modulation
(PM) to the chirp mode gate and the power amplifier. Major portion of the signal is routed to a solid state high
power amplifier with 40-dB gain. The amplified signal is then radiated through the antenna via a circulator.

4.1 High Resolution of SAR by means of low profile antenna
The SAR processing can be achieved by utilising the Doppler effect (frequency shift) of the echo signal.The
instantaneous frequency for the two targets, p1 and p2 , both at a distance of Ro but separated in azimuth by a
distance, D/2, will

fot Qfﬂ;hf}” and f, + 2'—: costl, — %5511 f, (41)
since the time to fly the distance between them is
t =D sin 8o/2v and the observed differential frequency shift Afi will be

v

Afi =
5 oA

sind,

4.2)
High resolution can be obtained by considering the antenna illumination coverage on the ground should be greater
than the equivalent antenna array length independent of range, wavelength and pointing[7]. Using the antenna
beamwidth relationships, we get array length on the ground.
Rod L= AR
£ Dsind,

(4.3)
Noting that pa = D/2 for 6o = 90 results

Pa = H

(4.4)
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o

Figure 4.2: Azimuth resolution of SAR with low profile antenna

So from the above approximations and considering the illustrations of section 3.1 and 3.2 it is implied that smaller
antenna can also obtain better and high resolution with SAR. A possible solution for building the gap between high
azimuth resolution and the fast processing is analyzed .A proposal for processing special target scenes made before
the parts of the image where an aim is detected with azimuth stacking algorithm or range resolution algorithm[12].

Table 4.1shows a summary of some SAR systems. SAR system generally operate in L- Cand X-band, where slotted-
waveguide and patch antennas having low profile provide the bestperformance for high resolution for spaced-based
synthetic aperture radar (SAR) applications.

MName of the project | Frequency of | Antenna tyvpe Ciain Beamwidth
operation (degree)
Az | Ele
NASA AIRSAR P-band All Microstrip 14dBi 19 38
L-band I8dEi | 8 4
C-band 24dBi | 25 | B0
DLR E-SAR P-band Microstrip 124Bi 30 (1]
L-band Microstrip 17dBi 18 35
S-band Microstrip na. 20 | 35
C-band Microstrip 17 dBi 19 33
X-band Horn 17.5dBi| 17 | 30
CCRS C/X SAR C-band All Horn 26dBi | 3.3 | 25
X-band 285dBi| 14 | 26
NASDA X/L-band | L-band Microstrip 184Bi | 23 | 40
SAR X-band Waveguide-slot 26.5dBi| 2.3 | 40
DCRS EMISAR L-band All Microstrip 17.1dBi| 10 | 42
C-band 26dBi | 24 | 31
Lynx Ku-band Horn-fed dish L. 32| 7
PHARUS C-band C-band Microstrip ILa. 23 | 4
SAR

Table 4.1: Comparison of antenna parameters between SAR system

Image Formation :For using the SAR system for nearly real-time image processing, due to actual processor
capabilities the biggest issue is to find a way between sufficient contrast and short processing time by maintaining
high azimuth and range resolution. Since there are no smooth transitions between and algorithms mainly focus on
one of both sides respectively, one cannot do a compromise. The sum of the resulting vector from SAR data yields
the reflectivity of the pixel. This way even a translational motion of the antenna can be compensated.

Pixel Processing: To achieve range resolution with range stacking the results for different frequencies are calculated
and added each time[11]. In both 2-D dimensions the processing is substituted by a summation. For each range line,
each pixel is processed concerning its reflectivity. Each range line has to be processed for each frequency. This
results for one range line are summed up vectorially and picture is reconstructed and the corresponding data is
recorded. An estimation of the processing time can be done. Therefore a reference processing time have to be
defined using equation (3.22).

V. ANALYSIS OF SAR IMAGE PROCESSING ALGORITHMS
The main goal of SAR data processing is the determination of the range and azimuth coordinates of the targets lying
in the strip- map[11]. Generally there are two approaches for SAR processing, namely azimuth stacking Algorithm
and Range Doppler Processing Algorithm.
Receiver: The function of a radar receiver is to amplify the echoes of the radar transmission and to filter them in a
manner that will provide the maximum discrimination between desired echoes (ground) and undesired interference.
The front-end circuitry of the receiver selects the input frequency band and amplifies the incoming signal to a proper
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level for the detector and subsequent low frequency circuitry. The LNA amplifies the received echo from the antenna
by 30 dB and improves the sensitivity of the system. A combline band-pass filter is inserted at the receiver to reject
any unwanted signal outside the passband. This signal is then down-converted to IF by a quadrature mixer and
produces full-phase IF signals (I and Q) [10].

Ato D converter: A high-speed analog-to digital converter (ADC) is used to digitize the down-converted signal to
data stream and stored in a high-density digital recorder.

Motion compensation: To reconstruct a recorded scene correctly, the main postulation to an SAR system is, that its
trajectory has to be known using image formation with the help of pixel processing. For this purpose different
algorithms are recommended in literature to detect the deviation either by inertial measurement supported by GPS
and IMUs or by analyzing the received signal[10]. Afterwards the received data is manipulated, what means that the
phase and the amplitude are corrected.

Azimuth
123 4 —_—

Figure4.3: Two-dimensional SAR data space.

From figure 4.3 a Two-dimension Algorithm processes the range and azimuth data simultaneously,whereas the
Range Doppler Processing algorithm implements range compression processing followed by azimuth compression
processing[8].

5.1 The Azimuth Stacking Algorithm

The radar radiation pattern and the limitations of different SAR will not be included in this analysis. Because only
phase information matters for focusing SAR signal, while the antenna radiation pattern and mode selection only
affects the focusing pattern. Then, evaluating, the 2D SAR spectrum (range compressed) of a point scatterer located

S(ky,w) —l'.\'.p{ — f\m" — _,r'.f.',,.r}.

at (x, r) can be given as (5.2)

in which the insignificant slowly varying amplitude terms and constants are suppressed. Where, ku is the wave

number variable corresponding to the azimuth (antenna illuminating) position 'u’. where kr is the frequency domain

after the mapping.® the angular velocity of the transmitted pulse, and 'k = wc' the corresponding wave number

variable.

Based on the SAR 2D spectrum ,the proposed azimuth stacking algorithm will be discussed in this section. This

mainly consists of three parts: Doppler domain mapping, frequency domain mapping, and azimuth stacking. The

two consecutive mappings will change the conventional range dependent SAR transfer function (or 2D spectrum)

into azimuth-dependent[12].

According to the above derivations, the proposed azimuth stacking algorithm with reference to Azimuth Stacking

Algorithm for Synthetic Aperture Radar Imaging can be given by following steps :

[1] Range compression without IFFT

[2] Azimuth FFT to obtain SAR 2D spectrum

[3] Doppler domain mapping

[4] Frequency domain mapping

[5] Phase multiplication of diferent signals S(ku, kr) by there corresponding phase values @(ku, kr ;xi) is done in
this step,which corresponding to filtering the data for each azimuth position.

[6] Integrating (summing) the multiplication result over the Doppler domain ku to give targets function y(xi, ) at
azimuth position x.

[7] Inverse Fourier transform of y(xi, kr) to generate the reflectivity image y(xi, r) at azimuth position xi.

[8] Iterating step 4) to step 6) for all azimuth positions

[9] Combing y(xi, r) along azimuth direction to yield 2D SAR image.

It should be noted that since the Doppler domain mapping and frequency domain mapping are linear mappings, they
can be efficiently implemented suffering from the interpolation truncation error.
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V1. DESIGN CONSIDERATIONS
The design parameters can be used as the basic guideline to select the suitable image processing algorithm along
with microwave system parameters to obtain high resolution performance along with low profile antenna for
different microwave frequencies. Basically, the system hardware consists of the microwave components such as
antenna, oscillator, mixer, power amplifier and circulator. The design of the microwave subsystem is generally more
difficult to handle. Therefore, the microwave subsystem was given more attention in the initial stage of the design.

VII. COMPARATIVE STUDY AND FUTURE WORK

Comparison of SAR image processing techniques helps to determine the range and azimuth coordinates of the

targets lying in the strip-map to reconstruct a radar image .Synthetic Aperture Radar is useful future technology for

Military endeavors and Environmental monitoring and plays important role in surveillance, reconnaissance,

mapping, monitoring and resource management. As this study helps to determine the salient features of SAR which

e Achieves range resolution by utilizing the change in the platform position with respect to the target where
resolution is determined by the Doppler bandwidth.

e Measurement of its Doppler frequency shift fd allows us to associate it with an azimuth coordinate for better
resolution is using smaller antenna which greatly increases the computational processing

o If aregion of the scene is disturbed between the time slots with time span in which the two images are plotted,
then the speckle coherence for that region is destroyed. Pixel-by-pixel coherence measurement and mapping for
the two images will display the destroyed coherence and distinguish it from its surroundings. This technique is
called coherent change detection used to ermine the individual SAR images .

e Areas of current research and development include foliage penetration, ground penetration, imaging moving
vehicles, bistatic imaging (transmitting and receiving antenna on separate vehicles) and techniques for improved
image quality, particularly at long ranges, fine resolution and for large scenes.

e In near future modern high-performance SAR systems, with their multiple modes and unique capabilities, are
increasingly being turned to as indispensable imaging tools.

VIIl. CONCLUSION

A comparative study on SAR serves how multiple images can produce a comparable resolution of an image by
necessary signal processing algorithm like azimuth stacking algorithm which takes the advantage of radar motion to
synthesize a large antenna aperture using small antenna. This paper will be useful to introduce high resolution of
images by achieving fine azimuth resolution with doppler shift using low profile antennas and fine range resolution
is achieved by sending a pulse of adequate bandwidth, in general for space applications mainly for flying objects.
Future SAR systems may have capability of huge simultaneous access using different mechanisms with single
monitoring system, particularly for better understanding which may lead to conventional technique with low risk.
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