
  

SANDIA REPORT 
SAND2006-5855           
Unlimited Release 
Printed September 2006 
 
 
 

SAR Processing with Stepped Chirps 
and Phased Array Antennas 
 
 
 
Armin W. Doerry  
 
 
 
 
Prepared by 
Sandia National Laboratories 
Albuquerque, New Mexico  87185 and Livermore, California  94550 
 
Sandia is a multiprogram laboratory operated by Sandia Corporation, 
a Lockheed Martin Company, for the United States Department of Energy’s 
National Nuclear Security Administration under Contract DE-AC04-94AL85000. 
 
Approved for public release; further dissemination unlimited. 
 
 
 

 



- 2 - 

 
 
 
 

Issued by Sandia National Laboratories, operated for the United States Department of Energy by 
Sandia Corporation. 
 
NOTICE:  This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government, nor any agency thereof, nor any of 
their employees, nor any of their contractors, subcontractors, or their employees, make any 
warranty, express or implied, or assume any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process disclosed, or 
represent that its use would not infringe privately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government, any agency thereof, or any of their contractors or subcontractors.  The 
views and opinions expressed herein do not necessarily state or reflect those of the United States 
Government, any agency thereof, or any of their contractors. 
 
Printed in the United States of America. This report has been reproduced directly from the best 
available copy. 
 
Available to DOE and DOE contractors from 
 U.S. Department of Energy 
 Office of Scientific and Technical Information 
 P.O. Box 62 
 Oak Ridge, TN  37831 
 
 Telephone: (865) 576-8401 
 Facsimile: (865) 576-5728 
 E-Mail: reports@adonis.osti.gov 
 Online ordering: http://www.osti.gov/bridge 
 
Available to the public from 
 U.S. Department of Commerce 
 National Technical Information Service 
 5285 Port Royal Rd. 
 Springfield, VA  22161 
 
 Telephone: (800) 553-6847 
 Facsimile: (703) 605-6900 
 E-Mail: orders@ntis.fedworld.gov 
 Online order: http://www.ntis.gov/help/ordermethods.asp?loc=7-4-0#online 
 
 

 
 

 

mailto:reports@adonis.osti.gov
http://www.osti.gov/bridge
mailto:orders@ntis.fedworld.gov


 

SAND2006-5855 
Unlimited Release 

Printed September 2006  

 

SAR Processing with Stepped Chirps 
and Phased Array Antennas 

 
Armin W. Doerry 

SAR Applications Department 
 

Sandia National Laboratories 
PO Box 5800 

Albuquerque, NM  87185-1330 

 

 

ABSTRACT 
Wideband radar signals are problematic for phased array antennas.  Wideband radar 
signals can be generated from series or groups of narrow-band signals centered at 
different frequencies.  An equivalent wideband LFM chirp can be assembled from lesser-
bandwidth chirp segments in the data processing.  The chirp segments can be transmitted 
as separate narrow-band pulses, each with their own steering phase operation.  This 
overcomes the problematic dilemma of steering wideband chirps with phase shifters 
alone, that is, without true time-delay elements. 
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FOREWORD 
The underlying problem addressed in this report is “How do we make a phased array 
antenna perform fine-resolution SAR in squinted geometries?”  The hang-up is that 
steering wideband signals really requires true time-delay adjustments between antenna 
array elements, but phase shifters are much easier to implement. 

Nevertheless, the advent of Sandia’s MiniSAR has sparked a new round of interest from 
multiple companies and agencies in marrying the MiniSAR to their phased array antenna 
system, which invariably employs phase shifters, and not true time-delay adjustments. 

Herein we propose a solution that has its origins in another program, the DOE NA-22 
funded Concealed Target SAR (CTSAR) project, where it was briefly investigated the 
concept of coherently combining data taken at different portions of the radar band that in 
the case of CTSAR needed to omit specific stay-out frequencies.  Ultimately, however, 
this was not employed in the CTSAR project. 

For the current phased array antenna effort, the bands are adjacent, but need to be 
transmitted separately for other reasons, namely to allow independent adjustment of 
phase shifters in the phased array antenna system. 
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1 Introduction & Background 
Conventional Synthetic Aperture Radar (SAR) achieves its range resolution from the 
bandwidth of its transmitted signal, and its azimuth resolution from the diversity of its 
viewing aspect angle.  Typically, at any one location along its synthetic aperture, the 
radar transmits a pulse that exhibits the entire bandwidth of interest.  Often this is a 
Linear Frequency Modulated (LFM) chirp signal, although other modulation schemes 
may also provide the bandwidth necessary to achieve the desired resolution. 

The raw echo data that is collected by the radar is termed the Phase-History data, or just 
Phase Histories.  LFM Phase History data that is dechirped, in a technique known as 
stretch processing,1 are effectively holograms of the scene being imaged, that is, samples 
of the Fourier Space of the scene.  This data can be processed into an image using 
transform techniques.  A common technique for fine resolution processing is the Polar 
Format Algorithm (PFA) processing technique, first presented by Walker,2 but since 
described by many others.  Other algorithms and techniques also exist, and other 
waveforms may also be manipulated with relatively simple signal processing to represent 
the Fourier space of the scene. 

Two recent technology developments have come on the scene with conflicting demands 
on the radar. 

The first is the advent of extremely fine-resolution multi-mode SAR systems, often 
exhibiting resolutions on the order of 0.1 m or less.  Operationally, these SAR systems 
are required to be able to squint substantially forward or aft of broadside to the aircraft, 
perhaps by 45 degrees or more.  Nevertheless, the fine resolutions require transmitted 
signal bandwidths of many hundreds of MHz, even approaching 2 GHz for 0.1 m 
resolution after sidelobe filtering. 

The second development that conflicts with the first is the advent of applications 
necessitating Active Electronically Steered [phased] Array (AESA) antenna technology.  
These systems rely on steering the antenna beam by adjusting the phase and/or delay of 
signals applied to individual radiating elements, or sometimes small groups of radiating 
elements.  The ‘cleanest’ steering technique is to provide time delay between elements, 
but for relatively narrow-band signals this is approximated by adjusting the phase 
between elements.  For narrow-band signals these are essentially equivalent techniques. 
Phase shifters are generally easier and less costly to implement than programmable true 
time-delay elements.  The down-side is that phase shifters are problematic for steering 
wideband signals, such as those required by fine-resolution SAR systems. 

Essentially, the required time delay requires a frequency-dependent phase shift.  
Approximating a time delay with a constant phase shift is tolerable for narrow-band 
signals, but not for wideband signals.  Hence the conflicting demands for fine-resolution 
inexpensive AESA based SAR. 
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Skolnik3 presents a rule-of-thumb for the threshold of tolerance while employing only 
phase shifters is that at a 60 degree scan angle,  

( ) ( )degbeamwidthboresight%Bandwidth ≈ . 

The object of this report is to describe a technique whereby a wideband LFM chirp is 
broken into several segments, with each relatively narrow-band segment transmitted on a 
separate pulse, and capable of being adequately steered by phase shifters in an AESA. 

Prior Art 

Alberti, et al.,4 describe their MINISAR radar system that employs a stepped chirp signal 
for the purpose of adding “flexibility to the system that can be easily upgraded to transmit 
wider bandwidth,” and allowing “the use of more precise chirp generator devices able to 
assure high degree of phase linearity.”  Their system is nevertheless fairly narrow-band in 
that it offers 280 MHz of resolution bandwidth at X-band, achieved in four 70 MHz 
consecutive chirp segments.  Furthermore, while they employ an array antenna, it is not 
an AESA. 

Schimpf, et al.,5 describe a short-range millimeter-wave SAR system that uses segmented 
LFM waveforms for the purpose of limiting chirp rate in spite of extremely short pulses 
used.  No mention of phased array beam steering issues are made.  This system is further 
described by Brehm, et al.6

Yunhua, et al.,7 discuss processing stepped chirp signals, but do not address phased array 
antennas at all. 

Narayanan, et al.,8 also describe what they call a “stepped-chirp frequency modulation 
(SCFM) radar.”  However this radar creates a single waveform that is chirped by 
applying a digitally sampled ramp to a Voltage Controlled Oscillator, creating that chirp 
in a stepped fashion.  This is apparently done uniformly to each pulse.  Furthermore, 
although an array antenna is used, it is not an AESA. 

Some systems described as step-chirp systems in fact operate by synthesizing a chirp via 
transmitting a single frequency with each pulse, but varying that frequency on a pulse-to-
pulse basis.  Tuley, et al.,9 describe such a system. 

Weiss, et al.,10 describe a wideband SAR employing an AESA.  However, they observe 
“the need of true time delays to guarantee the aspired range resolution of one decimeter 
also for large squint angles.” 

Pape and Goutzoulis11 describe a photonic true time-delay element for wideband phased 
array antennas, stating that such devices are required “[t]o satisfy the simultaneous 
requirements of wide bandwidth and large antenna scan angle.” 

Loo, et al.,12 also describe using photonics to implement true time-delay for AESA beam 
steering to avoid “beam squint.” 
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Goutzoulis, et al.13, describe a hybrid electronic and fiber optic true time-delay circuit for 
AESA application, and in the process acknowledge that electronic solutions offer 
“economical advantages.” 

Fischman, et al.,14 describe a hybrid approach to AESA beam steering that involves phase 
shifters, and both analog and digital true time-delay elements.  This is for a large (50 m x 
2 m) L-band antenna even with signals of only 80 MHz bandwidth. 

Schuss & Hanfling15 were issued a patent where “[a] space fed antenna system is adapted 
to correct for beam pointing (squint) errors and collimation errors caused by frequency 
variations of the R.F. energy radiated by the antenna system.”  Their technique requires 
time-delay elements for wideband signals. 

Boe, et al.,16 were issued a patent in 2004 “for maintaining beam pointing (also known as 
stabilizing) for an Electronically Scanned Antenna (ESA) as its frequency is varied over a 
wide frequency bandwidth. The technique uses discrete phase shifters, a number of stored 
states, and a control methodology for rapidly switching among the states, e.g. within a 
pulse.”  The concept of rapidly adjusting phase shifters within a chirped pulse requires 
overhead in circuitry that may be problematic to efficient low-cost system design and 
manufacture. 

An interesting side-note is that the feature of scan angle changing with frequency is 
actually employed to advantage in a class of radars called “Frequency-Scan Arrays”, as 
noted by Skolnik.17

2 Overview & Summary 
Fine resolution SAR requires wideband signals to be transmitted and received.  
Electronically steered phased-array antennas have difficulty steering wideband signals 
without the use of expensive and cumbersome true time delay elements.  More desirable 
phase shifters are by themselves inadequate to the task. 

Wideband radar signals can be generated from series or groups of narrow-band signals 
centered at different frequencies.  A wideband LFM chirp can be assembled from lesser-
bandwidth chirp segments.  The chirp segments can be transmitted as separate pulses, 
each with their own steering phase operation.  The chirp segment bandwidth would 
essentially be narrow-band by itself.  This overcomes the problematic dilemma of 
steering wideband chirps with phase shifters alone.  True time-delay elements are not 
required. 
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3 Detailed Analysis 

3.1 The video phase history data model 
Consider a LFM transmitted signal of the form 

( ) ( ) ( )
⎭
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⎫

⎩
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⎧

−+−+⎟
⎠
⎞

⎜
⎝
⎛ −

= 2,
,, 2

exprect, n
nT

nnTnT
n

TT ttttj
T

tt
AntX

γ
ωφ  (1) 

where 

TA  = the amplitude of the transmitted pulse,  
 = time, 
 = index value of pulse number, 

t
n 22 NnN <≤− , 

 = reference time of nth pulse, 
 = transmitted pulse width, 

nt
T

nT ,φ  = transmit waveform reference phase of nth pulse, 

nT ,ω  = transmit waveform reference frequency of nth pulse, and 

nT ,γ  = transmit waveform chirp rate of nth pulse. (2) 

The received echo from a point scatterer is a delayed and attenuated version of this, 
namely 

( ) ( nttX
A
A

ntX nsT
T

R
R ,, ,−= )
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 (3) 

where 

RA  = the amplitude of the received pulse,  
 = echo delay time of the received echo for the nth pulse. (4) ns,

This is expanded to 
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Employing stretch processing, and Quadrature demodulation, requires mixing this with a 
Local Oscillator (LO) signal of the form 
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where 

nmt ,  = reference delay time of nth LO pulse, 
 = LO pulse width, LT

nL,φ  = LO waveform reference phase of nth LO pulse, 

nL,ω  = LO waveform reference frequency of nth LO pulse, and 

nL,γ  = LO waveform chirp rate of nth LO pulse. (7) 

This yields a baseband video signal of the form 

( ) ( ) ( )*,,, ntXntXntX LRV =  (8) 

or 
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which simplifies to 
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In this model, we presume 
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nTnL ,, φφ = , 

nTnL ,, ωω = ,  

nTnL ,, , (11) γγ =

which allows the reduction to 
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Now let 

ncncnm c
tt ,,,

2 r== , 

nsns c
t ,, r=

2 , 

( ) ( )nnsncn iTttt τ+=−− ,,   for 22 IiI <≤− , (13) 

where 

nc,r  = the position vector of the radar with respect to the target scene center, 
 = the position vector of the radar with respect to the target point, 

 = the intra-pulse data index,  
 = the intra-pulse sampling interval, and 

ns,r
i

,nsT

nτ  = the intra-pulse sampling delay. (14) 

Forcing the sample times to be within the period of non-zero data allows the sampled  
video data to be described as 

( ) ( ) ( ) ( )
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⎬
⎫
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2

,,2
,

,,,,,,
22exp, nsnc

nT
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 (15) 

Letting 

( )nsncncsr ,,, rr −=  (16) 

Allows us to write 
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It becomes convenient to constrain 

( ) ( )iTiT snnsnTnnTnT 0,00,,,, γωκγτγω +=++  (18) 

where 

0ω  = the nominal or reference frequency, 

0γ  = the nominal or reference chirp rate, and 
 = the nominal or reference sample spacing, (19) 0,sT

which allows 

( ) ( )
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,
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22exp, ncs
nT
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c
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γ
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The second phase term is known as the residual video phase error and can be removed by 
data preprocessing, but can also often be ignored.  Ignoring the RSPE will slightly 
degrade the image, and result in a slightly smaller focused scene diameter, the degree of 
which is exacerbated by short pulses with high chirp rates. 

Removing the RVPE (also known as deskewing) entails filtering the data in the range 
dimension, and can be accomplished in the frequency domain by a Fourier Transform 
across index i (or equivalent), followed by a phase correction, followed by an inverse 
Fourier Transform.  The technique is discussed in texts by both by Carrera, et al.,18 and 
Jakowatz, et al.19   

Consequently, whether ignored or compensated, this leaves us with a data model of 

( ) ( )
⎭
⎬
⎫

⎩
⎨
⎧ += ncsnsRV riT

c
jAniX ,0,00

2exp, κγω . (21) 

The target scene 

Consider the geometry of Figure 1 where 

s  = the target scatterer location vector from the scene center, 
nc,ψ  = the grazing angle at the scene center, and 

nα  = the instantaneous aperture viewing angle. (22) 
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Figure 1.  Radar geometry definitions. 

Note that 

srr −= ncns ,,  (23) 

which allows 

srrrr −−=−= ncncnsncncsr ,,,,, . (24) 

In general,  and  vary with index n.  This in fact defines the synthetic aperture. nc,r ns,r

An expansion common to PFA processing allows us to approximate 

( )ynxnncncs ssr −≈ ααψ tancoscos ,,  (25) 

and the video signal as 

( ) ( ) (
⎭
⎬
⎫

⎩
⎨
⎧ −+= ynxnncnsRV ssiT

c
jAniX ααψκγω tancoscos2exp, ,0,00 ) . (26) 

The usual Sandia motion compensation forces 

0,, coscoscos cnncn ψαψκ =  (27) 

for which the video signal becomes 
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( ) ( ) (
⎭
⎬
⎫

⎩
⎨
⎧ −+= ynxcsRV ssiT

c
jAniX αψγω tancos2exp, 0,0,00 ) . (28) 

In more conventional systems, this is accomplished with data resampling and 
interpolation, but achieves the same result. 

Spatial sample points are conveniently chosen at  

ndn αα =tan  (29) 

so that the final model becomes 

( ) ( ) (
⎭
⎬
⎫

⎩
⎨
⎧ −+= yxcsRV sndsiT

c
jAniX αψγω 0,0,00 cos2exp, ) . (30) 

This is our generalized starting point, consistent with current Sandia data collection and 
processing techniques. 

PFA Processing 

The details and variations of PFA processing are adequately addressed in a number of 
other texts and reports.20, ,21 22  Figure 2 illustrates one set of processing steps that 
accomplishes this. 

Range 
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(resampling)

2-D Discrete 
Fourier 
Transform

XV(i,n) Complex
Image

Can be 
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alignment 
(resampling)

2-D Discrete 
Fourier 
Transform

XV(i,n) Complex
Image

Can be 
accomplished with 
real-time motion 
compensation  

Figure 2.  Typical PFA processing chain. 
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3.2 Stepped Chirps 
The idea becomes to transmit only a small segment of the entire bandwidth on any one 
pulse, moving that segment’s center frequency on a pulse to pulse basis, thereby covering 
the entire resolution bandwidth with multiple pulses. 

First we divide the sample set of index n into P subapertures or groups of width M pulses 
each, such that 

pMmn +=  (31) 

where 

m  = the segment intra-group azimuth index, 22 MmM <≤− , and 
 = the inter-group azimuth index, p 22 PpP <≤− . (32) 

Note that with no overlap, this implies that  

MPN = . (33) 

The concept of segmented chirps implies a constraint on the range of index i for 
particular segment positions m, such that 

mKki +=  (34) 

where 

k  = the segment range index, 22 KkK <≤− . (35) 

That is, each pulse collects K samples using some lesser-bandwidth chirp. 

With no overlap, this implies that 

MKI = . (36) 

The video signal model becomes 
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c
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which we manipulate to 
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Some observations are worth noting. 

For a specific pulse, that is, a particular chirp segment within a particular group, the 
values for indices p and m are constant.  Consequently, for this particular pulse the 
transmitted center frequency is given by 

( )mKT mpsmpmp ,0,0,0, κγκωω += . (39) 

The transmitted bandwidth in Hz of this particular segment is given by 

π
κγ

2
,0,0

,
KT

B mps
mp = . (40) 

The nominal resolution bandwidth in Hz of the radar remains 

π
γ

π
γ

22
0,00,0 KMTIT

B ss
resolution ==  (41) 

which is approximately M times greater than the transmitted bandwidth of any one pulse.  
That is, each pulse exhibits only a fraction of the overall resolution bandwidth. 

Recall that the phase history data represent samples in the Fourier space of the scene 
being imaged, consequently we plot the data for this data collection scheme in Figure 3. 
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Figure 3.  Segmented chirp representation in the Fourier Space of the scene as projected onto a 
horizontal plane.  For this example M=4 and P=8.  The axes kx and ky are the wavenumber axes 
corresponding to the x and y spatial axes of Figure 1.  The dashed lines identify the possible usable 
frequency range for any one pulse, whereas the solid bold segments identify the actual frequency 
space of any one chirp segment. 
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Modified PFA Processing 

Recall the model for the data 

( ) ( )( ) ( )( )
⎭
⎬
⎫

⎩
⎨
⎧ −+++= yxcsRV spMmdsmKkT

c
jAmpkX αψγω 0,0,00 cos2exp,, . (42) 

We write this now as 

( )
( )( ) ( )

( )( ) ⎪
⎪
⎭

⎪⎪
⎬

⎫

⎪
⎪
⎩

⎪⎪
⎨

⎧

++−

+++
=

ycs

xcs

RV

smKkT
c

pMmdsmKkT
cjAmpkX

0,0,00

0,0,00

cos2

cos2

exp,,
ψγω

αψγω
. (43) 

For a particular value of segment index m, data varies in azimuth with index p, and in 
range with index k.  This data is on its own trapezoidal grid as shown in Figure 3, and can 
be processed accordingly. 

Consistent with PFA processing, we require an azimuth resampling to a rectangular grid 
in the Fourier space projection.  This is accomplished by interpolating the data such that 

( ) ( ) npMmmKk
Ts ′=+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
++

0

0,01
ω
γ

. (44) 

The video signal data model thereby becomes 

( )
( )( ) ⎪

⎪
⎭

⎪⎪
⎬

⎫

⎪
⎪
⎩
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⎧
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′
=′
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xc

RV

smKkT
c

nds
cjAmnkX

0,0,00

0,0

cos2

cos2

exp,,
ψγω

αψω
. (45) 

At this point there is no reason to keep separate indices m and k anymore, and we can 
revert to the original fast-time index i.  This yields 

( )
( ) ⎪

⎪
⎭

⎪⎪
⎬

⎫

⎪
⎪
⎩
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⎧

+−

′
=′

ycs

xc

RV

siT
c

nds
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0,0,00

0,0

cos2

cos2

exp,
ψγω

αψω
 (46) 

which can be rewritten into the convenient and conventional form 
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( )
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⎪
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−

−
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s
c

isT
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nds
c

jAniX

0,0

0,0,0

0,0
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cos2

cos2

exp,

ψω

ψγ

αψω

. (47) 

This form has indices i and  separated such that it exists on a rectangular grid, that is, it 
has been reformatted from the segmented trapezoidal grid of Figure 3 to a rectangular 
grid suitable for a conventional 2D DFT in the usual manner of image formation.   

n′

Of course, the azimuth interpolation can be combined with the azimuth DFT in a variety 
of manners already reported in the literature. 

Ramifications and Constraints 

From Figure 3 we see that for any one frequency, only every Mth pulse contributes data.  
Consequently, to prevent aliasing, and all other things being equal, the minimum 
allowable Pulse Repetition Frequency (PRF) needs to increase by a factor of M from the 
non-segmented case.   

Should pulse periods result that are less than echo delay time for the target scene of 
interest, then the minimum required PRF will cause “pulses in the air”. 

From Figure 3 we also note that although N pulses are emitted, at any one frequency the 
data only spans  pulses.  This causes a very slight reduction in the achievable 
azimuth resolution.  Of course this can be more than made up by collecting an additional 

( )+− 1MN

M  pulses. 
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3.3 Phased Array Limitations 
The major limitations of phased array antenna performance are well-known.  They are 
repeated here for completeness. 

For a uniformly weighted, continuous linear aperture, the far-field pattern is given by 

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−≈

0

0sinsinsinc,
λ
θ

λ
θλ

LLLLP  (48) 

where as shown in Figure 4, 

L  = the real antenna array length, 
λ  = actual wavelength of signal,  
θ  = off-bore-sight angle of interest,  

0λ  = the nominal reference wavelength of the array,  

0θ  = the programmed scan angle referenced to 0λ . (49) 

L

Scan Angle

Bore-sight

Array face

θ

θ0

L

Scan Angle

Bore-sight

Array face

θ

θ0

 

Figure 4.  Geometry of one-dimensional array. 

In the vicinity of the programmed scan angle we can write 

φθθ += 0  (50) 
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where φ  is the deviation from the desired scan angle. 

The peak response of the pattern is located when 

( )
0

00 sinsin
λ
θ

λ
φθ

=
+

. (51) 

The nominal antenna beamwidth is approximately 

0

0
cosθ
λ

φ
Lbeamwidth ≈ . (52) 

The sensitivity of beam pointing to frequency or wavelength can be calculated as 

000tan f
f∂

−≈
∂

≈
∂

λ
λ

θ
φ  (53) 

where  is the nominal center frequency in Hz. 0f

From this, the variation of pointing angle over signal bandwidth B is calculated as 

0
0tan

f
Bθφ ≈∆ . (54) 

Of course, we desire this to be much less than the beamwidth of the antenna, that is, 

. beamwidthφφ <<∆  (55) 

which becomes the constraint 

0sinθL
cB << . (56) 

Interestingly, this is not dependent on wavelength, and can be further manipulated to the 
constraint on slant-range resolution as 

2
sin 0θρ

L
r >> . (57) 

For these inequalities, one might presume that a factor of ten would suffice. 
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Radar PRF 

We shall presume that the array is oriented with bore-sight oriented broadside to the radar 
flight path. 

For broadside imaging, assuming the dimension L is the azimuth size of the array, the 
minimum radar PRF is calculated by Doerry23 as 

L
vk

f xa
p

2
≈  (58) 

where 

xv  = the tangential velocity of the radar (forward velocity for the broadside case), and 
 = the Doppler oversampling factor (typically on the order of 1.5 to 2.0).  ak

 (59) 

In a squinted mode, the tangential velocity and the effective aperture size both reduce by 
a factor of cos 0θ , leaving the net relationship 

L
vk

f xa
p

2
≈ . (60) 

As a side note, this suggests that an Exoclutter Ground Moving Target Indicator (GMTI) 
radar employing an AESA oriented to broadside derives no benefit to Minimum 
Detectable Velocity (MDV) by squinting forward or aft, as would a gimbaled antenna. 
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3.4 Parameter Selection 
For SAR operation, geometric parameters, including scan angle, are defined by the 
radar’s flight path and the target scene of interest. 

Radar nominal frequency (or wavelength) are defined by the hardware of the system.  
Where choice is had, a frequency is chosen based on the phenomenology desired to be 
observed. 

The phased-array antenna dimension is a function of the hardware as built. 

Radar bandwidth is determined by the desired resolution with which the scene is to be 
rendered, by the well-known formula 

r
resolution

cB
ρ2

= . (61) 

This ignores any sidelobe filtering effects. 

Using a nominal factor of ten, the array usable bandwidth is calculated as 

0sin10
1

θL
cBarray ⎟

⎠
⎞

⎜
⎝
⎛= . (62) 

The number of chirp segments required then becomes bounded by their ratio, that is 

array

resolution
B

B
M ≥ . (63) 

The minimum PRF is calculated to be 

L
vk

Mf xa
p

2
≈ . (64) 

Design Example 

Consider a Ku-band (16.8 GHz) SAR desiring to operate at a 45 degree scan angle with 
an AESA of width 0.3 m, and achieve 0.1 m resolution. 

Using the above formulas, we calculate at this scan angle 

resolutionB  = 1.5 GHz, 
 = 141 MHz, and arrayB

M  = 11. 
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4 Conclusions 
The following principal conclusions should be drawn from this report. 

• A phased array antenna steered by phase shifters alone has a finite bandwidth that 
depends on scan angle and array size. 

• A chirp waveform can be divided into segments where the bandwidth of each 
segment is less than the limit imposed by the phased array antenna. 

• Each chirp segment can be transmitted in a separate pulse.  Doing so allows each 
pulse to be steered by phase shifters alone. 

• The Phase History data can then be processed in a manner to reconstruct the 
image by combining all pulses with all chirp segments.  In this manner the image 
will exhibit resolution consistent with the entire resolution bandwidth, which can 
be much larger than any segment’s chirp bandwidth. 
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“Fiction is obliged to stick to possibilities. Truth isn't.”  

Mark Twain 
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