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Abstract - Wideband signals are not suitable for Active Phased Array Radars as it leads to grating lobe formation as well as 
beam squinting during pointing. Wideband radar signals can be generated from a group of narrowband signals centered at 
different frequencies. An equivalent wideband chirp can be assembled from lesser bandwidth chirp segments in data 
processing. The chirp segments can be transmitted as separate narrow-band pulses and the response for each segment can be 
stored for assembling them into the wideband response. This wideband response from narrowband chirp segments can be 
obtained through two methods. This paper describes the simulation results for these methods for both single and multiple 
targets and a comparative analysis is made based on the obtained results. 
 
Keywords - SAR ( Synthetic Aperture Radar ), AESA (Active Electronically Scanned Array ) , SRRP ( Synthetic Range 
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I. INTRODUCTION 
 
The Active phased array radar gives a huge agility in 
beam steering as well as things like multi-target 
tracking by multiple beam formation. This is one of 
the main reasons why mechanically scanned radars are 
replaced by these active aperture arrays. In case of 
imaging radar such as SAR, the resolution 
requirement varies from the scale of meters down to 
centimetres, which require very high instantaneous 
bandwidth in the transmitted waveforms. For array 
antenna, the choice of inter-elemental distance is 
associated with the wavelength of the wave as well as 
maximum steering angle requirements. High 
bandwidth waveforms such as LFM’s which are the 
commonly used radar waveforms, the wavelength 
varies with time. However, in AESA the inter-
elemental distance is fixed based on the centre 
wavelength 휆 . When a wideband waveform is 
transmitted grating lobes are formed and significant 
beam squinting also results (error in scanning angles) 
for a given scanning angle 휙  due to varying 휆. 
 
푑 =                              (1) 
 
To avoid this problem it is required to reduce the 
instantaneous bandwidth and keep it under the 
tolerable limit. One possible solution of that is to 
divide the high bandwidth LFM into several 
narrowband chirp segments centered at different 
frequencies (Stepped LFM/Chirp) and assemble them 
while data processing. 
The techniques simulated for compression in range for 
single point and multi-point target are based on 
matched filtering [1] and stretched processing [2]. The 
techniques are useful for SAR [3] [4] and any Active 
aperture array radar. Figure.1.a illustrate that each 
chirp segment pulse is independently transmitted and 
have a separate receive window for collecting 

response pulse echoed back from the target. Figure.1.b 
describes the structure of Stepped LFM where each 
chirp segment has B_s = 100 MHz bandwidth while 
the center frequency of chirp segment follows relation 
f +(푘 − 1)∆f  ,  for the kth segment. Where ∆f   is 
difference in centre frequency. 

 
Figure 1:a. Transmit and receive model of Stepped Chirp. b. 

Frequency vs. Time plot of Stepped LFM. 
 
II. METHOD 1:  MATCHED FILTERING OF 
NARROWBAND STEP CHIRP RESPONSE 
INTEGRATED IN TIME AND FREQUENCY 
 
A. The method 
Following process suggest a method to obtain the 
resolution corresponds to a wideband chirp using 
narrow band stepped chirps as expressed in Figure.1. 

 
Figure 2: Digital frequency shifting of successive LFM segments 

with factor of ∆풇풄 
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Figure 3: Time shifting of received chirp segments with factor of (transmitted pulse width) 흉 and adding of successive LFM segments 

for constructing equivalent wideband response. 
 
The narrowband chirp response segments echoed 
back from targets are down-converted to baseband 
and they are sampled and stored in digital memory. 
For obtaining a wideband equivalent response we 
need to merge the small chunks of information that is 
present in narrowband response into a single piece. 
For this first, each successive stepped chirp are 
shifted in frequency digitally keeping the same 
difference as it was in their carrier frequencies while 
transmitting i.e.  푓

ℎ 
=  푓 + (푘 − 1)∆푓  Where 

∆푓  is the difference frequency. Following this, each 
successive segments are shifted in time with factor of 
transmitted pulse width i.e. 푘 ℎ(푡푖푚푒 푠ℎ푖푓푡)  =  (푘 −
1) 휏 , and are added. This process is explained 
graphically in Figure.2 and Figure.3. The choice of 
time shifting with factor of 
휏  ( 푡푟푎푛푠푚푖푡푡푒푑 푝푢푙푠푒 푤푖푑푡ℎ) has a big reason, this 
choice is made based on the basis of particle wave 
interaction diagram shown in Figure 4, where we can 
see that the point with minimum range from the radar 
antenna reflects back the signal first followed by 
reflection from points with greater ranges. By shifting 
the successive chirp segments with factor of   휏 it is 
observed in simulation that the target information do 
not get corrupted hence factor of 휏 is a obvious 
choice. 
After synthesis of the wideband equivalent response. 
The baseband form of transmitted reference stepped 
chirp waves are also frequency shifted by the factor of 
∆푓  and sifted by factor 휏 in time for getting added 
into a wideband equivalent of reference transmitted 
wave. Further to this both equivalent wideband 
reference and equivalent wideband response are 

convoluted to obtain the synthetic range resolution 
profile (SRRP). 
The equations (2-7) express the entire process 
mathematically, here a n step Stepped LFM signal  
푥  is being transmitted & it’s target backscattering 
response 푦  is received at the receiver which then is 
converted to baseband form 푦   . Frequency and 
time Shifted 푥 and 푦    are then integrated to 
obtain the wideband reference and response signals 푋 
and 푌 which are then further convolved to obtain high 
synthetic range resolution profile (SRRP). This 
process is illustrated  through block diagram Figure 5. 
 

 
Figure 4: Multipoint/ multi-particle target reflection model 

 
푥   =  푒(√ π( ( )∆ )   μ )                    (2) 

x   ==============⇒
   

 ,    
y              (3) 

푦 =  푦 . 푒( √ π( ∆ ) )                 (4) 
푌 = 
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. . .
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⎥
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                                 (5) 

 
푋 = 
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⎡ [ퟎ](ퟏ,{(풋 ퟎ).풍풆풏품풕풉(풙풋 ퟏ
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⎤

                                 (6) 

 
푌 ∗ 푋 =   (SRRP)                            (7) 
 

 
 

Figure.5 Block diagram of Matched Filtering based method 
 
B. Simulation Results 
 
Simulation parameters Value 
No of targets 1 
No of chirp segments 15 
Bandwidth of each chirp segment 10 MHz 
휏  ( 푡푟푎푛푠푚푖푡푡푒푑 푝푢푙푠푒 푤푖푑푡ℎ) 10 μs 

 
Table 1: Parameters for simulating impulse response i.e. 

response of a point target. 
 

 
 

Figure 6: The SRRP output for a point target or the impulse 
response. 

Output parameters Value 
FSLL -13.49 dB 
3dB Response width 2.5 푚 
First null response width 4 m 

 
Table 2: Output Parameters for simulating impulse response i.e. 

response of a point target. 
 
The impulse response for this method is found to have     
-13.49 dB FSLL and the width of the response was 2.5 
m which was the minimum range resolution that this 
method can produce for these particular simulation 
parameters. 
 
The simulation has been conducted with varying all 
these parameters such as: 

1. Number of targets 
2. Numbers of chirp segments 
3. Instantaneous  bandwidth of chirp segments 
4. Number of points of targets 
5. Relative placement of point targets in range. 
6. Pulse width 휏 

 
The FSLL is always found somewhere around had 
13.49 dB to 15 dB. The best resolution was found to 
be following relation 푅 =  . This performance is 
that of the performance that is obtained with a single 
wideband using bandwidth of 150 MHz. 
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Simulation parameters Value 
No of targets 8 
No of chirp segments 15 
Bandwidth of each chirp segment 20 MHz 
Distance between points 2 m 
휏  ( 푡푟푎푛푠푚푖푡푡푒푑 푝푢푙푠푒 푤푖푑푡ℎ) 10 μs 

 
Table 3: Parameters for simulating response for multiple point 

target with uniformly placed points. 
 
In Figure 7 and Figure.8 displays simulation result for 
the given parameters in Table 3. 
 

 
Figure 7: 푿풊 ퟏ

ퟏퟓ  , 풀풊 ퟏ
ퟏퟓ   Wideband reference and response signals 

consisting of 15 steps 20 MHz each in time as well as frequency 
domain after synthesis. 

 

Figure 8: A total of 8 adjacently placed target with 2 m range 
gap obtained from this method. SRRP output for table 3. 

 
Output parameter Value 
FSLL -15.8 dB 
Table 4: Output Parameter for multiple point target ( uniformly 

placed ) response  . 
 
III. METHOD 2:  STRETCH PROCESSING 
BASED METHOD 
 
A. The method: 
This method can be used even when the sampling rate 
is constrained as it uses the concept of stretch 
processing [2] which de-ramps the received chirp 
before performing ADC. This is an additional benefit 
of this method apart from main objective of achieving 
high range resolution using narrow band chirps. 

Stretched processing uses a specialized local oscillator 
which de-ramps the received signal i.e. converts it into 
set of constant tones. These constant tones contain 
information about targets range and their relative 
positions. Longer tone duration ensures better 
detection & better resolution, but that demands higher 
LFM bandwidths and as we know phase array systems 
can’t deal with high bandwidth waves. Hence, this 
method processes narrowband chirps to obtain high 
range resolution. The method is illustrated with a 
diagram ref Figure 9. 

 
 

Figure 9: Stretched Processing based method. 
 
The steps chirp segments follow the same 
transmission mechanism as illustrated in Figure 1. 
Each chirp segment is centered with a different 
carrier as shown in Figure-9(a) the target echo 
response for each segment is de-chirped using local 
oscillator which produce waves with same chirp rate 
as of transmitted. This convert target echo response to 
constant tones as shown in Figure-9(b). To obtain 
high resolution profile we combine these de-chirped 
target echo responses in time. The combination is 
done after shifting each successive LFM segments 
with a factor of (풏 − ퟏ)흉 , where 휏 is transmitted 
pulse duration and 푛 is for 푛 ℎchirp segment and 
adding the data as shown in Figure.9(c). This would 
obtain an equivalent de-chirped target echo response 
corresponding to a high bandwidth LFM with 
bandwidth equal to the sum bandwidth of all step 
chirp segment used. The result at Figure-9(c) is 
further translated to frequency domain to obtain 
output shown in Figure-9(d). This output can be 
calibrated to range using the following equations. 
 
휇 = ∆

∆
                                                             (7) 

∆푑 =  푐 .∆푡 =  푐 .  ∆                                      (8) 
 
Where, 휇 is chirp rate of transmitted wave, ∆푑 is 
distance from the reference range. 
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B. Simulation Results: 
Simulation parameters Value 
No of targets 1 
No of chirp segments 15 
Bandwidth of each chirp segment 10 MHz 
휏  ( 푡푟푎푛푠푚푖푡푡푒푑 푝푢푙푠푒 푤푖푑푡ℎ) 10 μs 

Table 5: Parameters for simulating impulse response i.e. 
response of a point target. 

 

 
Figure 10:  Plot showing the impulse response for method 2. 

 
Output parameter Value 
Best Resolution 4 m 
Table 6: Output Parameters for simulating impulse response i.e. 

response of a point target. 
 
The best resolution observed in this method is 4 m  
which is not as good as previous method where we 
were able to resolves point targets placed even less 
than 2 m apart for same total bandwidth. 
 
Simulation parameters Value 
No of targets 12 
No of chirp segments 15 
Bandwidth of each chirp segment 10 MHz 
Distance between points 6 m 
휏  ( 푡푟푎푛푠푚푖푡푡푒푑 푝푢푙푠푒 푤푖푑푡ℎ) 10 μs 
Table 7: Parameters for simulating response for multiple point 

target with uniformly placed points. 
 

Figure 11: Multiple point target SRRP. 
 

Output parameter Value 
Side levels -14.3 to -45.32 

Table 8: Output parameters for simulating response for 
multiple point target with uniformly placed points. 

For low no of targets the magnitude of target response 
is very high. But for large no of closely placed point 
target the response magnitude reduces but the 
response remains satisfactory. 
 
RESULTS & DISCUSSION 
 
Simulations have been performed varying all these 
parameters such as: 

1. Number of targets 
2. Numbers of chirp segments 
3. Instantaneous  bandwidth of chirp segments 
4. Number of points of targets 
5. Relative placement of targets in range. 
6. Pulse width 휏 

 
Based on the results obtained generalized relations are 
been put in the table below for both these methods. 
 

Method 
Type 

Resolution (closest 
distinctly detectable 

points) 

Quality  (multi-point 
target response) 

Method 
1 

푐
퐵  푚 13.5-15 dB (FSLL) 

Method 
2 

2푐
퐵  푚 14.3-45.3 dB 

Table 9: Method 1 and Method 2 comparison 
 
CONCLUSION 
 
High resolution can be obtained using narrowband 
chirps and the narrowband signals can perform as 
good and effective as a wideband signal. Phased array 
doesn’t support high bandwidth waveforms hence it’s 
a necessity to use narrow band to create the effect 
corresponding to a wideband. These methods are not 
limited to phased arrays but it can be applied in any 
radar in order to save system cost. 
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