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▪ This research activity was aimed at evaluating the imaging capabilities of the upcoming ASI 
PLT-1 spaceborne SAR system when working in bistatic configurations with a satellite of CSG. 

▪ We developed a simulation framework to evaluate the impulse response of the bistatic PLT-
1/CSG system and, then, some synthetic image quality indicators, such as spatial resolution, PLSR, 
and ISLR. 

▪ Here we focused on Ph-1 of PLT-1, where the transmitter and the receiver share the same orbit. 
This is a basic assumption of the adopted processing scheme.

▪ Simulation results showed that during Ph-1 the bistatic geometry does not lead to a significant 
degradation of the imaging performance compared to the CSG monostatic system for point 
targets. 

▪ An appropriate time-domain backprojection approach is currently under investigation for 
dealing with the data synthesis in the Ph-2 of PLT-1.  
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▪ Space-based microwave synthetic aperture radar (SAR) is a key technology for Earth observation
and monitoring thanks to the global coverage, high spatial resolution, low revisit time, day-and-
night and all-weather imaging capabilities.

▪ A bistatic SAR is a SAR system where the transmitting and the receiving antennas are mounted on
different platforms, at least one out of which is moving to generate the synthetic aperture [1].

▪ Thanks to the simplified architecture, bistatic SAR can be deployed through low-cost, low-size
and low-power platforms, commonly implemented in mini- and nano-satellites, such as CubeSats.

▪ Bistatic acquisition geometries enable innovative imaging modalities (e.g., high-resolution wide
swath, signal-to-noise ratio (SNR) improvement, coherent resolution enhancement) and
applications (e.g., tomography, single-pass bistatic SAR interferometry, multi-angle surface
spectrum retrieval) [2].

▪ Here we provide an efficient simulation framework for the evaluation of the expected imaging
performance of the upcoming bistatic PLATiNO-1/COSMO-SkyMed SAR system.

▪ The PLT-1 platform will embark a compact X-band
SAR payload onboard a mini-satellite.

▪ It will operate jointly with COSMO-SkyMed 2nd

Generation (CSG) to provide both monostatic and 
bistatic SAR imaging capabilities in a long baseline 
scenario with bistatic angles as large as 30°[3]. 

▪ PLT-1 will work in two operational phases.

▪ In Phase-1 it will be placed on the same orbit of 
CSG working in a nominal passive bistatic mode. 

▪ In Phase-2, the PLT-1 satellite will be re-orbited at a 
lower altitude of about 428 km and will operate in a 
nominal monostatic mode with bistatic acquisitions 
with a CSG satellite when possible.

Parameter Symbol Value

CSG look-angle at scene 
centre

𝜗0 30°

CSG altitude ℎ𝑇 619 km

PLT-1 altitude ℎ𝑅
619 km (Ph-1)
428 km (Ph-2)

CSG velocity 𝑣𝑇 7.55 km/s

CSG antenna length (az. 
× rn.)

𝐿𝑇 × 𝑊𝑇 5.7 m × 1.4 m

PLT-1 antenna length 
(az. × rn.)

𝐿𝑅 × 𝑊𝑅 3.4 m × 0.7 m

Along-track CSG-PLT-1 
displacement

𝑑𝑇𝑅
𝑎 100 km, 350 km (Ph-1)

< 250 km (Ph-2)

Cross-track CSG-PLT-1 
displacement

𝑑𝑇𝑅
𝑐 < 100 km (Ph-2)

Operating wavelength λ 3.1 cm

CSG polarization 
channels

p H, V

PLT-1 polarization 
channels

q V

Spatial resolution (gr. rn. 
× az.)

Δ𝑥 × Δ𝑦 3 m × 3 m

CSG transmitted power 𝑃𝑇 1 kW
CSG antenna gain 𝐺𝑇 45 dB
PLT-1 antenna gain 𝐺𝑅 43 dB

PLT-1 noise temperature 𝑇𝑅 790 K

CSG pulse bandwidth 𝐵𝑊 80 MHz

PLT-1 receiver 
bandwidth

𝐵𝐶 80 MHz

CSG pulse repetition 
frequency

PRF 3381 Hz

CSG pulse length 𝜏𝑐 37.5 μs

TABLE I    PLT-1/CSG SYSTEM PARAMETERS 𝑑𝑇𝑅
𝑎 = 100 km

𝑑𝑇𝑅
𝑎 = 350 km

Along-track 
displacement

IRWrn IRWaz PSLR ISLR Sr

100 km 1.62 m 2.48 m -12.55 dB -7.72 dB 66.23 km

350 km 1.54 m 2.66 m -11.8 dB -7.67 dB 66.23 km

Monostatic CSG 1.62 m 2.40 m -13.26 dB -7.76 dB 66.23 km

TABLE II   SYNTHETIC IMAGING PERFORMANCE INDICATORS

(TARGET AT THE SCENE CENTRE)

Simulation frameworkCSG/PLT-1 imaging geometry Raw signal simulation

Phase-1 of PLT-1: 
𝑑𝑇𝑅

𝑎 = 100 or 350 km
𝑑𝑇𝑅

𝑣 = 𝑑𝑇𝑅
𝑐 = 0

Data synthesis algorithm

Tx: CSG
Rx: PLT-1

𝑠 𝑡, 𝜏 = 𝑒𝑥𝑝 𝑗𝜋𝛼 𝜏 − 𝜏𝑑
2 × 𝑒𝑥𝑝 −𝑗

2𝜋

𝜆
𝑅bist 𝑡 × 𝑟𝑒𝑐𝑡

𝜏 − 𝜏𝑑

𝜏𝑝

𝜏𝑑 =
𝑅bist 𝑡

𝑐
with overall time delay; 𝑅bist 𝑡 = 𝑅𝑇 𝑡 + 𝑅𝑅 𝑡 bistatic range

▪ Scene type: point target

Range 
compression

System & orbital 
parameters Bistatic TF 

inversion

Processing 
parameters 
evaluation

Γℎ𝑎𝑡 𝜉, 𝜂 − 𝜇 𝜉 =  𝑆ℎ𝑎𝑡 𝜉, 𝜂 × 𝐺0
−1 𝜉, 𝜂

Squint correction

▪ The bistatic transfer function (TF) 𝐺0 𝜉, 𝜂  can be analytically derived only in Phase-1 
of PLT-1.

▪ The data synthesis procedure is adapted from [4], where an efficient FF-SAR 
processing scheme is proposed.

Raw signal

𝐺1 𝜔 =
𝜋

𝑏
× exp −𝑗

𝜔2

4𝑏
× 𝑟𝑒𝑐𝑡

𝜔

2𝑏𝜏𝑝

𝑏 =  𝜋
Δ𝑓

𝜏𝑝

𝑠ℎ𝑎𝑡 𝑡, 𝜏 =  𝐼𝐹𝐹𝑇 𝐹𝐹𝑇 𝑠 𝑡, 𝜏 ×  𝐺1
∗ 𝜔

𝑠 𝑡, 𝜏

𝑠ℎ𝑎𝑡 𝑡, 𝜏

𝑎0 =
𝜋(1+cos3 𝜓0)

𝜆𝑟0

cos 𝜓0 =
𝑟0

𝑟0
2 + 𝑑𝑇𝑅

𝑎 2
 

;  sin 𝜓0 =
𝑑𝑇𝑅

𝑎

𝑟0
2 + 𝑑𝑇𝑅

𝑎 2
 

Γℎ𝑎𝑡

𝜇 𝜉 =
𝜉2

4𝑟0𝑎0

𝛾ℎ𝑎𝑡 𝑥, 𝑟

=  𝐼𝐹𝐹𝑇𝜉ൣ

൧

exp −𝑗𝜇 𝜉 𝑟

× 𝐼𝐹𝐹𝑇𝜂 Γℎ𝑎𝑡 𝜉, 𝜂 − 𝜇 𝜉

SLC 
bistatic 
image

𝐺0 𝜉, 𝜂 =  exp𝑗 𝑡1 − 𝑡2 + 𝑡3

𝑡1 =
𝜉2

4𝑎0 1 +
𝜂𝜆

2𝜋𝑎0

𝑡2 =
𝜉𝜋 sin 𝜓0

𝜆𝑎0
𝑡3 =

𝜂𝜋 sin2 𝜓0

2𝛼0𝜆𝑎0

Imaging performance assessment – Performance indicators

▪ The imaging capabilities of the bistatic CSG/PLT-1 SAR system are assessed 
via the following indicators based on the impulse response  → single-point 
target simulation:

o Spatial resolution (azimuth, range), i.e., the 3dB width of the impulse 
response (IRW) in intensity format.

o Range swath

o 𝑆𝑟 =
𝑐 PRI−2𝜏

2 sin 𝜃

o Peak-to-sidelobe ratio (PSLR)

o PSLRdB = 10 log10
SLL

MLL

o Integrated sidelobe ratio (ISLR) 

ISLRdB = 10 log10

SLen

MLen

where

MLL: mainlobe level of the 
impulse response in intensity 
format. 

SLL: sidelobe level of the 
impulse response in intensity 
format.

SLen = ඵ
Aaz Arn

ฬ ቚො𝛾 𝑥′ 𝑟′
2

𝑑𝑥′𝑑𝑟′ − MLen

MLen = ඵ
ML

ฬ ቚො𝛾 𝑥′, 𝑟′
2

𝑑𝑥′𝑑𝑟′

𝐴az = 10 × IRWaz; 𝐴rn = 10 × IRWrn

Sidelobe energy

Mainlobe energy

▪ The bistatic geometry induces a deformation of the iso-delay and iso-
Doppler lines which leads to a rotation of the spatial distribution of 
the target energy.

▪ The mismatch between the nominal and estimated CSG values might 
be related to the Hamming weighting function applied in the 
azimuth focusing step of the actual CSG processor.

𝑑𝑇𝑅
𝑎 = 100 km 𝑑𝑇𝑅

𝑎 = 350 km

Along-track 
displacement

IRWrn IRWaz PSLR ISLR

-20 km 2.15 m 3.44 m -13.58 dB -9.36 dB

-10 km 1.68 m 2.58 m -14.11 dB -7.99 dB

10 km 1.68 m 2.58 m -14.05 dB -7.98 dB

20 km 2.03 m 3.44 m -13.85 dB -9.43 dB

TABLE III   SYNTHETIC IMAGING PERFORMANCE INDICATORS

(TARGET AT DIFFERENT GROUND-RANGE OFFSETS, 𝑑𝑇𝑅
𝑎 = 100 km)
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