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▪ We provided a preliminary quantitative evaluation of the expected imaging performance of the 
upcoming ASI PLT-1 spaceborne X-band SAR when operating in bistatic mode with a CSG satellite.

▪ SNR and NESZ have been evaluated in both operating phases of PLT-1 for different surface 
roughness regimes and scene types, including sea surface and vegetation.

▪ For sea surface, co-pol VV channel exhibits SNR > 0 dB in both operating phases regardless of the 
surface roughness and imaging geometry. In the cross-pol HV channel, adequate imaging 
performances are expected only for sufficiently rough surfaces (wind speed > 14 m/s in Ph-1) and 
with sufficiently large CSG/PLT-1 displacements.

▪ In the presence of vegetation, the SNR enhancement is larger with: cross-pol channel rather than the 
co-pol one; increasing vegetation height; increasing particle moisture; smoother ground surfaces.

▪ Obtained NESZ values are slightly worse than the nominal monostatic NESZ of CSG (-22.59 dB) in 
Ph-1, while values better (i.e., lower) than the CSG monostatic one are obtained for large positive 
cross-track displacements in Ph-2.
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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 a power budget analysis for the upcoming spaceborne SAR mission PLATiNO-1
operated by the Italian Space Agency.

▪ 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.

▪ A preliminary investigation on the expected imaging capabilities of the PLT-1/CSG 
bistatic SAR system is here undertaken by evaluating the Signal-to-Noise Ratio (SNR)
of the SAR Level-1 (L1) products and the Noise-Equivalent Sigma Zero (NESZ). 

SNR evaluation

▪ In our analyses we refer to a single resolution cell located at the scene centre.                             
The imaging geometry is depicted in Fig. 1.

▪ The received power 𝑃𝑅 is computed as 

𝑃𝑅 =
𝑃𝑇𝐺𝑇𝐺𝑅
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All the system parameters are defined in Table I; 𝑅𝑇 and 𝑅𝑅 stand for the target-to-
transmitter and target-to-receiver distances, respectively; the scattering angles for the 
evaluation of the bistatic scattering coefficient 𝜎0,bist are defined in Fig. 1.

▪ From the received power, the SNR of the L1 SLC product is evaluated as follows:

SNR = SNRraw CPI × PRF × 𝜏𝑐 × 𝐵𝑐

 

Fig. 1. Imaging geometry of the bistatic SAR CSG/PLT-1 system.

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

SNRraw =
𝑃𝑅

𝑘𝐵𝑇𝑅𝐵𝑊

Azimuth 
compression gain

Range compression 
gain

L0 product SNR

NESZ evaluation
▪ The NESZ is evaluated as

NESZ =
4𝜋 3𝑅𝑇

2𝑅𝑅
2𝑃𝑛

CPI PRF τcBc𝑃𝑇𝐺𝑇Δ𝑥Δ𝑟𝜆2𝐺𝑅

with 

CPI = 2𝑟0 tan 0.886
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▪ Further assumptions:
o Flat Earth;
o Parallel orbits of the Tx and Rx;
o Backward imaging geometry, i.e., 

𝜑𝑠∈[π/2;3/2 π];
o Right-looking sensors.

▪ The scattering coefficient 𝜎0,bist is                               
evaluated according to the scene type

Sea surface
(SSA-1 for fractal surfaces [4])

Vegetation
(WCM [5] + fractal SSA-1)

VV HV

Sea surface Vegetation

▪ The cross-pol channel exhibits SNR > 0 for wind speeds larger than 14 m/s and

7 m/s for 𝑑𝑇𝑅
𝑎 = 100 km and 𝑑𝑇𝑅

𝑎 = 350 km.

▪ NESZ is around -20 dB.
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VV – smooth surface

VV – very rough surface HV – very rough surface

HV – smooth surface P
h

ase-2

▪ The NESZ is estimated in the range [-23.7, -21] dB, and values better (i.e., lower) than the CSG 
monostatic one are obtained for large positive 𝑑𝑇𝑅

𝑐 . 

VV – dry particles (mg=0.1) 

VV – wet particles (mg=0.9) HV – wet particles (mg=0.9) 

HV – dry particles (mg=0.1) 

▪ The presence of a vegetation layer leads to a scattering enhancement compared to bare soil

regardless of the imaging geometry, polarization, terrain roughness, and particle wetness.

P
h

ase-1
P

h
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smooth surface (topothesy = 2.41×10-7 m) very rough surface (topothesy = 1.58×10-5 m)

SNR gain = SNR w/ veg. – SNR w/o veg.

▪ The SNR gain is larger with a smooth surface where it achieves values as large as 11 dB

and more. Negative dTR
c is preferrable for biomass analysis.
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