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Multistatic and Distributed SAR represents an 
extension of SAR working principle, in which multiple 
receivers and/or transmitters are exploited.

Orbit Propagation: In charge of propagating the transmitter and the receivers along their 
orbits.

Scene Simulation: In charge of generating simulated raw data vectors collected by the 
receivers. Targets' positions and their Radar Cross Section (RCS) shall be defined. In 
particular, point targets can be placed wherever on the Earth Surface in the Earth-
Centered Earth-Fixed (ECEF) reference frame.

Synchronization: In charge of computing the PRF of the transmitter, precisely, and of 
estimating phase errors.

Multi-platform Image Synthesis: In this block the final focused product is obtained, 
combining receivers' data applying beamforming algorithm. A time domain approach is 
exploited in azimuth focusing allowing to break free from any geometrical characteristic of 
the scene, hypothesis on platform motion and bistatic configuration [1]. 

PRF Reconstruction: Continuous sampling in reception generates a long signal vector 
that must be reorganized in a fast-/slow-time matrix [2]. Starting from the knowledge of 
nominal PRF, autocorrelation can be used to extrapolate the exact PRF value from the long 
data take, allowing one to obtain the raw data matrix in a fast-/slow time coordinates.

Phase Error Computation: The total phase drift is obtained from collected data using an 
autofocus algorithms based on a modified Phase-Gradient Autofocus (PGA) [3]. The 
algorithm fails to reconstruct any linear component of the phase error in stripmap imagery 
[4]. For this reason, this procedure only detects high order phase error components and 
has to be complemented in order to retrieve the total 𝜀𝑝 for the correct application of 
beamforming technique.

PRF Reconstruction: The proposed scene is made up of three point targets positioned at 
near range, scene center and far range respectively in a 3-second-long acquisition. The 
received signal is originally a raw data stream, on which range compression is applied to 
enhance SNR value for a better frequency identification. The peak is located after 25000 
samples, so correctly reconstructing the PRF value of 4400 Hz, considering a sampling 
frequency of 110 MHz.

Phase Error Computation: The simulator has been to exploited to produce an image with 
a high order azimuth phase error generating an evident blurring effect, on which PGA has 
been applied. The power spread decrease of the target response is evident after the 
application of PGA, as well as SNR level increase, reaching the original uncorrupted image 
level. 

No real DSAR spaceborne acquisitions are available 
to verify performance and properties of this technology. 
For this purpose, a simulator is necessary, able to 
take into account error sources at all levels in order to 
assess DSAR system performance.

The study demonstrates the effectiveness of an enhanced simulation environment for 
Distributed Synthetic Aperture Radar (DSAR) in a Single Input Multiple Output (SIMO) 
configuration for error reproducibility. 
Results show that the proposed simulation framework accurately reconstructs PRF value 
and compensates high-order phase errors, ensuring image quality in challenging DSAR 
scenarios. 
This work lays a strong foundation for further advancements in non-cooperative DSAR 
systems, paving the way for practical implementations and higher performance in future 
spaceborne missions. 
Further study will focus on linear component retrieval for correct beamforming 
application on receivers' range-compressed data.
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Fig. 4. a) Corrupted image, b) compensated image resulting from PGA application, and c) 
target response comparison.
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3. Simulation of Synchronization Errors

Herein, simulation and processing aspects more related to synchronization issues are 
analyzed with reference to a Single-Input Multiple Output (SIMO) scenario. The goal is to 
test specific algorithms which are essential to enable real-world DSAR operations. 

Fig. 3. a) Raw data vector reorganization based on PRF value extracted with b) 
autocorrelation.

6. Conclusions

Fig. 1. Simulation environment architecture.

Fig. 2. Synchronization errors schematization.


