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Abstract: A synchronized data-based back-projection algorithm(BPA) is presented in this study for
reconstructing an image of the SAR system, which consists of a stationary receiver and a moving
transmitter. In this BPA imaging process, the data synchronization performs time-, position- and
frequency synchronization sequentially on the position information and two channels received data
collected from the stationary receiver and moving transmitter, respectively. The BPA geometry for
SAR imaging can be reconstructed using the time- and position-synchronized data. Then, the
frequency synchronization corrects a linear phase error caused by using an individual receiver and
transceiver. Residual phase errors that remain after correcting the linear phase error term can be
mitigated by phase gradient autofocus(PGA), which is applied to the direct-path channel data of the
stationary receiver, not the imaging-path channel data. Because two-channel data are simultaneously
received under the same condition, any residual phase errors may equally come into both channel
data. Thus, it can be analyzed with the direct-path data, which has a single trajectory in the range
compressed domain. The residual phase errors analyzed using the PGA method on the direct-path
data can be utilized to correct the input data for the proposed BPA process, resulting in a well-
focused SAR image. The performance of the proposed BPA process has been validated using the raw
data measured through the field campaign. In particular, a comparative result obtained by applying
the PGA method on the direct-path data, rather than the imaging-path data is shown in the
manuscript.
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Introduction

A bistatic SAR system, in which the transmitter and receiver are spatially separated,
allows for configuration under various incident angle conditions for target detection &
analysis. It is also possible to extend into a multistatic SAR system. However, to be
implemented, a time-synchronization for bistatic SAR operation and raw data acquisition
is necessary and it may be complicated or tedious work[Behner, 2015; Walterscheid,
2006; Anghel, 2017; Silva Filho, 2022]. Moreover, to reconstruct the SAR image,
synchronizing the raw data measured at the transmitter- & receiver sides is definitely

essential, too. So, this study proposes the synchronized data-based back-projection
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algorithm to combine and optimize the SAR signal processing for the SAR image

reconstruction.

SAR geometry with stationary Rx & moving Tx
A system configuration for validation of the SAR system consisting of the stationary receiver

and moving transmitter is as shown in Figure 1.
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Figure 1: SAR geometry consisting of the stationary Rx & moving Tx

Table 1: Parameters of the SAR system consisting of the stationary Rx & moving Tx

Variables Description Remark
Mp Sampling time
Nro Closest approach time for BSAR#2
Mo Me Closest approach time for target (When 653=0°, 1o =n¢)
Nfirst Sync. Start time
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Px, Py Position of BSAR#2

The primary parameters for synchronizing raw data in Figure 1 are ny and (Px, Py). These
represent the closest approach time for the stationary receiver and the relative position
between a moving trajectory and a scene center, respectively. To focus the SAR image,
conducting a geometrical reconstruction of this SAR system is important as the first step. The
relative position of the stationary receiver is crucial because it serves as a reference point in
this SAR configuration. Moreover, the process of finding the closest approach time(so) and
relative position (Px, Py) of the stationary receiver is the same as the procedure of raw data

synchronization.

Synchronized data-based Back-projection algorithm

Three types of input data were utilized for SAR imaging. The initial input consists of raw
data collected from the moving transmitter as monostatic SAR raw data. The second and
third inputs are raw data obtained from the stationary receiver as bistatic SAR raw data.
They are received from the direct-path and imaging-path channels, respectively. These
datasets contain important parameters for reconstructing the bistatic SAR image, which

can be analyzed and extracted through the raw data synchronization process.
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Figure 2: Blockdiagram of the synchronized data-based back-projection algorithm

The procedure for synchronizing the raw data can be summarized as shown in Figure 2. First,
the monostatic SAR raw data collected by the moving transmitter is processed to analyze the
platform’s relative velocity(v,) and crosscheck the SAR system. Then, two types of bistatic
SAR raw data collected by the stationary receiver are processed to analyze the data

synchronization and extract the residual phase errors.

The raw data collected from the direct-path channel of the stationary receiver was
reconstructed to create the bistatic SAR image through the synchronization process. This
synchronization process consists of three steps: position-, timing- and frequency
synchronization. In the position synchronization step, the closest approach point(Py) and the
relative velocity(v,) were analyzed from the range cell migration (RCM) curve of the direct-
path data. The sampling time(ypo) at the closest approach point(Px) was determined through
the range tracking, which is part of the timing synchronization process. The final step is the
frequency synchronization process, which corrects the linear phase error component caused
by the GPS time synchronization module. This is necessary due to the accumulation of a non-

negligible tiny difference between transmitter and receiver over the sensing time.

a. Data synchronization:
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Figure 3: Example of the raw data synchronization analysis process (e.g., direct- &

imaging-path data, analysis data of the distance & phase error of receiver)

Figure 3 shows the raw data sets(e.qg., direct- & imaging-path data) collected by the stationary
receiver and the analysis results of range tracking and linear phase error component in the

direct-path data.

b. Residual phase correction:

The fourth & fifth steps in the center column of Figure 2 are optional processes to reconstruct
an optimum SAR image. Contrast maximizing autofocus and PGA(phase gradient autofocus)
methods were applied to estimate the optimal relative velocity and residual phases. Of them,
the PGA process is generally adopted for optimal SAR focusing however in this case, it was
applied for the residual phase analysis in the direct-path data of the stationary receiver. The
residual phase analyzed by the PGA is used to compensate for the phase errors of the
imaging-path data. This is possible because both channel data of the receiver were received

simultaneously and have the same phase errors.
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Figure 4: Comparison result of the SAR images before & after correcting the residual

phase errors by PGA.

Figure 4 shows the comparison result before & after correcting the residual phase. The
residual phase that exists even after the linear phase error correction can be optimized more
through the PGA process.

SAR imaging by the proposed back-projection algorithm

Finally, the synchronization parameters extracted from the direct-path data are applied to the
input data of the back-projection algorithm for reconstructing the bistatic SAR image, as
shown in the last column of Figure 2. The synchronization parameters were utilized to
improve the bistatic SAR geometry for the back-projection algorithm. The residual phase
error component, analyzed by the PGA process, was used to compensate for the phase
component of the BPA input data. This BPA has an advantage that allows focusing on most
cases of bistatic & multistatic SAR. However, it has a critical weakness, taking a long

processing time.[Soumekh, 1999; Ribalta, 2010; Walterscheid, 2006; Ender 2004; Neo, 2008]
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Figure 5: The final result of the SAR image reconstructed by the synchronized data-based

back-projection algorithm.

Figure 5 shows the outcome of the proposed synchronized data-based back-projection
algorithm. The SAR imaging algorithm and transceivers for data acquisition were developed
internally by EchoSensing Inc. in Korea. The whole process such as data acquisition,

synchronization process, and bistatic SAR imaging was verified through field experiments.

Conclusion

The synchronized data-based back-projection algorithm was developed to reconstruct SAR
images with the stationary receiver and moving transmitter. Additionally, an optimized SAR
signal processing method, which includes three steps of data synchronization and PGA, was
suggested to improve the performance of the back-projection algorithm and enhance SAR
image quality. EchoSensing Inc. confirmed the effectiveness of the back-projection algorithm
through field experiments and SAR data processing. It is anticipated that this algorithm could
be applied to other systems, such as multistatic SAR, because there are no restrictions on

SAR imaging with multiple receivers and a transmitter.
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