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Table 2 The real-time results of the system processes

KBRS A s ﬁ%ﬂf ﬁi;@?
1 119 1079.21 9.07 110.3
2 98 899.62 9.18 108.93
3 67 493.79 7.37 135.69
4 52 502.91 9.67 103.40
Bt 336 2975.53 8.86 114.57
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Table 3 Ship suspected target detection performance

test results

ATARME A3 1B B

_ AR AR
=3 s U4 zE
¥ S O Recall/% Precision/%
N Not N Nu Ny
1 207 276 205 71 99.03 74.27
2 129 174 128 46 99.22 73.56
3 365 465 361 104 98.90 77.63
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Table 4 Performance test results of ship target
secondary screening
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On orbit extraction method of ship target in SAR images based
on ultra-lightweight network
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Abstract: The low efficiency of orbit data processing and poor effectiveness of remote sensing satellite information acquisition are

problems requiring great attention. Meeting the requirements of satellites in orbit in real time and efficient extraction of the targets of interest
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are challenging endeavors because of their heavy dependence on data transmission and communication bandwidth.

In this paper, an efficient ship target detection algorithm based on global statistics and an ultra-lightweight suspected target
identification network is designed to achieve the rapid extraction of ship targets. The traditional image processing method is used to detect
the target quickly, obtain the suspected target slice, and reduce the amount of data significantly. A self-designed and improved ultra-
lightweight identification network based on deep learning is then used to realize a second cycle of suspected target screening and improve
the accuracy of target extraction. Much work has been done to simplify the real-time implementation of image-processing methods, such as
OTSU threshold calculation, connected domain labeling, and target identification network based on deep learning. The real-time processing
accuracy, speed, hardware scale, and heat consumption of the proposed method are well balanced by reasonable optimization of the
algorithm flow and calculation method and establishment of an appropriate error analysis model. The calculation cost of the algorithm is
low, and the dependence of the real-time implementation of the algorithm on the performance of the hardware platform is reduced greatly,
thereby ensuring the excellent overall performance of the algorithm. In particular, network pruning, weight parameter sharing, and
quantization are used to reduce the network weight parameter and forward reasoning calculation storage requirements, thus improving the
design of the target identification network.

GF-3 satellite data were used to test the algorithm, and experimental results showed that the accuracy of ship target extraction could be
improved by 20%—98%, the computational complexity could be reduced by 90%, and the real-time performance could be improved by
50%. When the ship target extraction algorithm model was implemented in a low-power embedded circuit, the power consumption of the
whole calculation circuit was less than 13 W, and the standby power consumption was less than 1.5 W; these values meet the requirements
of full-time operations in orbit.

The proposed method takes into account the effectiveness of the algorithm and feasibility of in-orbit real-time processing to improve
the energy efficiency ratio and target extraction performance of the system effectively. The proposed algorithm was implemented in the
current satellite embedded circuit and the orbit of a new radar test satellite, and the results obtained reflect good application prospects.

Key words: ultra-lightweight network, SAR image, target detection, target identify, real time processing on orbit
Supported by National Natural Science Foundation of China (No.61472260, 91438102)



