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Application of firework algorithm into parameter estimation of

attributed scattering centers in SAR images

Zhou Zhihong'?, Chen Xiuzhen'*’, Ma Jin'?, Xia Zhengmin'?

(1. Institute of Network Security Technology, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai Key Laboratory of Integrated Administration Technologies for Information Security, Shanghai 200240, China)

Abstract: Aiming at the problem of synthetic aperture radar (SAR) attribute scattering center estimation, a
method based on the firework algorithm was proposed. First, segmentation and decoupling of high-energy regions
in the SAR image are performed in the image domain to obtain the representation of a single independent
scattering center in the image domain. Afterwards, based on the parametric model of the attribute scattering
center, an optimization problem was constructed to search for the optimal parameters of the separated single
scattering center. At this stage, the firework algorithm was introduced to optimize the parameters. The algorithm
has strong global and local search capabilities, and avoids falling into the local optimum thus ensuring the
optimization accuracy and the reliability of the estimation of the scattering center parameters. The single

scattering center after solution was eliminated from the original image, and the residual image was segmented into
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high-energy regions. And the attribute parameters of the next scattering center were estimated by inertia. Finally,
the parameter set of all scattering centers on the input SAR image was obtained. In the implementation, the
parameter estimation verification was performed based on the SAR images in the MSTAR dataset. The
comparison of the parameter estimation results with the original image and the reconstruction of the original
image based on the estimated parameter set reflect the effectiveness of the proposed algorithm. In addition, the
experiment also validates the SAR target recognition algorithm based on the estimated attribute parameters. By
comparing the recognition performance with other parameter estimation algorithms under the same condition, the

performance superiority of the proposed method in the attribute scattering center parameter estimation was further

demonstrated.
Key words: synthetic aperture radar;

algorithm
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Tab.1 Parameter estimation results of attributed

scattering centers in a MSTAR SAR image

No. |A] xp/m  y,/m  L,/m a Yp p
1 513.62 -197 753 0.00 0.00 0.00 0.00
2 48350 —8.08 1228 257 0.00 0.00 0.17
3 21639 318 3.75 0.00 0.00 1.82  0.00
4 13106 1060 -1.87 0.00 0.00 3.70  0.00
5 16436 568 6.08 0.00 0.00 0.00 0.00
6 13823 -1485 340 0.00 0.00 -0.18 0.00
7 13372 6.99 1.63 0.00 1.00 0.00  0.00
8 523.03 4067 271 594 1.00 0.00 029
9 12012 -13.06 7.07 0.00 0.00 0.00 0.00

10 148.23 6.69 -580 250 0.00 000 —0.02
11 95.01 -1032  5.00 0.00  0.00 0.00 0.00
12 88.15 1.26 1.89 0.00 1.00 -0.19 0.00
13 86.96 0.99 7.27 0.00 1.00 -0.19 0.00
14 83.63 -294 1030 0.00 1.00 0.00 0.00
15 80.11 —8.16 6.75 0.00 0.00 -0.19 0.00
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Fig.2 Ilustration of locations of estimated scattering centers
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Fig.3 Reconstructed target and residuals based on the estimated scattering centers
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Tab.2 Training and test samples of the ten targets

Class BMP2 BTR70 T72 T62 BDRM2 BTR60 ZSU23/4 D7 ZIL131 2S1
Training (17°) 232 233 23] 299 298 256 299 299 299 299
Testing (15°) 195 196 196 273 274 195 274 274 274 274

R 3 HSPOREIRANGTEEARRREZTHEY
GUIES

Tab.3 Average recognition rates of the scattering
center matching method using different

parameter estimation algorithms

Parameter estimation algorithm Average recognition rate

Simulated annealing 98.16
Dynamic particle swarm optimization 98.56
Sparse representation 98.74
Proposed 99.02
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