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Abstract: In the field of radar target recognition, the introduction of Icosahedron Triangular Trihedral Corner
Reflector (ITTCR) has increased the difficulty of target identification tasks, especially under moderate to high
sea states. Under such conditions, the undulating sea surface can couple with an ITTCR to produce scattering
characteristics similar to those of the target, resulting in a decline in the performance of traditional target

identification methods. As a solution, a joint matrix of polarization features and range was constructed by
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considering the dominant scattering mechanisms and scattering complexity. This matrix characterizes the

component-level differences between ships and ITTCR arrays in the presence of sea clutter. Subsequently, a

temporal neural network extracts features from the joint matrices of the vessels and ITTCR arrays, achieving

effective target identification. The performance of the proposed method was validated using a dataset. The

proposed method effectively reduces information loss during manual knowledge refinement. Under moderate to

high sea states, the proposed method has an accuracy higher than that of the existing methods by 10.14%.

Furthermore, the proposed method considerably reduces false alarms caused by ITTCR arrays.

Key words: Icosahedrons Triangular Trihedral Corner Reflector (ITTCR); Polarization scattering

characteristics; Polarization multi-domain joint features; Recurrent Neural Network (RNN); Target identification
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Tab. 1 Typical scatterer polarization scattering matrix
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Fig. 1 The amplitude similarity of between dihedral and other typical structures by various representation method
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Tab. 2 ITTCRA electromagnetic simulation parameters

in sea clutter background
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Fig. 7 Polarization scattering characteristics of ITTCRA at low grazing angles
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Fig. 8 Typical vessel and ITTCRA HRRP under moderate to high sea state for various receive polarization states at low grazing angle
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Tab. 3 Experimental radar parameters
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8 BB 150 MHz
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Fig. 12 Performance comparison of identification methods
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Tab. 4 Performance comparison of identification methods
Hik HERFE (%) R EE (%) AEHE(%) F1 Score(%)
Krogager)-fif(9 77.29 71.90 76.08 73.07
WAk S8R £E 1 81.16 75.69 79.29 77.00
RS 91.30 88.59 88.59 88.59
=5 RIESKBNMEEES
Tab. 5 Performance analysis of sampling points N
N TR (%) FETE (%) BER (%) F1 Score(%)
2 87.92 83.53 86.93 84.95
3 89.37 85.43 87.91 86.54
4 91.30 88.59 88.59 88.59
5 91.79 88.30 91.39 89.65
6 91.79 88.75 90.15 89.41
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Tab. 6 Performance comparison of identification networks under the same sea states

R 2% TR BE (%) FETARE (%) A (%) F1 Score (%)
ResNet18 90.34 87.04 87.94 87.47
BiGRU 90.82 87.80 88.26 88.03
P s ik 91.30 88.59 88.59 88.59

R 7 FEIERTEFHRAMLEMEREXTEE
Tab. 7 Performance comparison of identification networks under different sea states

R 2% HEREE (%) K (%) HIE2 (%) F1 Score (%)
ResNet18 86.94 85.98 84.12 84.93
BiGRU 88.74 88.12 86.15 87.01
Jire 77 i 89.19 88.25 87.16 87.67

* 8 MILZBNIERERTEL 53 4R
Tab. 8 Performance comparison analysis of network input

WA 283N T7 2 MR (%) KR (%) Hal2(%) F1 Score (%)
PSM 79.71 73.34 72.75 73.03
PauliZ i 80.68 74.94 71.54 72.88
Krogager 7 fift 84.54 80.02 78.47 79.19
PR J7 ik 91.30 88.59 88.59 88.59
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