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Abstract: To further improve the capability of time-frequency domain features to detect weak
targets on the sea-surface, a smoothed pseudo Wigner—Ville distribution (SPWVD) —short-time
Fourier transform (STFT) sea-surface weak target detection algorithm is proposed. Firstly,
STFT is adopted to perform time-frequency features analysis on the echo signals, and to optimize
the time-frequency features analysis results of SPWVD. The K-medoids clustering algorithm is
introduced to denoise the time-frequency matrix. Then, the time-frequency features Doppler
frequency stability (DFS) is extracted, and the fast convex hull learning algorithm is utilized to
obtain the false alarm controllable judgment region, so as to determine the sea clutter and the
target. Finally, results of experiments based on Ice multiparameter imaging X-Band radar
(IPIX) measured data show that the detection probability of the proposed detection algorithm is
6. 3% higher than that of the time-frequency tri-feature detector at the same false alarm rate.

Key words: sea clutter; weak target detection; time-frequency analysis; K—medoids clustering;
convex hull detector
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Table 1 IPIX dataset parameters
EERes Bl 2 K Ad/(km-h) WE/m  BERHOT WL TIEZRI/AB
1 19931107 135603 starea 9 2.2 9 8,10,11 12. 00
2 19931108 220902 starea 9 1.1 7 6,8 5.45
3 19931109 191449 starea 19 0.9 7 6,8 2.26
4 19931109 202217 starea 19 0.9 7 6,8,9 7.38
5 19931110 001635 starea 9 1.0 7 5,6,8 11.55
6 19931111 163625 starea 20 0.7 8 7,9,10 14.78
7 19931118 023604 stareC0000 10 1.6 8 7,9,10 5.78
8 19931118 162155 stareC0000 33 0.9 7 6,8,9 2.70
9 19931118 162658 stareC0000 33 0.9 7 6,8,9 12.5
10 19931118 174259 stareC0000 28 0.9 7 6,8,9 11.5
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Fig. 5 Results of binary classification
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Fig. 6 Comparison of the performance of 6 detectors of 4 polarization modes in 10 groups of measured data
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J+7T 0.418,0.392, 0.367, 0.307, # It T SPWVD
e 0 g 4 Fhb AR 7 4 4R FE T 0.110, 0.098,
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DVE) £ I &% 4 &5 I #E 552 53 51l 2 0.534, 0.622,
0.619,0.518. 4 Ffrii A I 2 s A0 = A5 FE A 00 245 1
6 I HE 43 51 4 0.673, 0.688,0.703, 0.627 , 1% K
DU 25 76 = AR RS 00 48 P ity S 576G 0 AR 6 42
Tt 10%. A ¢ 4 5 #) K-medoids B M J5 1

SPWVD-STFT il %% , 4 Ftle A 5 =X 4G D0 ABE 2
4% 59k 0.776,0.705, 0.719, 0.744, 7] L) F 5| K-
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2.4.2  WLINEHE] X S a6

T TR TS ORI B ) % A I P i ) R ) L 3R 2
ST 6 Rk 25 7F i E R P=107 IR AL T,
S3MTE Y=512 UL 0.512 s) AT Y=1 024 (W
DT[] 2R 1.024 ) B A S R IAE 2  AZR 2 W] LA
UL A E] JCIE S 0.512 s A J2 1.024 s, A8 ¢
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Fb, XA UE T A B ] A SRR R TN H An ki o
[HiES S
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Table 2 Comparison of detection probability of 6 detectors at different observation time

— o KA a3
Ko i PURIBEREIIE X
HV VH A% WA
0.512 0.249 0.267 0.309 0.350 0.294
STET K #%
1.024 0.325 0.374 0.361 0.418 0.369
0.512 0.557 0.561 0.558 0.534 0.553
SPWVD 1l %
1.024 0.601 0.624 0. 625 0.586 0. 609
. 0.512 0. 667 0. 659 0.676 0.657 0. 665
SPWVD-STFET ¥l %%
1.024 0.714 0.707 0.728 0.715 0.716
T 0.512 0.534 0.622 0.619 0.518 0.573
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