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Detection and performance analysis of radar coherent integration for
moving target in transform domain

SUN Yanli, CHEN Xiaolong*, LIU Ye
(Naval Aviation University, Yantai Shandong 264001, China)

Abstract: Four typical coherent integration methods are selected and applied to radar moving target
detection according to the transformation of radar moving target signal to realize coherent integration,
which are Short Time Fourier Transform(STFT), Wigner-Ville Distribution(WVD), Smoothed Pseudo
Wigner-Ville Distribution(SPWVD) and Fractional Fourier Transform(FRFT). The effects of sampling
frequency, pulse number, input Signal-to-Noise Ratio(SNR) on coherent integration performance and
moving target detection performance are emphatically studied. The result shows that the FRFT is relatively
slow but has a wider application range, and it can effectively suppress noise when dealing with signals
with strong background noise. It has high parameter estimation accuracy and good time-frequency
clustering, which provides theoretical support for engineering application of radar coherent integration
detection.
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SR HEAT B ] AR [ 19 LL ST AT
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Tablel Processing results of STFT,WVD,SPWVD,FRFT at 1 000 Hz sampling frequency

central frequency transient velocity acceleration estimation . . N
estimation/Hz estimation/(m-s) J(m-s?) noise peak  peak difference  running time/s
STFT 262.75 3.94 8.27 0.58 0.42 0.31
WVD 262.75 3.94 8.73 0.62 0.38 0.30
SPWVD 262.75 3.94 7.81 0.41 0.59 0.41
FRFT 263.02 3.95 7.71 0.32 0.68 0.54
theoretical value 263.50 3.95 7.50 — — —

2 REHH N 1200 Hz it STFT,WVD,SPWVD,FRFT 4k HH4E 5
Table2 Processing results of STEFT,WVD,SPWVD,FRFT at 1 200 Hz sampling frequency

central frequenc; transient veloci acceleration estimation . . L
d y ty noise peak  peak difference  running time/s

estimation/Hz estimation/(m-s™) /(m-s%)
STFT 249.41 3.74 7.94 0.48 0.52 0.31
WVvD 251.76 3.78 7.28 0.62 0.38 0.30
SPWVD 251.76 3.78 7.94 0.28 0.72 0.41
FRFT 25274 3.79 747 0.21 0.79 0.55
theoretical value 252.90 3.79 750 . _ _
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Table3 Processing results of STFT,WVD,SPWVD,FRFT when N=128

ceensttl;e:]lmftrieo%jglzcy ;rsiflni;et?é;/zﬁcétl}; accelera/t(i;r?:zs)t imation speed relative error  peak difference  running time/s
STFT 220.47 3.31 11.07 0.046 1 0.38 0.28
WVD 228.35 3.43 12.91 0.0115 0.18 0.27
SPWVD 228.35 3.43 9.23 0.0115 0.42 0.30
FRFT 232.74 3.49 7.62 0.005 8 0.78 0.39
theoretical value 231.50 3.47 7.50 — — —

% 4 N=512 It} STFT,WVD,SPWVD,FRFT [/ ¢bF 4%
Table4 Processing results of STFT,WVD,SPWVD,FRFT when N=512

ce‘;ttri?xll::ﬁ?rﬁgl;y ;‘:ﬁ;ﬁ‘l‘(‘)gf&it% accelera/t(i;r{n:zs)t imation speed relative error  peak difference  running time/s
STFT 330.72 4.96 7.80 0.009 8 0.52 0.42
WVD 326.81 4.90 7.45 0.002 1 0.40 0.41
SPWVD 329.75 4.95 7.68 0.006 9 0.79 0.86
FRFT 32832 4.92 7.54 0.002 5 0.82 0.84
theoretical value 327.50 491 7.50 — — —
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Table5 Processing results of STFT,WVD,SPWVD,FRFT when Rsy=-3 dB

central frequency transient velocity acceleration estimation

estimation/Hz estimation/(m-s™) /(m-s?) speed relative error output SNR/dB

STFT 272.94 4.09 6.47 0.023 9 6.79
WVD 206.67 3.10 0.29 0.260 1 1.42
SPWVD 277.65 4.16 7.06 0.007 1 8.62
FRFT 280.24 4.20 7.73 0.002 4 11.40
theoretical value 279.40 4.19 7.50 — —

%% 6 Rgn=3 dB A}, STFT,WVD,SPWVD,FRFT {4t #H2E F
Table6 Processing results of STFT,WVD,SPWVD,FRFT when Rsx=3 dB

central frequency transient velocity acceleration estimation
estimation/Hz estimation/(m-s™) /(m-s%)

STFT 276.08 4.14 7.06 0.0119 15.72
WVD 279.22 4.19 7.65 0.000 4 19.32
SPWVD 277.65 4.16 7.35 0.007 1 19.56
FRFT 280.15 4.20 7.67 0.002 4 22.51
theoretical value 279.40 4.19 7.50 — —
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Fig.1 Relationship between relative error of speed and input SNR
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