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Research and application of MFWVD time-frequency
analysis in delay estimation

Xing Yuhua Wei Ziwei

(School of Automation and Information Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: A new time delay estimation method based on masked filtering Wigner-Ville distribution is proposed to address the issues of
cross-term interference or low time-frequency concentration in common time-frequency analysis, which lead to inaccurate time delay
estimation. The basic principle is to combine the amplitude spectrum ratio of the WVD time-frequency spectrum and the SPWVD time-
frequency spectrum with a Gaussian function filter. By taking advantage of the SPWVD method’ s ability to effectively suppress cross-
term interference and the high time-frequency concentration of the WVD method, the SPWVD time-frequency spectrum of the signal is
used as a mask to shield the cross-terms in the WVD time-frequency spectrum, thereby obtaining a high-precision time-frequency
spectrum while maintaining high time-frequency resolution. Compared with common time-frequency domain reflection methods, this
method exhibits better performance in two key performance indicators, namely cross-term suppression and time-frequency concentration,
and the reliability of the time delay estimation results is relatively high. This method is applied to locate weak low-resistance faults in
cables in combination with the time-frequency cross-correlation function. Through comparative analysis of simulation experiments, the
results show that when locating a low-resistance fault at 1.5 km in the cable, the root mean square error of the proposed method is
0.652 7 m. Compared with the WVD method and the SPWVD method, the positioning errors are reduced by 1.288 4 and 0. 683 4 m
respectively. In addition, the positioning error of this method is smaller than that of other common methods under signal-to-noise ratios of
-5.0, and 5, and the positioning effect is the best.
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Fig. 13 Reflected signal received by the simulation model

P L 13 AT, Y AR B N 43 A DA 5 B, il T
S S IRAE AR, AS RE W 28 BUS S35 5 09 i £ 31
15 8, DT TC I X e B o5 AT A R0 . R AR B2 i 3
REMEEE, E 14 (a) ~ (¢) i, 28 9FH WVD )5
B SPWVD J5 ¥ FUTT 2 MEWVD J7 5 6 H: 3 47 B 43t 43
BT, 155 IR A DG bR 5 2 53 W i e 0

I 14 ATH (55 4 WVD J5 2 . SPWVD J7 i il
MEW VD J7 57584 5 75 3] (4 i 450 5 AF 56 o 50th 2k b | 78
PR KBt 1.5 A3 km Ab XA B 3 R A,
1.5 km &b (1) Jr 5 DB 5 07 TLABE A0 v (0 3¢ s o5 X 7
3 km &b 1) JRy UG 5 0 B ARE TR Hh ) Hh 45 A St A G 1, 14
B WVD Jrik SPWVD J7 ikl MEWVD J5 752 0] LA 5%
SENLT B A v B R B AR, SR 5 4 WVD
D3RS M Je A B B B E AR G 2 TP AE 750 .2 250 m A7
A LT AR R AR 5 Y T PR, A B o) S A

1of
0.8
< 06
0.4
gt 3
02 *ﬁﬁ“@ Fai o
0 05 10 15 20 25 30 35 40
BEES/m <10°
(a) WVD
i e B AR 3y

1.0 1.5 2.0 2.5 3.0 3.5 4.0
BEES/m

(b) SPWVD
1.0f
0.8
04 A s B
0.2

0.0 0.5 1.0 1.5 2.0 25
PR /m
() MEWVD

B 14 £ I 7 2 B I B A 6 pR 2R

Fig. 14 Time-frequency cross-correlation function

3.0 3.5 4.0

of each time-frequency method

DA (T 385 SR R DB, O T A AR B 22 £ 2 7 285 S 1 T 58
P 7E SPWVD 73X 7 14 B350 A 56 il 45 rpr | 38 LI
AT Rl A 25T B, (F AR A8 JH A 9 o 32 L ) 35S
DR P JRE 0, S BB B A I 1) 5 DX 38 A, AR T B B A 3
FEEE B AERG P T AE MEWVD J7 35 X6 o7 %) B 45 546
KM , AATHBR T WVD 5 ik TR A TR, i HLR
TR M ISEE AR B T WVD J5 ¥k R A I3 20 %
R e 55 s P 0 v R A6

i3 500 X Monte Carlo SZ56 , A= (27) ¥ 5 iR
2 AU (28 ) W BRE E or HEA  A FUTH53 4% 5 vk IR
B SE (VR 25 B MERAME AN 2 R | th e nT J1 AT 4 MFWVD
BRI HIRZE N 0.652 7 m, 5 WVD J5 BaAH Hos
T 0.683 4 m,5 SPWVD BIEA AT 1.288 4 m, H
MEW VD 55355 119 0 B 502 A7 I ff 4 AH 358 L At 9 530 7
o

g LT 3T MFEWVD B3 43 A B4 s 28 A 3 ik
RIE R I 5 5 BB o3 S A7 118 L S P A B v



. 248 - S 1[I I IV = 3

539 &

*2 BESANWMEENEIEEMIRE R AR
Table 2 Fault location errors and accuracy of each

time-frequency analysis algorithm

ISP J5 50 W B 15 AR E i 3R /m HEdfi L %
WVD 1.336 1 99.91
SPWVD 1.941 1 99.87
MFWVD 0.652 7 99.96
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Table 3 Fault location errors and accuracy rates of
various time-frequency analysis algorithms under
different signal-to-noise ratios

AW/ dB BB TR RE (iR ZE/m R %
WVD 1.8158 99. 88
SNR=5 SPWVD 2.4655 99.83
MFWVD 1.078 9 99.93
WVD 1.787 4 99. 88
SNR=0 SPWVD 2.967 6 99. 80
MFWVD 1.1120 99.93
WVD 2.143 0 99. 85
SNR=-5 SPWVD 3.462 7 99.76
MFWVD 1.3153 99.91
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Fig. 16  Cross-correlation curves of reflected signals

with different time-frequency analysis at SNR=-5
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