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Abstract

In the process of long-distance twisted pair cable fault diagnosis, the accuracy of fault diagnosis is
easily affected by various factors in the actual environment. When collecting reflected signals, it is
affected by factors such as noise, resulting in inaccurate collection frequency and large search er-
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rors, ultimately affecting the accuracy of the cable diagnosis system. Fractional Fourier Transform
(FRFT) is a novel cable fault detection method that utilizes linear frequency modulation (LFM sig-
nal) as the incident signal. Due to the energy aggregation of the LFM signal under special orders,
FRFT can detect the impulse function of the fault location in the fractional domain, thus obtaining
the fault location. In recent years, with the development of discrete fractional Fourier transform,
the Eigende composition of a matrix Fourier transform, which is closest to the continuous frac-
tional Fourier transform, has been derived. Through experimental verification, better detection
performance can be achieved than the sampled FrFT under the optimal Hermite Gaussian function
approximation.
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T EAE P 2% 1 tH B E RS A I AR T — IR (B, BERIBEAF T LMWL, rf
(R)3E A5 B A AE 25 AR S, A 00T W R RS o DAL, OR A f R A 2l A B 2P 1AL i
1], MBS KEN TIERE T, SRR, 24, 30EH TFRED &SRS e, 4
LA I 4 25 1 RE T B4, 3 RO B AR 6 e ) A [ 2] o H PR A IS ) 5 T b, )fe DA aeh N R AR 52 38 g e i
I HIEE RS i S s, —REARHLL L,

AR, Ay HU il B AR R AR 2 BT 05 BRI IO H L A5 5 A R AR AU )
R B TR 22 R DGR [3] . 40 EA M B AR e n] DA A2 N ARCT T e, I EL ) A s 2 A
BEYINERER, X 97 B 48 B AR B A oy — A Gt — (I SR e B85 1 BB BEA . 7E15 5 AL B AL,
3 B B AR A 5 IR T e Ay 7 B Ik, ZERR RN BT, 2R MERAE S5 (LFM 5 9) 2
HMA M REEREM . LMY RS Ik 5% (spread spectrum time domain reflectometry, SSTDR) 3
BT FON G R RS, T8 T VUM R PR EE[4], FERR S S5 B T AR BRI vy
ORI [5]. B A0 S B ¥ (time  frequency domain reflectometry, TFDR)F F 4E#% 48 4+ 3 4f (wigner-ville
distribution, WVD) [6], {E 22K T NI XT3, SCHR[6]FNSCHR[ 7148 B 44 7 i A5 I 8 ¥ (augmented
time frequency domain reflectometry, ATFDR)YH & 28 X i, {HJE, Frik s Wi sdsE 5t s dE i+
TS A AR, 0 H S5 MR B KA, 6 T 1EAS 5k 55 1 2 B A I AN K .

EH - BB 1 B IH AR 460 ) 2 Ak 5 (discrete fractional fourier transform, DFRFT)) K E[8], X155
AbPRATISR A R AR o Hodr, AR 20 R 2 53 B 1 B i A8 4 (Eigen Decomposition FrFT)i & 1% 45
A3 B0 FL IR A o PR S, (B A T B ASCR [9] [10] Horb, it A8 Ak e B A5 2111 25 X Hermite-Gaussian
BR AT AU S B0 XU 2k FARS I 45 SR B KR [ 11]. (R, SRR ME S B REE 15 2 R RE 2 28
BRI, O Tzt e U R S I TR A AR £ R

AL Eigen Decomposition FrFT 5% 1 5 1815 XA 4 1) —Fp 8 5k, A S Bl I AUUE
SR, AT A B RSB G IRt . 58507 6 1 # ZYNQ-7000 £741, FIH PS (Processing System)
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R LEM 2R M SIS BAE NSHE S, £ DMA L5l rE s 57 45 PL (Program Logic)(ll. &k
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2.1. FRFT #3038

RN TR S U /], EARIBIERE MRS, BBXHE SEZ AN B #ET 0r, g
SERMEZ N AL T o, 2R PE A (linear frequency modulation, LEM) & —Ff A 75 04 B L 4w 1Y 5
FIHI AR AR B . AZMERAE 5 5 FH B 98 B I R T8 B 9, B AT ORISR K &R
GLALFRIG S

LFM 15 SERA-T 1 b el 2R MU, s M AR EREENMEE S, 5 THl.
RIAE SE Al o, 55 B R e e A T, REBNE 5 BRI E T EAL &

H T 2R WA R A BB AU d e v, a5 el iR A B AU E 5, HAEk
SHICIUE SE NS, X AERIEIIR S5 5 h o KEE S 5L G S5 A Sk ok AT A &L
(R, 177 FrFT R E 5 4 2 0 Mo b AT 704, B T S (5 S48 0 BUs P A AT T s, Rtk
R AT RUR I A4 2 L 45

—fBonr T FrET A7 WA i I E OB, B A BRI 73 . a BT IR 2E 0 BOb 4 B AR e
XA

{f“}(ta)z.[iKa(ta,t)*f(t)dt ()
A, BN

Ka (ta ’[) _ 1- ]2(;[01: o J':j ej'n(tg cotoz—qutcsconrt2 cota)f(t)dt (2)
RIS T T N -
K (1) =S )¢ P o 1) o

v, (1,) WHRHERREL, MRIEES k> Hermite-Gaussian B 7€ .
2.2. Hermite-Gaussian & 384132

TEIE FrFT B HUCEE A, SREEAY DECFT (4R 2 0%, (R ik iESE FrFT & )i . Bigen
Decomposition DFrFT [ U2 2 VI, (HURfE TR Ea KKBEK.

KL S 3 B A W0 A DU PR RS P2 R B, R B S NI 2R (Ve . DFFT AR %0 T e X
H:

F[m.n] =3 p[m]*(4) * p,[n] @)

0

T H AL 5 B Hermite-Gaussian BRI :

I—}:i(—l)p_l*[(p_l))!l *(6;+5;) (5)
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Figure 1. Experimental platform
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Figure 2. System design
B 2. REgigit
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4. EEBES 9
4.1. EZEHE

i8S N LRI, =SG5S SkEE Baim e B f R A= m. ik, FFELA RS
TR B8 X B NIEFEARE ) LEM (554 55, 5B, LIS nE 1w,

Table 1. LFM signal selection
F* 1. LFM (5 5iE#%

S B 5 /m NS5 /MHz PRERIESIVIEH {5 577 % /kHz 1521 58 /us
400 100 25 2000 100
651.6 100 25 2000 100
873.2 100 25 2000 100
1098.6 100 25 700 100
1316.4 100 25 700 100
1538 100 25 500 100

J9YIE Eigen Decomposition DFrFT HUATESEPR THEFH I PERE SRR, SLI0NT SIEF: 400 m 1) K5
BIBENL L, 537 MHRAEA ) Hermite-Gaussian bR ETDUE T HI45 R .

B, I TE T=100 us. EIESIZE f =0 Mhz. # % B =2 Mhz. #3% f= 100 Mhz {125 415
5o T DFFT Frit B RI4E R0 N SeiB 5 i, Uk 20K LFM 15 5 B S8 /0 0 i A i
H T AD9708 & F i ER, (55 Db ZAR iR 0~255 Y AU 5. Wl 3 Fos.
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Figure 3. LFM integer signal
3.LFM #H5S

i, FEMNFEAMNAENESE SO, £, SRS ESHITELGIE S NMOINE, &6
BRI R S H ORI RS R, W 4@)fr: B, BEFEE S 0~255 BITEHEIH
0 FXERES, WREZHT N, WaSEFIEEEEGH, TR EeRE R s g%,
K 4(b) s .
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Figure 4. LFM signal processing
4.LFM 55438

Wi 5 By 55 REER fiv WANE— IR AKX k= B, THEAFE k=02, £ u BITER
% a = arctan(—k), FAELHINEL p = a/(n/2), THEFE] p =—-0.987269. ¥4 S2HB(E 5 5 S 5 2175
—At, SRJEARINAR B A R

SRR AR S B ZE Al TE, FIA T FRET BB 12]:

FP I:f(t _ z_):I — ejnrzsinacosae—jnurfp (Ll —TCOSQ) (6)

AR, LEM {5 SRS AEIR 7 224 3 73 B0O%_ERBUNE 5 08T H2 wcosa. 70 B8 g L1
(AL A% 5 Au RIS I SE B A 1

1
t=Au*seco *—

K

NHONTE w AR EER AR Hod, ¢ E S BURG ROFIR I E NS i S TR, Au 8 u
BG5S R S R RIS NS SRR . Ta FIHERE A s = 0.5%wr,
IR HSRCHY FrFT SER 05 B AR 2, 42 2 P A ARG S #E it iR 22 .

(7

Table 2. The relationship between bandwidth and Au
T2 HEESMHIXE

fE i K/us fE9H/Khz  F5EEmus  BAIRZE/m
100 2000 192 48
100 700 192 137
100 500 192 192

4.2. HEAHSHIER

RNEGUE A (S AT AME S0 m 5 TR 25 B A2, e BUAEE 3 84E AL HL 20 400 m Ab ik B T
A, A PR ENERRE, WG B N2 M, IFEE T2 100 us B LEM {25 . K 5 frs ik BUIT L

fEm=2, 4, 6, 8 ATTHHEAMEESR.
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Figure 5. Comparison of H-G function parameters at 400 meters
5.400 m &t H-G ERESHxTEE

FEV 5 [ u ARRR R, SR NMEAEDY LEM AGHE 5 A2 B I (L, FARKRN u, = 4902, 2 Mg

{E RN EHE 5B R 2, FLARKR A u, = 4909 8L 4910,

ATLAE H, AF K Hermite-Gaussian 1 BMED T H500 2E 25 K FE AN e = SR AR VRS A BT AN . i oA
Em=20, Au=u—u,=7, BEART)IHHHEILELTLL £ =3.50 us, LT SLNE 57615 Z WEKL
FERERIEN v =192 m/us, BIATTHEH MRS AT I 558 s = 1/2%v% = 336.06 m, SLFrikfREEE 259 400 m,
REFN15985%. Y m=4. 6. 80, Au=u,—u,=8, BT AR LI ETL 1 =4.00 us, HEH

W S PR RSN s = 384.08 m, REZEN 3.98%. K m=2 HHras RiIREKKMNARE.

K] 6(a) AN [A] Hermite-Gaussian T ME & Sl TSR], Hhm = 4 5 m = 18 XA A 1 5 A A2
FEAE 408 fihi, m=18 5 m =30 X[AN Pl vH S ) K iE BTt e 1 1] 6(b) AN R AME T O fE E i@ (K
AN, Hodtm =6 WIEMH 0.31729 AfEiglE, 5 —BEEIKERELE 0.24 M. KHEEEMEXSE, m=6

N A% Hermite-Gaussian i {LUE .

4.3. BE3RBHE

M 651.6 m AbLL 221.6 m HILREE K IR, 2 7I7E 651.6 m. 8732 m. 1098.6 m. 13164 m. 1538 m
Qb B RS R b, SR S AHEESE R . R S AE 651.6 m I, MK 7 WTLLE H R VA A RE NS A A
R % 55, T Bigen Decomposition DFTFT T3 AE Ry 0.13305, AHEL T RFEALM 0.10699, AHLEL 0%
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Figure 6. Influence of 400 m distance approximation
B 6. 400 m FE BB ST

LI L | LI B |
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PN =

AR 1.303%. 4BE s 75 873.2 m AbKT, RFAE/ % FrFT [IE(E £ 0.056994, HARLLRAFE R GE & &
H70.3629%, {HZEETTUIE B 873.2 m b, 2 Mhz #9550 LFM (2 5 & HSE, WmHiE—58
T ETEVEAR BIA U SR o R, IR BT 98 10— 2D FRKZE 700 khz, IXFEREDS LA GHE 5 20l BRI
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Figure 7. Calculation results of bandwidth 2 Mhz
B 7. T3 2 Mhz tTHER

KA FrFT 55 Eigen Decomposition DFrFT HAGINSE St 3 From. fEUTRREGIX IR, S SR i) o
BEREEON IR, R AT DL T SRR S i R FrFT. (HAEGE R 28 X [H) 5707 5 Al PR A I 7 B AL
SHE T 170055, SRAEHL FrFT v 50 v i eR g 8 55 1 75 DR /NIEAE AN AH_E R, T Eigen Decomposition
DFrFT U £ Hermite-Gaussian ITMES G, WA ARSE SAZRMEI T, THEHE &R
AR . BEORYE 7RG, (HR R AETT T8 AR WG I T ORUETHSRORS B, A 280k I s

5. 4578

ARSI E & IS WA LR ) SL 6305, $2 H 48 i Eigen Decomposition DFrFT A e r ik, B
Je R ZYNQ “F- 5415 AD-DA #4553 LEM {55 K4 5 R4, I HARYE WZ 2605 5 A H e o A Rl
J£ DX 1) )T 95 EAT 10645 o AR AU B A I 82 FH AR 5K, phy T3 P B X i)k 000 35 S v 52 P o i ) 2
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Table 3. Detection result
3. MINER

WiRis it L TE] /s SEFREE B /m TR B /m IREER
Tri% 40.6264 651.6 624.13 4.216%
TFi% 41.9328 873.2 864.17 1.034%
FEAE 1 g 41.8346 1098.6 1097.17 0.130%
Ir ik 41.1836 1316.4 1371.46 4.183%
Ir ik 41.6797 1538 1508.61 1.911%
VAR 0.54908 651.6 624.13 4.216%
TFi% 0.42955 873.2 864.17 1.034%
PR g 0.42417 1098.6 1097.17 0.130%
Tri% 0.35727 1316.4 1371.46 4.183%
Ir ik 0.38092 1538 / /

DRI ETE 0~873.2 m JEHF7 %54 2 Mhz 1) % LFM {55, 1 873.2 m~1538 m 28 #F 25 & [X [A] i 5 5 52
4 700 Khz () LEM {55 . H1FAR[F ) Hermite-Gaussian T {DUE 25 i 45 21 1 06 2 B B RS 0 52 M S
H IR 7 Hermite-Gaussian T LMEZHON AN 25 R A520, 3ok 104K J5 B Eigen Decomposition
DFrFT R SRR R, 3T T X0 i 8 A XU 2k IR 8

SE ik
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