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Research on blind spot elimination of spread spectrum time
domain reflectometry based on signal separation

Chen Hongzhen, Wang Li, Xu Hao, Yang Shanshui

(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract; When using the spread spectrum time domain reflectometry for cable fault detection, it is difficult to effectively identify near-
distance faults due to the presence of detection blind spot. This not only reduces the detection range but also limits its wide applicability
in practical applications. In response to this issue, this paper thoroughly analyzes the mechanism behind the formation of blind spot, and
proposes a signal separation-based method to eliminate them. Leveraging the linear superposition of incident and reflected signals, this
method applies subtraction in digital signal processing to successfully separate the two signals, enabling accurate identification of
reflected signals within the blind zone and extraction of fault information. This method eliminates blind spot through digital signal
processing technology, avoiding changes to the hardware platform. The algorithm is simple, easy to implement, and adaptable to a wide
range of scenarios. Experimental results show that using this method for online detection of open and short circuit faults in a detection
system with a central frequency of 62.5 MHz, the maximum absolute error is only 0. 16 m, fully demonstrating its effectiveness and
practicality.

Keywords : cable detection; spread spectrum time domain reflectometry; blind spot; signal separation

B LRA RGBT BE, SR, 7 3t T 2648
WA S 1A N YRS, LS 8 55 2 (1) A 8 4 5 S R R 1
DU, o T R PR EN R AEAE | B LA I 7 5 B IA TG
VEIE F 5 TRT I, B 2ot 25t T vk A2 B ) B P i e, AT b 8

0 3

T

B ARG B A AR o T RE AN W 41 i, 4%

AR fdt AR SR, P UL R ST B A L Bl 2
Tho HHIG, ZRAT A TT B el i S5 S 303 P ke ) XL J 25
BEI R PSS 0 e B A e A I 2 5 A7, S R

S H 9. 2024- 06-06 Received Date; 2024-06-06
* FEAIH  E R A RFL2EH 4 (51877102) T H 9T B

LA I 7 X S i A 1oy FH UL 32 B AR BR
HAATELANRE S 09 BUMIE AT IE R s 4Tl v
XA PEAT AME AN , O TP BT R GU IR HIZE A, R



9

PRI 45 B T3 500 s i TR AT I Sk B2 S5 15 DX BR 5 281

P RS DU A (e B AR, e Ah, AT LA S i e
S A AL AP BB, I S 5 Bz, R
ik 52 5t 95 ( spread spectrum time domain reflectometry,
SSTDR) ' BRI T4t A 1 3 2 (G B ey SRR R 2
TELAIM B AR P A RIFFE AR AR . SR, SSTDR 7246 I 4
BRI, | AR 5 R0 SR 5 A OB B 55 R X
BB, T B S M DL, DT 7 A A
X7k —al R T SSTDR 7E S8 HE B 46 0 9 Rl A b7
JH AR 1 AL R BRI S RE

B XoF SRS A e A A D 5 A v ) DX IR A, BN
ROIFRET —RINHBRE XA, ECHk[ 8],
W9 5 30 o R R IR 45 R0 5 2 TR 38 g &1k 1) A%
2 PRI 2 28 S0 v 2 SRR I T X LA, SIE B T 2
HYTCH DA, SR, 3% o 07 12 75 By AN ] 28 R 0 2 45
VERCAR N &4 2k , HAEMRABRG IS 5 T, P A i E X8R
K, s feim e A BRI T HAE S BRI i ad v, 3¢
k[ 9] & %F i 3 fiik i B2 S 9% (time domain reflectometry ,
TDR) (97 DX 0], 4 H 17 38 o B2 o 4 DU A% 5 43 5 1
2 AR TRINE X, 20T kE N T 2 MRS W
i SSTDRM H A 58 4 T bR 11X, HLH T 22 i 4
R 55 AR N T BB RAS Ak, A ik v by
FRA B RS | SR K S K e 5 B S Ik v e T 1) ol )
B, Ry 7R — IR, SCRR[ 1L ]2 T —Fh 25 4
FL ki TDR HAR | IZHAR ] ey 38 LGB 0 5 Bk o
IS ok v B A5 9 ) 9 B8, DT 353 P ] [ B, S2 B T
H XA RORIN 489207 v S it a7 i (L H s L 3%
i ) B (BB AT TR AR 5 0 N 2R AP R T A XURS: | HLiZ
AR T TDR, Aid HI T SSTDR, SCHA[ 12 ] 7EL 5¢
TDR HYJEAL b, 51T 280N 3 B AR | LI
DX H R S R 0 RS AR Ak, S B TR DX A Yl
WERL, SR, X RN LA SEREARRS B 2%, W M2 AR
AR T ELAT ARG N 7 5o 2 A28 5 1]
HERE o

SCHRT 13 ] %155 B A5 488 52 525 (time-frequency domain
reflectometry, TFDR) B9 & X [F) @, BF 55 T —Fh 3 F &2 /)
AR (R ARSI 5 | 3 ok S /0N A e R R PR R S S 2
5T MSHE S, /N T TFDR R E X, BF5E
R T RS S AR S BN 2R R T Tl
FENLRRE R . A, /N R B i ) AL i AR 0
AL AR AR AR TN A%, XA R ) SR R 4 i

SCHR[ 14-15 138 328 b 35 TC e I A9 B4R 008 5 92 B
AL ARSI BT 1 2 S SR RO e 0, B8 B RE ARSI X
PR, (H R YRR e MR 2 2 2R 8 R G MR BE R R 11
SRR T A ERE M

SCHR[ 17 ] 4 Hh— o 25 T 3006 e D T I B X Y
i AR E AR CHE | e vl 72 B e e . g R

FKRFESHANEE XN SRR SIE , DTS2 BLUE DX
ARG, Z 07 I bR TR X, FLBE e T T A
BB RR, ER 2y T T B T 2R B 1 U R B, L
FHAMERE B

FERFFE R I S 6 IX ) B ) o A v, AT A Sk
P T 2R A AR Dy ik, AR, Xk
—BBIFRE F T SSTDR, [] st &2 A1 T AE S B 107 A v o I s
T A B A 2 A B BR3P AS JE S5 R AR

Bt X SSTDR Al & X (1) [l 8, AWFRIRA M T H
D= AR AR R R IR 4 T —FoR 8 19 15 5 0
BIE XIHBR A, AR SO A5G 5 MRS S
O3B BT T R B TR AR, B T XN R
D, ATV T H R B St A R A 2 AT, A BT A
1, O B N AN i B R AR 38 R e AR
62. 5 MHz (RN R G AT A8, 78 R Gexd i 19 X
U PR PN, B 5 A7 1) e R 48 X AR 2240 K 0. 16 m, B 3iF T
Ny REINE S g

1 SSTDR #&MAEHNE X )Mo
1.1 SSTDR RY#& N & I8

FLF SSTDR 1) 28 45 il it 78 26 46 I 22 4t 45 4 /s B2 IR
mE 1 iR

T
= |

| }\mv s
| KE%‘ I T .
| ER DA s | IS
i &5 BPSK i i

| i AD | l “
| PNFY e 4_l :

| = I

i e BE O, ket

! Al BT |

i o1 L

1 KT SSTDR HYLBEH BEAELAT IS5
Fig. 1 Schematic diagram of online cable fault detection
structure based on SSTDR

HAR GG 1E 5255 AR (pseudo noise, PN) J7 51
AT W AL B (binary phase shift keying, BPSK) 1
i, A2 O AR B ARG 5. X —d R, PN RS
SRt YRR B R TP R R TR
HLOHRER NS0 1 AR5 PR AR DX S ) 4303 53 A1
AR T RBEA G S ASHE S WS E S, W
HEHATI; ZRY BUS R SHIERE T R, R
THT RGBT TLRET . 4 m A S IERE S 1: 1/
FeBlEAT BPSK il , firf A5 5 10 A A Gz 5 B A
BN 55, S SSTDR w5y SRR ASRHE S5 ik BT



282 %A X

TEABIFE T I, 2% BRIy XA A5 5
ASHE T i i B A R B AR IR 4 AR AR
AR JEI , ASHE 5 TEBRHUAS 2 22 17 AR SO, R
P S SRS R T, 32 5 e LT (R 2 48 Ak BEL B
AR AXA (1) .
zZ, -7,
7 (1)
K. Z, I ST Z, MR ERIERL BT, A
SHES AR GHE S TG R TR AR (2) .
R.(7) =f0"x(t) cs(t=7)di (2)

s () WASE S (1) WRHHE ST, WAHES
JA, A

T, = NT, (3)
Horp, 1, AR AR BE N O m 751 5 i
R

EAR IEIB TG AT T — b A 8 A5 5 A ) 3
L, NE 2 FiR, PGS E R 80 1 TGS R A
Sk | YRR B B I W o) 1o S 8 3 o

15 —=— FF BRI
—e— BRI
> 1.0
i
E 05+
X
;I-K 0
g—o,s -
|
L-10fF
_]5 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 12 14 16 18 20

10
BEES/m
2 T SSTDR HYLSEHLRAE A (i H]
Fig.2 Simulated waveform of online cable fault detection
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Table 1 Table of blind spot elimination experiment results based on signal separation SSTDR and blind spot
elimination based on fitted fault waveform
1F5 ek UG TR 15
WEEE/m e ORI €1
KRR /m  XHR2E/m NRTE KMPE S /m  ZaXTiR2E/m TEBRIREL
0.2 T #% 20 0.18 0.02 20 0.19 0.01 20
0.2 S 20 0.36 0.16 20 0.19 0.01 20
0.4 TT % 20 0.36 0.04 20 0.58 0.18 20
0.4 ki 20 0.54 0.14 20 0.39 0.01 19
0.6 T 20 0.72 0.12 20 0.58 0.02 20
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0.8 FF it 20 0.72 0.08 20 0.77 0.03 20
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1.2 il fi 20 1.27 0.07 20 1. 16 0.04 20
1.4 IF % 20 1.45 0.05 20 1.36 0.04 20
1.4 % 20 1.45 0.05 20 1.36 0.04 20
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Table 2 Analysis table of average absolute error
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