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Abstract: The power cable plays a very important role in today's social development and urban operation.
With the increase of people's electricity consumption, the amount of cable laying is also increasing synchronously.
In order to prevent the cable from being damaged, the environmental vibration signals around the cable duct gallery
are monitored, and potential threats are found in time to ensure the normal operation of the cable, a vibration
monitoring system for underground cable damage prevention based on Matlab wavelet noise reduction algorithm
and EMD-AR spectrum analysis was proposed. The system was composed of solar power supply module, six axis
gyroscope attitude sensing module, vibration sensor module and internet of things communication module. The
main control chip uses STM32F4 microcontroller. The wavelet threshold de-noising algorithm was used to remove
the complex high-frequency noise and improve the signal identifiability. Then the de-noised signal was subjected to
empirical mode decomposition (EMD) and AR spectrum analysis of the first six intrinsic mode function (IMF)
components. Finally, the AR spectrum of the first six IMF components was accumulated to obtain the energy
contrast map of the signal. The research shows that the application of this method can accurately analyze the type of
vibration, which can provide a more simple and convenient method for the monitoring and analysis of vibration
near the cable duct gallery,and effectively protect the safe and stable operation of the cable.

Key words: wavelet transform; threshold noise reduction; EMD-AR spectrum; cable protection; vibration

analysis

EEWA - FHE ARRE RS (52075356) ; INTG4 HCF S H (J2021411)
PEE BT 572 (1984—) , I3 ABL, TR, F2BERF 58 J5 1] i vl (AL 48 ) il T 232 447, Email : 1157378891@qq.com
91



BAEF 2024F F54% FH11H

Bk, S R T ok BenkAe EMD-AR £ 6930 T & 85 B 3R Mol & 4¢

TE B BORBOR AT DL T, 25 Bl 2 AT
205 DR H i i R 1 A e A A i )2 T
P HEL R 25 v o 55 TR, M T R A i R
WAEF AN, NS 2B T ST, i
B Rz TR E T, O TE B BRI A O , AT
R, S T it TN B R PR A 5 U B A U R R B
RS AR PR T G A R A
PR ETE o 2S8R L 48 B AR A B 7 UG 22
Rig N7, BRI , S5 s R, B R 22
B AT — s WY FERE o F i R 45 By i R sk
SR A S 0 = Be o A < i AR G B R BR R
SERERAREAANTE GRS R HEL 1T
PN BRI T L 5 B T PSR A

2B W R TR EAT TR
WFSE, 253 M AR L — i T R 48 B0 R R Ok
FEARIE 5 IR BB iZ BRI AL BS54 5 6 7
3T AR RE R RE TR B RGO B B DR R R
PR T EORE L B PRI 5 U0 B R R
G B R HRCR s TP K T 26T STM32 Al Lo-
Ra 3t T LB 7E L M I AR 28, 1% AR SERE S At 0
P 0 2k e IR EE , XoF T B 2815 O e R i i
s EH B AR ST R R A R e AT I A
527 PV R GEHATHE ST A T R R R R
R B M N U 7 % U R G AR 5 TR R
SEIET X L8 B IR EOR SR T — R T IR B
Ik PR FE FEL 8 77 e DR M B AR 38 0o v A i Bl 5
B ARAT T AL AE IR S 15 5 A ISR AL, S AT ]
TR B RE S AT U

VAETTk T B0 Z MBS SN S IR R
W, AT 3 S PR AP 3R AR T RUAAR AN o A1
7 i B AR RS, X T SRAR AE S IR AN RE
AR LERET, BT, 5t — b 7E A8 R R a0
B M N0 ) 7 3 1R A S A R /N
0 {EL R R A EMD 2545 B S0E LA T/ I I
(1 22 53 B AL, B AR rP A7 2 RO AR P A4
P, TR /N AR 3 2 ) AT SR BE A AR g i 220 1 A
SR REE U SRR 15 5 YRR, anih S AR |y
SRAES S EMD J7 vk B N A A R AR R e %
AR T B U AT B B R (T BRI R
[F) B 3 F 15 5 A Jag A i A R, AR I
e G 1 FR A e AR rh R 7 A 1 R RO A
UEUEE 8

92

1 X

1.1 /NEEERER
55 R R I A R L /NI AR 8 2 R ARS8 PN 1Y)
JRFR AT, LA — R B T Ay
Mr  FEAR Z O O A E B A Z N H . /N
A4 1) A AL 55 4 L AR R — Ry, R
{55 H— R R BOR R B3 — 1 eRBUPR Ry /N
AW (1) e L*(R), L7 (R) N —T] V- J7 (1 S8 28
6], R S, e Akl HAH B A8 R ¥ (w),
o HAE, MV (o) R TR
J+x|ﬁ,(w)|2dw<oo (1)

—e ol ™!
PRV (2) /N BE pR S, QLT B REAS /N . B
AN R W (o) HEAT P A F-F- 7, RIVRT 7 2 — 4
INE LA W, (1), B
1 1p(t—b
Vlal
K a ARIESHG O MRS
BLf (1) € L2 (R), /NI AR AT 5E LA
W, (ab)=(fd,,) = ! mt@t_b de(3
ab) = (febo) \/mfmf() (2 a3)
oS (0) I RS 55 @ (o) W (o) I 2 34 5
(fib.) F P TR W (a.b) Ry /N FR A
I H A OU T, /1N M 2 8 B T 1Y B {EL A
SR Tl A RO 2, — BB R P o (LT o {1
B0, AR SOR AT PR BOR 25 BR AR5 o iy 2311 1
P R h

lpa,b (t) =

Ya,be Ra=0 (2)

. sgn(a)/“k)(|wj7,(| - )t) lw,, 1= A
@it = {0 w<n @
Horr
1
=" 49 (5)
K w,, 28 (B R I B ) /N R B85 sen A
T REL

1.2 EMD %A%

EMD 43 fiff i) 52 B2 55 1L 2 B AR PR ik
PR b B R . R R IR 15 55 AR i A
15 8B A5 5 oA R RUBE (9 3k 3l Ak Sl 17 43
R N T K TSR R AN %V €1 I 1 I 6
— D PINFR A —A [ A RS PR IMF

XFFAES 2 (o), PR



Btk 5 R o ok BenkAe EMD-AR £ 6930 T & 85 55 a3 Mol & 4

wEAES 20245F H 54K H 11

1) S HRAF 5 1A T A SR 3 (a5
2) X I A WA 5 A = URRE 4% R BG4 1
1B 15 B K AR ML R IR R L 4 2R
B m,, R THE
h, =x(t) - m, (6)
3)#5 b, S IMF, A0 by oH (1) B9 55—~ TMF 43
i ANEE LIRS IRAGH .
hy, =hy,_, —m, (7)
fifi b, 396 IMF 450, B —BY IMF,ic ¢, o
) Mo (o) Pk 2 e, 195K 22
r,=x(t) - ¢, (8)
r AR R B R AR 1)~ 3) 535
A IMF 734 ey, ARG 2] n A IMF 35

x(l):ici_l_rn (9)
A, WAREREE U B9 5 AR PR AL
2 RARRIEFAEINEL

21 REREEHAR

A BRI P AR R A E S R B2 A
SR TOHE R, AT AE A Ak o A AT SR
AEEER, WA KB T 450 7 2 4E
A il T BNEE o S TR BIIEHI B A R R iR
Tl — R AR A5 5 R 4R TR L P ) AT S5 A
MERG, ARG F LM KRR KB E Rkl
TR TSRS SR A5 AR B A B 2 A
SyF . R BHBEARVE A SR IR AR Y L RE
ik 2h E L, P R B R A A AR A P A
HL R, O e A T AR 2R B I i M SR
I BB R IR 20 15 5, A R B E 5 )
V5 AL 4 s a4 A B 5 115 5 i
J5 F3k & CPU, B 3 CPU AT A0 B8 , % 4b 3
Jei WAE 5 40 W7 2 15 mT B8 X R 4 3 AR B L an 2R
fig , (i 32 2h A B R E R T LN 5L, O Ak 1
EISEIPN & S AN & M 7B E
B IPK S H AR B AL B B Lo, $E RN B R
& B B I R O, B B o L A I Y K AR DT R
TR R D BT B B R . R TS F B
G EEME R, TAERBE 2 PR
22 EHiESHFE

AR SC TR FH 1) Matlab ZIN i [ 1 B 0t 7 i, )
FHAS ] Ay 165 {1 A 40 D EC g g sl 2R 1] {1 o e Y )
FEZ S Matlab /N5 722 4 R, R B BN DR 5
RGP AATE ARG LB S S h S A MRS | IE

_
T @ 8

=I5 iy

BT RGHUEE B s B

Fig.1 Schematic diagram of system early warning
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Fig.6  EMD-AR chart of the first six IMF components
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