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Comparison study of optical fiber vibration signals using HHT and CWT
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Abstract: In order to improve the ability of accurate early warning of optical fiber security system, Hilbert-Huang transform
(HHT) technology was adopted to analyze the principle of optical fiber vibration sensor’ s signal. Time-frequency spectrums of
different signals were obtained. The comparison of time-frequency spectrums of optical fiber vibration signals by HHT and
continuous wavelet transform (CWT) was analyzed. The results show that HHT has an important value in time-frequency analysis
of optical fiber security system.
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Fig. 1 The distributed optical fiber sensor based on Mach-Zehnder structure



Al A2 BT

HHT #1 CWT FHF 6 -4 85 5 A 1T L FsT 261

FHAF I PIAR, 73 1 BE N B -1 R T 454 1
258 — B s L i Jo m g — A 3dB ARG 4R 2 E T T
W, TWHOLIROE L PRI 545 00 A0 B1S 5h T 23 B Y
fF5.

fror b= Z B LABE S #5417 L 25 2 B i 4 3h 15
S TP iR - PR R T A PV R T A
FIRYALBE, 2508 L, (T2 B A BUBOLET, Mt
B L, WSRO . RIS S AETR
L, FOGlE 52l O 99N 0] AL A 1] 72 LA KO
SO () B0 0 I A — A BEHIAOL A, 1T Ly X
JO7 F3ANBE, BT LALER F 4 R el S AR A 28U
PR 2RI 1 TR T R ok

I=1 +1,+2/I L,cos(Ap + Ay) (1)

AL AL 23 5CER Ly F L, DB, Ay 2 i &
GHE L ZENRGIARIG A2, RES RHfE
JEAEHRA . NI, X5 S0 i BB AR A T
LUEEBGIBuE o2 QiDL ERep IRT e PR = dib] il I
{03 o

2 ETHFRBH-ATRN SO

A AR B (HHT) s /R AR RS A R 25l
HUANG $2iHi 9 EMD J535 2000 it EMD 15211 iy
A IMF AP IERIRHRFE : (1) i s AR AL RO IR
s AHZE N 15 (2) i BRI A 15 2 YA 4 2 A
HIH /MBS T s IR R 5 05

R A R AR - B AR A A S W BEA D IR
JEM A EMD J5 35 XHE S 247 0 i, A4 2R S 1 IMF
PR RGN A~ IMF BEAT 5 AR (AR AS H . T L
JCEFIRBIE 5 A il 24 43 EMD J7 ik ) Se Blini i , 4
B2 e i MR T 5 o (o) (RIASCH Y
JCEFIRENAE 5 ) B B A AR AEL A, SR ol A R A A
/MB350 AT R — 25 AU T 2 (B max 1 min ]
) M () B B P, IC T RSLEN
sp,x (1) 5 sy BIZRE N :

ga(1) = x(1) -5 (2)

amplitude/a.u.

000 0.02 004 006
time/s

1 1 |
0.08 0.10

Fig.2 The upper and lower envelopes of signal and mean value of the upper

and lower envelops

XA BRI (E 5, g0 (0) ATAERE — A~ IMF 43
B ATREA S A, g (O BUAEN « () B95E 1 B
IMF, 320 I(1) =g, (1) ; RILRERS g, , (0) #EATLA L
Bt BB m KRR T g, (1) 8., (1)
e E—A IMF, 25 — Al FER S . 205
B, e S A AR BREE R Z [A] A bR i 22 S SR PF
A

_ d ‘gl,(m—l)<t) _gl,m<t)‘2
i’ (&) (]2 )
KELKWFREM,S BFUEE 0.2 ~0.3 B G
i, BE AT ARE IMF AR E v, SUAT LA IMF HLA5 AR
R
g (O S AR GE (1) = g, (1) B
JEBHES « (0) 5HE 1 By IMF ) 22—, (1) =
x(0) —I(OHERFEBRER Lk o, ks
i n WG IrAs 1(n) B8 s AR r (o) ANTF R —
B B 5% A 1 O R L pR AR, W 25 4~ EMD 4y
it . B FIRES « (1) TRIR R n B IMF 436
FIFRAYE: r(0) AN

x(t) = r(1) + gxk) (4)
(TR (1) M7 RO e v () 5 SUK
x(t)‘ﬁiﬁﬁ%% 10315

() =xn @t = LX) 4 (s
Tt ™ L -7
b, p AFBTPGFAH, tr » (0) B A - A R 48 P
TE XS BT A 2(1)
2(t) = x(t) +iy(t) = a(s)e”” (6)
o, a (o) BRI UGS 2 (o) ROBERTIE R, 6 (¢) Ry
WEIT AL, 15 2% b T 20

a(t) = V(1) +y° (1)

— aretan YO (7)
6(t) = drctanx(t>
F AL R ESCK 3 AT 159455 1Y R IR A 42 R A
fo) = 5960 ()

Xt R (RS o (¢) il ad EMD 20345 2 1 45— B
IMF JEA45 A ZK AR AR e, AT #5331 o (2) 19— 4L el i
AARAL AR R] A2 AL R 20 73 20 -

x(t) = Regak(t)em"(') (9)

B L TR (1), Re ZORBUIT R 3
SRRy o B2 AR R KRR S D IS B R
oot 1al AL B



262 e

ot B AR

2017 4£ 3 J

H(f,t) =x(1) =Re ;1 ak(t)exp[izﬂjfk(t)dt} (10)
A H(f o) Sz Bl B[] FOR AR 5 5 IR B . X b
FH IR B 4505 | Ik B i (B K FR0R R IR S LR IR o (5 5 1
AL RE 315 510 Hilbert 323275 3, BIYG 4R 95 50
&5 B I35 o

3 ZWERSW

B 3 /R LT 4 B R G I R A — B
WA L SRS (5 512 0. 07s Zify i 2L
TRIZAEIR G , 5 E H i TR E .

0.5

0.0

amplitude/a.u.

,]‘ { 1 | | I I 1
0.00 0.04 0.08 0.12
time/s

[
0.16 0.20

Fig.3 Signal of optical fiber vibration
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Fig.4 Time-frequency spectrum of CWT and HHT
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Fig.5 Empirical mode decomposition and Hilbert-Huang spectrum of the
invading signal

a—empirical mode decomposition b—Hilbert-Huang spectrum
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Fig. 6 Empirical mode decomposition and Hilbert-Huang spectrum of the
interference signal

a—empirical mode decomposition b—Hilbert-Huang spectrum
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Fig.7 Hilbert-Huang spectrum of the invading signal and the interference

signal without higher-order IMF
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