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Application of Hilbert ~ Huang transform in blasting vibration signal analysis

ZHANG Yrping, LI Xrbing
(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: T he principle, contents and superiorities of Hilbert = Huang transform (HHT) were
briefly introduced and example analysis was carried out with simulative signal on computer, and
blasting vibration signal was analyzed and processed as an example as well. The results show that
the empirical mode decomposition method which is the key of HHT method with different time
scales can efficiently decompose the blasting vibration signal into intrinsic mode functions reflec
ting the intrinsic characteristics of the signal, and the signal energy can be clearly shown on the
Hilbert energy spectrum with an energy ~ frequency ~ time distribution. Besides, the HHT meth-
od, which is more adaptive than other methods, can draw time ~ frequency characteristics from
blasting vibration signal and provides a new research approach to blasting vibration analyzing and
processing.
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Hilbert- Huang A2 #( HHT) & N. E. Huang %%
T 1998 £EFRH I — BB U5 S A BT ik, RITEEK
StoF DA BRI 460 kg Lt 1) 2 PR R AR A 0 4 T 1 — A
TR, B FEEH LKA 5 # ( Empirical
Mode Decomposition, EMD) 777441 Hilbert A& #( Hil-
bert Transform ) P4 &7 4 E% . [543 A3 B 2% ( Intrinsic
Mode Function, IMF) A1 EMD 7£ Lt /N 20 A 56 H )R UF
FRIERLPE 1 R I RORT 77 A R I TR A, HE
HIRHMINEA RN EE, HOEARSEAE] T
TR NS ARSCHIN HHT J7v2, Bl v
PrEACEE, SRR E 5 AT LB i, A
NGRS S 1 AT 5 AL BRI — P %

1 Hilbert ~Huang 254t

1.1 EMD J;i%

EMD 777%, B Huang Z2#t, & HHT J7iEHY
K, EAKYEAE 5 A5 1 I 8] RUBE (15 5 AH AR (A
RIS 22) SRR AERBEAT 70 i, K55 5 0 W &
A ASE N A ROBE Hag AR 2 AN A IMF:

a. BNERFFYIh, WESAKEES T E AW
BEMEFREZHE 1

28 LN E R E A /M R S ) RS R IR R 0,
RIS 5 5% - I ) il = R AR

2 R EEFR A % I FE ( Sifting process),
ABINT: HARMIRKRES (1) LA A
R, FH =R 4% R 5 il 2o BT A B9 AR O A /54T 4
B, MIMIEZEESHRRERUEH ~ (1) B RS,
FIEG R MUk, k2 FURLUETHE
WIS 5 . P R W S 2 K B E LH ma,
x(t)'—? mi B‘]ﬁﬁlj"] hu= x(t)— mi . % hu YV%E
IMF HJ5E X540, WS —A IMF, 75 W4REEXT by
BATESIRE . — R o AL IMF 44, &
ELT kIR 4R b W2 IMF (1) 5E X, W)
x(t) FH—NIMF 2 EICH ci= hu . REL x(1) 5
ct MZEr(t)= x(t)— ci(t) HHHIESHPE, EELL
FiEE R, BRKIKIEE IMF & ¢, o, - o,
AN E o WREr, MTHRREZE, BRE .
B SRR BN, Bas KRR . & Lk gD
BIG, x(t) AT @M n A IMF 238 K% ra BIFI:

x(t) = ;}i(m r(t) (1)
1.2 Hilbert 254
SEANRIGEFZA IMF 044, Mg

IMF 4» 84T Hilbert 284, RIR[ 15 2|44 IMF 4
HHIBERR, L2 FTa IMF 2 5 5 550wt ml
K13 Hilbert i . 5EX{E5 «(¢) 1 IMF 435 (1) 1E
Hilbert A5

He(t)] = ']]{V‘[wf%dt' o (2)
b, v oRIvEEAE . SIS E S 2 (1)

2(t)=c(t)+ j(H)[c(t)]= a() " . (3)
Hor: a(o) WIRIEEREL, Ie) WAHLLRAAL .

a(t)= S (t)+ Hc(1)]; (4)
Q)= arctany'é(af)t’u . (5)

FRAEBEIEAL 5K H A BRI BA o o) TG I A3
(1) 3R

ar1)= ST, (6)
Fe)= e (7)

B —A IMF 4y =317 Hilbert ¥ J5, W
AT x (1) RN

H(wt) = Re‘nZai(t)ejq?m . (8)

K(8) FrZE T RZE ra, Re RARHLH . X

A5 5 M8 5 AE = 4 2% 1) wp R 23K N 7] 5 1% I A3

ek %k, B Hilbert i . 25 4R ME K F 77 % B (B AR 43,
e L7453 Hilbert B8 & #E:

ES(w) = QH*(Qt)dt . (9)

ARAR Re Rt TR R e R A A, R
IE T RSB KB N BT R RER .
1.3 HHT M

HHT ¥ BA w2 pidE: oS Tk EMD
SXRBEE T R ST I SRR, 2 BAE N1, E AR T
SE 6 R 5 IR FEL I R /N A5 A A DT R R I A Ak B
ETFRES;, BRENXT IMF, 5 HIEE RS
AR, SR T AR SR IR AR AN AR B TR R 5 e SO 5
JRHE R, i fE S EmREZE, F—4 IMF
A LEERE 5 — AN A IR, @il Hil-
bert A2 #1521 1 B I A2 B A WS M ) B X, B
g RBAF 5 R, ' ReRE I Mo B B —
B AR, 1K A /N IS AT 5 2 i A DA Al 3
e,

2 HHEPTR S

ARAE HHT Jrvk i ok, A 3 AMESZME
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55 1 AMREGE B A IE AU BAE S (wE 1R
) AT R, %5 5 LT A REER:
S(t)= sin (2007¢)+ sin (1007%)+ sin (407%)+ €' .
(10)
S AE S (CRAEE 1 kHz, BEKEE 1024 5) 3
’/ﬁ* EMD ﬁ‘ﬁ@, ?%I‘@J 3 /l\éj\ﬁ c1, C2, C3 %na/l\}%%‘
B oe( A 2 Fi) UMM % IMF 238 1 i 5
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AN TF B B 18] ROBE 43 B4R 5, e i s i, P KR
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