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%, BXEXNXHHT EARRE A0 e WA L, AR T EEWE AL EHE
BHREEEBEFRF T E. BN ERNOFRRET BT &, F5 Huang &
(1998,1999)# 4T T LI, BE T AARENER. FHRALCEHEREEZ T/ AY
AN, CETREEANHRENRECE, AR FEREFEENE TR R —NE
MENES, FRERE AR B AT 20 A0 80 & R85 K %0 % 5 7
B REEFBZEEZT, AASRGASEM YRR, ELEEAHREHE S
ERAMHM.
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F/R1A%EF — A # (Hilbert-Huang Transform, HHT) 2T 4E 38 & B X i —FFF 'y it 8]
B B4 7702 (AT AR HO8 fl H99) . H#% U R L B A 53 #% (Empirical Mode
Decomposition, EMD), #8 28 5 5 - L& T A 1E #2558 ¥ (Intrinsic Mode Function,
IMF) ; X} IMF #4775 /RIAREE e, 8818 —1 IMF HEAT 20 A BRET R R A HRIE, 55K
BRI — B — BHE Ay =4 0AT. T EMD 2 BE N Y, B E R F RE A R F R
EMD & F {558 R EE, W o] AT IR FROEE . SHUE 7%
(FFDM L, HHT B 21884 IMF f4RIE M5 R ] AR b A, B T 0 e &tk 3R
FREETSIANZATHER RS, 5/MEShEmM T, HHT RA /MR HTH 2
LA, FEAHER L IHER T /MBS AT BRI AU TE B, B SR A 251 . BRITT HHT 75>
Mgk fdE Pl B R RE R Y A E.
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%



2 WHER 258

EMD @33 £ IR BB 313 2 (shifting process) REAN4## IMF. EE— KB EHTE,
EREESH L. TRERTBEESNETFE; L FEEREESTHRIBRKRER/
EEAFEFEERERSE . BT ES PR TRER B L FAR K E AR /AME, B e E4EH#
FTRERIEER, BEAMES SR EARE MM T, AR AR IGA N A . HO8 1 EE S
W35, AR YEI AU (E S M IRIBANER, - BIInB MR, (A S B B A ies; B bk, 4]
WFEEREEHFMRA(NASAHFET /0. BToBE—1 IMF E#TERBIER,
REREESR TR S E S AR R B0, 55 TR HAT — BB BRIt EE
BRI, 2SO PIFR BRI TH# S EMD A1 Hilbert 283 i A3 SE4R RIS 7 1, B =E
HHT F#E KW A .

2 HHT &4

HEMKESAEAEMAL, HHT YRF SRIIA T E T ES R3S IMF, DKE
BAEYEEXMBAE. ©EEHFHSEM, B EMD 1 Hilbert ¥, EMD it ZK8
Bl 2, — FEHERE S LR BITH (riding waves), B—FE XM B KA FHRIEHT T,
FEHRE—1 IMF AW TR MR (1) BRESRAESR/ME) F B 5B S EEER
REME—, (2) HRIBBRAESRH L LR H BER/IMER SN TaEH TFHEIZE.
IMF & _E3RBIANMRFAE, 2 EMD 2 # 45 AW SEN .

BREFFIES R X (1), B L TEEZRIINHN « ()T v(2), W L FTREHFH
é%jﬂ m(t ):

m(t) = [ult) + 0(2)]/2, (1)
WA BEER, A X()EE m()ERATS h(2), B,
hi(t) = X(t) — m(z). (2)

R LR RS EHR L, hy (OWE: (1) RIES(RKESHVME HE 5BT SN RS
REEHE—, (2) BBIHEAEL R L QLM b RHER/ME RN T RETHES
F5 B0 Ay (¢ )RR IMF; SERR L, B8 FRBLHEREITHI AR 1R, &7 S B R AR
SN FARRAE R AL B SN B, S BEEIRY A () FETRERWE IMF &4, B r(o)R%
X(2), 5 h()MREH £ TEELN u ()T v (2), BEEHFHARE, 8.

mi(2) = [u;(2) + v,(2)]/2, (3)
hao(2) = hy(2) = my(2), (4)
mp-1(t) = Lupo1(2) + 01 (£)1/2, (5)
he(t) = he1(2) — my_1(2), (6)

EEIFTBH by ()W IMF 4. (1) RESAMESEZ S EMESSREME—, Q) H

AR KA A L 48 AN R MEM B T A EERETE. XM RES
— IMF, ¢ (¢ YRGS IRARTD N r(2); B

c1(2) = m (1), (7)

ri(e) = X(z) — c1(2). (8)
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MESHITRES () BEHAT EMD 508, ERFTBHRAT S A — R S AE
TSR AR, SR . BESMEETITAN IMF AR .

ra = 11— C2 Tt Yn = Tp-1 " Cyp» (9)
MIREHES X RRNHEN IMF RREZ M.
X(0) = De + (10)

H98 IEFA T IMF M SB &M M HBR T HHT 7B 155 2B 4T s R i B A ATt

BF EMD ET{E 5/ HEAFE, BA BENE, 2HPEA %, T B RE SR IMF B
EHEHEHBR.

SR H) IMF #47 Hilbert ZE#8%) Hilbert 1.

ic:
x;(t) = ¢;(¢t), (1D
x;(¢)H Hilbert B78# 5 .
yi(e) = %PJ: J;—"E—t%dt’. (12)
% Hilbert M E X, x; (£)F v, (¢ ) A ILTOXT, B HA AT EREL 2, ()N
z(t) = z,(2) + iy (1) = a;(¢)e%®, - (13)
ANV R TRIBFRR R .
a;(t) =1 2;(t) + iy, () 1, (14)
wi(p) = 98, as)

Hoo 6,(¢) = arctan(y,(¢)/ 2, (£)) . B4 FFT BB H RIS i 6] 125 B, T B A R0
a; ()P w, () PR EIR R TERIE — 33K — WX =228 ), ATHEARIE L E 2
A HITEAR — FRPP I L. SRIBTERE - BHEFE LA H(2, o), B4 Hilbert 5
VB, T Hhilbert W0 th T AERATAIRIRAS ¥ 7 AR, BUL H (2, ) BFE— B b
REYESHIREE.

3 E5EBHTIEIERH
REBES:
t 6 [t(l)y t(2),"',t(n)] = [tl’[2’”"tn]7 (16)
X(2) € [x(ty), x(22),, 2(t)] = [z, 20, 2, ], (17

HRBEE KA A, X(0)F M ARKEMN DRME, XEEFITAR(L,, L) BE (T,
T)MEFEU, V)IiEN:

L, = [L,(1), I,(2), -, L.(M)], (18)
In = [In(l)s I,,(Z),"', In(N)]’ (19)
Tm(l) = tIm’ U(l) = xIm’ ] M, (20)

i=1,-,
T, (i) = ¢, V(i) = 2, i=1,,N, (1)
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TESHR IMF B, 3 B0 B R R L TEEMSMANEE, UEFSE—TMETR
FEXT R R ERPHE. T B TR RSB AR IME ST ALY, Bt R E SRR E MR
/MEHEATIESR, A LXHE SA ST . WX EMR/IMERM A, RS BRI %
EERER, FTL REEFESE AW B EH P AR REN PR/ MEBI AT . B Fia
SNEE RS, (ETERAR AN, A RE R HHE 58 SUGRR, BATIN N DAk S8 —
AR A K%, HATIER A B AR, REMaEmT.

3.1 i
BFEEmE— MHEEESNES S5 L,
I.(2) - I,(1), % I,(1) < L(1),
ki = {I,,(2) - I,(1), %I, > (1), (22)
21 1,(1) - L(1) 1, ¥ M=N-=1,
[ SNESR BT MRAEAINLE (T, T, ) FEE(U, V) A
T,,(0) = T, (1) - kiAt, U(0) = U(1), (23)
T,.(-1) = T,(1) - 2&,At, U(-1) = U(1), (24)
T,(0) = T,(1) -~ kiAt, V(0) = V(1), (25)
T,(—1) = T,(1) — 2k;Az, V(-1) = V(1). (26)
3.2 i
B aWME —MHERESHES S5k,
L,(M)-1I,(M-1), 2% I,(M) > I,(N),
ky = {I,,(N) ~ L(N-1), % L,(M) < L(N), (27)
21 L,(M)~-I,(N)I, B M=N-=1.
ESNESR P MRAE R LB ( T, T,)FEE(U, V) H:
T,(M+1) = T, (M) + kyAt, UM+1) = UM),
T(M+2) = T,,(M) + 2kyAt, UM +2) = UM), (28)
T,(N +1) = T,(N) + 24z, VIN +1) = V(N), 29)
T.(N +2) = T,(N) + 2k,At, V(N +2) = V(N). (30)

43 AV RUE PSR A S — MR E R SR MBI, BT R Ah B, LB (5 S
TEEIRBLR I,

T,(0) = t;, U(0) = xy, % 7 > UL, (32)
T,(0) = 1, V(0) = zi, % 2 < V(D) (33)
T,(M+1) =1, UM+1) =2, %z >UM), (34)
T,(N+1)=1¢, V(N+1) =z, %z, < V(N). (35)

RIZRR b T EELRE ZIREEAIHERE .,
w(2) = f(Tp, Uy 2), (36)

v(t) = f(T,, V,, t). (37)
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4 FEHEBRAEER

MR FRA X PRBRSN B o, AR BB R RIBIEH, ML THETEE S BA MR
WEFTEMAE. BIE e M ESA G PR — B 2 SR N AR E (R E SR ME) , AR
TEHRW D RFE, REBERTHME. WEMSSEDRERARIF [ MRUEL, MIAES
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a. BIGES, FAESFRATERE, b SHEEHAMEGES, . ATHRLES—TARES
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T, RN E S mINEITH . 8F 7
KERFHETRAGSKENRMEGS. &
bR b AT B A — A F AT AT B 5 (A
1); BBk BARS, MR — IR # P &
(B 2), ANE 2 HETEVE B, RHEBRIERE
BYES A A A (A ), AR ATTR I
FENESHERASER. B THESHAE
#, 76 EMD RS SR B+, BA LB H 4
LR 1 s R, AR AT & BT R AR
gk HHT 3 SRR .

EFHEESEREAMWE | MREL,
HANKTFIS

L, (1), Y FETHRKEL;

L=\ ), SETRTRMEL; O

)
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R FE 1 PREE, REXETE 1
BN, MEL R, BBL N ER
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EERTIE G SHRMAENSE r MREL, HATNKFSS

B {I,,,(M+ 1-7r), LT ETRKEL; (39)
2TAL(N+1- 1), L TBE THR/AMEL;
FHESFE(, )
t; + (i —1)At, i=1,-,7,
() =1" (40)
ty+ (i = A, i=J+1,-,2];
IIl+i_1’ 1= ]—a'"’]’
- 41
i Zrei-in i=J+1,-2]. (41)
BiESFyIMKE
J=1 -1 +1. (42)

STEHE SRS, ), BEF RN, 53 5RMEAX LI FHTIR(L, L) BE
(T, T, OMEEEU, V) ChITEEN, B EH EFR“).
T, (i) = t(L,(i)), UGi) = a1 (1) i=1, My (43)
T,,(i) = t(I,,(i)), V(i) = Iln(,-), 1= 1,"',N’. (44)

i ZRAY b TR IR BEATEETRE(36), (37) 1R15; LUls, FATRIH A (5 59 A
PR E R AR, IR DR TS .

MRS A A SR A R E, R e SRR AN T A

(1) REXRIGES T —YGER, £S5 1 EMD %3 B4, i THA& iR
(RIHAYE), TRa i s b A TSR AL 2, N T AN T AN, EhE B, A sk
HHT ¥ & B — D75

(2) EHEEMES, B THEASH, 72K £ T RANEABEDESD, TH ARSI A
SHELY IR . X T B SRAE(EL, FIHE VT A POE R .

(3) FHE A FFEBRAXTFRE, WFTLUSEX PSR A& S TR, BT Rt il
TERA M PRIERIRAELL, X HRL R RCR B .

(4) ZHESTIER BRI PR, NITCRICHE FREMAL, A TR A T A5
R B 4).

5 (FoMIRSRIEMEERA & TR A

N T RAER T R AT AT, RS R R AT L, AT T 5 H98 A H99 —B#y 4 4
(FE AT E.
5.1 #1
HELLRAEFZRIER A NEIE S
X(t) = cos[wt + esin(2wt )], He w = 1/64 Hz,e = 0.3. (45)
JRIRE5 A E SR A BT HE 5 3#1T HAT /589813 Hilbert 15400 3 iR, WA 3
AT, B4R S HO8 e —3. B TESMEERERHE, HETE SR EIEE £ A &
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B3 FARMERENES X(¢)=coslwt + e sin(2at ) J#FTH HHT
a. HEE X(t)=cos[wt + ¢ sin(2wt ) 1, b. HHMELLE, c. FREEINEBEE IMF 89573 - iHEIGH, d. HEIR
& SEMG B4 IMF BB - RIS, €. Hlilbert i

K, REBRRKIERNES. BT IHE B SHMRE, RERASE, BESHEEREERE
MERASERENEH L TEREXE—H, AFRKELR, A HEE S E TR,
HE FESAHRE IMF, WRTES AN IMF B85 RGHEST2ME, ENTmExR
— BHAI AT AN 3c A 3d MARFTR, R —BW . XBEH S - B R4 R HS(Z
HE 35)WERER, AIESHPR L. FEE B RBSMENER, ZESHHE Q
= w(1+e cos(wt)) (B 3c fl 3d FHER)WIAHIES. LAY Hilbert i541E 3e, M Hilbert
AT, FRIE (RER) MR ERAE — Nk NAETE SN, BNR TR, X RIERERFTE A
5.2 2
TR R AR R BEE A9 RN IE R s B A -

X(t) = sinr%orrt + sin?%‘m, t =1~512s. (46)

IG5 HO8 fEA— MBI TR AT [ 2 WEITH(8.10) ], i HEIETZ B E (sin)IRTTED N
2% B % (cos), B MR LR AR IB S #1550 A AL (S WEE 25).
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AR ERE A AR P & TR BSR4 A IMF 05 42 # 4d Fi7s, B 4b F0
4c SRR HIRAE TR LTS R RTH S IMF ATET 4 > IMF B IIREIRESSRGEES
B ELEL, B de T 4f 2> PIRER A& TR BTSRRI A IMF FIAT 4 A IMF B I0RETRME
S5FEHESH R, NEFRIR, RS IMF B SE R T RIRE S rE &
RIS . 5 HO8 FriBmss BARLL, BRI EERE S HE R -3 MEEIHE T
LB (1A 4 BT, RMEF S AN, B IMF 2R EFBES5SREFESHIE

kL HO8 E4F.

a 2 T T T T T d 2 — r T v v
2010 300 30040 5w 20 100300 300 400 500
o5 T00 200 300400 300 o3 T00__ 200 300 400 300

R VANVAVAVAVAVAVAVAVAVA' -
020100 200 300 400 500
-0.5 : - :
0 100 200 300 400 _ 500
b 2 . : — o e
< 0 =
S0 100 200 300 400 500
c f
< =1
2

0 100 200 300 400 500
! t

B4 FIPTRSERERES X (1) =sin gyt + sin ggn HEFF EMD 548,

BUP-MHIRT 4 4> IMF B I0PT5 5 5 5 RS 15 5 iR
REFTFRIEES, FRERBIES

5.3 i3
F#EZF (Duffing) 512
EX X ext =
4z eX® = ¥ coswt (48)
YERE =011, HTHEFE H8 Al H99 By HEL, 238 ¢, ¥ Mo MIEMPIIE RS 1B
AL Bl:e= — 1, 7=0.1, o =1/25 Hz, { X(0); X (0)} = {1;1}. HFEUA8) I EBME

Sa, {5 5 RABRIPIEN IR, (55 7EAH S R HIB M E 5b TR, B 5 BBl 2 58
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K. B Sa il sbRIAH T RAEMIELEER, FEHEECAEREMBESE. hiESnas
WAGFESLIE NGRS IR LM IMF AR B HIAE Sc M 5d. 5 H99 Frg iy s Rttt
(ZRHHE 8), BRENA IMF FIARRS, FFEEE T 51— R, SHEA IMP
HHEL, JEPIAS IMF FlR BHE LR AT A BRI HY

a b

| M

X(1)
(=]
dx/de
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i

_ O e
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0015 50 700 750 0015 50 100 150

t/s t/s

B s FAFMERLMHT ARG ST EMD 22500 4 4 IMF BERE

5.4 fl4
it RATERE B — MR R IELE RS, Rossler BT F:
dX/dt =~ (Y + 2),
dY/dt = X + Y,
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dZ/de = B+ Z(X - 7). (49)

BN TET5 H99 /Y HLAR, TR A S BT E4 5 A Bri g ARE], Bl =0.2, B=
0.2, y=3.5,1X(0); Y(0); Z(0)| =1{—2;3;0!. {EITHEN X FrsBWETFWE 6a,
R ESTEARE PR BT M E 6b BTR, AEHAI I, F5ELS WA RN RN A ETH—
AR EIREE, IMESE SRR E. aFArES R X FRES, BiE IMF &
HARSHIME 6c A 6d, FATHEBEI PR AR FHAEESER. 5 H9 HEELE
10), HESHABRETHEREY IMF 5 H99 FISH4EREE 5, S5 A4S EEE
B F RS SRR NIRRT R BRIk, FriB a5 R 1L HO9 B35 —15 X BB P & 1Eh
TR HIEREE.

8
b
6 L
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-5 5
0 50 100 150 0 50 100 150
2 . - 2
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< 06 < 0-6-/\/\J
0.4 s 4 R .
0 50 100 150 045 50 100 150

t/s t/s

B 6 MARmMIEHZES Rossler BB T8 X HRIAE
#4T EMD #1334 IMF REAE
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6 it

FA HHT f77E 893 AL 3 RIS, A SCIR T 8 IR YR S MR IR P & SE4R 12, TR
JTIEA R T 0 Qb TR 45 51, 1478 EMD B EI A A &1 IMF 8575,

BRI & AR E SR TRE, 188 FAE LA XTI (LR, S8 B ki
BAE TN — N ASHER T E S, RS, MR B85 T EMD # Hilbert A
St 5 .

WAEIEH L R 54T, RA SR S EREAL IR, B F ARG SFA 4 28K
B, T RBG R & st NHRELEMFREOE E 58 A S

SEH.
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Practical implementation of the Hilbert-Huang Transform algorithm

HUANG Da-ji!, ZHAO Jin-ping', SU Ji-lan!

(1. Laboratory of the Ocean Dynamic Processes and Satellite Oceanography; Second Institute of Oceanography, State Oceanic
Administration, Hangzhou 310012, China)

Abstract: Hilbert-Huang Transform (HHT )is a newly developed powerful method for nonlinear and non-stationary
time series analysis. The empirical mode decomposition is the key part of HHT, while its algorithm was protected by
NASA as a US patent, which limits the widely application among the scientific community. Two approaches, mirror
periodic and extrema extending methods, have been developed for handling the end effects of empirical mode
decomposition. The implementation of the HHT is realized in detail to widen the application. The detail comparison
of results from two methods with that from Huang et al. (1998, 1999), as well as the comparison between two
methods is presented. Generally, both methods reproduce faithful results as that of Huang et al. For mirror periodic
method (MPM), the data is extended once forever. Ideally, it is a way for handling the end effects of the HHT,
especially for the signal that has symmetric waveform. The extrema extending method (EEM) behaves as good as
MPM, and it is better than MPM for the signal that has strong asymmetric waveform. However, it has to perform
extrema envelope extending in every shifting process.

Key words: Hilbert-Huang Transform(HHT) ; signal processing; Empirical Mode Decomposition(EMD)



