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Abstract

Variational Mode Decomposition (VMD) has been widely used as an effective signal decomposition
tool. However, the decomposition effect of VMD is highly dependent on the selection of its parame-
ters, and parameter optimization is crucial for improving signal decomposition capability. This pa-
per aims to optimize the key parameters of VMD through intelligent optimization algorithms and com-
pare the performance of different algorithms. Specifically, this paper uses the Marine Predators Al-
gorithm (MPA), Crayfish Algorithm (COA), and African Vulture Optimization Algorithm (AVOA) to op-
timize the parameters of VMD and apply them to mechanical fault diagnosis. By comparing experi-
mental results, the application effects and advantages and disadvantages of various algorithms in
fault diagnosis are analyzed, providing theoretical basis and practical guidance for VMD parameter
optimization.
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1. 5|15

TENMR B & T2 W HURAE 5 0 LRI 245 S A0 B SE0U, 15 5 R [LVE A —MA AL
T, BT 2N, 2847 fif (Variational Mode Decomposition, VMD) [2]4F y—Ffr i) (H i&
NAE 5T, REWE 2R AR AAME T 0 W s A B W B SO AERRZS B # (Intrinsic Mode
Functions, IMFs), FUL/EANEEZ 73 845 5 J7 eIt RUF I TERE. 481, VMD BIMEREAEIR KRR RS AR
THSHWIRI, JCHR M EESBS NN TR EZ]. SEUEEA LW AL B il 45 R R R aas
BE, WIS iz i2 W 5145 5 o e v

N EPE VMD SRR, Rk, BRI EIE A1 G TR B O . XA DLRE
R REFIBENLIE ROV FEEAL, RERSA RO AL AN Tk Z B N R AR B, B4 R S Re V5.
THECR E SN . THEZ NS T 8 VMD 7E Ul s S 1 ok b S S AR B . 7 SRR
Z I, $EtH T —F BDO 5 VMD-EAM Hikfb & (1) FLdE G A sy, A RIFRIAR. FEFIE
2 N[6]4 H — Fh ik i A A 1k 535 (Beluga Whale Optimization with Stranding Phase, BWOSP), #i|
BWOSP-VMD 133 (K, ) s SHHEHATE S, 5a RAIRFEES: S I BT 2 W, SEie
R, XFPTTVERES A B0 S A A UGS 5 e, JRAERRSR IS . i N [T]3R T — T
TGRS (Nutcracker Optimization Algorithm, NOA)E AL VMD 16 11 e 67 1 i e 7 e vk, 1AL
BAHEIIBCER . 5 LR e b S LS 8% 51 (Genetic Algorithm, GA) [8]. FiT B4 5 i (Particle
Swarm Optimization , PSO) [9]55 . $R1fT, Bf&E AT RETASWI R0, 87 B A0 A0 SR AS v B0 2R 30 AR
IVERE -

AW TR FH =g 2 B B g LA R, RV V48 & & 592 (Marine Predators Algorithm, MPA) [10].
/INJE R 8% (Crayfish Optimization Algorithm, COA) [11] PA & k¥ 55 % 5.7 (African Vulture Optimization
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Algorithm, AVOA) [12], X} VMD KIS EGHATIAL . I8 iX =R BRI Lo, 3R HAEAS 5 0 i
H R I ALER 21, MTTASEPRNM A VMD SR IR (8 BB AN 25 . IR RIS H B %
MR, ERESTER . A ML b i b I R G 1R v e, BRI AR & &
T VMD S5 R A AT 55

2. ERpEAH
2.1 BOEESO#

A5 43 S S AR (VMD) B H e — /AR A R, SR 15 5 A N AN A RS B B (IMFs) . (55
(1) 4N K AR EAIME) U, (1) B4 IMF AR ) - SR 5 5, HBR N

u, (t)= A (t)cos[ 4 (t)] €

et A () BEIERE. g, (t) ARG
i fpe MR MBS B R BEAT 20, i S IE IS Hilbert ZZHOR AT T, VMD H R AR )45
LEWY)
K J . 2
r[uwrk]{kz; 4, K(S(t)+ﬁj*uk (t)}e"wt } @
LR

f@=iw@ ©)

k
H, o ARSI RERTOE, §(t) RO R
AR LR AR RAL R, ST B H e T A () ARSI T o, MG RS B H R 2

LGWH%%MOFag@H?m+i}WOﬂ€W +@ﬂ%ﬂ0—iw®>@)

k=

A LRI E BREG () RPN B A A,
A2 877 0T - (ADMM) SV 7 25 AR T 37 503 S S 8 U, R DK o, S SR
B o

2 2

K

f(t)-2u(t)

k=1

+

2 2

2 ®)

Fr i B H 3+ 58 :
AT (t)=2a" (t)+r(f (t)—iukn+1 (t)) (6)

A, A0 N+ LGERIIE kA IMF eSS R 025, (o) F (1) MM R A, 2" (1) A%n+1
PARRO RN T F TR TAESURA R, © N A BB

LR BRI E N T R M 2 I, AL,
2.2. INEIMELE X

COA SLUL B R BRIET Wk N R 7E 38 £ BT RIS AT . S ISR 4
SAMBL BB, AR RMEL.
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221 BEHE
INEE IR A 2 /N R AR JESZ AN [F] B . RIS SRS R RE R, AN JRER X IR B AR A SR I
Uk, COA Hikrh, ZHfIEH temp ZH0HAT € Lo MM BEREACT 25°CIE, /NI (1) B850 §E 7 1%
K, BIENEE; M T 25CRE, BEnRe /15, Eahmth. HitHE AT
temp =15x rand + 20 (7)

Horr, rand ZHUETEEDY 0 2] 1 Z 8] EEHLEL.
IR 30°CI, ANl St NIREF A, SR R T fE R XK AT . B, B RYE A
SiLE SEWA BT, KA

Xshade = XG . XL (8)
2

Horpr, X RN REF AR E, X RO R PR R A E . B — A5, NIRRT SRR %
EXIAEE . (R, /NI R AN B R A ST
Xi5h = X1 +Cyxrand #( X g, - X{ ) ©)
c,—2-+ (10)
=
Hrr, C,®n@mREL R AENERIREL T RS XM B T /N IR E R A G R 5 21T
I RREAT Y o
222. BFHE
iR T 30°C Horand > 0.5 B, /NEEFSHENTEGHE. BEI, ANRIRZ RSN H SRS, 25 1Y)
e/ PR SIAVANY LIy RS R L L | B PN R VAR PSRRI S AL E VA= W /A I

X=X =X =X (12)

shade
z=round (rand * B —1)+1 (12)
Hodr, X} R HANRIF AL B, 2 TR 73— FHRENLIR N RERAMA, B /NI R R . X — 3R
W&, /NEHFAENSLE SE G R RN S AL E, SRR R IRI SRR .
223. BREMEK
LIRERT 30°CH, /ANRERKHEN BB, ANEERE R R T, SRW R AL E DR &
IR T . DL, Rl sns NBENLE R Hbrfr B3 T, HEHAN:
X to0d = X goog + FaNd x F x(2xm—rand) (13)
xii+1:xij+p><F><(Xfood _Xij) (14)
Fot, Xpoog RREWERRENE, p WEEMRY, FONMBLENE. WX 5, SETUAR
FERLVN IR R AT A, FEEE RSP RS A E, EERAE.
23 IGEHREERX
BV A FIE(MPAYBLIL T i &8 RS R AR R LL N g sh 257 . AR IEAC I I a) i3k
T, SRR N E . B LR B = AN B, DU e s T N,
AT FEA R .
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231 EIRELHEY
BERBURAEAE t <T /3 (t Fom MRS, T REENRE), JALE EH i F PR
{stepsizei =R, ®(E, - R, ® Prey,) i

_ =1,2,-,N (15)
Prey, = Prey, + P x R ® stepsize,

Horr,  Prey, Nl VI WAL SOEVIFERE,  stepsize, RanB s, R, #onAfillizz), RETIFES
DB . PR EL HUE N 0.5, R EIR[O, 1) (M HBEMLIE 5 7 AifE .

2.32. BALREEEMER
BEBT BONIEARIY, KRAEAET/3<t<2T /30, SRR e dE ) M5, & & Mt A Wiz
it . AT FoR

stepsize, = R_ ® (Elite, —R_® Prey,) =12, N/2 (16)
Prey, = Prey, + P x R ® stepsize, B
stepsize, = R, ® (Elite, - R, ® Prey; ) i=N/2,- N 17)
Prey, = Elite, + P x CF ® stepsize, - L
2t
CF =(1—le -
T
Horr Elite, RS AMAYIIRAI B . R ZFETIRYEIZ BN A AIBENLIF &, CF NHEENZH, stepsize, £

il & s K.

2.33. {RIRELHEY
M BUREAE > 2T /30, LRl A LA 77 3 ig s, HALE R BB R R -
{stepsizei =R, ®(Elit, -R_® Prey, ) i

. . =132"”9N (19)
Prey, = Elite, + P x CF ® stepsize,

2.3.4. FADs ¥R iR
EREE N EI Y, R AR A B (FADS) SIS aE M aiT N, SEHaE

RERAN R R AR . D 7RI — T, SR SN TR RIBEER,  DASC IR AL R, Bl A
Rt At HBEARRAT FTR .

{Preyi +CF X (X i + R ® (X = X)) ®U, 1 < FADs
Prey;

_ 20)
Prey; +[ FADs(1-r)+r |(Prey, — Prey,,),r > FADs

Hrr, X X o NEERER) B RIAF, FADs 2 MRALITRESS Mg, B 0.2, r/2[0, 113451 AR I bE
L&, Prey,, 1 Prey,, NSV E o

24. EMTRRUEZE
R T AL S5 (AVOA) S it o A0 A I 75 8 14 0 0 A7 9 AN AR, 2 RS ) — A IR AL S50 . A
AVOA 1, T 14T NI A E B B

2.4.1. FEAEFERERE
R E, BRIt EEMERERN B, RGN EAEFERNREIRNTE ., (HHEA
UF:
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R(i): BestV,, p, =L, 21)
BestV,, p, =L,

Hrp, BestV,, BestV, 2 AIARMANKILTEE . LAl Loy O M1 1 Z (6%, HANSHZ AN 1, il
REE A 2B p WS

2.4.2. FHEHERRNIEE

gk AINKINEIE ST S U
g:thma{gx%J+c%£gx%j—q 22)
F:(Zxrand1+1)xzx(1—%j+t (23)
Hor, FRRUURE, t RoRUAnE RO, TRRENIERIH, 2€[-11], he[-2,2], rand, €[0,1].

243 REME
A FMEERT LI, B ARR B HIsAUE R R
R(i)~|XR(i)~P(i)|F,R, > rand

(24)
R(i)—F +r,(ub—1Ib)r, +Ib,P, <rand

P(i +1):{
Heb, X AREHNBEINLE, P(I) AAFTALE, 1o Mub AT RSB A LTI,y 0 M 1208
BENLEL o TR R
244, FFRMER
2 05<|F|<1if, AVOA JENFFRIM BRI — B . fEH—B B Wi rand , NT P, NSt 2218
USRS s [ U HRAT e "GAT SR
XR(i)-P(i)|(F +r,)-R(i)+P(i), if P,>rand ,

. _ . . 25
Pi+1) R(i){R(i)i(')cosp(mR(i)msinp(i)}, if P, <rand, 9
2n 2n
FETF R — B TR TR IRETTIG BB 5 ). .
4 rand, < P I, FOBTECUIEANEAE, FIUHAIF
P(i+1)=¥ (26)
. BestV, (i)xP(i)
— BestV, (i) ———— L) xF
A= B () ()P (Y on
A, — Besty, (i) - Bestvz(.i)x P(-i)2 <F
BestV, (i)— P (i)
Hrand , > P I, FREIENFF RV B
P(i+1)=R(i)—|R(i)~P(i)]x F x Levy(d) (28)

o, Levy(d) A3R4E €47 B L
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25 ETEREEZEN VMD 28t g

FEAE 5o iR, B4 (Envelope Entropy, EE)& — Rt THir & 5 5 Z A MERME B EAFRAR[13]. UK
MR R KRR (5 5 RS RS R IndE TP ANE M, BRI RT DAY VMD S8 bR, ASCULR
ANLERE Y B FR B BT =R RERLEEAT VMD UL, KRB RIS 28R VMD i

R

WIGAe: MRAEEERNE RERAL SR IINLE], #1464 VMD Z8{K o}
VMD 73 fif: 34T VMD Jpfigf,  SRIUVEE MRS AR £0.2%

AT THE AT R R I AR
PAIEA: B REMACSEARYE 2T M NS, RE0R, BRI BRI
RS IR B RIS RO LA, Sl R ILH VMD 24,

3. ¥k VMD %R
3.1. SEISRE

A — B R 2048 (15 SEERAE NN R, W BRI EVEIERIRECN 15, WG R
410, YT a JEEIA[200, 3500], 4-fiEEL K DM[2, 10]. Gl 1 B NiAE 5 I ik i [
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Figure 1. Time domain waveform of the signal
E 1. FSHRHEE R
32. EEOMER
SFEIERAGE) VMD S35 a0k 1 . AR 2 Bk
Table 1. Results of VMD parameters optimised by the three algorithms
1 ZFESEMKILE VMD S8R
BILSH ‘
Rk Bl (s)
o
COA 257 76.9
MPA 253 143.1
AVOA 950 82.3
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Figure 2. Convergence profile of parameter optimised VMDs

B 2. SE VMD B9t Lk E

M 2 BkAR I Ze vl LU i, COA BIETEREA IR FE p R B Bl e shiee, HARsk st T
FaE BB ML Z T, AVOA Sl FEARXT NS,  FLAS RS fik. MPA WACSIORS B 5 e -

SAAT S, RE MPA Rt S W SIoRs B2, LR I I ik, Rlitk, COA fERAL VMD £
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4.1 BHRERTAE

L it K %% (Case Western Reserve University, CWRU )%l K34 52 /2 e 4 WL i b 12 W st o iz
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4.2. HEECHER
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Table 2. Comparison of fault diagnosis experiments of VMD optimized by different algorithms
2. FEIEAMAA VMD RIEBEIS TSI T L

Tiik HERf
COA-VMD-SVM 99.67
MPA-VMD-SVM 98.33

AVOA-VMD-SVM 99.17
VMD-SVM 94.67
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