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Feature extraction method of double-scale fractal dimension
based on VMD and its application
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Abstract; To extract efficient feature from mechanical vibration signal for fault diagnosis, a feature extraction
method of double-scale fractal dimension based on variational mode decomposition (VMD) for vibration signal was
proposed. Variational mode decomposition decomposed multi-component vibration signal into several intrinsic mode
functions (IMFs) in different time scale by solving variational model iteratively. In a multidimensional measure
space, the space occupied by a multivariate time series within a certain period can be measured by a
multidimensional super body volume. Due to IMFs produced by VMD were regarded as multivariate time series, the
multidimensional super-body volume was defined and calculated utilizing IMFs in multidimensional measure space.
Then the log-log curve with time scale and super-body volume for vibration signal was acquired. According to fractal
theory and the abrupt point in log-log curve, the log-log curve was segmentally fitted by least-squares linear fitting.
Then, the double-scale fractal dimension feature for vibration signal was defined and acquired. The simulated signal
results showed that the average relative error of fractal dimension estimation using VMD method was 4.71%, which
improved the accuracy of fractal dimension estimation. The experimental results of planetary gearbox vibration signal
indicated that the double-scale fractal dimension feature based on VMD could describe the fractal feature of
mechanical vibration signal efficiently, and the accuracy of planetary gearbox fault diagnosis had reached 100%.
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Fig.1  Flowchart of VMD algorithm
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Fig.2 FBM signals with different fractal dimensions
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Tab.1 Estimation results of fractal dimension for FBM signals
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1.4 1.260 8 9.94 1.477 4 5.53 1.506 4 7.60 1.320 2 5.70

1.5 1.338 5 10.77 1.722 0 14.80 1.637 8 9.19 1.379 3 8.05

1.6 1.4129 11.69 1.733 9 8.37 1.727 9 7.99 1.474 6 7.83

1.7 1.411 2 16.99 1.589 5 6.50 1.561 1 8.17 1.597 5 6.03

1.8 1.407 5 21.80 1.665 4 7.48 1.680 8 6.62 1.698 0 5.66

1.9 1.412 1 25.68 1.5353 19.19 1.657 8 12.74 1.787 8 5.91
2 | AT BRI BT S R VMD AR JF ELB FBM [ I AL A

JrikAb T B B A R R 22 R 4.71% , /T BC A1)
12.74% DFA 1) 8.78% F1 EMD £ 7.01% , [] i F1]
VMD J5 A T 9 e RAEXF R 220K 8.05%. T
BC {EAE RN L AFAE o T BORIFE /R B AEFER
THECA TS, % T AT FBM {55, BC ettt E

I, A3 T e B AR ST iR 25 R, fe KR 22388 T
25.68%. DFA i 11455t BC Ak 1 9 45 2
U AB T DFA 1150 T8 4T 32 5% 22 7 51 e 3
FBRTT B A T H RS B BE A B
W22 P9 a3 J B O i, HOAH X R 257 1.58% ~



514

AN, 5. FIH VMD B9 XURR BE 3T 4E R IE $2 B v - 131 -

19.19% ,“F-IMIXHR 2 8.78% ,AJ5R1E K. FIF EMD
A3 T AR T Ad T Y 25 AR T 58 ik
S5 SRA B T — B HJ2 T EMD Jrikas
By EA B EE , S BT 45 R VMD 522, 1)y
B AE B W] A VMD 19438 4k 50 Ak 3 7 vk
AR FLT BC B DFA J5 81 EMD J7 .
3 FlJH VMD #9430 15 5 W Ax B 4
4 BURFAE
3.1 ERHEXRE
ASCRENIRNES K A — T 2 IGFRFE LR
ARG, WU T /) FBoAE K FHES AT 25 Mkl
B BN IR L1 BTk T A ) e R e
KA 3 fros. 72 KBHES AT 25 Mk B A 521

PRI E T 58 1.5 mm R 1 mm BB =

(a) K PHAE 5 e (b) 17 - FE e

S

J
(c) ik Pl e

3 ERmMEHE
Fig.3 Introduced faults of gears
RAEMAT RN ARAE 4 PR F IR IR SN E 5
K 4 7.

10 10
5 5
0 0
£ £
=-5 =-5
-10 -10
0 2 4 6 0 6
tls ils
10 (@)IE % Lo () RPFEHpE
5 5
70 0
=-5 =-5
-10 -10
0 2 4 6 0 2 4 6
tls tls
()7 S H i B (b P ik e

4 TEERE 4 TREHEBIRNES
Fig.4  Original vibration signals of four states from planetary
gearbox
g AL AE 1200 o/ min, RAE
PN 20 kHz, 53 BRI IEHARZS KB s 17

SRR BN BB 4 Fs A RS 45 40 41, 3t
it 160 4.
3.2 IREBNMESHINARE S F4FHE

FIFH VMD Al 14 2015 5 19 73 T8 dE 4t 454>
PRBNF T AR5 B — SRl o] RUBE RN 2 2B AR R FR
MO ZE. FESL B 2 T, VMD 1 S5 R AE S
B o BUER K 2 000, I EAF B ke s w8 H
K (W54 0.01.

Bl 5 Wit B IG5eAE 4 AN FEZITRSIRENE S
(RO 5 i 2k B AU, 6 45

=30 10

740 M@ 0 M
- ¥ =~ Al

= : S _10l%
60 10T
_ -20
"4 6 8 10 2 4 6 8 10
Ine Ine
(a)IEH (b) K BHAE B
0 -30 ot
= -10 M T 40 U:*M
= e = »
=207 = 50 ¢
-30 _
2 4 6 8 10 %46 8 10
Ine Ine
(c)T L FE (b) A P i e

SO RN SR BN = VEie 2w g HIINE 2 e S e U E VS B
B5 (&,V(ie)) MRk ELMHRSER

Fig.5 Log-log curves and linear fitting results of V(&) versus &

H & S a1 AR AR (8, V(e)) 16 4E2s [a] 3
REIL A, 76 A ] R b AT R &
IR AR R, B A 0 T8 4E 5O BEME R A R R 3h 15
SRR, LSS BN B 2% [ & B8R, i 2 o [
R BB, RO E 26 ARPR & B — AN 5848 11,
AR S5 3 4 R B AR G AL 2 e E R BRI,
T A AR R B 15 5 A3 TR RRAE 7E R T VMD 3
BRGS0 TE AE BT, o SCT BUbR B 43 T8 44
AOMES. TER S H | AR OG0 26 o ) 2828 1o
i B R R 43 SRy PR 4, 9 788 it 2 A i) B T) RO R
AR TR S8 AR S 10 B, 5 1 L
T Y 2 I 1] RUBE 0] 73 A s 200 Y 3 4, R 1
(EREAINE BRI SN0 | W NPl TN S U
BESEIES Ay, R (25 5 1 @ 35 B NI A]
DI, SERPIA LA 7855 T REEREE 11T R
JE 1 A 0L 45 S T g U 5 PR s A5 5 R RO A5
2, VLI XUbT B2 20 T 4 $5 e 0 B8 4 M 3R A 4R 3N 5 5
(1) 53 JEAAIE .
3.3 WRESRASWIENAE

WM A3 19 73 A R FR IR 2 {5 5 bR
O TG AEBURRAE W DG B, AR SCHR T AR i 4r A A
T N 1R U i



. 132 . MoK O T

NN 5551 %

DX TR REFI] [&,,8,, ., ], FIH e,
B I 1) RUBE R 3 R 5 1 RUBE RIS 11 RUBE PR
r,i=2,3,.n—1;

2) R B/ NI IE A IS T RS 1T R
XTI SO R i Ze A T UG, LG 44 il
Rl Rl

VIR G IR e(i) =e,(i) +e,(i),HH
e (i) Fle,(i) 23 AINEE T R EEREE 11 R A0 &
WR2E;

DHHE o(i) BRI e, , FH R/ MEX Y

B LT SRR LG R 1 L, YRR ED
PRSI 1 BUbR B o T8 458
34 ETHRERREHSH

PRI VMD B3R B 43 T8 4 BORRAE 45 35U 7%
Mo T SEIAT BV R AR IR S5 . AR T L SE g,
W BC ¥ DFA J5i Ml EMD 5 B F A T A
AR NS 5 1 TR 45, 78 VMD J7 i 42 e
SE S W e BURF RIS, [R5 T 2 ik
PG BHZA T 5 TE 42, FTAR S VMD 1Y R AR
SRR, SR EE RN 6 IR,

2.0 .
1.8 1.8
gﬁ e el ## o %Gco%aﬁaoo
N 1.6 [P N1 s 260
=] Y
R4 R4
12010 20 30 40 20 10 20 30 4o
FEAS FEASS
(2)BC (b)DFA
2. 2.0 . N
° Sao s . ot P ot
T 1St s g, ot 1.8
i o o o ° © o0 WO §§ oo R H R T
N L6 memtmpmnmntes. X 1.6
R4 e R4
120770 20 30 40 20 10 20 30 4o
FEASS FEARS
EMD d)VMD
1.5 ) (@
i‘ﬁé N,
E\Oz\lo ﬁ.” o IEHIRES -
' PN
s o 17 LA
0. o - T e
ﬁ% O Sl
70 75 80 85 90
BRI AR

(e)VMD WU I 73 TE 4t 4
6 RRATEMITHSHLEHER
Fig.6  Fractal dimension estimation results of different methods
ME 6 FTLIF H, BC AT R AE R RE S 1
A B 1A R A B0 A P 1 W e A 7 T e 1X 4 £ f, (H
JCHE X IERCIRZS AT R BE. DFA T 354l
ST HERA REAS A RO R Y I RS HX AT
ERFERHAL 3 FhEERRESFA TG X 7. EMD J5
VEREAE X 23 K PR AR SO AT B S iR, (ELX) T 1

55 R BB X A BEAN . B 6(d) A AT VMD
K ARG B ARG T BRA5 BE 3 T8 e 40, % 0 T
BB A R TR 1) H K BH 4 B A T AL 5 R
XoF T T H AR S 04 Pl B B R BB A A — 2 1Y X 43
JEAEPACIR S 2 R I . K 6(e) HFIH
VMD H9¥R BN 5 5 AU BE 50 4EEURAIE , I RRIE ER
XA TAT R4S 4 Mg iR, ar i, A
VMD J7 kAl T 4R 20 15 5 70 T8 2 BURAE B B S 47
F BC ¥ \DFA ¥:41 EMD J5ik.

R T 2P BRI A S R BC
2 \DFA J5ik (EMD J5 Al i+ 40 JE 4e BORRE L K&
VMD [ 55 FE FIRUAR B 53 A 5 R A iy A5 26 4
LA MERf 3. 3 ARk K- 4B 25 4s (K-
NNC) | SZHpm EHL(SVM) Fl FR2= 2 HL(ELM) 3 Fh
gy, S CRAT BRI 4 Fis TR 160
MFEAR AN ST B A4, o — 1 RN AR 5 —
By AR REAR, SC S R E A 20 IR, B IR SEIRAEAR
HOFRENLIN 53, 245 R N3k 2 k.

R2 TEEREYELHAERELER

Tab.2  Comparison of accuracy for fault diagnosis of planetary
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