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Training algorithm of HMM based on multi-sample state-weighted synthesis

LU Ru-hua, LI Sheng-xin

(Department of Computer Science, Xiangnan University, Chenzhou Hunan 423000, China)

Abstract: A training algorithm, state-weighted synthesis Continuous Gaussian mixture Hidden Markov
Model(CGHMM) synthesized by several CGHMMs, is presented according to the states distribution of
observations. It can solve the problem that it was difficult to provide enough training data due to too many
parameters in HMM model. The proposed method is applied in bearing fault diagnosis, and the average
training time of 12.86 s, diagnosis time of 0.189 s, and diagnosis rate of 90% are obtained. The method
based on state-weighted synthesis CGHMM is effective and feasible in bearing fault diagnosis and has a
great prospect for application.

Key words: Continuous Gaussian mixture Hidden Markov Model; training algorithm; state-weighted

synthesis

1970 4E AT, F Baum % A 857 SR A9 B 5 /R A] KA A (Hidden Markov Model, HMM)EL A K 435 51 F1 47 ik
PR, R R U 2 e 0 B R R AR 22— P REAE B RS W ST P AR B T R RO B
BT HMM 250UR L, 7EEbr X, — B USRI E 98 2 i U280, BL i 75 2 X [R] — X 42 2R (19K [/] HMM
BB EAT IACA BT EXE A R HMM BB H Ay /D RS, 7E ORI 5T T B L HMM(Discrete
HMM, DHMM), JfH M T E SRS, i Ee SO A BN PR 58 8 B A AT, T iR o %
HMM(CGHMM) 4 H )7 51 N FE AL AL B, BB Lo BORS # Hh 26 /m TR IR M5 5, A3 R F 42 s U0 e i 2 5 9 EL R
o ST IR R O B R AR R R AT A, RERS D B R s ), BRARAE S A AR, NIk, AR SCER X ZREAR I
FAEF Y ], PRI IR T — BB TOR S NMALS BHY CGHMM IR0, 58 Fow T 3lR il 2 e . s2 56
SRR, ZREARIMAE B CGHHMM Hll 7% i 5 12 W 0 i 52 A 80T A7, B R4 09 I R 5%

1 BAEEARH CGHMM il &4 &%

—A> CGHMM BB 2= (n, 4, 1, 0%, 0,) W& 5 DEMIFSH TS0 BRI, 7RI H AR
7 CGHMM # B I 25
BWIGREAB L, EX P60 )(<t<TJI<I<LI<ij<N)REIDNINGREA 00 1E ¢ I 2R L FAIR A

K BEHA: 2012-01-01; fEEIRHA: 2012-02-23
BETH: FFEARBAREA I H (61103108); WIFG& BRI BT H (2010F16028); MR A B FHF “+ 1" MRIHEE(XIK012CGD034)



%5 1) ikt SHAREMNE B CGHMM Il &4 H % 575

S, Fl e+ 1 I 204 BAR S S, AR, R

(i, ) =[e" (Dazb; (O BLN POV ] 2) (1)

Ao aPa) R BD () AR T -5 1 5 S 5 1AV R REAS B G R R A R, Kb T, N, S G

S K BN T A CGHMM 230 18 5 WL SCR[S]. 155 X 7O (m) WL FE 51 0V A5 ¢ B 21 ik FARAS S, BF X 565
m A IRA R T E I A, FROIRA A, B

a" (B () @uNO" 175

7 G, m)=— ‘ o
24" D0 2oxN O py0.05)
i=l k=1
L% 11~ CGHMM BIRIZ % 4, = (x,, Q> Hjmi» sz'mla @) 5 NS 1A WEE T I e m ol .
R N
7y =673 )) G)
Jj=1
7-1 ;
_ th( )(l J)
i =i @)
£ (i, k)
t=1 k=1
T , 1
7 (j,m0O"
Hpy = -
>y (,m)
=1
T
2 GmO" -, )OL - )
Chi L ©)
>y O¢,m)
t=1
a 1
> y(j,m)
R — %
D70k
t=1 k=1

2 REMRERBETE

L L
— R BL, BIF LA RN A=) o4, HIEE Y o =1, Hh A REGRER, L0<I<L)RFHFEIF
=1 =1

B, (R, A I IR A HMM B B L AU, AR R BUS 3 A iR .l T CGHMM A5 v (i
BT WG T HN /A iE00, X H— AR IR RIRL T ) R A RS ERE 2 1 AU, BEAEUINZR ok i A A0 LAy o
SR BOR R, A SO — b R TR AS S A B I A T 1

EX: R(<iSNI<I<L)NH [ CGHMM BRI INALG WAUE , £k TR S, ’EE P9, 55 1
AYNGRFEAR OV Jr i i e, B

0" number of observation in state S,

R, =

1

L ®)
ZO(") number of observation in state S,
k=1

ARG A L AR HEA S YR, =1 o RS LA WLEE)T 5] CGHMM IR ZS 19 43 A 15 50, 115 A —
I=1

SRCEAG S IBUE . T TR 5 T R 5 20 BE WL 5 (B3 SR ST AU(E ) LA S B 9

Stepl: WESH: M AMBHEITI 0={0",0,.-,0"}; WEH RN ; BARFEMERERKEH L ; W
AR UHEB(E R S .

Step2: WEWIME : MG MAFRBHER N AL, 2 HIER N AREPIE S, ,S,,-,8y , FFICRE S, K
KRN, , N, WHMEAZE; BEORBHEm=1.



576 s B 5E B FIRK 510 %

Step 3: # OV SAELAIRES S, 5 [, N, « N, +1; Hip,
—mmmkmsw i=1,2,N )

ISisN
|0 —s,| Fem Mg rE 1 OF B S, HHE R
Step4: 4 43 FOPR A (10 3 B ) B4 A 2R S B BT (L
1 .
S;=— > OV, 1<j<N (10)
j oVes;

Step5: T BA WELFF1 OF B H N LR A5 B 19 15 22 - J5

N
J. = ||0<” S || (11)

c
j= 10"es

R I, AR AE /N T S ek R 5, WIEE A Step7.

Step6: A m<L, WS m=m+1, N, B%E, R A Step3.

Step7: FLILASH

IR AIE T BCE T RS S A 6 R AR AT, SR EAT A SR AN R AT Ry, AT R IR
B RIS TR AR T BRIA R, OB T R KRB L, B 1k e R O (R 6 1A R AR T 1 AR TR
W% REERBIMZ)E, MRAERIE IR Step 3 K EME 751 70 B APIRASZER , T A D REAR B ROR S 1 5
BUE R,(I<iSNI<I<L).

3 SHERRESMEHE CGHMM &4 & &

AR _E SR TS R 8 A REAR B CGHMM BRI ZHL 4, = (my, 4y, s O s @) (1SS L)FIZREAR A INAL
EMAAUE R,(<i<N,I<I<L), nfLIEH, BT ZRARSIE A CGHMM Y2888 .

;:ZRllﬂ-tl ZRtlzgl( )(l ]) (12)
Jj=1
=
_ L __ L Z ()(l 7
= ZRilaijl = ZRZ T t1:1N l (13)
1=1 1=1 g( )(l k)
2.2
3 It !
Z O (j,mo”
fujm ZRﬂﬂ/ml ZRII = T (14
"G
T
Ly, Z]yf”(j,m)(o‘”—u,m)(0<”—u,m)'
0' 1 lRﬂa/ :;Rﬂ 1= i 5 (15)
- - (J,m)
=1
.
. . 7O(j,m)
@5 = D Ry, = 3 Ry~ (16)
=1 =1 zz (/)(J k)
t=1 k=1

4 WARMESHTESLRE

AR LG R G R il 4 Fofr LR (R (AR L P BRI L TR SR R 1%?%%3&5%)%1}5%% 5 KiEfT
RIS T W& TAER T & ok 5 s S, sS4t 200 MREAR, BEIERE S, AMERE . NBESY . Bk
ST AR AR 5 2% 40 4>, Hoh a2 30 43t 150 /\ﬁéﬂxﬁﬁ%gﬁﬁiﬁﬁmﬂ/\ﬁim CGHMM Pk,

BEF T 10 MMF53 50 N T CGHMM 2 Wis2 5, DANAS SC L7 Visual CH+IR3E T 1 il B 2 W iR -



%5 1) ikt SHAREMNE B CGHMM Il &4 H % 577

4.1 mMAE KRBl 5 L5e

TA A 1 A B 251 S 2 R R A 1153 1 8 1 ARARTE M iR KAk IR B L o 50, BiZZBGHEE s 1, LA
PR LR i ARG IR . W 2R R, kAR, AXAQDRBRRZET TR J, ST RN, Ky
SEAPEIR 40 Y ED TR 3R AR L L AR SL IR E CGHMM LB (IR S50k 7, W8 REAR T K B R 35 A %2
P50, W 30 NFEAS M EAE T I E N 1050, Hidh, FEIER A& 30 DMEAR R CGHMM IR s h, 35715 7
R S, A<i< N)BKE N, 73514 168,165,172,158,89,131,167, I H, & 1 DNEEARI A E 7 FRZS S, o IR
BB R 7,7,3,5,5,4,4, LRI, IEH A EE 1 DMEARIMALE R EBUE R, A : 0.042,0.042,0.017,0.032,0.056,
0.031,0.024.

PEREZ )G, AR 02~ 06)BATMALE B CGHMM Y%k, MR Ew S & . JMESE . NE RS .
WANR 8 MR 5 8 58 5 OB (W I 2Rt

N . N N 1 B S Y )1 S st
W, W 1 FTR AT IR T 12.86 5. ARG T

Table 1 Training time for all kinds of faults
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Table2 Results of diagnosis

diagnosis results

fault type diagnosis times diagnosis precision  average diagnosis time/s
normal  outerring innerring rolling element cage  others

normal 10 10 0 0 0 0 0 100% 0.195

outer ring 10 0 10 0 0 0 0 100% 0.188

inner ring 10 0 0 10 0 0 0 100% 0.190

rolling element 10 0 0 0 9 1 0 90% 0.185

cage 10 0 0 0 9 0 1 90% 0.188
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