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Multi-model switching identification for non-uniformly sampled systems
based on Gaussian mixture model clustering

WANG Hong-wei'?!, CHAI Xiu-jun®

(1. School of Control Science and Control Engineering, Dalian University of Technology, Dalian 116024, China;
2. School of Electrical Engineering, Xinjiang University, Urumgqi 830047, China)

Abstract: Based on the probabilistic method, the multi-model modeling method of non-uniformly sampled systems based
on the Gaussian mixture model clustering and recursive least square algorithm is proposed,. Firstly, the Gaussian mixture
model is used as the scheduling function, and the Expectation-Maximization (EM) algorithm is used to iteratively update
and estimate the parameters of the Gaussian mixture model, so that the activation of each subsystem can be determined
by calculating and comparing the Gaussian probability density function of each subsystem. Secondly, the recursive least
square algorithm is used to estimate the parameters of the local subsystem. Thirdly, the martingale convergence theorem
is used to analyze the performance of the proposed algorithm. Finally, the effectiveness of the proposed method is proved
by the multi-model modeling for the non-uniformly sampled system.
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RAEEWE S HL TR W R oy s Bk,
VCRCHRET, & (K, ) BN, WIS pl THER AR, S 2 0 24
T, kg R e X

TEM 2 TERFEERE [0, 6] A, SRR ABE R E N
N, &N T RGBT IR W N1, Na, ..., N, e
WREN + No+ ...+ N, = N.AF N T RGP
I, 8 SCHAE I8 73 SRUL L IR S EON N, R 5250
RAVLE KON Ny, 12 Ny + Nyi = N

TEEEEA b, 25 H R SRS St v

FE1 XNTRGA2), 4N TRGHER =
1,2, ..., Ny UCRFE S B S0 i, 5 e B LS 5 7 41
{v(k;) } 2 S B S AT, )2 B50fk v 1 22 3 A W Sk
N{ignooﬂei( Ni) = 0| =0:

o

(A1) E{v(k;))} = 0, E{v(ki)v(k;)} =
E{vQ(ki)} = o ki # kji = 1,2,...,¢,j] =
1,2,.

Eﬁfﬁ%éﬁ(a>05>0u>05>0$ﬂ%w
ANVCHC ) EL N & — N BRAE, Hl 2 0 < Ny, <
n AR SR 12 22 & () R NS Bl & o, (K, ) 96
SR F A

(A2) E{&*(k:)}

1:N
ﬁz oF (ki) < B, i =

)

(A3) oI,
1,2,...,¢,as.

BT i i, I T S
3 iEEH

BN N AR SRR V) R Gt

A (2)y(k) = Biu(k) + Biu(k +t1) + v(k),

i€{1,2,3}. (34)

o

Yhap?=

AY(z) =1+ a2
1-0.7832271 4 0.778 8272,

Bl(z) = bi1z™
0.3132z71 +0.079 2272,

Bj(z) = big1z7" + bigpz? =

0.206 3z~ +0.39727%;

Lt bipzt =

1 —2
+ a9 2 =

A2(2) =1+ agnz~
1—1.4782714+0.9324272,
B%(Z) = bguz*
0.15192~1 + 0.042 062’2,
B%(Z) = b221271
0.0779z71 +0.1824272;

Lt borpzt =

+ bogez ™2 =

1 —2
+az2z7 =

1—1.5292"1 4+ 0.74082"2,
B%(Z) = bguz*

0.069 0z~ +0.015 3822,
Bg(z) = bgo12~

0.01538271 +0.042 1272
I E2N B3N T RENSH I &E

A3(2) =1+ azz~

! + bglgzil =

L bgoez™2 =

I3 AN
T

0, = [a117a12>b1117b1127b121,(1122] 5
T

0, = [a21ya227b21175212,5221,a222] ,

T
03 = [a31,as32,b311, b312, b321, 322 .
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e B, RGN SR B p = 2,5
SR T = 1s,m7% = 1.5s, Wty = 0s,t; =
n o= 1s,T =ty = 1 + 7 = 25s.HAE
Su(kT), y(kT + t) RZHME . A7 ZRBEHLE
S e EBME. T EN? = 0.01 I A
B8 WREBR My = 1075 W46 W )7 2248 F
(i = 1,2,3) NEALHERE; py (i = 1,2,3)HL[0 1]
Z IR IBEALEG IR G R BN s = 1/3,1 = 1,2,3. 2
HIXHETHRZE N % = [|0(k) — 0)|2/]|0))2. LB RS
NS B RS B
o(kT) =
[—y(kT —T), —y(kT — 2T, u(kT — T),

w(kT — 2T),u(kT — T + t1), u(kT — 2T + t1)]",
C(kT) =

[—y(kT —T),—y(kT — 2T),u(kT — T),

w(kT —2T),u(kT — T + 1), uw(kT — 2T + t,)]*.

B150F 2 4t (33), K FH A Y BE LD #4557, 55 50
AFEAA— A, 55 1000 ZHEEABEAT T4 &, W38
INTRGAE R = 1,2,..., Ny JCRFEIN B30, 5
DNTRGiE ky = 1,2,. .., Ny CRAREN B B0%, 453
NFRGAE ks = 1,2,..., Ny UCKFER $ 305, K H
RTEMAT A I, R 1. R 2R3 HAH T3
AN e AL S B TRl TR ZE 1 0

®1 TRGERYINSHEETRETRER =1,2,...,N)

k1 aii ai2 bi11 b112 bi21 ai22 5/%
50 —0.7773 0.7775 0.3136 0.0632 0.2199 0.4140 19.59
100 —0.778 1 0.7787 0.3006 0.0759 0.2139 0.4228 12.66
150 —0.7837 0.7793 0.3007 0.0810 0.2172 0.4039 7.82

200 —0.7817 0.7771 0.3054 0.080 6 0.2113 0.4021 6.33

300 —0.7839 0.7779 0.3091 0.0802 0.2103 0.3995 5.11
HAH —0.7832 0.778 8 0.313 0.0792 0.2063 0.3970

Fz2 TERSGEE2PNSEGHITMHEITHRE k2 = 1,2,...,N2)

k2 az1 a2 b211 b212 b221 a222 8/ %
50 —1.4699 0.9282 0.1616 0.0489 0.0871 0.1881 16.67
100 —1.4760 0.9385 0.1532 0.0534 0.0850 0.1828 11.74
150 —1.4791 0.9371 0.1530 0.0437 0.0820 0.1856 8.35
200 —1.4780 0.9356 0.1578 0.0467 0.0794 0.1841 6.81
300 —1.4776 0.9344 0.1569 0.0478 0.0789 0.1833 5.53
HiY —1.478 0.9324 0.1519 0.042 06 0.0779 0.1824

®3 FTRGEREZHSHMETFREITRE ks =1,2,...,Ns)

k3 as1 a3z b311 b312 b3a1 asa2 6/ %

50 —1.4038 0.6359 0.0993 0.0494 —0.0109 0.0833 14.41
100 —1.5442 0.7832 0.0929 0.008 3 0.0197 0.044 4 10.49
150 —15112 0.7376 0.0812 0.0125 0.006 0 0.0504 9.15
200 —1.5357 0.7612 0.0713 —0.0016 0.0134 0.0520 5.67
300 —1.5381 0.764 8 0.067 1 0.0124 0.0184 0.0445 5.15
HE —1.529 0.740 8 0.069 0 0.01538 0.01538 0.0421

N T B AEAR ST A e i R A A T TR TR I
A RNE, 5 SCHR [21) B0 17 28 13 SCHR (221 R2RT7
TRREAT LA JEIE S0 R E R LI SE i, B34 T
Wi SR B AG THJ5 0, B T B WRE RRTTE
X EE A B 3 AR R AR A L B 3 R DU
AT T7 VA By A R AR T AR AE 5.7 %o ~

9.8% 2 1], # 5 F S LI o KR R R E P 1
8.2% ~ 14.5 % Z [8], B TT1E N 73 KA R L P AE
7.2 % ~ 13 %o 2 [8], i 54 vy iR A A 8 IR B IR R IR
K. B 445 T — R SE I 480 2 il 28 70 v VR A A
BTG T (0 D) e 6 it 28 10 bl s, PR I L RE 2R 0
89.6 %.
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SR U 23 OR824 S 122 A, U
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Sy R IR MR 0 F L AR 23 B0H A 1  25 1
1%, SHUSTHEA ST ELE.

4 & @

ASCHR W T — R T TR A B R K it
BN TR AE S S RS AR M R G 2 A
AT . T TR A R B TR T LA B
2K B 15 5 B 2K R R 7 £ e, 3 i 4 o
1 MRS GE T 7 R4 R B I S S, HEW T
B 54 S R AR G, R R TR, T B O RS
FEREER. 740, 07 L) T 36E T T8 (e 3 50 Kb
RE LR B ERE M. 7. KR s
O T 29N 2 5 H (MIMO) F93E 8551 0k R S0
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