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(i)’d% =—x(t)z(t) +rx(t) —y(t),
dzé—zt) = x(t)y(t) - bz(1), (26)

Hh 8058 (o,r,b) =(10, 28, 8/3) , IKIF &S
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ARt x(t) JUTFA B A TR T st 1] 3 5 8 A7 B0 A J , 2R
GRS x,y, s WITRIEE [ 1 25 3], HIPUBY A
e -T2 LS ( Runge-Kutta ) ¥R i (26) X, T LIS
F A F 5 2 (n) MY BB . X Lorenz JR PR 8]
G A A A e > 5 IH— ki A ER ) a) 4
Mg D, =3, 7 =4, (24) XE ¢ =12. H L, %
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M x(n o+ 1), FHE 1400 X5 Ad HEUE , Kb on
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AR 1000 EcE FAE I RS 4, 4 Bl EL(16)
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GP WIINAIRY, 3 YN B R 4 L a4k I
T (17) N EE T Z KRB GP AN} Lorenz
TR TS [1) 3 370 B2 T30 235 SR AN S B A (M o =
5013 F] 6412) WA 1 fzs , HoA$ a5 00 T 5% 22 53 A
mE 2 Fior. IWE 1l LUE T 7E I 2R 8
MR HE 45 [, GP BEAY XY Lorenz 13 B 1] ¢
G L FUN R 5 S B WA AR AR AT, TR,
AT B ARG M. e 1 45 H T X Lorenz B
(] )3 5] A B2 0 15, R[] &2 45 W 25 pR BRI
GP T I 4 78 15 15 4 B GP 45 % ( &5 37 RBF 4% pRi
) /N L FFI AL (LS-SVM) , e AUk
TR (e -SVR), v KHFHEH (v-
SVR) , >R HHIE 3¢ fie /N o2 > 515 19 RBF 1 £
2177 (OLS-RBIF) 25 B R T4 RE 14 L 3.

v -SVR Jf& & -SVR et IE X, 66 A sh il &,
& -SVR, v -SVR M LS-SVM v 1% ok 5 2 0 &
RBF % pR80( k(x,2) = exp(- |x-z|?/0%) ), &
-SVR, v -SVR ¢ LS-SVM WSk 5] DL T 45
Bn A IR 18 & B — k8l 5 P38 LR
. e -SVR S $i ik BOHE R SOk [ 28 ] Y
2 VRE, TEMAL ¥ 8 € =3 ,#%B3%0” =0.75 x D,
= 2.2, =0.01,4 & &/, X A MRS B9 T4 hE
D178 2% | TR SZHF 1) e A 2RI £, v -SVR & & -

SVR MBI 20 HHUE K/ MR & 1R /IN, i3 BLER
0.5, HAZHS & -SVR MIAl. LS-SVM Ay Ui 4 IR
5P X UE M A R T kIS y =
8500, o =3. OLS-RBF #£H 150 s, K1 1Y
LEAEE A W, B A U7 22 B L) GP LU HE
DR AE AN R4 1 0% T5000 1 BE 24 s - oAt Uy ik

WoRT GP AR R (0 TR AR A
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; e
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I i t
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5L (L)

5600
n

5200

6000

6400

[#2  n=5013 %) 6412 4 Lorenz TR A 8] FE 51 T35 22 43 A
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AL T A 0 1 RE He AR

) lERs iR 4
RO R 72

EV\RMSIC EVRMS]E
GP(fiI(16) Xixm%L) 0. 0053 0.0138
GP(fH I (17) R %0 8.0467 x10 7 0.0124
GP(fd R (18) RA% %) 0. 0086 0.0122
L GP AT (=T RBF A pR %) 0. 0065 0.0142
£-SVR (& =0.01, C =3, 0% =2.2) 0. 0091 0. 0667
v-SVR (v =0.5, C =3, 0% =2.2) 0. 0058 0. 0545
LS-SVM( y =8500, o> =3) 0. 0043 0. 0244
OLS-RBF (150 4~H.0») 0. 0041 0. 0362
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3.2. Mackey-Glass & i it 8] FF 5 B4R B 6 5 Fni8
Bl 84 L EHEWN

B R 9B R 48 Mackey-Glass J5 &™) m] FH R4S
W ARSI R G AL A PERE , T TR i
S IF, IV M 1 40 B Y i A Ak, R R T |
ERIEIPIEY Y i S
dy (1 0.2y(t —t,)
{ét) = 1 +_yw(t “1) - 0. 1y(1),
Hrbre, AEFHESE. T 408 R A S L
T3 T S DR 2y A e B B A B T TR AR
fiE. ¢y > 17 B R IR, ¢ (ER, TR TRE B
. VU e ks - RS k25 1 (27 ) X BUE %, 15
FIHE F S y(0), Hoe, =17, B AL KR
0.1, #IRZMF y(0) =1.2. M Mackey-Glass B [i] /5
Filr Al H 1000 X A 0 BCHE , Herb e = 118 3
1117, Hi 500 4> & HIVE I 2R 8040 4, HAR i 500
ANEE VR AR A3 y(n + h) = fyp(n))
TSRS 73304 h =6 I h =84 VEHERT 6 2T
W PEmT 84 A L. #E(23)Xh, &E D=4, 1
=6, TR L A A5 i S oy
¥t +h) = fly(t =18),y(1 =12),y(1 =6) ,y(1)) .
(28)
XAAE T 5 LU Skt g, AL &2 A o7 22 pR AL
(16),(17), (18) L F K GP FHAY. 1k
AN B L T (17) K E S 2
PREL) GP BEHU X Mackey-Glass i3l B[] 1 51 $2 /i
6 25 T 25 FE RS bRyt (E (AN ¢ =124 F] 1123) 4N
Bl 3 B, HAS s T 152 22 43 A 81 4 s, A
Kl 3 AT LLE Y, TCie e IRk i 2 a5 e 4 1
GP AN} Mackey-Glass TR 1B 8] 51 $2& 71 6 A5 Fil
Dyt 55 S Bt JLF-AR R, — 35 09 22 50 an 1l 4 e
7N, HREETEAR /M B 20 A RE X )
FT(16) N E G W05 22 BREH) GP BERIXT 4
=118 3] 1117 Y Mackey-Glass 1R il B [8] 5 1) /5 $2
I 84 A5 EL 2 TR0 45 SR R0 B[] 1) S B i 114 1 (M ¢
=202 ] 1201 ) 4P 5 ffrz , H2% S 00 5 22 43 A
Kl 6 Frn. M S dal LIE ), Toie 7 I 25 5088 18
SEIAEAEE [, GP AEAIX] Mackey-Glass i i s [H]
J741) 84 A AT i i 5 S b A S AR ARG
W, PO Y HAG ARG (0 ) .
222 45 X) ¢ =124 3 1123 () Mackey-Glass Hf
B 7510 43 ISR T 6 25 T 5 2 i 84 20 42 Tl
B, Ay GP AR5 L GP BERY | 15 3

(27)

RO 2 5510 (ANFIS) |, SR F OLS 2% 3 Bk 11
RBF #Z M 2% (150 ~H0 ), 3ETF RBF A% PR
LS-SVM, & -SVR, v -SVR % J7 ¥ 1 Fl ) R L 4%
ANFIS 1% A S5 @ B oR B0 Bk B S Gk [ 9 ] A
[i]. & -SVR WS Bk B B SCik[ 28 ] I 4 B e B
e =0.01 IEMMALE R C =20, 5% o® = 3. W v-
SVR v =0.5, IEMLHE C =3, S8 o = 6.
LS-SVM FYHR{H # FREL T FR 4l R 110 5 1238 LK
W E, B8y =59595, o =0.9. OLS-RBF
VEHL 150 >rups.

MR 2 WSS SR I BT 2 A VT 22 shi%k
() GP AR H I A AU 25 4 T B T30 14 RE s 41
Hifth 77, LS-SVM, & -SVR, v -SVR ik 3] T &84t
PIRCR  (H R A S E T AR 5 AR 1Y, [ 38
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Single-step and multiple-step prediction of chaotic
time series using Gaussian process model
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Abstract

For the chaotic time series single-step and multi-step prediction, Gaussian processes ( GPs) method based on
composite covariance function is proposed. GP priors over functions are determined mainly by covariance functions, and
through learning from training data sets, all hyperparameters that define the covariance function and mean function can be
estimated by using matrix operations and optimal algorithms within evidence maximum bayesian framework. As a
probabilistic kernel machine, the number of tunable parameters for a GP model is greatly reduced compared with those for
neural networks and fuzzy models. GP models with different composite covariance functions are applied to chaotic time
series single-step and multi-step ahead prediction and compared with other models such as standard GP model with single
covariance function, standard support vector machines, least square support vector machine, radial basis functional
(RBF) neural networks, eic. Simulation results reveal that GP method with using different composite covariance functions
can be used to accurately predict the chaotic time series and show stable performance with robustness. Hence,it provides

an effective approach to studying the properties of complex nonlinear system modeling and control.
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