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Abgtract : The discrete-time direct adaptive optimal control problem of jump linear quadratic (JLQ) mode is
investigated. Reinforcement learning theory and approaches are applied to JLQ model and Q function-based policy
iteration algorithmis designed to optimize system performance. When the system parameters and jump probabilities of
modes are unknown, the parameter matrix with respcet to Qfunction isonline estimated by observing system behavior
under a given control law with recursive least square algorithm. Moreover , based on this matrix , a new policy which
can improve system performanc is constructed. The agorithm can converge to the optimal policy.

Key words: Markov jump linear system; Policy iteration; Q function; Direct adaptive optimal control

1 (ADP) ,
w _ Markov (1z14] JLQ , Costa
[15]
(MJL S) ® :
TDQ) . JLQ
(2.3 , MJL S (
[411] ) ’
(JLQ)
JLQ Q ,
’ ’ , Q
Q
1 2007-10-19; 1 2008-02-28.

(60574064 ,60736027) .
(19819, , , , Markov : (196545, ,

1 1



1360 23
(1) 0.
P .0
X u,
Li - Q
2 (i,x SxR u R"
Markov V (i, x)
V(i,x) = Q(i,x, - Lix). (5)
Markov (4 (9.0
: Q(i, x,u) =
X1 = AB) x + BOY) . (1) f90,x) +YE{QO1,xi, - Lo, x1) | B0 =
it Xt R p. s ={1, i,X = X,Ub = U}. (6)
, S} ,u R" ,AB:) BEOY (3) 4).Q
0. Markov Hiay  Hiaa| | X
P={pitiis. Qi x, ) :[XT’UT][ Hicy Hi(22):| |:L;| -
Markov T = [T, [Jis}.
[x",u'] Hi[j : (7
VOo,x) = CHi i S) . Q
T-1
|T|[TJ°E{ [Z[V 0, x) 1] |9°'X°}' (2 Hiaw = Mi + ATFiAi, Hiay =YA{FiBi,
- Fex) = xMB)x + Hiew =YB{FiAi, Hiza = Ni +YB/FiBi. (8)
uUN@)u,0<y <1 . , 6. (16] , 0
=i AG) ,BO) ,MB) N@.) L.
Ai ,Bi, M Ni. Mi N i
(1) Q (
2 K Hiio 9,
u(i,x) =- Lix. Q
Li(i S .
, (s .
V(i,x) = x' Kx, (3) 31 . Q
Ki(i 9 Li L, (7) ,
Fos S pik. Ho ., Q
1 JLQ !
u (i,x) =- Li'x, Hi,io S, _
L =Y [Ni +yBIF'B/] Bl F A n vy, n(n+1)/2 y
. . . y
R LIL Yy S[YE.yiye, Lyiya, ¥, LYoy, YAl
Riccati nxn c, i j ci ,
K = M +yAiTFi*Ai 'yAiTFi'BiLi*. n(n+1)/2
V7 (>i,x) = x' K’x. ¢ =
3 Q [cu 22,203, ,2Cin,C2,2C3, ,2Cn, ,Cm] .
Li, Q C, C
Qi,x,u = y'Cy =y'C
fU0,x) +YE[(VO1,x) |80 = i,x = X, = u}. G = [)j T, o
(4)
:x1 = Aix + Biu, t=20 0 Qi,x,u) =0aH, Vi S. (9)



12 : JLQ

1361
(n+m (n+m+1) g2 ©=[H, Goodwin " €1 <€,,
JHET, C) Hi(i 9 To, T2 To,t 2 TR
o, Q
© Q .9 1 et
o x.0 =B (i.x.00. €11 < TIZBI-TBI-T <€, (12)
B(i,x,u) =[0, Ox, ,0] S RLS  (11) 0.
(n+m(n+m+1)/2 [ (1),
cx><u, . "
. (6) U =- Lo Xt +& ¢, (12) , &
fu‘@t,Xt) =
Q@t,Xt,Ut) -VE{ Q@H—l,XHl, - LSHl Xt+1)} =
E{B@t,Xt,Ut) 'VB@1+1,X1+1, - L91+1 X1+1)}®. RLS Q
(10) K , C R
t, (10) ) B(i,x,u K I\ L®
A7) K® ,Q HO i s,
= T-1 1
, | t=20 (10) , 0
(5@ ' ) LY x = arg min{ Q(i,x,u)}. (13)
, X u R
Y = 0 0 = u )
- T LY =y [N +YBI/F*Bi] 'BI FYA;.
BBo.x0.w) -VBO:.x, - Lo, x) &, kel
o - Li = [ Hi» ] " Hiéy . (14)
- K+ 1 Li(k+l)
BO+:1,xm-1,ur-1) -YB O+, x7, - Lo, X) L
E xO}. Q ,
Y = E{ O} ,Zhang ¥
S = (XXX, T ILQ :
o , Q
(11) (14)
©] Hi,i S
Hi . , Q
ftzfu‘@t,Xt), 3.3
B =B@,x,u) -YBOu1,xu1, - Lo, Xu1). RLS  (11) Q
(RLS : (14)
G(0) = &,
e(l) = f-BOU- 1), 1
.
o) =0(1-1) + 1+E5:G%| - 1)|Bf’ Stepl: L k=0,t=0;
o~y GO- DBBGAU-1 T, € >0; ©(0);
(11) Step2: | = 0, RLS .
G =019 N Step2. 1: t, W = - L xi +&4
@(l) e ;@ (O) Q Xt+1 . fq y
Hi

(11 O():t=t+1,l =1+1;



1362

23

I = T- 1.

Step2.2: O® =O(T-1). O® &
(14) : LY.
Step3: max| L% - LY | <€,

1 JLQ (1) ,

(LQ) , [12]

, S ={1,2}. A1
1,Mi =1,Np=1,A>=1,B=-1,M

2.
0.3 0.7
=220y <00
0.6 0.

Ly =0.70,L2 =- 0.50.

1,B:
2,N2 =

1, T =10000¢ = 0.01,
£. N(0,0.09).

©(0)
0.2,L9

6 , L1 =
0.69,L2 =- 0.50. Q

[3.43 2.1j [ 3.69 - 2.oﬂ
Hi = , H = .
2.16 3.1 - 2.03 4.12

[1,0,1,1,0,1]",
- 1.4.RLS

1 L,
=
W&
& 0 .
\-% 2

P

ERPH

JLQ

Riccati ,

( References)

[1] , : [J1. :

2005, 22(6) : 954-960.

(Cheng D Z, Guo Y Q. Advances on switched systems

[J]. Control Theory &Applications, 2005, 22(6) : 954

960. )

Abou Kandil H, Smet O D, Frelling G, et a. Fow

control in a failure-prone multi-machine manufacturing

system [ C]. Proc of INRIA/IEEE Symposum on

Emerging Technologies and Factory Automation. Paris,

1995, 2: 575-583.

Boukas E K, Shi P, Andijani A. Robust inventory-

production control problem with stochastic demand[J].

Optimal Control Application and Methods, 1999, 20

(11) : 1-20.

[4] Ji Y, Chizeck H J. Controllability, stabilizability and
continuous-time Markovian jump linear quadratic control
[J]. IEEE Trans on Automatic Control , 1990, 35(7) :
777-788.

[5] Costa O, Fragoso M D, Maroues R P. Discretetime
Markov jump linear systems[M]. London: Springer-
Verlag, 2005.

[6] Xue F, Guo L. Necessary and sufficient conditions for

[2

—

[3

—_—

adaptive stabilizability of jump linear systems[J].
Communications in Information and Systems, 2001, 1
(2) : 205-224.
[7] .
[31. , 2005, 20(9) :
1030-1033.
(Zhang L J, Li C W, Cheng D Z. Robust adaptive
control of Markov jump systems with parameter
uncertainties[J]. Control and Decison, 2005, 20(9) :
1030-1033.)
[8] ,
He [31. , 2007, 41(8) : 934
938.
(ChenJ R, Liu F. He control of jump systems with
saturated actuator using output feedback[J]. J of Xi’ an
Jiaotong University , 2007, 41(8) : 934-938.)

( 1372 )



1372

23

( References)

[1] Levant A. Universa singleiinput-singleoutput (SISO)
didingmode controllers with finitetime convergence
[J]. IEEE Transon Automatic Control , 2001, 46 (9) :
1447-1451.

[2] Levant A. Quas-continuous highrorder diding-mode
controllers[ C]. Proc of the 42nd IEEE Conf on Decison
and Control Maui. Hawaii , 2003: 4605-4610.

[3] Levant A. Higher-order diding modes, differentiation
and output-feedback control[J]. Int J of Control , 2003,
76(9/ 10) : 924-941.

[4] Xud X,Lee T H, Pan YJ. On the diding mode control
for DC servo mechanisms in the presence of unmodeled
dynamics [J]. Mechatronics, 2003, 13(7) : 755 770.

[5] Bartolini G, Pisano A, Punta E, et al. A survey of
applications of second-order diding mode control to

mechanical systems[J]. Int J of Control , 2003, 76(9) :
875-892.

[6] Bruno Sciliano ,Wayne J Book. A sngular perturbation

—_

approach to control of lightweight flexible manipulators
[J]. The Int J of Robotics Research, 1988, 7(4) : 79
90.
[7] Feng Y, Bao S, Yu X.
diding mode control of two-link flexible manipulators
[C]. Proc of the 3rd Int DCDIS Conf on Engineering
Applications and Computational Algorithms. Guecph,
Ontario , 2003: 52-57.
Hashtrudi-Zaad K, Khorasani K. Control of
nonminimum phase singularly perturbed systems with

Inverse dynamics terminal

(8

—_

applications to flexible link manipulators[J]. Int J of
Control , 1996 , 63(4) : 679-701.

[9] Sanz A, Etxebarria V. Composte robust control of a

—_—

laboratory flexible manipulator [ C]. Decison and
Control , 2005 European Control Conf. CDC ECC’ 05.
44th |EEE Conf on Plazade Espana Seville, 2005: 3614-
3619.

[10] Anderson B D O, MooreJ B, Mingori D L. Ralations
between frequency-dependent control and state
weighting in L QG problems[J]. Proc of |IEEE Conf on
Decison and Control , 1983, 22: 612-617.

( 1362 )

[9] : . L2 [J1.
, 2006, 23(13) : 1030-1037.
(Liu F, Zhang X H. Robust control for jump systems

with L2 gain constrants [J]. Control Theory &
Applications, 2006 , 23(13) : 1030-1037.)
[10] , , .
[J]. , 2003, 29(5) :
761-766.

(Liu F, Su H Y, ChuJ. Robust postive real control of
Markov jump systems with parametric uncertainties
[J]. Acta Automatica Snica, 2003, 29(5) : 761-766.)
[11] , . Markov
[J]. , 2008, 23(3) : 246-250.
(Xu Y K, Chen X. Optimization of Markov jump linear
system with controlled jump probabilities of modes[J].
Control and Decison, 2008, 23(3) : 246-250.)
[12] Bradtke SJ, Ydstie B E, Barto A G. Adaptive linear
quadratic control using policy iteration [ C]. Proc of

American Control Conf. Maryland, 1994 : 3475 3479.

[13] Hagen S, Krose B. Linear quadratic regulation using
reinforcement learning[ C]. Proc of Belgian-dutch Conf
on Machine Learning. Wageningen, 1998: 39-46.

[14] Al-Tamimi A, Lewis F L, AbuKhalaf M. Mode-free
QLearning desgns for linear discretetime zero-sum
games with application to H-infinity control [J].
Automatica, 2007, 43(3) : 473-481.

[15] Costa O, AyaJ. Monte Carlo TD(\) methods for the
optimal control of discrete-time Markovian jump linear
systems[J]. Automatica, 2002, 38(2) : 217-225.

[16] Sutton R S, Barto A G. Reinforcement learning: An
introduction [M]. Cambridge: The MIT Press, 1998.

[17] Goodwin G C, Sn K S. Adaptive filtering prediction
and control[M]. New Jersey: Prentice Hall , 1984.

[18] zhang KJ, Xu Y K, Chen X, et a. Policy iteration
based feedback control[J]. Automatica, 2008, 44 (4) :
1055-1061.



