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Optimal output regulation based on reinforcement learning for systems
with dropouts and disturbances

CUI Yun-fang, FAN Jia-lu'

(State Key Laboratory of Synthetical Automation for Process Industries, Northeastern University, Shenyang 110004,
China)

Abstract: In this paper, a data-driven optimal output regulation control method using off-policy reinforcement learning is
proposed for tracking control of discrete-time networked control systems with both linear disturbance and state dropouts in
the feedback process. This method uses only measured online data to calculate control policies. First, in the environment
where state dropouts exist, a restructured state of the system is established by using the Smith predictor. Then, under
the output regulation framework, a data-driven optimal tracking control method using off-policy reinforcement learning
is developed to calculate the feedback gain using only the measured data when dropout occurs. The connection with
solving the output regulation problem is found in the process of solving the feedback gain. Based on the parameters
related to solving the regulator equation in the process of solving the feedback gain, a model-free solution of forward gain
is calculated. Finally, simulation results demonstrate the effectiveness of the proposed approach.

Keywords: output regulation; reinforcement learning; dropout; Smith predictor; off-policy; tracking control
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TR A5 Ly A Ly B, 75 E il AN a(k) FAh 2 Ge 1
RAS v (k) AN TR M 75 DLIE B335 2 o7 (k) 5135 7k 1)
S F. E SCHR [8,21] R &1, B8 4 5% W BVE M ARAIEAE R
GEATAERINGE 75 TR 15 0 BT SR A2 G i P
I T FH AR S SR R AR (X, U). E X
N(X)=ATPIN(X),
7(X) = ATPir(X). (61)
gh4530(53) 1 (61) AT LTS 3|
T(Xo) = —A"P'D = My ",
7(X;) = —ATPin(X;) = MiH,
N(X;) = ATP/N(X;) = Myt — Mg, (62)
Hrh Xo = 0. Wi (37) H LR AT 'S Ny
vec(X)
vec(U)

=T. (63)

S = —/111/12_11/122 + Aja,

T */111/15115_2 + &,

vec(N(X3)) ... vee(N(X,41)) O
vec(Xa2) vec(Xr41)

_In><q

—I,® ATPit1B
- 0

vee(Mg3 " — Mgg') ... vee(Mif! ) — Mg") R
vec(Xs)

vec(X;41)
A Ayp
Agy Ay

— , (64)

0 —I,®Mt
~Toxg 0
/Ill =

[vec(Mi' — ML) ...

Vec(Méz;l_H) — MY,

Az =10 -1, ® MlH_l]a

Ay = [vee(Xs) ...

Agy = [~Tq 0], (65)

Vec(N(X1)+7r(X0))] _ ﬁ | ©6)

—vec(Xl) 52

BN Ay = Aoy, FITEA Aoy FIRE N AERT 46 R
FF2037). (38) F1(63) 7T %A, 30 (37) F 1 (X, U)

T RN U7 AR

vee(Xri1)];
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5 I,®Q 0 gr vec(X) 0
0 I,®R vec(U)| = [0] . (67)

S 0 A T
20 (64) ~ (66) 7 %1 .S F T 52 A1, w1 20 (67) 7]

THEARE (X, U).

HiE1 EPUORS R S

step LTFE CX = OWERIER X, € R™™4(i =
2,3,...,7+1, 7= (n—m)q), LA CX = EMFF
filt X1, 45 E W E AR E MR SRms LRI LY, ¥ = 1,
= 0,[AREBT = —Link) + ey (k) fE A6 A
5,0 = v(k) + ea(k) 1ERINZRBUIRE, e1 (k) Al eg (k)
IR PSRRI AF AR T 7 (k).

step 2: MG ITA, 0 (58) kG V7T

step 3: A2 BT, 112X (59) Sk A L3RI LY

step4: % j = j + 1,55 step 2 M step 3 H 23 &
LT = Lill, < &0 ILT = L, < E(EFE /N
EWH), 4 RS L = 17 L = L]+,

step5:%i =i+ 1,5 = 0, HK step2 ~step4, 3K
i (58) AR M EHEi =7+ 1.
step 6: 3 (67) K43 (X, U).
step 7: 20 (27) 3R 43 14 75 Lo, B
L¥ =U + LTX. (68)

step 8: FHZ (28) THHE R M A u (k).

F2 F A (58) H(50) % A6 B 45, Bt BA | =X
(58) F1(59) K45 PI. LI A1 LI 3l &2 (50), Hoi1SC
Wik [23) T 1ab7 (Je) B3Rk CRALE T SR A PO AL 2 M — A
2.5 1EHISRR B M A EAW S A

EE2 HEE SRR 2 u(k) 7T LMER
?\?}E(l)ﬁiﬁifﬂklig& e(k) = 0.

UERR  fH G131 AR, 45 08 AR AR E 5 I SR e
L9, il it X @6y @ kg pi. LT AL A
A — BLAT uRase sERE. HhivE 2 /T &0k (58) AT (59) 1)
ME—fig P7 . LA LI 5 2 2K (50), 2K (50) 1 fiE i
/& Lyapunov J7 72 (45), it BLAELE 1o i 20 (58) #1(59)
ST 51 B 1 R R (46) A (47). B 51 E RS 1) AT
RNV 1 SRS BRI 2E REs 15 A — BLIT Afa
SEFEFE. R (67) AR 0 (X, U) I 2 (16), HHE HE 1
ATENELE RS 4 1 48 (28) 7E TR IE R G e M1
IR th 1375 2R 5 O L (k) BB B B 08 w (k). OO

EIE3 49 AL rank (Y] (k) = o), 4 VIR

Rt 7€ 1R 425 1] SR L9 AN LY, B B 1 R4S B P

LI AL 3 s S e A P L M L
R EH S ER AT, 25 e WA AR E 14 ] O
L9385 3K (46) F1 (47) KR P LI RIL)T 435

WSk A i 2 3K (44) (42) A1 (43) (R Al e F2 ]
5N (58). (59) 5 (46) (47)ZEANY. I ELARE STk [23],
W7 (k) B RARIIE T SR A2 e — M, BT LA /) B 55
1T E R T I AG T ) s L9 An L9, th X (58)
A(59) SRR P LT R L) 2 SIS E B A P
LiyfL;. O
3 fiELR

T SR BT R AR R, 45 R TR ()
TS L DL R IR BN B2 1 A A5 R
31 (AESLESHIEFURERIRE AT EL

2 R 2Rk B B IR R 4

x(k+1)=

-1 2 2 0
{2.2 1.71 o L.(J u) {—1] ok

y(k) =1 2]z (k). (69)
RGBT 553 H N —2.144 512,844 5, 'E A 178 .
WL Ah, T CLFFBR 2R G042 AR 1.

WS ENTQMG)FE = 1,F = —1,7
o (k) FIAME N 15, W S50k an R

v(k+1) = —v(k),
w(k) = v(k). (70)

e B2 G0 1) de KIS R IRELS f o = 1, TR
1531 S22 W i 2% 1 S 80N
10-12 2 0
01221716 —1|

HEUEBEFR AR 24) AL NQ = 81, R = 1,5
Q6)MRLENQ = 81, R = 1. 3£ T UL EB% 44l
TR, RN

X =[0.2727; 0.3636],

U = —0.3636. (72)
i 3 SR AR X (42) ~ (44), 7T LK A5 7] @ 2 H Ricceati 77
PRI P A AR IR S At 2 Ly Ly, B

G:[IABD]:[ (71)

81.1880 2.0902

P= , (73)
2.0902 9.0888

Lt =[-0.3436 1.0024],

Lt =[-0.3436 1.0024 2.5489 1.0168 —
~0.9166 1.0024]. (74)

3k = (28) SR 45 L, B
Ly = —0.0928. (75)
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X =[0.2727; 0.3636], U = —0.3636. (79)
BET H1 20 (68) AT 4%
L = —0.0928. (80)
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B 133 BRSO AR P A B SR 3 1 e
fite.
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PRIFMEAE R E 5 KRG s m,

IAE = ) " Jw(k) — y(k)],
k=1

1 &
MSE = — " |w(k) — y(k)|*. (81)
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k=1

®1 LN

IR [ 5 IAE MSE
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