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Model reference adaptive control based on reinforcement learning
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Abstract: Aiming at adaptive control problems of a sort of nonlinear system, model reference adaptive control based on re-
inforcement learning is proposed. The controller uses adaptive heuristic critic algorithm, which consists of two elements: adaptive
critic element, associative search element, The desired performance index is presented by the reference model, and the controller
parameters are updated by reinforcement signat given by system. The simulation shows that the proposed method is efficient for a
class of complex nonlinear system, and it has a high leamning rate, which is important to online learning.
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2 ETFEAFINEHESERENIEHR
4 (Model reference adaptive control based on
reinforcement learning)

RT3 4k%¥ 5 ) MRAC(Mode] Reference Adap-
tive Control) R4 M Z5H AR 1 FiR .

A, model REFHER, EHEE Y ERE
SRR AR, SHEEXNR AL ¢ H LB, &
5 A4 B R RN E 5 () r,
Uy AW REREIEFRRT, r = - 1, B0 r = 0. 5188
R B3 g & W (adaptive heuristic critic) 52,
T H PR H R AE R I 880 ACE (Adaptive
Critic Element ) X BX 48 ## & 8 55 ASE ( Associative
Search Element) .
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Fig. 1 Model reference adaptive control based on
reinforcement learning

3 #EHIRAIE T R HE & (Design and arith-
metic of controller)

3.1 ACE K)% 3] ¥ % (Leaming algorithm of ACE)
ACE 87T H 3 RRIMMEMERMR. Hd, MW

ARBRSE n + 1 AT, 5 R xo,xl,"',xn.xoﬁ

REE,x = (2, ,2,] BEEMBRHRERE.
BRERHE m M BT AR A R H

Z IR R

pP(t+ 1) = g(zn)w}i‘z)(t)x,-(t +1)), (1)

1
g(t) = T+ep(- 1) (2)

Hep: oP (e + )Rt + IHZRERBH, o (1)
B AR —BR M SR B MR
MERBARE,) = 1,2, ,m.

HHERAE -T2, ERZREE BN
HIES Wi XN ES r BBERE 2, B

(1 +1) = Zm)w?(t)vi(t+l). 3)

He P (1) B HAB_EH MERALZEZ
7] B FE AR B
BB IUREE ACE RN TMFENES : M
MES r REENTERAGFS 7. HERNT:
re+1) = r(e+1) - z(¢ +1). (4)
Hep: r(e + D Rt + | HAKIENE S, EEEHR
RE (R HEREE R RER) B R 0, 7E48
RREG AR REEROEERR) SR - 1.
%t F ACE BT, (¢ + 1) RFAREMN REME
RGP — 3 HENME S r MBUER.

ACE 0% 5 ) B A 2 38 1 1R 88 P90 45 A {H (5
BAMBELGS @ K B, 0P = 1,2,--,m)
RAUTZEIRE:

wP(t+1) = wPB(e) + Br (e + Do(e,t +1).
(5)
Hebpgs> 0REIR.

w1 RFBEA) BP HIEHATE S
wi?(t +1) =
wj(-,-m(t) +ar(t+ Do(e +1) %
(1 - v(s + Dsgn(w?()x;(t + 1)). (6)
Hb o > 0REIR R sen(0? (1)) BATHE
EHEEN.
3.2 ASE RY% 5] 8% (Learning algorithm of ASE)

ASE X 6 ZEMIH 2 M4 LM, ASE PRE
BEHANE, ERMANRELE RACHWER
LRAMEP TR .

. TEASE#5TH 5% 1 BRRARBENREK
SRE x.

52 EREBLE, 819 S 605 2 &M
ESWRBE A(x)( = 1,2,,n,j = 1,2,-,
m), AR FEx M MEMES. ERA=ZAERE
B, 3ABH by, o), MRS R

1-1x-¢ /b, %€ [cj,cj + bj],
¢ | /a5, % € [cj -
0, HAth.

A(x;) =1 - x - aj,cj];
@),
Sob, o B AT, o, b, B IE Sk
MAMANKRE.
HIRRANZ. R 05 b &K
TEHE a.
BORIRL I ) — R X N
RE: (if %, is A% and x, is A} and -+ and x, is A%
then y is B,) is tf.
Hep: i = 1,2, L, L BB (DEERE S
¥ ,EZRE S ARRFMW; B, By HEH
5ok BB i FHN ALK B, BHA TS BE (truth
value) , B2 [0, LR IBJ MM ¢f = 1| Form L 4e %
EH, of = 0RFEMNTELARE.
B i RN BIERE o) X

a; = (Zn)Ai(xk)e'A;(’h))/Zn) e"‘:(’h). (8)
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L
o = (T wib). (9)
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ESERMENE HHHE y gEPH—
18,80 B;'(a;).

FENYSBETHHTE y HEMESHK
ml, HRA=ZAXRREH, A 3 THASH (a,
biscy) , K o, R=AEAIFLONE, o, M b, AE
GBI TEE. A7) aTLikY Bi'(af).
B(a,) WREBEHE=AKE.B'«y) —BAEHE
i#®, WVEX&WAWWEFW{E 1]

*(1 - ak) (bk - ak)

(10)
HME—

Bkl(ak) = ¢ + 5

Y Bi(ay) MRBEREABHIE, By (af) R
%, BD

Bi'(ai) = ¢, + a *(af - 1). (11)

FOERBLE. EREXNAREHNEREM u.

w= (D aBia)/ e, (2)

ASE MRS R 1, K[ #HB o, B :E
ARHBH o ESENRERBERESE (o,
bircy). EFTK B R ACE MEHE L - &
KRR EE#TEST N

wi{t+1) = w(t) + Dw;, {13)
Dw; = ¥32/9w; = ¥3z/3u *du/dw,. (14)
Hey > 0¥ IE BT Mu ZEIREUHB R
R, FLCRREME S ER Y 92/9u, Bl
dz z(t +1) - z2(2)

7w =G ) w9
He .Y B.(a,) WRBERBRE=AEN,0u/w; 7]
B (8) ~ (12)KH, Bp

au Q

da, = * (aj - 1), (16a)
2 % Za,ﬁ
k=1
a [
gk x(1-a]), (16b)
2% Zak
g (16c)
C ,
> af
k=1
du cc*[B;'(a,;)+0.5*(a—b)*aé]—p _
— = *a;.
iy cc? '
(16d)
He¥ cc,p,a; A
ml
cc = Eaé,diz ajBi'(ai!).

k=1 k=1

(17)

EWACHN:E 311 §=3- 525 LIk PUa:ECE
Ju/dw;. HEBEEEIRA @MY, K (14)%

RAnEERAEIES B

Bw = 7 (1) 25 = () - 222 (1)
4 {HRXES5 44 (Simulation and Analysis

results)
EEXREOERHTRS, AZEEE model
B BRI R 25 S R B R B 3R MR R Y. 251 B bR
RERGEHERRSE vy 5Y, ZEIMIRZE e EAFIR
E c WHEEZN. Y e I e MTEREZ A, X X481
BEHIT R TFES r = - ;Y ¢ EATFMNIRER
BEZHNE X BHIT NG TER r = 0. BB
e=Y, -y,
0, lelge,
r={—1,|e|>€. (19)
4.1 {HR L% (Simulation experiment)
ZRUWTHIELRERSR
X = axp,

%2 = 2xy%%3 + u,

(20)

X3 = — x3 + xX3U,

Y = x1.
HpRGEMH o = 1.
SHER N
1

o= Ttz e 1 )

RIFIRERRKFe =+ 0.02. ACE HWEWEA
N3[4,5,1],%3% o = 8 = 0.2. ASE W4 EA
N°[3,11,18,5,5,1],% 3% y = 0.008;

£ MATLAB AT #1TIHE . RES KRN
0.001s fFEGF A 2 BiR. BF. y WEGLE
B, Y, hEEEBEG T, R hB RN KE
Ase RRGERML 55 E A 2 RIHRE.
FEEF L | BR A CRE EIE S S H R
BEMBESER, IR 2 IR E IR, RE X
FA— i BVRERA 25 P 28 B AU 25 | 5 I 2 ) 28 R £
HER.

ERAGHNERYE REE : = 458,38 o

RER 0 = 2+ — . HELRIME 3 FF
1+e )

A BT 1 R AA SUR I 8 R A B B
RBIWEHR, ML 2 BB E I B HETR AR
MEMHEMEERSE QENERHRE2N
ZR.
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Fig. 2 Resulting output and error response of plant
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Fig. 3 Resulting output and error response of plant
when exists parameter perturbation

4.2 {H 4 R 5 (Simulation results analysis)
M EER RS RATLESR]:

1) A 2 WL | s, RAASCR MR E T
SEAb S RBRR S 2% g IE R 7 B, T LA g
R TAE R ERERIR, LA RENEE
B, R AL AE RENE TN FENEES

2) AEBERNEHEN WP, FEBA
TERBARINGEES, EBF 2B MRNFEFT
B ARGS BRI E S RES U EER RS
REBHEN. XM EEIHENEBERFEARS
kM RS RS IR AL T 37 B B

3) ASEEMF T E v REEBEIL R, &1
518 R R RN 3 B 18, BEIEAIE R v TNk me
I B

4) AE 3 TH: BRGFE TN, AR H
MEEFRGZEERENTTINE S . BRIESE
EARNE BRREARENEEREFZ N . B
TRk > BRI S B 38 R W A LA B — 2
ERUERFEHEEEH.

5 #i8(Conclusion)
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