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Abstract: For the optimal control in singular perturbed systems (SPSs) with double time scales, a new inverse rein-
forcement learning algorithm based on a full-order model is proposed. the traditional composite control method is that the o-
riginal SPS is divided into fast time-scale systems and slow time-scale systems. A comparison of the traditional method with
the learning algorithm is made, which shows that the complexity of solving the problem is reduced. Firstly, a model-based
strategy iterative inverse reinforcement learning algorithm is designed, and using the system dynamics and optimal control
strategy gains to reconstruct an unknown cost function. On this basis, a model-free off-policy inverse reinforcement learning
algorithm is presented, which only relies on the optimal behavior data displayed by the system and can accurately reconstruct
a cost function without the prior knowledge of the system dynamics model and the gain of the optimal control strategy. Final-
ly, the system can track optimal behavior while realizing an unbiased estimation with detection noise. The effectiveness of
the method is verified by a simulation example.
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MR EROR LN R/ 3. T N>N,, B,
X AW LA

veem(Q' ™) = (¢lp) " gly 40

[F) B0 Ry 0 0 A R Sl 2 o TR A A I AR T

e e, S u +e B (38) Hiu,

Bk 2. ORI off policy IRL )75 5 8% 8 &R 4t e it
P

B Wiat, Rk i= 0. v i EAERK., AF
WHEH RS S EE QC CR " =0, % F{L & R=R' € R""
>0, B ERIR I N T SEOR .

B IR RE . WE (Z=n AR (xou ) I INAR
MRS e MR GOTR Z F1 8, SRUOF Y @, Fl v,

50 R IEAL . 2 RAF (361 Koy

0D W R . B RIR DI QT

BHP A =1 F1. 5205 =0, HEDME R/ IER
B kR .

WAL L, B2 451 T SPSs i oA 1 off
policy IRL 1 &7 7 4 ) R Ge e L 1l 5 vk .

E 3 HESEE L PMEEN R, BE2RKBM
O ST 55 1 P AR MALE Q. BLBf. 5] 5K ug
iﬁlAi K,+1 q&ﬁ&? K: 9E|]‘11mK1 == K: ° lHﬁv /\QLE‘HJEE
BTN [x(0)u (D],

WEWT . 5BV RS L T A BE Q' € R =0 iyl
R E M K, . X (32) RS, FaBl i e A2
HPHE x, FHTEIFFETRGER L QD KW
KF . RIS (37) KT o35l 2 45 7 78 b A2 40 W 30 1Y
x, JibEsX AD WA R AELGFD x R, /A
a2 KpmXr, BHHEE 2 58% 1 560, R,
PRk 2 A, Bk, Bk 2SR 1n
N N O = 7 O s S = v < 7 R N =
Fag . Wb, Bk 2ok Q" Res B 55k 1 h A
[l M ALEE Q. BB 42 I SR ms 3 45 Ko U T K .
M. RG] LR ER AT R [x(o) vu™ () ],

ER 4. 7250 (32) A BRI M RS X L 2
GRS A 2

WEWT: SCik [25, 27, 29] ©4&UEM] off policy IRL
S R B R0 U 75 ) 5 T O R B TS N AR 2 /Y
GRS

4 LWHERSHN

TEATT R, 4 BRI e H br g RC AR IE L % R
GoORBIER L 2 MR . ORGSR AR TR -

3 1
s3RC RC 0
1 2
RC e ° 0
A = ) ' (41)
0 O T&RC &
1 3
0 ’ eRC 2eRC |
1 0
2R( 0
B. = 0 0 (42)
° 1
0 2eRC

¥R MU www. jsjclykz. com



. 102 - TIN5

933 %

Hth, R=5X10°Q, C=1X10""F, ¢=0.05, fiff
RSk [18] AR TR iy A8 Hr o6 B 2 8Ok 2E i AT o 5K
*E? ;H\:EF'%EM;RX =1, «{k*ﬂﬁﬂi

50 0 0.5 1
x 0 100 0.5 1.5
= los o5 1 o
1 L5 0 1
AR I 26 2 J0AT LA B 3% A 5 5% 8h & 48 i de I
fi M
5.3933 2.9167 0.0161 0.0234
B [0.4687 0.6741 0.1145 0. 2338}

i B 75 BUE A] ROBE & 58 8h 1 2. AR R B0 E
(Q, B H5Efis K #HE2RKANEL T, i1
TR SR 2 R A e in) 1, kR ik B AT A E R=
R'ER"" >0, {UF T %M 47 8 B [«
w (O] RFHRMEE RS (D B —E X
LR EMALE Q. MG ™ AT (5) iy m 4%
FEmE I 35 K . TR 48 R B ST AT R [x (0 u”
(],

A, X EERBUERE R=1, 3% 8RS E AL
BEYEE Q° = zeros (4, 4), REWIEME x(0) = [1,
1, —1, —1]", ¥tEHz K, =0, E# %o =0.1,
WA S a=0.3, RFEHIE T=0.01s, At =0s 5|
t = 2 s Z B A S Mg Ny

100

e= Zsm(wt)/loo (43)

Horf: @i = 1.+++,100 2 7E [—500,500] v FE#Lk
B

WL 2 I Matlab #4705 KB . Bk 2Q
5K, MG R E LR 2 R, Bk 2 2 AR

S A AR 2 A A 04 A 25 W SOh
49.8477  0.1662 0. 4800
0.1662  99.4454 0.5701
Q7 = (44)
0.4800  0.5701 0.9188
1.0061  1.4622 0.2429
5.3836 2.9141 0.0159 0.0234
o [0.4685 0.6732 0.1169 0.2298 }

(45)

5 AR AR s AT S K A9 R S B T AR Q7 A
RAEFM AL g Ko s AL, i TR 4R A Bk R
off policy F. I LLJH Bk DLl i 30 il 7 A4 2% 1 10 i A
F1 R0 88 75 43 5002722 DR e P EL A 286 2R 00 g
A iﬁﬁ‘éﬂﬁ(ﬁﬁ@ﬂ*ﬁmE‘J%j‘ﬁﬁﬂﬁﬂ?’?ﬁﬂ Bin. &3
WR R K2 SE i Ko BT R G AR AR S 1R
AR IR ER e U AT R m P RE . B4 R R o 2 o) SE Y

BEAF ARG ARy PR 245 9 v BH L 1 R B e AT
jvﬂﬁfiﬁbo M3 A 4 AT LU 50k 2 78 XU ) R
Agish iz, MR BE (Q, B S&EMH 4 K
SERRMPELT . BEHREC MR N [x@ .0
(0], HHEA RGN BRER 2 8Ok
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P4 Bk 2 PROFUIRZS I BRER 1 RE

85 G & R 2 1 TAE Fl MSE {4 -
i+n
IEA = > |2(GT) —2(GT) | (46)

j=i

DG —2GTH |?

MSE = | = 47
n

WX R T AR 2 R R, T DU LA 25
% 2 4E IAE Fl MSE PiA 845 B39 TR 1, X Iesrik
W7 B0k 2 A BRER S AT S s Oy T B AT B ARG B
F1OEWE MRS bR

i>7 000 n=3 000 IEA MSE
2, (1) 0.306 1 1.036 6X10°°
x, (1) 0.224 3 8.233 1x10"
x5 (1) 0.146 3 5.172 510"
2, (1) 0.330 5 1.140 3X10°*

*2 OBk 2 MRS bR

i>7 000 n=3 000 IEA MSE
2, (1) 0.229 1 7.817 5X10°"
x, (1) 0.183 4 7.089 310"
a3 (1) 0.138 6 4.897 2X10°"
x, (1) 0.312 5 1.079 5X10°°
5 £RiE
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