5 ols sele & s
Las 158 5 5Us

~

0

A
]
4§
hoa
13
3 X
°
I |
i3
i3
A
5 A
EE
s 3
¥

3

Y

31952 ORIT Samo G135 (51 Jho (g ding (Al oS J S 21 b
R ol b Lo y19alo

VE- AP E sl J)b

VEN/-E/+ Qb pdy )b

¥ ko 2ol g aily rams HgBIGS Jgan) Jexo

Olrg Wl exaio 5 @le olLAGLS 1 22 0 LIS (5 IS (5 gibils-
N_bolandi@iust.aC.ir ol s ol sl casio 5 ple ool 15 52 035l lpksls-¥

Ol ol exniso 5 ple olSiiils Ssasals oaLisls lydsls Y
OJ.«SD

wgbge @l laolsale (3lsy Slal)] dazme GuinSy glp e g Aty (i 008 J 1S S alis ul o

wlﬂo)‘}bu 6)‘3}’ U""")" L;L‘bu.‘:‘)s.oi.o Clawl L dl.wd Lgl).l e wl:lﬁ ‘liba)‘jbl.o 6)‘9)4 uaAJ‘)“‘ Sde 6.}‘;);4.4
gy 00iS JyiiS S (b b el g gl wlalizel jpam g 380 Lok, Jae SO gl (Sasmn Sl 4
29 o gl Al aisd b prand A je ol S le  alng 0alS S S il Gl o el s (gl
LSLQ‘”'[J..‘) &9y Lg)‘L.uoblﬁ.; v...bls | LS‘)'.’ o..b..SJ)...S u.‘| ey (R uL..t\ aQ dybu u:‘9) )| oolazul l; Q—‘ LS)‘“‘?.L}. O
Gl ooyl S (6,8l sl g, 5l eolaiwl b e el 00l 2l Jlimms Ogoa il atils 1) o el
Jar); O Hygods ‘) lho)‘ybu 6)‘3)J wl)i Sdone Lgd.uji..: 61[.\0) i B ol )QL; M)}iﬂ dl 05.,..:‘50 c\§|)‘ alss J.>
Silon ol saze san Sy (hpsale gyl S o goleiiy gy 2L el o a5 o Jae 4 5ls g

Dy oo (5 |A Ao oo lgals

alole Wiz e 955 50U (Jbo gy JPS oty (el J S o g 5550l oo ylsalo 5l 1 iy i silS slooSly

Model-free adaptive optimal control of spacecraft formation flying

reconfiguration using Q-Learning
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Abstract

This paper investigates an optimal adaptive controller based on reinforcement learning
while considering orbital perturbations. The controller can achieve mission goals, online
without any model. Reconfiguration capabilities provide great flexibility in achieving
formation flying mission goals. In reconfiguration, it is desired that spacecrafts migrate from
the current formation to a new formation, thus achieving mission goals. Orbital perturbations,
difficulties in extracting exact mathematical models, and unknown system dynamics make
the optimal reconfiguration problem challenging. Due to the digital nature of spacecraft
computer systems, controllers have to be implemented digitally. Accordingly, this paper
introduces an adaptive optimal digital controller for a discounted generalized cost function.
The stability of the proposed controller is proven by the Lyapunov method. Then, using the
Q-learning method, an algorithm is presented so that the controller can find the optimal
control gains in a model-free fashion. Finally, numerical simulations of a formation flying
mission scenario, confirm the effectiveness of this method.
Keywords: Reinforcement learning; spacecraft formation flying; Q-learning; optimal
adaptive control; multi-agent systems
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