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Optimal Path Planning for Autonomous
Space Maneuvers Based on Reinforcement
Q-learning and Cubic Network

This paper proposes a method based on the reinforcement Q-learning to
solve the problem of fully autonomous optimal path planning of a space
robot by increasing the number of available satellites in earth orbits,
designation, and implementation of satellite orbital servicing stations
considered by researchers. Nowadays, by considering the advancement in
robotics science, space robots could be chosen as a part of solution for
maintaining the damaged satellites in earth’s orbits. Guidance, control, and
navigation of space robots throughout docking and joint maneuvers need a
high degree of precision. In this paper, reinforcement Q-learning algorithm
functionality in path planning is analyzed through various computational
simulations. The finding results from computational simulations
demonstrate the usefulness of the mentioned approach.

Keywords: Reinforcement Learning, Q-learning, Path-planning Optimization, Orbital
Maneuver, On-orbit Servicing
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5. Rendezvous
6. Docking
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1. NASA (National Aeronautics and SpaceAdministration)
2. DLR (DeutschesZentrumfirLuft- und Raumfahrte.V.)
3. OSS (On-Orhit Satellite Servicing)

4. Hubble Space Telescope

)3 5)9Lid

LAdlgn waigo

b

(VY (o2l cpominnsd 2493) ¥ 0 5lowd / o203 0493 /Y F Y ylinsli



)3 )9lio

lholgn rigo

Sole aolilad

(VY 2l cominndd 2593) ¥ 0 5loud / vt 2493 [V F+ Y oyl

(o cuilanly)

(e (G 9 Q (gt (SOl il 11,5095 (5 S gl (S 53lo Akt e (b

Ol ol dity ddls Slusle plosl 4 5l €S > o
o Ve dold 4 olas by Jlasl 5B (o uSel eile
Aol 4y agi b s S1.V0] Cusl biuasy 035 1S gy 0)lsalo
Ao S8 nl > 085S uagyw o)lgale 5 (olad by S
b duslio ;0 slad by (60l piww 40X d)lg yblize]
b opse YL by s @ el 5 087 o (659l S8
Fo sV bawgie sk &S e 93 (e JUail ()] B0 cup @
B g 2B Jelee 51 il lisel licren 0 salgs
a6 oyl o ulizel sbol (Lol Jelge 5 (S ales IS
I3 2lad Sl el 9 S8 ol lagiug jl )5 5
s & sl 0k pS gy ojlgnle” S ilie b By o)l
olgale g)lhe 09> mgpw laloygele > Jgese
S5 (58> (55 )8 Cubge | IS b 05 S gy
Sy Yoo (g5lod)lg 5 Judot cius ek 4 LS od o
Sy o plad @by ably 4 08,5 g ojlsale Lilizél
6xsb 9 U8 «olin a4 iy al Saom o

R (5500 (Sl 51 25
sl & izt Gy (8L S 4 (o (6 5L (sl )5S
Gk 3l jel 42 b g 03)5 )8 bl b b it
4\L5.w5 LY) I) LMLUO dLmJ> 01) das 9 (P J..ui)ﬁ usl.wo )l)gv
21,8 5 als ey (Y JS05) diles o (studiwd (o jlital
o b 5 St ol bl Jo ol (i e 15 5 o
S98isn o5 55 (535 o it b Ay Sl 03
oly o b Sl oo i )sx0N 42)25 il 38l g J> 9 aelal L
olyis 4 ) sbaal oo VL bl Jo ol s LB sl J>

D] les pMel alis lod Gy

98 835 el sl 3(Y) JSUS

3. Non-cooperative

)9L> LY M)?in ‘LJ")ﬁ) u:l » .39»%50 odléw! h&u L W
oololy 1y ooy cnyite los 2 53 93 (Slags S erend
A 2235 (o0 2 293 Oy )5
S giloorly 0 (Solo 4 g 58 650k w05
Il gl x50k wb p ool cppodlinal
5 oy S b Lo o s il 5 (6530 s
olé] Ovgise alass > osad Al (lbpiu (59l
ol (gilwodkw Jdo jl odiwsgs [Vo] zaye p0 ] Cuwl o
by S e b Glp S wxSl e
[N glpos sl &35 55 313l Lo )5 Singislsa
Sl J> 3 95" 6500 s 2)Skes ) gl (Bt
odlitwl (g3l slaio b 08" (6580b sl S S el
$Jb shie b o5 650k oyl oS 5 ax ST len)S
0l zplas Pluwo Jo 13 05 (65:53b w6l 5 Sloe gty casmw
Joas Jolbs slo Sazmg 4 g b bl 05 o gy b
by Slaptuns 5y » o Silwodly wyo 93 cpl oS 5
b bt ol )l Com slacodgie & dog b i
JJA dgube LS‘)? ‘_)»)4.: ‘u»lwl L)’l 2 ol ol/w!b U)Lb: d)lyfb.)
Sy b Jlos > 55 154 Sl 5 x5 ozysS
Qb 51y ats Sl elapianms (g9 p (jlwodly bl &
oSl Guslio 3538 &) dag Ladbioe (908 (50l il
(ad s Ghgdine Slapiugn (Sealid G Jde )3 95 (650
st (s 0555 cnlio (g ldito b Canl 0 nas Alis o) 5
yple & (15 Lt 5 £S5l el 3 5 0Ly 255
Sl dwd 95 53k whygS Sl 550t b 0 S gy

D35 )8 pledes 390 ol (2 5 485 g0 oY

‘_swl.w&“ I Jolge 9 Jlas! gl yo5l0 Y
Seale JI pisle g Jlail gyl 8n ol (IS pob 4
bl 6 jles 4 Slg e olad Ol buwg 05 )S gy
B 098 el il g A8 88 Jlasl (g Sslee
O 08555 gy 0)lgnle 9 (olad Sl le alols (6 Soley
alols 4 aog L5 pl o [VF] ablse yo Voo b proghs Y-
©kpS gy oylgale g (laS by gl (SVob b
SleMbl cdl > aabsg a5 olad by (g9, p 3590 (sl S
LS).S oj‘JJ‘ 5 u‘b sl D99 o 4 .\J)b [XVESY |) XV
Ably Sl piwws 3y 1y clilizel olie oy s
8B et o 4 oplpls b S o slas ol Ky

1. Q-learning
2. Holonomic
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1. Random Access Memory (RAM)
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