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Optimization of planar low-thrust orbit transfer maneuver via fuzzy optimal
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, minimum-time low-thrust planar orbit transfer problem is solved by fuzzy optimal
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governing equations of orbit transfer problem in its desired form with constant acceleration magnitude
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are achieved. Then, using Euler discretization method, the whole differential dynamic equations,

performance function and transversality conditions are represented in discrete form. Calling on
membership function concept of fuzzy environment, this algorithm transfers classical optimal control
including performance index and trajectory transversality conditions associated with uncertainties to
fuzzy environment. Thereafter, introducing slack variables all the inequalities change to equality
conditions. Applying Bellman-Zadeh approach, optimal control problem turns to parameter
optimization problem which is then solved by Lagrange multipliers technique. Finally, solving the set of
nonlinear algebraic equations made by optimality necessary conditions is simultaneously achieved by
nonlinear programming method. Numerical fuzzy optimal control results are validated with available
analytical results which show the priorities of this method in orbit transfer trajectory optimization in
presence of uncertainties. FOC approach is categorized into direct methods for solving optimal control
problems, while it is far from their defects, e.g. curse of dimensionality and burdensome computational
load so that fuzzy approach and expert knowledge are applied to simply solve the problems.

Keywords:

Planar Orbit Transfer Problem
Minimum-Time Problem
Fuzzy Optimal Control
Transversality Condition

S colgale (6500455 g e ¢yl u;'~L°¢""‘..)9“°‘L‘° » bygle nl o 0)8 doddo -1
an dw JE! Gl jone (oldS oKl g (plad Bld G Sloj dinte ()l ez s (olad (505ST 5 (il Sl sylopn o San b
Seal ey slalae 4 o aw JEl o 5 o Glojle 4 1S el sud slaer bl Gl ol Sledbl g o ke
bl 58 0ad pae 655l (layple ez el ly 1] aslis Coonl 2Bl oo Laylad jgile angy Slo e Jo din) (nl 50 e Sl

Please cite this article using: s lod o3l Ja3d oyl 3l o ol & gla ol (gl
A. Kosari, S. A. Razavi, H. Jahanshahi, Optimization of planar low-thrust orbit transfer maneuver via fuzzy optimal control approach, Modares Mechanical Engineering, Vol. 17, No. 1,
pp. 1-10, 2017 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1396.17.1.25.5
https://mme.modares.ac.ir/article-15-3904-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1396.17.1.25.5 ]

ObKod 9 5355 L) yael

S gt Ui U 5l o3lisianl by oS sl p3 axiuoad )l JUEGI pgilo (6 3bwdisg

Sparios ;3 &5 axio jl g)l5 Culy aly adlie SeSar 2ls 9 4l
s Syse e b T adsl Jladie 5l sl o3ladl g ools Coodle oS oo
~cdla, jo [13,12] cadl sad Jo S oo i lojen O ygot ol
Slp 1) souxio 6 25 uSilio slacSslat st )l Ldow 5 soue sla
Fl el (i 098 Jolt ol (Sowzmn b (Blae e g0 >
leion ooy (e (P

el 4Bl Oy o3b) Ol 51 A slacdla; a5
@ ane S8 Pl JUl e bedla, ool 5l ol 350,
Ll ol o gt e oy, 5 eslitul g 5 51 LS
36 el izl iledngy Al b loyally laghy, ol
T Gl Gloyiie plaie 4 Gl g6 g &Bly o 5 wiil e
(63 slad ;o oo (o Luly) g b9 dacdla, cal jo aidl (o
selsd g (il slapslse 55 5 il 38U 5 il 536 sledue
iz ) ity 958 5 it alad g anily a5 dlee o 530
el gy 5l atws Gl &l 4 g, cnl 51l (oo 538 Cugas mlgs
9 (St dolas glyFanl o5 12 5 3 ol 5900 a5 £95 L
slacls 5 43,5 &0 il sl ie (5La8 50 Lales (g3luanse auld
sl o b Slepite iz )l g Gileaie dlee 295
331 pn " 536 Amtr JAS sl (e 1)) 2009 Lo 5 g5 Ll el
Wb e [14] el a5 S 658 sloamlp ony) ulul &S
el St Jol ((Senlas 2l o FQ"*LJ St ol 65,8
Wales pb b sladolan o 5 a0 o 1)) (636 gy S s o
Ol eslaial b coles [0 5 09505 gzl pmeinl (638 aigy J S 0 (S
Sy i ¢ Al Jo wleioe Jo 1) lges bl Jow colas
Slp oo bawgs 3B b3 by S8l 65 B 4 L
3 b syl S Sy o5 ol Glas gy b ploxl b s
Srtelin 4 ly oo (RS Cughe @y SeS 4 ) Al SBlual b
G b ohyaely céls, 115] sses o adon S sk
Gl S5 oSl S b A Jgep oS oS et
oud osliinl (55 slad jo (iluaingy b Jo 6l cniles (oo S 5
b Sl Gl 36 A S e sles [16] e
el oo &) [17] 507 8L 59 powine Jool 5 b Sloj aieenS
(Sl o5 s 2les I ant gl Ll 165050500 b e, cnl o
sdlie e Cqz ek 658 e e S Ghjsel sl (D)
95 anlllae j3 GBgalel ool oad glysal cll> ach slaaiie sl
Bl rnal b olyen o ag S Al o sl waz s,
5 Sl JSs a4 (J5S e Sewlis 23 b osy [18] sl esges
L 636 ane olej wa parde 5L g5 5l aled 5 adsl 5B 50 V>
b SedlS e JiS dlis 90 @ 1) Claslre 5 00gei (Byme
Lol 03505 LS 2S5 4yl sleacgae

JUsil psle als o sl 55 it JS S5 i ol o
e 6l 0.8 5 loj aneS anze @l 5 o el amiope (5l
9 b pite (ooled iy pai LB Sl cnlp (omw By o0l 50 el o0 >
O 5® 9 09503 eS|y JlA 5550 3, Shes Jlns (5510 (gLad o b g8

® Fuzzy Optimal Control (FOC)
© Bellman Optimality Principle
7 Pontryagin Minimum Principle
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Fig. 1 Thrust vector and thrust angles
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