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I -trtrodtrclior:
Duing lh€ir mi$ion i! sp e,
sp&{60s need io &quire ! cerain
position in space lo Daintain rheir
required 1r5ks. Tlus toany methods were
introd@d to this prcblen such rhat the
sp.cecraft laies ils oncdation itr spae

The lheory of optimt conEol is widely
used in lhis field 0,2,31 but with no
gen€lal Derfomce index lhal h every
inrosrigator raLs fie problem fron nis

loi otview dnougl selecting his oM

Other nedods use ad.prive comol
theory sDn as Model Re&ance
Adaprive conlrol (NfRAc) I4l, vdiable
struclue .onhol [5], slidins mode
coiroll{ 16l, but all of rhese nethods
sullo fron the cohplexity of the
@n]rualion specially il re hnow fie

niv siry orrdnorory, Brshdad tMa
56

d}famical reprcsentaion of the
spacecht is highly oon liree.
Thc netnod of fuzzy losic contol is
widely lpplied in 6ey fields and
proved to be good ed robusr wnh 6 near
optimal response [7] 'nE tuzzy
@ rcller does noi ned eY
halhematicd Epre*.lalion lo lhe
systen since n Bes rhe hunm rcBoning
and lool$ lo ay ststcn 6. black bo;,
md only uses a nwber of IF THEN
rules io describe rh* controlaclion [8]
In rhis Daper thc mclhod of tuzzy logic
conlrcl is lsed lo perfom a PD like
co bl edon lo conllol the saiellite lo
acquiE ns oientatio. in spc llnough
$e use of qElcmion fccdback as a
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2-Sltcllitc Dvnap,crl & kiled.tica
!s.s4!99!l'I!. @laljoEl motion of a ri8id body in
flee space may b€ d€scrib.d asl

F!4btr6r.sddlic],4.dgl.h,idvdhg

/
Thus equrion llrwillbe: ,
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t,.ti', =(t, 1,\@!@ir,
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L.i,, =Q,- 1,\d,a,+r,
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wh@ oiis rhe esultr velocity, Iris th€
nomdt of ineda of the slacmfi ai ir
ais. Ti is the control torque-[9,10].
T!$e equdons de knom as lle
drmic ol the sp@c!ai, while lhe
ldnmalics of spscemft, wnicn deeribe
iis olioiatio!, is givo by:

a'= f(.'.0, -,,.e,*.,.d t2."t

4,-)(@ o"*."e, ,.,t) <z.ut

a, = f(-.,t. +o..0'+o"d tz.at

+. = f(-."e' -,,.t, -.,t) tz.^:

The qutenion feedb&k dor ia, be
obraired fen ihe followilg @rdx

3-fua ControlLr Dslm Aloriitn:
Fuzzy logio oontrol povid€s a fomal
delhodology lor EpHentilg
neipulating ed implmenlif,g a
hmet hNisdc knowledse about how
to conEol a system. Baically it is m
artifioisi deisioD-m&r thal opeEtes ir
a closd loop sysleE in leal time, lt
galh6 lldr oltput data" conpE* it lo
Efse@ inpul dd rha d@ids wh41
the plet ioput 3hould b€ to erse ihat
l.he pefomece obj€crile wiu be met.
D6igning a tuzy logic @nlrolle.
consisl of fou conponeos,
F@ination, tuzzy rule b6e, nuzy
infe.ence engine, 6d deflzincadon,-irE tuzification prDces con erls tbe
HI inp( (usually e@r ad ch.ngc of
e@, lo tuzy univeBe of disoBe ro
prodG eftspoddiIg tuzzy inputs.
Th* inpuls @ &d inlo ih. nzzy
ii&rc@ eogine, *hee cflah tuzzy
nrles .oning lrom ihe fiuzy rule bM
e tlissecd s@ordins to the tuzzy
inlul vdiabl*. ft€s rriggercd rules
pmdu6 rhe oulpul veable whrch in
ru is dctuified by i.he d.{@ifid to
lhe Eal *odd uivdse ofdi*ow &d
dE o/p is usd a the pler i.put [8].

!:!!S-4D!E!!Ee4p-&!-4$g!&
Colrrcl Probl@r
Ihe aed fi,zy logic mlrollu consisls
of two tuzzy algod$ns rial siEulare {re
.onhol &lion of proponional md
dqivativ. parts of a PD @nlrcIu wilh
tlo ru]. rabl.s shoM in rabl. (l).
Whe& NB fo! negatirc bk, NS for
regativ. sall, z for zro, PS for

\vheE q" is lhe mmsd q@

For a special c6e .t which the sld.adft
is neded to be sligned toyad the eanl
lle @daeded qDahion is civm byl

ltl

t,:ltrl

?,llx,
'?., I e,

,t,, )lc,
(3)

(4)
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.!Zyfuftird.lsdd]itbrgldgltnufu*lii3

change of €mr. Kp is lhe proponio.al
conlrol action ed Kd is the denvarivc

n iq n.i.d inat ih. fiKt raile conbins
nesarive lalues for the deivative conhol
action and that k rislrt b(aus the

@nk l &iion hay bo positive, negative.

The tuzy inference engine isbuilr using
ih minimm operalion rules of tuzzy
apllication. The lu2y oulputs i.femd
b, the whole rule bse is fie union ollh€
compon€nh i.fered by each ol fic

Tl€ bell shaled lunction (Gau$ie
distribution) is used to give lhe
oembersbip nrdion 10 de edd,
chMee ol no! and the ou9ut of each
controller. This function is given by:

hble (1.a), 1:re Fuzty Rule Table .,(d\

\

!L)=*p\-y[Q")/"J') (6)

The iuy rules ftre deriaed by our
expenence tbmugn th€ obseFalion of
the conllol aclion sirn poponional tem
alolc then with derivative €m alone
rlone wnn fie Etusient dd steady state
espose md @e checked for may
ditrei€nt linea systeos to implove t[ere
acrion on rhe contolled response by
inprcving the rule rables for tuning rhe
p@portioml & derivalivc conliol

rr (E k NB) .nd (cE is NE) TrrEN
(I<p ACTTON b PB) JId (((l
ACTION fu A

Wh@ E is the eror signaFinpu
(desned)-outFn (meNuEd) cE is the

where m is the cenr{ of rhe nehbeship
tunclion (mem), o h the width or rhe
hcmbdshjp inclion Glanda.d
deviarion) ed x is the input veiable.
Thh nnction is shoM in ns (l).

iL

Fis.(]). The adt Shapal Fmcrion

t'or $c dcizincation process, ihe
center of gavity nerhod is used aDd is

Zpl,)",u=+ (.'1)

Lu\"')

1:able (1.U, Tne Fuz2r RuL TabL tr<o)
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WheE N is the nmbd of the used
inreNrl (in lhis work n w6 chosen to bc
21), pih ihe desEe of menbeBhip of
everi ourput \ariahe coroponding ro
each dior, (huCe ufenor pan. U is lhe
crisp o/polfie conrrciter, tfiLs a ! .ral
block diaA@ of a pD like 6D^
conEolleris shown in fis (2)

Fig(3). Atitude Connol Sts@n Rto.t

s-Simrl.tior Ard R6ulrs:
Thc tuzy PD like Co.lrclla described
eelier was apllied lo dE .igid body
saiellile givd by equrion (l) Bjlh the
pemelds shoM in iablc (2):

Iabl. (2). The I tial Pordhas Ut.lt

Fig.(2) FazzJ PD Cotdrctter Bl,rk

lor the purpose or conrroltins a rsrd
bodJ $rellne, it is wonh to nole rhar rhe
effecive emr @mes Eon $e epular
velociri$ d Lhe quremion, 'Borh

ercE m effecEd by ooly lhree inpus
(one for ah dgute vetociry ;d
quatemioo pair'. thus the contol
aleodiltm should o@unier lh6e two
values ro !rcd@ orc @nbol &don i.
one diectio., nence . geneBl block
dag@ is shoM in lig (3) whicn G
ued in ldge mgh Eode. In rhh block
diagm the nuzy PD @lhotler is lile
qee 6 that show rn fi8 (2) go Md &de scalcs Lhlt are ued lo sne a
Mnahle Ectioq which is fed to 1he

'Nor.rhd q, (i=rr.r,. tr a rdor ouruN
lrois rh3 \ r ed zd,dDtr. $hi;q. R;

Thc dgula velocities are shoM in ns
(,1) yherc the bo,ly rates chdse Iiom
initial lalue ud reaching the desiEd
value (0 ra{r$c) wilhin 99sec fo. @r
wilh mdinuo divcrgcnoe from d.sired

E
20
I1

10000

0.006942 0.008307

0.664 )A,619 0.14 0255
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value about {.005 Ed/se ed about
i43 strond s.nling rine for borh o, &
o: {ith a mdi u divergoce about

Note d1al the esponse h deqeasing
with a little non snooth behavior which
cm be iDprcved by inueNing nmbo
of f@y sts lo includc medim wii.h
losidve ard neCative yalues to decEse
dre gap between big.nd small tuzzy sets
ro halic the be[.vio. smoothq,
TlE spacecmft quatehion, which ee
sho*! nr fls (5), approdch the desned
lalue in smoorh well behaved mtuer ar
a time approach 164 s@ for ql, q2 md
145 ec for ql while q4 acquircs sready
shre 40! ane, 100 s@ and snles
wilhin thh !€lue 1o dle end nfsinnr,lio.

Fis(1). The Anpulat velocities.

I

iel

E!I
6- conclGion:

1he conclusion derived from this
sinulalion ce bc recognizcd from the
ameprable well ledomanc€ of lhe
system in approaching lhc desircd
anitude (.s shom ii fiCs (4) & (5)),
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conventional control algorilhrs u* two
.onnol rclions wirhin lh@ design and
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