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Design of LQG/LTR controller for attitude control of
Geostationary satellite using Reaction Wheels
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Abstract- In this paper, LQG/LTR controller is designed for attitude control of the geostationary satellite at nominal
mode. Usage actuator in this paper is the reaction wheel and control torque is determined by the LQR regulator. Usage
sensors in this article are sun and earth sensors and EKF is used for estimation of noisy states. LQR controller signal
has good performance, if all system's states are considered in system output feedback. But this method is ideal and does
not include model noise and sensors noise. Therefore, LQG and LQG/LTR controllers are designed based on the
estimated states, and are compared with LQR controller. Controllers gain coefficients are obtained based on
linearization around operating point. It caused to robustness and similarity of LQG and LQG/LTR response. The results
show that control overshoot of LQR is greater than the others.

Keywords: Geostationary Satellite, Attitude Control, Extended Kalman Filter, LQG/LTR, Reaction Wheel.
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4. Radial Basis Function (RBF) Neural Network

VE 8 )loid V¥ 5,55 A FAY siawl o3lallgsd (9 g SSlKe (stihn


www.sid.ir

o2 g 55395 Loy ol

... &2 LQG/LTR ouiis J S o>,k

Ll M‘wic = slasly
Sed oo Sl (6l oliws 4y Cond (V) aolee

.1 1_ Y
q= Eﬂ(wg/o)q = ES(Q)wg/o ™

I R b T
A Cad A0y glagly Ce oy Wy /o ol o«

5 el a5y olSn o ouls Lo (6 lae o

T

q = 101,92 93,9417 = [a13, 94] ™
_[-lox] w )

@)y = |13 ¢
_ qal3 + [q13 X] N
d(q)4X3:[43_ T13 ] )

q13

LQG ovgy -Y-Y

ool 2kd 5 LQR dlew g5 J> 5 o5 5 51 LQG i,

s Vol auS (6,3 VY] ssi o Jol> atil anwgs
DY sl () & )90 4 6 p5o5lail SYoleo § s

x(t) = f(x(®), u(®), w(t))

z = h(xy, Vi) *

pe g Jow mladl cig & Vv, sW(t) (&) o a5

Al oo (owsS 2595 Gl)lo g axies (5 S0l
p(w)~N(0,Q)
p(v)~N(0,R) N

Jon g IS oy lon S 458 Zk g u(D)
As o0y 5 S o5l 2,5

5 RNJAS e Spse ;9 LOR 5, 50
SaS o)ls vezg s JaS el il cdb pdsesalic
DVl ossn Jalo p5anse b (53,5 macies

ty
J=] [xT®Q:(®O)x() + uT(©)Q,(Du(t)]dt
to

M)

d>pe o 50 ol s adsl slaple; 11 5t BT ,0 &S
e Ol G5y sl w4 00 5 Qi)
tos Casin O1(1) 23l o 0028 S gy g Sl oy
DSl o frre Sade O0(1) (une

S A 0aS S8 oS ol s plgiee @90l 5o
el nslons B (4) ala 3l ooliid L el oy
u=—-0;'BTSx = —K,x )

Ja)lSwfujLQRoﬁ g}“’..)"L‘KT‘ UT)QAS

VE 5)loid V¥ 8,55 A FAY siawl oslallgsd (59 9o SblK0 (uotign

Oz &lp oy oyl 1y o Slas e LOR ouss’ a8
oS J ;S 0 Slos 058 c0d oo dos (B9, (slo,lgales
puawes LOR 59, & caed 5 LQG o9, 5 Jol>
Cwglie LQG/LTR g, 5l eoliwl L azs o .ol
G oJlooul LQR @ o Soo5 b o] o,Sdhoe g oamsS J 8
ooy ol yo a8 IS L el ouls eold sge (0L o>
DVl xS o adys 598 slmonisS J S 4 cod

JrsS sly LQG/LTR sos s alie cpl o
b Boss SIS Jlon aly » Soel s o)lsale condy
Sgax (5 e olKiws 4y Camas wiay oKy sl o5l 5 0nd
30 b e a8 S lai o (g alis Cds lew) +./\°
o ygs 5oS WL ol alads Solus 5l solaiwl &js0
looaisS J S ool oy alyii o J 58 i
o il ogdee plnl ) blE s> silahs bl »
ass g 3l 0ezy ek S gt ol 0 Ko
29 LS Gaed)es Sl &5 3edo0 B izes
Gy 4l dnngs ellS il 5l g 039 s Jio 53 09290
Sdiyo> gla K 5l jalate 0y 00,5 e ol ] i
a bl S 22 5l s Candy e e 50 el s
Sg o osliiwl Sles lge

wj) sLQG L)’dj) cO)‘j.QLA J)?' UYQL&A rﬁjé M )Q
o0l &il)l (g3ve (giluand S pow iSu )0 Wgd e Gl
Trhe Slolering 5 S oz A ;0 Sl 50

et alCe

3w =¥
o,lgnle &S5 o WY olro —)-Y
b () dslee &jsm 4 ojlsple oS > Seals alolas

Dvalses s
00 =] (u—w; x (wd,;+h \
Wy =] (U — wp; X (Jwyy; + hrw) ) D)
o rbe J il way oiws (o oad ly oyl oRiws
FHiY ‘hRW5t5‘>5)5 L_Jf'S)ﬁL“""‘f ‘uGRg ‘Lf“ﬁ‘ uLo.«o

Y


www.sid.ir

o2 g 55395 Loy ol

... &2 LQG/LTR ouiis J S o>,k

LQG/LTR g, -Y-Y
sl g @SS Al Slets 39, LQG/LTR
Ol ol Gl g Sl b adls s ohy polie
Ao a5 5l Ghyy Gnl el aiejls Soad 4 Sllags
ki 5 (LQG g, plew) adly anwgs oS 213 LQR
5 oslizal b g 39800 JuSas (LTR) 'ails oy el
O i Cenglie 9 gy LQG 008 J 308 0 0 ]
sloosly jo 1) (sl piacn 4 Ol o0 A o S50
Sged JFS e Do @ s b (b e

Divaosa -]
;5 LTR 5 "635,5 ,5 LTR og g5 & LTR olass
DAV T g ool LS 3 o5 0 | 2
a8 5gd o0 00ld iles KG L LTR adl> Lo sl e 5le

G=H(sI-A)™'B %)
K = —K,(sI — A+ BK, + K:H) ' K; 00)

“o ok (V7)) )90 4 LTR ail> Lo ol oonl ol

[] Dol
KG = —K.(sI — A+ BK, + K;H) "

X KeH(sI — A)~'B 0

5 O Gl sile s 4 K «599)5 3 LTR g, 5o
R 5l srg 03995 )3 45 358 0 S laigS e R
g L3 (V) e
KG = —K,(sl —A)"'B \Y)

O &g il abws & Ki i izg,> 0 LTR ) 5o
5l sty 00gazme jo &S 0gd oo bl glaiSa O)

DAL sg3 )13, (VA) bauils 3
KG = —H(sI — A)"'K; )

AT
g dlnd (g0game S8 gl wlyet g e lo S
ol ade e BT e ol )l (A8l polis b Le,;T Ty
@lie ol jo [V] cile Sum (pl 29,5 10 o5 929

1. Loop Transfer Recovery (LTR)
2. LQGI
3. LQGO

Y

DV T e s 4 (V) 10, Sl s sl
—S=ATS + SA+ Q, — SBQ;'BTS )
Abfﬁ)oJubsnw@qu(\‘))oA o ile

oo Sy @)l abals Js> (g3l b3
Mg el Cwglie (Sole e s LQR (2,
plod 5 05 (o0 L3 )0 1) i )3 39290 1igi (g W3S (o0

L] g 000 Soad 0 Wb pteew YL
s > S92 g0 g8 Bl dngs (pallS 1l Bg) o
5 Dol g0 03) ymedT (ol 4 aliél Cl> oy g 0ad Ll
o8 ld Jleel (6l B5h e B> o] gl cisy
33 EaSoyul 5 cdle b ple 45 Cal L5 atBl dnwes
(Jow oo goolw jeliie 4 awl cavay (V) 5l abasd o
b Oy s pSeglaily an b slags a5 sed e (28

oy .
A1 = _axz-]] (k-1 Uk-1,0)
He o = %(A 0)
[i,j1 = ax[j] Ko A\Y)

axwg el sld o Plol 5 i A e DYoles

fk = f(Xg-1, Uk-1)

Ak = A|x=3?k_1
Py = AgPr_y + P14 +Q v
Hk = H|x=9?k_1

— — -1
K¢ = Py Hy (Hy P Hy + Ry)

fk = fk + Kf(zk - h(fk,O))

ledls crrass polio s g P g X wdle ol jo o
ol By i alpe po s b lysS Sl
R QP sl le arib oo Mol j o il (ress
o g ool s s il s slag e 55 K g
ws oS 1S o g s RSeill g llssS
RN ARY

4 a5 By @il anwgi G5 2l 5 LQR () 9o
ool 936 LQG jlugl s Jg aites cilio pglie s5lb
Dgaol cal S

VE 8 )loid V¥ 5,55 A FAY siawl o3lallgsd (9 g SSlKe (stihn


www.sid.ir

o2 g 55395 Loy ol

... &2 LQG/LTR ouiis J S o>,k

Sedisr B3 (Y0) Sygo & 55 02 5 01 G5 b Sile

A= [0.5.(2 0.5%5 ]
T L 03xs JTHIU@ X)) + [hpw X] = [w X1}
6ZSun
aq 03><3
H =
aZEarth 0
aq 33 (YY)

0.021454 03x3
P =

T
04x4 (1_80) I3x3
Q1 = 10Ydiag([24.80 3.84 3.84 0.28 0.9 0.9 0.9])
QZ = 101513)(3 (Y&)

JoaS a5 sgl (b glaeS a4 K aS 0,5 cds wib
(ol nSe 2yr Sloe &5 (5)5liS ey SLe 5SS
Friar S s Ol (Bras oy peSle @ axg L
A e (79) Ojge 4 Slee glasl bod 5 0nl 5l g
Dy go 4185

AAD)

TMax = +0.3 (Nm)
PRWMax =100 (W) (Yf)

S A pl @ arg L LTR olas sl 8 allie ol 5o
b a0 |, Cuglie 5 o Slae LQG/LTR 345
sl &S s sl o Gl DAl wase o See
3 ooskte pay oed e pll el SCalns T paS
Seols Sl 5 00t oaliiul (SVD) ' (oS5 olie a2
LTR Joe all slp el SVD S sStsl)ls a5
B oo ol
(V) aslee 5 g pSojlal gty Joe g (ellsS

Q= G\fz17x7
R = 07 Isunlax3 O3x3 ]
O3x3 03|Earth13><3 v

29 (% ng oS5 4 Oylgarth 9 Ovlsun Ow &
aidlyge o) K 155 g g K

5 Joe g adsl polie LQG euss s >k o
4 a8 oad ad)S I 50 (TA) Sjge 0 |) ol g
29 ede> Oludads I L0 Alasdl polie o5
alal) cnl )3 wloo e g Byt B30 sla S
Sloy gy 5 00 0538l Jlow] slo S 505 43 a0 )0 Y
el ool ools HLzS Y B Y lo S 5o pn

1. Singular Value Decomposition (SVD)

VE 5)loid V¥ 8,55 A FAY siawl oslallgsd (59 9o SblK0 (uotign

5 Bi LS JUSea 1, 255 i ol 52
S, Gy 3 sl s pbisn sslinad S AL
oty ooliisl el yips E¥oleo U glp T iy slisS
el Sl b Shgl asile (plagty; 4 S (29, cnl oo
Srim ol 4 ol Olalbw (Jy o)ls 6 5YL cds ouls
@D s by 99 LS K, by, S el sl
A oo yholS e B ogas U, s

Gl yld S8 4 cdls gleyiie a5 ol e
99,5 e sl LOR 5l s 08) ueds aBldswgs
wb LOR olhb o a5 glaiss ogd co ooliu] Gsllas
N 03k 0 el oS gz bl pus o5 azg Gl
S|
@ el se slagiz g o)lsale (o ul Gloe jolate (o
5 98,55 oS o g ool a8 S Sl 5 (1) &jpe
2 958 28 (Vo) plp g <ol )l olfiws )5 e
Wy & b Ss (2955 5 p Sl DYoo gt

Sg azlez (YY) 5 (YV) &y00
1218.63 5.28 1.76

J = 5.28 1429.43 8.39
1.76 8.39 442.26
Jrw = 0.016 X [543 QRY!
5sun =[01 O]T
Eeartn = [001]" )

1
q= Eﬂ(a)lﬁ/o)q

g =J7" (u — wpy; X (Twpy; + th)) +/7w

v
2(q192 + q394) vy
Zoun = |—q7 +q3 — g5 +qi| +|V2
2(9295 — 9194) V3
2(9193 — 9294) Vy
ZEarth = | 209293 + q194) |+ |Vs
—qf —q3 +q5 +qi] e v

s g pmile b gad el olp oS
Dol el oot 53" o BL il (V)) aoles

Jlade 5 anl oo Cawsas (YY) 5l 55 H 9 4 sloms Sl
e (TF) &30 4y s il g5 e lo g

el ool 48,5 IS 4 allie opl jo a5 LTR o ,5I
Jas o, Slas a5 00l w500l 5l el 69559 ,0 LTR
OS¢ 03l Lo LOR Cos &0 uilS,8 659> ;0 KG aidl>

VY


www.sid.ir

o2 g 55395 Loy ol

... &2 LQG/LTR ouiis J S o>,k

a4 sy 03k ;0 LQG (S5 polie P gl oo/c - VEAY
P=IVFAY Gl & g cenl o0 5535 LOR oS5 0lia
Erose (nl 5 Sl i YL ol B o laged ot
290 Vb S8 slang 4 gl Colis pas Crge

DYAL 5 oo (6 o5l

0 10 20 30 40 50 60 70 80 90 100
(&) obej

LQG 5 LQR oy sloy slsS s ailge ¥ JSb

1.00002

1

0.99998

0.99996
-
>
0.99994
0.99992
0.9999
—— LQR
----- LQG
0.99988 . . . . . . . . .
0 10 20 30 40 S50 60 70 8 9 100

(@50 ole;
LQG 3 LQR coxiy sloigmyilss gy ailye P S

3
x 10
2

0 10 20 30 40 50 60 70 80 90 100
CEDR

LQG 5 LQR (sloonsss ], oy & JSis

ARIA

o,y = 1075 (N.m)
0ylsun = 1.3 X Ogyn , Osun = 0.01°
UvIEarth =13x OEarth » OEarth — 0.025° (YA)

sy col aie VB Y gladSs o a5 jsboles
S o el ol cde sl alols Jlows] LQR I S0l LQG
9y G503l Slo3si g pra Joo yo 9T gl (58S
RYRIPSIPCINOURY- FYCH [ES VS T
S 4R 5O slom ylo LTR pdats SaSTL 9,00 5
oaisS J oS 4 LQG oS oS (L3, 4 wgd oo pmdas
cpow b il T s Shee g Cunglie 9 oo SGo 3 LQR
sdss BAR, = PR goud (23 b O e polate
S5 i 255 5 B8 o il L3l sy
el 00l o0ls LI A IS o P el polie 5

q1

(458 obe;

(4:0) obej
LQG 5 LQR cunds slagse 5lsS g adlse ¥ S

IVEAY polie glyl 4 sl asrie A IS jo a5 e yles

VE 8 )loid V¥ 5,55 A FAY siawl o3lallgsd (9 g SSlKe (stihn


www.sid.ir

o2 g 55395 Loy ol

... &2 LQG/LTR ouiis J S o>,k

(dB) (S5 ol

(dB) (S5 ol

(dB) (S5 ol

o, LQG
—erd
——0, LQR

s 0, LQR

200F~~~_2

=

=200

-400

-600

()

400 T T T T T T T

200

=

[
2
2

s
2
3

-600

-800 L - -
10 10 10 10 10 10 10 10 10

@

200F

=3

-200F

-400F

-600f 4

(a8b [ okaly) s )8
(*)
P dlizs polis il 4y ail> o <8l3L A S50
o[+ s YPAY =5 IVPAY —z YPIAY - VPAY -l

5,8kt el aie 10 B A slo S 3 a5 jsbilan
5l oslizal ol ol cde aiies alio LQG/LTR 4 LQG

V&

Bolais 1 ¥ 593 APAY St oalsllges (5 g0 SR (cwdiho

(sl Lol ) @,

(‘E‘-’L'/ulial)) w;

pls

(450) obej

LQG SLQR ‘_gLQo..\.I.ZSJJJ.'S @, \4 J&w

| «IY$3YR L LQG/LTR oaiS J;u8 >lb

SloJSs 5o laoussS J 8 b ol yon 4y T lis 45 350

g

400}

-600}

el oael VO L A

=

(ol plooly) ol 3
(@

Y\#


www.sid.ir

o2 g 55395 Loy ol

... &2 LQG/LTR ouiis J S o>,k

0 10 20 30 40 50 60 70 80 90 100

(48) pboj
s LQG LQR cuxdg slays 1S g5 adlge V) JS&
LQG/LTR
1.00002
1
0.99998
0.99996
-
>
0.99994
0.99992 ‘\‘
|
0.9999 \J/ —LQR
----- LQG
===~ LQG/LTR
0.99988 " " " " " " " .
0 10 20 30 40 5 6 70 8 9 100
(#50) ole;
5 LQG LQR cexsy sloyouyilsS gy adde VT S
LQG/LTR
x10°
2 .
——LQR
g T LQG
===+ LQG/LTR
Lt ANN
S ! \
~ 05 ] \
5 .
3
0.5
1
-1 ;
-15
2

0 10 20 30 40 50 60 70 80 90 100
(48) obej

LQG/LTR 5 LQG § LQR (cloonisS J 8 @y WY JSoib

VY

hil Jy> 5 al>yo 12 )0 plac 0ad sila s Sl
oS J S 0 Shoc S9up 5 (b pylile g 45 Sl )8
)50 Lo K £33 5 pias onle 08 S I 09b o
5 azys Nl S a4y o Gl O] o sl
13%x0 5 0) py Syl polie 0,5 bl puzen
b 5l S o aline jle 1) oaS ST 93 0 Shee
ool mls 5l eolaiwl 5 el 09z wl adS S jshiles
e Slacdl> o Gzl Gl cage Al anugs
35 o0 LQR 0atiS J 25 8y o

Lo Jleel b plgor 5]y oaS Jou8 (J1S 69955
oS jsboles 2,5 alio o b (doall S 252 [ Noe gl
plo 5l LOR gzl 8 ol jasin YA U VF gl IS o
el S Sl s o 5 iy poaisS S

/' ——LQR
o Y0 I s
\/ i LQG/LTR
4.5 L v . . v .
10 2 30 40 5 60 70 80 9 100
(450) obej
5 LQG LQR candy slagygm 5lsS qr ailge & JSi
LQG/LTR

R Doy
1 0 IIO ZIO 3l0 4l0 SIO 6l0 70 80 9l0 100
(458 Hle;
5LQG LQR coxiy slogyes 5lsS g2 ailge Vo S
LQG/LTR

VE 8 )loid V¥ 5,55 A FAY siawl o3lallgsd (9 g SSlKe (stihn


www.sid.ir

o2 g 55395 Loy ol

... &2 LQG/LTR ouiis J S o>,k

SAS Eel o0d sng wxee LQG By, 50 o929

0.25
——LQR
----- LQG
02 - LQG/LIR ]|

e (N.m)

-0.1
0

00 30 40 S50 w0 80 0 1w
@) ol
LQG/LTR 4 LQG LQR J,u5 sla iy ailge VY S5

0.25

——LQR

===+ LQG/LTR |

uy(N.m)

|
0 10 20 30 40 50 60 70 80 90 100
(@) glos

LQG/LTR 5LQG LQR ;5 clo 505 z ailze VA JSob

G 9 s S ez —F
85 Oee slagile acd jo euisS solh Wles 85l (SO
ol )0 () g dudiye> oS lo, aS cl o
Llajlsy cnl a5 Jlo jo el (28 s s 5 Sl sl
930l 3l b o L )lad 5 aiS (oo e oy C23S
SLe S e 5l 558 sileand Al sl el e
..); oolazwl L&'b)bﬁ C"" ML?LA 6‘;} Oy 9 ola ‘MJP

5 LQG LOQR ocos s aw e opl o
as ol gl @l was awlie » L LQG/LTR
[ adl> glo e oled a5 Sys0 50 LOR ouis s
ool Lol ola 1y o Sles o e ciS onaline 095 SGaLd o

VE 5)loid V¥ 8,55 A FAY siawl oslallgsd (59 9o SblK0 (uotign

10 20 30 40 50 60 70 80 90 100

(455 obe;
LQG/LTR 5 LQG 4 LQR slaosss S o, VF Jseis

0 10 20 30 40 50 60 70 80 90 100
(450) obej

LQG/LTR 3 LQG LQR (slaossss J 25 0 18 JSui

u,(N.m)

0 1I0 2I0 3I0 4.0 SIO 6I0 7I0 3I0 9I0 100
(458 olbe;
LQG/LTR 4 LQG LQR J S sla b x ailye 18 JSib

ol ade ol oo aline 55 LQG/LTR 3 LQG o Slos
rion 2o (Jy el )5 ddaii Sols 1 eolainl go540

YA


www.sid.ir

o2 g 55395 Loy ol

... &2 LQG/LTR ouiis J S o>,k

[8] Castro J.de, Souza L.de, “Comparison of the LQG
and  H-infinity =~ Techniques to  Design
Experimentally a Flexible Satellite Attitude Control
System”, Journal of Aerospace Engineering, Vol.
2, No. 2,2010, pp. 17-25.

[9] Souza L.de, et al., “Experimental Optimization of
Control Techniques to Design a Flexible Satellite
Attitude  Controller”, in  Proceeding.  2nd
International ~ Conference  on  Engineering
Optimization, 2010.

[10]Vargas R., DeSouza L.G., “Application of the
LQG/LTR Method for Attitude Control of a Rigid-
Flexible  Satellite”, in  56th  International
Astronautical Congress, 2005.

[11]Myung H., et al., “Hybrid estimation of spacecraft
attitude dynamics and rate sensor alignment
parameters”, in Control, Automation and Systems,
2007. ICCAS'07. International Conference on,
2007, pp. 179-183.

[12]Fulton J.M., LOG/LTR optimal attitude control of
small flexible spacecraft using free-free boundary
conditions, PhD Thesis, USA, University of
Colorado, 2006.

[13]Greg W., Gary B., An introduction to the Kalman
filter, Second Ed., North Carolina, University of
North Carolina at Chapel Hill, 2006.

[14]Kirk D.E., Optimal control theory: an introduction,
New Jersey, Courier Dover Publications, 1970.
[15]Zarei J., et al, “Design and comparison: of
LQG/LTR and H,, controllers for a VSTOL flight
control system”, Journal of the Franklin Institute,

Vol. 344, No. 5, 2007, pp. 577-594.

[16]Souza L., “Robust controller design for flexible
space system using a combination of LQG/LTR
and PRLQG methods”, Dynamics and Control of
Structure in  Space Il | UK: Computational
Mechanics Publication-CMP, 1996, pp. 151-166.

[17]Wang X., “Using LQG-LTR control law to
improve the performance of direct drive rotary
positioning system subject to uncertain inertia
load”, in Fluid Power and Mechatronics (FPM),
2011 International Conference on, 2011, pp. 945-
948.

[18] Tewari A., Advanced Control of Aircrafi,
Spacecraft and Rockets, United Kingdom, John
Wiley, 2011.

[19] Tsakalis K., Ioannou P., Linear Time Varying
Systems: Control and Application, New Jersey,
Prentice-Hall, 1993.

14

5 LRy N o 5l g Sad Rl o)lsen galge
ol 55 930 51 igdiss Ll LQR s s cslilizd]
B3> ol LQG/LTR 5 LQG 00 S 55 3l pinms
LQG/LTR (g, a5 el ol [Soly mls o oolaul 548
S, LQG 5l e 59,Shes
LTR Joe plxil 5 g (gl Soolins o gass” (280
o Hodl S 72 )5 o5 (Jy el (A SIS 5
3o LA eyl ciS e s 4 ol SzgS (gu>

o=l 25 polde |y pias Dl o0 9 258 o0 SN (rmslie

pol—iie c2ge (a3 S gL s 3 J—oe
605-\_>l_a‘) Q—l Q)_ij.a& ‘;15 éHwomJﬁSQM
&=y -0

[1]1 Sidi M.J., Spacecraft dynamics and control: a
practical engineering approach, First Ed., USA,
Cambridge University Press, 1997.

[2] Derman H.O., 3-Axis attitude control of a
geostationary  satellite, MSc Thesis, Turkey,
Middle East Technical University, 1999.

[3] Hagen D., Spacecraft attitude control: modeling
and  controller  design considering  actuator
dynamics, [MSc thesis], Norway, Narvik University
College, 2006.

[4] Pena R.S.S., et al., “Robust optimal solution to the
attitude/force control problem”, /IEEE Transactions
on Aerospace and Electronic Systems, Vol. 36, No.
3, 2000, pp. 784-792.

[5] Zhang C., et al., “An adjustable control for inertia
momentum wheel with disturbance compensation”,
in  Instrumentation and Control Technology
(ISICT), 2012 8th IEEE International Symposium
on, 2012, pp. 320-323.

[6] Weiss H., “Quaternion-based rate/attitude tracking
system with application to gimbal attitude control”,
Journal of Guidance, Control, and Dynamics, Vol.
16, No. 4, 1993, pp. 609-616.

[7] Abbas M.A., Eklund J.M., “Attitude Determination
and Control Sub-System satellite controller”, in
Electrical and Computer Engineering (CCECE),
201124th Canadian Conference on, 2011, pp.
1440-1445.

VE 8 )loid V¥ 5,55 A FAY siawl o3lallgsd (9 g SSlKe (stihn


www.sid.ir

