Archive of SID.ir

Vol. 14/ Issue.1/ 2021 (N0.46) d 10.22034/JSST.2020.1239 jS S I
pp.77-92

o of Space Science & Tachnalogy

Resear ch Paper

M odel-Free Predictive Fault-Tolerant
Control for Spacecraft Roto-trandational
Relative Motion

M. Chiniforoushan!, M. Mortazavi? and K. Raissi®
1, 3.Department of Aerospace Engineering, Amir kabir University of Technology, Tehran, Iran

2. Department of Mechanical Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran

*ma.mor tazavi @eng.ui.ac.ir

The problem of jointly controlling the relative attitude and position of spacecraft in
the presence of actuator fault is investigated in this paper. Following a description of the
drawbacks and limitations of the existing models and the control approaches based on
them, a new formulation of the spacecraft's relative motion is provided. Subsequently, the
subspace predictive control framework, which is a powerful model-free approach, is
extended in several dimensions. adaptive nonlinear control, tolerance against abrupt
faults and control allocation. Based on this generalized framework, three distinct data-
driven fault-tolerant controllers for coupled, nonlinear and time-variant plants are
developed. From the viewpoint of fault diagnosis, the only requirement of the control
structure is to detect the occurrence time of faults. Furthermore, an internal data-driven
fault diagnosis capability is introduced, which makes the control structure completely
self-sufficient. The three controllers are then designed to solve the aforementioned
problem, and their efficiency is verified via a multidimensional simulation scenario.
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7. Model-based approaches

8. Sliding-mode control

9. Model Predictive Control (MPC)
10. Model-free

11. Data-driven

12. Subspace Predictive Control
13. Subspace system identification
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4. Coupledness
5. All-thruster
6. Fault-tolerant control
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18. Active Fault-Tolerant Control (AFTC)
19. Earth-Centered Inertial

20. Local Vertical / Local Horizontal

21. Leader

22. Follower

Loglad (JESl = (g o <S> 5 1 e iy JooS 5 Jie g Ombe 35S

@y JB sb)ls 5 SPC ond aslis (3))) o) e
J5S 4 oy dawy [271-[25] ol ) » 485 ©ppe
4 Gglae odomy Slaptuns p ol 3> Jleel 5 (s e
Sul glaiagn g edg Sl oaliee S plires wusdly
s B S 5 s 86 L 4 atpej ol > sl Ll
Oygody b (ot Juo Sy i dad pd e sl [28]
@ e 9 038 Mg abladp; olelid jl edlitull g by pe
b MPC jlslo 5 55 5 038 Joas by Gl jls Lo
003,55 &l s e MPC clyje) cul odds a5,
o) 4 kst T3 Gl ongte Jae K4 [29] 5 (el
Oygods plolid pajl Ll ul ol 03) (pe55 wllady;
Sy sl s g 035 (Sxgligr sl seslSe BB g Sy e
Sliop @lid emen Gl pine (ol (03Shes 4l
29 o wdpdy Spso wlp 4 kel ad 9395 Jles
bt gt 2l G [30] 5 alie jebay cunl laspd 55
03) (a5 allady; gy 4 ks ppd cul dad Jae S L
-otels aye b Hoy 008 J S S ol oll 2 g g 00
Sheolaiel b [31] 5o polie 3, cCuol 0338 oyl aidly
o s i [32] 0wl i dlgidiy LQR 58 o,
S s Bl S (B sty @l dhug
ol 045 03 a5

I SPC Lags laglon s Jaa o, [34] 5 [33] 5
als P pgelp Jole S0 b qms slaosly b alS b
Opomen (loj b ke b Coli (oBgeld Jole cunl oS J s
Capto sl 48k (b it Sy sglatons & 42l [36] 5[35] >
whgy cpl el oad 03y S BT loj b yutte sla Sy
Vadgaps g (Soae ECws Il ojle cdd)d
o S B o Saage o e ool b e o o0l (sla i

JyS 05 3 SPC (5 S dimj 3 > 59 ]
Ol g oy o5 (2l B ojiie &gty (> dogliad
Gl 48,55 & yguo (658 lllas s o

Silodde g3 390 Mo ol (ly i) lio cpl
ls T leas syl S pleglabin slagiu
(ol doy b Je Ggh S sly cubie g S pete
el 045 (30 Jge 3 g 035 oy

S Shy b dilie sl SPC ooy %03 g9 )
03l dnwgi (5590 v Al Gloj b Sl g S g

14. Multi-model

15. Forgetting factor
16. Multi-agent strategy
17. Fuly decentralized
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24. Modified Rodrigues Parameters (MRP)
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23. Nadir
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25. Control Allocation
26. Pseudo-inverse
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27. Hankel block matrices
28. Linear Time-Invariant
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37. Fault detection

38. Fault diagnosis

39. Fault isolation

40. Fault identification
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43. Programmed Subspace Predictive Control and Control Allocation
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48.Eccentricity

49.True anomaly
50.Low-Earth Orbits
51.Atmospheric drag
52.Drag coefficient
53.Proximity operations
54 Rendezvous
55.Docking
56.Formation flying

Archive of SID.ir



Archive of SID.ir

sy Ol g 59T s (g B dome

WU gl S s g aly liiS g gy

2 Sl e lew sl Adgs () ioees ] odd 0ald isles
S5isly canSs dagl 3 a8 wlowd S @l VS BV la IS
oly b SS cpl 5l g oo 04> Subgydy VOB agl o hy
U9y e 5 JyS oM s )l DPSPC-SPCA &S cu!
sl PSPCCA 3 )5 35 PSPC-SPCA jate ) jl ol
e 1y ahb pn Glesl 56 S0 L awlie ol

B o i ouiS s

01 T T T |
= o 1
< .
=" oosl .
o . . . .
o w00 o0 500 2000 2500 000
01 T T T
= o ‘.'
z | | '
01 L L
w00 1000 1500 2000 250 000
1 T T T T
= o
<
=" sl
01 L
o w0 1000

7, INm]
4{;

s
. . . .
o w00 10 1500 o0 2500 2000
2
S i { 1
=) {— t L
NS |
. . . .
o w00 10 1500 00 2500 2000

7, INm]
T

L L
o 500 1000 1500 2000 2500 3000

tls]

DPSPC-SPCA Luugs o a5 aisl j5lii 5 5,59 K6

f IN]

X

=

)

ts]

10*
5 T T
=z " " m
= o ! V!
>
W
. . . .
o w00 1000 20 2500 3000
s :
P4 m m
= 0 V
>
W
. . .
o w00 100 1500 2000 2500 3000
10°
2 T T
E i ]
N kil r
S I
.\ . | . .
o w00 1000 150 2000 2500 000

t[s]

PSPC-SPCA Ja.wy W) .\;Jy A..J): )5L.~f5 9 90 -y N

01 T T T T
005 B
[y S
005 B
L L L L L
1000 2000 = 000

2lad (6yglid g pole (ol —ole doliliad M
(5 ol o)la) Voo Jlay /) 3,03 / V¥ )0

P s pdides Ojgodr eud S b cla
dw a5 Db o sdalie Wl ol Sl Ve UA sl IS
35 9 Shee wa piile 5 Jod B oloj o oaiS )5
&S Go8 lod Llasl Cowd Cojgele Llaal 4 hg 5 lblizel
s $pilasl cle 4 DPSPC-SPCA s o (g i
s g baulpd 3 el odh L 1 QL e ( Sk
Gohlsl 350 5l dn a1y oyl yé (5,58, DPSPC-SPCA
9 PSPC-SPCA 390 ;> .ol 03,8 el ¢ aatio C3ly5ul g g
gl (gblos 3 asys Yo dgus 3 cdge bl sl PSPCCA
Lol et B Jos 0 at)l & Db 0 01D s
Blyzl oy yieS” b DPSPC-SPCA s ¢85 5l (o (picred
Oty Oloj ke Sl iCunl 039 olyad ¢l Cumdg )3 gt IS
<l 0305 @1yl 1y 3 ,Slas 3,520 DPSPC-SPCA 34 loss 4

Relative Euler Angles [deg]

o 500 1000 1500 2000 250 3000 ] 500 1000 1500 2000 2500 3000
sl sl

o s00 1000 1s00 2000 250 3000 o 500 1000 1s00 2000 250 3000
i i

DPSPC-SPCA | 015 8 <l (glb oo —A JS&5

€
<
i
¢
o . . . 20 . . . .
o w0 w0 1w om0 o w0 a0 1w o mm a0
t[s] tis)
%10

Relative Angular Velocity [radis]

500 1000 1500 2000 250 3000 o 500 1000 1500 2000 250 3000

PSPC-SPCA U 613558 el (sl poo —% JSod

15
T
g
&
2 o0
& s
E 2
o S0 00 1s0 000 20 3000 o S0 00 1s0 200 200 5000
ts) sl
005 001

Relative Angular Velociy [radis]

Relative Linear Velocity [kmis]

1500 1500
sl 1

PSPCCA b 015,55 b (b ppue Y o JSoi5

Archive of SID.ir



Archive of SID.ir

L (59 g ple oty — pale Zalilnd
222 )92 9 PR (PR
A/ (55 ool osled) Voo Jlae /) 8l V¥ o loglidd (JUil = (ndg (gl < 5 12 e iy Joo 5 S 09 Ot S

z 004 T T T T T 0z T
ol e m WAL [ RTTT M i SWhatn L ] = o h‘
o 0 000 500 2000 2 000 Z .
= oot [ | : : : : ] < \j[m\ I o
Z o0
= MV T il T Whate ki . 01
o ) 000 500 2000 720 000 . ) . . .
z 01}> T T T T | T ‘1 ] 00 1000 1500 2000 2500 000
R P ! I A it
o 500 1000 1500 2000 2500 3000 02 T
z 01 T T T T T <l —- F 4
= o1
Z o
Zomf YT AT N . . = "
o 0 00 500 2o 20 000 = d L
z 01 T T T T T A 01 Bl
Zosf ﬁ 1l ]
- T Y11 L I} A natarsn 02 | I I I
o 0 o0 500 2000 250 s000 o < o0 500 o0 2500 o0
o o - - T T T
=
Z o0
- )’ ] (W L M AYIAM . 4 o4 T T
o w0 ) 500 2000 a0 a0 JE—
2 ow ‘ : : : T z R Ao
= ““2}: T Nttt M 0 Wl s ﬂ N
o 500 1000 1500 2000 2500 3000 he 02 Bl
= Dm)’ T T T T T <] . . .
Z e 0t
(Y P TTYY Mt AT Wit A A o 0 1000 1500 2000 2500 000
o w0 oo 500 2000 0 w00

:
P . . wad - £ i 1 PR
- > Xl o M 1, =Y0 JSs aoldl 0 - +
J ) ¥ v¥ o+ Z I ’
< oo |
N
z o1 T T T T o002 I I L L
2 o .
£ D}» W - PN . ] s o0 ) oo 00 00 00
s o0 o =3 o0 o0 0
= ° l g ‘ j o
Z oo
&% Paal Lt . £ oo i
) E) 1000 1500 2000 2500 3000 z ., L
_— =
E : | | e
005
& 0}‘ IV h | | Woos - B
5 o o0 0 200 o0 000
= o1 . . . ; 001 L L L L
(3 o 500 1000 1500 2000 2500 3000
- oo
< J‘ T ik, . . {
. ) o =0 ES 0 o o0
s o —
z : i : : ]
Z oo ool B
Soul N i ‘ £ | "
5 w00 o 50 00 00 o . ot h—+
s o
E : : | |
Sosf o, e A . ] KN o ’
)
5 ) o0 00 2000 00 o0 o | . | \
_— ! ; | ; s w0 o0 50 w0 2500 Y
005
2 J‘ M . A . { tlsl
s ) o = o0 o0 0
= ; l ; T
Z oo
=0 L .
s w0 o0 00 200 00 000

s PSPCCA Ja.wy W) .\;Jy A..J): )5L.J5 9 90 -y N

P DU
1000 1500 2000 2500 3000

z o T ; | Z0a] ! ' I ! ' \
a .. - ‘ \ < 2 = < =
o g ) = e z ot i ' A T . ;
= < !
Sl A, A ‘ ] o -1 w e e e
o - ﬁ: e j z 87 " : T ]
z 00 Foox ) ‘ I N .
T — o o = S 2 oony T = = = = =
zour : w w | A1 s A s ‘ |
oo B mno ) D ) e s o = == == = = =
g o0 T T J”S‘ T | e " L ‘
=0 ™ ] . 3 % so0 000 500 2000 0 o0
% 500 1000 1500 2000 2500 000 z o T T T T T
z o T T :”“5)’ | ! M T L ‘{
= n P \ i M
o 0 o0 1500 2000 0 an0c z o0 T T T T T
z o T T T Soml 3 Mo . ] Pl . 3
Soml ™ ‘ ‘ 5 % g e o
% 0 o0 500 2000 00 000 z g:;‘ T T h i T ‘
- '
co <1 e o e = e
s
c an P .
PSPCCA BEl )Sm.:‘) » Ja.wy ol Aﬁ.]y ‘)ml) \;’ JS.M: %ZSQ} /‘n h, : . : <‘
Du 500 1000 1500 2000 2500 3000
ce T on o a i) . . 2ol ! I ! ! ]
IR parass old isu il Gl jglateds piomen i o ) Eh
= o1 T T T T
bl odddusws o i85 ;5 SP - “J = p h it :o‘no
P4 8 - )9 9 9 X 2o : I : : ‘
=
= I . .
) .
[PSPC-SPCA 4 DPSPC-SPCA ,» Iy PSPC slacSsh = oosy = = = =
N - D‘ Wr.. \Il AM] e ! ‘
B8] as 4;95019.:» YISV (o 5 YA 9 VY LngJi’“’ Py Seof It N i ‘ q
z 00 T T T T
. .. . . .o - o Y
ol Wy S8 slaybgel and Hlaw bajbged ol g 0 E = . sl d,
Z T T T T
. . . R 5““;% M il Paa| . E
009 See )\ Todoh &S e Y 5 VY LSLQ () iy ‘UL,,)IG o s = e e 8 o o

Eord p ) S o iy 0 m p SPCA Sl DPSPC-SPCA 3 K.l ya Lo o3 i iy -V F S

= 004 i i

S glisS o Chge Bl pis s g8 5l g (o S 152) | | ‘
- . . . N . =0 LM M sl e T W bt "
D oo ol ¢ S (sl yemo JI S 40 03eds (45 g gllas oL w ) B )

soer T DMt N :‘ idarn . {
uj):"f u5>)l> u.,.s)lo L)“‘"""’ XS L ‘L)”‘"" U”‘ ulil-’ » 2o ) o e zv‘mﬂ ; = )
OSbe wus e 3 Sles ()] el o eolpiidy gos i I ‘ : ‘
Soby lawg ol Wy ol JiSw o (il Jloy S yoxis ‘ ™ . R ]

g A=K =1 colps L DPSPC-SPCA (s1:,S > SPCA zar - ™ il

L
1000 1500 2000 2500 3000

W m T It A ittt
. O ) . . _ o ) 3 o 3 g o
Dgd oo 043D oS oS lan Ll oas &3l VA S5 ;o L =10 zir il 0 BET
p oL o o ] i 3 o
u,u.‘?tn.m w‘ ol LE’L“’L'“’ MAK VO« - ML ).) o)l.) C) cus fw““z’ U T it N :\ Llilat . {
e

)5 0l (3l 085le 2 (658 g5 5 Clilize] PSPC-SPCA ;5 ;S o bausgs s 3g5 L))~V JSub

Archive of SID.ir



Archive of SID.ir

) Ol g 9y ixe Ly B ey e

By, o o pata ot MalS” Lelesiz 3], o (e
s 03> (@il e i plejen S8 sl @y slagby,
ool 0035 (gdiaJ50)8 9 Sy el il
S 53 635 )84 Sl e diBlidmngs LS S aw
Siily —plos slanliad S (s &8 Jlil sy ploly
)l € W Ui Gilodnd @IS Llord 2Lk oy
Alae Sl cslolgmloriz (sl ygolo I (ammg il (s, o5l
osh 0313 oL eizmon sl il WS a ol Sl
saio I DPSPC-SPCA s (Byxe (o9 duw jlo 3 &S ol
Mo a3 3,15 65V shel S IS o g L3S s,
5 bk wpdidlasl VL Sl oL o84 PSPCCA

a3 o lis ,K00 gy 90 G Iy (60l IS ol

&>

[1] L. Sun, W. Huo and Z. Jiao, "Disturbance-Observer-
Based Robust Relative Pose Control for Spacecraft
Rendezvous and Proximity Operations Under Input
Saturation," IEEE Transactions on Aerospace and
Electronic Systems, vol. 54, no. 4, pp. 1605-1617, Aug.
2018.

[2] P. C. Calhoun, A.-M. Novo-Gradac and N. Shah,
"Spacecraft alignment determination and control for
dual spacecraft precision formation flying," Acta
Astronautica, vol. 153, pp. 349-356, December 2018.

[3] B. Shasti, A. Alasty and N. Assadian, "Robust
distributed control of spacecraft formation flying with
adaptive network topology," Acta Astronautica, vol.
136, pp. 281-296, 2017.

[4] F. Zhang and G. Duan, "Integrated translational and
rotational finite-time maneuver of a rigid spacecraft
with actuator misalignment," IET Control Theory and
Applications , vol. 6, no. 9, pp. 1192-1204, 2012.

[5] "Adaptive Fixed-Time Six-DOF Tracking Control for
Noncooperative Spacecraft Fly-Around Mission," IEEE

Transactions on Control Systems Technology , vol. 27,
no. 4, pp. 1796-1804, July 2019.

[6] V. Muralidharan and M. R. Emami, "Concurrent
rendezvous control of underactuated spacecraft," Acta
Astronautica, vol. 138, pp. 28-42, September 2017.

[7] R. Sun, J. Wang, D. Zhang, Q. Jia and X. Shao, "Roto-
Translational Spacecraft Formation Control Using
Aerodynamic Forces," Journal of Guidance, Control,
and Dynamics, vol. 40, no. 10, pp. 2556-2568, 2017.

[8] H. Dong, Q. Hu and M. R. Akella, "Dual-Quaternion-
Based Spacecraft Autonomous Rendezvous and
Docking Under Six-Degree-of-Freedom  Motion
Constraints," Journal of Guidance, Control, and
Dynamics, vol. 41, no. 5, pp. 1150-1162, 2017.

[9] Y. Yang, "Coupled orbital and attitude control in
spacecraft rendezvous and soft docking," Proceedings
of the Institution of Mechanical Engineers, Part G:
Journal of Aerospace Engineering, pp. 1 - 11, 2018.

2lad (6yglid g pole (ol —ole doliliad -
(FF ol o plasd) Voo Hlay /) Bylais / VF 090

%
|

!
i

4, N

01 . |

500 w0 150

ts)
01
o0s
o
00

500 000 150

ts)

00 w0 s

u

o
"o
0

)

0 s x
s sl

DPSPC-SPCA 3 Cgllas ygliiS 5 5,5~ VY JSoib

]
H
H
H

o 500 100 10 200 250 30
tis) sl

e

'
i

u, N
il

s0 200 200 3000 ) 500 w00 100 000 20 a0

ts]
01
005

v, ™

%
|

I+

o 500 w0
005
01 1
o 500 100 10 200 2500 3000 o 500 1000 1500 2000 250 3000

PSPC-SPCA BEl u9.UQa )9L'«'.ai§ 9 5).».: -A J&w

Normalized Moving Average of Pspca

0 500 1000 1500 2000 2500 3000
t[s]

DPSPC-SPCA 3 o1 5513 odle Jiaw — 14 JSu

S 5 Aol

oy 4 SPC o, 5l L;Iaab%s Sy dlis pl 4o
a3y e s S bt i S
maw Jde g DS oled o, o5 ol o slpiuig o S
5 PSPC-SPCA DPSPC-SPCA (clapl 4 (a8
3 e U yeite 5 st (gt 55 (5l PSPCCA
Sl ons ol dmwy Wil g Kee SLSL Cge g
ol Pl o ol 8y oloj e (Slize 4 e (g3l 2]
S el ) oslil b g ol 45 sl ond e3> dmwgs

JB w0nd S Biee jShe clagbyy lp & cus Lasis

Archive of SID.ir



Archive of SID.ir

i‘ / kb (5y5ld g psle mghy — sele Aolilab
(FF ol o lous) VFo o jla /Y 8yleis /VF 090

[24] A. Chiuso, "The role of vector autoregressive modeling
in predictor-based subspace identification," Automatica,
vol. 43, no. 6, pp. 1034-1048, 2007.

[25] R. Kadali, B. Huang and A. Rossiter, "A data driven
subspace approach to predictive controller design," Control
Engineering Practice, vol. 11, pp. 261-278, 2003.

[26] Z. Li and G.-H. Yang, "Integrated Design of Event-
triggered Closed-loop Subspace Predictive Control
Scheme," IEEE/ASME Transactions on Mechatronics,
vol. 23, no. 1, pp. 80-88, 2018.

[27] S. Sedghizadeh and S. Beheshti, "Particle swarm
optimization based fuzzy gain scheduled subspace
predictive control," Engineering Applications of
Artificial Intelligence, vol. 67, pp. 331-344, 2018.

[28] C. Jia, S. Rohani and A. Jutan, "FCC unit modeling,
identification and model predictive control, a simulation
study," Chemical Engineering and Processing, vol. 42,
pp. 311-325, 2003.

[29] I.-H. Song, S.-B. Lee, H.-K. Rhee and M. Mazzotti,
"Identification and predictive control of a simulated
moving bed process: Purity control," Chemical
Engineering Science, vol. 61, pp. 1973-1986, 2006.

[30] H. Balini, I. Houtzager, J. Witte and C. W. Scherer,
"Subspace identification and robust control of an AMB
system," in Proceedings of American Control
Conference, Marriott Waterfront, Baltimore, MD, USA,
June 30-July 02, 2010.

[31] R. Dunia, G. T. Rochelle and S. J. Qin, "Modeling CO2
Recovery for Optimal Dynamic Operations," in
Proceedings of IEEE Conference on Decision and
Control, Orlando, FL, USA, December 12-15, 2011.

[32] X. Wu, J. Shen, Y. Li and K. Y. Lee, "Data-Driven
Modeling and Predictive Control for Boiler—Turbine
Unit," [EEE Transactions on Energy Conversion, vol.
28, no. 3, pp. 470-481, September 2013.

[33] R. Hallouzi and M. Verhaegen, "Fault-Tolerant
Subspace Predictive Control Applied to a Boeing 747
Model," Journal of Guidance, Control, and Dynamics,
vol. 31, no. 4, pp. 873-883, 2008.

[34] R. Hallouzi and M. Verhaegen, "Subspace Predictive
Control Applied to Fault-Tolerant Control," in Fault
Tolerant Flight Control, A Benchmark Challenge,
Berlin, Springer, 2010, pp. 293-317.

[35] G. J. V. D. Veen, Identification of wind energy systems,
PhD. thesis, Delft University of Technology, 2013.

[36] L. Zhang, S. Z. Xu and H. T. Zhao, "Adaptive Subspace
Predictive Control with Time-varying Forgetting
Factor," International Journal of Automation and
Computing, vol. 11, no. 2, pp. 205-209, April, 2014.

[37] J. Jiang and X. Yu, "Fault-tolerant control systems: A
comparative study between active and passive
approaches," Annual Reviews in Control, vol. 36, pp.
60-72,2012.

[38] D. A. Vallado, Fundamentals of Astrodynamics and
Applications, Fourth Edition, Hawthorne, CA:
Microcosm Press, 2013.

[39] F. L. Markley and J. L. Crassidis, Fundamentals of

Spacecraft Attitude Determination and Control, New
York: Springer, 2014.

Loglad (JESl = (g o <S> 5 1 e iy JooS 5 Jie g Ombe 35S

[10] M. Tavakoli and N. Assadian, "Actuator failure-tolerant
control of an all-thruster satellite in coupled
translational and rotational motion using neural
networks," International Journal of Adaptive Control
and Signal Processing, pp. 1-16, 2018.

[11] M. Leomanni, A. Garulli, A. Giannitrapani, F. Farina
and F. Scortecci, "Minimum Switching Thruster
Control for Spacecraft Precision Pointing," [EFEE
Transactions on Aerospace and Electronic Systems, vol.
53, no. 2, pp. 683-697, April 2017.

[12] B. Jiang, Q. Hu and M. I. Friswell, "Fixed-time
rendezvous control of spacecraft with a tumbling target
under loss of actuator effectiveness," I[EEE
Transactions on Aerospace and Electronic Systems, vol.
52, no. 4, pp. 1576-1586, August 2016.

[13] F. Curti, M. Romano and R. Bevilacqua, "Lyapunov-
Based Thrusters’ Selection for Spacecraft Control:
Analysis and Experimentation," Journal of Guidance,
Control, and Dynamics, vol. 33, no. 4, pp. 1143-1160,
2010.

[14] P. A. Servidia and R. S. Pefia, "Spacecraft Thruster
Control Allocation Problems," IEEE Transactions on
Automatic Control, vol. 50, no. 2, pp. 245-249, 2005.

[15] D. Bustan, S. K. HosseiniSani and N. Pariz, "Nonlinear
Dynamic Inversion Fault Tolerant Control for

Spacecraft," Journal of Space Science & Technology ,
vol. 8§, no. 2, pp. 11 - 17, 2015.

[16] S. Yin, B. Xiao, S. X. Ding and D. Zhou, "A Review on
Recent Development of Spacecraft Attitude Fault Tolerant
Control System," [EEE Transactions on Industrial
Electronics, vol. 63, no. 5, pp. 3311-3320, May 2016.

[17] Q. Shen, C. Yue, C. H. Goh and D. Wang, "Active
Fault-Tolerant Control System Design for Spacecraft
Attitude Maneuvers with Actuator Saturation and
Faults," IEEE Transactions on Industrial Electronics,
vol. 66, no. 5, pp. 3763-3772, May 2019.

[18] Q. Hu, X. Shao and L. Guo, "Adaptive Fault-Tolerant
Attitude Tracking Control of Spacecraft With
Prescribed Performance," IEEE/ASME Transactions on
Mechatronics, vol. 23, no. 1, pp. 331-341, Feb. 2018.

[19] H. Gui and A. H. J. d. Ruiter, "Adaptive Fault-Tolerant
Spacecraft Pose Tracking With Control Allocation,"

IEEE Transactions on Control Systems Technology,
vol. 27, no. 2, pp. 479-494, March 2019.

[20] Q. Hu, X. Shao and W.-H. Chen, "Robust Fault-
Tolerant Tracking Control for Spacecraft Proximity
Operations Using Time-Varying Sliding Mode," I[EEE
Transactions on Aerospace and Electronic Systems ,
vol. 54, no. 1, pp. 2-17, Feb. 2018 .

[21] F. T. Hervi and A. Novinzadeh, "Designing Spacecraft
Attitude Control Using Model-free Optimal Control
Theory," Journal of Space Science & Technology, vol.
10, no. 3, pp. 41 - 57, 2017.

[22] W. Favoreel, B. De Moor and M. Gevers, "SPC:
Subspace Predictive Control," in Proceedings of IFAC
World Congress, Beijing, China, 1999.

[23] P. Van Overschee and B. De Moor, Subspace
Identification ~ for  Linear  Systems:  Theory,

Implementation, Applications, Kluwer Academic
Publishers, 1996.

Archive of SID.ir



Archive of SID.ir

) Ol g 9y ixe Ly B ey e

[46] S. Simani, C. Fantuzzi and R. J. Patton, Model-based
fault diagnosis in dynamic systems using identification
techniques, Berlin: Springer, 2002.

[47] O. Nelles, Nonlinear System Identification - From
Classical Approaches to Neural Networks and Fuzzy
Models, Springer, 2001.

[48] J. Chen and R. J. Patton, Robust Model-Based Fault
Diagnosis For Dynamic Systems, Kluwer Academic
Publishers , 1999.

[49] Y. Zhang and J. Jiang, "Bibliographical review on
reconfigurable fault-tolerant control systems," Annual
Reviews in Control, vol. 32, pp. 229-252, 2008.

[50] R. J. Patton, F. J. Uppal, S. Simani and B. Polle,
"Robust FDI applied to thruster faults of a satellite
system," Control Engineering Practice, vol. 18, pp.
1093-1109, 2010.

[51] W. Li, H. Raghavan and S. Shah, "Subspace
identification of continuous time models for process

fault detection and isolation," Journal of Process
Control, vol. 13, no. 5, pp. 407-421, 2003.

2lad (6yglid g pole (ol —ole doliliad Y
(5 ol o)la) Voo Jlay /) 3,03 / V¥ )0

[40] K. T. Alfriend, S. R. Vadali, P. Gurfil, J. P. How and L.
S. Breger, Spacecraft Formation Flying - Dynamics,
control and navigation, Butterworth-Heinemann,
Elsevier, 2010.

[41] H. Schaub and J. L. Junkins, Analytical Mechanics of Space
Systems, Reston, VA: AIAA Education Series, 2003.

[42] M. Navabi and M. Barati, "Dynamics Modeling of
Spacecraft Formation Flying and Evaluating the Models
Accuracy under the Effects of Relative Distance,
Eccentricity and Earth Gravitational Perturbation,"
Journal of Space Science & Technology, vol. 5, no. 1,
pp. 51-59,2012.

[43] M. Navabi and M. R. Akhlomadi, "Nonlinear Optimal
Control of Space Docking and Rendezvous Problem,"
Journal of Space Science & Technology , vol. §, no. 3,
pp. 27 - 40, 2015.

[44] W. Ren and R. W. Beard, Distributed Consensus in
Multi-vehicle Cooperative Control; Theory and
Applications, Springer, 2008.

[45] C. Duan, S. Zhang, Y. Zhao and X. Kong, "Robust
Control Allocation among Overactuated Spacecraft
Thrusters under Ellipsoidal Uncertainty," Abstract and
Applied Analysis, 2014.

Archive of SID.ir



