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This study introduces a novel spacecraft attitude control framework
designed to operate reliably under uncertainties and external
disturbances. At its core lies a dual-component strategy: a controller
and a disturbance observer, both engineered for fixed-time
convergence. Unlike conventional finite-time methods, where
stabilization speed depends on initial conditions, this approach
guarantees a preset stabilization window, tunable via controller
parameters giving engineers precise command over performance
timelines. By modeling spacecraft attitude dynamics using modified
Rodriguez parameters (MRP), the system is cast into a second-order
nonlinear structure. A non-singular terminal sliding surface is
developed to enforce fixed-time convergence, enabling the derivation
of robust control inputs. To address real-world unpredictability,
a universally robust exact differentiator (URED) observer estimates
and neutralizes disturbances within the same fixed timeframe,
ensuring seamless compensation. Stability is validated using
Lyapunov theory, while comparative simulations against existing
methods demonstrate that the proposed framework achieves faster
convergence and superior tracking accuracy for both controller and
observer. These advancements set it as a promising solution for
critical space missions requiring rapid, precise attitude control, such
as satellite docking or deep-space exploration.

* Corresponding Author’s E-mail: bakhtiari_m@jiust.ac.ir

How to Cite this Article:

H. Soleymani, M. Bakhtiari, and J. Beyramzad, "A Fixed-time stable output feedback non-singular fast terminal sliding mode design
for attitude control of a rigid spacecraft considering external disturbances and system uncertainties," Journal of Space Science and
Technology, Vol. 18, No. 2, pp. 70-82, 2025, (in Persian), https://doi.org/10.22034/jsst.2025.1538.

COPYRIGHTS

©2025 by the authors. Published by Aerospace Research Institute. This article is an open access article distributed
under the terms and conditions of The Creative Commons Attribution 4.0 International (CC BY 4.0)



https://doi.org/10.22034/jsst.2025.1538
https://doi.org/10.22034/jsst.yyyy.nnnn
https://doi.org/10.22034/jsst.yyyy.nnnn
https://www.jsstpub.com/
https://doi.org/10.22034/jsst.2025.1538
https://creativecommons.org/licenses/by/4.0/
mailto:bakhtiari_m@iust.ac.ir
https://orcid.org/0009-0008-3243-7860
https://orcid.org/0000-0001-6877-0122

S 53l g pole

T 2Ll (6,9L8 g wgle

Sl 559l 5 pale

AY=Y+ dan Y O)Lcni: SA 0)9.) ‘\\c.\u JL»
https://doi.org/10.22034/jsst.2025.1538

Journal Homepage: https://www.jsstpub.com

Yoo A FOS+ 1 als SLLS
VEVY-FOVS 5 Suig Sl bl

iRy Al
L 2955 S0 @ g O e (o 5 (o 33 w0 oS J 555 21 )b
A58 b oo Glowldd S Camdg J S jglindy Cab ploj g Il
o S Cualad pus g (241 LGS S (8 )5
Tal50 1 Jal 9 €07 (g )i wiemo (B il dol>

Olﬁl ‘OI)Q(.’. ‘Q]ﬁl Lo g ol olKaiily Ty L;Lmd)sté 0lSily ‘5)15@‘.@ d)ﬁb.é (Wi og)f ;L;);'f.) L;MIJ -Yo)
Olﬁl ‘ OI)JQ(? ‘Olﬁl Cwwo g w.l.c olXisls Ry dL“d)BLé 0aSisly ‘a)|9.mLc Lg)ngé (ewdikeo og)f ‘)libt;wl -y

baSs dlie Ol

2ol 3Sles Baa b a5 A8 oo (Bree lapliad Cundy S lp (29 cly S Giegk ol alldo aesey U
Spbly &y (e i () ol At sl 0l b o8 clilisel 5 el pas byl
Olej > 2lSen lopty) Sl b 93 po o conl QlBLEE] o) S g oA 1S Sy Jald (g

gl Ll )b 4 Sl G pr oS gaome loj )3 (2l Ko Jglite slagbyy S alosd (b cul

W F 9,8 oY cdlyy
V¥ cutans) VY 6,55k
WFF oo s VY opds

ol 6 0 G 0l palali | yio 51 Sloj o3L SOy a2 LS| o Syl gyl ol ol diuol
AR mh“w:?..)@)). 2 )0 e D (R w2 ) () 219 \\‘~\‘)§Y\‘)Lj;;‘.§|&g9|

ol lasige slyr |y 3Slee saroles 385 Capmte oISal 0xsS S5 slayilly ol | ol
bt L3l S laisay oads e Mol 155509, (sl el )l 5l odliinl b Loggliad cumsg Kol 35l g0

polie (S slaisagyg il § ol ploj > 2l San 35 sl ol 0ad Gilo e pgd 4y el sy
Slinl pgwre sy 33 (55 UKLl & Conl a8l drg (16508 Jlney (234 aw S o lgnle
035 (AHhb Sl polie 5 385 15 Buie Ny Sy o oBly Sl Glacaabad pas b ablie (gl S s Condy S
dloien (Sae |y 4By o (53lug) p2 g v‘*{& S 9 03] e il Sloj ol plos o |y clalizel & Sl polis 5 585 5 ke St
L shanlie (slasilotsnd ol 02 A0ls Lo oty gL a5 5 ookl b s 521 b ol sl
OB 93 gy VL (abd) B3 g s 2l )Sen & (i Cle da3 e LS S92 90 (sla b, 558 ey 554 e

Gy 0aiS ladsel (gy80l) laisds |) g (pl dacdpin opl b0 Cusd Kugy 5 oS S
losl GBLEST § odzmg slaylie D Cundy S daojlgale Jlasl ulas olad Sle slaca,gele
At 03lal] 398 B g @y (gl STy Kisjlo 4ST WS o 7 ylas Lad

bakhtiari_ m@iust.ac.ir :Jstume sy (Seigy S oy

How to Cite this Article:

H. Soleymani, M. Bakhtiari, and J. Beyramzad, "A Fixed-time stable output feedback non-singular fast terminal sliding mode design
for attitude control of a rigid spacecraft considering external disturbances and system uncertainties," Journal of Space Science and
Technology, Vol. 18, No. 2, pp. 70-82, 2025, (in Persian), https://doi.org/10.22034/jsst.2025.1538.

COPYRIGHTS
©2025 by the authors. Published by Aerospace Research Institute. This article is an open access article distributed
= under the terms and conditions of The Creative Commons Attribution 4.0 International (CC BY 4.0)



https://doi.org/10.22034/jsst.2025.1538
https://www.jsstpub.com/
https://doi.org/10.22034/jsst.2025.1538
https://creativecommons.org/licenses/by/4.0/
mailto:bakhtiari_m@iust.ac.ir
https://orcid.org/0009-0008-3243-7860
https://orcid.org/0000-0001-6877-0122

TV WESP RT3 L TIRVE I POVVRRVI LS

Wodgiome (pl @8, (gl el o oboy CBd 5 Cuoglie il
558 lp Sl )80l plgreas L aye (o334 40 S8
Jlesl L .[ﬁ—ﬁ] Cul ol pylao dgdome yloj 3 Cumdg
(B3 e gV Cilpe litde  dlwgul Jy1ST slacsdg)g
iy 13 g0 LIS 1) Sy pSed jobdy Vb ddye (o853l
olyod (Sluwlons (glajls § S5 (gla Sawom GRSk cajo
ot ysbaieds (536 mopw JUey JpuS S YY) o [V ] ol
Sl )3 SBglS o (2bdy Ao )3 oy Jlse 5 9y 3Sas
el 4B)S 5 (o 3y90 Syl Sy

ale 3 gy (033 de JHES gy o)l (355 CleMb
S g JUse 5 (858 e iliso glgl o b 5 el [YY ]
AloAd gy [B WY mlio )3 i Y aspe (B3a) 4o
freione (6 S0l & Loplidd Cumdg )8 (S59S (sla by, 5]
L[V ] s ditsly (Slaygls Copo g Candy s pSCar 353
ddsay Canl Seo lagly ey slaodly (Jb )l
LBl e ) adpen (8 Blge b dbia (slacodgioe
BB el (laolgale 9)5ue) Soo8 (slao)laale (Jite lgica
D] sizd s pSoll s S Ul

IS laptuss dawg (Jos Codgime (pl 4 d2gi L
G slaosly 4 a5 A S clbs 5y8 3l 5 e Cumdg
pie dliwe Cuwl odd 1 Coglel SO 4 )l g5l slal;
ssba gydge Clodl > Gy (650Nl slaodls 4 (g i
Sly oo ladyly 5 Cusl 4B)S 5 o 3)50 03518
gl copw @ 5l e Cumsy slrosss’ S Sk
D5V ] Siloads sleiiy

rlo wlon daglad Coansy S8 Seolud (gwyn
esdso 9329) §OMte (IS lapille b ((Seold sl
ol ly lads ol 58,5 e 1 bl Fhe (S s S
bl gy Plae o ol 2Uly @ pn 258 (b Lot
il al 5V s

2y OLELEE § ey pas (il
pis g S 5l ilanlae cuslad pas g 9 L alegliad
3 5 cmra) slales a3 lab ol wle (gl slacasbas
() Sllazel jl b g yxehl e (glacualad pas 505 (ggu
el wile LSS g o il pl b dblie (ol
slySig) gl g (a5l claasd (il shis (uac

5. Nonsingular TSM (NTSM)

6. Chattering

7. Higher-Order Sliding Mode (HOSM)
8. Partial State Feedback
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1. Sliding Mode Control (Smc)

2. Asymptotic Trajectory Stability
3. Terminal Sliding Mode (Tsm)
4. Finite-Time Stable
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4. Modified Rodriguez Parameters (MRP)
5. Universally Robust Exact Differentiator (URED)
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1. Time Delay Estimation
2. Extended State Observers
3. Super Twisting Sliding Mode
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