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Introduction

 Definition of Attitude A .
» Concept ﬁ‘
« Formal definition ) = -
» The Attitude Control Problem : .

o Attitude Control System (ACS) of a Spacecraft
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Mathematical Model

e Rotational Motion:
 Kinematics
« Dynamics

» Attitude Representation Parameters:
 Direction Cosine Matrix
* Euler Angles
e Quaternion
« Rodrigues Parameters
» Modified Rodrigues Parameters



Mathematical Model

The quaternion vector representing the attitude of body frame w.r.to inertial frame:

_ q1:3
a=|q.] €y
Kinematics:
q=50(w) (2)
where
0 W3 —Wy Wq
[l X] w]_ —w3 0 w; Wy
ﬂ(w)—[ T ol —er 0w (3)
—w; —WwW; —w3 0

Euler’s moment equation gives the nonlinear three-axis dynamics equation of a rigid body as
Io = —[w X]Iw + u (4)
where I € R3%3 u € R3.



The Proposed Control Scheme

Attitude error in terms of quaternion:

8q = lsq”’] =q®q ' =[EG@"Y q'lq

0( 4
where ~ _ ~
| d4 d3 —_Q2'
@) =g, -u
L d1 d:z qs |

constraints on angular velocity components:

lw; (D] < kg, |wz(D] < kg, [wz(D)] < kj3
The output feedback control law is proposed as

u = —IK;*(8qy.5 + ksv)

wherev = [V1 V2 v3]T is the pseudo-angular velocity, and

0 0
k3 —v2
Ky
Sl B = R
k
0 0 =
2

(5)

(6)

(7)

(8)

(9)



The Proposed Control Scheme

Pseudo-velocity:
following a procedure similar to that presented in (Tsiotras 1998), pseudo-velocity is defined as

v =2ET(8q)z (10)
Ev(hc;re z is obtained by passing 8q through an LTI strictly proper and strictly positive real system

S

z = C(s)8q (11)

consider a minimal realization of C(s) as
£ =A%+ BSq; z = CE. (12)

since C(s) is strictly positive real and strictly proper, the Kalman-Yakubovich-Popov’s Lemma
implies that there exist positive definite matrices P And Q Such that

ATP + PA = —Q; PB = CT (13)

Ey choosing any Hurwitz matrix A, full column rank matrix B, and positive definite matrix Q, we
ave

& = A%, + Baq, (14)
z = C§; = BTP(A%; + BSq)



The Proposed Control Scheme

Theorem: The system described by
q=92(w)

I = —[w X]Iw + u
Will be almost globally stabilized by control law
u=-IK;1(8q;.;5 + k)
Proof:
Closed loop system: Iw = —[w X]Iw — IK;1(8q;.3 + ksw)
Equilibrium point: (8q, w) = ([6q;.3; 694], ) = ([0;1],0)
2 k2

_ 2(1—6q4)+5k4Zlnki2 = (1-60,)% + 8q]38a:5 + 3 k421nk2 — >0

= —2(1 - 8q4)8q4 + 2891:369;.3 + ® K, ,®



The Proposed Control Scheme

Proof: continued
: 1
8q =7 2(w)8q
V=-keoTw— o K, w x]Io
Let define G = K I ![w X]I then _
V=-kiw'ow— o' Gw
let the upper bound on the Euclidean norm of G be known as
IGll < g
choosing ks > g Leads to .
V<0
i.e. V is negative semi definite And hence the equilibrium point ([0; 1], 0) is stable.

As the system is stable it yields that 8q, w € L. Taking integral of both sides of above equation yields w € L,
and hence w € L, N L,. by using Barbalat’s Lemma we have lim o = 0. The equation of closed loop system

t—>oo

shows that lim @ = 0 only if lim 8q.; = 0. Hence the largest invariant subset in 0 = {(8q, w)|V(x) = 0}
is{([6q;.3; 8q4] w) = ([0; 1], O)} So the asymptotic stability is proved by Lasalle theorem.



The Proposed Control Scheme

Multiple Model Approach:
Let the parameter space of inertia matrix I € R3*3 be
S = {0 € [R6|l > O,li < Gi < ui,i = 1,2, ,6}

active controller index = argmin (”qp — ‘h”z)
1
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Simulation Results

LEO Satellite Attitude and Orbit Simulator
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Simulation Results
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Conclusion

» an passivity-based output feedback control law is proposed for satellite attitude
control under angular velocity constraints

« almost global asymptotic stability of the proposed control law is proved using
Lyapunov second method

 The transient response of this control law in the regulation problem was
improved significantly by applying the multiple model and switching approach
to adaptive control

» A LEO satellite attitude and orbit simulator was developed and used for
evaluation of the proposed control scheme
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