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Adaptive robust controller of mobile satellite antenna systems
LI Guo, HU Jian-fei, YU Da-tai

(College of Information Engineering, University of Science and Technology, Beijing 100083, China)

Abstract: The use of the adaptive robust controller for improving control performance and stability of mobile satellite
antenna systems is investigated in this paper. An adaptive robust control system of mobile satellite antennas is presented.
The adaptive robust controller is designed according to the mobile satellite antenna systems model. The proposed adaptive
controller and the corresponding robust adaptive law not only keep the closed-loop system robustly stable, but also provide
the expected performance. Finally, the effectiveness of the algorithm is verified by experimental results. demonstrating that
the control performance and stability of mobile satellite antenna systems are improved, and the control system maintains
satisfactory control performance despite the change of road surface condition.
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1 ÚÚÚóóó(Introduction)
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2 £££ÄÄÄUUU���XXXÚÚÚ���...(System models for
satellite antennas)
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Fig. 1 Satellite antennas system models
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θ(3)(t) + θ(2)(t) ∗ (JLRd + fLd)/JLLd +

θ(1)(t) ∗ (fRd + KmKe)/JLLd =

KmUa(t)/JLLd + [Rd ∗ (Mfz + ∆M) +

Ld(M
(1)
fz + ∆M (1))]/JLLd.

ª¥: M (1)
fz ,Mfz, f, ∆M (1),∆M þ´��5Ø(½

Czþ,k
þ�é�,K�ØU�Ñ.þª��¤
G��§/ª

E(1)(t) = AE(t) + BUa(t) + B0(ΨTΦ + θ
(3)
d ).(1)

ª¥:

E(t) =




e1(t)
e2(t)
e3(t)


 , B =




0
0
−τ


 , B0 =




0
0
1


 ,

A =




0 1 0
0 0 1
0 0 0


 , Φ =




P0

P1

p2


 , Ψ =




θ(1)(t)
θ(2)(t)
−1


 ,

e1(t) = θd − θ(t), e2(t) = θ
(1)
d − θ(1)(t),

e3 = θ
(2)
d − θ(2)(t), τ = Km/JLLd,

P0 = (fRd + KmKe)/JLLd,

P1 = (JLRd + fLd)/JLLd,

P2 =

[Rd ∗ (Mfz+∆M)+Ld(M
(1)
fz +∆M (1))]/JLLd,

B = −τB0,

τ, Ua(t), P0, P1, P2 þ�¢ê; θd, θ
(1)
d , θ

(2)
d , θ

(3)
d �

Ï"�� £!��Ý!�\�Ý!�\\�Ý

�; P0, P1, P2���5Ø(½Czþ,Ã{ÿ½.

3 £££ÄÄÄUUU������lllXXXÚÚÚ(Control system for
satellite antennas)
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Fig. 2 Satellite antennas control system
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4 ggg···AAA°°°���������ììì(Adaptive robust con-
troller)
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Fig. 3 Adaptive robust controller
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Ua(t) = U(t) + KTE(t),

Kª(1)C¤ª(2):

E(1)(t) = E(t)(A + BKT) + BU(t) +

B0(ΨTΦ + θ(3)(t)). (2)

Ù¥: KT ���ìOÃ1�þ, KT ∈ R1∗3 , é
ª(2),�oäÊìÅ¼ê,�ª(3):

V (t) = ET(t)PE(t)/2 + (Φ− Φ̂)TR(Φ− Φ̂)/2.

(3)

Ù¥: P > 0, R > 0þ��½é¡Ý
, Φ̂�Ø(½

ëê��þ��O�, Φ�Ø(½ëC��þ�ý

�, ∆Φ�éAØ�, ∆Φ = Φ− Φ̂ .

V (1)(t) =

[E(t)PĖT(t) + Ė(t)PET(t)]/2− ˙̂
ΦTR∆Φ =

ET(t)[(A + BKT)T + P (A + BKT)]E(t)/2 +

UBTPE + (ΨTΦ + θ
(3)
d )BT

0 PE(t)− ˙̂
ΦTR∆Φ.

(4)
ÀJÜ·�KT,é�?¿�½é¡
P ,ok�

½é¡
Q,¦�eª¤á:

(A + BKK)T + P (A + BKT) = −Q,

¿-∆Φ = Φ− Φ̂�\ª(4)k

V (1)(t) =

−ET(t)QE(t)/2 + UBTPE(t) + (ΨTΦ̂ +

θ
(3)
d )BT

0 PE(t) + ΨT∆ΦBT
0 PE(t)− ˙̂

ΦTR∆Φ.

-
˙̂
Φ = (BT

0 PE(t))R−1Ψ, (5)

U = (ΨTΦ̂ + θ
(3)
d )/τ, (6)

K

V (1)(t) = −ET(t)QE(t)/2 < 0,

Ïdk

lim E(t) = 0(t →∞).

�XÚ´��ì?½�.k½nXe:
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˙̂
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��Ñ\þUa(t)Xe:

Ua(t) = KTE(t) + (ΨTΦ̂ + θ
(3)
d ), (8)

KXÚ(1)´��ì?½�,�k

lim E(t) = 0 (t −→∝).
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5 UUU���¢¢¢������(Experimental devices)
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Fig. 4 Experimental devices

6 ÁÁÁ���(((JJJ(Experimental results)
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M�ÈÅÚ^�ÈÅ?n. ¢���Ä�ëê�
L1. Ki(i = 1, 2, 3)��ìëêýé�À���Ø
L�, L��,O\
°�5, �¦XÚO\�Å
5,¦XÚÄ��IC�,�NþO�.¢S�½�
(Ü~^ó§�{*¿�.'~{ÚÁn{, �
���ìëêKT�k1, k2, k3�ê��–1.38,–3.36,–
1.16. R = 0.6I, P = 0.8I , I´3�ü Ý
.g·A
°���ì���Ñ\�O��ª(7)(8).¢���
ýk3²"p�ú´þ^�½��60 km/h1¨,
�m©±Y²!���Ýn=å/4 rad/s=ÄY²�
 �.ã5´Y²� �Ú��ÝCz¢ÿ�,Y
²� �=Ä90◦ ��¹. ù�Y²� �� £
Ø�e1(t)Czé�, 5U÷v�¦. R�:�p$
�� £�lØ�e1(t)Ó�Czé�,5U÷v�
¦.^N�Ð��PID��ì��£Ä¥(U�,Ù
Y²� � £�lØ�Cz�é�, 5U÷v
�¦.

L 1 ¢�C�

Table 1 Experimental devices

ëê ü  ê�

>Í7|>aLd H 0.00373
>ÅåÝXêKm Nm/A 0.00313

ÑÑ¶þ��=ÄþJL kg·m2 0.0000607
>Í7|>{Rd í 0.529

ã 5 � �Ú��ÝCz¢ÿ�

Fig. 5 Experimental results of the direction angle
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Fig. 6 Experimental results of the errors

7 (((ØØØ(Conclusion)
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2 W

HT
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