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Abstract This paper presents a design scheme to robust adaptive controller, es-
pecially for nonlinear systems with unknown bounded disturbances and unmodeled
dynamics, such as Antarctic large telescope. Based on Lyapunov function method, a
dynamic signal is used to restrain the unmodeled dynamics and adaptive damping is
presented to inhibit the effects of the uncertainties. It is proved theoretically that the
proposed robust adaptive control scheme guarantees the stability of tracking system.
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Furthermore, the tracking error can be made arbitrarily small by choosing some de-
sign constants appropriately. Simulation results show that the controllers presented
in this paper can improve the control performance greatly.

Keywords Antarctic large telescope, LAMOST, tracking control, robust adaptive,

nonlinear system.

1 ℄ Z�a), ,\P℄�t�iKT��8 }�
{LxS9<�VT2. [1–3], |p℄Bm+�
�, ��RU�iK, M8iK<�1q^iKW�t�iKiEDBm�yb�55 [4–6]. 5=, �
ED�yb��t�iKT }D�DB�&T23. ^s [7]�#>TuqQ�%���8l�t�iK�
 }, KJD�APz~f<XiQf=T;y. ^s [8] ��kl3DXiQf=�t�iKB6��8 }T�^{s. ^s [9]kl�
m�t� }iK, B6QG%+ ^d+T>���8B�^. ^s [10–12] klXiQf=T�t�iK,B6>���8$)mT }{�.YVB�RU�
℄^G�, JD2�Tl}B��^. KYVRU�P�
�, kÆ	 }Æ&|h9 LAMOST RU�, 8.^�^T>���8 }mT�^{�).
LAMOST Æ	V }l}. ^|h^s [13–15] T>���8%6v&T�^{s,�^*�>���8 }m)y�EDXiQf=TYVB�RU��� }D. ~h� �O }{s℄��o%6��%��:, BBB�9�j&v. CGBm�a }l}�lM, EDT"T }iKWi(G�t�iK, 5=^T�^{s�D*(T8>q� [16].

2 SNDK`2'6HYVRU�P�
�, kÆ	 }Æ&|h9 LAMOST RU�, 8.^B6T>���8 }mT�^{�). LAMOST Æ	V }l}. ℄RU�1	iKT[
03�, �\&7, bÆ<�T"q��I����KT, Ak�RU�;GZ6[
T�=, f�, T"1T�t�A�N��;yk���j [17], �A	T"1;yT1	iK#N�mN 1 8�. N� θ̇r ��6x<�:, ;J)6^%6 θ̇p t+4Oq|�Bm, �BmT%6 z JH�^T��8 }m%� u wD, 4O�D�Bm, O^T	T%�99��T%6P, LDT"1T;y. N�> f(θ̇p) G�	T"1, ;J θ̇p T"iDOqT�t�.CRU�T{\	1	iK#N,�S� l}%�%6T"i,�6 (2.1) �TU�{3
θ̈p + 0.5θ̇p = 100z + f(θ̇p) + 100u, (2.1)k�, f(θ̇p) = −αsgnθ̇p, .+ α > 0, sgnθ̇p =















−1, θ̇p < 0,

0, θ̇p = 0,

1, θ̇p > 0.
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(Figure 1 The orientation axis servo system block diagram of telescope)℄�aiQ03�, �&l� l}T+�Q��
�&TeI<d�. 5=, � l}��3DXiQf= [18]. CGXiQf=T?℄,  }iKTf�NBBoI, ÆzNN{��8 }iKT�ab. ^V9�
?℄XrDz�~<XiQf=TYVB�RU���iK, �^>���8 }m, ��KiK%6ab. ℄SQ���XiQf=<XrTDz~f, rml}TU�{3Æ�2

θ̈p + 0.5θ̇p = 100z + f(θ̇p) + 100u + ∆(θ̇p, ω) + d(t), (2.2)k�, ∆(θ̇p, ω) ���yb�t�.Y<XiQf= ω D"T�yb�, d(t) VXrTDz~f.,\ 2.1[19] �b*� }iK ẋ = f(x, u), �.*�4�6+ V H�
1) ?℄ K∞ *6+ Ψ1,Ψ2, �S

Ψ1(‖x‖) ≤ V (x) ≤ Ψ2(‖x‖). (2.3)

2) ?℄ K∞ *6+ ρ .Y6�.+ τ0 ≥ 0, d0 ≥ 0, �S
∂V (x)

∂x
f(x, u) ≤ −τ0V (x) + ρ(‖u‖) + d0, (2.4)`1=6+ V �x+%�O�=�>ab (exponentially input-to-state practically stable,

exp-ISpS) T Lyapunov 6+. J$, ℄A$u% d0 = 0 �, 1 V V exp-ISpS Lyapunov 6+.V�^*���8 }m���iKab,rD�md�.5G 2.1 Xr�t�f=~f ∆(θ̇p, ω) H�
∣

∣

∣
∆(θ̇p, ω)

∣

∣

∣
≤ c1(‖θ̇p‖) + c2(‖ω‖), (2.5)k�, c1(·) �Xr��T4�6+, c2(·) �Xr��T4�J`[a6+, ‖·‖ ��|7T x+.5G 2.2 XiQf= ω H�.m{3

ω̇ = q(ω, θ̇p), (2.6)k�, ∆(θ̇p, ω) < q(ω, θ̇p) VXrT�t� Lipschitz 4�6+.5G 2.3 XiQf=�x+%�O�=�>abT (exp-ISpS) T, [iK ω̇ = q(ω, θ̇p)?℄*� Lyapunov 6+ Vω(ω), sH�.m"i
Ψ1(‖ω‖) ≤ Vω(ω) ≤ Ψ2(‖ω‖), (2.7)

∂Vω(ω)

∂ω
q(ω, θ̇p) ≤ −τ0Vω(ω) + ρ(‖θ̇p‖) + d0, (2.8)



6i �IIX: ZWC�SV���jLU?���9!~�� 1407k�, Ψ1,Ψ2 V K∞ *6+, τ0 ≥ 0, d0 ≥ 0 V-r.+. ��*��, d� ρ(·) �D	�
ρ(h) = h2ρ0(h

2), ρ0 V*�BGWG;T(F6+, Pe�.m ρ ��V ‖θ̇p‖
2ρ0(‖θ̇p‖

2)+ε0,

ε0 > 0 V*�4�~T�+ [20].

3 >eFH4#o, 6��mf=�: δ )/}XiQf=liKT;y
δ̇ = −c0δ + δm(θ̇p), (3.1)k�, c0 ∈ (0, τ0), δm = ‖θ̇p‖

2ρ(‖θ̇p‖
2) + d0, s δ(0) = δ0 > 0.lGXiQf=T Lyapunov 6+, D.m�� [19]

Vω(ω(t)) ≤ δ(t) + D(t), (3.2)l8DT t ≥ 0, 	�20, �s?℄U� T 0 l8DT t ≥ T 0 ≥ 0, D D(t) = 0.b3d+ e = θ̇p − θ̇r, C (2.1) ��.SO
ė = f(θ̇p) − 0.5θ̇p − 100e + 100u− θ̈r + ∆(θ̇p, ω) + d(t). (3.3)C (3.3) ��*!Ie�.SO�m��

ė = f1(θ̇p) − 100e + 100u − θ̈r + ∆(θ̇p, ω) + d(t). (3.4)< f1(θ̇p) = f(θ̇p) − 0.5θ̇p = −αsgn(θ̇p) − 0.5θ̇p, q|, |f1(θ̇p)| ≤ θ · f1(θ̇p), θ > 0 VXr.+,

f1(θ̇p) = [α2 + 0.52(θ̇p)
2]

1

2 .℄^s [13] Q:	, B6�m��8 }m
u = −βe{α2 + 0.52(θ̇p)

2 + (e + θ̇r)
2 + [Ψ1

−1(2δ)]2 + 1}. (3.5) }m��3��8%+ β, H�.m��8B
β̇ = βm − Γσβ, (3.6)k�, (3.6) ��T Γ > 0, σ > 0 V�^.+, βm �m8�

βm = Γe2{α2 + 0.52(θ̇p)
2 + (e + θ̇r)

2 + [Ψ1
−1(2δ)2] + 1}. (3.7)^�^T }my3D*���8%+, ��86jBBB�. L&Æ� }�j�, y�`n6�.+, ℄�a8>�B�1�r,r�6�mb,YkoO.,� 3.1 �iKT%6�DzT, sH�d� 2.1, 2.2, 2.3 , `� (3.5), (3.6) < (3.7) �6T��8 }m℄�o��d+�*{DzT, �sy&�xpLT%+ σ < Γ , ℄���d+�2~.n �A.mT Lyapunov 6+

V = e2 + 100Γ−1(β − β∗)2, (3.8)k�, β∗ > 1 V.+, [ β T,xw, L β=β∗ �, iK�D,xT�℄.l V � t vN, SO�m8�T���
V̇ = 2e · ė + 200Γ−1(β − β∗)β̇. (3.9)m (3.4) �G� (3.9) �D

V̇ = 2e[f(θ̇p) − 100e + 100u − θ̈r + ∆(θ̇p, ω) + d(t)] + 200Γ−1(β − β∗)β̇. (3.10)



1408 j L � � K , � 37�m (2.5) �G� (3.10) �D
V̇ ≤− 200e2 − 200(β∗ − 1)e2

{

[

f1(θ̇p)
]2

+
∥

∥

∥
e + θ̇r

∥

∥

∥

2

+
[

Ψ1
−1(2δ)

]2
+ 1

}

+ 2 |e| [θ · f1(θ̇p) + c1

∥

∥

∥
e + θ̇r

∥

∥

∥
+ c2 ‖ω‖ −

∣

∣

∣
θ̈r

∣

∣

∣
+ |d(t)|]

− 100σβ2 + 100σβ∗2 − 100σ(β − β∗)2. (3.11)C (2.7) �< (3.2) ��S
2c2 |e| ‖ω‖ ≤ 2c2 |e|Ψ1

−1(δ(t) + D(t))

≤ 2c2 |e|Ψ1
−1(2δ(t)) + 2c2 |e|Ψ1

−1(2D(t)).
(3.12)-r ∀t ≥ T 0, D(t) = 0. D ∀t ≥ T 0, 2c2Ψ1

−1(2D(t)) = 0, < c3 = sup{|θ̈r| + |d(t)| +

2c2Ψ1
−1(2D(t))}.C (3.12) �< c3 �S

V̇ ≤− 200e2 − 200(β∗ − 1)

(

|e| f1(θp) −
θ

200(β∗ − 1)

)2

+
θ2

200(β∗ − 1)

− 200(β∗ − 1)

(

|e|
∥

∥

∥
e + θ̇r

∥

∥

∥
−

c1

200(β∗ − 1)

)2

+
c1

2

200(β∗ − 1)

− 200(β∗ − 1)

(

|e|Ψ1
−1(2δ) −

c2

200(β∗ − 1)

)2

+
c2

2

200(β∗ − 1)

− 200(β∗ − 1)

(

|e| −
c3

200(β∗ − 1)

)2

+
c3

2

200(β∗ − 1)

− 100σβ2 − 100σ(β − β∗)2 + 100σβ∗2
. (3.13)[D

V̇ ≤ −200e2 − 100σ(β − β∗)2 + M1. (3.14)k� M1 T����.��V�m M1 = [ 1
(200(β∗−1)) ](c1

2 + c2
2 + c3

2 + θ2) + 100σβ∗2, M1 V*�.+. 8., n�iKT Lyapunov 6+D
V̇ ≤ −µV + M1, (3.15)k�, µ=min {400, σΓ }, 8.6+ V (e, β) �J`[guO (e, β) O�*~X Cs = {(e, β) ∈

R × R : V (e, β) ≤ µ−1M1}, f�O (e, β) �*{DzT. 5=�^��T%+ σ < Γ , �.���d+ e �2~.

4 -IA[>Matlabl LAMOSTRU�{\	��iKTQ��
~h� ,�%��: θ̇r =

sin(400 · t), α = 2, 5w e(0) = 1, β = 10, θ̇r(0) = 1. XiQf=��V ω̇ = −ω + (θ̇p)
2 + 0.5,

c0 = 1.2, d0 = 0.625, 6�Tf=�:��V δ̇ = −1.2δ + 2.5‖θ̇p‖
4 + 0.625.LDz~fVJ\sY�: d(t) = 1(t) �, x%+ σ = 10−5, Γ = 103, SO��d+ e1~h�N 2 8�. x%+ σ = 10−8, Γ = 105, SO��d+ e2 <��8%+ β T~hw.���N 3, N 4 8�.
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(Figure 2 Tracking error e1 (σ = 10−5, Γ = 103))
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(Figure 3 Tracking error e2 (σ = 10−8, Γ = 105))
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5 8 C^|h LAMOST RU�Q�B6>���8 }{s, Ak�>GYVB�RU�3DXiQf=T�t�iK, #>��8�_/}���yb�. {s�&v ^iK�TXr%+, ℄�o�KiKT�:Dz, s�D59T>��. =P, G0�^��T%+, �.���d+�2~, ~hw.�O8B6{sTD��.
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