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Abstract: A robust adaptive control approach based on potential function and Lyapunov stability theory is proposed for

manipulator system with uncertainties. The proper potential function related to the control object is chosen, and the online

adjustable parameters based on real-time variation of the uncertainty in the system model are included in the controller.

The proposed approach ensures that system outputs track thegiven bounded reference signals with errors converging to a

small neighborhood of zero, and all the closed-loop signalsare of semi-global uniformly ultimate boundedness(SGUUB).

Finally, the effectiveness of the proposed control approach is demonstrated by simulation results.
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1 ÚÚÚóóó(Introduction)
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ì<��XÚ�,  I��Äï��¤�Ñ�p
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½5Ú	ÜZ6�·AUå�r.

2 ÅÅÅ���:::ÄÄÄåååÆÆÆ���...ÚÚÚ¯̄̄KKK£££ããã(Dynamic
model of manipulator and problem formula-
tion)
�ÄXengdÝf5Å�:�ÄåÆ��.:

τ = M(q)q̈ + C(q, q̇)q̇ +G(q) + ∆(q, q̇), (1)

Ù¥: q ∈ R
n, q̇ ∈ R

nÚq̈ ∈ R
n©OL«Å�:� 

��þ, �Ý�þÚ\�Ý�þ; τ ∈ R
n´'!

�Ñ\=Ý; M(q) ∈ R
n×n´é¡��½.5Ý


; C(q, q̇) ∈ R
n×nl%åÚx¼åÝ
; G(q) ∈

R
n×1´­åÝ
; ∆(q, q̇)´���Ø(½5, �)

Å��Þå,ï�Ø�,¤1KÖ�Ø(½5±9	

.Z6�.

Å�:XÚ°��l��¯K�±£ã�: é�

½�Å�:XÚ(1)�O�"��ì, ¦�Å�:X

Ú(1)¥�G�[q q̇]TU
�lÏ";,[qd q̇d]
T,�

�lØ�Âñ��¹":�é����S.Ó�,�

¦T4�XÚ¥�¤kG�k.. n��¹´ηA�

�ÿD(�þ..

bbb��� 1 éu∆(q, q̇),�3®���½¼êδ(q,

q),÷v∆(q, q̇) 6 δ(q, q).

bbb��� 2 �t > 0�,�½�ë�&Òqd(t)9Ù

���êëY,k..

3 ýýý������£££(Preliminaries)
�
?1��5Ö�,-

τ = u+M(q)q̈d + C(q, q̇)q̇d +G(q),

Ù¥u´��ì�ÑÑ.XJ- ��lØ��

e(t) = q(t) − qd(t),

Ù¥qd(t)�Å�:XÚÏ"��l;,. @o, T

XÚÄ��lØ��§�

u = M(q)ë+ C(q, q̇)ė+ ∆(q, q̇). (2)

ÚÚÚnnn 1[11,12] - Ω �?¿�4à8,Kk (v −

PΩ(v))T(PΩ(v) − w) > 0, v ∈ R
l, w ∈ Ω, Ù¥

PΩ(v)�R
l → Ωþ�ÝK�f.

½½½ÂÂÂ 1[12] XJéu?¿;8Ω1,¿�G��

§�¤k�)X(t) ∈ Ω1,�3µ > 0, T (X(t), η)¦

�éu¤kt > t0+T ,k‖x(t)‖ 6 η¤á,KX(t)¡

��Û�ª��k..

4 ÄÄÄuuuLyapunov­­­½½½555nnnØØØÚÚÚ³³³¼¼¼êêê���°°°
���������(Robust control based on Lyapunov
stability theory and potential function)
½ÂLyapunov�À¼ê�

V (e, ė, θ1(t)) = V0(e, ė, θ1(t)) + V1(θ(t)), (3)

Ù¥: θ(t) = [θ1(t) θ2(t)]
T��Nëê, V1�ïá

�³¼ê:

V0(e, ė, θ1(t)) =
1

2
θ1(t)e

Te+
1

2
θ1(t)ė

Tė,

V1(θ(t)) = V2(θ(t)) +
1

2β1

‖θ(t) − θ̂‖2,

V2(θ(t)) =

[θ(t) − ψ(θ(t) − β1F (θ(t)))]TF (θ(t)) −

1

2β1

‖ψ(θ(t) − β1F (θ(t))) − θ(t)‖2,

F (θ) =

[

1 − β2θ2(t)

c(θ1(t), υ) − α

]

,

c(θ1(t), υ) =

1

2
ξ(eTe+ ėTė) − θ1(t)ė

TM−1[Cė−

ėδ(q, q) + θ1(t)(M
−1)Tė], (4)

Ù¥: υ = [e ė q q̇]T, ξ��ê, ~��þθ̂ ∈

R
2, ψ(·) = max{0, ·}, θ(t) = [θ1(t) θ2(t)]

T,
β1��~ê, ³¼êV1�e, ė, θ(t)�üN��¼ê,
�e→ 0, ė→ 0�, V1�����.

Äk,�¦Å�:4���XÚ­½, ·��E
ëêθ(t)�g·AÆ�

θ̇1(t) = −θ1(t) + ψ(θ1(t) − β1(1 − β2θ2(t))), (5)

θ̇2(t) = −θ2(t) + ψ(θ2(t) + β3(c(θ1(t), υ) + α)),

(6)

Ù¥α, β1, β2Úβ3��~ê.

�
{',òÎÒ¥��mCþt·��Ñ.e¡
¦V2(θ)éu�m��ê

[13] :

dV2(θ)

dt
=F (θ) −∇F (θ)(ψ(θ − β1F (θ)) − θ) +

1

β1

(ψ(θ − β1F (θ)) − θ),

Ù¥∇F (θ)L«F (θ)�ä�'Ý
. e-

r(θ) = ψ(θ − β1F (θ)) − θ,

@o

dV1(θ)

dt
=

dV T
1 (θ)

dθ

dθ

dt
=

(F (θ)−∇F (θ)r(θ)+
1

β1

r(θ)+
1

β1

(θ−θ̂))Tr(θ) =

(F (θ) +
1

β1

(θ − θ̂))Tr(θ) +
1

β1

‖r(θ)‖2 −

r(θ)T∇F (θ)r(θ).

e-v = θ − β1F (θ),w = θ̂,K�âÚn1,�

(r(θ) + θ − θ̂)T(−r(θ) − β1F (θ)) > 0,

Ðm�n�

(β1F (θ) + θ − θ̂)Tr(θ) 6
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−‖r(θ)‖2 − β1F (θ)(θ − θ̂),

@o

(F (θ) +
1

β1

(θ − θ̂))Tr(θ) 6

1

β1

(−‖r(θ)‖2 − β1F (θ)T(θ − θ̂)),

u´k

V̇1(θ) 6

−F (θ)T(θ − θ̂) −
1

β1

‖r(θ)‖2 +

1

β1

‖r(θ)‖2 − r(θ)T∇F (θ)r(θ) =

−F (θ)T(θ−θ̂)−r(θ)T∇F (θ)r(θ) 6 0. (7)

duV1(θ)´�½,»�Ã.�,éu?¿θ(0) ∈ R
2,

K lim
t→∞

θ(t) = θ̂.ù`²
ëêθ(t)´Âñ�.

� t → ∞�,k θ̇2(t) = 0,��âª (6),Kk
c(θ1(t), υ) 6 0¤á. u´,é�½�?¿�êη1 , η2,
�½ÂXe;8:

Ω0 := {e(t), ė(t)|0 < η1 6 ‖e(t0)‖,

0 < η2 6 ‖ė(t0)‖}.

ee(t0), ė(t0) ∈ Ω0,K7½�3·��θ,÷v

c(θ1(t0), υ) 6 0.

e¡¦c(θ1(t), υ)é�m��ê:

dc(θ1, υ)

dt
=
∂c(θ1, υ)

∂υ

dυ

dt
+
∂c(θ1, υ)

∂θ1

dθ1

dt
6

‖
∂c(θ1, υ)

∂υ

dυ

dt
‖ +

∂c(θ1, υ)

∂θ1

dθ1

dt
6 λ1 + λ2

dθ1

dt
,

Ù¥:

λ1 := sup
υ,θ1∈Ω0

‖
∂c(θ1, υ)

∂υ

dυ

dt
‖,

λ2 := sup
υ,θ1∈Ω0

∂c(θ1, υ)

∂θ1

.

À�·��~êβ1, β2, β3, �t > t0 + T�, ¦�
dθ1

dt
> −

λ1

λ2

¤á.u´k
dc(θ1, υ)

dt
6 0¤á,?


c(θ1(t), υ) 6 0, t > t0 + T. (8)

Ùg,¦V0éu�m��ê,¿�âª(2)�

V̇0 =
1

2
θ̇1(e

Te+ ėTė) + θ1e
Tė+ θ1ė

Të =

1

2
θ̇1(e

Te+ ėTė) + θ1e
Tė+

θ1ė
TM−1(−Cė− ∆(q, q̇) + u).

�
¦�V̇0÷XÏ"�;,$Ä, �±·��E�
"��ì

u = −θ1(M
−1)Tė−M e, (9)

u´

V̇0 =
1

2
θ̇1(e

Te+ ėTė) + θ1e
Tė−

θ1ė
TM−1[Cė+∆(q, q̇)+θ1(M

−1)Tė+Me].

(10)

�Ä�ª(4)(7)(9)±9b�1,Kk

V̇ 6 −
1

2
(ξ − θ̇1)(e

Te+ ėTė) + c(θ1, υ).

�ξ = sup
υ∈Ω0

θ̇1,�Äª(8),��

V̇ 6 −
1

2
(ξ − θ̇1)(e

Te+ ėTė) 6 0.

Ïd,Å�:XÚ�lØ�òìCÂñ�Xe;8:

Ωe := {e(t), ė(t)|‖e(t)‖ 6 η1, ‖ė(t)‖ 6 η2},

t > t0 + T.

ÏL·�ÀJ�Oëêη1, η2,�±¦�XÚ�
�5½��l°Ý. q�âb�2,ë�&Òqdk.,
K4�XÚG�q7½k..

nÜ±þ©Û,��Xe½n:

½½½nnn 1 éuÅ�:XÚ(1),�3�"��(9)
±9�Nëêθ(t)�g·AÆ(5)(6),é?¿�½;
8Ω0,÷v{e(t0), ė(t0)} ∈ Ω0, KT4�XÚ¤k
G���Û�ª��k., ¿��lØ�Âñ�;
8Ωe.

5 ���ýýýïïïÄÄÄ(Simulation)
�â½n1?1Xe�ýïÄ. �	äkü�

=Ä'!�Å�:XÚ. ��ë\��þ©O
´m1,m2, ë\��Ý©O´l1 , l2, �%�=Ä'
!�ål©O�r1 , r2,�'!�°ÄåÝ©O�τ1 ,
τ2. m1,m2, L«ü�Å�:��þ, r1 = 0.5l1Ú

r2 = 0.5l2´Å�:�Ý��©��, g = 9.8m/s
2.

3ó§¢S¥,XÚ¥�Ø(½5�),ë\l2¤1
KÖ�CÄ, �éA�ëêm2Úr2Ñ¬Ñy�Ä,
=m2 → m2 + ∆m2, r2 → r2 + ∆r2, Ù¥∆m2,

∆r2þ���~ê; Ì��6 N · m�	.�ÅZ6;
�ÞåÚå��.Ø��

∆f (q, q̇) =
[

0.5sgn q̇1[0.1 + exp(−|q̇1|)]

sgn q̇2[0.2 + exp(−|q̇2|)]

]

N · m,

Ù¥q1, q2�'!1, 2� �. 3�ý¥À�Å�:
XÚëê�

l1 = 0.8m, l2 = 0.8m, m1 = 8kg,

m2 = 2kg, ∆m2 = 0.5 kg, ∆r2 = 0.2m.

XÚG��Ð©^��

q(0) = [0 1]T rad, q̇(0) = [0 0]T rad/s,

q̈(0) = [0 0]T rad/s2.
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eÏ"�$Ä;,�qd(t) = [0.5 0.5]T rad,�ý(
Jã1, 2¤«.ã¥: J��Ï"�G�,¢��¢S
G�.

ã 1 XÚG�
Fig. 1 The states of system

ã 2 ��ìÑÑ
Fig. 2 The output of controller

6 (((ØØØ(Conclusions)
�©�Ñ�Å�:°�g·A���{´�

âLyapunov­½5nØ,¿ò³¼ê�g�Ú\Å

�:�$Ä���¡, |©!Ün/�E
���

8I���'��½¼ê³¼ê, ¿�â�.¥Ø

(½5�¢�Cz,3��ì¥Ú\�¢�Cz�

Ø(½5ëêéA��Nëê, ÏLg·AN!Æ

3�?�Tëê,��Or
4�XÚ�°�5. �

O�'�¯K´�éXÚ�.¥�3Ø(½5Ün

�E���8I���'³¼ê. T�{�±í2

������ÄåÆXÚ��O¥.
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