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Abstract : The gradient projection method based on continuous scalefactor ispresented. The weight factorsof multiple
performance criteria are obtained based on f uzzy inference system, and a numerical s mulation on a redundant robot of
the satellite onrorhit self-servicing system for pushing the solar array task is carried out. The results are compared
with the ones based on fixed scale factors, and the shortcoming of the latter is pointed out. The smulation analyss
shows the eff ectiveness of the proposed continuous scale factor algorithm.

Key words: Continuous scale factor; Gradient projection method; Redundant manipulator; Fuzzy inference

1 HIT-DLR
HIT-DLR
2
(- )
[2]
i) 2
1 DH 1
e 4
: 2006-09-05; . 2007-02-05.

(19745, , , , : (1966 4 ,



1434 22
X, V2 X, Wi Xy Zo
Z Z Yo VH =
7 N [_:L 20, -05) 1 2@2-03) 1 2@4-0(4)] T
N\ / 3 @2-02m)? 3 0O3-0ama)? 3 0O4-0ame)?
— ==
0, §0|
10, Hs = S'nQB3$iI’94.
ya V Hs =
B
[O s'n(ﬁs)sinZ& Eiin2633'n(£4)]T.
1
1 D-H
H@) = ksHs@) + ke HL@),
0; di a ai/ (°) ke ke
1 01(0°) 0 0 - 90 4
2 02(0°) 0 11(530) 0 4.1
3 03(0°) 0 12(390) 0
4 04(12°) 0 13(200) 0 [5]
4 0 =
’ YX +ke(1- 373 (k VHs - ke VH). (1
+165°, - 30° + 105, - 225 + 105, . 3 ) ( : D (@
- 135° 195°.
¥ =377 +pPn
’ SnOI/E +T1/2) +1
y 1 pﬁ'Iax 2 ’
2 _
! p B O So-r <8,
2 4 0,0, =2¢€.
3 :[Jn Ji2 Jli| , N X
Jar J2  J2 ko a ke
Ju =- hs - s - l3su, p? £
Jiz = - 1223 - 39, (o
Jiz = - |z, 4.2
Jar = he + loes + lscss, ,
J2z = 203 + lzca, )
J2z = l3Gaa. [6]
S :S'nei,Sijk :sin@i +ej +ek); s
G = COSei, Cijk = COS@i +91- +9k).
3 ,
[4]_ ,
2 2
3
_l e -(X' 2 1 .
H = ’ - + \ +
' SiZ(}i'eimaX) e:JpX+kc(|'J J) (ks VHs - ke VH.).
a; = _:L@wnax +eimin) y (2)
2
eim eimin | oy
ax ke = A La" x (3)

ha xnh +0(r-33 vHI’



12 1435
A [8,9].
, JPhx(1-0.€)?, 0<0, <g; OH; OHi |7
P 100, ¢ “ OH il il
, Or . G = .
(8 ) =| Taw 2H.
d I, ®
, 2
, - ke 1, I GOH/®) I, = 1.
4.4
4.3 1 2
4.3.1 5
! , 2 500 mm.
90 °,
- 8 s, 2s,
' ks ke. 0.02 s.
, Hs Heo
A Hs A He y [6]
HS HL S;M !B!
A Hs A H. NB ,NM ,
NS,ZO ,PS,PM  PB; ks ku v H
Z,SM B. - o: ,
, M amdani
, MIN-MA X-
ks 2 , ki 3
2 ! B = 60.14° 03 =- 165.90° P =
. 57.26°;
NBE NM NS 7O PS PM PB Fe0
s B B B B B B M B = 66.71°P3 =- 161.69° B = 40°.
H« M M M M M S S S 2
B s s s z 7z 7z 7
3 2
A H_
NBE NM NS 7O PS PM PB
s z 'z z 'z s s s
HH M S S S M M M M
B M B B B B B B
ks = ks/ (ks + ki), (5
ke = ku/ (kLi + ksi) , (6)
ks + kb = 1.
4.3.2




1436

22

[10]

3 4

100 joint4
"oh
=
<
E -100
=3 joint3

-200

0 2 4 6 8
t/s
3
20

—
(=T -

jointangle
velocity/(°/s)

1
(=]

1
N
(=]

400
200

Y/mm
o

-200

-400

0 300 600 900
X/mm

k(1-J3"J) VH ,

( References)

[1] Mark J. An empirical approach to performance criteria
and redundancy resolution[D]. Austin: The University
of Texas at Austin, 2004.

[2] ChenJ L, LiuJ S. Avoidance of obstacles and joint
limits for endeffector tracking in redundant
manipulators [ C]. 7th Int Conf on Control,
Automation, Robotics and Vison. Sngapore, 2002:
839-844.

[3] Sun K, Xie Z W, Liu H, et d. A concept for the
satellite orrorbit self-servicing[ C]. IEEE Int Conf on
Machtronics and Automation. Luoyang, 2006: 1025
1030.

[4]

[D]. : , 2004.

(Liu Yu. Research on multiple performance criteria
optimization and motion control of 7-dof redundant robot
arm[D]. Harbin: Harbin Institute of Technology,
2004.)

[5] . [D].

, 2004.

(Yang Ming. Study on the inverse kinematics of the
manipulator with redundancy [D]. Tianjin: University
of Nankai , 2004.)

[6] , .
[J]1. , 1999, 35(1) : 76-80.
(Wu Rui-min, Liu Ting-rong. New gradient projection
method of kinematically redundant manipulators[J].
Chinese J of Mechanical Engineering, 1999, 35(1) : 76-
80.)

( 1440 )



1440

22

SGF(cC,C ,D'")
SGF(D,C ,D')
SGF(E,C ,D')

1/ 4;
1/ 2;
5/ 12.

(WA ,WB ,Wc, Wb ,WE) =
(0.294 38,0.185 549,0. 111 508,
0.223 015,0. 185 549) .

: [1] :

: : [1]

( References)
[1] . [3].
, 2002, 12(4) : 321-324.
(Huang Ding-xuan. Means of weights allocation with
multi-factors based on impersona message entropy[J].
Systems  Engineering — Theory  Methodology
Applications, 2002, 12(4) : 321-324.)
[2] - [M].
, 2004 : 137-143.
(Chen Wernrwei. Data warehouse and data mining[ M].
Bejing: People’'s Posts and
Publishing House, 2004 : 137-143.)
[M].

Telecommunications

[3] .
, 2006: 219-236.
(Liang Xun. Datamining algorithms and applications
[M]. Beijing: Peking University Press, 2006: 219
236.)
[4] . [M]. : , 2004 :
14-156.
(Zeng Huanglin. Intelligence computing [ M ].
Chongaging: Chongging University Press, 2004: 14-
156.)
[5] : [M].
, 2000: 81-118.
(XieJi-jian. Fuzzy mathematics method and applications
[M]. Wuhan: Pressof Huazhong University of Science
and Technology , 2000: 81-118.)

( 1436 )

[7] . [3].
, 2006, 21(7) : 825-828.
(Zhou Rui. Design of missle blended control system
based on fuzzy logic[J]. Control and Decison, 2006, 21
(7) : 825-828.)

[8] Christopher D C. Failure recovery in redundant seria
manipulators[D]. Austin: The Universty of Texas at
Austin, 2000.

[9] : ,

[J]. , 2001, 16(5) :

612-616.

(Jiang Li, Ca Hegao, Liu Hong. Fuzzy adaptive
impedance control of dextrous robot hand based on
diding mode postion control[J]. Control and Decison,
2001, 16(5) : 612-616.)

[10] Wang HL ,LiJ W, Liu H. Practical limitations of an
algorithm for the sngular value decompostion as
applied to redundant manipulators[ C]. IEEE Conf on

Robotics, Automation and Mechatronics. Bangkok ,

2006:1-6.)



