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Feedback Control of Redundant Manipulators via Artificial Potential Field Approach
’ with Time Scaling

Yoshiyuki Tanaka, Student Member, Toshio Tsuji, Member, Makoto Kaneko, Non-member (Hiroshima

University)

This paper proposes a new method for dynamic control of redundant manipulators via artificial potential
field approach (APFA). The proposed method is based on the APFA with a combination of a time scale
transformation and a time base generator which works as a time scale compressor. The dynamic behavior
of the manipulator can be controlled by using the proposed method without any change of the form of the '
designed controller itself. The effectiveness of the proposed method is verified by computer simulations for

redundant manipulators.
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Table 1. Link parameters of a three-joint planar
manipulator
link 1 Tink 2 link3
fength [m] 1.0 1.5 0.5
mass [kgl 03 1.2 04
center of mass [m] 04 0.6 0.25
moment of inertia [kem?] | 0.06666 0.22500 0.00833
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Table 2. Link parameters of a four-joint planar
manipulator
; link { (i=1,...4)
length [m] 0.2
mass [kg] 1.57
center of mass {m] 0.1
moment of inertia [kgm?] 0.8

7B Qo) *RELT rHHHEAOHEIIZLY, T—
LR EBI LB L R BT A O RS EEMBICR
BLTWwS, M4 DL Z0BE1BHOERBELTH
VEEDRFBEILERT, K 3 (b), (c) DHEEIZX, FEL
72 A% S B Qg) OB EITHSTHESA TV
Fhibd s,

—7, PEOME, REBLIVEHAEED ERNOR
MZEEE 517 T, B 5 (a), (b) £ 0 FRFBS 228
BEAERL THERY t; = 5.0s] CHEMBICHEZL T
Wh, TIT, PRUBLEEOREEL (H5 (a), (b))
BTy Ialb—Ya v ERBIESIC—HLTwaZ
EWEEEIALV, £, TRTOBAIIBWTIT=ZE
L~y O, FRSBRMNBICEET 284 t; = 5.0
[§] THIELTWwB I LHFE5 (c) Lhbh s,

R, 4 VY 27 AER~Y 22— S LA P
(0.0,04)T [m] #EAL T oHEELY FEOMEEZERICL
D, TREEOBALEERBL - FRIEDERETo 72
(B0 6 (a) ), ZOL ZFHEEL, A P2 oFECHD,

430

03 02 01

Potential function

S o
oo B B ]
/ ‘

=1
-
[N}
w
N

o
o
Pty

474 (rad’ss’ |

:

<

[ S R N
LT A~}
[T

<
o
~
rs

Stist

Squared sum of
joint angular velocities

{©)

X6 WEEBICBWTAERSHA2H - BEE0E

Fig.6. The generated spatio-temporal trajectories
of the manipulator in the polar coordinates

FIRT MWV EHEEE MR8 ¢ LB P LEREROE
BEr &d, v=¥al — 5 OFEOMPMED z(0) = (0
[rad], 0.2[m])T &% 2 & 5 LS E ¢(0)= (0,5,3,5)7
[rad] &L, FROHEEMLEL 2* = (27 [rad],0.2 [m))7,
EERZ t; =50 [s] &L BICERSALFEHE
B 6 IRT. 22720, K = diag.(0.25,0.25), K2 =
diag.(1.0,1.0), K3 = diag.(1.0,1.0,1.0,1.0) ¥ L, A1
N5 A—Fit p=80, a =50 LHELL, T2, W=
Eal =90y 285 A—FxE2 0L IE0,
H6(a) &y, FHRIIAP 2PLIIHBELZHNTWS
ZEDDB B, H 6 (b) RV v VB VY, . OF
MELTHS, 7, K6 (c) bv=tal—FDHE
FHEEEY £ = 5.0(s) THELELTVAZ L AHATE S,

6. ¥ & &

KEOUTHE, B2 EBL-TEY=Yal - OFE
PLEARRMEIHL T, ERMIGETETREL ZRAT
ERAL 22 RERE B THREMESBREBI LW, £
NRIZIVBLRAETHL WY RF LD 7 41— F23y 7 §lEH]
EALEF Y x VEEFHWTHEILA, 2L T, 60
27 A= RNy ZEIERE EREEICHEERTHILICLY,
RV al 5 OFEFEEMBICELIET 5 T TOYPCRRE
BEBMEHORME TR L, Sbiv=tal—%

T. IEE Japan, Vol. 119-C, No. 4, '99



BRI ER L LALRF vy » L8

DAERELEENICHAET I FELREL, FESTTE
CHEOESLFRBATIERTSI I 2R 2. £
TEE Y FHEMBICHET S I TOFREREIEE
TEBHIEDS, EHABHRAr V2~ ERERE L
I RERRPEHTAR v PORSHESCENTHHEEL

T b,

%8B, KWL TIE Point-to-Point DELEHIBO A% x5
L, IVEELBEICOVWTEMA LY 72, EBEOY
S al -5 OFEBEERTIE, EEEERICRBL

FHROBBNELBERTILEND 29, KRBT THRE
Lﬁ?fﬁ’i ii%iﬁﬁﬂtf‘“gﬁﬁ‘bfbi’);&%ﬂkés
3554, BHAZENZBEAL LTHETAZ L

L0, ERNLEEEMEETIHEL AT A LT
BTHLHD, 2OFBIETERIGERT 2200 EEMH
PHEEREOREL L OMEN KRS, §5%IE, Ihbof
HAHETAREERBERL LT, SHEFRETELER
BCHBER S 5B E, PRSI T EBORERE
LAAETTRR A RIEE R FREL T i tnEEL Twna,

(CPRR9E 128 22 HEZH, F1046 A 22 HFERH)
X #®

{1) L. A, Loeff and A. H. Soni: “An Algorithm for Computer
Guidance of a Manipulator in Between Obstacles,” Trans. of
ASME, Journal of Engineering for Industry, Vol. 97, No. 3,
pp. 836-842 (1975)
Q. Khatib: “Real-time Obstacle Avoidance for Manipulators
and Mobile Robots,™ International Journal of Robotics Re-
search, Vol .5, No. 1, pp. 90-96, Spring (19886)
C. L Conunolly, J. B. Burns and R. Weiss: “Path Planning
using Laplace’s Equatxon,” in Proceedings of IEEE Interna-
tional Conference on Robotics and Automation, pp. 2102«
2106 (1990)
WA, B, BB, V. L. Utkin, 8. V. Drakurov: BERF > v
KRR Sliding Mode T VWA SHBE vl — s ORED
8, HAWR v F 343K, Vol. 11, No. 8, pp. 1220-~1228 {1993}
it, P.G.Morasso, lith, &7 Time Base Generator ¥ HEL >
FHE I BEOFE Y PO T I—F Sy s HE, BRIR v b
F£3k, Vol. 12, Ne. 7, pp. 1072-1078 {1994)

{2}

(3)

(4)
{5)

(8)
tion for Manipulators Based on Artificial Potential Field Ap-
proach with Adjustable Temporal Behavior,” in Proceedings
of IEEE/RSJ Int. Conf. on Intelligent Robots and Systems,
pp. 438-443 (1996) ‘
J. M. Hollerbach: “Dynamic Scaling of Manipulator Trajec-
tories,” Trans. of ASME, Journal of Dynamic System, Mea-
surement, and Control, Vol. 106, No.1, pp. 102~106 (1984)
=, S BEREERCANLESEY AF L ORF, SHIEE
FRBUE, Vol. 22, No. 8, pp. 604-609 (1986)

Y. Tanaka, T. Tsuji, M. Kaneko and Pietro G. Morasso:
“Trajectory Generation using Time Scaled Artificial Potential
Field,” in Proceedings of IEEE/RSJ Int. Conf. on Intelligent
Robots and Systems, Vol. 1, pp. 223-228 {1998).

A. Liegeois: “Automatic Supervisory Control of the Con-
figuration and Behavior of Multibody Mechanisms,” IEEE
Trans. Syst. , Man, Cybern. , Vol. SMC-7, No. 12, pp. 868~
871 (1977)

T. Yoshikawa: “Analysis and Control of Robot Manipulators
with Redundancy,” in Robotics Research, The First Interna-
- tional Symposium, M. Brady and R. Paul, Eds. Cambridge,
MA: MIT Press, pp. 735747 (1984)

O. Khatib: “Motion/Force Redundancy of Manipulators,” in
proceedings of Japan-U. S. A Sympoesium on Flexible Au-
tomation, Vol. 1, pp. 337-342 {1990}

{13} V. Potkonjak and M. Vukobratovic: “Two New Methods for

()

(8}
(9)

(10)
{11}

{12}

WO, 119848, TR uE

T. Tsuji, P. G. Morasso and M. Kaneko: “Trajectory Genera- )

431

Computer Forming of Dynamic Equation of Active Mecha-
nisms,” Mechanism and Machine Theory, Vol. MMT-14, No.
3, pp. 189-200 (1979}

F =3

1. RBESE s KB 32 AF LOREHERX
Y, REEHK Z ¢RI s TRATR L,
d, _dtd 1 d
ds” T dsdt” ;(5&-5

285, ZOBMBERERCT, R (25) TEHELLFHL VR
BEENZ MV ¢ OREZRERE s THSL KR
ThE,

..............

d:;’;i _ jz d;iz _ {_{% sy ceeereernaees (i 2)
%:%%~£M¢4» .............. (f 3)
d;?f - 32 dé'/f’ - d(”%éi) aF CERL

k&%bwg("ﬂ%}@ﬂf%%bﬂﬁ}&%%%h
WEIBASE L TEAEEiIc LY, FEEM s BT A8
FALasn o> 27 2OREFER (R (24)) PEHE IR S,

B ot R O# (%&E) 1971 4f4o 1995 4 3 B WIIAFTE
BEISER AF A TR, 1997 BEEXR
@K%ﬁzﬁnﬁﬁiﬁ“gﬁﬁiﬁl BT
FHERP R E R AIES, BECES, £
LLTURy F OBEERICET AR RS,
BAES, THUEDNEEROFELE,

# %k (EH) 1959 £, 1985 4% 3 B LEAERER
THFEAEL BRI T, RERAFTER
B, 1994 EFBEIE, BHICES. T8E+.
ABERy OBSHE, —a—-J0Fv D, 7
Vel Y Y AT AR E ORI E, IEEE, B
WMEBHEES, DARRES, BRES, BT
BEEESS, HAROE v &R E0RE,

(Je4rB) 1954 4, 198146 3 A HEAEL
Z AT, THEE, BF4A B
EE T RN RAERENEISERT AT, 1990 4 4
B AN Tk mH TS RIE, 1993 4 10
B IRBRAE TSRS, BECES, oy}
AR, BER-AVTIF 4T RV TRE
ORI ERL B, [EEE, HEBHHEES,
HAEEES, ARTRe FEaeRLofR,



