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ABSTRACT :

A coliision~free geometric path for industrial articulated robot is

searched among polyhedral obstacles considering kinematic characteristics. Then
minimum-time control of the geometric path is studied considering dynamic
characteristics. The algorithm is simulated on PC for maximum speed, moving

time and so forth.
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Table 1. Transformation to Distance variable

variable| joint angle () |l path distance(S)
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Waist : -300 N-m < Torque 1 < 300 N-m
Shoulder : -200 N-m < Torque 2 < 200 N-m
Elbow : -100 N-m < Torque 3 < 100 N-m

Upper arm
Length : 0.65 m
Leenter of gravity : 0.65 / 2m
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Fig.2 Collision-free path
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Fig.3 Control points and B-spline curve




Mass : 10 kg
Jxeenter of gravity ¢ 0.1 kg/m®
JYYcenter of gravity : 1 kg/m®
JZZconter of gravity : 1 kg/l'n2
Lower arm
Length :06m
Licenter of gravity :06/2m
Mass : 10 kg
JXXcenter of gravity 01 kg/m2
JYYcenter of gravity : 1 kg/m®
JZZeenter of gravity : 0.1 kg/m®
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PROCEDURE Dynamic_CAPP
(collision_free_path, robot_dynamic_data ;
Var actuator_torques)
BEGIN
Make_B_spline (collision_free_path ;
Var cubic_B_splines);
FOR unit_spline:= spline_1 TO spline_number
FOR S := 0 TO 1 STEP 0.01 DO
Derivative__spline (S, unit_spline ;
Var P,Ps,Pss);
Evaluate_ MDG (P ; Var M,D,G);
Evaluate_mb (M,D,Ps,Pss ;Var m,b);
Find_Velocity_limit (m,b,G ;
Var Velocityimi(S));
Find_Velocity (m,b,G;
VarVelocity(S));
END
END
Integration_S_dot (Velocitymit(S), Velocity(S);
Var S(time), Velocity(time));
Evaluate_torque(m,b;Var actuator_torques);
END

Fig.40| B-spline?| HZ2E w2 72| SE x=
oz BHE3IEES u, velocity limit curve 3! A
E2EE OE SxJUE yHoll EYSIUCE =9
Z2 BE0|AM velocity limit curve?] g}o| =2
A2 =30 HR2 49 O 2EoMe SH3t

-916-

=8 Hog MZE=ICt Velocity limit
curve O|5l0iA 8| HFE |X|SI7| 435104
HcIME2 390 JiAE HEOIS->TUS->THS
SUHE SiUCt 0| EEIMORRE = [La

=l

£ 0I83l0f Figs, Fig6nt 20| Algo| ma
£ U V28 Pg & Yok JHOIN ¥ &
Hiet 20| HE(Y 2TmE WE H2A
0.59= JroiCt.

W, 7| 7EA dneESCR SEHT] FE2E A
Mol 511 o] ZEE FHAAIZo HRsls &
Y 0| ¢F=Uct ADe|Eo HEES {5t
F0|Zl &8l 28 HLAIZI] HRSHE Al
Ezi|ojd0| = ACL

EHun=2sl

1. T. Lozano-Pérez, "Automatic Planning of

Manipulater Transfer Movement," IEEE
Transactions on  System, Man and
Cybernetics, vol SMC-11, no. 10, Oct,
1981.

2. T. Lozano-Pérez, "A Simple
Motion-Planning Algorithm for General

Robot Manipulators," IEEE Journal of
Robotics and Automation, vol. RA-3. no. 3,

June 1987.

3. C. W. Warren and J. C. Danos and B. W,

Mooring, "An Approach to Manipurator
Path Planning," The International Journal
of Robotics Research, vol. 8, no. 5, pp.

87-95, 1989.

. 73, ‘Yoig EE fE 2R o Ea|of
Elo| =% A= Ao 28 A" cHEI (A
3| =% M17TH, M35, pp.492-501, 1993.



—
o
°
®
N 50
[
®
-
2 w]
>
2
o Veloo Lty Limtt Curve
°
o 20]
>
ey Yelooity Curve
2 o T TR T T e
S (mater)

Figd4 Velocity curve

Veloctlty (meter. sec)

164

TTITrTrreey TTTrrrrery TTrrTTTTTT TYTrrrrrre Tt sal

6.1 0.2 0.3 a4 8.6 8.6

Limalaac)

Fig. 5 Time-velocity Curve

Distence (meter)

&l ez 6a 32 ARARARN - AAARMARY A

tima(sec)

Fig.6 Time-distance curve

-917-

5. M. E. Kahn, B. Roth, "The Near-
Minimum- Time Control of Open-Loop
Articulated Kinematic " Chains,"
Transactions of the ASME Journal of
Dynamics Systems, Measurement, and
Control, pp.164-172, September 1971.

6. Zvi Shiller, Steven Dubowsky, "Robot Path
Planning with Obstacles, Actuator,
Gripper, and Payload Constraints," The
International Journal of Robotics Research,
Vol.8, N0.6, December 1989.

7. Z. Shiller, S Dubowsky, "Global Time
Optimal Motions of Robotic Manipulators
in the Presence of Obstacles," IEEE
Conference of Robotics and Automation,
pp370-375, 1988.

8. James E. Bobrow, "Optimal Robot Path
Planning Using the Minimum-Time
Criterion,” IEEE Journal of Robotics and
Automation, Vol.4, No.4, August 1988.

9. James E. Bobrow, S. Dubowsky, J. S.
Gibson, "Time- Optimal Control of Robotic
Manipulators Along Specified Paths," The
International Journal of Robotics Research,
Vol4, No.3, Fall 1985,

10. Z. Shiller, "Time-Energy Optimal Control
of Articulated Systems with Geometric
Path Constraints," IEEE Conference of
Robotics and Automation, pp2680-2685,
1994.

11. Z3E, A3y, 2318, S, YA, Y
o328 0|83 ity Zxeo Ass|n|
ARAY," BI2XSAIZ eS| X) 1198, 1994.



