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Motion Planning of Bimanual Robot Using Bimanual Task
Compatibility
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Abstract : A cost-function based on manipulability and compatibility is designed to determine assembly motions of two cooperating
manipulators. Assembly motions are planned along the direction maximizing performance indices to improve control performance of
the two manipulators. This paper proposes bimanual task compatibility by defining cost functions. The proposed cost functions are
applied and compared to the bimanual assembly task. The problem is formulated as a constrained optimization considering assembly
constraints, position of the workpieces, and kinematics and redundancy of the bimanual robot. The proposed approach is evaluated
with simulation of a peg-in-hole assembly with an L-shaped peg and two 3-dof manipulators.

Keywords : bimanual robot, robotic assembly, motion planning, task compatibility
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Table 1. Link lengths of two manipulators (mm).

Link 1 Link 2 Link 3
Robot 1 200 150 58
Robot 2 200 150 30
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Table 2. Change of transmission ratios without considering task
compatibility.
TR, TR, TR,, TR ,
Initial 0.6613 | 0.5015 | 0.7057 | 0.5881
Case 1

Final 20716 | 12375 | 0.8195 | 0.6508
Initial 0.5964 | 05757 | 0.6029 | 0.5375

Case?2
Final 0.8843 0.9592 1.7895 1.4989
Case 3 Initial 0.6936 0.6912 0.7708 0.6744
Final 0.9809 0.9146 0.7328 0.5571
Initial - 0.7260 0.6025 0.8776 0.6810
Case 4

Final 13414 | 12897 | 13782 | 09779
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Fig. 3. Assembly task of bimanual robot.
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Table 3. Bimanual task compatibility.

gl 13 4] IR EEEE

1| TR,xTR, IR, +TR ,

2| IR,xIR,, TR, +1R,,

3| TR, xIR, TR, +1R,,

4 | TR, xTR,, TR, +7TR,,

5 | TR,xTR,x1IR, TR, xTR, +1R,

6 | TR, xTR, xIR,, IR, xIR, +TR,,

7 | TR, xTR,xIR,, IR, +1R,, x1R,,

8 | TR, xIR,xIR,, TR, +1R, xTR,,

9 | TR, xTR, xIR,xIR,, IR, xTR, +1R ,xTR,,

Table 4. Change of transmission ratio according to cost functions when Case 1 is applied.

& z
IR , TR, IR, TR, TR, TR, IR, TR,

Initial | 0.6613 | 0.5015 | 0.7057 | 0.5881 0.6613 | 05015 | 07057 | 0.5881
C1-P C1-M 0.6687 | 0.5849
C2-P C2-M 0.6640 | 0.5806
C3-P C3-M 0.7018
C4-P C4-M 0.6671 | 0.5870
C5-P C5-M 0.6690 | 0.5840
C6-P C6-M 0.6620 | 0.5755
C7-P C7-M 0.6477 | 0.5605
C8-P C8-M 0.6745 |
C9-P CO-M 0.6811
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Table 5. Change of transmission ratio according to cost functions when Case 2 is applied.
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Table 6. Change of transmission ratio according to cost functions when Case 3 is applied.

£ o
TR, TR, TR, TR, TR, TR, TR, TR,
Initial 0.6029 | 0.5375 0.5964 | 05757 | 0.6029 | 0.5375
cip | |.o6132 | 06333 0.5889 | 04860 | CI-M | @ 33
C2-P 0.5890 | 0.4865 | C2-M
C3-P 0.5184 | 03416 | C3-M
C4-P 0.5804 | 0.4676 | C4-M
C5-P 0.5862 | 04686 | C5-M
C6-P 0.5443 | 03879 | C6-M
C7-P 0.5344 | 03642 | C7-M
C8-P 0.5862 | 04801 | C8-M
C9-P 0.5735 | 0.7973 | 05540 | C9-M

FE 7 Cased B 745 7HA] ol mE 33}
Table 7. Change of transmission ratio according to cost functions when Case 4 1s applied.

<t u
TR,, TR, TR,, TR , TR,, TR, TR,, TR,,
Initial | 0.6936 | 0.6912 | 0.7708 | 0.6744 0.6936 | 0.6912 | 0.7708 | 0.6744
Cl-P C1-M
C2-P C2-M
C3-P C3-M
C4-P 44 C4-M
C5-P C5-M
C6-P C6-M
C7-P C7-M
C8-P C8-M
C9-P C9-M

3 7
TR, TR, TR, TR, TR,, TR, TR,, TR,
Initial | 0.7260 | 0.6025 | 0.8776 | 0.6810 0.7260 | 0.6025 | 0.8776 | 0.6810
Cl-P 0.7090 | 0.5720 | 0.8351 | 05785 | C1-M | 07140 | 0.5633 | 0.8240 | 0.5642
C2-P 0.5874 C2-M | 07226 | 0.5637
C3-P 0.5521 0.7188 | C3-M | 06501 | 05716
C4-P 05736 | 07959 | 05535 | c4M | 07202 | 05703
C5-P 0.5705 | 0.8439 | 0.5854 | C5-M | 0.7006 | 0.5570
C6-P 0.5681 | 0.8348 | 0.5749 | C6-M 0.5725
C7-P 0.5611 | 0.8370 | 0.5714 | C7-M | 0.6949 | 0.5602
C8-P 0.5687 | 0.8092 | 0.5582 | C8M | 0.6464 | 0.5697
C9-P 0.5735 | 0.7973 | 0.5540 | C9-M | 0.6554 | 0.5864
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