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Constraint-Based Motion Planning for Dual-Arm
Collaborative Object Transport
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1.

Abstract: Cooperative transport of large objects using dual manipulators in confined and complex
workspaces is a challenging manipulation problem. This paper proposes a motion planning algorithm
for two 6-DOF manipulators to cooperatively transport target objects safely while avoiding obstacles.
To reduce the risk of deformation of the grasped object during transport, strict end-effector distance
and orientation constraints are integrated into the motion planning pipeline. Furthermore, to address
the joint space jump phenomenon that inevitably occurs during inverse kinematics computation with
multiple solutions, the state validation process of the geometric planner is improved. This approach
overcomes the critical workspace reduction problem caused by conventional joint range restriction
methods. We evaluated the proposed algorithm in simulation through challenging environments,
crossing two constrained environments (a narrow cabinet and a box-to-box fence) with two varying
object types (a planar panel and a cube). The results demonstrate that, even under £10 mm of robot
base position randomness, the planner stably generates collision-free trajectories that strictly satisfy
the constraints. Finally, physical experiments using both heterogeneous and homogeneous dual-arm setups
verify the robustness and practical applicability of the proposed framework in real-world environments.
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I. Input: Task Specification
Goal Configuration Target Object Model Environment Model
(Pose) (Planar Panel / Cube) (Cabinet / box to box)
\ J
Target Pose (T ;5,) Object Dimensions|_ 3D Collision Meshes
( \
Il. Constraint-Aware Globa| Planner (Proposed Algorithm) , ¥
Valid States FCL Collision Check
i (Self& Env)
A 4
P o Joint Jump Prevention & Constraint Validator l
SampngplgCLémfled || Numerical IK' [,] 1) End-Effector Distance Constraint (d=d*) Tree Update
(9. 9) (TRAC-IK) 2) End-Effector Orientation Relation (Ry, R,) (OMPL/RRTConnect)
o I 3) Joint Motion Continuity (Aq minimization) l
Failed States I Joint Trajectory Message Collision-Free
Continuous Trajectory
. J
Unified dual_base_link
A 4 A 4
lIl. Output: i I
eft Arm ight Arm
Hardware Controller Controller
Execution

J

[Fig. 1] Unified S/'W & H/W Framework for Constraint-Aware Dual-Arm Cooperative Transport. The diagram illustrates the
hierarchical process where a centralized planner uses OMPL, FCL, and a specialized validator to ensure collision-free, continuous (no
joint jump), and constraint-maintaining trajectories for heterogeneous/homogeneous hardware
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[Fig. 2] Schematic diagram illustrating the geometric constraints
between the two end-effectors, including the distance (d) and
orientation (R;, R,) requirements to prevent object deformation
during cooperative transport
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[Fig. 3] Simulation environments for the cooperative transport
scenarios: (a) Cabinet environment with a cube object (250
250%250 mm), (b) Cabinet environment with a circular planar
object (680 mm diameter), (c) Box-to-Box environment with a
0.4 m high fence and a cube object, and (d) Box-to-Box
environment with a rectangular planar object (700x100%8 mm)
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B (Planar) [Fig. 3(b)], [Fig. 3(d)]: §-2 04 744 & 8.7
ol= ok Huy A=, ZiEU eEolA= A7 680
mm9] ¥ HIS. Box-to-Box A= 700x100x8
mm2] ZAZFE Bk AR B2 12| 7HE S Q51o] 2
2o Hd =2 A d5= B

A8 A|(Cube) [Fig. 3(a)], [Fig. 3(c)]: 250%x250%250 mm2]
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= Sy,
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[Table 1] Environment-Level Ablation on Planning Time

Environment Mode Avg. Planning Time (s)
Box-to-box Constraint Off 0.91
Box-to-box Constraint On 14.21

Cabinet Constraint Off 0.25
Cabinet Constraint On 1.90

[Table 2] Transport Quality in the Critical Stage

. Distance Error | Orientation
Environment Mode
(mm) Error (deg)
Box-to-box | Constraint Off 136.1 27.6
Box-to-box | Constraint On 11.1 5.0
Cabinet Constraint Off 55.9 20.7
Cabinet Constraint On 15.6 4.0
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[Table 3] Results of motion planning repeatability tests across
different environments and object types

Scenario Environment Object Success Rate
[ngsg 013)] Cabinet Planar 100%
[F?;'Sg (i)] Cabinet Cube 80%
[ngsg (3)] Box-to-box Planar 80%
[F?gsg (i)] Box-to-box Cube 100%

[Fig. 4] Sequential snapshots of real-world cooperative transport
experiments. (Top) A heterogeneous dual-arm setup consisting of
a URSe manipulator and a Kinova Gen3 manipulator. (Bottom) A
homogeneous setup utilizing two FR5 manipulators
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