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NMPC-based Obstacle Avoidance and Whole-body
Motion Planning for Mobile Manipulator
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Abstract: This study presents a nonlinear model predictive control (NMPC)-based obstacle avoidance
and whole-body motion planning method for the mobile manipulators. For the whole-body motion
control, the mobile manipulator with an omnidirectional mobile base was modeled as a nine degrees-
of-freedom (DoFs) serial open chain with the PPR (base) plus 6R (arm) joints, and a swept sphere
volume (SSV) was applied to define a convex hull for collision avoidance. The proposed receding
horizon control scheme can generate a trajectory to track the end-effector pose while avoiding the
self-collision and obstacle in the task space. The proposed method could be calculated using an
interior-point (IP) method solver with 100[ms] sampling time and ten samples of horizon size, and the
validation of the method was conducted in the environment of Pybullet simulation.
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Mobile Manipulator : MMO-500 *_ _/ Mobile base

[Fig. 1] The kinematic model of mobile manipulator: PPR
(mobile base) + 6R (manipulator); it is equivalent to 9-DoFs
serial chain robot, where P stands for the prismatic joint and R
for the rotational
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[Fig. 2] Convex hull using swept sphere volume (SSV): (a)
distance between LSS and PSS, (b) distance between two LSSs,
where PSS stands for point swept sphere, LSS for line swept
sphere, d for the shortest distance between the center of SSVs, r
for the radius of swept sphere, and m for the minimal distance
between two volumes
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[Fig. 3] The convex hull of mobile manipulator for obstacle and
self-collision avoidance: two PSSs on mobile base and end-
effector, and two LSSs on upper and lower arm links are
attached, where 7 is the radius, a is the length of the link, and
green lines are considered for the self-collision avoidance
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[Fig. 4] Point-to-Point trajectory generation experiment; the comparison of the manipulator postures when the joint offset constraint is
considered in the NMPC formulation or not
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[Fig. 5] Moving obstacle avoidance scenario: (a) cylindrical convex hull on human model, (b) when human approaches to mobile
manipulator, the mobile manipulator can avoid the human while holding the end-effector to the goal
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