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Model Predictive Control for Wheel Position of Leg/Wheel Robots considering Passage Width

Isao Okawa* and Kenichiro NONAKA™**

This paper describes a model predictive control (MPC) application which optimizes wheel positions of a mobile
robot with geometry-variable wheels. Each wheel should be set apart from the others to keep enough stability
for safety operation of mobile robots. However, this requirement tends to decreases the mobility. In this paper,
we propose a method which optimizes wheel positions with respect to passage width using MPC. The proposed
method realizes a good balance between stability and mobility by online optimization of wheel positions during
automatic collision-free travel. Moreover, we reduced the computational cost of MPC by introduction of a control
method for wheel positions with respect to travel distance. Thus it is capable to implement the control system
into low speed computers, like embedded CPUs. We conducted experiments to verify the effectiveness; it is
confirmed that the proposed method is useful to operate the mobile robot with enough stability and mobility.
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Fig.1 Experimental robot
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Table 1 Specification of experimental robot

Parameter Value

Length, Width, Height 500~700, 290~700, 230 mm
Tire diameter 57 mm

Weight 7.7kg

Max. longitudinal velocity | 1.0 m/s

Max. lateral velocity 1.0m/s

Max. angular velocity 3.0rad/s

‘ Self-localization H Obstacle detection ‘ Sensing unit
(x,7, 9)i Obstacle data

‘ Generation of the trajectory ‘

Parameters

Scan of the passage
width

Passage width i

MPC for reference
wheel position

Compute velocities
to track

Embedded
CPU

Velocities

Ref. wheel position l

‘ Forward & inverse kinematics

Wheel velocity

Torque control

Joint angles

Torques

‘ DC motors H Servo motors Actuator

Fig.2 Flowchart of the control system
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Fig.4 The shortest distance to an obstacle

(kg, kz) = arg min J (k‘3, kz) (8)
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Algorithm 1 Find p such that polygon (Z,, §n) =1

Input: z, g

Output: p

: Initialize as p =1

: Calculate a (Z) by equation (9)

: Calculate ||a (%) || by equation (10)

: while ||a (Z) ]| - p < |Dmaz| do

Calculate Zn, Jn by equation (11)

if polygon (Zn, gn) =1 then
return p

end if

p—p+1

: end while

© ® N> q sy

=
= o

: return p
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Algorithm 2 Measure D (a?l)

Input: =/

Output: Series of D (il)
1: Initialize as s¥ =0, [ =
2: while s < st do
3:  Calculate D (&) by equation (12)

4 Store D (:Tsl)

5 Calculate ds®J /di by equation (20)

6: s ¢+ s +dst/di AF

7. @t @l 4+ Az

8

9

0, &t = 2%

: l+—1+1
: end while
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Table 2 Experimental parameters
Parameter | Value Parameter | Value
Zn 1.0m Y 0.05m (L)
Nz 5 -0.35m (R)
w2 0.8 Yrnaz 0.35m (L)
w3 0.01 -0.05m (R)
Aj 0.05m (L) Az 0.2m
-0.05m (R) € -0.2m (L)
|Dmaz| 0.5m 0.2m (R)
|umaz| 0.2m/s Sy 0.1
Va 0.8m/s Q 1.0
Smin 0.7m R 0.05
Smaz 0.9m At 1ms
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