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Path Tracking with Nonlinear Model Predictive Control
for Differential Drive Wheeled Robot
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Abstract: A differential drive wheeled robot is a kind of mobile robot suitable for indoor navigation.
Model predictive control is an optimal control technique with various advantages and can achieve
excellent performance. One of the main advantages of model predictive control is that it can easily
handle constraints. Therefore, it deals with realistic constraints of the mobile robot and achieves
admirable performance for trajectory tracking. In addition, the intention of the robot can be properly
realized by adjusting the weight of the cost function component. This control technique is applied to
the local planner of the navigation component so that the mobile robot can operate in real environment.
Using the Robot Operating System (ROS), which has transcendent advantages in robot development,
we have ensured that the algorithm works in the simulation and real experiment.
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[Fig. 2] Coordinate system for a differential drive robot
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[Fig. 3] Closed-loop control system with MPC
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[Table 1] MPC optimization weight

Weight Value
Weight for forward velocity error, w,  (m/s)~2 100
Weight for cross track error, w (m)™? 2000
Weight for orientation error, w, (rad)™? 100
Weight for yaw rate, w, (rad/s)™? 0.0
Weight for acceleration, w, (m/s*)~? 0.0
Weight for yaw acceleration, w; (rad/s*)"2 1000
Weight for forward jerk, w (m/s*)2 50
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[Table 2] Tracking test parameter MPC and Pure pursuit

Parameter MPC Pure pursuit
Ref velocity, v, , (m/s) 0.5 0.5
Acceleration, a (m/s?) - 0.25
Max angular velocity, v (rad/s) 1.0 -
Look ahead distance, Z; (1) - 0.8
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[Fig. 6] Square path tracking
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[Table 3] Mean of absolute value of tracking performance of
MPC and Pure-pursuit in Square-shape

MPC Pure pursuit
Cross track error, d ~ (m) 0.0174 0.0437
Orientation error, . (rad) 0.0432 0.0787
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[Table 4] Geometric parameters in navigation environment

L (m) 1 (m) W (m) d (m) n

Gentle bent 34.1 3.0 2.5 1.25 6

Severe bent 19.0 1.5 2.5 1.25 6
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[Fig. 10] Comparison of tracking performance of MPC and
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[Table 5] Mean absolute value of tracking performance of MPC
and Pure-pursuit in low speed navigation

Gentle bent Severe bent
P P
mpCc | ¢ | mpc | U
pursuit pursuit

Cross track error, d (m) | 0.0192 | 0.0214 | 0.0371 | 0.0456
Orientation error, 7 (rad) | 0.0536 | 0.0428 | 0.1042 | 0.0832
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[Table 6] Mean absolute value of tracking performance of MPC
and Pure-pursuit in high speed navigation

Gentle bent Severe bent
mpc | P | ype | Pure
pursuit pursuit

Cross track error, d (m) | 0.0428 | 0.0223 | 0.0691 -

Orientation error, n (rad) | 0.1162 | 0.0643 | 0.2324 -
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[Fig. 11] Comparison of tracking performance of MPC and
Pure-pursuit in high speed navigation
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[Table 7] Mean absolute value of MPC tracking performance
in real experiment

08m/s | 1.0m/s | 12m/s | 14mss

Cross track error, | o216 | 0.0465 | 0.0668 | 0.0685
d (m)

Orientation error, | 1001 | 00038 | 01623 | 0.1630
n (rad)

[Table 8] Mean absolute value of Pure-pursuit tracking

[Fig. 14] Real experiment environment performance in real experiment
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[Fig. 15] Floor plan of real environment
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