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Optimal Energy Consumption Trajectory Planning for Mobile Robot Based on

Motion Control and Frequency Domain Analysis

GAO Zhi-Wei! DAI Xue-Wu'! ZHENG Zhi-Dal

Abstract
self-balancing motion robot is proposed. The trajectory planning is combined with the motion control model composed

In this paper, a new optimal trajectory planning algorithm to minimize energy consumption for two-wheeled

of trajectory tracking controller and robot dynamics model, and based on the transfer function between the desired
trajectory and actual motor input voltage and the corresponding relationship of energy in time domain and frequency
domain, a linear energy consumption model with clear mechanism expression is obtained by frequency-domain analysis
and the model parameters are identified by the least square linear regression method. For the optimal trajectory, select
the way points obtained by global path planning as the local target points of the local trajectory planning, through a
certain mathematical transformations and derivative of parameters, the optimal operational trajectory and operational
time of each two target points are determined directly. Through simulation experiments, the accuracy of the proposed

energy consumption model and minimum energy consumption of the obtained trajectory are verified.
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Fig.1 The actual path of the robot is compared with the expected path and the controller dynamic process
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Fig.3 Architecture of the mobile robot trajectory

planning and control system in this paper
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Table 1 Two-wheel self-balancing robot model
parameters

GIRAINE 44 ZHUE
M GIREINGE 3.2 (kg)
R AR 0.15 (m)
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Table 2 Initial energy consumption model parameters of
two-wheel self-balancing robot
28 Hfl 24 Hifl ZH iy
al 172.2 ab 1.37 all 4.27
a2 7.57 a7 16.26 al2 1.09
a3 13.2 a8 —4.39 al3 5.82
a4 —0.66 a9 —1.11 bl 20.83
ab —0.94 al0 15.97 b2 0.93
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Fig.5 Modeling errors of energy consumption model in

validation set
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Table 3 Energy consumption optimal trajectory

simulation results

Hul YBREERE IBATHY S biibuyiy Tl A
JFH Eiotar (J) W T(s) wv(m/s) w(rad/s) 5% o(°)
1 336.97 28.46 0.499 0.011 36.28
2 252.43 21.42 0.523 —0.011 —20.68
3 256.15 21.38 0.526 0.017 33.06

4 270.15 21.62 0.527 0.03 61
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Fig.7 Comparison diagram of the optimal energy

consumption desired trajectory and actual trajectory
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Fig.8 Coordinate error graph of the optimal energy

consumption desired trajectory and actual trajectory
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Table 4 Compare with other methods simulation results
— REFERAL E%ﬁ%%%ﬂ ?Ik)'_'\%
% M NI
1 336.97 338.15 345.5
2 252.43 252.03 265.72
3 256.15 255.89 290.72
4 270.15 283.82 292.3
HRERE () 1115.7 1129.8 1203.3
EATI (s) 92.88 92.88 81.32
feFELL % (%) 100 101.26 107.85
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Fig.11 Comparison of three kinds of

running trajectory
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Table 5 Compare with other methods simulation results
. ReFEmAL AR B =R
Lus sl . .
AR K IR il
1 28.43 30.811 26.03
2 40.56 39.87 52.4
3 33.61 36.36 35.12
4 33.89 33.62 36.12
5 30.91 30.93 32.33
6 28.57 29.02 28.82
7 24.68 24.56 25.28
MAEFE (J) 220.64 225.18 236.1
EATI A (s) 18.6 18.6 15.3
HERELLEE (%) 100 102.06 107
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