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Design and implementation of TWSBR trajectory tracking controller

LI Aijuan, SUN Chao” , WANG Te, LIU Gang, GAO Boxun

School of Automotive Engineering , Shandong Jiaotong University, Jinan 250357, China

Abstract; To address issues such as poor stability, large trajectory tracking errors, and complex control
strategies in the actual operation of two-wheeled self-balancing robot( TWSBR) , the dynamics and kinematics of

TWSBR are analyzed and a mathematical model is established. A forward control system is designed based on

(T#% 107 W)
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vessels, an enhanced artificial potential field ( E-APF) algorithm based on time to closest point of approach
(TCPA) and distance to closest point of approach ( DCPA) is proposed. This algorithm reconstructs the
repulsive potential field function, introduces a dynamic weight adjustment mechanism, and combines relative
motion dynamics to design an adaptive repulsive direction strategy. Simulation results indicate that in static
obstacle scenarios, the E-APF algorithm can identify collision risks earlier and plan better paths compared to the
T-APF algorithm; in dynamic obstacle scenarios, it effectively increases safety distances and reduces steering
angles, significantly improving the accuracy of obstacle risk assessment and collision avoidance decision-
making.
Keywords: autonomous vessel; emergency collision avoidance scenary; T-APF algorithm; E-APF algorithm;
TCPA ;DCPA

(DEAEGw4E: EH)
P A
(L35 51 )
periodic changes with variations in the river channel water level ; during the dry season, the river channel water
level decreases, which leads to increased settlement and lateral displacement of the comprehensive utility
tunnel, while during the wet season, the river channel water level rises, causing the comprehensive utility
tunnel to return to its original position, with the displacement near the river channel and road surface being
significantly affected by the fluctuations in the river channel water level. 4) As the groundwater level decreases,
the shallower the burial depth of the comprehensive utility tunnel, the greater the settlement; the displacement
of shallow-buried tunnels is significantly affected by changes in the groundwater level. In practical engineering
applications of comprehensive utility tunnels, shallow burial is not advisable in high water level areas.
Keywords: comprehensive utility tunnel; finite element analysis; ground water level; riverway
level ; displacement

(DEAEGwAE: )
T A
(E4% 99 W)
the linear quadratic regulator (LQR), and a steering control system is designed based on the sliding mode
variable structure controller(SMVSC). Simulation experiments are conducted on the LQR forward control system
and SMVSC steering control system. Simulation results show that; the actual steering angle of TWSBR reaches
the desired steering angle after 1. 2 s, the actual body tilt angle reaches the desired body tilt angle after 2 s, and
the actual speed reaches the desired speed after 3 s. A trajectory tracking generator is designed, and a TWSBR
trajectory tracking control system is constructed, and a TWSBR experimental platform is built. TWSBR
trajectory tracking experiment is conducted. The experimental results show that the errors of TWSBR body tilt
angle, body tilt angular velocity, steering angle, and steering angular velocity stabilize near O after 1 s, while
the displacement error and speed error stabilize near 0 after 2 s. The fluctuation range of each state variable of
TWSBR is small after stabilization. Considering factors such as sensor acquisition errors and motor drive
precision, the results indicate that the TWSBR demonstrates good trajectory tracking performance, and achieves
displacement tracking, speed tracking, body tilt angle tracking, and steering angle tracking.
Keywords: TWSBR; LQR forward control system; SMVSC steering control system; trajectory tracking;

experimental platform
(BTG A 308)



