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RESEARCH ON CONTROL METHOD OF BRAKING
MECHANISM OF MOBILE ROBOT

ABSTRACT

As the application fields of mobile robots continue to expand, from
industrial manufacturing, medical services to warehousing and logistics, and
housekeeping services, the complexity of application scenarios has increased
significantly, and the requirements for motion control performance have
become increasingly stringent. The braking mechanism is a key component
in the motion control of mobile robots. Its performance directly affects the
safety, stability, and accuracy of the robot. Therefore, the research on the
braking system of mobile robots is of great significance.

This paper mainly studies the control method of the braking mechanism
of mobile robots. Through theoretical analysis and experimental verification,
an efficient, stable, and adaptive anti-lock braking control strategy is
proposed to provide a solid theoretical basis and technical support for the
safe and reliable operation of mobile robots in different application scenarios.
The main contents of this study are as follows:

(1) Design of mobile robot braking mechanism: This section explains
the functions and design requirements of the braking system and proposes
an overall design framework. According to the braking requirements of the
mobile robot, the required braking force is calculated theoretically, and the
system structure is designed according to its working principle. In addition,
the drive motor and transmission mechanism are selected and verified, the
auxiliary system characteristics are calculated, and the key parameters of the

auxiliary mechanism are optimized.
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(2) Dynamic modeling of mobile robot braking mechanism: The force
transmission relationship inside the braking system was analyzed, and the
models of the motor, master cylinder, transmission mechanism, brake pipe,
and wheel cylinder were established, and the correctness of these models was
strictly verified.

(3) Mobile robot braking control algorithm and simulation analysis: A
1/4 scale single wheel and tire model was constructed, and a slip rate
controller based on the improved approximate law integral sliding mode
control algorithm was designed. The stability and robustness of the algorithm
were analyzed using control theory. The road surface recognition algorithm
was introduced to estimate the optimal slip rate of the current road surface.
Using MATLAB/Simulink software, the brake wheel and tire models and the
improved approximate law integral sliding mode controller were established.
By comparing with the traditional sliding mode controller under various
typical road conditions, the feasibility of the mobile robot braking system
model and the integral sliding mode control method was verified, and the
effectiveness of the anti-lock braking controller was confirmed. It has good
adaptability to different road surfaces.

(4)Test platform construction and result analysis: Based on simulation
verification, a mobile robot braking system test platform was built, the
hardware and software of the braking control unit were designed, and
experimental verification research was carried out.The improved
approximate law integral sliding mode control method was embedded in the
brake control unit and tested under two typical braking conditions: dry
asphalt pavement and wet asphalt pavement. The test results show that this
method can effectively adjust the vehicle speed and wheel speed during
braking, ensuring that the slip rate quickly approaches the target value, while

also having good emergency braking performance.
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