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Seven-Axis Robotic Arm Service Robot
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Abstract

In recent years, Taiwan’s dining industry has faced challenges such
as labor shortages and the need for improved efficiency. This
project introduces a novel solution through its seven-axis robotic
arm, which offers greater flexibility and range of motion compared
to traditional three-to-five-axis arms. This design enables the robot
to mimic complex human arm movements, making it suitable for
diverse tasks in dining settings. Furthermore, the robot incorporates
image recognition technology to autonomously determine whether
tableware needs to be collected or tables cleaned, reducing human
intervention and enhancing operational efficiency. Beyond mere
item transport, the robot can perform intricate tasks, showcasing
significant potential for intelligent automation.

Fig. 3 The robot’s design encompasses several core components:
chassis structure, power system, robotic arm, power supply, and
embedded control system. The chassis is engineered for stability,
ensuring smooth navigation in complex environments. The power
system provides sufficient energy to support prolonged operation.
The seven-axis robotic arm, the centerpiece of the design, employs
precise PID control algorithms to achieve smooth and accurate
movements. The image recognition module utilizes advanced
vision processing to identify the state of items on tables and
execute tasks such as collecting plates or tidying surfaces. The
power supply system, equipped with high-efficiency batteries and

energy management, ensures consistent and reliable performance.

The control system integrates an embedded platform that coordinates
chassis control, robotic arm operation, and image recognition. The
chassis control module handles path planning and obstacle
avoidance, enabling safe navigation in dining environments. The
robotic arm control system, optimized with seven-axis PID tuning,
ensures high-precision task execution, capable of handling objects
of varying shapes and weights. The image recognition module,
powered by deep learning, accurately identifies item types and
conditions on tables, working in tandem with the control system to
enable autonomous decision-making and operation.
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This project successfully delivers an autonomous service robot
tailored for table clearing and resource recycling, addressing key
challenges in the dining industry. The integration of a seven-axis
robotic arm and image recognition technology enhances operational
flexibility and precision, demonstrating significant potential for
real-world applications. Moving forward, the team plans to optimize
system performance, improve environmental adaptability, and
explore additional use cases, such as in healthcare or logistics, to
unlock broader commercial value. This project not only showcases
technical innovation but also provides a valuable reference for the
development of service robots.

Fig. 3 Robot.
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