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An Intelligent Tennis Robot with Full-Court
Navigation and Ball Collection
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Abstract

This project, "An Intelligent Tennis Robot with Full-Court Navigation and
Ball Collection," aims to reduce the time and physical effort required for
manual ball collection after multi-ball tennis training. Conventional ball-col-
lecting tools often rely on manual operation, while some self-propelled
devices can only handle targets already visible within the camera’s field of
view. They are generally unable to actively determine whether any tennis
balls remain on the court. Therefore, this project focuses on two core
features: active searching for missed tennis balls and full-court cleaning
capability. It establishes an intelligent ball-collecting system capable of
active searching, partition-based confirmation, cross-court movement,
and full-court cleaning.

The system integrates onboard visual recognition, base-station-free naviga-
tion, partition-based search strategy, and a custom-designed collecting
mechanism. In terms of hardware, the robot adopts a customized chassis
structure equipped with a V-shaped guiding rail and flexible EVA rotary
blades at the front. This mechanism guides tennis balls toward the central
collecting inlet and transfers them steadily into the rear storage basket.
The design reduces the risk of jamming when multiple balls enter the
mechanism simultaneously, improves continuous collection efficiency,
and enables the robot to handle densely scattered tennis balls after actual
training sessions.

For visual recognition and control, the robot uses an NVIDIA Jetson AGX
Xavier as the edge computing platform and adopts the YOLOv8 deep
learning model for real-time tennis ball detection. Once a tennis ball is
detected by the camera, the system performs visual servo control according
to the target position in the image, allowing the robot to collect the ball
automatically. At the lower control level, an Arduino Mega microcontroller
is responsible for motor control and mechanical actuation, converting
visual recognition results into real-time robot movement and ball-collecting
actions.

For full-court navigation, the system adopts encoder odometry combined
with IMU heading information. Without installing external positioning
base stations, the robot can estimate its position and orientation within
the tennis court coordinate system. The overall task is divided into five
stages. The robot first searches and collects balls from the center of one
half-court.
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If no more balls are detected within the field of view, it moves to partition
points to check for possible missed balls. After completing one half-court,
the robot follows a predefined path around the net post to reach the other
half-court and continues the search and collection process.

Overall, this project combines visual recognition, base-station-free
navigation, active search strategy, and a physical collecting mechanism. It
overcomes the limitation of previous ball-collecting robots that could not
independently confirm whether balls were left on the court. The system
can not only track and collect visible tennis balls, but also actively inspect
remaining areas based on court partitioning, demonstrating practical value
and development potential for automated cleaning in tennis training
environments.

Fig. 3 The green crosses indicate the center starting positions of courts A and B, while
the yellow stars represent partition search points. The light-yellow area denotes the net
isolation zone, and the outer dashed boundary indicates the ball-collecting operation
area. The red dashed arrow shows the cross-court path from court A to court B around
the net post.
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