
AUTONOMOUS TENNIS BALL RETRIEVAL 
Nachiket Yardi, Hans Vermeulen, Tom Sun, Zhang-Yao Cheng 

Orion Bruckman 

Department of Systems Design Engineering 
Abstract: The motivation for this project came from one the team members who trained/played 
competitively as a junior and is a member of the University of Waterloo varsity tennis team. Picking up 
balls during his practice would take away from the rhythm of training and less court time was actually 
dedicated to training. To design and build a system to solve this problem, the team considered many 
factors from safety to cost to scalability and has developed a prototype that is able to autonomously 
navigate to, pick-up and store balls onboard while a player practices. The functional system aims to cut 
down or significantly eliminate the court time spent on picking up balls.     

1. INTRODUCTION 
      In the classic tennis training scenario a 
coach feeds balls to the student and over the 
course of practice up to 20% of court time is 
spent on picking up the balls (N. Yardi, 
University of Waterloo Varsity player, personal 
communication, October 14, 2013). Eliminating 
or significantly reducing this time is invaluable to 
the player as getting back into the rhythm after 
picking up the balls considerably takes away 
from effective practice (P. Craton, University of 
Waterloo Varsity head coach, personal 
communication, March 27, 2014). A similar logic 
can be applied to practice with a ball machine as 
illustrated: 

	  

Figure 1: Balls scattered on court during practice. 

     An ideal solution will autonomously locate 
and navigate to balls scattered on court, pick-up 
and store them on-board during practice without 
interfering with the player’s routine. 

 

2. STATE OF THE ART 
     A commercial solution currently available that 
collects balls at a relatively large scale is the 
Playmate Ball Mower. Picking up balls with this 
unit requires constant human input and is not 
autonomous.  

     Autonomous robots which pick-up tennis 
balls were developed by students at the 
University of Waterloo and University of 
California, Berkeley but the products were not 
commercialized.  

3. FACTORS CONSIDERED 
3.1 Safety 

     An active autonomous system would 
continually be in the vicinity of players, coaches 
and spectators alike. Safety considerations in 
the event of a collision such as stall torque on 
the motors were considered.  Additionally, a 
functional prototype would be relatively heavy, 
requiring a powertrain capable of delivering high 
current. With high current delivery comes an 
inherent risk of fire hazard ex. LiPo battery. 
Consideration was given to alternatives to LiPo 
batteries such as Lead acid one. 

     3.2 Cost & Maintenance 

     The commercial competition, Playmate 
Mower, costs around $500 USD [1] and the 
success of an autonomous system would hinge 
on the cost being comparable to it. 



3.3 Robustness & Scalability 

     As the system would operate during a 
player’s practice, it would invariably be hit by 
balls. A robust and durable casing was 
considered critical. Furthermore, like tennis, 
practice at driving ranges requires many balls. A 
modular design of the system was considered 
such that with a relatively few number of 
changes, it could be adapted for golf balls.  

4. ENGINEERING SOLUTION 
4.1 Vision & Detection 

     The robotic system receives video input from 
an onboard camera that has a visual range of 
approximately 3 meters. Each frame is 
processed using an OpenCV C++ library on an 
onboard computer. Through colour thresholding, 
balls within the visual field are classified by their 
proximity to the robot and the closest ball 
becomes the object of interest. This location is 
translated into a driving signal. 

4.2 Movement & Pick-up 

     The driving signal generated by the vision 
system is relayed to an Arduino microcontroller 
which drives the motors via a high current 
Arduino motor shield. While in motion, the robot 
continually re-evaluates its position and through 
a 30ms feedback loop, is able to correct for 
deviations from the target course. 

     The pick-up mechanism consists of a roller 
that has a 67mm ± 3mm clearance over the 
ground, the average diameter of a tennis ball. 
Once close enough to a ball, the roller pulls it 
into the storage compartment.  

	  

Figure 2: Prototype CAD (without onboard computer) 

5. SOCIAL IMPACT 
     As the ever growing numbers of 
technological advancements do, autonomous 
systems such as this would also add value to 
the clubs deploying this system; members would 
feel a sense of prestige being part of club 
implementing cutting edge technology. 

     To a tennis player, stopping practice to pick-
up balls then getting back into a rhythm takes 
away from the quality of practice. An intangible 
factor, eliminating or significantly reducing this 
effectively wasted time is invaluable and could 
potentially increase the appeal of practice.  

6. CONCLUSION 
     Effective tennis practice in either a classic 
training scenario or with a ball machine is most 
effective with a large quantity of balls. Picking up 
the balls is an unwelcome reality and a 
prominent problem in the tennis community. 

     Autonomously solving this problem by 
eliminating or significantly reducing the up to 
20% of court time dedicated to picking up balls 
would add value to the clubs employing the 
system and make practice more engaging it’s 
members. 

     By iteratively designing and building a 
prototype that met the core requirements of 
locating, navigating and picking up balls, the 
team was able to put together a functional 
system that, with refinement, could be 
commercialized. 

     Steps were taken during the design process 
to enable scalability and robustness of the unit 
so that it could potentially be altered and further 
developed for implementation on driving ranges 
or other similar conditions/applications. 

REFERENCES 

[1] "Commercial Electric." PLAYMATE Tennis 
Ball Machine, Commercial, Portable, Battery, 
Programmable. N.p., n.d. Web. 01 March 2014. 


