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Opportunity: How might we make the retrieval of ping pong balls less tedious? 

High level strategy: We wanted to create a robot able to catch ping pong balls as they fall after being hit 

by a player. We planned to use a camera to detect incoming balls and a chassis with omni directional wheels 

for quick movement along the ground plane, able to hit 2m/s within .5s and an IMU to correct for any 

rotation of the chassis. 

Eventually we ditched the computer vision portion of the project and focused on tuning the controls and 

capabilities of the robot itself. Instead, we used a joystick to wirelessly control the chassis. 

A user would input the desired speed and direction of the robot into 2 joysticks connected to an ESP32. The 

ESP32 would wirelessly communicate with another ESP32 on the robot. This ESP32 would communicate 

this information via UART to an Arduino Due on the robot. An IMU on the robot also takes in reading on 

the angle the robot is facing and communicates this with the Due via UART. The Due takes the desired 

speed and direction as well as the angle the robot is facing and converts it into motor instructions sent to 

motor drivers. 

 

𝜔1 =  
−v × 𝐜𝐨𝐬(45 + 𝜃)

𝑟𝑤ℎ𝑒𝑒𝑙
+ 𝑓(𝜃𝑐ℎ𝑎𝑠𝑠𝑖𝑠) 

𝜔2 =  
−v × 𝐜𝐨𝐬(45 − 𝜃)

𝑟𝑤ℎ𝑒𝑒𝑙
+ 𝑓(𝜃𝑐ℎ𝑎𝑠𝑠𝑖𝑠) 

𝜔3 =  
v × 𝐜𝐨𝐬(45 + 𝜃)

𝑟𝑤ℎ𝑒𝑒𝑙
+ 𝑓(𝜃𝑐ℎ𝑎𝑠𝑠𝑖𝑠) 

𝜔4 =  
v × 𝐜𝐨𝐬(45 − 𝜃)

𝑟𝑤ℎ𝑒𝑒𝑙
+ 𝑓(𝜃𝑐ℎ𝑎𝑠𝑠𝑖𝑠) 

𝑓(𝜃𝑐ℎ𝑎𝑠𝑠𝑖𝑠) corrects the heading of the 

chassis 

Physical design: 

 
Side view Wheel Transmission Side view 



Team 20 

 

Function-critical decisions 

Motor choice Bearing forces 

𝐷𝑤ℎ𝑒𝑒𝑙 = 0.072𝑚, 𝑉𝑚𝑎𝑥 = 2𝑚𝑠−1 

𝜔𝑚𝑜𝑡𝑜𝑟𝑚𝑎𝑥
=  

𝑉𝑚𝑎𝑥

𝐷𝑤ℎ𝑒𝑒𝑙/2
=   83.33 𝑟𝑎𝑑𝑠−1

= 13.26 𝑟𝑝𝑚 
𝑚𝑐ℎ𝑎𝑠𝑠𝑖𝑠 = 3𝑘𝑔, 𝑎𝑚𝑎𝑥 = 4𝑚𝑠−2 

𝑇𝑚𝑜𝑡𝑜𝑟𝑚𝑎𝑥
=  

𝑚𝑐ℎ𝑎𝑠𝑠𝑖𝑠 .  𝑎𝑚𝑎𝑥

2
 .

𝐷𝑤ℎ𝑒𝑒𝑙

2
= 0.216𝑁𝑚 = 2.201𝑘𝑔𝑐𝑚 

Motor chosen 

Max static radial load: 346.3N 

Max dynamic radial load: 916.7N 

Source 

𝐹𝑠𝑡𝑎𝑡𝑖𝑐 =  𝑚𝑐ℎ𝑎𝑠𝑠𝑖𝑠𝑔 =  29.43𝑁 <  𝐹𝑠𝑡𝑎𝑡𝑖𝑐𝑚𝑎𝑥
 

𝐹𝑑𝑦𝑛𝑎𝑚𝑖𝑐 = √(𝐹𝑠𝑡𝑎𝑡𝑖𝑐
2 + (

𝑚𝑐ℎ𝑎𝑠𝑠𝑖𝑠 .  𝑎𝑚𝑎𝑥

2
)

2

)

= 30.035𝑁 <  𝐹𝑑𝑦𝑛𝑎𝑚𝑖𝑐𝑚𝑎𝑥
 

Electrical design 

State Transition Diagram 

  

Joystick with ESP 

https://www.amazon.com/Encoder-Metal-Gearmotor-Arduino-Printers/dp/B07GNGGCVP/ref=asc_df_B07GNGGCVP/?tag=&linkCode=df0&hvadid=344005018279&hvpos=&hvnetw=g&hvrand=3312527734619975527&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9032083&hvtargid=pla-694153694041&mcid=43fcaf47e888300fb03779d9eb35dba3&ref=&adgrpid=69357499415&gclid=Cj0KCQiAyeWrBhDDARIsAGP1mWT3hizKEMG1oMe74JSoR0vFGdANqwyhOZbEVKKaHQFUepyITup9_bAaAlE4EALw_wcB&th=1
https://www.lily-bearing.com/products/f695-2rs/
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Circuit Diagram 

 
Conclusion 

In building a robot with omnidirectional wheels, ensuring that all wheels touch the ground was crucial to 

the chassis behaving as intended. Our base board of the chassis is laser cut ¼” wood, and wood is not always 

level or square. This resulted in a lot of manual adjustments needed to be made to ensure all the wheels 

touch the ground. Additionally, if the ground the robot operates on is not perfectly flat, the robot also will 

not work as intended. As such we would recommend to other groups to use metal for the baseboard and 

build a suspension system into a similar robot. 

We also has a lot of difficulty tuning the PID control of all 4 motors. The PID of each motor needed to be 

tuned with the chassis moving on the ground, however we found that isolating the effects of tuning PID of 

each motor difficult as the performance of all the motors affected the movement of the chassis. 
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Appendix 

CAD 

 

  
Left: Orthogonal View, Right: Top View 

 
Side view
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BOM 
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 Arduino Due Code 
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 ESP-CAM code 
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 Joystick ESP code 
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