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1. INTRODUCTION

1.1 Problem
Miniature golf or table tennis (ping-pong) is a game that involves the utilization of several balls.
The sport entails the likelihood of the balls being dispersed on the ground, making it redundant
for players to retrieve them after each game. It's worth mentioning that in miniature golf, the
sport employs balls of various colors.

1.2 Chosen Opportunity: Building a robot car that helps pick up ping-pong balls in the table
tennis room after each game and sort the ball based on colors.

2. METHODS

2.1 Device High Level Strategy

In the practical execution of the project, the set threshold for the color sensor had to undergo
several tuning and adjustments. Initially, our goal was for the color sensor to detect any two
selected colors. However, due to the physical constraints of the color sensor, it became
necessary to establish distinct thresholds for the two balls, choosing colors from opposite
spectrums—one light and one dark.



3. PHYSICAL RESULTS

3.1 PHYSICAL DEVICE



4. RELEVANT DECISIONS / CALCULATIONS / DIAGRAMS

4.1 FUNCTIONAL-CRITICAL DECISIONS
A critical decision involved selecting the right motor for the shaft to gather balls from the ground.
Without the right motor, the project would have been unsuccessful, highlighting the importance
of calculating torque and motor speed. Additionally, we considered the forces acting on the
bearings connected to the shaft.

4.2 RELEVANT CALCULATIONS

Motor Torque / Speed Calculations for Shaft:

Given:
Mass of ball (m) = 0.0027 kg
Length of ramp (L) = 100 mm
Angle of ramp (⍬) = 30 deg
Length of Rotating Stick (Ls) = 100 mm

By Conservation of Energy:

WORK = mgh
F.d = mgh
F = 𝑚𝑔ℎ

𝑑 = 0.0027 𝑘𝑔 (9.81) (0.1 𝑠𝑖𝑛 (30))
0.1 = 0. 019683 𝑁 

𝑇𝑜𝑟𝑞𝑢𝑒 = 𝐹. 𝐿𝑠
2 = 3. 344 𝑥 10−4 𝑁𝑚

= 5.57 x 10-4 Nm𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑟𝑞𝑢𝑒  = 𝑇𝑜𝑟𝑞𝑢𝑒
0.60

By Power Formula:

Given:
Measured current = 0.72 A
Voltage = 12 V

P = V.I = 8.64 W = 0.00864 kW

By Power-Torque-Velocity Relationship:
𝑇𝑜𝑟𝑞𝑢𝑒 = 9. 5488. 𝑃𝑜𝑤𝑒𝑟 (𝑘𝑊)

⍵ (𝑅𝑃𝑀)

⍵ = 9. 5488. 𝑃𝑜𝑤𝑒𝑟 (𝑘𝑊)
𝑇𝑜𝑟𝑞𝑢𝑒

= 148.12 RPM⍵ = 9. 5488. 0.00864 𝑘𝑊

5.57 𝑥 10−4 𝑁𝑚

Actual = 246.86 RPM⍵ = ⍵
0.6



Selected Motor:
Torque 5 kg.cm >>> 5.57 x 10-4 Nm
250 RPM ≈ 246.86 RPM

Calculation for Bearings:
The parameter is same as previous:

∑ 𝐹
𝑋

= µ(𝑚
𝑏𝑎𝑙𝑙

+  𝐹 𝑠𝑖𝑛60) ≤  𝐹 𝑐𝑜𝑠 60

∑ 𝐹
𝑌

=𝑚
𝑏𝑎𝑙𝑙

𝑔 +  𝐹 𝑠𝑖𝑛60 −  𝑁 = 0

0∑ 𝑀 =𝑚
𝑏𝑎𝑙𝑙

𝑔 +  𝐹 𝑠𝑖𝑛60 𝐿
𝑠ℎ𝑎𝑓𝑡

 +  𝑀
𝑏𝑒𝑎𝑟𝑖𝑛𝑔

=  

In the result, F in the bearing should larger than 1 N

4.3 CIRCUIT DIAGRAM

4.3.1 ULTRASONIC & COLOR SENSOR DIAGRAM



4.3.2 MOTOR & WHEEL TRANSMISSION DIAGRAM

4.4 STATE TRANSITION DIAGRAM



5. REFLECTION
The team thoroughly enjoyed working on this project and gained valuable insights throughout
the process of designing, manufacturing, and building. Our successful strategy involved
incorporating fasteners and pre-designed holes, simplifying the assembly of our car. A key
design lesson learned was to always consider ample hand room in the design phase to facilitate
smoother assembly. Reflecting on the overall project, we acknowledge that investing in more
reliable, albeit potentially pricier, parts, especially the color sensor, would have been beneficial.
Integrating the color sensor posed challenges due to its limited ability to detect color at a
distance beyond our initial expectations. Additionally, we needed to modify the car's design to
accommodate our shaft motor. Selecting the appropriate motor and conducting meticulous
calculations from the outset can significantly save time. Despite this adjustment, the overall
project proceeded smoothly, and we would recommend it.

6. Appendix

Appendix A: BILL OF MATERIALS

ITEM MODEL QUANTITY COST LINK

Robot Car
Chassis Kit

YIKESHU 2WD Smart Robot Car Chassis Kit with
Speed Encoder Battery Box 2 Wheels 1

Previously
owned Link

Shaft 8mmX150mm Linear Motion Rod Shaft 1 $8.99 Link

Bearings uxcell F698ZZ Flanged Ball Bearing 8x19x6mm 1 $6.49 Link

Flexible Shaft
Coupler

Hahiyo 6mm to 8mm Inner Diameter Shaft
Couplings Flexible 1 $7.99

https://a.co/d/
5jRkx6k

Shim
TRB RC M8x10mm Dia. Steel Shim Pack 10ea 0.1,
0.2, 0.3, 0.5mm Width 1 $9.69 Link

Shaft Collar
HARFINGTON 2pcs Shaft Collar 8mm Bore, 25mm
OD, 10mm Width 1 $12.98 Link

https://www.amazon.com/YIKESHU-Smart-Chassis-Encoder-Battery/dp/B073VHQT6P/ref=sr_1_20_sspa?crid=13EAI418Y30DG&keywords=robotic+car+kit&qid=1697836016&sprefix=robotic+car+ki%2Caps%2C176&sr=8-20-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&psc=1
https://www.amazon.com/8mmX300mm-Linear-Motion-Shaft-Diameter/dp/B08HYJTR54/ref=sr_1_1_sspa?crid=1XG6GHS3ONNO1&keywords=Round%2Bshaft&qid=1697170854&s=industrial&sprefix=round%2Bshaft%2Cindustrial%2C229&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/dp/B07Z3F1JP1?ref_=cm_sw_r_apin_dp_R09TM5NJ0XDBMCZGRMQB&peakEvent=4&dealEvent=1&language=en-US
https://a.co/d/5jRkx6k
https://a.co/d/5jRkx6k
https://www.amazon.com/TRB-RC-M8x10mm-Steel-0-5mm/dp/B091YKN3D6/ref=sr_1_3?crid=2J1BQQ3Z5K9YR&keywords=8+mm+shim&qid=1697172334&s=industrial&sprefix=8+mm+shim+%2Cindustrial%2C124&sr=1-3
https://www.amazon.com/HARFINGTON-Aluminum-Assemblies-Industry-Anodization/dp/B0C9QWC16V/ref=sr_1_5?keywords=8%2Bmm%2Bshaft%2Bcollar&qid=1697172158&sr=8-5&th=1


Standoff Spacers
Female to Female Brass Hex Nut Spacer Screws
Brass Hex Standoff M3 x 40mm, Pack of 20 1 $11.01

https://a.co/d/2
GKxsVI

Color Sensor
Teyleten Robot GY-31 TCS3200 TCS230 Color
Sensor Module 1 $9.88 Link

Motor (Shaft
Transmission)

Greartisan DC 12V 250RPM Turbo Worm Geared
Motor High Torque Turbine Worm Gear Box
Reduction Motor 6mm Shaft JSX40-370 1 $14.99

https://a.co/d/
1Jhl51T

Motor (Wheel
Transmission) DC 12V DIY Encoder Gear Motor... 1 $47.68 Link

Colored Balls

28 Pcs Colored Ping Pong Balls, 40mm Table Tennis
Balls,Ping Pong Balls for Game or Arts, Pong Balls
for Kids,Pet Toys 1 $8.81

https://a.co/d/
6MSlGAT

M3 Screw Set

yddmyo Wall Anchor and Screw Kit M8*40 60 and
M6*30 40 60 80 Lengths for Drywall Sort Kit Drywall
Drywall Mounting Screws (M3 Outer Corner Nylon
Screws) https://a.co/d/7Tq0UMu 1 $5.50

https://a.co/d/
7Tq0UMu

Jacobs Plywood 2 $14.57

Lipo Battery

OVONIC 3S Lipo Battery 50C 3000mAh 11.1V Lipo
Battery with Dean-Style T Connector for RC Airplane
Helicopter Quadcopter RC Car Truck Boat(2 Packs) 1

Previously
owned

https://a.co/d/3
34of9a

Glue 2 $3.76

Servo Motor 1 Lab Kit

Ultrasonic
Sensor 1 Lab Kit

Breadboard 2 Lab Kit

ESP32 2 Lab Kit

Jumper Wires multiple Lab Kit

https://a.co/d/2GKxsVI
https://a.co/d/2GKxsVI
https://www.amazon.com/Teyleten-Robot-TCS230-TCS3200-Recognition/dp/B08HH8QYF8/ref=sr_1_3?crid=28HCQNJUB6QYV&keywords=TCS3200&qid=1697870190&s=industrial&sprefix=tcs3200%2Cindustrial%2C150&sr=1-3
https://a.co/d/1Jhl51T
https://a.co/d/1Jhl51T
https://www.amazon.com/dp/B07X5P1584?ref=ppx_pop_mob_ap_share
https://a.co/d/6MSlGAT
https://a.co/d/6MSlGAT
https://a.co/d/7Tq0UMu
https://a.co/d/7Tq0UMu
https://a.co/d/334of9a
https://a.co/d/334of9a


Appendix B: CAD Images



Appendix C: Arduino Code

Motor Wheel Code







Shaft Motor Code
Integrate code (using button to control sensors and motors)














