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1. Executive Summary 

2. Project Description 
2.1. Project Summary 
 
 With the mission of designing an entertainment machine that will be as interesting 
to design as it is to use, this project is an electronic table that will allow the users to play 
beer pong with the assistance of intelligent lighting. This lighting, created by a LED panel 
across the table surface, will show the player when and where scores are made, track the 
game score, and dance to any music that is playing. This project has its roots in the optics 
half of our team, as elements of it have already been practiced by Matthew Brislenn, one 
of our CREOL members. Our wish is to capitalize on the optics specialties within our team 
to come up with novel solutions to the problems of game automation. Beer pong is already 
a very simple game that is enhanced by modifications made by the players, so further 
enhancement via the game automation principles and atmospheric conditions created by 
this table will elevate this simple party game to a new form of entertainment. 

 
 Since the creation of the pinball arcade machine, electronic game cabinets have 
increased the accessibility, entertainment, and ease of use of games that could otherwise 
be played without electronic assistance. To this end, our main goal is to create a low-cost 
electronic beer pong cabinet that will assist the players with keeping track of the game 
and generally make the game more accessible, while also increasing the amount of 
enjoyment the player finds in playing the game. Our market research shows that 
consumers view these as real problems to be solved, as electronic beer pong tables, 
among other electronic game cabinets, form a thriving embedded electronics industry. The 
tables already on the market tend to focus on score tracking and ambient lighting through 
music visualization, so those will constitute the basic goals for this project. In addition, our 
optical solution to score tracking could allow the table to track the ball wherever it is along 
its surface. This will be our advanced goal: To track the ball position across the whole 
tabletop, and to use this information to enhance our score tracking and ambient lighting. 
To ensure the viability of these core goals, the build will initially be limited to half of a 
standard beer pong table, which should give enough room to demonstrate this functionality 
at scale.  Given enough time and success in completing the basic and advanced goals, 
the final stretch goals would be to extend the design to a full-length table, and to add audio 
effects to complement the lighting effects. In the end, these features should create a beer 
pong experience that is more accessible and easier to enjoy than standard beer pong. 
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Figure 1: Chexal Technologies RaveTable, a comparable market product 

 
To fulfill the goals of score tracking and ball tracking, the primary objective of this 

project is to detect the position of a ping-pong ball while it is on or near the surface of the 
table. This will be achieved using an intersecting grid of infrared laser transmitters and 
receivers. When the grid lasers are broken by the ball in both the X and Y directions, the 
table will know exactly where the ball is on the table surface. For simply detecting scores, 
this grid could scan only the area with the clear scoring cups. Thus, when the ball enters 
a cup, it will break the laser grid and signal a score. However, if this grid were to be 
extended over the whole table surface, it could detect where the ball lands anywhere on 
the table. This would allow for complete ball tracking along the surface, as per our 
advanced goal. 

 
The laser grid will consist of one row and one column of infrared lasers, 

perpendicular to each other, producing collimated beams to shine onto one row and 
column of infrared photodetectors opposite to the lasers. The lasers will produce a low 
power, continuous wave beam that will incite a constant electrical signal through the 
photodetector. To produce a safe and reliable laser grid, the lasers must be well-aligned 
and securely mounted to minimize risk of movement. For a standard ping pong ball, the 
diameter is measured to be 40mm. This laser grid must be tight enough to detect a break 
in the beam path in both the X and Y directions simultaneously. Thus, the lasers will be 
spaced with less than 40mm between them. This is to ensure that when a ball hits the 
table or lands in a cup, it will always break at least one beam path from each direction.  
When these beam paths are broken by a ball, the MCU will be able to see the active low 
signals and detect where the ball is on the board using the X and Y coordinates provided 
by the lasers. Using this position information, the board will know whether a ball has scored 
in a cup or simply bounced on the table, and relate this to the LED display. 
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Figure 2: Example of Valid Laser Grid Dimensions 

 
With the objectives of displaying game events recorded by the laser grid on the 

table surface as well as providing entertainment lighting in the form of music visualization, 
a panel of individually addressable LEDs will be placed on the surface of the table. This 
LED array will serve to indicate to the player when a score is made and illuminate cups 
that are in play, as well as track and display the total score. Additionally, microphones will 
be placed around the table to inform music visualization effects, constituted by lighting 
patterns timed with the rhythm of any rhythmic sounds playing near the table. If the 
advanced goal of full-table ball detection is achieved, more advanced lighting effects could 
be implemented, such as ripples when the ball bounces. This LED display will be designed 
using a pre-manufactured LED strip spliced into an LED array and placed underneath grid 
panels, which will individualize each LED. A light diffusing cloth will be fixed on top of the 
panels to spread the light emitted from each LED and create the effect of a seamless pixel 
display, while softening the intensity of the light emitted. Finally, the whole system will be 
covered by a transparent pane to protect the delicate components and allow the ball to 
bounce on the surface. The upshot of this design is to create a panel large enough to 
cover the surface of the table, while keeping the pixel count low as to be drivable by a 
simple microcontroller. 
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Figure 3: 3D Model of Half-Table Design With Full Laser Grid 

 
The main goal of this project is to design and produce a visually stunning, low 

power and cost-effective game table that is widely accessible and enjoyable. This will be 
achieved through the advantages provided by our innovative optical solutions, which will 
foster a memorable, worry-free gameplay experience. By demonstrating the viability of a 
half-scale design, this project will prove the implementation of these intelligent lighting and 
game automation features for scaling to a full size table. In the end, the hope is that this 
laser pong table will provide a novel solution to game automation and enhance the 
enjoyment of playing beer pong. 
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2.2. Goals and Objectives 

Basic Goals: 
● To provide game automation by detecting and tracking scores, and relating these 

to the player. 
 

● To enhance the game experience by producing ambient lighting effects, which 
respond to sound. 
 

● To implement these features across a half-scale beer pong table. 

Advanced Goals: 
● To further enhance accessibility and game experience by tracking ball position 

anywhere on the table, and using this information to improve visual feedback 
provided by the ambient lighting. 

Stretch Goals: 
● To further enhance accessibility and game experience by adding audio feedback 

to scores and ball bounces. 
 

● To extend the table to a full-scale beer pong table. 

Objectives: 
● Design an infrared laser sensor grid with less than 40mm spacing between 

lasers, which can detect a ping pong ball passing through it anywhere in its 
coverage. 
 

● Provide a response time less than 250ms for ball detection and corresponding 
visual feedback. 
 

● Assemble an LED array to cover at least half of a ping pong table, which is fully 
addressable and can be driven by the MCU. 
 

● Detect rhythmic ambient sound and translate this to a timing pattern for visual 
effects on the LED array. 
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2.3. List of Requirements and Specifications 
 

Table 1: Requirements and Specifications 
# Requirement Specification Description Priority 

1 Microcontroller(s) CPU speed at least 16 
MHz 
32-64 KB RAM 

Sufficiently robust processor for 
controlling all devices on table. 

High 

2 Overall Response 
Time 

<0.25 sec. Describes the amount of time it 
takes for the laser array to 
detect the ball, send that 
information to the receiver at the 
MCU, and for the LEDs to 
display accordingly. 

High 

3 Light Array 
Position 

~20 mm above play 
area, 
<40 mm between 
adjacent lasers 

Allowable positioning to detect 
ball movement through the array 
above the table. 

High 

4 LED Display Minimum 16 ft2. total 
area 
Controllable RGB 
Low power (12 V) 
 

Will cover at least the play area 
perimeter. Preferably 
controllable and RGB for 
customization. 

High 

5 AC to DC 
Converter 

Able to convert 120 
VAC down to 12 VDC 

Will take in typical outlet AC 
voltage and convert to DC 
voltage for each major device’s 
operating voltage. 

High 

6 Power 
Consumption 

Maximum 50 W All devices used on the table 
should be able to operate on low 
power. 

High 

7 Dimensions Play Area (L x W):  
4’ x 2’ 
 
Overall (L x W x H): 
4.5’ x 2.5’ x 27.5” - 36” 

We have decided to use the 
regulation size of beer pong 
tables, with length scaled down 
to half. Height is allowed to vary. 
Extra space added outside of 
the play area for laser sensors. 

Mid 

8 PCB Area 4” x 4” Reserved space for necessary 
electrical components. 

Low 

9 Weight 20 - 30 lbs. Low overall weight for portability 
& convenience. 

Low 
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These microcontroller specifications were based on the Arduino UNO, an 
affordable and beginner friendly board for electronics and coding that doesn’t sacrifice 
processing power or memory space. As a widely used and well-documented product, it 
seemed a good reference to use when considering which MCU(s) we will implement into 
our design. Other considerations include the MSP430 family of microcontrollers from 
Texas Instruments, which often include a high GPIO pin count. This feature will be 
necessary for input from the laser grid. 
 
 The positioning of the laser grid should be carefully measured so that they are able 
to accurately detect ball movement around the play area. This is necessary for many of 
the game functions we plan to incorporate. The dimensions of the balls that will be used 
are provided by the World Series of Beer Pong (listed in Section 2.3), so we are able to 
account for their size when designing the light curtain. Additional table space outside of 
the play area will also be needed to host the light curtain, as well as any other peripherals 
we choose to include. 
 
 Ideally, our final product should be low-power. However, due to the implementation 
of several laser and LED devices, we may need to draw power from a local outlet rather 
than from a battery-powered source. This means we will need an AC to DC converter that 
can transform the standard 120 VAC from an outlet to around 12 VDC for our devices to 
function. A voltage regulator may also need to be considered for the MCU and other 
controllers. Preferably, the table should consume no more than 50 W when operating. This 
value was determined with respect to other common household appliances. 
 
 Other requirements include the physical dimensions and weight of the project. The 
play area for beer pong will use the regulations provided by the WSOBP as a baseline, 
scaled down to half-length. The overall height of the table is allowed to vary, somewhere 
between 27” to 36”. Overall weight is subject to change as the design develops, but 
portability and convenience should be kept in mind. 
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2.4. List of Known Constraints 
 
Physical Constraints (Based on Official Beer Pong Tournament Rules from the World 
Series of Beer Pong) 

● Table: 8’ x 2’ x 27.5” (L x W x H) 
● Balls: 40 mm (Diameter) 
● Cups: 

○ Top width: 3 ⅝” 
○ Height: 4 ⅝” 
○ Base width: 2 ¼” 
○ To be filled ⅓ - ½ with water 

 
The World Series of Beer Pong (WSOBP) is one of the largest and longest-running 

officiated beer pong tournament organizers. They have publicly provided official rulings 
for almost all aspects of how they host beer pong games, keeping in mind fairness to all 
players, efficiency, and minimal disputes. These rulings are a perfect guideline to follow 
for the sake of our own design choices, as well as to make our final product potentially 
tournament legal. As seen in the list of constraints above, WSOBP has specified physical 
dimensions of each major component necessary to play beer pong, including the table, 
balls, and cups. These dimensions will be closely followed as a baseline so that the design 
of our laser array, LED display, etc. all are able to function on the same table. 

 
Other Constraints to Consider: 
 

● Accessibility 
 

With accessibility as the overall objective, this project should consider design 
choices to facilitate a barrier-free environment and allow for all people to be entertained 
and have an enjoyable experience. Considerations such as adjustable height, controllable 
LEDs, additional audio/visual peripherals, and so on should be discussed and weighted 
just as equally as any other design choice. The Accessibility for the Disabled: A Design 
Manual for a Barrier Free Environment, provided by the United Nations, documents 
several helpful measurements that can be used when determining the spaces people will 
occupy while using this table. 
 

● Environmental 
 

The most important consideration here is protecting all primary components of the 
design from spillage of cup liquids. Keeping this in mind, we will be following the IEC 60529 
ingress protection (IP) rating system, which grades the resistance of an enclosure against 
the intrusion of dust or liquids. These ratings are widely used throughout the industry and 
will help us create a design that is protected from errors caused by environmental factors. 
A rating of IP54 (dust-protected, protected against splashing water) is reasonably 
achievable for the purposes of this project. 
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● Health and Safety 
 

Lasers can be more harmful to our eyes than many expect, so it will be important 
to consider safety measures when designing a product that relies heavily on the use of 
lasers. The ANSI Z136.1 provides guidance for the safe use of lasers and laser systems 
that operate at wavelengths between 180 nm and 1000 m by defining certain control 
measures. These recommendation guidelines will be considered when choosing the 
specific model of laser we will use. 
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2.5. Project Block Diagram 
 

 
Figure 4: Project Block Diagram with Distribution of Labor 
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2.6. Budget 
 

The budget for our project is aimed to incentivize low cost solutions for our desired 
outcomes, but will not be allowed to drastically alter the overall systems performance. The 
funding for our project is currently solely the responsibility of our group, since we do not 
currently have a sponsor.  The table below is an estimate of the overall cost of the project 
as we have derived so far.  This will be updated as the research for the project continues 
and issues or new ideas are found. 
 

Table 2: Estimated Cost by Component(s) 

Item Description Quantity Total Estimated Cost 

Photoelectric Tx/Rx 
Device 

~54 per Tx/Rx $250 

LED strip 648 LEDs (5 strips) $100 

Table Construction 
Materials 

N/A $200 

Microcontroller 1 $10 

PCB/Misc Electronics 1 $150 

Total  $710 
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 2.7. Project Milestones 
Table 3: Projected Milestones for Both Semesters of Senior Design 

Task Duration Status 

Senior Design 1 

Brainstorming May 23rd - 30th Complete 

Project Selection May 30th Complete 

Initial Documentation - 
Divide and Conquer 
Document 

May 30th - June 2nd In Progress 

Research Component 
List 

June 5th - June 16th Researching 

Prototype and Proof June 7th - June 30th Not Started 

Chapter 3 Draft June 7th - June 16th Researching 

Chapters 4 and 5 Draft June 16th - June 23rd Researching 

60 Page Document By June 30th In Progress 

Schematic Capture By July 7th Not Started 

Bill of Materials By July 7th Researching 

Chapter 6 Draft and 
Finalize Design 

By July 14th Not Started 

Chapter 7 Draft and 
Order PCB 

By July 14th Not Started 

Complete Final Report By July 25th In Progress 

Senior Design 2 

PCB Assembly TBD TBD 

Testing and Redesign TBD TBD 

PCB Assembly TBD TBD 

Testing TBD TBD 

Final Presentation TBD TBD 
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2.8. Marketing and Engineering Requirements 
 
 We will need to make our product accessible to all consumers. By determining the 
customer needs and the priority of each need, we can create our product to meet the most 
important customer needs. For our laser pong table, we have determined that customers 
will require the table to be easy to operate, reliable, low cost, and visually interesting. 
Some lower priority needs would be ease of transportation and portability. Our group will 
use these customer needs to guide us in the design and development of the laser pong 
table. 
 

 
Figure 5: House of Quality Diagram 
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Appendix B - Copyright 
 We hereby declare that we have not copied more than 7 pages from the Large 
Language Model (LLM). We have utilized LLM for drafting purposes. 
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