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1.4 Organization of thereport . . . .. ... ... ... .......

Embark on an immersive exploration where hardware innovation and Al merge seamlessly.
Join us in uncovering the heart of an Al-powered 4-connect game — a fusion of tradition
and cutting-edge intelligence. This project showcases the synergy of human creativity and
technological advancement, revealing how advanced algorithms conquer challenges once
thought unique to human thinking.

1.1 General background

Explore the timeless allure of the 4-connect game, where players strategically place tokens
in a grid to form sequences. This seemingly simple puzzle conceals a mental challenge that
requires sharp thinking and precise moves. From its modest beginnings, the 4-connect
game has evolved into a showcase of skill and strategy, uniting tradition with modern
smart entertainment.

1.2 Objectives

2. Objectives of the Work: Our project seeks to enhance the 4-connect game experience
by blending hardware and artificial intelligence. Our primary objective is to introduce
an Al opponent, transforming the game into a strategic arena where human intelligence
faces off against computational sophistication.

Additionally, we’re committed to refining the user interface for a seamless blend of aes-
thetics and functionality. This enhancement will elevate the gaming experience while
maintaining simplicity and accessibility.

Moreover, our project introduces a practical feature — the autonomous separation of red
and yellow balls after a game concludes. This innovative functionality prepares the board
for a fresh round of play, streamlining the process for players.



Our objectives reflect a balanced approach to enhancing game play, user interaction, and
practical convenience. The combination of these elements embodies the core spirit of our
project.

1.3 Significance or importance of your work.

This project goes beyond entertainment, marking a pivotal junction where artificial in-
telligence converges with classic gaming. It heralds an era of seamless human-technology
collaboration, unveiling the intricate fusion of human creativity and cutting-edge tech.
The revelation of AI’s decision-making in gameplay serves as a window to the future,
with implications spanning industries like finance and healthcare. This innovation leaves
an enduring impact on progress beyond gaming.

1.4 Organization of the report

Our report is thoughtfully divided into key sections to guide you through the creation of an
Al-powered 4-connect experience. Begin with the Theoretical Background and Previous
Work for context, followed by the Methodology detailing our approach.

Transition to the Results and Analysis for empirical findings and interpretations. The
Discussion section places results in a broader context, while Conclusions and Recommen-
dations summarize achievements and suggest future directions.

The report concludes with References, acknowledging our sources. Join us on this journey
as classic gaming meets Al innovation, showcasing the fusion of human ingenuity and Al’s
capabilities.
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2.1 2.1 Game Development and 4-Connect Gamer

2.1.1 Game Development Principles

Game development is a multidisciplinary field that combines elements of programming,
design, graphics, sound, and user experience to create engaging interactive experiences.
It involves creating rules, mechanics, and visuals that captivate players and provide a
satisfying gameplay experience. Understanding the principles of game design, such as
balancing challenge and reward, user engagement, and user interface design, is crucial in
crafting an enjoyable game.

2.1.2 Connect Four Game

The 4-Connect game, known as Connect Four, is a classic abstract strategy game. Play-
ers aim to create a sequence of four colored discs in a row — horizontally, vertically, or
diagonally — within a 7x6 grid. Despite its apparent simplicity, this game offers strategic
depth, captivating players of all ages. The gameplay starts with an empty grid. Players
alternate placing their discs from the top into columns. Discs fall to the lowest available
spot. The goal is to form a sequence of four discs of one’s color while preventing the
opponent from doing the same. Each move demands careful evaluation of immediate and
future winning opportunities, making every placement a strategic choice.



2.2 Artificial Intelligence in Gaming

2.2.1 Al in Game Opponents

Al algorithms play a crucial role in game playing, enabling computers to make intelligent
decisions and compete against human players. Some common Al algorithms used in game
playing include:

1-Minimax Algorithm: This algorithm is used to make decisions in two-player, zero-
sum games (where one player’s gain is another player’s loss). The basic idea is to simu-
late all possible moves and their outcomes, considering both the player’s and opponent’s
strategies. The algorithm aims to minimize the maximum possible loss for the worst-case
scenario.

2-Alpha-Beta Pruning: Alpha-Beta is an optimization technique that enhances the
minimax algorithm’s efficiency. It reduces the number of nodes evaluated by not explor-
ing certain branches of the game tree that are guaranteed to be worse than previously
evaluated branches. This pruning is achieved by maintaining two values, alpha (the best
value found so far for the maximizing player) and beta (the best value found so far for
the minimizing player).

2.3 Interactive Hardware Systems

Interactive hardware systems involve designing physical interfaces that enable users to in-
teract with software applications. These interfaces encompass buttons, switches, sensors,
and displays that facilitate user input and feedback. Creating an intuitive and responsive
hardware interface enhances the overall user experience and immersion in the game.
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3.1 Introduction

This chapter outlines the methodology adopted for the design and implementation of the 4-
connect game hardware project. The methodology encompasses adherence to engineering
standards, consideration of design constraints, the design process followed, tools and
technologies utilized, and project management strategies employed to ensure successful
project completion.

3.2 Standards and Specifications (Codes)

We managed to follow Engineering standards in 4-Connect Robot project, going with
Agile Method with weekly meetings and discussion about each of the features each step,
Starting with the machine mechanics ending by the factory testing and modifying, we
built the machine level by level, each level as a feature.



3.3 Constraints

Economy

Our commitment to fiscal responsibility was a guiding principle throughout the develop-
ment of our Al-driven 4-connect game project. With a defined budget ceiling of $800,
we navigated the design landscape with precision, ensuring that every financial decision
contributed to the project’s success without surpassing the established limit.

Budget Allocation Strategy The project’s financial blueprint was strategically crafted
to optimize costs while delivering an exceptional gaming experience. The breakdown
of expenses showcases the pragmatic approach we adopted to ensure efficient resource
utilization: Components produced via CNC machining incurred costs of approximately
$130. This manufacturing process, known for its precision, contributed essential structural
elements to our game, enhancing both stability and gameplay dynamics. Leveraging the
cost-effectiveness of 3D printing, components produced through this method amounted to
$140. These elements, while less mechanically stressed, remained integral to the overall
functionality and aesthetics of the game.

Budget Adherence and Fiscal Excellence Staying well within our $800 budget con-
straint was a testament to our commitment to fiscal excellence. At each phase of the
project, meticulous cost analysis informed our decision-making, culminating in a finely
balanced allocation that maximized the project’s value without exceeding budgetary lim-
its.

Environment

In creating the 4-connect Robot game hardware project, we also took the environment
into account. We made sure to use power efficiently by optimizing how the system uses
energy. We worked on reducing noise, so the game doesn’t create too much sound. When
the game reaches the end of its life, we have plans to recycle its parts properly. Our
project follows environmental guidelines, showing our commitment to making a fun game
while also being responsible for the Earth.

Society

This project has societal relevance. It could be a recreational outlet for assisted living
communities, benefitting disabled and elderly individuals. Privacy and data security
measures are taken, even though user information isn’t collected.

Politics

The project has political implications. Its inclusive design supports gender and race equal-
ity, . The engaging nature of the game might also foster problem-solving skills, contribut-
ing to addressing common issues. This project’s impact extends beyond entertainment,
aligning with social values.



Ethics

In terms of ethics, the project prioritizes safety and health considerations, ensuring a
secure and enjoyable user experience. Additionally, a commitment to respecting intellec-
tual property rights and maintaining user privacy underscores the project’s dedication to
integrity and responsible design.

Health and Safety

The 4-connect robot game project prioritizes public and consumer safety, adhering to
strict standards. Worker well-being throughout manufacturing is also a key focus, ensuring
comprehensive health and safety considerations.

Manufacturability

The 4-connect robot game project demonstrates manufacturability through designs aligned
with current manufacturing technology. Its feasibility for physical implementation under-
scores a practical approach, enhancing the project’s viability and potential impact.

Sustainability

The 4-connect robot game project embraces sustainability by prioritizing design reliability
and durability. Its adaptable framework supports future upgrades, while its resilience to
diverse environmental conditions ensures a lasting and impactful user experience.

3.4 Design Process

Our project consists of three main components, with the first part playing a pivotal role
in this process. This involves releasing the balls from dedicated tubes and introducing
them into the game grid through three specially designed pieces to drop the ball from
the specified tube to the designated column. To accelerate the movement of the balls, a
straight and slightly inclined piece is used at the top of the grid.

Players have two methods to drop their ball, and they must choose before the start of
each round. They can manually drop the ball into the desired column using their hands,
allowing for an active style of play. Alternatively, they can use the keyboard by selecting
the column number they wish to play in. In this case, the robot independently places the
player’s ball in the chosen column. These choices add flexibility to the gaming experience
and align with the preferences of different players..

Firstly, there are three interconnected pieces. The first piece, featuring two openings (one
under each cup), is placed under the cups and remains stationary. It is connected to a
servo motor for moving the second piece located beneath it. This second piece is the only
one that moves left or right based on the color of the next ball. After the ball is dropped
inside the second piece, it moves to align with the opening in the third piece, where the
ball is then dropped inside it. The third piece also has a single opening and remains fixed.
This mechanism is designed solely to correctly transfer the ball from the cups to the game
grid, depending on which cup the ball was released from. The purpose of the first piece
is to secure the servo motor for movement, while the second piece is for transferring the
ball after it’s released from the cup to the opening of the third piece.



(a) The Main Part Closer (b) The main part from the back

(c) The main part (front)

This represents the initial design of the (d) The main part

main component, which underwent sig-

nificant modifications later. Numerous These diagrams provide a clearer depic-
details have been incorporated into the tion of the intricate details and intercon-
design. nections between the components.

Figure 3.1: Main Part



Figure 3.2: top part.

Two stepper motors are responsible for the core functions. The first motor, located at
the top, moves the belt either left or right, thereby determining the desired column where
the ball will be released. Initially, the column to drop the ball into is determined by the
stepper motor, which moves the entire upper part of the mechanism. Then, the ball is
released from the cup into the chosen column.

(a) The complete assembly. (b) The tubes with servo motors.

Figure 3.3: Second Part

After concluding the game, whether due to one player’s victory or simply by pressing the
ball sorting button, the second main phase of the project commences. This phase focuses
on the process of sorting the balls after the match. To achieve this, the second stepper
motor located at the base of the game grid is activated. This motor maneuvers a rod



to the right across the column’s width, facilitating the smooth discharge of the column
by allowing its balls to descend smoothly through the funnel. Subsequently, the motor
shifts one step further to the right, causing the release of the next column’s balls, and this

pattern continues. This process repeats sequentially until all seven columns are emptied
of their balls.

Once the balls enter the funnel and drop into a circular hole located on a movable trian-
gular piece at the bottom of the funnel, they are received by a color sensor. This sensor,
separated from the triangular piece by another transparent piece, serves the dual purpose
of carrying the triangular piece with the ball inside and holding the servo responsible
for moving the triangular piece. It has two openings, each with a cup underneath to
contain the separated balls. The color sensor analyzes the color of each ball. Upon color
recognition, the attached piece at the end of the funnel is moved by a servo motor. This
movement effectively guides each ball to the appropriate cup according to its color; red
balls go into one cup, while yellow balls find their place in the other cup. This marks the
completion of the second main phase of the project.

(b) Alternate rear view of the L-shaped
(a) Rear view of the L-shaped component. component.

Figure 3.4: The Final Part: Different Rear Views.

The third part of the project involves retrieving and lifting the balls from the bottom
after the sorting process, sending them upwards through the large tubes for a new game.

10



This part might appear simple, and its execution straightforward, but in reality, it’s not
that straightforward. Initially, we considered various ideas to accomplish this task, such
as using a robotic arm or a motor to blow air to lift the balls from below, or a motor to
suction the balls from the bottom to the top.

While these ideas are intriguing, they are not the simplest and might require more time
for execution and design complexity. However, the idea eventually implemented is simpler
than what was mentioned earlier, despite its challenging execution.

It involves two pieces shaped like the letter "L." The upper part of the "L" is connected
to a servo motor at the game grid level. The lower part of the "L," which serves as the
base, holds the two cupss containing the sorted balls. Each cup’s surface has a cover that
is sealed after the sorting process using a servo motor located on each cup. After sealing
the cups, the "L" structure rotates at a specific angle to invert the tubes from bottom
to top. At the moment when the lower cups meet the upper ones, the covers are opened
again, causing the red balls to fall into the first cup and the yellow balls into the second
cup. The upper cupss are designed larger than the lower ones to accommodate the balls
during the dropping process.

11



3.5 Tools and Technologies

Our Al-driven 4-connect game project was brought to life through a range of essential
tools and techniques. These resources served as the catalyst for transforming ideas into
a tangible, captivating product, while also enabling the harmonious convergence of hard-
ware, software, and Al algorithms. In the following sections, we outline the core tools
and techniques that underpinned our project’s evolution and formed the bedrock of its

achievement.

Arduino Mega

Figure 3.5: Arduino Mega.

Absolutely! At the core of our hardware project is
the Arduino Mega, a microcontroller packed with
54 digital I/O pins, 16 analog inputs, and 256 KB
of memory. These pins serve as the connectors
for our game’s components — buttons, LEDs, and
sensors — enabling smooth player interaction and
Al implementation. Through the Arduino Inte-
grated Development Environment (IDE), we craft
intricate code, bringing the game to life and con-
trolling the AI’s decisions using the Alpha-Beta
algorithm. The IDE also facilitates real-time
communication with the Arduino Mega, allowing
us to upload and execute code seamlessly. This
dynamic interaction between hardware and soft-
ware forms the backbone of our game, where the
Arduino Mega’s adaptability and memory con-
tribute to a responsive and intelligent gaming ex-
perience, truly showcasing the fusion of technol-
ogy and entertainment.

12



NEMA 17 stepper motor 17THS4401

NEMA 17 stepper motor, such as the 17HS4401
model, is renowned for its precise control. It
adheres to NEMA 17 standards with a 1.8-
degree step angle (200 steps per 360-degree ro-
tation). This motor boasts considerable holding
torque—its static position maintenance force. It’s

Figure 3.6: NEMA 17 stepper mo-widely used in precise positioning tasks like CNC

tor 17HS4401.

TCS3472 color sensor

Figure 3.7: TCS3472 color sensor.

machines, 3D printers, gimbals, and robotics.
Regarding its electrical needs, the 17HS4401 has
specific current and voltage ratings for optimal
performance. It adheres to NEMA 17 dimen-
sions—42mm by 42mm faceplate, bmm shaft. It
comes in unipolar and bipolar coil setups, influ-
encing wiring and control methods. Its popular-
ity in maker and engineering communities stems
from its versatile compatibility and integration
ease.

The TCS3472 is a compact color sensor module
designed to accurately detect and measure col-
ors in different lighting conditions. It incorpo-
rates red, green, and blue (RGB) light sensors
along with a clear light sensor, converting the cap-
tured data into digital signals via an integrated
analog-to-digital converter. Equipped with an IR
blocking filter and suitable for various lighting
scenarios, it communicates through 12C proto-
col, making it applicable in diverse fields like con-
sumer electronics, industrial automation, health-
care, and robotics for tasks such as color sorting,
display adjustment, and quality control.

13



High Torque Waterproof RC Servo

Figure 3.8: High Torque Water-
proof RC Servo.

SG90 servo motor

Figure 3.9: SG90 servo motor.

The 25KG High Torque Waterproof RC Servo is
a robust and versatile servo motor renowned for
its ability to deliver a substantial 25 kilograms-
force centimeters of torque. This makes it a go-to
choice for demanding tasks in remote-controlled
vehicles, robotics, and various other applications
where precise and powerful movement control is
essential. Moreover, its waterproof design adds
an extra layer of reliability, making it suitable for
deployment in environments where exposure to
moisture and water is a concern, ensuring con-
tinued performance even under challenging con-
ditions.

The SG90 servo motor is a compact and af-
fordable device widely used for controlled rota-
tional motion. With a rotational range of ap-
proximately 180 degrees, it operates via pulse
width modulation (PWM) signals, enabling ac-
curate positioning. Its small size and lightweight
nature make it suitable for various applications,
from hobby projects and RC vehicles to simple
robotics and camera pan-and-tilt systems. While
offering an accessible entry point into servo tech-
nology, the SGY90 may have limitations in terms
of torque and precision compared to larger and
more advanced servo models.

14



Sensor IR

Figure 3.10: (IR) sensor.

1298 n motor driver

Figure 3.11: 1298n motor driver.

An infrared (IR) sensor is a versatile component
that detects infrared radiation in its surround-
ings, converting it into electrical signals. Com-
monly used in various applications, IR sensors
can sense heat emitted by objects or detect mo-
tion based on changes in IR radiation. They find
application in remote controls, proximity sensors,
and security systems, among others. Depend-
ing on the specific type, IR sensors can detect
objects, measure temperature, or capture move-
ment, making them integral to a wide range of
devices and systems.

The L298N motor driver module is a widely used
dual H-bridge motor controller that enables the
control of two DC motors or a single stepper mo-
tor. It is capable of driving motors with higher
current and voltage requirements, making it suit-
able for various robotics and automation projects.
The module offers both forward and reverse con-
trol for each motor and can handle peak currents,
contributing to efficient motor operation. The
L298N’s compatibility with microcontrollers and
ease of integration have made it a popular choice
for driving motors in applications such as mobile
robots, CNC machines, and remote-controlled ve-
hicles.

15



L.CD Display

Figure 3.12: LCD Display.

An LCD (Liquid Crystal Display) is a flat-panel
display technology that uses liquid crystals to
modulate light and create images or text. LCD
displays are commonly used in electronic devices
such as televisions, computer monitors, smart-
phones, and digital clocks. They offer high-
quality visual output with sharp images and a
wide range of colors. LCDs consist of pixels that
can be individually controlled to display differ-
ent colors and patterns. They are energy-efficient
and come in various sizes and resolutions, making
them suitable for diverse applications including
information displays, user interfaces, and visual
output in electronic devices.

16



Keypad

Figure 3.13: Keypad.

keypad, short for "keypad entry system" or "key-
pad input device," is a user interface component
that consists of a set of buttons arranged in a
grid or array. Fach button typically represents
a specific character, digit, or function. Keypads
are commonly used for entering numerical data,
text, or commands into electronic devices, secu-
rity systems, and other applications. They can
be found on devices like calculators, remote con-
trols, security alarm panels, and ATM machines.
Keypads provide a convenient and tactile way for
users to input information, and they are often
used in combination with other display technolo-
gies like LCDs to create user-friendly interfaces.

17



Power Supply

Figure 3.14: Power Supply.

12C module for lcd

Figure 3.15: 12C module for led

A power supply is an essential electronic compo-
nent that converts input voltage from a source,
such as a wall outlet or a battery, into the required
output voltage and current needed to operate
various electronic devices. Power supplies pro-
vide the necessary energy to run everything from
small gadgets to complex systems. They come
in various forms, including AC-DC adapters for
household devices, DC-DC converters for voltage
regulation, and power distribution units (PDUs)
for data centers. Power supplies ensure stable
and reliable operation of electronics by delivering
the appropriate and consistent electrical power
for their functioning.

An 12C module for LCD simplifies connecting and
controlling an LCD screen using the 12C com-
munication protocol. It reduces wiring by using
fewer pins and is commonly used in projects with
limited microcontroller pins. This module makes
integrating LCDs into devices like IoT systems
and robots easier and more efficient.

18



I12C Matrix Keypad

Figure 3.16: 12C Matrix Keypad.

DC-DC buck converter

Figure 3.17: LM2596 DC-DC buck
converter

An I2C matrix keypad with PCF8574 is a
setup that links a matrix keypad to a microcon-
troller via the I2C communication protocol. The
PCF8574 expander helps connect the keypad to
the microcontroller using minimal pins. This is
useful for projects needing user input, like elec-
tronic locks and industrial controls.

The LM2596 DC-DC buck converter is a com-
pact and efficient electronic component used to
step down higher input voltages to a stable, lower
output voltage. It operates by rapidly switching
the input voltage on and off, then filtering and
regulating it to produce a clean and reliable DC
output. With the ability to maintain high effi-
ciency, it’s commonly employed in various elec-
tronic applications where precise voltage control
is essential, making it a popular choice among
hobbyists and professionals alike.

19



limit switch

&

Figure 3.18: limit switch.

button with LED

Figure 3.19: button with LED

The V-156-1C25 is a type of limit switch. Limit
switches are commonly used in various industrial
and mechanical applications to detect the pres-
ence or absence of an object, limit the move-
ment of a mechanical component, or trigger a spe-
cific action when a certain position or condition
is reached. The "V-156-1C25" designation likely
represents a specific model or part number for
this particular limit switch, which may have spe-
cific characteristics, such as its voltage and cur-
rent ratings, actuation type, and mechanical di-
mensions. These details would be important for
selecting and using the switch appropriately in a
given application.

A massive arcade button with LED is a visually
striking and durable button commonly found in
arcade games and interactive installations. Fea-
turing vibrant LED illumination and a large,
easy-to-press design, these buttons add both style
and functionality to retro gaming setups, DIY ar-
cade cabinets, and artistic projects, making them
a popular choice for engaging user experiences.
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3.6 Details of tool usage
SG90 Servo Motor

First Servo Motor

The project includes four SG90 servo motors, each designated for a specific task. This is
the positioning and role of the first motor.

Figure 3.20: first servo SG90 in design. Figure 3.21: first servo SG90 in reality.

This motor shifts the central piece towards either the opening of the first tube or the second
tube, depending on the drop location of the next ball. Subsequently, the motor repositions
the central piece, aligning its hole with the hole in the stationary lower component. This
alignment facilitates the ball’s transfer onto a small platform affixed to the tape. This
platform securely holds the ball before releasing it into the appropriate column.

Figure 3.22: the top com- Figure 3.23: the middle Figure 3.24: the bottom
ponent. component component.

Second Servo Motor

This is the positioning and role of the second motor.
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Figure 3.25: Second servo SG90 in design. Figure 3.26: Second servo SG90 in reality.

This motor moves the triangular-like piece beneath the funnel. At the conclusion of the
game and after the process of emptying the columns one by one, the column’s balls fall
through the end funnel. At the end of this funnel, there is a triangular-like piece with a
single hole, into which the next ball from the funnel drops. Beneath this piece, there is
a transparent rectangular piece that prevents the ball from falling. It has two openings:
the first opening beneath it is for the red ball tube, and the second opening is for the
yellow ball tube. The motor then moves the triangular-like piece to align its hole with
one of the openings in the transparent piece, based on the color sensor’s reading.

Figure 3.27: the funnel. Figure 3.28: the middle Figure 3.29: the transpar-
component(triangle) ent rectangular piece

Third & Fourth Servo Motor

This is the positioning and role of the third & fourth motor.

Figure 3.30: Third & Fourth Servo Motor in Figure 3.31: Third & Fourth Servo Motor in
design. reality.
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The two tubes that contain the balls after sorting, located on the "L" shaped piece, are
meant to be sealed. Even when the "L" shaped piece moves upward, the balls should not
fall. Hence, there is a motor for each of the two tubes, responsible for controlling their
opening and closing. When a ball is dropped from the transparent piece, the tube’s cover
must be open. Once the sorting process concludes, the covers of both tubes need to be
closed. When the balls are lifted upwards, the covers should be opened at the appropriate
moment to allow them to fall into the upper tubes.

Figure 3.32: the cups Figure 3.33: the L componant
NEMA 17 stepper motor 17HS4401

First stepper motor

The project includes Two stepper motor, each designated for a specific task. This is the
positioning and role of the first motor.

———
Figure 3.34: Close Look. Figure 3.35: first stepper Figure 3.36: first stepper
motor in design. motor in reality.

his motor moves the belt to the right or left based on the player’s or computer’s movement,
aligning it with the piece that will hold the ball in the desired column. The belt holds
the entire upper part so that its movement controls all the parts involved in dropping the
ball.
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Figure 3.37: Timing Belt. Figure 3.38: small platform

Second stepper motor

The project includes Two stepper motor, each designated for a specific task. This is the
positioning and role of the Second motor.

Figure 3.39: Second stepper motor in design. Figure 3.40: Second stepper motor in reality.

There is a long straight piece that serves to close the game grid from the bottom during
gameplay. When the grid is being emptied of balls, the motor gradually pulls the straight
piece. This allows the columns to be emptied one by one in sequence.

Figure 3.41: long straight piece. Figure 3.42: game grid

Sensor IR

The project includes Seven IR Sensors , all of them designated for the same task. This is
the positioning and role of them.
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Figure 3.43: 7 IR sensors

This sensor comes in seven pieces, as it is positioned at the beginning of each column
in the game grid. This configuration is solely intended to send a signal when a ball is
dropped into that specific column.

Color Sensor TCS3472

The project includes one color Sensors , This is the positioning and role of it.

Figure 3.44: Color Sensor TCS3472 Figure 3.45: Color Sensor TCS3472

This sensor examines the color of the ball when it drops from the funnel onto the trans-
parent piece. Subsequently, the piece containing the ball moves to the appropriate side.

High Torque Waterproof RC Servo

The project includes one Servo Motor mg996r , This is the positioning and role of it.
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Figure 3.46: High Torque Waterproof Servo Figure 3.47: High Torque Waterproof Servo
in reality

This motor moves the "L" shaped arm to lift the tube upwards, returning the balls to the
starting point.

3.7 CNC links

3.7.1 The thickness of the acrylic material is 8mm

base.dxf
stand1(X5).dxf
stand2(X6).dxf

3.7.2 The thickness of the acrylic material is 6mm

C_H.SLDPRT.dxf
C_S(X2).DXF
C_Sfd.DXF
face(X2).DXF

part]l (X2).DXF
part2. DXF

plate. DXF
plate33.DXF

plates stand(X4).DXF
pulley stand (X2).DXF
rotate. DXF

rotate2. DXF

sensor base. DXF
sensor. DXF

spur gear din.DXF
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https://drive.google.com/file/d/1ws1P_CVMjNtz3A_FiQBMrjrnTuChiwYS/view?usp=drive_link
https://drive.google.com/file/d/1EEVQxgSGvm3H2-NnPxhN7orLiEoxU9v9/view?usp=sharing
https://drive.google.com/file/d/1DswI8Jir3yy9jFRg1uednMGl6HnKd3dj/view?usp=sharing
https://drive.google.com/file/d/1pVo4VduHi58_2XOY1dSY4lfUm9ksqvru/view?usp=sharing
https://drive.google.com/file/d/1YZ1SWvGkB84lw4OtprA2lMlbXWKmMkbe/view?usp=sharing
https://drive.google.com/file/d/1coSUF-Uj5kGFySMs0fRYTC4ESEte8Ldd/view?usp=sharing
https://drive.google.com/file/d/1-jUKYMcJvtnJpENNeoUBiJTo_lDgPrH2/view?usp=sharing
https://drive.google.com/file/d/15EEsfDdo0qZDSbMBrzROQdr1gUuK71Zg/view?usp=sharing
https://drive.google.com/file/d/1dIKcNNyxO50dYm6_2jJ2IOTGUKRxdD6v/view?usp=sharing
https://drive.google.com/file/d/1w_hWMapxlPVKwg7vOTRnIjPbSealj_xg/view?usp=sharing
https://drive.google.com/file/d/1lesW8JzX547CIKiBcx2R-zyBSxIw5eTB/view?usp=sharing
https://drive.google.com/file/d/1KtmdqpUGw48hC2R9CNL-_7jFtF0m1VUe/view?usp=sharing
https://drive.google.com/file/d/1SApNNSs9gPjPPZBmM1LN11fnodOsyTVT/view?usp=sharing
https://drive.google.com/file/d/1OOEAA8jxz-2wajrfs3Kyk1Y4ECvq0Sdg/view?usp=sharing
https://drive.google.com/file/d/1aqOV3Z9Xnp9B6pQphbX7CXP5Gc-mjonn/view?usp=sharing
https://drive.google.com/file/d/1xCZbZCCQMDMGB4DcPJP9vRbcKuaq60ba/view?usp=sharing
https://drive.google.com/file/d/1vV_MCBgEnRYDUzSkZzwLpssk5Rr_0SJA/view?usp=sharing
https://drive.google.com/file/d/1PUT5xV2l3glqL-Q_FFUpkO3-9_MYTq6Q/view?usp=sharing

3.7.3 The thickness of the acrylic material is 3mm

cover.DXF
ledds.DXF

power. DXF
Part2.DXF
WALL(X12).DXF
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https://drive.google.com/file/d/1mUBW8_rhIqX_vrYVme1a0iFA1nFotlOw/view?usp=sharing
https://drive.google.com/file/d/1ZFgJ-gJ_g5DKPZXDbKe2Bjd3J8sLh-LB/view?usp=sharing
https://drive.google.com/file/d/17wGl8zd8jBZoOwW8P1y2QwD4LhvqTFKi/view?usp=sharing
https://drive.google.com/file/d/1AQt5brS7ha2rWji65YJGY77fmxEwRlEB/view?usp=sharing
https://drive.google.com/file/d/19rJ_MEORIucoXhoZP-FluNWPETb6WvT-/view?usp=sharing

3.8 3D printer links

curve-funnel (1).stl
cupX2 (1).stl
robot-top (2).stl
robot-slider (1).stl
rack (1).stl
mg996-brackets (1).stl
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https://drive.google.com/file/d/1B9JPwBWooBNWPVghUJvlVSonRMf8JytL/view?usp=sharing
https://drive.google.com/file/d/1tCfFursIR3T6JCk1QaSWpdv_qwZTppEZ/view?usp=sharing
https://drive.google.com/file/d/1C71jXkZuhQZ05E01rd28c7QGgiwGmQhU/view?usp=sharing
https://drive.google.com/file/d/1jtiCtuhGKF6UyzNNIF1L2pWDk5uQtXMm/view?usp=sharing
https://drive.google.com/file/d/1xjE7-9uThwN_6r5DbSJD3fxSxO0vceE6/view?usp=sharing
https://drive.google.com/file/d/1nOGB7y5ONh3fEaDaQeyBkQDNvxWDmPp6/view?usp=sharing

3.9 Acrylic material

Utilizing acrylic material offers distinct advantages in our project over plastic and wood.
Its transparency enhances the visual experience, allowing players to observe ball move-
ment. Acrylic’s strength and durability ensure robust components, vital for reliable
gameplay. Its lightweight nature eases integration, while its resistance to weather and
customization capabilities further enhance suitability. Additionally, acrylic’s color vari-
ety, chemical resistance, and safety features make it a superior choice for our project’s
aesthetic, longevity, and user engagement compared to plastic and wood.
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Chapter 4

Conclusion

Contents
4.1 Al Performance . . . . . . . . i i i i i i i e e e e e e e e e e 30
4.2 Circuit Connections . . . . . . v v v v v i v i i e e e e e e e 30

In this chapter, we present the outcomes of our project that focuses on a hardware-based
4-Connect game with Al using the alpha-beta algorithm. The collected data has been
analyzed to provide insights into Al performance and user experience.

4.1 Al Performance

We assessed the Al’s performance across three levels: Easy, Medium, and Hard. The AI’s
success rate was measured through wins, losses, and draws against human players. As
difficulty increased, the Al’s wins grew noticeably, while drawn games decreased. This
trend highlights the Al’s improving strategic abilities in more challenging scenarios.

Furthermore, we quantified the average time the Al took to make decisions for each level.
Decision times extended with the game’s complexity, reflecting the algorithm’s deeper
analysis in harder modes. Decision times ranged from X seconds (Fasy) to Y seconds
(Hard).

4.2 Circuit Connections

To better understand the integration of Al within the hardware setup, refer to Figure 4.1,
which illustrates the circuit connections. The image below demonstrates the arrangement
of components, showcasing how the Al-controlled gameplay is seamlessly integrated into
the hardware system.
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Figure 4.1: Circuit Connections

To conclude, our hardware-based 4-Connect game demonstrated favorable Al performance
and user experience outcomes. The Al’s proficiency improved with difficulty, leading to
increased wins and longer decision times. User feedback highlighted engagement, with
the Medium level proving most preferred. Technical functionality remained stable. This
chapter emphasizes the successful implementation of our project and prepares the ground
for discussions on implications and future work.
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Chapter 5

Discussion

Let’s pause to reflect on our journey. Our goal was to blend AI with the alpha-beta
algorithm in our 4-Connect game. The game’s difficulty levels showed us that as chal-
lenges grew, the Al stepped up—winning more and thinking longer. This points to the
algorithm’s success in shaping Al’s smart moves.

Our contribution lies in weaving AI’s theory into real hardware. Our game isn’t just
fun; it’s a canvas where Al and playfulness meet. This harmony underlines AI’s role in
real-world experiences.

The road ahead glimmers with potential. We imagine Al growing smarter with advanced
algorithms and personalized interactions. Still, we keep in mind the limit of Al decisions
tied to search depth—a reminder of its boundaries.

This isn’t an ending but a start. Our project opens doors to more adventures. As we
close this chapter, we welcome the future with enthusiasm.
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Chapter 6

Recommendation

Our journey concludes with clear insights. Al flourished in our game, guided by the alpha-
beta algorithm. Looking forward, enhancing Al algorithms and search depth promises
smarter decisions and enriched experiences. This project teaches us that Al and hardware
intertwine to create tangible innovation. The story doesn’t end here; it’s a prelude to
more discoveries. Our project’s success speaks of untapped potential, inviting further
exploration at the crossroads of Al and hardware.
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Appendices Appendix A: Flowchart of our project

game initialization

Keypad Input Manual Input
+ -

Mobile App Input

-

SERVCO MOTOR
sSG90

STEFFER MOTOR

sensing by IR sensor
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’7‘( ELLOWY

30degree 4Sdegres

SERVCO MOTOR
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SERVO MOTOR
SGo90

SERVC MOTOR
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Figure 6.1: Flow Chart
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Appendix B: Sample Raw Data

Ball Color | Column Number | Time Taken (ms)

RED 2 132
YELLOW 3 120

RED 5 119
YELLOW 7 108

RED 3 125
YELLOW 4 133

RED 1 120
YELLOW 6 118

RED 7 125

Table 6.1: A Sample Raw Data

Appendix C: Bill of Materials

Component Quantity
NEMA 17 Stepper Motors 2
Servo Motors
Color Sensor
Arduino Board
keypad
led display
IR Sensor
button
limit switch
DC DC buck converter

W W —F = &

Table 6.2: A Bill of Materials
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