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Introduction and Background  

The purpose of this project to build an intelligent robot that implemented in tic tac 

toe games. This robot will understand the rules and ways to play the game and make 

every decision based on the intelligence of itself. To test the intelligence of this robot, 

the opponent must be a human. This project is primarily focused on the feasibility of a 

AI-based game playing system, and if one can be created cheaply.  

In designing the Terminator, each EE group member brought forward an original 

drawing of how they think the system should be designed. Of these designs, the team 

decided to narrow down selection to just two designs for which the Terminator may be 

based upon. From these top two designs, the group weighed their options using a 

design matrix in order to tell, by scores, which design would be followed. Every drawing 

and idea had its own pros and cons, so, instead of just choosing one single design, the 

team found ways to incorporate ideas and concepts from each other’s designs to make 

one final design. 

Cost  

The parts required for the Arms assembly average at around $40 each. The 

Robotic Arm Edge, which is the base structure costs $40, while the Raspberry Pi is 

$49.99. The webcam for OpenCV costed $29.99. Total cost is vastly cheaper than 

expected.  
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Problem Statement  

To design, build and integrate the elements of an autonomous robotic system 

that plays Tic -Tac -Toe on a 3 by 3 grid.  

Long Term Goal  

To develop an autonomous tic-tac-toe playing robot that competes against a 

human opponent.  

2018-2019 Year Goal  

To program the Raspberry Pi to give the capability to recognize 3x3 tic tac toe grid. 

We intend to produce an AI robot using mainly existing components such as the 

Robotic Arm Edge, the Raspberry Pi, the Arduino, and a circuit-board camera 

compatible with the Raspberry Pi. All the components interface with each other using 

OpenCV and Python.  

Design Requirements   

There are essential, proposed vision related, energy/power/environmental, size & 

weight, and gameplay requirements. 

Essential Requirements: 

The robot must have a perception of the environment, the capability to evaluate 

moves based on the state of the board, know the rules of tic tac toe, the ability to grip tic 

tac toe pieces(1-4 cm in width), and reach every location in playing space.  

Proposed Vision Related Requirements: 
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The camera stand shall be 18 cm above the game board, while not weighing 

more than 1Kg and being manufactured at Howard University.  

Energy, Power, & Environmental Requirements: 

The robot must be powered by 9V batteries.  

Size & Weight Requirements: 

The robot arm should weigh less than 1Kg, while the camera stand and board 

should weigh no more than 2Kg.  

Gameplay (Control) Requirements:  

Execution of play should take less than 20 seconds, while stabling motion with 

minimal or no vibrations/oscillations. 

Standards & Regulations: 

The robotic arm must comply with OSHA 29 CFR 1910.333 (selection and use of 

work practices) and OSHA OSHA 29 CFR 1910.147 (the control of hazardous energy) 

Solution Design: 

4 



 

Solution Design Description  

The team agreed on the top design where, the power supply 100 provides power 

to the initial system in order to power the robot arm 101, camera 102, driver-vehicle 

interface 104, and raspberry pi 106. The raspberry pi 106 offers the algorithm to the 

system for playing tic tac toe. The user interacts with the driver-vehicle interface 104 to 

decide who goes first, the human or robot arm 101. This information is taken in by the 

raspberry pi 106 and if the human chooses to go first then the algorithm proceeds to 

begin the movement of the arm 101 after it recognizes the human’s turn. If the human 

chooses to let the robot go first, then the algorithm activates the robot’s turn. The 

algorithm then continues to allow the player to play against the robot arm in a 

competitive game of tic tac toe, where the robot arm 101 uses a grip method to 

physically pick-up and drop its pieces to the desired position in the game. Reed sensors 
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are used under the board to help identify which spaces are open and which are used. 

After each piece is placed, the camera 102 sees where the piece has been placed and 

signifies the owner of that space on the board 105. When three of the same pieces have 

been recognized in a horizontal, diagonal, or vertical fashion, the camera 102 

recognizes this, and the system denounces the winner. If players have filled the board 

with no recognition of three-in-a-row, the system calls a tie. 

 

 

 

 

Project Implementation Plan 
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Project Implementation Progress 

Team Terminator achieved the 2018-2019 academic year goal and then some. 

The Raspberry Pi camera is 100% capable of sensing the game board and correctly 

playing tic tac toe, while adapting to real in game situations.  

 

 

 

 

 

 

Assembled Terminator Arm  

 

Tic Tac Toe Algorithm Being Executed in Terminal 
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Python Tic Tac Toe Code 
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Python Image Processing Code  
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Conclusion  
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A significant amount of knowledge has been gained from this project. Specifically 

when it comes to the creation of a physical prototype. The ability to move from idea to 

functional prototype is invaluable to the thousands of companies based in the US. The 

project also gave experience on presenting/demos, which are required to drive an 

engineer’s inventions.First of all, it helped us in managing a project and sharing the load 

of work. Secondly, it showed that simple but well adapted algorithms are often more 

efficient than more general and complex ones. Lastly, it gave us the opportunity to work 

at the interface between three related disciplines: Artificial Intelligence, Vision and 

Robotics, which lead to very interesting issues when studied together. This project is 

definitely one that can be continued and will be viewed as enjoyable by VIP participants.  
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