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Executive Summary

The project was born to start a vertically integrated project that would seek to create a Al-based
game-playing robot for a fraction of the price of the expected cost. It had been observed that
there are many libraries in existence to help with the creation of Al, specifically in our case

Tensorflow, Minimax Algorithms and OpenCV (for Vision).
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I ntroduction and Background

The purpose of this project to build an intelligent robot that implemented in tic tac toe
games. Thisrobot 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 Al-based game playing system,
and if one can be created cheaply.

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.



Problem Statement

Our problem statement verbatim is“ I sit possible to create an Al Robot capable of

playing games in the physical space for cheap?”

We intend to produce an Al robot using mainly existing components such as the Robotic
Arm Edge, the Raspberry Pi, the Arduino, and a circuit-board camera compatible with the

Arduino. All the components interface with each other using OpenCV and C++.

Current Status of Art

A paper based on this project was presented at the International Conference on Computer
Vision and Robotics 2012 held at Bhubaneswar, India. There is no machine learning component

in this device. It uses a brute force algorithm to compete.

Design Requirements

The arm has to be able to see the entire board before and after moves. The arm hasto be

cheap and capable of moving pieces independently.

Design Solution

Asfar asthe physical arm goes, our design intends to use the Robotic Arm Edge.



Figure0.1

The Raspberry Pi has adigital pin structure represented by the following map:
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Figure0.2

The Arduino Uno has adigital pin structure represented by the following map:



ARDUINO PIN  MICROCONTROLLER PIN

MCU : Atmega 328 0 PDO(RXD)
Input voltage : 7v-12V 1 - PDL(TXD)
Operating voltage : 5V 2 - PD2{INTO)
3 - PD3(INT1)
4 =] PD4
Digital 10/PWM 5 = PD5
EEPROM : 1KE 6 - PD6
SRAM : 7 - PD7
Flash : 8 = PBO
UART: 1 9 = PB1
USB: ¢ 10 2 PB2(SS')
1 2 PR3(MOSI)
12 = PRA(MISO)
13 , PBS(SCK)
A0 = PCO
Al = PC1
A2 3 pPC2
A3 i PC3
A4 i PC4(SDA)
AS - pCs(sct)

Figure0.3

Assembled Arm before controllers added:

Figure0.4



Project’s Final Goal and Deliverable

This project’ sfinal goal isto create a perfectly functioning arm capable of playing a
human opponent in avariety of board games in the physical world. The arm should be cheap and

feasible to assemble.
Project’s Spring 2018 Target Goal

To create a perfectly functioning arm capable of playing a human opponent in tic-tac-toe
in the physical world. The arm should be cheap and feasible to assemble.

I mplementation, Testing and Evaluation

The first step was to assemble the arm and mount the camera. Then to wire the system
together. Afterwards the next step was to develop a MiniMax algorithm to use recursive machine
learning to defeat the human opponent. Then OpenCV was used to feed in real-time data to
algorithm to determine where the board is and where pieces are located. (Pieces are required to
be in frame) The last modify MiniMax Algorithm to use the arm and OpenCV events instead of
console for game output. We were able to completely assemble everything and code the minimax
algorithm to completion. The final steps to be finished to complete the interface between

components, OpenCV -based recognition and the piece moving functions.

Figure 0.5



Conclusion

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 usin 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: Artificia
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.

Figure 0.6

Recommendation for Futurework

To complete the interfacing between components, game recognition and porting over the
MiniMax agorithm to function with the external components instead of the console. After the

final step would be improving to be able to play additional games, mainly Chess.
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play.cpp

Binclude <lostream>
Binclude “game.h”

using namespace std;
int main() {
Game tictacloe;

tictactoe.play();
return 8;
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