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Abstract 

 

Artificial Intelligence is becoming one of the most crucial fields of study in the world. One of the 

applications is building a game AI that can defeat humans like AlphaGo in 2017. In this project, 

a fully automated Connect Four AI will be built to play with humans physically. To accomplish 

this target, a mobile application and a fine-tuned robotic arm will be delivered. The mobile 

application will capture and translate images to computer-readable data. Then data will be 

processed and the next optimal move will be sent to the robotic arm. The robotic arm will receive 

the command wirelessly and perform the action. When this project is complete, a fully automated 

Connect Four robot will be delivered and a ready-to-use library of Connect Four AI will be 

published. The project is in the initiation stage, many studies on components are still in progress. 

For instance, Android Studio, OpenCV, Alpha-Beta pruning algorithm and the Bluetooth 

Module. To get familiar with the tools, a prototype app will be developed for testing the control 

of the robotic arm. After that, the actual application will be developed and all the modules will 

be integrated. Despite the change in the development platform from React Native to Android 

Studio, the project is still currently on schedule. 
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1 Introduction 

This chapter will give an introduction to this progress report. First, the background of AI and a 

robotic arm will be introduced, followed by the game rule of Connect Four. Then, the motivation 

of the project and objectives will be discussed. After that, the report outline of the project will be 

mentioned in the last section. 

1.1 Background 

 

In May 2017, an AI player-AlphaGo defeated the best GO(Weiqi) human player-Ke Jie in the 

world [1]. In the past, GO was considered as one of the games that a computer could not beat 

human players attributed to its complexity. After the victory, people started to notice the 

potential of AI in strategic games. Despite the fact that AI gives fast and accurate results, human 

support is often needed to translate the calculation result into action. 

To automate the process of translating decisions into physical movement, a robotic arm can be 

used. Robotic arm was first invented for industrial use, mainly for replacing human work. The 

advantage of a robotic arm is that it could perform precise tasks repeatedly with less error 

compared to humans. However, the drawbacks of old robotic arms were that they can only 

follow programmed routines and cannot react responsively to real-time changes.  

With the aid of computer vision and AI, the problems of old robotic arms can be solved. To 

capture the real-time changes, a computer vision library called OpenCV can be put into use. 

After training, it can translate images into computer recognisable objects. Then, an AI algorithm 

will be able to compute results from real-time status and output complex decisions. Therefore, it 

is possible to build a responsive robotic arm that plays decision-making games against human 

players. 
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1.2 Game Introduction 

 

Connect Four [2] is a two-player connection board game published in 1974. To start the game, a 

vertical checkerboard that has seven-column and six-row is needed. Then, 21 red discs and 21 

yellow discs for two players will be prepared. Each player will take turns and put a disc into a 

vertical slot. If four or more discs can form a horizontal, vertical or diagonal line, that player will 

win the game (see Fig.1). However, if all discs have been placed but the victory criteria are not 

satisfied, then it is a draw situation. 

 

Fig.1 one of the winning situations, four red discs align diagonally 

1.3 Motivation 

 

Connect Four is a solved strategy game. The first player of the game has a winning strategy that 

is unbeatable. James Dow Allen and Victor Allis [3] developed the algorithm in 1988, which in 

theory an unbeatable AI can be built with their algorithm. Compared to unsolved games like 

chess, solved games are often less mentioned. In this project, questions for solved games will be 

answered. For instance, the efficiency of an AI compared to a human player. 

Capturing the checkerboard of Connect Four is a challenge in this project. For a checkerboard 

that is placed horizontally on the table, the mobile phone is kept at a fixed distance. Therefore, 

the distance is not a variable, static value can be used. In this project, the distance between the 

mobile phone and checkerboard is not fixed. Methods must be found to measure the distance for 

calibration. 

In addition, Connect Four is not as popular as other games such as chess and GO, libraries for 

Connect Four cannot be found directly. Libraries need to be developed for this project. It is 

hoped that the library can contribute to the solved game community.  

Lastly, the robot will be put in public places for people to play with when completed. It is hoped 

that the robot could serve educational and entertaining purposes. For instance, developing the 
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interest of students in the field of engineering, which is also one of the purposes of STEM 

education.  

1.4 Objective and Deliverable 

 

The purpose of this project is to build a Connect Four AI player that can play with human 

opponents.  

To fulfil this objective, the project will deliver the following: A mobile application and a fine-

tuned robotic arm. The mobile application will capture and translate images to computer-

readable data. The data will then be calculated and sent the next optimal move to the robotic arm. 

After receiving the move, the robotic arm will perform the move accordingly. The application 

should consist of a user-friendly interface and an optimised structure. The fine-tuned robotic arm 

should be able to perform the auto-home function and receive commands through the Bluetooth 

module. The whole playing process should be smooth and fast. 

With the mobile application and robotic arm completed, the project will deliver a fully 

functional, automated Connect Four AI player. As well as a Connect Four OpenCV library that is 

ready to use in the future. 

1.5 Report Outline 

 

The remaining part of the progress report will be as follows. Chapter 2 is in relation to the 

methodology of the project, explaining the tools and the approaches that will be used in this 

project. Chapter 3 will be the current status of the project, including the completed work. In 

addition, chapter 3 will include the difficulties encountered and the posited solutions. Finally, a 

summary of the future work and a schedule will be given in chapter 4. 
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2 Methodology 

 

In this chapter, the methodology of this project will be given. It consists of two parts. The first 

part will be concerning the approach to building the mobile application and the tools to be used. 

Then the second part will be in relation to fine-tuning the robotic arm. 

2.1 Mobile Application 

 

The mobile application can be divided into three parts, which includes capturing and analysing, 

calculating moves and UI/UX design. 

2.1.1 Capturing and Analysing 

 

The mobile application will access the camera module of the mobile phone. After obtaining the 

real-time image, the application will utilise the OpenCV library to process and perform image 

recognition. OpenCV [4] is an open-source library that allows everyone to utilize their pre-

trained neural network model for image classification. Without the help of the OpenCV library, 

the mobile application will not be able to perceive the checkerboard (see Fig.2) as the program 

cannot read the image directly and obtain computer-readable information. Therefore, the result in 

this part is critical. 

 
Fig.2 An example of checkerboard detection using OpenCV library 

2.1.2 Calculating Moves 

 

After obtaining computer-readable information, the mobile application will calculate the next 

best move and send the corresponding command to move the robotic arm. This project will 
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develop an algorithm based on James Dow Allen and Victor Allis’s paper. In their study, Alpha-

Beta pruning [5] was used to build the algorithm and this technique is commonly used in 

building many different chess robots. Alpha-Beta pruning algorithm can calculate the best next 

move (most rewarding move) by predicting a few steps that an opponent might perform (see 

Fig.3). The possible moves after certain steps will not be calculated, instead, they will be cut and 

replaced by a number. The advantages of this algorithm are that it is less demanding for 

processing power and memory, which is feasible for a mobile device to perform the task.  

 
Fig.3 An example of how the Alpha-Beta Pruning algorithm calculates the most rewarding 

number 

2.2 Robotic Arm 

 

In this project, the robotic arm will be provided by the project supervisor David Lee. However, 

modification and fine-tuning will be needed for the robotic arm. For this purpose, modelling 

software such as Autodesk, Solidworks will be used and parts will be printed by 3D printers.  

One of the modifications is replacing the gear of the robotic arm using stronger materials. From 

experience, the gear usually cracks after a week of utilisation. It is hoped that replacing the gear 

with stronger materials such as ABS or premium PLA could extend the lifespan.  

Another modification is related to the auto-home function of the robotic arm. Without manual 

operation, the robotic arm cannot return to the home position as the coordinates are undefined. 

Stoppers will be added at the different positions of the robotic arm, when the robotic arm 

performs self-calibration, it will hit the stoppers and send signals to the mobile application. The 

application will record the desired coordinates and move the arm to the home position. The 

whole calibration process will be fully automated. 
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Fig.4 The robotic arm cannot move to the desired starting state as no stoppers were installed 

 

 
Fig.5 Manually move the robotic arm to the desired starting state 
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3 Result and Discussion 

Upon the moment this progress report is written, the project is still in the initiation stage. 

Therefore, this part will be focusing on the research and decisions made so far. 

3.1 Current Status 

 

For the development platform of the mobile application, Android studio [6] will be used. At first, 

React Native was the target platform for the project because React Native app can be put on both 

IOS and Android devices. However, after doing research in React Native and consulting the 

project supervisor’s advice, Android Studio will be used instead. The reason is as follows, 

Android Studio has more ready-to-use modules such as the Bluetooth module.  

Compared to React Native, Android Studio Project has a simpler structure and is easier to learn. 

It is reasonable that the change is made, because the main objectives of this project are exploring 

computer vision and game algorithms, but not learning the usage of an advanced mobile 

application development platform. 

Currently, a prototype app is being developed. The purpose of this app is to connect and operate 

the robotic arm. Therefore, the user interface will not be a concern. 

Lastly, OpenCV, G-code and the Alpha-Beta pruning algorithm are currently under research. It is 

hoped that these components can be utilized very soon. 

3.2 Limitations and Difficulties  

 

Different limitations were encountered in this project. 

One of the main limitations of this project is the time for training. In this stage, personal 

computers were used to train the AI network model. Training is highly demanding of the 

processing power and it takes a long time for each training session. To mitigate this, future 

training sessions will be performed in the HKU GPU farm instead of personal computers. It is 

hoped that the time for training will be shortened as the computational power of the HKU GPU 

farm is incomparable with personal computers. 

Another limitation of this project is the access to high-quality 3D printers. To improve the 

existing robotic arm, gear will need to be reprinted. However, the quality of free-to-use 3D 
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printers at the Innovation Wing is not satisfactory. It is hoped that after seeking the approval of 

David, access to high-quality 3D printers will be granted. 
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4 Conclusion 

In this part, the progress and future work of the project will be summarized. Then the schedule of 

deliverables will be given. 

4.1 Future Work 

 

The project aims to build a Connect Four AI player by combining a mobile phone’s application 

and a robotic arm. Although the project is still in the initial stage, more work will be done in the 

future.  

A prototype application will be developed that can control the robotic arm. Then, a computer 

vision model will be trained and introduced into the application for analyzing the checkerboard. 

Meanwhile, the Alpha-Beta pruning algorithm will also be studied and developed. When all the 

components are ready, they will be integrated into the application for testing.  

The detailed schedule can be found in the below 4.2 Schedule. 
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4.2 Schedule 

 

Date Description 

December 2021 Finish the prototype app. 

Finish training the computer vision model. 

Finish building the alpha-beta pruning 

algorithm. 

January 2022 Write the interim report and integrate the 

mobile app with the robotic arm. 

Prepare the interim presentation. 

February 2022 Put the auto clean-up function into the app. 

March 2022 Finishing up the application and all related 

materials and start writing the Final Year 

Project report. 

April 2022 Deliver the final report and product. 

Table 1: Project schedule 
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