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[bookmark: _Toc55849588][bookmark: _Toc93092255]Abstract
Artificial Intelligence is a heavily invested technology, as nine out of 10 organisations invest in these [1]. Handwritten digit recognition is a popular area of research amongst Artificial Intelligence practitioners [2] The attraction of an automated system like this is due to the limitations of a human being able to understand all handwriting whereas, an automated application could be trained to [3]. This lies within the sub-field of Artificial Intelligence, known as image processing [4]. This essay aims to investigate AI thoroughly through reviewing existing research and applications of machine learning methods.


1. [bookmark: _Toc93092256]Introduction
The focal point of this essay is to research and investigate the concept of a computer being able to classify an image of a person’s handwriting. This is useful as it can be used in applications such as signature verification [5] [6] [7], or it could be utilised for street number recognition [8]. This assignment will focus within machine learning algorithms and the different types of algorithms that can be applied, for an application to gain the ability to recognise images from a chosen dataset. The dataset that is being utilised in this assignment is the Modified National Institute of Standards and Technology database, or more commonly abbreviated to the MNIST dataset. This is a dataset that combines a total of 70,000 images of handwriting. The assignment will discuss previous work done in this application field before explaining the chosen algorithms to apply to the dataset. 

   


2. [bookmark: _Toc93092257]Related Work 
To continue, handwriting is a richly researched topic within the field of Artificial Intelligence. It is within the sub-field of image processing and is used in a variety of application but there are still many problems that can be recognised within this area of study. The images itself have challenges in being recognised due to challenges [9]. Challenges include such as considering factors that no two people have the same writing [7], but also the writing may not always follow a straight line which causes issues in identifying and classifying the writing or the lighting of the image that is being classified [6]. Research found that many forms of machine learning methods can be utilised to perform image recognition on handwriting. Convolutional Neural Network, or CNNs are an optimal method to image recognition. The dataset should have a wide variation of samples and the training time involves a longer duration, but they will have higher accuracy [6]. There are other techniques which can be applied to these such Support Vector Machines, or SVM [8]. This section will focus on the research undertaken within this topic area, to understand different types of machine learning techniques to choose the methods to apply to the application as this will reveal the optimal methods with the highest accuracy. This will focus on the results that these have concluded with as it will gather the insight required. This section will not explain how exactly the algorithms work as the main body of the report will explain these before they are applied.



2.1. [bookmark: _Toc93092258]Support Vector Machines (SVM) 
Firstly, SVMs are a form of supervised learning algorithm [10] and are a binary classifier [11], this means that it requires a set of inputted data that has been labelled and in doing so, it can train the algorithm how to recognise the data [12] [13]. SVMs have been implemented since 1992 but are an accurate model to implement [14] Applications that SVMs are applied to image recognition [10] [15] [16]. 
There are various journals, articles and conferences that have been successful in implementing an SVM to classify images and these will be explored in this section. 
A study proposed Wenfei Liu et al [10], compared four different kinds of machine learning algorithms to apply to handwritten recognition and SVMS, using non-linear transformation to “change the inseparable samples” [10] resulted in the lowest accuracy rate of machine learning algorithms with an accuracy rate of 94.1% in classifying images of handwriting [10]. In comparison to a study completed on a real-time handwritten digit recognition system concluded in a higher accuracy test rate of 98.05% [8]. The challenge this study discovered was that during real-time data recognition, there is a larger variation of noisy data so this had to be separated with minimal error but there was potential there would still be noise [8]. A soft margin technique was developed for the algorithm to have leeway by introducing slack so data, such as the noisy data could be mis-classified [8]. The boundary for the decision is widely based on what hyper-parameters are set [17]. The final study which was investigated was a handwritten digit recognition based on a blend of techniques to improve data recognition of handwritten digits, techniques were Histogram of Oriented Gradients (HOG) and SVM [18].These were sorted into ten classifications and the model functions in three stages, pre-processing, HOG to extract features and then SVM to classify [18]. Through this, the study was enabled to achieve a 97.25% accuracy. Interestingly, another comparison study that SVMs have a higher accuracy over other methods such as K-Nearest Neighbour [2]. This research has proven that SVMs are an evident method that produces high accuracy results as the three studies that have been researched have all produced an accuracy result above 94%. A blended method approach produced a strong result, but real-time digit recognition produced the higher result. 
2.2. [bookmark: _Toc93092259]K-Nearest Neighbour 
K-Nearest Neighbour is another form of supervised learning algorithm [13] which can predict with a high level of accuracy but is sometimes referred to as lazy learning [19] it is developed for pattern recognition [13], within this method, the entire dataset is stored [2]and trained by memorising the dataset in order to classify the data [20]. It does this by calculating the distance between different values [10]. Euclidian distance is the commonly applied measurement [2]. 
Within a comparison study, KNN was applied using the MNIST dataset, the study found when K was set at 1, the accuracy was higher in recognising the digits, whereas when the value of K was changed the accuracy was visibly decreasing [2]. This study still displayed that KNN had the second highest accuracy of trained dataset [2]. The second study was produced based on a hybrid model which combined two methods that research found were effective [11]. These methods were KNN and SVM, these used MNIST and another dataset [11]. The study involved regularly adjusting the parameters of K to test the algorithm to gain the highest accuracy results. This resulted in thirteen being the value of K to yield the best results [11]. It had a fast-training process, to further explain why KNN is an effective method, this study used MNIST but didn’t focus on letters rather than digits [11]. A third study was done using the MNIST dataset and only utilising the method of K-Nearest Neighbour [7]. This model involved the use of pre-processing, this is done to reduce the noisy data within the image [7] and in doing this, it will allow the image to be classified easier. It also follows a process of feature extraction which it removes ten features in total so that it allows for an easier classification [7]. This also used Euclidian, like the previous studies researched to understand the distances between the feature vectors and the ones stored in the library [7]. However in this study, there were only three tests for the value of K to yield the highest accuracy. In this study, the value of K=1 yielded the best results as it was 96.94% [7]. However, there were results that weren’t classified [7]. 
2.3. [bookmark: _Toc93092260]Neural Networks
Other popular techniques that were implemented included the use of Neural Networks [10]. This is a deep learning technique [21]. The concept regarding a Neural Network can initially be regarded as simple but can be a complex model. It models a human brain and is a group of connected neurons, that require parameter adjustment to train the model to yield results with higher accuracy [10]. They can be used to extract features [11]. 
In a comparative study of different types of Neural Networks. The authors apply deep learning algorithms utilising different Neural Networks [9]. A Convolutional Neural Network (CNN) was the first proposed system with each layer of the CNN, the first layer comprises of the input layer into the CNN. The second layer is the layer that convolution happens, this performs most of the computational load on the CNN and the third layer “computes the local average or maximum of the input feature maps” [9]. Tests were performed on the CNN to analyse for factors, such as accuracy [9]. The CNN was concluded as an effective method with highly accurate results while also performing at an efficient level [9]. The next study proposes a minimal model, meaning that the layers included in the CNN were minimal. The convolutional layer extracted visual features from the input dataset from the input layer, the image features understood in this layer allows the other layers to recognise images [21]. This had the highest success rate of a 99.5% success rate in classifying digits correctly [21]. The last study was also on a high accuracy detector for handwritten digit recognition [22]. This functioned similarly to the previous proposed systems, but it had a total of seven layers. It had a success rate of 92.6% [22]. 
3. [bookmark: _Toc93092261]Main Body  
This section will propose a methodology for the implementation of the application of the machine learning techniques. 


3.1. [bookmark: _Toc93092262]Methodology
The initial methodology that will be proposed for this project includes the stage to achieving the results to evaluate and synthesize. 
The dataset that will be used for this application is the MNIST dataset. This dataset has a wide variation of images of handwritten digits to utilise to train an algorithm. This will be performed for KNN and SVMs, so they can be compared, firstly with each other and then they can be compared with the results that were discovered during the research. Hopefully they will produce results of a similar accuracy. 
The method will consist of a few stages, these are:
1. Design
2. Input the Data into the system
3. Machine Learning Method
4. Input Results into a comparison table
5. Compare and Synthesize
The K-Nearest Neighbour is the simplest one out of the proposed systems as it doesn’t learn. The algorithm calculates distances between the vectors. This will then be classified using the closest data points depending on the value of K. For this system, the value of K will be experimented with so that the optimal value of K can be found. Each of these will be inputted into a results table along with the results of previous studies so they can be compared against. 
These can use a variety of methods to be performed, such as Kernels. Kernels are algorithm that function through Dot Products [21]. They are a classification technique which can produce accurate results. The way in this works is that it applies data to a feature space, like a graph with the data representing the points of the graph [21]. There is a separation in between the data mapped to the feature space. A linear kernel is commonly applied to these for the separation. Once this is complete, the data on either side of the separation can be classified [21]. Likewise to the research, the hyper-parameters will be consistently edited to achieve different results so they can be inputted into the results table for comparison to decide which was a better machine learning technique. 
4. [bookmark: _Toc93092263]Results and Discussion
Disappointedly, there was no successful implementation to discuss. 


5. [bookmark: _Toc93092264]Conclusion
In conclusion, this essay has explored handwritten recognition in depth. Emphasising the different machine learning algorithms that can be applied to the MNIST dataset to perform image recognition on data of handwritten numbers to classify them. During the research, it was found that Support Vector Machines are an optimal machine learning method due to its high accuracy, with results during research yielding higher than 94% each time. Neural Networks were also studied and although they achieved accurate results, they were highly complex to implement. The implementation of this application wasn’t successful, resulting in a lack of results to be discussed. 
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