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Abstract: Handwriting recognition has become one of the hottest directions in the field of image processing. It can very well 
transform any handwritten content into a plain text file. This is being widely used in cheque recognition, mail sorting, 
scanning documents, reading aid for the blind and so on. This paper attempts to recognize handwritten digits using 
Backpropagation (BP) neural network and k-Nearest Neighbour Algorithm and then compare the results to suggest an 
optimum classifier amongst the two of them. 
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I. INTRODUCTION 
 
     Handwriting recognition has become one of the 
hottest directions in the field of image processing and 
pattern recognition.[1] New and new technologies are 
being proposed everyday for recognizing the 
handwritten characters. The researchers worldwide 
are implementing new technologies for handwriting 
recognition and analysis on various devices and 
platforms ranging from application specific machines 
running on specific operating systems to smartphones 
and tablets running on popular mobile OS such as 
Android and Windows Phone or on general desktop 
systems and laptops. 
     Generally handwritten character recognition can 
be classified as offline or online recognition. Online 
recognition method involves acquiring the image 
from the user and then transmitting it to a server 
where the recognition process takes place whereas in 
offline recognition all the necessary processes takes 
place on the users system. 
The general problem we predicted we would face in 
this digit classification problem was the similarity 
between the digitslike 1 and 7, 5 and 6, 3 and 8, 9 and 
8 etc. Also people write the same digit in many 
different ways ‐ the digit‘1’ is written as‘1’, ‘1’, ‘1’ 
or‘1’. Similarly 7 may be written as7, 7, or 7. Finally 
the uniqueness and variety in the handwriting of 
different individuals also influences the formation 
and appearance of the digits. 
 
II. SYSTEM OVERVIEW 
 
Our approach to solve this problem of handwritten 
numeral recognition can be broadly divided intothree 
blocks: 
i)   Pre‐Processing/Digitization. 
ii)  Feature Extraction using PCA. 
 
 

 
iii) Neural Network based classification using 

k‐NearestNeighbour algorithm and Back 
propagation Algorithm. 

 
The block diagram for the system is shown below in 
fig.1: 

 
Fig.1. System Diagram of the implemented pattern classifier 

 
The first block is basically comprises of all the image 
processing steps that are involved right from image 
acquisition to segmentation & normalization. After 
the image processing is done, features of the image 
are extracted using Principal Component Analysis 
(PCA).  PCA classifier aids in the next step of 
recognition i.e. the actual digit recongnition using a 
neural network. 
In this paper Backpropagation & k-Nearest 
Neighbour algorithms have been used for recognition 
and compared to determine which method is better 
both considering accuracy and the computational 
requirements. 
 
III. PRE-PROCESSING 
 
This section deals with various data pre-processing 
i.e. applying various image processing techniques on 
the handwritten digit image provided or acquired by 
the user. The pre-processing steps are given as 
follows: 

A. Image Acquisition 
     The handwritten digit image can be acquired from 
various sources such as a photograph from a camera, 
a scanned copy of the actual handwritten digit or 
using some applications such a MS Paint or others to 
directly write the digit on the target machine. The 
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acquired image is saved on the target machine and 
then processed further. 

B. Gray scaling 
     The images gained from the former step are 24 or 
32 bit color images. These color images have to be 
transformed into gray images so that they can be 
easily processed further.[1][2] The formula used for the 
conversion is given as, 
 

C. Binarization 
     The image obtained from the former step is a gray 
scale image and needs to be converted into a binary 
image. This conversion is necessary for the image to 
be suitable for further processes of analysis and 
recognition. Binarization divides the pixels of the 
gray scale image into two classes viz. 0 and 1 
according to the threshold. The process is traversing 
every byte of the image, diving it by the threshold 
and then saving it in a completely new file.In this 
paper image binarization is performed using Otsu’s 
Algorithm. Algorithm automatically perform 
histogram shape-based image thresholding or the 
reduction of a grey level image to a binary image.The 
algorithm assumes that the image to be thresholded 
contains two classes of pixels or bi-modal histogram 
(e.g. foreground & background). Then it calculates 
the optimum threshold separating those two classes 
so that their combined spread (intra-class variance) is 
minimal.[1][2][3] 

D. Gradient Sharpening 
     The process of acquisition such a photography can 
result in a fuzzy image which makes is difficult and 
not suitable for further processing. Gradient 
sharpening is inevitable to make the acquired image 
distinct. It also reduces noise in the image to some 
extent.Robert’s Cross Gradient Operator is used for 
sharpening.[2] 

 
Fig.2 Sample image. 

 
The sample image can be seen in fig. 2 and the image 
after being processed using Robert’s Cross operator 
can be seen in fig. 3. 

 
Fig.3 Sharpened Image. 

 
E. Noise Removal 

     The sharpened image contains noise due to the 
processing using Robert’s Cross operator. A host of 
filters can be used for noise removal. This step is 
necessary inorder to make the image suitable for 
further processing. 

F. Character Segmentation 
     The image obtained after noise removal is now 
segmented for single digits. The image is scanned 
row-wise and column-wise first and then the 
boundary of the digit is confirmed. The actual area of 
the digit is calculated and then it is segmented from 
the actual image.[2] 

G. Normalization 
The size differences in the segmented images is very 
huge as they are handwritten. This makes is very 
difficult to design the recognition system and hence 
the images have to be scaled to a fix size. This 
process of scaling is normalization which scales 
down the image size to 16x16 pixels. The unified 
image size increased the correct rate of recognition.[2] 

During our initial review of the various classifier 
methods, we undertook the approach ofprocessing the 
training setimagesto reduce the data by thresholding 
the given image to a binary image.Fig.4 representsthe 
sample imagestaken fromthe MNIST database. 

 
Fig. 4 Sample digits used fortraining the classifier 

BGRY 114.0*587.0*299.0 
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The approach of acquiring the skeleton ofthe digitis 
widely used in the classifiers which mainly reply 
upon a well‐defined input image for their accuracy. 
PCA is the holistic approach that extracts eigendigits 
based on the overall information contained in the 
image. So, the information such as grayscale values 
and thickness of the digits actually assist in providing 
more information. Therefore, extensive 
pre‐processing was not required in the 
implementation ofthe system. The training set was 
segmented into 10 groups – one for each digit, and 
then each group was individually passed into the PCA 
algorithm for the extraction of eigendigits 
 
IV. FEATURE EXTRACTIONUSING 

PRINCIPAL COMPONENTANALYSIS 
(PCA) 

 
Principal component analysis (PCA) is a fundamental 
multivariate data analysis method which is 
encountered into a variety of areas in neural 
networks,signal processing, and machine learning. It 
is an unsupervised method for reducing the 
dimensionality of the existing data set and extracting 
important information. PCA does not use any output 
information;the criterion to be maximized is the 
variance. 
The algorithm used to implement PCA is described in 
detail below: 
 

1) Mean center the each training digit: The 
empirical mean or the average digit is 
calculated for each group of 
digits(‘0’,’1’…’9’). Afterthat, it is 
subtracted from each training digit. 
 

 
 

2) Form the Covariance Matrix: Find the 
empirical covariance matrix from the outer 
product of matrix data set matrix with itself. 

 

 
 

3) Eigen decomposition: Get the eigenvectors 
(columns of Vectors) and eigenvalues (diag 
of Values).Also normalize the eigenvaluesto 
relate the valuesto the transpose of the 
covariance matrix. These basis vectors are 
also labeled asthe eigendigits. 
 

 

4) Sort: Sortthe eigenvectors by eigenvalues, 
and select the ‘k’mostsignificant 
eigenvectors 
 

5) Projection: Generate the projection map by 
projecting each digit onto the 
k‐dimensionaleigenvectorspace. 
 

 
 

 
Fig.5 Sample eigendigitsforthe numerals 0 and 9, generated by 

the PCA classifier 
 
V. BACK PROPAGATION NEURAL 

NETWORK 
 
     Artificial neural network (ANN) is used to analyze 
and recognize the handwritten digits. The ANN used 
is a multi-layer network that uses backpropagation 
learning for training purposes. The fig. 6 shows a 
basic neuron model. A neuron consists of  inputs xi 
arrive through pre-synaptic connectionsto the 
summation unit of the neuron. Each input has it’s 
own defined weight and the synaptic efficacy is 
modeled using real weights wi.[4][5]The response of 
the neuron is a nonlinear function f of its weighted 
inputs which can be seen in fig. 5. 
 

 
Fig. 6 Basic Neuron Model 

 
Fig. 7 and fig. 8 show the general neural network 
topologies i.e. Feed forward and Feedback. Each of 
the topology has its own set of advantages and 
disadvantages. 
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Fig. 7Feedforward Network 

 
Feed forward networks have simple and know 
solutions, the weights for the network are learned. 
The network evolves in the weight space and such 
networks are mostly used for prediction, 
classification and function approximation. The 
feedback networks on the other hand are complex and 
the solution for these networks is unknown while the 
weight for them is prescribed. Such networks evolve 
in the state space and the mostly used for feature 
matching, optimization and constraint satisfaction. 

 
Fig. 8 Feedback Network 

VI. BACKPROPAGATION ALGORITHM 
 

A. Back propagation Learning 
    Back propagation (BP) learning is a supervised 
learning method. In such type of learning methods the 
network is first trained with a training set that has 
fixed input patters and the output for each of the 
patterns is predefined. This helps the network to learn 
and adjust the weights accordingly before the actual 
inputs are applied to the network. The network is 
tested once its fully trained using a testing/validation 
set. BP learning is simply adjusting the weights of the 
system in direct proportion to the error.[4][5] 
    The error function used in BPA is Mean Square 
Error (MSE) given as, 

 
B. Back propagation Network Architecture 

The typical BP network consists of three layers, input 
layer, hidden layer and output layer which can be 
seen in fig. 9. The bold lines in the figure denote the 
forward path which is propagation of the normal 
inputs in the network while the dotted lines denote 
the backward path which is propagation of the 
error.[4][5] 

 
Fig. 9 Typical BP Network 

 
C. Algorithm 

BPA is Generalized Gradient Descent i.e. 
generalization of LMS Algorithm. BPA uses this 
generalized delta rule to adjust weights by calculating 
current error and then backpropagating this error 
layer by layer.[4][5] The algorithm is mentioned below: 

 Initialize all weights and biases to some 
small random values from [-1,1]. 

 Repeat below mentioned steps till network 
converges: 
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i. For each training pattern (presented in 
random orderApply the inputs to the network 

 
ii. Calculate the output for every neuron from 

the input layer, through the hidden layer(s), to 
the output layer. 

 
iii. Calculate the error at the outputs 

 
iv. Use the output error to compute error signals 

for pre-output layers. 
 

v. Use the error signals to compute weight 
adjustments 

 
vi. Apply the weight adjustments 

 
vii. Periodically evaluate the network 

performance  
 
Generally, a neural network model prearranges the 
amount of layers in advance. A BP neural network 
may include a number of hidden layers. However, it 
has been proved in theory that a 3 layer BP neural 
network may achieve discretional non-linear mapping 
without limiting the amount of nodes in the hidden 
layer. Thus the BP neural network model used in this 
paper uses only three layers. The design and 
implementation of the BP neural network is 
mentioned below: 

A. Input Layer Design 
 
The input layer receives the external input data. Thus 
the amount of nodes lies on the dimension of the 
input vector. In this paper the binary images under 
consideration are of the size 16x16 pixels. Therefore, 
the input layer includes a total of 256 nodes. 
 
The output from neuron j for pattern p is Opj where,  
 

 
 
and, 
 

 
k ranges over the input indices and Wjk is the weight 
on the connection from input k to neuron j 
 

B. Hidden Layer Design 
The amount of nodes in the hidden layer depends on 
various factors. Numerous nodes may cost more time 
in learning while lesser nodes may result in lower 
recognition rate and lower fault tolerance. 37 nodes in 
the hidden layer prove to be able to obtain better 

learning speed and recognition rates after numerous 
experiments. 
 
The hidden neuron error signalδpj is given by 
 

 
whereδpk is the error signal of a post-synaptic neuron 
k and Wkj is the weight of the connection from hidden 
neuron j to the post-synaptic neuron k. 
 

C. Output Layer Design 
The amount of nodes in the output layer relates to the 
type and size of the output data. This paper aims to 
recognize 10 digits (0 to 9) and thus one output node 
for every digit. The total number of output nodes 
amount to 10. 
 
The output neuron error signal δpj is given by  

δpi=(Tpi-Opi) Opi (1-Opi) 
Tpj is the target value of output neuron j for pattern p 
Opj is the actual output value of output neuron j for 
pattern p 

D. Weight Adjustment 
Compute weight adjustments ∆Wji  at time t by 

∆Wji(t) = η δpjOpi 
Apply weight adjustments according to 

Wji(t+1) = Wji(t) + ∆Wji(t) 
Learning Rate (η) is a scalar parameter, analogous to 
step size in numerical integration, used to set the rate 
of adjustments. 
 
VII. K-NEAREST NEIGHBOUR 

CLASSIFIER 
 
The k-nearest neighbour algorithm is used for 
classifying the characters based on neighbourhood in 
the feature space. The k-nearest neighbour technique 
using Euclidean distance method is used in this 
paper[4]. The performance of kNN classifier is 
observed for different values of k ranging from 1 to 3. 
The Euclidean distances are computed between the 
test vectors to all the stored vectors. The computed 
distances are ranked in ascending order. The k nearest 
neighbours arethen chosen. The majority rule with the 
nearest point tiebreak is used for classification.[7] 
 
The main dataset consists of the MNIST database1 of 
handwritten digits, put together by YannLeCun at the 
Courant Institute, NYU, and Corinna Cortes from 
Google. This database contains a training set of 
60,000 examples and a test set of 10,000 examples 
and is a subset of a larger database from NIST. The 
digits are all a uniform size and are centered in the 
image. Each image is centered in a 28x28 image by 
computing the center of mass of the pixels, and 
translating the image so that the center of mass is at 
the centerof the image. Each image is a binary image 
of a handwritten digit and consists of 30,000 patterns 
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from two databases, one from Census Bureau 
employees and the other from high-school students, 
from about 250 different writers in total. The test set 
consists of 5,000 patterns from each database. The 
datasets are 
labeled to enable easy verification. 
 
KNN Algorithm: 
 
Input:x(actual input), S(data set) 
Output: class of x 
for (x′, l′) ∈ S do 

1. Compute the distance d(x′,x). 
2. Sort the |S| distances by increasing order. 
3. Count the number of occurrences of each 

class ljamong the k nearest neighbours. 
4. Assign to x the most frequent class. 

 
VIII. RESULTS 
 
The experimental results of the classifier system 
using BP network is shown: 
 

 

 
Fig. 10 Digit 0 and its recognition result 

 
It can be seen that the accuracy is above 90% for this 
trained neural network. The accuracy remains 88% on 
an average considering results of all the digits from 0 
to 9. 
 
The experimental results for the classifier system 
using k-nearest neighbour algorithm is summarized in 
table 1. 
 

K Value % Accuracy 

1 96.00 

2 94.75 

3 94.65 

Table 1.Summary of results of kNN classifier. 
 
 
 

It is interesting to note that increasing values of k 
caused the accuracy todrop. This may be because 
when digits are similar to each other, such as 8s 
and0s, finding additional nearest neighbours may 
cause the classifier to include othersimilar-looking 
but different digits and thus cause performance to 
drop. It thusseems that the additional computation 
necessary to use a k-nearest neighbour classifier is 
not worth the trouble with this problem, at least 
without additional pre-processing. 
 
CONCLUSION 
 
An offline handwritten digit recognition system based 
on 2 different classifiers, K-Nearest Neighbour & 
Back propagation Neural Network has been described 
in this paper. The image processing steps are 
performed in a single stage followed by feature 
extraction using PCA and then the classification 
stage. Both the classifiers have been trained with the 
MNIST database and the experimental results show 
that for a sample set that is used for classification, 
kNN classifier is superior to the Backpropagation 
neural network classifier by a significant margin. It 
must also be noted that during the experiment it has 
been clearly observed that kNN needs much more 
computational power compared to BPNN and so the 
results obtained using BPNN were faster than those 
with kNN. Considering the application of the offline 
handwritten digit recognition system, the classifier 
can be chosen as per the need and a trade-off between 
speed and accuracy is possible depending on the 
application. 
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