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Abstract - Character and digit recognition is a basic building block in many automation tasks now-a-days. For keeping 
records in computer and digital systems, data in digital format is required. Characters and digits recognition is done with the 
help of artificial neural network. This paper proposes comparison of back-propagation algorithm and K-Nearest Neighbor 
algorithm that recognizes digits and characters on digital display. This includes different techniques i.e. preprocessing, 
feature extraction, training and testing of data in the system. Comparison of algorithms can be done on different criteria’s 
such as accuracy, power requirement, time required for training and testing, system complexity for different set of image 
dataset. 
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I. INTRODUCTION 
 
In the earlier days, industries were completely 
dependent on humans for their work which took more 
time and money with compromise in accuracy. Each 
data was noted by humans and records were taken in 
manual way. Now-a-days this is replaced by 
recognition of data using machine and can be recorded 
automatically in digital system. Character recognition 
uses artificial neural network and machine learning 
algorithms for recognition of characters and digits in 
different format. Characters used for recognition may 
be in handwritten or in digital format. Along with the 
dataset of characters or digits, it contains unwanted 
data which is called as noise. This noise creates 
disturbance in recognition and classification and 
which in turn affects accuracy of system. To remove 
noisy part in image is critical task in character 
recognition. Character recognition is divided into two 
formats- Online character recognition and Offline 
character recognition. Online character recognition 
defines real time processing and recognition of 
characters. Character recognition is done at the same 
time when they are written. While offline character 
recognition means characters are recognized from the 
sheet of paper which will scan through camera or 
scanner and recognized by system with the help of 
different techniques. Motivation of artificial neural 
network has been taken from the structure of nervous 
system of human brain, neurons which are 
interconnected to each other. Character recognition is 
divided into two parts viz. training and testing of data. 
This paper comprises comparison of back-propagation 
algorithm and K-Nearest Neighbor (KNN) algorithm. 
Network used for character recognition contains input 
layers and output layers along with number of hidden 
layers. Comparison is done on the basis of accuracy, 

power management, time required for training and 
testing. 
In 2010, Rocus Arnold and Poth Miklos proposed 
system that uses the convolutional neural network for 
characters. They used back-propagation algorithm for 
recognition of data [1]. J.J. Koh and G.S Moon 
developed system for recognition of Korean 
characters using neural network [2]. In 2016, Shyla 
Afroge, Boshir Ahmed, Firoz Mahmud proposed 
system that used back-propagation algorithm for 
character recognition. They used concept of neural 
network based size and color invariant character 
recognition system using feed forward neural network 
in their proposed system [3]. Honey Mehta, Sanjay 
Singla, Aarti Mahajan in 2016 proposed system in 
which they used two different algorithms for 
recognition of characters [4]. In 2015, Rana S. 
Hussien, Azza A. Elkhidir and Mohamed G. 
Elnourani proposed system using artificial neural 
network. They used artificial neural network and 
KNN algorithm for this purpose [5]. They developed 
the system that design and implement an off-line OCR 
system for Arabic handwritten characters. They 
trained system based on Hopfield algorithm for 
artificial neural network. Dyashankar Singh, Dr. J.P. 
Saini, Prof. D.S. Chauhan in their system used the 
RBF neural network with directional features for 
character recognition in 2015 [6]. In 2013, Neha Sahu 
and Nitin Kali Raman developed system for 
handwritten devnagari character recognition. 
Designed system found an accuracy of 75.6% using 
neural network [7]. Ana Riza F. Quiros, Rhen 
Anjerome Bedruz, Aaron Christian Uy, Alexander 
Abad, Argel Bandala, Elmer P. Dadios, Arvin 
Fernando in their proposed system used K-Nearest 
Neighbor algorithm for character recognition of 
license plate number. They found accuracy of 87.43% 
for plate recognition using KNN-algorithm in 2017 
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[8]. Tapan Kumar Hazra, Dhirendra pratap 
singh,Nikunj Daga developed system for their custom 
dataset using KNN algorithm for handwritten or 
printed text[9]. 
Organization of paper 
In this paper, section I includes introduction of subject 
and literature survey. Section II gives proposed 
methods for character or digit recognition, Section III 
produces experiments and results and Section IV 
states conclusion and future scope. 
 
II. PROPOSED METHOD 
 
A. Problem statement 
In the Digital multi-meter manufacturing industry, it 
requires more manpower and time for testing of multi-
meters. Solution of this problem is to automate testing 
process. For this camera communication and machine 
learning algorithms are used which recognizes data 
from display of multi-meter. These values then are 
compared with ideal values of multi-meter used for 
testing. 
 
B. Methods 
In this paper, two algorithms are compared for the 
recognition of characters which are, 
 Back-propagation algorithm 
 K-Nearest Neighbor algorithm 
 
a. Back-propagation algorithm 
Back-propagation algorithm is used to calculate the 
errors in network after processing complete batch of 
dataset. By using gradient decent algorithm, it 
calculates gradient of loss function. Errors are 
calculated at the output layer and distributed in 
backward direction. It is called as supervised learning 
as it has its known output for each value of input. 

 
Fig 1. Stages in back-propagation algorithm 

 
1. Input Image: Display of multi-meter 

containing digits and characters along are 
used as input in this system. 

2. Preprocessing: Before feeding to input 
layers some preprocessing techniques used: 

 

 RGB to GRAY conversion: This converts 
image into grayscale which eliminates hue 
and saturation information. It is sized into 8 
bits ranging from 0 to 255. 

 Cropping: Each image is cropped into fixed 
pixel of 28*28 with each character of 784 
pixels. 

 Binerization: Each image converted into 
binary format considering white color as 
background and black color as foreground 
part. 

 Image thinning: It shows unstable features 
when image with thickness is more than 
pixels. Thinning results foreground image 
into one pixel thickness. 

 
1. Feature extraction: Feature extraction 

process concentrate only on foreground of 
binary sets. It determines direction values of 
each pixel. Foreground value is 1 while 
background value is 0 in binary set. 
Converting binary values from binary set 
into direction set based on  iterating 
sequence. Here, each character represented 
as a feature vector and the goal is to extract 
set of features which maximizes rate of 
recognition with less amount of elements. 

2. Classification and recognition: After 
features are extracted, network is trained 
using training dataset. For testing, network 
again follows the same process as that of 
testing. It takes training dataset, analyses it  
and recognizes the character and digits 
accordingly. 

 

 
Fig 2. Back-propagation algorithm 

 
Algorithm consists of following steps: 

 Define training sample of network 
 Compare required output value with the 

output which you get and find the error 
value. 

 Find the error value for each output neuron 
by considering incremental factor. From this 
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error value calculate the amount of loss after 
every epoch. 

 Distribute this error values in backward 
direction and update the weights to minimize 
local errors. This error values are distributed 
equally in every neuron of previous layers. 

 Again after updating weight, it propagates 
the network in forward direction from input 
layer to output layer through hidden layers. 

 Repeat this process, for number of epochs 
until network trains well and amount of loss 
approaches to zero. 

 Gradient decent method- During training, 
criteria function minimizes value of error 
level. Criteria function depends on parameter 
called criteria field. It finds maximum and 
minimum value of criteria field. This method 
mainly used for character recognition which 
iterates in negative direction of gradient. 

Loss: It is used to measure difference between actual 
value and obtained value. As value of loss decreases 
system accuracy increases. 
Epochs: One dataset passing forward and backward 
direction once is called as one epoch. As values of 
number of epoch increases from lower values to 
higher values, curve goes from under-fitting to over-
fitting. 
RELU function: Rectifier Linear Unit function is used 
for hidden layers in back-propagation. It gives output 
0 if input is less than 0 and if input is greater than 
output then it considers as output is equals to input. 
 
b. K-Nearest Neighbor algorithm 
K-Nearest Neighbor (KNN) algorithm is used for 
classification and regression purpose. KNN is called 
as non-parametric and lazy learning algorithm. It does 
not make any assumptions for data distribution. In 
KNN, there is no explicit training phase or it is 
minimal. KNN is based on how closely out of sample 
feature resembles training set which are used to 
classify given set of data points. It stores and 
memorizes the training dataset. Training dataset 
contains n features with n column vectors as per 
equation 1 
 
y=(y1,y2,y3……yn)                                    (1) 
 
here, y1,y2,y3,…..yn are the training features of x in 
training dataset. This feature decides the decision of y 
which is dependent variable while all these features 
are independent variables. When new sample b is of 
similar class as that of x, then unknown class c is in 
the form of: 
c=f(b)                                                          (2) 
 
KNN algorithm used here is to classify b. This 
identifies k samples from training dataset having same 
independent variable like b. This k samples that 
identified nearest to b are called as neighbors of b. 

Distance of these nearest neighbors is found by using 
Euclidian distance formula. 

(3) 

 
Fig 3. Two dimension 3-class KNN 

 
For k=1, single nearest neighbor of b is identified, 
which results in over-fitting that leads to the inclusion 
of noise in training dataset. Decision boundary 
becomes smoother as we go on increasing value of k. 
If value of k increases, it reduces noise parameter in 
the classification but it makes boundaries more 
distinct. Training error rate and validation error rate 
depends on k value. Using cross validation technique, 
KNN algorithm is checked varying the values of k. 
Model that gives more accuracy is considered as exact 
value of k for that system. 

 
Fig 4. Stages in KNN algorithm 

 
Steps involved in KNN algorithms are: 

 Training images are in the format of digital 
display along with the noise. Preprocessing 
techniques like cropping, grayscale 
conversion, thresholding and flattening of 
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image is used to understand image features 
and removing unwanted noise in background. 

 Features are extracted for each character or 
digit from the data and these are then stored 
in numpy array. 

 Then array containing labels and this numpy 
array are then combined and stored. 

 This creates KNN classifier and it is trained 
using stored file. 

 After extracting features, contours with valid 
data is checked and stored separately in the 
list. 

 These contours are then marked with green 
rectangle and shown in testing images. 

 Using KNN function object, character label 
with most matching features is obtained. 

 
III. EXPERIMENTATIONS AND RESULTS 
 
Programming language used here is PYTHON 
with Jupyter Notebook as platform. 
In this system, for back-propagation algorithm 
following network is used. This includes 1 input layer, 
1output layer and 3 hidden layers. Total classes in this 
system are 10 as we are considering numbers from 0 
to 9. Learning rate for system is 0.01 while 
momentum used is 0.9. Epochs for the given system 
are 20 with batch size of 128. OpenCv python library 
is used for converting images into array format.  
Numpy python library is used for prediction purpose. 
For system, in the case of KNN algorithm, value of k 
is 3. Training set buffer size value is 1024. Hold out 
ratio for KNN algorithm in this system is 0.50.Error 
count is 0.0. If value of k varies, system shows change 
in accuracy and time. 
 
A. Input image 
Input images are in the format of display of multi-
meter which contains digits from 0 to 9 and some 
other noisy part. Picture capturing angle or brightness 
and contrast of images are different for each image. 

 
Fig 5. Input image 

 
Grayscale format of above image is: 

 
Fig 6. Grayscale image 

Grayscale image is conversion image from colored 
format to gray format. This removed saturation 
information and highlights exact part which is helpful 
to extract different features from image. 
 
B. Output image 
Digits are recognized using both the algorithms. 
Recognized characters are placed in rectangular part 
and remaining noisy parts are ignored. Numbers that 
are recognized from display are put in textual format 
above the rectangle in green color. 
 

 
Fig 7. Output image 

 
C. Comparison of algorithms 
 

Training data 500 
img 700 img 1000 img 

Accuracy 65.79% 75.21% 83.56% 
Fig 8. Comparison of accuracy cosidering different set of 

images for Back-propagation  algorithm 
 
For back propagation algorithm, system shows 
accuracy of about 60 – 85% for different set of 
images considering same value of epochs, number of 
hidden layers and neurons .For this system here used 
1000 images for dataset that gives maximum 
accuracy with minimum amount of loss and time. 
 

K values K= 2 K=3 K=4 
Accuracy 91.34% 93.76% 94.08% 

Fig 9. Comparison ofl accuracy cosidering different values of k 
for KNN algorithm 

 
For this system, KNN algorithm shows accuracy of 
above 90-95% for different values of k. Value of k 
for this system is 3 which show accuracy of about 
93.76%. 
 

 
Back-

propagation 
algorithm 

K-Nearest 
Neighbors 
algorithm 

Speed Fast Slow 
Computational 

power More Less 

System 
complexity More Less 

 
Fig 10. Comparison of Back-propagation  algorithm and KNN 

algorithm 
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CONCLUSION AND FEATURE SCOPE 
 
In this paper, back-propagation algorithm and KNN 
algorithm is trained for different set of images. 
Testing of images are performed on both algorithms. 
Images with size, distance, contrast and brightness 
are tested successfully. It is observed that digit 
recognition performed well for both algorithms. 
There is problem in recognizing decimal point for 
some images. It has been found that KNN algorithm 
is more accurate than back-propagation algorithm. 
Time required for training and testing the dataset for 
KNN algorithm is less than back-propagation 
algorithm. System complexity increases in the case of 
back-propagation algorithm. KNN algorithm is more 
convenient for small data. 
This system can be implemented for the handwritten 
characters also. Another research interest would be 
recognition of characters for images which are 
blurred or degraded in quality due to various reasons. 
This recognized data can be stored in specific text or 
excel file for future purpose. 
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