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Bengali Digit Recognition from 
Real-World Images

Intel® AI DevCon

Intel Technology Used
In this project, all the tasks of datasets handling, pre-processing and 
deep learning were executed in Intel® AI DevCloud. Here intel 

distribution for python* 3.6 and intel optimized python libraries like 
OpenCV 3.1.0 and TensorFlow* 1.3.1 have been utilized for various 
tasks. OpenCV has been used primarily for image processing. 
TensorFlow has been employed for training the classifier and 
integrating the classifier in the application. Python Django web-

framework has been used to develop the application.

Conclusions
The system which has been developed can successfully identify 
isolated digits from any image containing Bengali numerals. All the 

processing is server-side; thus, it can be accessed using any regular 
device. The concepts discussed in this blog can be extended to 
design a complete Bengali character recognition system for 
commercial use. 

References
1. U. Bhattacharya and B. B. Chaudhuri, "Databases for research on recognition of 
handwritten characters of Indian scripts", In Proc. of the 8th Int. Conf. on Document 
Analysis and Recognition (ICDAR-2005), Seoul, Korea, vol. II, page: 789-793, 
2005.
2. N. Das, R. Sarkar, S. Basu, M. Kundu, M. Nasipuri, and D. K. Basu, "A genetic 
algorithm-based region sampling for selection of local features in handwritten digit 
recognition application," Applied Soft Computing, vol. 12, pp. 1592-1606, 2012.
3. N. Das, J. M. Reddy, R. Sarkar, S. Basu, M. Kundu, M. Nasipuri, and D. K. Basu, 
"A statistical–topological feature combination for recognition of handwritten 
numerals," Applied Soft Computing, vol. 12, pp. 2486-2495, 2012.

Introduction

Bengali is the 4th most popular language in the world and 2nd in 
India. It is mostly spoken in Bangladesh and in the states of West 

Bengal, Assam and Tripura in India, as indicated by the figure on the 
right. It is spoken by over 200 million people across the world. The 
Bengali language has a very rich character set. There are 10 
numerals and 50 Bengali basic characters. There are also over 100 
compound characters in Bengali. Hence, it is challenging to create an 

efficient optical character recognizer (OCR) for the same. The 
practical applications of OCR include visual aid for the blind, 
searching for desired text in images, etc.
The aim of this project is to apply deep learning models for 
recognition of Bengali characters and numerals. For training I have 

used publicly available datasets. I have also explored how to develop 
a complete Bengali character recognizer (BCR).

Proposed Solution
Objectives

This project explores the development of a complete Bengali digit 
recognition for scene images. Following are our objectives: 
1. Develop a robust image pre-processing pipeline to extract the   

desired features of the characters from the image. 

2. Focus primarily on achieving a sufficiently high accuracy for digit 
recognition which can be used for practical purposes.

3. Implement the concepts developed in a web-application and 
deploy the trained model for practical use.

A solution has been devised to meet the above objectives. It can be 

divided into the following parts.

Dataset Collection

Following are few standard datasets which I have collected for the 
purpose of this project:
• ISI handwritten dataset developed by ISI Calcutta.
• CMATERdb dataset developed by JU, Kolkata. 
• BDRW dataset. 

Pre-processing of datasets

I have pre-processed all the images to establish uniformity across all 

datasets. Following is the pre-processing pipeline which has been 
designed:

The result of the pre-processing is depicted in following figure.

Figure: The pattern of input and output images for pre-processing.

Salient features of Bengali language

Bengali language has a rich set of 300 distinct characters.  The 
structure of Bengali characters is also quite complex.

• There are 11 vowels and 40 consonants. There are 10 Bengali 

numerals. These together constitute the set of basic Bengali 
characters.

• Compound characters are either a combination of consonant with 
consonant or a consonant with vowel. There are over 100 such 
possible combinations.

• Bengali characters in a word are connected together by horizontal 
lines called ‘Matras’.

• Many Bengali characters have similar shapes. Also due to variation 
in handwriting, fonts, etc. same character can have different 
shapes. Some examples of similar shaped characters in Bengali 

are one (১) and nine (৯),, KH(খ) and TH(থ), etc.

Training

I have used LeNet5 model with inception and dropout for deep 
learning. I have applied the model on the above-mentioned datasets. 
I have obtained the highest accuracy of 94.7% for Bengali numerals 
corresponding to the CMATERdb numeral dataset. The total training 

time was approximately 20 minutes for a training set of 4000 images, 
validation set and test set of 1000 images each. Intel optimised
TensorFlow library has been used for building the classifier.

Application Development

I have used python Django web framework to build the application. 
Since all the previous pre-processing steps and training have been 
performed using python, hence the integration of those parts with the 
application was very smooth. Following are some screenshots of 

parts of the application showing a sample workflow of the application:

Figure: (a) Select or upload a new image; (b) Specify a region 
containing a Bengali numeral; (c) Predicted output of the classifier.
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