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Abstract—Thevisually impaired individualscan use only Braille documents as a medium of education. These Braille
documents are scripted on metallic plates which are heavy and bulky in nature. Maintaining these documents are
verycumbersome due to their wear and tear tendency in unsupported weather conditions.It is also a tedious task to
transport themoverthe globe and chances of damaging the documents is more. The main purpose of the research is to
translate the Braille documentsto natural text.Once the document is text form, it can be distributed over the globe using
world wide web, and can be reproduced to Braille document whenever needed. As the document is in digital form,
maintainingBraille document for latter reproducing will be very easy. Extracting the Braille Character cellfrom the
Braille documentis the central theme of the research. In previous work the paper was published on conversion of
BrailleDocumentsto Englishsentenceusing Deep learning-based CNN modelnamed as Braille classifier. This paper
presents the analysis of various tools used for the translation of Brille documents to English text.
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Introduction

TheOptical braille recognition (OBRY)is a process that translate the Braille document to text. The OBR process uses various steps
like (i) preprocessing, (ii) segmentation, and (iii) feature extraction. Braille documents are a collection of Braille cell, where each
cell consists of combination of 3x2raised dots embossedon typicallysolid metallic plates or Braille paper.

e Challenges

Due to metallic nature of Braille plates, they are heavy and bulky to use. Transporting such documents from one place other is
tedious task. Preserving the documents also requires lot of space and they tend to wear and tear due to weather conditions. Hence
there is a need to Translate the Braille documents to electronic version like in computer Text. The process of translation requires
first to scan the documents into image.Defectsor uneven light, skew other kind of noise can be established during the scanning
process.Quality of Braille document also introduces various noise in scanned image. Preprocessing the image to remove all the
noise introduced in Braille image is a challenge.Also, the coding standard used of Braille character is unique, where each cell is
formed using combinations of six dots arranged in 3x2 matrix form as shown in figure 1.

The braille cell Braille letter "a"

Figure-1: Braille cell arrangement

Braille cells with 3x2 matrix form are embossed on metallic plates as shown in figure 2.
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Figure-2: Sample Braille document.
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Recognizing the presenceof embossed Braille dots, Marking the cell boundary of each cell is another major Challenge in the
research work.Finally recognized braille cells needs to be mapped to the respective alphabet in English. The recognized braille
cells may contain huge variance representing the same alphabet as shown in figure 3.

(/)1 JPGérot (/)1 JPGGwhs
; ¥
(/)a1PGBrot /)31 JPGBwhs

Figure-3: Variance in Sample of Braille Alphabet ‘A’

e Aim of the research:

To provide the better solution to convert Braille scanned documents into computer readable form or any other non-Braille

language like English.

Objective of the research

1. Preprocess the scanned image using techniques like contract enhancement, histogram, Laplacian filter and Sobel filter to
remove any noise or skew.

2. Segment the image using threshold segmentation algorithm to recognize the Braille cells.

3. Apply Deep learning-basedConvolution Neural network (CNN) classifier model tomap the Braille cell with English alphabet.

4. Finally generate the bin value for each cell and translate the document to non-Braille document form.

I.  TooLs AND LIBRARIES
Image used for Braille to text translation can be processed using various tools like C, C++, Java, MATLAB, Python, Pillow, R
and Julia.
e CandC++
C and C++ language has native libraries such as EmguCV, OpenGL and OpenCV which are very essential for image processing.
e JAVA
Java good for search algorithms, neural networks and natural language processing (NLP) solutions.Javausesvast libraries to
process the images. But the problem with java libraries is that they are slow in processing and it consumesabundant memory. For
beginnersit is tough to work with these java libraries.
e MATLAB
MATLAB permits matrix computations, functions for plotting graphs for given data. It implements various algorithms for
processing images. Has various tools to create user interfaces.
e Python
Python libraries and tools help in achieving the task of image processing very efficiently. Python provides lots of libraries for
image processingand environment for various tools like OpenCV, NumPy, PIL, Keras, Mahotas, GNU Octave, Scikitimage,
Scilab, CVIPTools, Matplotlib, TensorFlow, CUDA, CAFFE, YOLO, PyCharm, RStudio, Spyder, Pillow etc.
e Pillow
Pillow is a Python Image Library (PIL). The Pillow library comprises all the necessary processing tools for images. The various
processing that can be performed are image rotation, resizing and conversion.
e R programming
R language is an integrated bundle that is used for statistical modeling, data analysis, graphics and simulation. R tool can be used
for image manipulations like rotating, flipping, rescale, cropping,blurring, annotating and much more.
o Julia
Julia is a high-level and dynamic programming language that gives high-performance.Julia does not usethe class concept. Julia
has fast is execution time compared to R and python. It accomplishes advance tasks like cloud computing and parallel processing,
that are neededfor big data analytics.

Il. PROCESS FLOW OF RESEARCH
The research work on translation of Braille to text is carried out in main 4 phases. Tools and libraries used in each phase in
discussed in detail.
Phases of research work:
e  Preprocessing
e  Segmentation
e Feature extraction and classification
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e Analysis final results
1. Pre-processing

For preprocessing, the standard scanned image documents are used. The sample image is shown in figure-2. The populartools that
can be used for preprocessingare Python, Pillow and MATLAB. In the proposed research work, Python is used for the
preprocessing. The preprocessing is performed using following librariesfromOpenCV tool of Python usingJupyter notebook.

cv2.imread—Used to read Braille image.

cv2.cvtColor—Convert the image to grayscale.

cv2.resize—Resize the image (400x300)

cv2.createCLAHE-apply Contrastive Limited Adaptive Histogram Equalization
cv2.fastNIMeansDenoisingColored—Remove noise from image
cv2.threshold—obtain the Binary image by Thresholding

cv2.Sobel - Apply Sobel filter to detect dots

cv2.erode, cv2.dilate - Dot enhancement with erosion and dilation

O O O O O O O O

(c) Denoised image (d) Thresholding
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Figure-4: Resultant images after applying various
tools in preprocessing
2. Segmentation

InSegmentation, the Braille image is segmented first using line segmentation and later by character segmentation. The various
libraries of python used are

o cv2.morphologyEXx - deliver information on the shape and structure of the image.
o cv2.HoughLinesP - Used to markboundary of straight lines of dots.Necessary to form Braille mesh.
o cv2.grabCut—Crop the image that falls in Braille mesh designed with physical property of Braille cell.

The resultant images of Braille segmentation is shown in figure5.
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Figure-5:Sample cropped images.

Figure-6: Braille character Segmentation for Sample two line.

Figure-7:Sample cropped images.

Feature extraction and classification

In Feature extraction and classification, the deep learning-based CNN model is designed to classify the cropped images in
segmentation. The CNN model recognizes the cropped images and translates it into Braille text. The model is developed in
Python using TensorFlow and Keras environment. The various tools and libraries used to develop Braille Classification model are

o

o

o

TensorFlow — It can handle large amount of data. Here TensorFlow is needed to use TensorBoard that compare the loss and
Adam curve our result data or obtained logs.

Keras — Kerasis a high-level neural network Application Programming Interface (API) written in Python. It is now integrated
into TensorFlow.

OpenCv (cv2) - cv2 is used to process images to classify objects. Here cv2 is used recognize and classify Braille cells with
proper labels.

NumPy - Stands for numerical python. NumPy arrays are faster and more compact than Python lists. Hence to process image
matrices in numerical form NumPy is used.

Matplotlib — It is library that is used for graphical plotting needed for visualization of braille image processing. It provides
MATLAB like interface.

random — This library is needed to shuffle the dataset images to minimize the bias.
TFLearn — Deep learning library featuring a higher-level API for TensorFlow used to create layers of our CNN.
Pickle — It is used to serialize the object; so that it can be saved on the disk. It converts python object to character stream.

ImageDataGenerator—It apply different types of transformations on actual images, like rotation, flip, resize to
producevarious copies of the same image with variation.

Model.add-used to add various layers to the Braille classifier model.
Model.compile — used to compile the Braille classifier model.
Model.fit - A modelfit refers to a model that accurately approximates the output when it is provided with unseen inputs.

Model.Summary — it is used to display the summary of the generated model. it shows various layers added to the model.

The Braille classification model was built using TensorFlow version '2.9.1" and Python version of 3.9.12” usingJupyterNotebook.

Total 1560 images are input as a learning model.The Braille images are downloaded from Kaggle website and stored into local
directory. Local directory was split into subdirectories from ‘A’ to ‘Z’, each contains 60 images of same class. All images are
preprocessed and fed to the proposed model. The augmentation is applied using ‘ImageDataGenerator’ library to produce addition
dataset for same image as shown in figure 8.
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Figure-8:Image augmentation.
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The summary of the model can be displayed using Kerasmodel.summary() library. The summary of the Braille classification

model is displayed in figure 9.

The model was tested with 10 Braille image documents. The results of the Documents tested in shown in table 1

Model: "sequential”

Layer (type) Output Shape

Param #

conv2d (Conv2D) (None, 62, 62, 32)

max_pooling2d (MaxPooling2D (None, 31, 31, 32)
)
conv2d_1 (ConvaD) (None, 29, 29, 32)

max_pooling2d_1 (MaxPooling (None, 14, 14, 32)
20)

flatten (Flatten) (None, 6272)
dense (Dense) (None, 128)
dense_1 (Dense) (None, 26)

896

2}

9248

2}

802944

3354

Total params: 816,442
Trainable params: 816,442
Non-trainable params: ©

Figure-9:Summary of the model.

Table-1: Model Accurac

Doc. No No of Correctly | Accuracy
Braille recognized in %
cells cells
1 122 121 99.18%
2 245 244 99.59%
3 211 209 99.05%
4 98 97 98.97%
5 209 207 99.04%
6 145 144 99.31%
7 76 76 100%
8 135 134 99.25%
9 163 162 99.38%
10 112 111 99.10%

The model Accuracy for sample 10 documents is in the range of 98.97 to 100% which produces a very good result. The average

accuracy of the model is 99.28%.

I1l. COMPARATIVE STUDY OF TOOLS

Many authors have worked on the improvisation of OBR process. The table 2 shows the various tools used by the researchers and
the accuracy obtained by them. The available tools include MATLAB, OpenCV, SimpleCV, EmguCV, TensorFlow, YOLO.

Table-2: Tools used by various authors

N | Authors Tools used Accuracy

0

1 | DiegoGoncalves, YOLO 88.15%
Gabriel G. Santos

2 | Robert de Luna SimpleCV 85%

3 | S. R.Rupanagudi, | MATLAB 94%

Sushma Huddar
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4 | N.D.S.M.K.De Emgu CV 3.0 98%
Silva (Open CV
library)
5 | Proposed model TensorFlow, 99.28%
Keras

The comparative Accuracy of the proposed model is compared with the output of various tools used by other authors is shown in
figure 9.
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Figure-10: Accuracy comparison of proposed model using TensorFlow with other tools

From figure 10 it is clear that the proposed CNN model developed on TensorFlow and Keras gives very good results compared
the tools used by other authors. Also, the results of the table proves that the accuracy is good if the number of cells is more the
document.

Conclusion and future enhancement

The proposed model was built in Python version 3’9’12 using TensorFlow version '2.9.1". The dataset to train the model was
downloaded from Kaggle.Braille classifier model was tested on random 10 Braille image documents.The average accuracy
obtained is 99.18%. The accuracy has been compared with the results obtained using various others tools used by authors and it is
found that the proposed model gives very high accuracy.The proposed work has been applied on single side Braille documents.
The proposed model can be extended to recognize the double side Braille documents as a future work.
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