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Abstract 

Since past decade, numerous attempts are made to digitize Indian languages 

and scripts. Various computer research organizations are working on digiti-

zation of Indian languages. There are Devanagari datasets being developed 

to recognize text or content in the input. A survey of the Devanagari word 

recognition system online handwritten is discussed in depth in this article. 

The increased use of handheld devices that accept handwritten data as input 

created a need for an application that effectively analyzes and acknowledges 

data. A camera is used as an input device, owing to the popularity of the digi-

tal interface. Using the feature CNN acknowledges the word or letter. This 

survey focuses on various technologies available on detecting Devanagari 

text. 

Keywords: Machine Learning, Deep Learning, CNN, RCNN, Character 

Recognition, Gesture Detection. 

1 Introduction 

The process of converting image content to machine readable or computer 

encoded text is known as Optical Character Recognition(OCR). OCR is rela-

tively older technology existing since mid 70s and early 80s. From the early 

2000s, deep neural networks have been used with significant success in the 

field of image processing for object detection, segmentation, and recognition. 

Recognizing handwritten Devanagari characters has always been a difficult 

task. There are various tools and methodologies to recognize handwritten text 

such as Fuzzy based classification [2], Support Vector Machine [1], Markov 

Model [3]. 

The main benefit of the deep neural network is that, with the assistance of 

the brain, it needs less engineering. Use different algorithms it discovers the 

capabilities of the input data available on its own. Through data development 

the learning earns higher and stronger. Additionally it includes knowledge 

variations. When the samples are different in numbers, the one variants must 

be checked, otherwise the new samples will be misclassified. 
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There are usually three ways to recognize Devanagari text: From images, 

via handwriting on a digital screen and through gestures in front of webcam 

or  similar device. 

 

1.1 Script Representation 

Devanagari is among the scripts that is the basis for almost languages & 

120 Indo-spoken to be exact spoken in South-East Asia. Devanagari  mainly 

includes well known languages like Sanskrit, Hindi, Marathi, Maithili, 

Awadhi, Newari & Bhojpuri. It is used in writing classical Sanskrit text. All 

the Indian ancient mythological books are written in Devanagri script. This is 

made up of 10 digits and 47 alphabets, 14 of those 47 are vowels and 33 are 

consonants. Table 1 below displays all Hindi-language consonants in their 

base form. The following table 2 indicates all the vowels in the Marathi lan-

guage, and the numerals used in the Devanagari script are shown in table 3. 

[10] 

Table. 1 Basic Form of characters[11] 

 
Table. 2 Devanagri Vowels[11] 

 

Table. 3 Devanagri Numerals[11] 
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2 Literature Review 

Most of the related work to the topic makes use of deep neural networks 

and deep learning. 

A Convolutional Neural Network transforms the learnt features with data 

input and uses layers of 2D-convolution for producing output. Finally the 

objects are detected from those structures[4].Though deep learning can be 

used to work on problems encountered by AI community, it has massive suc-

cess in the area of Natural Language Processing [5]. 

DHCD (Devanagari Handwritten Character Dataset.) is a public image da-

taset contraining over 92,000 consisting of 56 different classes. CNN (Convo-

lution Neural Network) is subclass of DNN. Input can be correctly modeled 

by changing number of hidden layers and trainable parameters [6]. 

Research teams have been using various methods to address handwriting 

rec-ognition issues, with some attempting to combine different recognition 

algorithms to resolve other algorithm's weak areas. Still, as one algo-rithm, 

neural network is powerful enough to recognize handwriting samples and 

achieve high rate of recognition. NN(Neural Network) has capabilities for 

self-learning, self-adaptation and self-processing, making it reliable for 

scripted systems for character recognition [7]. Within the typical neural net-

work there are three layers, which are the information layer, the output layer 

and thus the hidden layer. Both layers refer to coordinate the preparation of 

sets for the measurement of acknowledgments. The Neural Networks are also 

termed as perceptron multilayers. One benefit of using neural networks is that 

they are mostly equipped to follow the law of learning error-correction [8]. 

 

2.1 Work done on Devanagari Text Detection from Images. 

Image based text can be detected by segmenting and recognizing a charac-

ter. There are four phases in character segmentation. Recognition has testing 

and training phase [11]. This project involves, Input image, pre-processing, 

binarization, boundary detection, segmentation etc. 

 

2.2 Work done on Devanagari Text Detection via handwriting. 

Traditional neural network algorithms are used to process multiple formed 

array data. In this work 3 layers of CNN are used. Devanagari handwriting 

can also be classified via fuzzy based classification [2]. That system uses 

fuzzy classification on pre-processed characters before extracting features. 

Deep learning enables mathematical models consisting of multiple layers of 

processing to learn information interpretations with various abstraction levels. 

Such techniques have improved significantly the latest technology in voice 

recognition, optical image recognition, object recognition and several other 

fields[3]. 
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2.3 Work done on Text Detection via gestures through webcam. 

There isn’t much research available on such domain, but there might be 

some notable work which might be implemented but not formally document-

ed. There are some projects to detect hand gestures via webcam. There is one 

project to detect computer commands via gestures. This project has different 

operations assigned to a gesture. For example, click for one finger up, cursor 

to right for two fingers. Cursor down for three fingers etc. OpenCV is used to 

detect Convexity Defects [14 

3 Methodologies 

3.1 System Architecture 

Recognition of the letter / gesture character typically starts with the picture 

of the letter that the scanner or camera obtains. Data objects obtained from 

these methods must  made ready for processing before they can be used for 

detection. Preprocessing involves steps such as the reduction of noise, dupli-

cation and distortion detection. This starts with repetition, where the input is a 

binary representation of gray or colour. 

 

 

Fig. 1 Training & Testing flow. 

Throughout Figure 1, an OCR typically uses a post processing unit to im-

prove the classifier's classification errors. The post-processing unit makes use 

of models of other languages as well as dictionary very much for that reason. 
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Fig. 2  Raw Processing of Image before actual processing[11] 

Once a picture is put into the handwriting recognition device, even from a 

web device, it is important that the image is processed using standardized 

image processing methods for quick and accurate data capture. 

Steps followed by the System: 

The first phase is preprocessing. This phase includes changing the image 

data in a certain way as to be acceptable for the next phase. 

The second phase is segmentation. This phase separates every individual 

letter within the image that will then be resampled to a scale specified by the 

instance of the learning. 

The third phase is feature extraction. The differentiated picture will be used 

to remove the character's characteristics. 

There are other methods of segmentation, extraction techniques that pick 

the easiest attributes of all such existing so on to achieve greater precision. 

3.2 Recognition Controversies 

  The key problems for the Indian scripts when constructing a recog-

nizer and classifier is that they need an outsized amount of symbols compared 

to languages such as English. English primarily comprises 52 characters 

while a script like Devanagari has about two hundred symbols.  

Many of the Sanskrit languages are nearly similar to others. A number 

of them have the characteristic of having the combination of characters to 

construct another, commonly referred to ' jodakshara' in which Joda is com-

bined/ Joint and 'akshara' is single alphabet. The detection of vowel modifiers 

or 'kanamatras' is another problem.  

The Vowel modificators change the character's UNICODE meaning. 

Thus  in order to detect the proper character and its UNICODE meaning, 

there are given some unique rules for the script. Such modifiers may also be 

there at the character's left,  right, bottom or top. In a variety of instances, the 
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modifier on an identical character may also be present at two positions. It is 

therefore important to correctly classify such modifiers in order to reduce the 

error in the classifiers.  

For Indic languages, several of the optical character recognizers incor-

porate such that they disintegrate the whole word into equivalent symbols and 

are then recognised individually. It is done in accordance with the manner in 

which they appear, but when UNICODE is determined for these symbols, 

they must be rearranged and often combined to obtain UNICODE. The cer-

tain reason that after the consonants the' matra' or vowel modificator will ap-

pear is why we would like to rearrange the symbols. Figure 3 demonstrates 

the UNICODE reorganization process which is performed for proper render-

ing of the output. [10]. 

 

Fig . 3 Process Flow of UNICODE rearrangement [10] 

4 Algorithmic Survey 

4.3 CNN Family of Algorithms 

Convolutional neural network (are widely used for CNNs) is one among 

the most cate-gories to try to to image recognition, image classifications, ob-

ject detection, recognition faces etc., are a number of the areas where CNNs 

are widely used. 
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Image classification using CNN is a popular application. Devices interpret 

an input picture as a pixel range and that depends on the size of the picture. 

Based on the image resolution, it will see h x w x d where h stands for Height 

of the image, w stands  Width of the image, d stands for Dimension of the 

image. 

We surveyed on a paper that has proposed Neural Networks sponsored an 

groundbreaking character classifier model to interpret the text regions ob-

tained from the extraction step[15]. The genetic algorithm is trained on imag-

es of individual  english words of 32 * 32 pixels in size. The collection in-

cludes photographs taken from signboards, flags, banners, drawings, and cer-

tain realistic images. Therefore it comprises very vibrant and free style-drawn 

texts for every character which is perfect for us[15]. There weren't enough 

pictures for each letter, so we cropped the pictures manually. The manually 

cropped images were used, because of less photos available for each letter. 

Chars74K dataset is also used apart from IIIT 5K-word dataset. It introduced 

a new technique for detecting and acknowledging text from scene pictures. 

The method performs very well and produces good performance with reason-

able precision over a variety of images [15]. 

4.4 Regional Convolutional Neural Network (R-CNN) 

We have tried out many algorithms to build the most precise model in the 

least amount of time. And this journey, spanning multiple papers and real-

world datasets, it led us to the R-CNN family of algorithms. Apart from CNN 

based approaches, more precise model can be built in least amount of time by 

the R-CNN family of algorithms. 

Text detection using gestures requires focusing on any particular point 

from the input image. All other parts are to be excluded except for the point 

from which the gesture is being drawn. In CNN, it requires large amount of 

data for its processing. Due to this it becomes a complex task to focus on sin-

gle point in CNN. Whereas in R-CNN a particular region is selected from the 

data and further processing is done. Thus, using R-CNN it becomes more 

faster as well as accuracy of the output also increases. Thus R-CNN should be 

preferred over CNN algorithm. 

CNN was quickly evolved into R-CNN and its further work to fast R-CNN 

and faster R-CNN. It utilizes a technique called Region of Interest Pooling 

allowed for sharing expensive computations and made the model much faster. 

The Faster R-CNN also seems to be ideal for accurate object detection[16], 

fast & accurate start-to-end CNN. Consistently learnable, start-to-end text 

identification approach is suggested based on the Faster R-CNN[16]. The 

suggested training approach was explained as being more successful than the 
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Faster R-CNN's traditional strategy[16]. The new training approach makes 

the traditional Faster R-CNN approach more effective.16] 

Image text identification could be difficult, as the input may have various 

alignments, sizes, font types, low light, distortions of perception and lan-

guages.[17] It solves the issue by developing a Rotational Region CNN 

(R2CNN) [17]. In this paper, Rotational Region CNN (R2CNN) is proposed 

as a image text identification tool to address the challenges of randomly di-

rected image text identification.[17] Based on Faster R-CNN, R2CNN is sug-

gested for the identification of randomly focused image texts.[17] 

5 Applications 

  Gesture Detection can be used to detect and recognize words drawn in mo-

tion. Also using gesture detection recognition of joint letters can also be done. 

Gestures can be used to interact with the UI of a Smart TV. High-end smart 

TV remotes already use motion tracking to help users use their remote like a 

pointer. Typing using remotes is often a tedious task and requires a lot more 

time, which by implementing Gestures can make our task a lot easier, fast & 

accurate. Interacting with Displays/Kiosks at public spaces would be a lot 

easier.  

One of the important applications for Gesture Based Text Detection can be 

for the Blind People. Gesture Based Text Detection can enable the blind peo-

ple for entry into the digital world all by themselves. Blind People would be 

enabled to digital writing. This could prove to be a revolution for the blind 

community. 

6 Conclusion 

An hand-written Devanagari word recognition program using CNN is sur-

veyed in this survey paper. The main purpose of this paper is to study CNN 

algorithm in extraction of the Devanagari functionCNN can identify the word 

by using these tools. We also observed that techniques for identifying and 

detecting Devanagari characters from pictures, as well as handwriting are 

valid. 
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