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Abstract 

Offline handwritten word recognition has been become one of the most interesting research areas in the field of 

pattern recognition. In this paper, atechnique for offline handwritten Gurmukhi word recognition has been 

presented. For experimental results, authors have used 4000 samples of offline handwritten Gurmukhi words. 

Authors have collected this dataset from 40 d ifferent writers and proposed a feature extraction technique based 

on boundary extent of the word image. PCA based feature selection technique has also been applied in this work 

for reducing the dimensionality of data. For classification, authors have used k-NN, SVM and MLP classifier. 

SVM has also been used with four different flavors. Maximum recognition accuracy of 84.42% has been 

achieved using SVM with RBF kernel and 5-fold cross validation technique. 

Keywords—Feature extraction; Classification; k-NN;SVM;MLPs. 

1. Introduction 

Handwritten word recognition is more complicated than machine printed because writing styles may vary from 

one human being to another and large amount of noise occurs in the handwritten word recognition during the 

writing of the text and scanning of the document. So, handwritten word recognition has been considered as one 

of the most engrossing and challenging research areas in the field of pattern recognition in the recent years. 

Handwritten word recognition has been divided into two categories, namely, online and offline. In this paper, 

authors have presented a recognition technique for offline handwritten words of Gurmukhi script. Offline word  

recognition system is different from online word recognition system because online handwriting contains more 

informat ion about the writing style of a person s uch as speed, pressure, angle of a pen, direction and pressure 

against the system which is called order of the stroke. In offline handwriting, the words are written by the 

individuals on a sheet of paper which is then stored into the computer by using scanner. Generally there are two 

main approaches to handwritten word recognition, namely, analyt ical approach and holistic approach. In 

analytical approach, at first the words are segmented into characters and then the character model is used for 

recognition purpose. The success of recognition module depends much upon segmentation performance. This 

approach is also known as segmentation based approach.  Whereas in holistic approach, the word itself is treated 

as a single entity and it goes for recognition without doing explicit segmentation, so this approach is also known 
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as segmentation free approach. Even though, sufficient studies have been presented on handwritten word 

recognition techniques of different scripts like Arab ic, Chinese, Roman and Indian scripts  such as Bangla, 

Devanagari etc., but less work has been done on recognition of Gurmukhi script till date to the best of our 

knowledge. 

The paper has been organized into 6 sections. Section 1 introduces the concept of word recognition. Section 2 

illustrates the related work. Description of Gurmukhi script has been provided in section 3. Section 4 describes 

the proposed recognition system. Experimental results and discussion has been elaborated in section 5 whereas 

the final section 6 concludes the whole paper and also provides the future directions.  

2. Related Work 

Shaw et al. (2008) proposed a HMM (Hidden Markov Model) based approach to recognition of handwritten 

Devanagari words using holistic approach. The histogram of chain-code directions in the image-strips is used as 

the feature vector. The database consists of 39,700 samples of hand-written words collected from 436 d ifferent 

writers. The correct classification rate, mis -classification rate and rejection rate obtained on the test set are 

80.2%, 16.3% and 3.5% respectively. Kumar et al. (2010) described a technique for segmentation of 

handwritten Gurmukhi script documents into lines and lines into words. They have segmented lines with the use 

of strip based projection profile technique, and lines are segmented into words using white space and pitch 

method. They reported 93.7% accuracy for line segmentation and 98.4% accuracy for word segmentation on 10 

handwritten Gurmukhi script documents. Kumar et al. (2011) attempted to grade the writers based on statistical 

features. They have used two classifiers, namely, HMM and Bayesian for obtaining the grading score. Patel and 

Desai (2011) described an important phase of OCR, namely, zone identification for Gujarat i words which is 

used to extract modifiers in upper zone and lower zone that lead to detection of middle zone . It was the first 

attempt for Gujarati hand-written word zone identification. The approach describes a process based on distance 

transform for identify ing various zones for handwritten Gujarati words. They have evaluated the proposed 

algorithm for 250 different handwritten Gujarat i words. The recognition accuracies achieved for upper, middle 

and lower zones are 75.2%, 75.2% and 83.6%, respectively. 

Singh and Budhiraja (2012) have presented a system for recognition of offline handwritten Gurmukhi 

characters. They have considered different Daubechies discrete wavelet transforms for feature ext raction.  For 

recognition, they have used back propagation neural network. Patel et al. (2015) have used LPP for the feature 

extraction. LPP is a linear dimensionality reduction algorithm and it  overcomes the disadvantages of Principal 

Component Analysis (PCA). Given the set of data points and local similarity matrix, they find the optimal 

projections by solving the min imization problem i.e. comparing each data point with its neighborhood. 

Matching word images are displayed later using Support Vector Machines (SVM) classifier and the result is 

compared with the K-Means classifier. Dataset contains handwritten words of 30 district and 174 taluk names of 

Karnataka state written by 50 people and recognition rate achieved on dataset with proposed SVM classifier is 

85% which is better than K-Means classifier's average recognition rate of 83%. Hafiz and Bhat (2016) proposed 
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a two-tier hybrid classification scheme to boost the recognition capability of HMM based Arabic OCR systems 

using segmentation approach. This was the first attempt to use a hybrid HMM-KNN (Hidden Markov Model-K-

Nearest Neighbor)classifier for Arabic OCR. The first-tier of the hybrid system is a Part-of-Arabic-Word(PAW) 

based HMM classifier, which generates the corresponding log-probabilities for each PAW image. The second 

tier is a KNN Classifier which receives its inputs from the first tier and assigns classes to the emitted PAWs 

from t ier one. The database has been obtained from the IFN-ENIT Database of Arabic words that comprise of 

three sets. Set A had 600 word images, Set B had 400 word images, Set C had 200 word images and achieved 

the classification accuracy of 82.67%, 86% and 94% on sets A, B and C, respectively. 

Imani et al. (2016) p roposed an offline system for recognizing Farsi handwritten words. Two types of gradient 

features (directional and intensity gradient features) are employed. The feature  vector extracted is then coded 

using Kohonen Self Organization vector quantization (Self Organizing Map) to obtain a codebook with 49 

symbols. After generating the codebook a given feature vector is mapped to a symbol from 1 to 49 which are 

given as input to the Hidden Markov Models (HMM) classifier. To evaluate the performance of the proposed 

method, FARSA dataset has been used in which 198 word classes were used. The proposed system, applying 

directional gradient features, has achieved the recognition rate of 69.07%.Dhiman and Lehal (2017) presented a 

comparative performance analysis for Gurmukhi OCR at word level. In order to extract features, Discrete 

Cosine Transform (DCT) and Gabor filter has been used. k-NN classifier is employed for recognition of word  

images. To train the classifier of Gurmukhi OCR, 1600 samples have been used and to test the system, 750 

samples have been considered by them. Using Gabor filter, k-NN classifier provides 92.62% of correctness 

while with DCT, k-NN provides 96.99% of accuracy. 

Tamen et al. (2017) proposed an efficient multip le classifier system for Arabic handwritten words recognition. 

They used Chebyshev moments (CM) enhanced with some Statistical and Contour-based Features (SCF) for 

describing word images. For the recognition improvement purpose, they used combinations of classifiers like 

Multi-Layer Perceptron (MLP), Support Vector Machine (SVM) and Extreme Learning Machine (ELM) 

classifiers. Each classifier is trained with the two sets of features CM and SCF separately resulting in six 

classifiers. The system is evaluated on the IFN/ENIT database and achieved a global recognition rate of 96.82 % 

for the considered dataset. Gowda et al. (2017) proposed an Offline Kannada Handwritten Word Recognition 

using Locality Preserving Project ions (LPP) method for the feature extract ion. Support Vector Machine (SVM) 

is used for classifying the images. After the classificat ion of the images according to their density, the accurate 

image of the input word is recognized and displayed. The dataset for this proposed system consists of 30 

districts of Karnataka which are taken from the 20 people. The recognition rate was observed 80% in average 

for all the possible variations.  

Kaur and Kumar (2018) have presented a comprehensive survey on word recognition for Indic and non-Indic 

scripts, which is helpful in finding the research gaps in area of word recognition. Kumar et al. (2018) developed 

a system for recognizing newspaper printed in Gurmukhi script. In order to extract the statistical features of 

characters printed in the newspaper, four feature extraction techniques, namely , zoning features, diagonal 
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features, parabola curve fitting based features, and power curve fitting based features are employed. For purpose 

of recognition, four classification techniques, namely, k-NN, Linear-SVM, decision tree, and random forest are 

considered. For experimentation, a database is collected from three major Gurumukhi script newspapers, 

namely, “Ajit”, “Jagbani” and “Punjab i Tribune”. They have achieved a recognition accuracy of 96.19% by 

employing a combination of zoning features, diagonal features and parabola curve fitting based features to 

Random forest classifier. 

3. Gurmukhi Script  

The name Gurmukhi means "from the mouth of the Guru" and comes from the old Punjabi word Guramukhi. 

Gurmukhi script is used for writ ing the Punjabi language. This script contains thirty-two consonants, three 

vowel bearers, six additional consonants, nine vowel modifiers, three auxiliary signs and three half characters. 

This script is written from left to right.A letter in Gurmukhi script can be partitioned into three horizontal zones. 

The upper zone denotes the region above the head line, where the vowels reside, while the middle zone 

represents the area below the head line where the consonants and some sub-parts of vowels are present. The 

middle zone is the busiest zone. The lower zone represents the area below middle zone where some vowels and 

certain half-characters lie in the foot of consonants. 

4. Proposed Recognition System 

Handwritten word recognition system consists of various phases like, data acquisition, digitization, 

preprocessing, feature extraction and classification. In our proposed system, we have also used Principal 

Component Analysis (PCA) in order to reduce the length of feature set. The overall design of proposed system 

is depicted in Fig. 1. 

A. Data Acquisition 

In this work, authors have collected 4000 samples from 40 d ifferent writers. This dataset has been collected 

from 40 writers where each writer has written 100 words resulting in total 40×100=4000 Gurmukhi words. 

Authors have collected this type of dataset from d ifferent government offices, schools, colleges etc. 

B. Digitization and Pre-processing 

Digitization is the process of converting the handwritten document into electronic form. This process is 

accomplished by using HP-1400 model of scanner. Digit ization phase produces the digital image which is fed to 

the pre-processing phase. Pre-processing phase is the initial stage of word recognition system. In this , phase, 

authors have converted the image into gray scale format, bitmap image, and thinned image. 
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Fig.1 Block d iagram of offline handwritten Gurmukhi word recognition system 

C. Proposed Feature Extraction 

In this proposed technique, a word image is horizontally divided into n regions and then the 

extent of boundary of word is taken in each region as shown in Fig.2. Here the background 

pixel (Off pixel) is considered as 0 and foreground pixel (ON pixel) is considered as 1. Using 

a similar technique vertically extent of boundary of word of n regions can be formulated. 

Maximum length of extent in each region is considered as feature value corresponding to the 

region. Corresponding to the regions that do not have a foreground pixel, the feature value is 

taken as zero. So, authors have extracted 2nfeature elements for a word image by using this 

process. 
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Fig. 2.An example of proposed feature extraction technique 

D. Principal Component Analysis (PCA) 

Principal component analysis is a mathematical procedure which transforms a number of 

correlated features into a number of uncorrelated features (Subbuthai et al. (2012)). PCA has 

been widely used in the field of pattern recognition. PCA is a technique which is used for 

reducing the dimension of data. PCA is used to extract the meaningful feature sub-set. After 

applying PCA, the number of features are minimized and one can get maximum infer from a 

less number of features and get maximum possible recognition rate in less time rather than a 

large number of features (Bahgat et al. (2012)). 

E. Classification 

Classification phase is the final phase of word recognition system; this phase uses the features 

extracted in the previous phase. Classification is the process which finds a model to express 

and differentiate between classes to predict class labels of objects whose class label is 

unknown. The preliminary aim of the classification phase of recognition system is to develop 

the constraint for reducing the misclassification relevant to feature extraction. For reducing 

the complexity of classifier, we have used PCA to reduce the dimension of feature vector. In 

present work, we have used three different classifiers, namely, k-NN(k=5), SVM and MLP. 

SVM classifier has also been considered with four different flavors, namely, Linear-SVM, 

Polynomial-SVM, RBF-SVM and Sigmoid-SVM. 

5. Experimental Results and Discussion 

In this section, authors have presented experimental results of proposed feature extraction 

technique with different classifiers. 5-fold cross validation technique has been used for 

obtaining the recognition accuracy. For experimental work, a total of 4000 samples of offline 
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handwritten Gurmukhi words has been considered. Complete dataset is divided into training 

and testing parts. 70% data as training set and remaining 30% data as testing set has been 

considered in experimental work of this article. Various types of recognition accuracies 

obtained with proposed feature extraction technique and different classifies have been 

depicted in Table 1. Authors have achieved maximum recognition accuracy of 84.42% using 

proposed feature extraction and RBF-SVM classifier.  

Table 1: Recognition accuracy of proposed feature extraction technique with different 

classifiers 

Feature Extraction 

Technique 
Classifier 5-fold Accuracy 

 

 

Proposed Technique 

without PCA 

k-NN (k=5) 81.09% 

MLP 78.48% 

Linear-SVM 81.18% 

Polynomial-SVM 70.92% 

RBF-SVM 81.54% 

Sigmoid-SVM 74.16% 

 

Proposed Technique 

with PCA 

k-NN (k=5) 83.07% 

MLP 80.46% 

Linear-SVM 82.53% 

Polynomial-SVM 74.16% 

RBF-SVM 84.42% 

Sigmoid-SVM 78.39% 

6. Conclusion and Future Scope 

This paper proposes a feature extraction technique for offline handwritten Gurmukhi word 

recognition. For classification, we have used k-NN, SVM and MLP classifiers. We have used 

4,000 samples of offline handwritten Gurmukhi words in experimentation work. Maximum 

recognition accuracy of 84.42% has been achieved using 5-fold cross validation technique 

with proposed feature extraction technique and RBF-SVM classifier. This accuracy can 
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probably be increased by considering a larger data set while training the classifier. This work 

can also be extended to other Indian scripts such as Bengali, Devanagari, Tamil etc.  
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