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Abstract— In this paper, the work carried out to design the gradient feature based static sign language is presented. Sign 

languages are the gestures used by the hearing and speaking impaired people for communication. The sign languages are 

classified into static or dynamic or both static and dynamic sign languages. In static sign languages, still hand postures are used 

to convey information. In the dynamic sign languages, sequence of hand postures is used to convey information. In the present 

work, efforts have been made to design the computer vision based static sign language recognition system for the American 

Sign Language alphabets. The images that represent the static sign language alphabets are grouped into training and test 

images. The training sign language images are subjected to preprocessing. From the preprocessed images, magnitude and 

direction gradient features are extracted. These features are used to train the recognition system. The test images are subjected 

to preprocessing and feature extraction. The extracted features from the test sign language images are used to test the designed 

sign language recognition system. To classify the static sign language hand gestures, nearest neighbor classifier has been used. 

Independent experiments are carried out to evaluate the performance of the gradient magnitude and the gradient direction 

features. The average recognition accuracy of 95.4% for magnitude gradient feature and 80.3% for direction gradient feature 

are obtained.   
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I.  INTRODUCTION  

Machine based sign language recognition system is one 

among the many applications developed under the category 

of human computer interaction (HCI) system. The sign 

languages (SL) are the gestures used by hearing and speaking 

impaired people to convey information. In SL, different hand 

shapes, orientation and movement of hands, facial 

expressions and lip-patterns are used for message 

communication. The hand gestures used in the SL 

communication are the spatio-temporal patterns. These 

spatio-temporal hand patterns may be static or dynamic or 

both static and dynamic [1]. While the still hand shapes or 

postures are used to represent the message in the static SL, a 

series of hand postures are used to convey the message in 

dynamic SL. The SL is classified into three categories [2]. 

They are; finger spelling, word level, and non-manual 

features. In finger spelling SL, different hand gestures are 

used to represent the spellings of a language. To form the 

word of a SL, sequence of finger spelling gestures is used. In 

case of non-manual features, facial expressions, movement 

of tongue, mouth and body positions are carried out to 

convey the message.  

The task of identifying and interpreting the gestures of a 

SL is called the SL recognition. The knowledge of the 

defined gestures of a SL is essential to understand the signs 

or gestures made by the people. Many efforts have been 

made to design and develop the SL recognition system for 

HCI. The developed SL system can be classified into three 

main categories. They are, data glove method, marker glove 

method, and computer vision based method [3]. In data glove 

method, a hand glove mounted with accelerometers, RGB 

depth sensors have been used [4-6]. The data generated from 

these sensors due to the movement of the hands to show 

different SL gestures are used to design the classification 

system. The drawbacks of this system are; the system 

requires the frequent calibrations of sensors and the designed 

recognition system is costly. Since the sensors are very 

sensitive even for a small hand movement, misclassification 

of gestures occurs. In case of marker glove method, various 

colour markers are used on the hand glove to identify finger 

tips and wrist of a hand [7, 8]. This method demands the 

complex colour image processing to identify the colour 

coding used on the glove. Both data glove method and 

marker glove method are not suitable for multiple users. The 

reasons for this are; variation in hand shapes of people and 

the problem of hygiene associated with the use of common 

glove by different people. These drawbacks can be 

eliminated by the use of computer vision based SL 

recognition system.  

The computer vision based SL recognition system can be 

classified into either signer dependent or signer independent 

systems. In signer dependent system, SL gestures generated 
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by the single signer are used for both training and testing the 

recognition system. In signer independent system, SL 

gestures used to test the system are different from that of 

used to train the system.  

The hand gestures used to represent the SL differs from 

region to region and language to language. There is a well-

defined signs to represent the alphabets and other 

components of a language. In this paper, the work carried out 

in designing the computer vision based SL recognition 

system for the American Sign Language (ASL) alphabets is 

presented. In ASL alphabets, there are twenty-six hand sign 

gestures corresponding to twenty-six English alphabets.    

Figure 1 shows these twenty-six alphabets [9]. Out of these 

twenty-six alphabets, letters J and Z require the movement of 

hand for representation [1, 10]. Therefore, these letters are 

termed as dynamic hand gestures. Since the present work is 

focused on the static hand gestures, the recognition system is 

designed to recognize letters from A to I and K to Y.  
 

The remainder of this paper is organized as follows: In 

Section 2, information on the ASL alphabet hand gesture 

database used in the present work and the preprocessing of 

the hand gesture figures are discussed. The magnitude and 

gradient feature extraction and their salient features are 

presented in Section 3. The results of the experiments carried 

out to validate the proposed work are given in Section 4. 

Finally, in Section 5, the concluding remarks and the scope 

for future work are highlighted.  

II. DATA COLLECTION AND PREPROCESSING  

In the present work, the open source ASL alphabet hand 

gesture figure database has been used [11]. The hand gesture 

figures corresponding to twenty-four ASL alphabets which 

are used in this work are collected from this database. From 

this database, twenty figures corresponding to each of the 

twenty-four ASL alphabets are selected. The hand gesture 

figures are selected such that all the figures have the uniform 

illumination. The sample images of ASL alphabets A to E 

are shown in Figure 2. 

Since the collected ASL colour images are having 

different background, position variations, and different sizes, 

they are subjected to preprocessing. The preprocessing 

methods used in the present work are; image cropping, image 

resizing, converting colour image to gray-scale image, and 

median filtering of gray-scale image. To begin with, the 

images are cropped to obtain the region of interest image 

part. The cropped images are resized to a size of         so 

that all figures have the uniform size. The resized images are 

converted to gray-scale images and they are subjected to 

median filtering. The preprocessed figures of ASL alphabets 

A to E are shown in Figure 3. 

 

III. FEATURE EXTRACTION 

In the present work, the magnitude and the direction values 

computed from the image gradient vector are used as 

features. In practice, the magnitude gradient and the direction 

gradient of an image are computed to find the strength and 

direction of the edges in the image.  

In an image   , the edge strength and the direction at 

location       is found by computing the image gradient 

vector   . The image gradient vector    at a point       is a 

two-dimensional function having the first order derivatives in 

horizontal and vertical directions as given in (1).  

 

Figure 1.  Twenty-six hand sign gestures corresponding to twenty six 

American sign language alphabets. 

     

            A                 B    C         D                    E  
 

Figure 3.    Preprocessed image data samples of ASL alphabets A to E. 

     

           A                B                    C        D                    E  

Figure 2.    Image data samples of ASL alphabets A to E. 
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  is the gradient in y-direction. 

     The geometrical property of the gradient vector    is that 

it points in the direction of the greatest change of   at 

location           . The magnitude          and the 

direction           of vector    are computed by using the 

expressions given in (2) and (3) respectively. 
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     The common method used to compute    and    is by 

spatially filtering the image   by using the odd-sized Prewitt 

or Sobel masks. Due to the better noise-suppression property 

of Sobel masks, they are preferred over the Prewitt masks. 

The     Sobel masks used in this work for computing the x-

direction gradient    and y-direction gradient    are given in 

(4) and (5) respectively.  
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The static hand gesture figures of ASL alphabets are 

subjected to gradient feature extraction. The image gradient 

vector is computed from the preprocessed images using the 

Sobel masks. From the image gradient vector, magnitude 

gradient image and direction gradient image are computed. 

The magnitude      and the direction      images 

corresponding to the preprocessed ASL images of Figure 3 

are shown in Figure 4 and Figure 5 respectively. 
          

IV. EXPERIMENTS AND REULTS 

The ASL alphabet figures in the collected database are 

segmented into the training set and the test set. Out of twenty 

image data samples corresponding to twenty-four ASL 

alphabets, ten image samples of each letter are reserved for 

training and the remaining ten image data samples are used 

for testing the designed recognition system. The image data 

samples are subjected to preprocessing and feature extraction 

as explained in sections II and III.  

The ASL recognition experiments are carried out by using 

the nearest neighbor classifier with Euclidian distance as the 

distance measure metric. The average recognition accuracies 

of 95.4% and 80.3% are obtained for image magnitude 

gradient and image direction gradient features respectively.  

 

V. CONCLUSION AND FUTURE SCOPE  

The recognition system for the ASL alphabets is designed 

and the experiments are carried out with the twenty-four 

static hand gesture images corresponding to twenty-four ASL 

alphabets. The average recognition accuracies of 95.4% and 

80.3% are obtained for image magnitude gradient and image 

direction gradient features. As part of the future work, 

experiments are carried out to design the signer-independent 

hand gesture recognition system. In addition, efforts will be 

made to design the recognition system that can handle the 

gesture images that are captured under varied illuminations 

and image depths.   
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Figure 4. Gradient magnitude images of ASL alphabets A to E. 
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Figure 5. Gradient direction images of ASL alphabets A to E. 
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