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 Abstract: - Communication is the process of meaningful interactions among human beings. Natural language channels such as 

speech, writing, and body language (gestures) such as hand movements, head gestures, face expression, lip motion, and so on are 

methods for humans to connect. Understanding sign language is just as important as understanding normal language since sign 

language is the best way to communicate with the deaf and blind people. Voluntary movements of hands and fingers are used in 

sign language to express clear action. There is no universal sign language, just as there is no universal spoken language, because 

each nation has its own dialect of sign language. As a result, Indian sign language is utilised in India. Because sign language is so 

distinct from natural language, interpreters of sign language are necessary to convert common language into sign language and 

vice versa. As such specialists are rare in India in comparison to deaf and deaf individuals, a sign language recognition system is 

necessary to bridge the communication gap between the hearing-impaired cum speech-impaired population and the rest of society 

by translating Indian sign language into regular text. There are several approaches to sign language recognition systems that have 

been developed during the last decade, but there are still certain issues that need to be addressed. In existing systems, various 

machine learning methods are utilised. 

IndexTerms: SLR(Sign Language Recognition), ISL(Indian Sign Language), CNN(Convolutional Neural Networks), PNN(Probabilistic 

Neural Networks), KNN(K-Nearest Neighbor), SVM(Support Vector Machines), RNN(Recurrent Neural Network), HOG(Histogram Oriented 

Gradient), HMM(Hidden Markov Model). 

 

1. Introduction 

Communication is the mechanism by which humans engage in meaningful ways. We interact with each other either by listening 

or talking in our day today life, but we find it is difficult to communicate with deaf and dumb people in our society as we are 

unable to understand their language and vice-versa. Sign language is a form of interaction where each word or alphabet is 

associated with a different sign. Rather of sound, it transmits signals through hand shapes, direction and action of the hands, arms, 

or body, face gestures, and lip motions. The spoken language is not universal. American sign language, Indian sign language, 

Chinese sign language, British sign language and French sign language are some of the most frequently used sign languages in the 

universe. There are almost 18 million people are deaf, around 1 percent of total Indian population according to India’s National 

Association of Deaf. You cannot communicate with ordinary folks. Translators who can convert sign language to speech and vice 

versa are required to overcome the communication gap. However, there is a limited availability, and it is expensive, for the 

creation of the sign language recognition system that can translate signs to text or voice automatically. The Indian sign language 

is adopted in India. The Indian sign language is more complicated, contains both static and dynamic motions and complex 

movements of the hands, single and double hand. 

            Figure 1 depicts the representation of alphabetical gestures in Indian sign language, in which double handed notations are 

used for all alphabets excluding C, I, J, L, O, U, V, W and single handed sign notations are used for the remaining alphabets.  

Mostly double handed gestures are used for words and phrases.  Some words use movements of hands like crawl, pledge, and, all 

etc. Facial Expressions are also used in some words like Good, no, bed, wait, dinner etc. Sentence creation is accomplished 

through the use of both single and double handed sign language motions. After recognition, Sign can be converted into speech or 

text. 
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Fig.1 Alphabetical Gestures in Indian Sign Language. 

2.Different approaches for sign language recognition. 

Sensor-based approach and vision-based approach are two primary techniques utilised in sign language recognition. Sensor-based 

approach, also known as Glove-based technique. Combined approach using both systems also can be used. Sensor based approach 

uses wireless [1] or wired sensor. In this approach, signer needs to wear glove and is used for capturing the gestures. It uses some 

sensors like the proximity sensor, accelerometer sensor, abduction sensor and flexion sensor to extract features describing the 

hand sign. During processing, this technique improves the work of segmentation. The disadvantage of this method is that while 

the system is in operation, the signer must wear both the sensor equipment and the gloves. Using machine learning techniques, an 

integrated camera, and digital image processing algorithms, the vision-based approach extracts and recognises hand signals as 

well as the signer's facial expressions. This approach does not require any new hardware, however there are certain accuracy 

concerns with image processing techniques that have yet to be addressed. 3D model based and appearance based are the two 

approaches to vision-based sign language recognition. Using 3D information on important elements of the body parts, 3D model-

based approaches extract numerous significant properties such as palm position, joint angles, and so on. This technique employs 

volumetric, skeletal, or a mix of the two models. This method is quite computationally costly, and systems for live analysis are 

still in the works. Images or videos are used as inputs in Appearance-based systems. These videos/images are utilised for 

interpretation directly. The body is not represented spatially. Using a template database, the parameters are extracted straight from 

the images/videos. Some of the templates are deformable two-dimensional representations of human body parts, notably hands. 

Deformable templates are approximation points in object outline approximation, which is a set of points on the object’s outline. 

Linear interpolation functions are the most basic. These template-based models may be used for more than only hand tracking; 

they can also be used to classify simple gestures. Appearance-based models, which employ picture sequences as gesture 

templates, are a second technique in sign language gesture recognition. 

3. Related work 

3.1 Recognition of alphabets and numericals 

The framework consists of Indian sign language recognition by fingerspelling [1]. To recognise motions, this system 

employs digital image processing methods and artificial neural networks. In first step gestures are captured and pre-processed. 

Self-created data set is used. In second stage of segmentation hand is extracted from captured images, after that feature extraction 

is applied in third step. In last training and testing phase ANN is trained to classify 36 signs with 360 images in training dataset 

and in testing phase 180 images used to test the system. The average recognition rate after experimentation is 91.11%. Another 

Framework [2] works on this concept is an app “Fingerspelling” which is made using open-source tool such as 

Blender consisting of three basic modules. These three modules are 1] “Learn” module 2] “Practice” module 3] “Test” 

module. Preliminary Testing is done at a hearing and speech impaired school. There were 78% of the students inspired and they 

said that this app can enhance the self-learning skill of ISL. Vision-based strategy in which a web camera is used to record 

images, which are then analysed using MATLAB and feature Extraction and classification is performed on the gesture. Hand 

gestures that are captured, then converted into speech and text. English and Hindi languages are used.  82% accuracy is achieved 

[3]. Deep Learning Approach in which Convolutional Neural Networks are employed for classification. In first phase, classifier 

model is made using the numeral sign and keras implementation of CNN in python platform. In the second stage, skin 
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segmentation is performed to determine the region of interest in the frame using another real-time system, and then the sign is 

predicted as it is input into the classifier model. Accuracy for the same subject is found to be 99.56 % and 97.26% for the low 

light conditions [4]. Another framework works on the recognition of Indian Sign Language Alphabets. Categorization is done 

either single-handedly or double-handedly in this case. A series of training images is extracted using feature extraction techniques 

such as HOG and SIFT and then concatenated in a single matrix form. The test images are split into single and double-handed 

motions, and classification is performed using fusion of HOG and SIFT descriptor fusion with K-nearest correlated neighbour. 

The trainings section contains 520 images and the test half contains 260 images. When single and double handed gestures are not 

classified, the accuracy rate using SIFT is 78.84%, while the accuracy rate using HOG is 80%. Accuracy rate is 90 % when both 

the techniques are fused. SIFT obtains an accuracy rate of 92.5 % for single handed motions and 75.55 % for double handed 

motions, when single and double-handed motions are classified. HOG achieves a single handed accuracy percentage of 100% and 

a double handed accuracy rate of 82.77%. The combination of the two techniques results in a 97.5 % single handed and a 91.11 % 

double handed result [5]. Another study on the recognition of Indian Sign Language in which dataset is divided into training and 

testing. After that image are pre-processed and then converted into binary format. The HOG features and the geometric features 

are calculated for the image. For classification, SVM and KNN are utilised. SVM improves KNN in terms of accuracy, according 

to experimental results. SVM in combination of HOG feature can provide an accuracy of 94.23% [6]. Automatic recognition 

system [7] of Indian sign language in complex backgrounds in which Computer vision, natural language processing, and pattern 

recognition are used. Webcam or mobile camera is used for the purpose of image acquisition. Preprocessing and skin 

segmentation is done by dividing video taken into frames. Feature extraction is carried out, and the gesture classification method 

is used to recognise the sign.  SVM is used for classification. The work is completed in python platform and compared with cv2 

library. After that, the gesture is predicted and converted into the text format. 

 

3.2 Recognition of Words and phrases 

In framework of Argentinean sign language gestures, 2300 videos are being used as a dataset for different words belonging to 46 

gesture categories and 50 videos per gestures are used for better recognition. To train these models, two learning methodologies 

are used. To train these models, two learning methodologies are used. First is spatial features CNN to train model, and second is 

temporal features RNN. Accuracy is 95.217% [8]. A framework proposed a sign language recognition utilising a leap motion 

controller and Kinect sensors, in which the sign language is recorded by leap motion and the signers' facial data is captured by a 

Kinect camera. Dynamic gestures datasets are used. For recognition, HMM (Hidden Markov Model) is used and after that 

independent Bayseian classifier approach is being applied on them. In single and double hand gestures, accuracy is 96.05% and 

94.27%, respectively [9]. Indian Sign Language gestures recognition algorithm in which the numbers, alphabets, and a few words 

are translated into English. This algorithm performs data capture and gesture pre-processing, which is then employed by a 

combinational algorithm to track hand movement, and template matching is used for recognition. A self-created database with 

130000 videos is used. The system's database was generated using 72000 videos, and the system's performance was tested using 

58000 videos. The obtained accuracy is 97.50% [10]. The tracking techniques like the movement, shape, direction are compared 

for ISL [11] and analyzed by following some steps like data acquisition from the self-created database then Preprocessing for 

frames which will enhance the quality of images and focus on the gesture part. Meanshift and Kalman Filter are used. After that, 

classification and Recognition is done. ANN, SMO, Naïve Bayes classifiers and multilevel perceptron are used. The rate of 

recognition is equal to the correctly identified gesture videos to the total hand gesture videos. The results shows that meanshift 

gives more Elapse time, Precision on, and Effect of Velocity change whereas kalman filter gives more effect of illumination. 

Automated sign interpreter [12] that transforms Indian sign language into audio. A sensor-based approach, such as an 

instrumented glove, is used in this system. Some hardware component like Arduino uno, flex sensors, gyroscope with 

accelerometer, Bluetooth and SD-Card Module are used in this architecture. During experimentation, 90 words are tested out of 

3000 words. 

3.3 Recognition of Sentence 

A framework [13] which focuses on invariant backgrounds for dynamic gesture recognition of ISL. The frame overlapping 

method was used to track relevant motions. After those frames are extracted which has maximum information for speedup. Then, 

for extracting features, the Discrete Wavelet Transform (DWT) is used, and for testing probing gestures, the HMM is used, which 

has a low time complexity and space complexity. Another framework [14] translates the sign language in written text format and 

it also convert it into voice form. It also provides the facility for the normal people to enter the input as a text and then system 

converts it into sign language images and in the video form. This system consists of three modules training, testing, and text to 

speech engine. It is implemented using MATLAB with PNN KNN classifier. Accuracy obtained for image is 87.04% and 90.74% 

for KNN and PNN respectively. Accuracy obtained for video is 86.67% and 93.33% for KNN and PNN respectively. A real-time 

system that has high accuracy rates and can recognise gestures in ISL. The gestures are captured by the Android smartphone, and 

the frames are then sent to the server. Preprocessing is performed with the help of face detection and elimination using HOG 

features and SVM classifier. Then skin segmentation is performed using YUV+RGB Color Space. Following skin colour 

segmentation, morphological operations such as erosion and dilution are utilised to reduce any noise that has been created. 

Furthermore, a grid-based feature extraction technique is applied, and finally, KNN and HMM classifiers are used for 
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classification [15]. A framework on Indian Sign Language for mobile platforms [16]. Using the front camera of a smartphone in 

selfie mode, a video-based dataset for Indian sign language is developed. To generate sign language feature space, video frames 

are pre-filtered, segmented, and feature extracted. Signs are converted to text or voice using the minimal distance classification 

and sign language feature space. The accuracy is approximately 90.58%. 

Table 1. Different Techniques with Their Accuracy 

 

Author Name 
 

 

Method 
 

 

Accuracy 

Umang Patel 

 

PNN and KNN, Contour Based and 

region based shape representation 

and description methods 

82% 

 

Sajanraj T D 

 

CNN, Le Net Architecture. 

 

99.56% and in low light 

97.26% 

 

Bhumika Gupta 

 

KNN, HOG, SIFT 

 

For Single handed 97.50% 

double handed 91.11% 

 

Sarfaraz Masood 

 

CNN, RNN, Prediction and Pool 

Layer Approach 

 

95.20% 

 

Pradeep Kumar 

 

DMF algorithm, Kinect sensor, 

Leap motion sensor, HMM, feature 

vector, IBCC, PCA Approach 

 

For Single handed 96.05% 

double handed 94.27% 

 

Purva C. Badhe 

 

Fourier Descriptors, Canny Edge 

Detection 

 

97.50% 

 

Shwetha S kulloli 

 

KNN,PNN 

 

For image in KNN 87.04% 

and PNN 90.74% & for 

video in KNN 86.67% and 

PNN 93.33% 

 

 
4 System Overview 

sign language recognition system was designed by various developers for a range of applications, with different stages of 

recognition. They all agree on the general architecture of the recognition system. The four stages involved in a sign language 

recognition system are image capture, pre-processing and segmentation, feature extraction and classification, as illustrated in 

fig.4.  

 

 

 

 

 

 

                            

 

 

 

Fig. 2 Steps Used in Recognition of Alphabets 
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4.1 Image Acquisition 

A camera can be used to capture the person expressing the message in sign language. Manual acquisition is possible. A camera 

sensor is used to capture the signer's face or gesture. 

4.2 Pre-processing and segmentation 

Images taken with a camera have different resolutions and sizes since they are not taken in a controlled lighting situation and are 

taken with a digital camera. As a result, pre-processing of images is necessary. Noise and digitization errors produce local 

alterations that should not significantly impact the image scene or information. Pre-processing raw video material is critical for 

meeting memory needs and ambient scene conditions [17]. 

To solve sign complexity, a variety of elements such as lighting, backdrop, camera settings, and camera location can be 

employed. The first and most crucial stage of pre-processing is filtering. A median filter is used to reduce unwanted noise in the 

recorded image. The next significant step in the pre-processing phase is substruction of background. The background 

subtraction are obtained using the running Gaussian average approach [18]. This method is highly fast and uses very little 

memory when compared to other ways. Lighting changes, camera motion adjustments, and so on are all taken into account. 

  Image scaling is a technique for reducing the computational effort necessary for image processing before skin detection. 

This technique provides a binary image where the white hand is represented by pixels and the rest of the black. This method 

detects whether or not each pixel in a picture is part of human skin. For skin detection in images, there are several techniques 

developed [20]. Different signs done with the help of hands are recognized by segmentation process. It is the process of dividing 

the image into pieces separated by borders. Both dynamic and static gestures impact the segmentation process. The hand 

movement in the case of dynamic gesture must be detected and monitored, but in the case of static gesture, the image needs to be 

segmented [19]. 

 

 4.3 Feature Extraction 

One of the most serious issue with detection system is the issue of preprocessing. Physical activity of the hands, face or 

entire body is used to recognise sign language. Hand gestures have a wide range of shapes, textures, and actions. Indeed, due to 

self-occlusion and ambient illumination, features extracted using geometric are not always available and trustworthy [21]. As 

stated in [22], selecting the correct feature extraction approach is essential. The system is strengthened by the combination of the 

recognition algorithm and feature extraction technique. In the scope of human interaction, successive hand gesture experiment is 

determined by the feature chosen, because the input to a classifier is gained from this stage. [23] describes the methods of the 

feature extraction approach. 

 

 

 
Fig. 3 Methods of Feature Extraction 

 

4.3.1 Hand Segmentation  

Segmentation is the initial stage in processing the input image for recognition. The hand area is obtained by segmenting the image 

that was taken by the camera. The Canny edge detector is a technique used in segmentation. As seen in this example, the hand 

area is detected using the canny edge detector [24]. Accuracy achieved is 92.34%.  A threshold is essential when a Canny edge 

detector is used to locate relevant edges in an image. For example, elliptical Fourier descriptors can be employed in place of the 

edge detector work described in [25]. Overall accuracy is 95.1%. Skin detection is another segmentation approach. This method is 

used to locate the skin region in an image. This method, however, cannot calculate the hand area directly. When the facial region 

is included in the image, which will be detected, it may fix the problem. Skin detection must be combined with hand movement 

tracking in order to compute the border of hands and the centroid point of hand is calculated [26]. Another technique, as described 

in [27], is to separate the head and face regions by assuming that the head is typically fixed and larger than the face. To remove 

the face region, the face detection technique [28] is employed. The accuracy is 87.33%.  
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Table 2. Hand Segmentation Techniques with Accuracy 

Author Name Method Accuracy 

M. V. D. Prasad Canny Edge Detector 92.34% 

 E. A. Kalsh Canny Edge Detector 100% 

P. V. V. Kishore Elliptical Fourier 

Descriptors 

95.1% 

P. C. Pankajakshan Skin Detection, Canny 

Edge Detector 

- 

S. C. W. Ong Skin Detection - 

K. M. Lim Skin Detection 87.33% 

 

4.3.2 Glove-Based Hand Tracking  

The use of gloves provided the optimum solution for simplifying the tracking of the hand area. The algorithm is aided in 

identifying the hands region by the usage of gloves. Gloves are frequently made of plain fabric [29]. The glove-based strategy 

evolves through time, moving from a coloured glove to a sensory glove approach. 

A) Coloured Glove-Based   

Colored gloves are one of the most traditional method for tracking hands in sign language. To identify hand movement, a hand 

tracking system with coloured glove is proposed [30]. It provides accuracy of 95 %. The right hand wears a bright yellow glove 

while the left hand wears a red and orange glove in this approach. The system looks for the proper pixel colour of the glove to 

determine the hand placement. After the pixel has been detected, this approach expands the testing by utilising the hand's 

8 nearest neighbours to obtain the relevant part of the hand. Feature extraction is used to deliver the result as multidimensional 

Gaussian densities. 

B) Sensory Glove-Based  

Sensory gloves are equipped with seven sensors [29]. The accuracy is 88 percent. Each finger is equipped with five sensors, one 

sensor is used for determining hand tilt and remaining is for sensing the number of rotations. The most current innovation in 

sensory glove has 10 flex sensors as well as an accelerometer as a motion sensor with a 90.3 % [31]. A sensory glove might 

revolutionise sign recognition. It walks you through the full accelerometer pre-processing procedure. The accelerometer provides 

the value of hand prediction in feature vector as an input to the classification process. The proposed approach for sign language 

recognition when using a website employs a sensory glove as an input instruction [32]. Another study that used sensory gloves 

proposed Thai sign language recognition with data glove and a motion detector [33]. The accuracy is of about 94.44%. This 

system has been upgraded by the inclusion of 14 sensors, 10 of which are located on the fingers and 4 of which are located 

between the fingers.  

Table 3. Glove Based Techniques with Accuracy 

Author Name Method Accuracy 

 T. E. Starner Coloured Gloves 95% 

S. A. Mehdi Sensory Gloves 88% 

L. T. Phi Sensory Gloves 90.3% 

A. Ranjini S. S. Sensory Gloves - 

S. Saengsri Sensory Gloves 94.44% 

 

4.3.3 Principal Component Analysis (PCA)  

Principal component analysis is the well-known and widely used methodologies in scientific study. Matrixes are used in PCA’s 

mathematical methods. PCA is being used to decrease the dimensions of a matrix, keeping just the information that is required in 

the matrix. 

The framework [34] is composed of PCA and glove-based information collected with an Attitude Heading Reference System 

(AHRS) sensor. This sensor, on the other hand, does not produce a greater result. The output of that sensor is not clear and 

contains a lot of noise. As a consequence, the low pass filter is employed after comparing the results of the Kalman filter. This 

framework utilises the k-means algorithm, PCA, and an ABC-based HMM to get a acceptable result. This result had an accuracy 

of approximately 91.3%. 

The system proposed a modified feature extraction method that combined PCA and kurtosis, as well as motion chain code (MCC) 

[35]. The achieved accuracy is 89.09%. Kurtosis is utilised to fuse the PCA, whereas MCC is employed to depict hand movement. 

Another technique [24] provided recognition of sign language by combining PCA with Elliptical Fourier Descriptors. To optimise 

and retain shape data, Elliptical Fourier Descriptors were used. Using Artificial Neural Network, the accuracy provided by this 

experiment is 92.34% in a recognition. The Otsu technique [36] was utilised for image pre-processing for segmentation in PCA. 

The Otsu technique output, which is in the format of a feature vector, is then compressed using PCA. For recognition, the centroid 
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of the hand and skin detection are used. Following table covers various proposed efforts on PCA-based algorithms, as well as the 

stated accuracies. 

Table 4. PCA Based Techniques with Accuracy 

Author Method Accuracy 

T. H. S. Li k-Means Algorithm, 

PCA 

91.3% 

M. M. Zaki Kurtosis, Motion Chain 

Code, PCA 

89.09% 

M. V. D. Prasad Elliptical Fourier 

Descriptors, PCA 

92.34% 

S. N. Sawant  Otsu Algorithm, PCA - 

 

4.3.4 Scale Invariant Feature Transform (SIFT) Algorithm  

The system [37] proposed a SIFT-based modification feature extraction technique. The SIFT method is used by another 

framework [38]. This method is interesting because it is resistant to rotations, translations, and scale changes [39]. 

4.3.5 Serial Particle Filter  

Many recognition systems employ a serial particle filter. The particle filter may track a single item, two objects, or many items 

[28]. The particle filter is used in sign language to track both the hands. For hand representation and recognition, a that filter is 

coupled with a feature covariance matrix is utilised in this study. This technique achieves an accuracy of about 87.33 % while also 

improving noise reduction and foreground detection. In the future, the computation time can be reduced by researching a 

technique for developing a virtually real-time system. 

4.3.6 Microsoft Kinect  

Any gesture including hand gesture is recognized with the help of Microsoft Kinect device It shapes each movement that has been 

recorded as a characteristic. The Microsoft Kinect is well-suited for sign language identification due to its 3D sensor camera. The 

camera arrangement is effective in that hands, as well as the head and elbows, are removed, which may be beneficial in 

differentiating the hand area and associated symptoms. Another advantage of utilising Microsoft Kinect is that it is unaffected by 

illumination. Even in the places with less light, camera will still detect well [40].  

In the sign language recognition field, the pre-processing component has been reduced with the help of Kinect. To depict 

hand figures, the system offered a combination of Kinect SDK and Histograms of Oriented Gradients (HOG) [41]. The depth and 

coloured image were obtained using the Microsoft Kinect SDK. The shape information was normalized by HOG and feature 

extraction by using hand trajectory. The accuracy provided by this approach of about 96.75%.  

The spatial domain method was employed as a feature extraction method in this paper to recognise the fingertips. To achieve the 

97.5 % accuracy, SVM classifier was utilised [42]. The identification accuracy may be found in [43] is also of 96.67 %. It 

combined skeleton and depth image characteristics. The area, centroids, major and minor axes, orientations, and normalised 

feature vector were all considered in the feature extraction process. It was 99.84 % accurate when local and global characteristics 

were combined [44]. Data from Kinect was used to manage dynamic hand motions, including RGB, depth, and skeletal 

information. Lighting normalisation was offered as a second technique [45]. The SVM classifier produced the maximum accuracy 

of 99.9% [46]. 

Table 5. Microsoft Kinect Based Techniques with Accuracy 

Author Name Method Accuracy 

Y. Jiang Kinect, HOG 96.75% 

J. L. Raheja Kinect 97.5% 

E. Rakun Kinect 96.67% 

E. Escobedo Kinect, Local Features, Global 

Features 

99.84% 

S. B. Carneiro Kinect 89% 

C. Keskin Kinect 99.9% 

 

4.3.7 Leap Motion Controller (LMC)  

The active sensor was used to update the pre-processing algorithm [47]. Using a Leap Motion Controller, this system presented a 

feature extraction method (LMC). Using 200 frames per second, the LMC can identify hand motions. Following this, the hand 

movement signals are translated into computer instructions [48]. Of the 23 characteristics returned by this gadget, only 12 are 

selected for inclusion in the article. 15 frames per second is another way for transmitting data [49]. Various aspects of LMC's 

performance are superior to Microsoft Kinect according to [50]. The detected data can be directly map to the hand fingertip and 
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movement by using LMC API. LMC, on the other hand, is far from flawless, but it is still growing. When the hands are flipped 

over, it has some issues implementing the API. 

4.4 Classification 

The input image is classified by classifier into its related classes. During training phase, the feature vector is used to train 

classifier. And then trained identified class corresponding to signs and give output in text or audio format. The classifier 

performance measured in term of accuracy or recognition rate. Regularly used classifiers include Hidden Markov Model, 

Artificial Neural Network, Convolutional Neural Network, and Support Vector Machine. 

 
Fig.4 Classification Methods 

4.4.1 Hidden Markov Model (HMM) 

Multiple earlier studies use the Hidden Markov Model as a foundation for their study into building a recognition system. This is a 

statistical model in which a set of variables is hidden. These parameters are derived from linked observation parameters [51]. 

According to [52], The HMM model is a finite model that displays a probability distribution across an infinite sequence. The 

Hidden Markov Model is commonly used in voice recognition systems. In a glove-based SLR system, HMM is used [53]. Sign 

Language is made up of continuous movements that form a word or sentence. As a result, while dealing with sequential data, the 

HMM is used. 

The HMM is multidimensional and can recognise American Sign Language with 96.7% accuracy [54]. At the same time, the 

input devices generated data in the form of 21 digital data, which were subsequently segmented into gesture. Following that, the 

data is categorised, and the result is recognised. Another study used HMM with 98.2% accuracy to recognise Chinese Sign 

Language (CSL). In a previous research [53], HMM was used to recognise data from Data Glove.  With an accuracy of 80.4 

percent, this system recognised 250 Taiwanese Sign Language phrases, which included 51 basic positions, 6 directions, and 8 key 

movements. Four characteristics were used to analyse the input: location, posture, motion, and orientation.   

The previous research has been improved by using several Hidden Markov Model. Coupled-HMM [55], hybrid CNN-HMM 

[56], and Kinect-Based Hidden Markov Model [57] are used in the research for sign language recognition system. The Couple-

HMM was utilised in a SLR system and achieved 90.80% accuracy [55]. In this study, the Kinect was utilised to construct a 3D 

representation of the collected actions. Another method [57] utilised Kinect for an HMM-based Taiwanese Language Recognition 

system and achieved an accuracy of 85.14%. 

 

Table 6. HMM Used in Techniques with Accuracy 

Author Name Method Accuracy 

Wang, H. HMM 96.7% 

Liang, R. H. HMM 80.4% 

Kumar, P. Couple-HMM 90.80% 

Lee, G. C. Kinect-based HMM 85.14% 

4.4.2 Artificial Neural Network (ANN)  

An artificial neural network is a component of artificial intelligence that is intended to imitate the operation of the human 

brain, with processing nodes known as "neurons". Every neuron contains some information; it takes input from other neurons and 

sends output to others [58]. With 91.1% accuracy, the ANN forward-backward method was used to recognise all alphabets and 10 

numbers of ISL [1]. Backpropagation Neural Network is used in which the learning process is depends on the Deepest-Descent 

technique [59]. Another technique was utilised to develop a Indian Sign Language Recognition system, which obtained 92.34 % 

accuracy [60]. The researcher generated the data, which included 80 video sequences with 59 signs of alphabet, numerals, and 23 

sentences in ISL. 

 

 

 

 

Classification

Hidden Markov Model (HMM) 
Artificial Neural Network 

(ANN)
Convolutional Neural Network 

(CNN)
Support Vector Machine 

(SVM) 
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Table 7. ANN Used in Techniques with Accuracy 

Author Name Method Accuracy 

Adithya, V. ANN 96.7% 

Prasad ANN 92.30% 

 

 

4.4.3 Convolutional Neural Network (CNN) 

In Convolutional Neural Network, the convolutional layer extracts features [61]. CNN has been employed in studies 

involving computer vision. In several of these experiments, CNN was used for Sign Language Recognition. Three-dimensional 

CNN has been used to recognise Sign Language in written or spoken material [62]. The system's accuracy was 94.2%. The data 

set consists of 25 sign language words that were utilised in daily interactions. CNN was employed for an automated recognition 

system for Italian language that used Microsoft Kinect and GPU acceleration [63]. With a 91.7% identification rate, this system 

could distinguish 20 Italian gestures. A Hybrid CNN-HMM was used to recognise continuous sign language [56]. The Hidden 

Markov Model can be coupled with CNN to improve discriminative power. The CNN-based system obtained a recognition rate of 

94.2%; however, only limited amounts of data were employed [62]. LipNet was was built with 3D Convolutional Neural 

Network. It is capable of lipreading using a visual method. Previously, LipNet was able to recognise end-to-end sentence-level 

lipreading with 95.5% accuracy. LipNet's architecture incorporates 3D CNN, Bidirectional RNNs, and SOFTMAX. The GRID 

corpus was used in the trials, with 3971 videos and 28775 films used for testing and training respectively [64]. 

 

Table 8. CNN Used in Techniques with Accuracy 

Author Name Method Accuracy 

Huang, J. CNN 94.2%. 

Pigou, L. CNN, Kinect and GPU acceleration 91.7% 

Koller CNN-HMM 94.2% 

Assael CNN, LipNet 95.5% 

 

4.4.4 Support Vector Machine (SVM) 

Support Vector Machine is a pattern recognition approach that uses supervised learning. The SVM is also called as non-

probabilistic binary linear classifier because it takes input data and predict that, which two possible classes to generate output. The 

technology [46] proposes recognising American Sign Language hand configurations of the ten digits using Kinect videos. This 

method creates a 3D structure of hand, which is then merged with 21 segmentation hand components to form the feature map. The 

experiment's SVM classifier has an accuracy of nearly 99.9%. Depends on structural and temporal data, hand signals are 

generated from video sequences [65]. 30 Chinese alphabet letters, with 195 photos representing each letter, for a total of 5850 

images in the collection. The SVM classifier used in this system with recognition rate of 95.55%. 

 

Conclusion 

Several approaches and gesture recognition systems have been observed in the pursuit of communication channel, between the 

impaired hearing peoples. Excluding Indian Sign Language other language works are also discussed with the classification 

algorithms, challenges and the future scope were also detected. Most of the work has yet been done on the static gestures in 

Indian sign language. The researchers should concentrate on developing a suitable segmentation scheme capable of identifying 

the hand and facial area from videos and images with any environment. It has been discovered that the majority of the work must 

be done utilising vision-based approaches in real-time systems for sign language recognition so that it is accessible to all and 

provides an easy-to-use environment. 
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