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Abstract. Communication among the deaf and non-verbal communities has 

long relied on sign language recognition. From all researchers around from early 

electric signal-based sign language identification to more recent recognition 

using machine/deep learning techniques, the globe has tried to automate this 

process. The main objective of this research is Recognition of sign language 

based on key point detection (SLR). American Sign Language (ASL), primarily 

ASL pickle data, is the subject of this work. The model was trained using a 

variety of machine learning algorithms, including random forest, support vector 

machine, and k closest neighbor. Lastly, utilizing evaluation criteria such as 

f1score, precision, and recall, the best model is chosen from the model testing. 

A straightforward GUI is created to collect user input, and the best machine 

learning model makes the forecast. Also, a Training tool is created for the 

purpose of learning the American sign language which will create a major 

difference for non-verbal communities 

Keywords- Open cv, Random Forest algorithm (RF), Support Vector machine 

(SVM), K-Nearest Neighbor (KNN), Media pipe, American sign language 

(ASL), Sign language recognition (SLR) 

 

 

1 Introduction 
 

According to the world federation of deaf there are more than 70 million hearing impaired 

people and almost 80% of them live in developing countries. The preferred form of 

communication for hearing-impaired people worldwide is sign language. Using 

computer vision or any other approach to recognize sign language can be successful to 

variable degrees. According to some, sign language contains a systematic collection of 

movements, each of which has a distinct meaning. This meaning helps the deaf and dumb 

to communicate with each other and the world. We propose a system that would make it 

easier for people to understand sign language. To do this we utilize support vector 

machine (SVM) frequently and as we also have used random forest (RF) and K-nearest 

neighbor (k-NN) for the classification task. We are also building a training model for 

people who want to learn sign language. This will help many people who can't afford a 

school to learn the language easily and also people can communicate to hearing impaired 

people without a barrier. By doing this the learning and usage of sign language in the 

world increases. The purpose of this article is to review the methods for recognizing sign 
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language and design a best training tool for visually challenged people. 

 

Based that hand movements are so distinctive in terms of shape variation, texture, and 

velocity, choosing the right set of characteristics is crucial for gesture detection. By 

separating out elements such finger orientations, fingers, skin color, and hand 

morphologies for static hand identification, it is easy to estimate hand posture. These 

features are sometimes and unreliable due to lighting and image background. More 

nongeometric elements that are necessary for recognition include the silhouette, color, 

and textures. Since it is challenging for exactly describe features, the entire frame or 

converted image is used as the input; the recognizer then implicitly and automatically 

derives the features. 

 

 
 

Fig 1.1 – Working of Sign Language Recognition 

 

One of its primary goals is to create systems that can recognize particular gestures and 

utilize them to transfer data or operate machinery. But while hand poses are the static 

structure of the hand, gestures are the dynamic movement of the hand, necessitating 

representation in both the spatial and temporal domains. The two primary techniques 

used to analyze the use of hand gestures is a form of data glove and vision-based 

technique. The primary objective is to design a vision-based system is capable of real-

time sign language recognition. A system based on vision is preferable because it offers a 

clearer and simpler and realistic means of communication between a human and a 

machine. The system will take the silhouette of the hand that is placed in front of them as 

the input. By this means it can recognize the shape of the hand even its bit blurry. Our 

deepest concern is that sometimes the silhouette of the shape of the hand is not enough to 

determine the character. For that we have tried our best to debunk the gesture the person 

is trying to make. 
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Fig 1.2 – Working model of SLR 

 

As we can see from fig 1.2 that the basic process of SLR is quite recognizable. It follows 

the basic ideology of machine learning algorithms. The SLR process is first trained with 

a dataset about how each hand gestures will be made in order to show us a character. This 

is then processed and the features of the hand is taken as a reference for the model to 

compare. This is then implemented when the input is acquired by the means of video 

capturing. The input is taken by studying the features of the hand. Then it compares it 

with the dataset that is stored in the database and gives us the output as a letter that the 

person is displaying. 

 

2. RELATED WORK 
The survey was performed on the publications that appeared between 2015 and 

2022 on the following platforms: 

(a) IEEE Xplore, (b) Science direct, (c) ACM journal and (d) Springer. These 

journal articles help us better understand the computer-aided analytical process 

that yields a summary of the whole body of research. 

• Research on Image/video Acquisition 

• Research on Image Pre processing 

• Research on Image Segmentation 

• Research on Feature Extraction 

• Research on Classification 

 

2.1 Review on Image/Video Acquisition: 
 

The first and most necessary stage in sign recognition is image acquisition, that may be 

executed using either privately developed or freely accessible public datasets.[18] Using a 

camera, a sign language sentence is recorded, and the resultant video is divided into 

individual frames. Each sign in a frame that is selected at random from a collection of 

frames is processed, and features are extracted so that they can be applicable to nearby 

frames that follow and preceded it. Image acquisition is the process of gathering an 

image from sources. This can be accomplished via hardware systems like cameras, 

encoders, sensors, etc. The MV workflow's most crucial step is without a doubt this one 

because a poor image would render the entire process useless. 

 

2.2 Review on Image Pre Processing: 

 

The system's webcam is used in this operation to capture the image. The input image is 

first preprocessed, and noise is removed from the image and the image is smoothed 

using a threshold. Use region filling afterwards to fill in any gaps in the gesture or the 

3

ITM Web of Conferences 57, 01019 (2023)
ICAECT 2023

https://doi.org/10.1051/itmconf/20235701019



subject of your attention. To remove extraneous undesired items or noise from the 

image, first choose the largest blob (largest binary linked entity) in the image. This is 

done in order to increase classification accuracy. In this project we use live hand gesture 

for input so using this process we will remove all the unnecessary things to increase the 

accuracy level. 

There are five categories for image processing goals. As follows: 

1. Use visualization to focus on intangibles. 

2. To improve the image, use image sharpening and restoration. 

3. Image retrieval: Find the image you're looking for. 

4. Measures several things in an image using patterns. 

5. Identify and distinguish the objects in an image using image recognition 

In sign language understanding to more effectively extract information from input 

photos, image processing is used. In particular, attributes that we infer from photos of 

hand gestures or signs should be unaffected by the surroundings, translation, scale, 

shape, rotation, angle, coordinates, movements, etc. this is achieved by image 

preprocessing 

 

2.3 Review on Image Segmentation: 

 

Image segmentation is one of the most basic and difficult problems in image analysis. 

In image processing, picture segmentation is essential. The division of a picture into 

useful sections or items is known as image segmentation in computer vision.[2] Otsu is 

one of the most common image segmentations.  The simplicity and effectiveness of 

Otsu's method make it one of the most widely used approaches. It is built on the 

thresholding methodology. In order to achieve the highest between-class variance of the 

final object and background classes, the best threshold value must be chosen. The best 

threshold is sought after iteratively until the maximum variance between two or more 

classes is achieved. The Otsu method is a sort of global thresholding that only 

considers the image's grey value. Selection technique using global thresholds, or Otsu 

method. Using the OpenCV library, skin segmentation may be performed in the resulting 

images are subjected to morphological treatments for noise reduction. Images can also 

be smoothed using median blur. 

 

2.4 Review on Feature Extraction: 
This method is a process in image preprocessing. It is used to extract the features from 

already segmented images. In this process the input images are analyzed and they are 

assigned with a set of numerical value according to their silhouette. [11] These numerical 

values are taken into account When the input goes to the next stage using these features 

only the model is trained. Feature extraction is the process of decreasing the number of 

resources necessary to describe a huge set of data. One of the main issues when analyzing 

complex data is the sheer volume of variables. A classification algorithm may overfit to 

training examples and perform badly on fresh samples when an analysis with a lot of 

variables is conducted, requiring a lot of memory and processing power. The term "feature 

extraction" is a general term for techniques for creating variable combinations that 

effectively address these problems. 

 

2.5 Review on Classification: 

 
Image segmentation is one of the most basic and difficult problems in image analysis. In 

image processing, picture segmentation is essential. The division of a picture into useful 

sections or items is known as image segmentation in computer vision. This is 
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accomplished by using Standard American Sign Language (ASL) photographs of a 

person's hand taken in a variety of various environmental settings as the dataset. The key 

goal is to identify and categorize these hand gestures as accurately as possible according 

to their intended meaning. A person can successfully achieve the intended result by using 

this classification. The limitation in the existing system is that even though there is a 

decent amount software available for sign language detection, they all have some 

accuracy problem and there is a very low training model available. The available training 

model have some problem in detecting the live action of the hand. There are also some 

recognition problems when the signs are performed recognition problems when the signs 

are performed in real time has, they must balance the accuracy with processing speed to 

overcome these limitations we have proposed a system given below 
 

3. PROPOSED SYSTEM 

 

Fig 3.1 Proposed system Architecture 

The proposed system of our model contains the following steps, (1) Load Dataset (2) 

Image pre-processing (3) Applying Algorithms (4) Model training & testing (5) Creating 

training tool using user interface (6) Connecting model with web camera (7) Getting 

input as data hand sign (8) Comparing data hand sign with evaluation metrics of final 

model (9) Showing Final prediction in alphabets. We are going to discuss each stage in 

detail. 
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3.1 Load Dataset 
 

Fig 3.2 ASL dataset 

 

 
The above dataset is loaded into the model for comparison purpose.[5] This dataset 

contains American sign language which is one of the most used sign languages in the 

world. American sign language is one of the most recognized and used sign languages in 

the world. Due to its wide variety of signs and the ability to communicate using a single 

hand, the ASL is most preferred around the globe when it mainly comes to international 

communications. For this instance, we have chosen the ASL as our base hand gesture for 

this project and used its symbols as the primary dataset of the project. 

3.2 Image Pre processing 

Using image processing, a physical image can be transformed into a digital one that can 

then be edited, enhanced, or retrieved from. This kind of signal distribution uses a video 

frame or photo as the input, and the output could be another image or information about 

the original image. Extraction of Features the Media Pipe architecture, which was used 

for the deployment, transmitted the recorded images to a Hand tracking model. The data 

values used to continue with the process of sign language recognition are these 

coordinates. 

3.3 Applying Algorithms 

We have used the following algorithms to train our model 

3.3.1 Random Forest 

The algorithm builds a number of decision trees, combining their predictions to 

get a final one. Because it can manage complicated, non-linear interactions 

between features and outputs, Random Forest is a preferred option for sign 

language recognition. Random Forest has the advantage of handling data that is 

high-dimensional, such as sign language signals that has many modalities, which 

is useful for sign language recognition. Like any kind of machine learning 

method, the effectiveness of Random Forest will be influenced by the caliber of 

the input data as well as the wise choice of the characteristics and parameters. 
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3.3.2 Support Vector Machine 

A support vector machine is able to use to translate hand movements into their 

respective sign language words or letters. The technique classifies fresh data points 

according to which side of the border they land on by locating the ideal boundaries 

(or hyperplane) between the categories within a high-dimensional feature space. 

3.3.3 K-Nearest Neighbor 

 

A non-parametric and instance-based machine learning approach is K-Nearest 

Neighbor (KNN). KNN can be used to categories hand motions into equivalent 

letters or words in sign language for sign language recognition. The algorithm 

selects the K samples for training with the most similarities after checking the 

similarity across the selected test sample & the set of training samples. 

 

3.4 Model Training &Testing 

The dataset is used to train the model. Through this training procedure, we produce a 

large number of models that are used for evaluation. In order to do this, we compare 

models using their evaluation measures and the amount of time it took to compute the 

output. After deciding on the ideal model, we may go on to the testing phase, which 

takes place when data is provided through the use of a web camera. Inside a model, this 

input will be compared to the supplied dataset, and its result is offered to us in a list of 

alphabets. 

3.5 Creating Training Tool with User Interface 

We intend to develop a tool that aids in ASL learning using the approach outlined 

above. This tool will ensure that the people have appropriately retained the alphabetic 

signs. By developing such a tool, we will ensure that everyone can easily learn sign 

language and assist the deaf who cannot afford to attend a school. The system's web 

camera will be connected with this teaching tool. It is ensured that this accurately 

depicts the hand shape the person is attempting to make. It will divide the video to 

frames after reading the camera's video stream. . The following procedure will be 

carried out in the chosen model, which will then compare the video frame to the dataset 

that is available. It will guarantee that any image that might be present in the dataset will 

be compared to the video frame. This training tool helps to guarantee that the person 

forming the "A" is doing so as accurately as possible to the original. Only then can the 

person proceed to the subsequent letter. We can ensure that everybody learns sign 

language correctly by doing this. 

3.6 Connecting model with Web Camera 

Connecting web camera with the model is one of the crucial steps in the design we are 

proposing. This is because we are taking the live footage as the input for the model and 

the tool. By connecting the web camera, we will have the live camera footage for the 

model we are created. But while taking the live footage we must make sure that the 

footage is at least somewhat clear so that the device will give us a correct result. The 

training tool also benefits greatly from taking input via live camera as opposed to 

recorded video because the trainee will immediately recognize his error and know how 
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to fix it rather than having to view the video over and over. This significantly improves 

productivity and helps the individual learn quickly and effectively. 

3.7 Getting input as data hand sign 

 

A raw video of a letter is used as the model's input. By viewing a live stream of the 

camera that was captured using a web camera, this is accomplished. The background 

noise that would otherwise obstruct decoding is removed as the following stage in the 

input process. We can get a better understanding of the hand's shape by removing the 

background. Binarization is the method of converting any entity's data properties into 

vectors of values that are binary in order to improve the performance of classifier 

algorithms. By carrying out this phase, we effectively increase the document's ability to 

generate a more precise hand form for the output. The computer vision technique known 

as image segmentation can be used to recognize each of the pixels in a picture. By 

completing this stage, we are preparing the image to be the ideal input to the system 

because it can comprehend the decoding language. We can get a more precise 

representation of the hand's shape by deleting the background. because of the pixelated 

nature of the image, emphasizes undesired details more. This primarily involves the wrist, 

but in some instances, the arms can be included as well if the device is able to read the 

entire arm. Centralizing of the image is the final crucial stage in creating the ideal input 

for the model. We are left with a more accurate silhouette of a hand gesture after the 

minor details have been eliminated. This is centralized for the model so that it can have a 

good input. 

3.8 Comparing data hand sign with evaluation metrics of final model 

The next step in the model we proposed is the comparison of the input we have to the 

images that are present in the data set. Now this step occurs in the training model as 

shown in the above diagram. This is the most crucial step as the input we have given to 

the model will be compared with the actual symbol. The chosen training model, which 

was chosen with the aid of the test and its speed, will be entered once the data is 

entered and the other step is followed. When these inputs are entered, they are 

compared to any potential images from the data set that the algorithm deems to be 

relatively similar to the input. Following this, it is ensured that the photographs are 

evaluated with any situation that the model thinks might fit into the shape of the 

picture. The letter that was discovered to be a fairly good description of the form the 

hand is producing to display what is produced will then be decided upon by the model. 

 

3.9 Showing Final Prediction in alphabets 

The last step in the model we have proposed is displaying the output. We have created 

the model to be displayed in the manner of English alphabets so that it will be an 

accurate description of the process. The training model will click in here asking for a 

training session where when selected it won’t go to another alphabet unless the person 

make a pretty accurate description of the hand gesture of the alphabet the person is 

trying to make. Only then the model will move to next step and the process continues 

whenever the person wants to learn a thing. 
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4. RESULTS 
 

There are many people with hearing loss in the globe, and the majority of them cannot 

afford to attend school. Additionally, there are others who wish to understand what ASL 

users are attempting to say as well as those who have an interest in learning the language 

so they may connect with everyone throughout the globe. With the assistance of the 

provided strategy, we accomplish all those goals concurrently or coincidentally. The 

suggested solution primarily focuses on interpreting the letters someone is attempting to 

write, but it also helps the person who needs to learn the letter, and by doing this, it helps 

all the people who are eager to learn but lack the financial means to attend any schools or 

institutions.   

 

 

Fig 4.1 Comparison between different algorithms 

 

5.  CONCLUSION 

The current method for sign language detection relies on numerous devices and 

algorithms. Additionally, specialized gloves have been developed that can detect the 

movements of the hand using a particular sensor and provide information based on the 

symbol the glove has been assigned. Additionally, there are numerous algorithms that 

have been developed that can detect sign language in videos. The main goal of the 

system that has been proposed is to address the shortcomings in the current system and 

produce results that are more accurate. Additionally, a training device is also developed 

so that anyone can use to practice learning sign language. According to the research 

conducted to create a training tool for sign language in order to assist hearing-impaired 

people as well as people who want to learn sign language because there isn't enough 

study done in this area. As the demand for learning an extra language especially sign 

language is growing in the world rapidly, the idea proposed will make a better idea. By 

doing this research a possibility is presented where the idea that have been suggested 

will work more efficiently and accurately. 
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