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Abstract— Language is a vital means of communication for 

human life, from communicating with oneself to interacting 

with others. Within communication, the role of language is 

paramount. In Indonesia, sign language is commonly utilized 

by deaf individuals, guided by the Indonesian Sign Language 

System (SIBI). Sign language refers to gestures or movements 

involving fingers, hands, arms, facial expressions, head, and 

body 

In this research, we propose utilizing Image Classification, 

which is the process of categorizing images based on specific 

rules and employing machine learning algorithms. The 

machine learning aspect aims to recognize hand shapes in the 

web camera video. The interpretation of these hand shapes is 

trained using the Random Forest algorithm, enabling real-time 

video display showcasing identified hand movements. 

Ultimately, the displayed alphabet will be converted into a 

graphical format with assistance from mediapipe. 

Keywords—Indonesian Sign Language System (SIBI), Real- 

time Video Processing, Machine Learning, Random Forest 

Classifier,Media Pipe, Sign Language Recognition. 

I. INTRODUCTION 

Language is a vital means of communication crucial to 
human life. It is estimated that humans spend 75% of their 
time engaged in communication [1]. This ranges from 
internal dialogue to interaction with others. Among the 
diverse array of languages worldwide, Sign Language stands 
out. It refers to any form of communication utilizing gestures 
or movements involving fingers, hands, arms, facial 
expressions, head, and body movements [2]. Sign language 
serves as the primary mode of communication for individuals 
who are deaf [3]. Communication through sign language 
predominantly relies on hand movements. There exist 26 
handshapes, each corresponding to the 26 letters of the 
alphabet, with each shape representing a distinct letter [4]. 

In communication, the element of language is very 
important. In Indonesia, proficiency in vocabulary is 
indispensable for individuals utilizing language, serving not 
only as a conduit for conveying ideas but also as a means to 
streamline oral and written communication. A 
comprehensive lexicon not only facilitates the transmission 
of information but also enhances comprehension, thus 
playing a crucial role in effective communication [5]. Sign 
language is generally used by deaf individuals who are 
guided by the Indonesian Sign Language System (SIBI). 
SIBI has been formalized by the government as the official 
sign language used in special schools. Deaf individuals 
encounter challenges when interacting with hearing 
individuals in their everyday experiences. One contributing 

factor to this difficulty is the limited understanding among 
many hearing individuals [6]. 

Hearing loss also affects individuals physically and 
psychologically, leading to obstacles such as needing to bend 
down when communicating. Intellectually, they may appear 
weaker, be easily provoked to anger, have difficulties 
socializing with their surroundings, and struggle with 
message delivery and tone of speech [7]. 

Likewise, the lack of accessibility of sign language- 
related information is also a major obstacle to the 
communication integration of people with disabilities in 
society. Therefore, collaborative efforts are needed to 
improve understanding and provide media that facilitate the 
learning and use of sign language. Through a holistic and 
sustainable approach, it is hoped that the community can 
better understand the importance of sign language and 
facilitate the inclusion of individuals with disabilities in 
various aspects of life. For example, research by Hendyanto 
and Hendra Suryawan confirms the urgency of visualizing 
the Indonesian sign system (SIBI) as a strategy that focuses 
on a more personal and holistic interaction between students 
and learning media. This step is expected to intensify the 
understanding of the subject matter among students [8]. 

The current method of learning sign language in special 
schools involves practicing the alphabet with hands and 
fingers. Learning is done through media such as YouTube or 
video calls, but students may take longer to understand, 
which is the reason this research was conducted. A possible 
strategy is to optimize learning by using machine learning to 
improve communication and learning between educators and 
students in special schools [9]. 

The focus of image classification research has always 
been image feature extraction, which is fundamental to the 
classification process. This approach will utilize the Image 
Classification method, widely recognized for its 
effectiveness in various image-related tasks. Image 
Classification involves categorizing images based on 
predefined criteria, a process facilitated by machine learning 
algorithms [10]. These methods can be generally divided into 
traditional machine learning-based image classification and 
deep learning-based image classification [11]. Among these 
algorithms, the Random Forest Classifier stands out as a 
robust method, known for its ability to handle complex data 
structures and produce reliable results. Random Forest also 
offers easy insight into the variables that matter [12]. By 
employing the Random Forest algorithm, the project aims to 
enhance its capability in accurately classifying diverse 
images. Through rigorous data training procedures, the 
algorithm will learn to discern patterns and features inherent 
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in the dataset, enabling informed decisions during 
classification tasks. This approach underscores the 
commitment to leveraging cutting-edge techniques to 
achieve optimal performance and accuracy [13]. 

This approach significantly contributes to the creation of 
alphabet learning resources for special schools. With its 
innovative methodology, this solution offers a fresh approach 
that enhances the effectiveness and engagement of alphabet 
learning for students. 

II. LITERATURE SURVEY 

In creating knowledge management solutions, technology 
and machine learning can aid in identifying patterns and 
trends within data [14]. This approach to image classification 
has always centered on image feature extraction, which is the 
basis of image classification. Traditional image feature 
extraction algorithms focus more on manually setting 
specific features in the image. Image classification will not 
require as much data as previously needed, now relying on 
hundreds or thousands of data points rather than millions 
[15]. 

In recent years, Deep Learning techniques have become 
the main focus in image classification research, as discussed 
in an article on the development of medical image 
classification algorithms using CNN. This research shows 
that CNN can be used for medical image classification with 
high accuracy but requires large computational resources and 
a lot of training data, making real-time implementation 
challenging [16]. 

This study utilizes Random Forest (RF), an extension of 
the Decision Tree method that uses multiple Decision Trees, 
where each Decision Tree is trained using individual 
samples, and each attribute is split based on the random 
selection of subset attributes. The advantages of Random 
Forest include increased accuracy in the presence of missing 
data, robustness to extreme data, and efficiency in data 
storage [17]. Machine learning also uses ensemble 
techniques that combine multiple hypotheses to solve 
problems, aiming to learn a single hypothesis from training 
data [18]. 

MediaPipe is a platform used to create workflows and 
process video data with the help of machine learning (ML) 
[19]. MediaPipe is a framework designed to implement 
ready-to-use machine learning technologies. The framework 
is used to build workflows that can perform inference on 
various types of sensor data, has published source code that 
supports research, and also develops technology prototypes. 
In MediaPipe, the modular components used are derived 
from sensor data processing workflows as well as inference 
model functions, media processing models, and data 
transformations [20]. 

Previous research by Ikhsanico Hendapratama, which 
applied the Random Forest Classifier to the SIBI Translator 
Application, successfully obtained accurate results for the 
SIBI alphabet using this algorithm. However, this research 
had shortcomings in the stability of the confusion matrix in 
data distributions of 70:30 and 60:40, affecting the model's 
consistency in some sign forms [21]. Research conducted by 
P. Rishi Sanmitra et al. on real-time Machine Learning-based 
Sign Language Recognition built this recognition system 
using real-colored images taken with the help of a PC camera 
[22]. 

The structure of this paper is as follows. Section III 
discusses the architecture, followed by a description of the 
preprocessing and classification stages. Section IV covers the 
development environment and experimental setup. Section V 
presents the classification results and statistical analysis of 
our work. Finally, the concluding section offers conclusions 
and an outlook on future research directions. 

III. SYSTEM ARCHITECTURE 

The initial stage of the process involves preprocessing, 
primarily focusing on image processing techniques. Here, 
hand shapes and other distinguishable features are carefully 
extracted from the images. This involves utilizing various 
methods such as image resizing and landmark delineation 
using tools like Mediapipe, with the results stored in a pickle 
file. This approach was also employed by previous 
researchers in a study titled "MediaPipe: A Framework for 
Perceiving and Processing Reality," which states that this 
framework enables efficient resource management, 
synchronization of time series data such as audio and video 
frames, and measurement of performance and resource 
consumption. With MediaPipe, developers can concentrate 
on developing algorithms or models while using MediaPipe 
as an environment to iteratively improve their applications, 
with reproducible results across multiple devices and 
platforms. This procedure is applied comprehensively across 
the dataset to ensure robust feature extraction and 
preparation for further analysis [23]. 

The second stage involves classifying the images into 
different possible cues using the Random Forest Classifier, 
which is trained on a given training set containing various 
cue samples. 

A. Preprocessing Phase 

This phase involves extracting frames from the dataset 
and performing image processing steps to extract features 
from the image by resizing the image and can be seen in 
Figure 1, drawing landmarks, saving them in a pickle file, 
which is done on the entire Indonesian Sign Language 
alphabet system dataset. 

 

Fig. 1. Sign Language Visualization Architecture 



 

1) Resizing Images: Dataset Resizing is the resizing of 

dataset images to a specified size. This research utilizes 

image classification, so the dataset of 5,400 images will be 

grouped into 27 categories, namely Default and all letters of 

the alphabet, with each category containing 200 images. 

accuracy, f1 value, recall, and precision. In the context of 

training with the Random Forest algorithm, the features in 

the dataset are used to split the data into smaller subsets. At 

the subdivision stage in each decision tree, the quality of the 

subdivision is evaluated by comparing the relative 

frequencies of the classes. One of the metrics used to 

evaluate the division is the Gini Index, which measures the 

degree of homogeneity or inhomogeneity of the data in the 

subsets generated by the division. This process aims to 

select the most informative divisions, i.e. those that are able 

to increase the homogeneity of the data subset and thus, 

improve the predictive ability of the Random Forest model. 

Here is the formula: 
Gini = ∑ 

𝑘 − 1 𝑛𝑖 
(  )

 

𝑠𝑝𝑙𝑖𝑡 𝑖 = 0 
( 
𝑛 

) Gini 𝑆𝑖 

 
 
 
 
 

Fig.2. Resize the image of a camera-captured image 

 

2) Drawing Landmarks: Drawing landmarks using 

Mediapipe. Landmarks are key points used to represent the 

position and shape of objects, in this context, possibly parts 

of the human body. Mediapipe is an image and video 

processing framework that enables accurate landmark 

extraction. 

 

 
Fig. 3. Draw landmarks using MediaPipe 

 

3) Saving In Pickle File: Serialize the dataset into Pickle 

data. The meaning of serialization is the process of 

converting a dataset into a format that can be stored or 

transmitted, and then being able to restore the dataset to its 

original state or return to the format it was in to begin with. 

 

B. Classification Phase 

1) Training Dataset: These training image samples were 

taken from different distances. The training dataset consists 

of a database of all alphabetic forms of the Indonesian Sign 

Language System that have been stored in the data pickle. 

The ratio between the training and testing datasets is 80:20. 

The sample training dataset will display the results of 

 

 

 
 

 

 
 

 
 

 

 
 

 

Fig. 4. Coding syntax of training dataset with Random Forest 

IV. DEVELOPMENT ENVIRONMENT 

To ensure the successful implementation and testing of 
real-time Indonesian sign language recognition using a 
random forest classifier algorithm, choosing the right 
development environment is crucial. This section will detail 
the research process, from image capture to resizing, 
landmark delineation, and real-time visualization, supporting 
the development and evaluation. The selection of these 
components aims to efficiently process video data, optimize 
machine learning algorithms, and ensure quick and accurate 
real-time performance. 

A. Visualization 

This sign language visualization utilizes real-time video 
captured via a web camera as input. Frames from the video 
are processed using various image processing techniques. 
The extracted images undergo further processing with 
additional techniques. The results are then fed to the Random 
Forest Classifier for classification, producing a segmented 
output. Hardware requirements include a low-resolution web 
camera or an integrated camera on a mobile phone or laptop. 
The application is accessible online through a web browser 
platform. 

The simulation is shown in Figure 5, which shows the 
identification process of alphabet A gestures generated by 
the user. This display can change in real time as the hand 
gesture changes to another letter, in accordance with the 
Indonesian Language Sign System. 



 

 

 
Fig. 5. Realtime visualization of the letter A sign language 

B. Performance Evaluation 

a) Evaluation Metrics: The evaluation results show 

that the model excels in data classification. Model accuracy 

represents the proportion of accurate predictions among the 

entire dataset, while precision assesses the accuracy of the 

model in recognizing positive examples. Recall measures 

the effectiveness of the model in identifying all correct 

positive examples. In addition, the F1 value combines 

precision and recall, which offers an overall picture of the 

model's ability to handle unbalanced classes. With the 

evaluation results achieving maximum values in all metrics, 

it can be concluded that the model has demonstrated 

outstanding performance in the classification task at hand. 

TABLE I. PERFORMANCE 
 

No. 
Evaluation Metrics 

Accuracy Recall F1 Score Precision 

1 100% 1.00 1.00 1.00 

 

 

The evaluation metrics, including 100.00% accuracy, 
1.00 precision, 1.00 recall, and 1.00 F1 score, indicate the 
model's exceptional performance. These high values confirm 
its ability to make accurate predictions, identify relevant data 
patterns, and handle unbalanced classes effectively. The 
model demonstrates reliability and suitability for real-world 
applications. Figure 6 visually represents its effectiveness 
and reliability in various classification scenarios. 

 

Fig. 6. Confusion Matrix 

 

CONCLUSION 

In conclusion, the simulation presented in Figure 5 

illustrates the real-time identification process of alphabet A 

gestures based on the Indonesian Language Sign System. 

Through rigorous evaluation, our model has demonstrated 

exceptional performance in data classification, as evidenced 

by its exemplary accuracy, precision, recall, and F1 score. 

The attainment of maximum values across all evaluation 

metrics highlights the model's proficiency in making 

accurate predictions, recognizing relevant data patterns, and 

effectively managing unbalanced datasets. These results 

substantiate the model's reliability and suitability for real- 

world applications. Furthermore, Figure 6 provides a visual 

representation of the model's effectiveness and reliability 

across various classification scenarios. Overall, our findings 

underscore the significance and potential impact of our 

research in the field of sign language recognition and 

classification. 
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