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1. Introduction

Communication is very important for everyone. Good communication can open one's mind. It is also
essential for people with disabilities [1][2]. With effective communication, there can be equality between
people with disabilities and non-disabled individuals. Among the most commonly encountered groups
of people with disabilities in the community are deaf and blind individuals [3][4].

Deaf people are individuals who are unable to hear [5][6][7]. A lack of communication skills can
negatively impact their psychological well-being, academic development, and level of independence.
Deaf people communicate with each other using SIBI, which is Indonesian that has been converted into
sign language. SIBI is expressed using hand movements in the area from the head to the waist. In
addition to being used among the deaf community, SIBI can also be used by deaf people to communicate
with non-disabled individuals because it is a visual language [8]. What becomes a big problem is when
deaf people communicate with blind people. Communication between deaf and blind individuals is
nearly impossible because blind people cannot see [6][9].

The novelty of this problem lies in developing a one-way translator system to transfer
information from deaf individuals to blind individuals. The aim of this research is to build one-way
communication between deaf and blind people. This research aims to facilitate knowledge sharing
between deaf and blind individuals.

Research related to deaf and blind people, especially communication tools, remains very limited.
Existing studies mainly focus on translating spoken language into sign language [10], Braille to Voice
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Translator [11], and the Introduction of SIBI using CNN [12]. The reason for using CNN is because if its
strong capability in recognizing complex visual patterns in images. This is because CNN is able to
capture important features of images through convolution layers that filter input using kernels or filters
that can detect edges, textures and other patterns [12]. So far, there is no research specifically addressing
the translation of SIBI into Braille, although the current research is still in its early stages. The researchers
hope this research raise awareness among scientists about the needs of people with disabilities and
serves as an embryo for communication tools for deaf and blind people. The significant need among
deaf people for the development of this communication tool is the reason for the researchers to develop
this translator.

The input of this system is the video footage of SIBI gestures performed by deaf people. These
SIBI videos are processed using machine learning models built with Teachable Machine, which utilizes
a convolutional neural network (CNN) algorithm to create a machine learning model. The SIBI words
that were input to the Teachable Machine totaled 14 words. Each word was captured in three stages.
The stages of taking pictures include front view, left-side view, and right-side view. The images were
used as training data. The testing data for the communication systems consists of SIBI gestures
performed by deaf people during real communication scenarios [13][14]. The testing data is then
recognized by matching with the training data. If the system can recognize the testing data and convert
it to text, it converts the result into text, which is then translated into Braiile letters. The system is
analyzed using the confusion matrix method. This method allows us to assess the accuracy, precision,
and recall of a data. [15][16][17].

2. Materials and Methods
2.1. Materials

The research data refers to the 2002 SIBI dictionary issued by the Education Office. The data in the book
is in the form of images. In this process, the researchers converted the images into videos. There were
three video actors with different ages and postures. The purpose of choosing three people with different
postures is to represent several physical forms of people [16][18].

Video recording is conducted indoors using a Logitect C270 camera [19]. The purpose of using
this camera was to clarify the results when filming. The distance between the camera and the subject is
2 meters [20]. The filming scenarios are made in two types. The first scenario was taken outdoors, and
the clothes used by the actors were not determined. The reason for using two scenarios is to obtain the
best shooting scenario, so that the system can translate correctly. If, when collecting data, the scenario
used is not correct, the accuracy, precision, and recall of the system will be very poor. The following
figures illustrate the process of taking pictures in the first scenario.
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Fig. 1. Video filming of Scenario 1 Fig. 2. Video filming of Scenario 2
Referring to Figure 1, the first scenario takes place outdoors, the cloth worn by the model is white.
In Scenario 1, lighting is done using lamps. Referring to Figure 2, the second scenario takes place
indoors, the clothes worn by the model are white. The following section describes the shooting process
for the second scenario. The SIBI words used in both scenarios can be seen in the table 1.
2.2. Methods
One-Way Communication System for the Deaf and Blind invividuals requires detailed and structured
steps in processing SIBI words into Braille letters. The flowchart can be seen in Figure 3.
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Table 1. SIBI words taken
Word
Me
Eat
Mangosteen
Chicken
Congratulations
Morning
You
Love
I
Like
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Fig 3. Flowchart of One-way Communication System for Deaf and Blind People
2.2.1 Process Training
Training Data, also known as training datasets, learning sets and training sets, is a part of a collection
of datasets that are provided to be the learning material for the model. This allows the model to
generalize patterns in the data so that it can later be used to predict new inputs [21]. The training data
consists of 10 SIBI words, including both base words and affixed words. The words used are eat,
mangosteen, chicken, congratulations, you, morning, love, me, ber, and ball.
These words were taken in video format and then converted into images. Each video was was converted
into 540 images. the reason for using 540 images per word is to reduce the risk of overfitting. If
overfitting occurs, the system may not be able to recognize new images properly. Overfitting can occur
for several reasons, including (a) The size of the training data is too small and does not contain enough
data samples to accurately represent all possible input data values, (b) The training data contains a large
amount of irrelevant information or meaningless information, (c) The model is trained for too long on
a set of sample data. The epochs used in the training process amounted to 50, while the BatSize was 16.
Figure 4 is an overview of the Training Process.
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Fig 4. Training Process.

Figure 4 illustrates the algorithm used is Convolutional Neural Network (CNN). CNN is a class
of deep learning that is capable of image recognition and image classification. The CNN method is a
class of neural networks that specializes in processing data that has a grid-like topology, such as images.
The CNN method can be used in face recognition, document analysis, image classification, video
classification. The following steps outline the use of training data in this study.
SIBI Image data Set
This is the first step in the training process. An image dataset that contains various hand signals or
Indonesian sign language (SIBI) gestures is used. This dataset contains images of various hand gestures
representing words or phrases in sign language. This dataset is used as training data to teach computer
models to recognize and classify sign language signs.
Data SetFile
The SIBI image that has been entered into the data set will later be converted into a Data SetFile. This
Data SetFile is then processed and trained with mobile net (CNN)
Mobile Net(CNN)
MobileNet is a CNN architecture developed by Google. The advantage of using MobileNet is it is
efficient in terms of computing resource usage. At this stage, the SIBI data set is formed into training
data.
2.2.2 SIBI Model Data Set
In Teachable Machine, the method used is Transfer Learning, and the model architecture applied is
MobileNet as the "backbone" or foundation of the model. A set of classes or labels were then defined to
represent the SIBI signals to be recognized. the model was trained using the uploaded SIBI image
dataset. The training process allows the model to learn to recognize patterns and features in images that
match the labels assigned.

The Convolutional Neural Network (CNN) algorithm consists of neurons that are designed to
work similarly to the frontal lobe, specifically the visual cortex area in human and animal brains [22],
[23]. Visual cortex is the area responsible for processing information in the form of visual stimuli. This
makes CNN particularly effective in image processing compared to similar neural network algorithms
[24]. Convolution in CNN is a mathematical operation on two functions which then produces a third
function. This function combines two sets of information and shows how the shape of one function is
modified by the other.

In the model formation process, the input data consists of the word "I (me)" in SIBI form. This
word is used to match the input data with the training data. In this research, the number of Epochs used
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is 50, with a the Batch Size of 16 and a learning rate of 0.0001. A more detailed illustration is provided
in the figure 5.
classification
results
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Fig 5.Image Recognition Process with CNN
The input from Figure 5 is the SIBI display. The video is first processed through the Colovutional
Layer process, followed by the Max Pool Layer, and then passed through another Convolutional Layer
again. Next, the testing data is compared with the training data. Once a match is found, the CNN
determines the corresponding output.

CMM{Teachabla Machine) .| Introduction to

Training Model SIBI »  Result=Me

k.

&

Fig 6. Convolutional Neural Network algorithm for SIBI recognition

Here is an explanation of Figure 6. This study uses Teachable Machine, which uses CNN
algorithm to classify images. The data used for training data consists of 10 SIBI images, and each SIBI
image consists of 540 images. The results of this labeling will later be used as a SIBI training model with
CNN. Once the model is created, the next step is to enter the SIBI recognition process. The SIBI image
data entered is processed by matching it with the training data. If the data is appropriate and correct,
the system can determine that the image corresponds to a specific SIBI word.
2.2.3 Process Detection
Video (Input With Camera)

One-Way Communication System Using CNN for Interaction between Deaf .... http://doi.org/10.26594/reqgister.v11i2.4556



http://doi.org/10.26594/register.v11i2.4556

34
J. Sulaksono et al. ISSN 2502-3357 (online) | ISSN 2503-0477 (print)

regist. j. ilm. teknol. sist. inf. 11 (2) 2025 29-40
If deaf people want to communicate with blind people, they can use this system. The method involves
the deaf person expressing information in SIBI form, which the system will automatically recognize
[25][26].

Change video to 24 fps

This section converts the video to images, as CNN is unable to recognize videos. Each SIBI video
capturing each movement lasts 6 seconds. Captured videos are converted into 24 frames. One of these
frames is then tested and matched to the training data.

Image Classification

This section is used to recognize SIBI Images. In this process, the input images are classified by
comparing them with the images stored in the SIBI Model DataSet. Once classified, the SIBI image can
be recognized. The output of this process is text

Text

After processing by the CNN, sentences in the form of SIBI are converted into text; this text is then
converted into Braille letters. Each text entry has a unique id, which is later used in the image indexing
process.

Converting Text to Braille with Image Indexing

Image indexing is the process of converting text into braille images. In this process, indexing is done for
each letter, because Braille represents characters one by one. After the characters are converted into
letters, the baille characters are combined into words. After that, the braille image is printed and read
by deaf people. A more detailed explanation is provided below.
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Fig 7. Indexing words with SIBI
Figure 7 illustrates that blind people, while unable to see, are able to hear well. They are able to
read special writing designed for the blind, namely Braille. Therefore, this study utilizes braille to
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provide information to the blind. The following is the process of converting text into Braille. Figure 8.
displays the result of converting text to Braille. The word shown as output is “mangosteen.”

M A N G (0] S T E E N

@0 OC 00 00 g0 Ce (e €O 00O o0
OO0 OC 0Oe @& Oe O g CO® O OO
@0 OC @O0 Q0O e0O eO gpo 00O OO @0

Fig 8. Output System

3. Results and Discussion
3.1 Shooting Method
The video recording was conducted using two scenarios. In the first scenario, there were no specific
constraints. The first scenario was carried out outdoors without a background), the clothes worn by the
actors are casual, and the environment was open. The second scenario used strict restrictions in taking
pictures using a green background. The reason for using a green background was because proficient
SIBI performers use green. The actors wore white clothing, which was chosen because white contrasts
well with green, making gestures clearer. This decision was made after direct consultation with a
resource person, Mrs. Masunah, a teacher at SMP-LB in Surabaya. The use of a green background and
indoor setting also ensured more consistent lighting.

Table 2. Shooting Scenario

Id  Scenario Background Color of place
clothes
1. First, no There aren't any First, no outdoor
free free outside
outside
2. Third Third green indoor
green green color color: white
color: Inside the
white room
Inside the
room

Referring to Table 2, there are two methods of capturing images. The number of words captured
is 14 words. The following are the SIBI words captured
Table 3. Words in the data set

Id Word Id Word
1. Me 8. Love

2.  Eat 9. I

3. Chicken 10. Like

4.  Mangosteen 11. Ber

5. Congratulations 12. Play

6. Morning 13. Ball

7. You 14. Vegetable

Table 3 shows that the method used to see the accuracy, precision and recall values is the
Confusion Matrix [27]. The reason for using a confusion matrix for analysis is because the confusion
matrix can test the effectiveness of deep learning. The equation is as follows.

(TP+TN)
Accuracy = TP+TN+FP+FN >
Precision = >
TP+FP
TP
Recall = TP+FN N
Information:

TP = Correct SIBI Word recognized correctly (Successful)

FP = Correct SIBI word recognized as the wrong word (Failing to recognize)

FN = Incorrectly recognized SIBI word , although the input was correct (Misrecognized)
TN = Incorrect SIBI word correctly recognized as wrong (True)
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3.1.1 First method of taking pictures

In the first scenario, no specific restrictions were applied. The shooting was done in an open space, and
the clothing worn by the model was not specified. The testing process involved inputting 10 correct SIBI
words and 10 incorrect SIBI words. The results of the analysis, using the Confusion Matrix, can be seen

in the Table 4.
Table 4. Confusion Matric of each word of scenario one

Id Word Number  Input TP FP FN TN  Accuracy Precision Recall

of Data Data

Sets
1 Eat 416 20 3 7 6 4 0,35 0,30 0,33
2 Chicken 416 20 5 5 3 7 0,60 0,50 0,63
3 Mangosteen 416 20 6 4 6 2 0,44 0,60 0,5
4 Congratulation 416 20 7 3 6 4 0,55 0,70 0,54

s

5 Morning 416 20 4 6 8 2 0,30 0,40 0,33

The results from this table are presented in the graph as follows.
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Fig 9. Confusion Matrix for data collection for the first scenario

Figure 9 shows the results of Scenario 1, which have not met the target outcome. In this scenario,
the input SIBI images were frequently not recognized as SIBI images. Moreover, an incorrect image is
sometimes recognized as a correct SIBl image. The average results of the confusion matrix are: Accuracy:
0.44, Precision: 0.45, and Recall: 0.44. Considering these results, significant improvement needs to be
conducted, especially in the video shooting properties.
3.1.2 Video capture with Scenario 2
In the second scenario, the shooting was conducted indoors to ensure the lighting condition.

Table 5. Confusion matrix of each word in the second scenario

Id Word Number Input TP FP FN TN  Accuracy Precision Recall
of Data Data
Sets
1 Eat 416 20 8 2 1 9 0,85 0,80 0,89
2 Chicken 416 20 7 3 0 10 0,85 0,70 1,00
3 Mangosteen 416 20 10 0 1 9 0,95 1,00 0,91
4 Congratulations 416 20 8 2 2 8 0,80 0,80 0,80
5 Morning 416 20 7 3 3 7 0,70 0,70 0,70
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The results from this table are presented in a graph as follows.
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Fig 10. Confusion Matrix for data collection for the second scenario

Additionally, the model wore white clothing, and the background used was green. The testing
process involved inputting 10 correct SIBI words and 10 incorrect SIBI words. The results of the analysis
using Confusion Matrix can be seen in the Table 5. Figure 10 presents the results of Scenario 2, which
yielded the most optimal performance. The accuracy, precision and recall values are notably high. The
values obtained are as follows: Accuracy: 0.80, Precision: 0.79, and Recall: 0.82. Baed on these results,
this scenario is selected as the basis for modeling SIBI recognition using CNN.
3.2 Thorough Testing of System Accuracy, Precision, and Recall
System testing was carried out by inputting two syllables into the system. These inputs correspond to
SIBI movements demonstrated by a reenactor. Once the reenactor performs the designated SIBI gesture,
the movements were automatically recorded using a PC camera. The system then recognized the
recorded movement using a CNN-based recognition model. After the movement is recognized, the
system automatically converts the image into text. The resulting text was then converted into Braille
letters, enabling recognition by blind users. Before the system was tested on deaf and blind people, it
was necessary to analyze the accuracy, precision, and recall using a Confusion Matric. The results of
this evaluation are presented in the following system test table.

Table 6. System operation trial

Id  Sentence Status

1.  Ieat mangosteen success TP
2. Tatechicken success TP
3. Iplay soccer success P
4. Good morning success TP
5. Like mangosteen success P
6. Youeat failed FP
7. the day after tomorrow I bought mangosteen success N
8. I'mleaving again success TN
9. Ilearn failed FN
10. good luck with the exam success TN

Table 6 presents the results of system operation trials. The results of the system are categorized
into 4 components: True Positive (TP), False Positive (FP), False Negative (FN), and True Negative (TN).
By utilizing Confusion Matrix, the data recorded in Table 5 can be processed so that accuracy, precision,
and recall can be determined, providing a clearer and more detailed understanding of the system’s
performance. The results of the entire trial can be seen in the Figure 11.
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N=20 True False
True TP=5 FpP=1
False FN=2 TN=8

Fig 11. Confusion Matrix Data
Figure 11 visualizes of the results from the system operation trials. Similar to Table 6, the results
are divided into True Positive (TP), False Positive (FP), False Negative (FN), and True Negative (TN).
By utilizing Confusion Matrix, the data recorded in Figure 6. can be processed so that accuracy,
precision, and recall can be ensured, making the results of the trial clearer and more detailed. The
complete trial results are illustrated in the figure below.

Confusion Matrix Results
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Fig 12. Confusion Matrix results for the entire system

Figure 12 presents the calculation results with Confusion Matrix, obtaining an accuracy value of
85%, precision of 90%, and recall of 82%. Based on the recall value, it can be concluded that the system
is capable of accurately recognizing each SIBI word and successfully converting sentences into Braille
and audio output.
4. Conclusion
The One-Way Communication System Using CNN for Interaction between Deaf and Blind People is
designed to bridge communication between people with hearing and visual impairments. The system
takes SIBI as input and produces Braille text as output. The system uses CNN to recognize SIBI gestres.
In this study, the CNN model is divided into 3 stages, namely the Training Process, SIBI Model DataSet,
and Detection Process. The camera is used to record SIBI gestures, which are then processed by the
CNN. The SIBI gestures were then converted into the words (text). Then the resulting text is converted
into Braille. System performance was analyzed using the Confusion Matrix, showing an overall
accuracy of 85%, precision of 90%, and recall of 82%. Because the recall value is still below 85%, the
system still needs improvement.
For future development, the system is very suitable if implemented in special education schools,
especially those with heterogeneous student populations including both deaf and blind individuals. It
is expected that this system can help facilitate more effective communication among people with
disabilities.
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