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Sign language is a nonverbal communication that relies on facial
expressions, postures, and gestures to facilitate communication
between individuals who are deaf or have a hearing impairment.
Despite its importance, many people do not recognize or understand
sign language, which creates communication barriers for individuals
with disabilities. Malaysia faces a lack of interest among its people in
learning sign language, which may be attributed to various factors
such as limited awareness, resource constraints, or a perception that
sign language is not relevant or necessary. To address this issue, the
research introduced a simple mobile application for that could
potentially increase interest and awareness in sign language and
promote greater inclusivity for individuals with disabilities. Single Shot
Detector (SSD) algorithm was implemented to perform the Malaysian
Sign Language object detection in the application. To facilitate the
training of a custom TensorFlow Lite model, the project leveraged the
TensorFlow eLite Model Maker library. The outcome of the research
indicated a detection accuracy of 75.2%, which is significant as it
demonstrates the potential for the developed model to serve as an
effective Malaysia Sign Language detector. The framework used in
this project can serve as a useful reference for future developers
seeking to create similar custom models. Moreover, the promising
results of the research indicate the potential for mobile applications
utilizing the developed model to significantly enhance communication
and inclusivity for individuals with hearing impairments in Malaysia.
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1. Introduction

Effective communication is crucial in our day-to-day lives, as it involves the exchange of
information between a sender and a receiver. The successful transfer of the message from the
sender to the receiver is essential to ensure mutual understanding. While most people can
communicate effortlessly, individuals with hearing disabilities face significant challenges in a world
designed primarily for those who can hear and speak. Disabilities such as profound deafness and
mutism can lead to social exclusion and limit a person's ability to perform to their full potential.
Empowering individuals with disabilities is crucial in promoting inclusivity in an unequal world.
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Sign language is a widely utilized mode of communication by people with hearing disabilities
to engage in daily interactions. Nevertheless, it is not mandatory for us to acquire knowledge about
it, resulting in some individuals not even recognizing it. This creates significant difficulties for people
with disabilities to communicate with others effectively[1]. Considering numerous countries have
distinct sign languages, there are many sign languages in the world. The sign language was created
by people who have the hearing ailment due to their native culture and it was strongly inspired and
translated from the spoken language [2]. Sign language consists of two parts, namely hand posture
and gesture. Hand posture is conveyed by the position and arrangement of the fingers, while gesture
is expressed by the movement trajectory of the hand [3]. Moreover, sign language has five
fundamental parameters, including hand form, hand orientation, movement, placement, and emotion,
along with non-verbal cues [4]. To accurately convey a sign word, all of these parameters must be
executed correctly.

Based on statistics, it is estimated that there are over 9 billion people worldwide who are
hearing-impaired, with around 2.8 million individuals having this disability in Malaysia alone [5].
However, if people continue to overlook or underestimate the importance of sign language as a
communication medium, it can lead to misunderstandings and difficulties in communication. For
those who are not familiar with the language, it can be a significant barrier. This can ultimately result
in a loss of social connections for individuals with special needs [6]. The contribution of this paper is
the framework for developing detector using the Single Shot Detector (SSD) algorithm and
TensorFlow Lite Model Maker library, which can serve as a communication tool for individuals with
hearing impairments and bridge the gap between them and the hearing society.

2. Literature Review

Sign language is one of the ways to communicate. It uses hand gestures to deliver
meaningful messages. It entails the simultaneous use of hand forms, hand orientation and
movement, arm or body movement and face emotions. It is the most prevalent means of
communication for those who are deaf or having hearing impairment [7]. In addition, Sign language
is a highly organized nonverbal language that use both manual and non-manual communication
methods. Manual communication consists of hand or arm gestures and orientation expressing
symbolic meaning, whereas non-manual communication consists primarily of facial expression, head
movement, body posture and orientation, which assist to amplify the meaning of the manual signals.
Furthermore, sign language is made up of static signs, which are primarily alphabets and dynamic
signals, which include certain gestures [8].

As referred to the World Health Organization (WHO), more than 5% of the global population
or 430 million people require rehabilitation to address their "disabling" hearing loss. Over 700 million
people or one out of every 10 people are expected to suffer debilitating hearing loss by 2050 [9].
Therefore, hearing loss is one of the most prevalent impairments that can have a negative impact on
people's quality of life. It can lead to social isolation, decreased opportunities for education and
employment, and even depression. Despite the availability of modern technologies and hearing aids,
the cost of these devices can be high, and they are not always accessible to everyone, especially in
low- and middle-income countries. Therefore, developing low-cost and reliable systems to assist
people with hearing loss, such as sign language recognition systems, can have a significant impact
on their quality of life. Sign languages around the world have their own distinct characteristics, varying
in vocabulary, grammar, and syntax. Like spoken languages, sign languages also have their unique
linguistic features shaped by the cultural and historical context of their users. In Malaysia, the
Malaysian Sign Language (Bahasa Isyarat Malaysia or BIM) is the primary sign language used by
the deaf community, with its own set of distinct features and signs developed over time [10].

Digital image processing plays a crucial role in sign language detection as it involves the
analysis and interpretation of visual information contained in sign language gestures. Image
processing techniques are used to extract features and patterns from sign language images or
videos, which are then used to train machine learning models for sign language detection. These
models rely on computer vision algorithms to identify and recognize the hand shapes, movements,
and facial expressions that are characteristic of different sign language gestures. Digital image
processing can be classified into four categories which are image enhancement, image restoration,
image analysis and image compression. There are several Image processing techniques including
Principal Component Analysis (PCA) [11], Convolutional Neural Network (CNN) [12] You Only Look
Once (YOLO) [13], and Single Shot Detector (SSD) [14],[15]. This research employed the SSD
technique to bridge the gap in image processing analysis of Malaysian Sign Language. SSD is a
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real-time object detection algorithm that capable of detecting objects and classifying them in a single
forward pass of a neural network, making it efficient and fast for real-time processing of images and
video streams.

3. Methodology

This section explains on the methodology of this research in order to develop the detection
system. The descriptions of processing the images and the system architecture are provided. The
architecture is elaborated in detailed, where all the steps of development are illustrated.

3.1 Image Processing

In this research, the SSD approach was utilized, which is a widely-used deep learning
architecture for object detection tasks. The SSD approach is characterized by its ability to perform
object detection and classification simultaneously using a single neural network, which makes it a
popular choice for real-time applications. The approach achieves high accuracy by utilizing multiple
convolutional layers to extract features at various scales and resolutions, allowing it to identify objects
of different shapes and sizes. A fixed-size collection of bounding boxes and scores are generated,
followed by a non-maximum suppression phase to provide the final detection process. The base
network, which forms the first layers of the network, is based on a standard architecture used for
high-quality image categorization.

To streamline the training process, the researchers utilized the TensorFlow Lite library with
the EfficientDet-Lite module to extract feature maps. The model was trained over 20 epochs,
meaning that it processed the entire training dataset 20 times. During training, the validation accuracy
was monitored and the training was stopped once the validation loss stopped decreasing to prevent
overfitting. The batch size used was 16. Once the model was trained, it was exported for deployment
in the mobile application developed in Android Studio.

3.2 System Architecture

The system architecture for real-time object detection using SSD is presented in Figure 1.
The architecture comprises two models: the training model and the detection model. The training
model is composed of a labelled and trained dataset, while the detection model is used to test the
detection of Malaysian Sign Language. The dataset was obtained from Kaggle and labelled using
labellmg, which is a graphical image annotation tool that allows users to label object bounding boxes
in images. It provides an intuitive interface that enables users to draw bounding boxes around objects
of interest and assign labels to them. This tool is commonly used in computer vision tasks such as
object detection, segmentation, and tracking. It is an open-source tool and is available for free on
various platforms, including Windows, Linux, and macOS.
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Figure 1. System architecture of the Malaysian Sign Language detection

The system starts by receiving real-time input of Malaysian Sign Language images. Then, it
enters the training phase, during which the system uses the SSD algorithm and EfficientDet-LiteO
SSD model to extract features from the input image. Once the model has been trained, the Sign
Language Detection stage can be initiated. In order to recognize the object, the TensorFlow Object
Detection API is employed. The extracted features from the captured photos are sent to the
TensorFlow module, which compares them to the real-time images in the frame. If any of these
features are detected, a bounding box is generated around the gesture, and a prediction is made. It
is crucial to correctly label the image to ensure an accurate prediction. Thus, if the application
recognizes the sign language, the meaning and accuracy of the sign language will be displayed.

4. Results and Discussion

To assess the precision of the sign language recognition system, accuracy tests were
conducted on five different classes of Malaysian Sign Language gestures from A to E. The evaluation
metric used to assess the performance of the Malaysian Sign Language detection system in this
research was the Average Precision (AP) of the Common Objects in Context (COCO) metric. AP is
a popular evaluation metric used in object detection tasks. It measures the precision of an algorithm
in detecting objects of interest within an image, as well as the accuracy of the predicted bounding
boxes around those objects. AP is calculated by computing the area under the precision-recall curve
for each object class. A higher AP value indicates better detection and classification performance.
As depicted in Figure 1, AP is calculated across all categories (A-E objects). In this case, the system
achieved an AP of 0.73 for class A, 0.75 for class B, 0.72 for class C, 0.75 for class D, and 0.80 for
class E. This suggests that the system performs relatively well in detecting and recognizing sign
language gestures, especially for class E, which achieved the highest AP value.

The Average Precision with Interpolation (API) is a variation of the Average Precision (AP)
metric, which considers the precision values for multiple recall levels. It is a more conservative
estimate of the model's performance as it uses interpolated precision values at various recall
thresholds. In this research, the API for the five sign language classes ranged from 0.72 to 0.80, with
an overall APl of 0.756. This indicates that the model has a relatively high precision across all classes
and can accurately detect and recognize Malaysian Sign Language gestures in real-time.
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Furthermore, Mean Average Precision (mAP) is a metric that measures the overall
performance of an object detection algorithm. As seen in Figure 2, the mAP of the Malaysian Sign
Language detection system was found to be 0.752, indicating a reasonably high level of precision in
detecting and recognizing sign language gestures. The interfaces of mobile application for
recognizing Malaysian Sign Language on objects A, B, and C using SSD Real-Time Object Detection

are shown in Figure 3.

Figure 2. OCOC evaluation result
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Figure 3. Application Interface
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5. Conclusion

The purpose of developing the Malaysian Sign Language detector is to translate sign
languages into a comprehensible format for users. This will not only benefit individuals with hearing
impairments but also those who are unfamiliar with sign language to communicate seamlessly. The
application has achieved a commendable detection accuracy rate of 75.2% in detecting sign
language. Additionally, as the application can identify gestures, it has enormous potential for labeling
gestures in any language, facilitating communication between users irrespective of language
barriers. The implication of the application is that it has the potential to bridge communication gaps
and promote inclusivity in society. By facilitating communication between individuals who are deaf or
hard of hearing and those who are not familiar with sign language, the application can contribute to
creating a more accessible and inclusive environment. Additionally, the gesture recognition feature
has the potential to be useful in various industries, such as education, healthcare, and customer
service, where language barriers often impede effective communication. Overall, the development
of such applications can have a positive impact on society by promoting communication and
inclusivity.
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