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Abstract: As technology advances, natural and intuitive methods of human-computer interaction (HCI) have
become increasingly significant. Among these, hand gestures and sign language recognition offer a promising
pathway for creating more inclusive and accessible interfaces, particularly for individuals with speech or
hearing impairments. This research explores the design and development of an interactive interface that utilizes
computer vision and machine learning techniques to recognize hand gestures and sign language for seamless
computer control. The system employs a real-time video input device, such as a webcam, to capture hand
movements. Using deep learning algorithms, particularly convolutional neural networks (CNNSs), the interface
is trained to accurately detect and classify a set of predefined gestures and American Sign Language (ASL)
symbols. Feature extraction, image preprocessing, and hand segmentation techniques are integrated to enhance
recognition accuracy under varying lighting and background conditions. The interface supports various
functionalities, such as navigation, media control, and text input, using gestures alone, thus reducing
dependency on conventional input devices like keyboards and mice. This paper also addresses the challenges
of gesture ambiguity, dynamic background interference, and the scalability of gesture vocabulary. User
experience is evaluated through usability testing with both general users and individuals from the Deaf and
Hard-of-Hearing (DHH) community. Results indicate a high recognition rate and positive user feedback
regarding intuitiveness and responsiveness. The proposed system demonstrates the potential of gesture-based
interfaces to bridge communication gaps and enhance accessibility. Future work will focus on expanding the
gesture set, incorporating multi-language sign support, and integrating the interface into broader application
domains such as virtual reality, education, and assistive technologies.
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1. INTRODUCTION

The evolution of human-computer interaction (HCI) has seen a steady progression from text-based commands to
graphical user interfaces, touchscreens, and now, toward more natural modalities such as voice and gesture
control. Among these, hand gestures and sign language recognition present an intuitive and inclusive mode of
communication with digital systems, particularly beneficial for users with physical or sensory impairments. With
the increasing prevalence of artificial intelligence and computer vision technologies, gesture-based interfaces are
becoming more practical and accurate, offering the potential to revolutionize how humans interact with machines.

Hand gestures are a fundamental part of non-verbal communication and have long been used to convey commands,
intentions, and emotions. Similarly, sign languages—complete languages with their own grammar and syntax—
enable robust communication among Deaf and Hard-of-Hearing (DHH) individuals. Integrating gesture and sign
language recognition into computer interfaces can enhance accessibility, foster inclusivity, and enable hands-free
operation in environments where traditional input methods are impractical or unsafe.

This research focuses on designing a user interface that allows users to control digital systems using static and
dynamic hand gestures as well as sign language. By leveraging machine learning techniques, particularly deep
learning models like convolutional neural networks (CNNSs), the system aims to accurately detect and interpret
hand movements captured through a standard webcam. Real-time processing, gesture classification, and user
feedback mechanisms are key components of the system architecture. Furthermore, the study investigates the
usability and effectiveness of such an interface in real-world scenarios, considering factors such as gesture
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recognition accuracy, user satisfaction, and system responsiveness. The goal is not only to develop a functional
prototype but also to contribute to the broader field of accessible technology by promoting interaction models that
transcend language and physical barriers.

2. LITERATURE SURVEY

The domain of human-computer interaction (HCI) has seen a significant shift toward natural user interfaces
(NUIs), where input methods such as voice, touch, and gestures are used to communicate with digital systems.
Among these, hand gesture and sign language recognition have emerged as effective tools for intuitive interaction
and accessibility enhancement, particularly for users with disabilities. Several studies and technological
advancements have laid the foundation for gesture-based interfaces and sign language translation systems.

Hand Gesture Recognition Systems

Early research in gesture recognition focused on using hardware-based solutions such as data gloves and infrared
sensors. For example, the work by Zimmerman et al. (1987) introduced the “DataGlove” to detect finger flexion
and hand motion. While accurate, such systems were expensive and intrusive. With the advancement of computer
vision, marker-less recognition using standard cameras became a more viable alternative.

Recent works utilize image processing and machine learning algorithms to detect hand shapes and movements.
For instance, Chen et al. (2013) implemented a hand gesture recognition system using Haar-like features and
AdaBoost classifiers. However, these traditional methods often struggled with complex backgrounds and varying
lighting conditions.

With the advent of deep learning, convolutional neural networks (CNNSs) have significantly improved gesture
recognition accuracy. Molchanov et al. (2015) introduced a CNN-based model that could recognize dynamic
gestures in real-time using temporal and spatial features extracted from video frames. Tools such as OpenCV and
MediaPipe further simplified gesture tracking, enabling developers to design efficient and lightweight models
suitable for real-time applications.

Sign Language Recognition

Sign language recognition (SLR) is a subdomain of gesture recognition that involves interpreting structured hand
movements, often combined with facial expressions and body posture. Early SLR systems relied heavily on gloves
and motion sensors, but vision-based approaches have become more popular due to their non-intrusive nature.

Koller et al. (2016) developed a deep learning model for continuous sign language recognition using recurrent
neural networks (RNNSs), achieving promising results on datasets like RWTH-PHOENIX-Weather. Similarly,
Camgoz et al. (2018) proposed a neural sign language translation framework using sequence-to-sequence models
that could convert sign video input into spoken language text. These systems demonstrated the potential of end-
to-end trainable networks in handling the complexity of sign languages.

However, challenges remain, such as variability in signing styles, occlusion, and the need for large annotated
datasets. To address this, researchers have developed data augmentation techniques and domain adaptation
strategies to improve model generalization.

Human-Computer Interaction Using Gestures

Several HCI projects have explored the integration of hand gestures into user interfaces for controlling
applications, navigating content, or interacting with virtual environments. For example, Leap Motion and
Microsoft Kinect provided SDKs for motion tracking, enabling developers to create immersive gesture-controlled
experiences. Studies by Wachs et al. (2011) highlighted how gesture-based interaction could benefit medical,
industrial, and assistive applications by enabling hands-free operation in sterile or constrained environments.
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In the assistive technology domain, work by Liang and Ouhyoung (1998) introduced gesture-based browsers for
Deaf users, enabling internet navigation using sign language. More recent research integrates gesture recognition
with loT devices and smart environments, demonstrating broader applicability beyond desktop computing.

Summary and Research Gaps

While significant progress has been made, several research gaps remain. Many existing systems focus either on
gesture recognition or sign language but not both in a unified interface. Additionally, most models perform well
under controlled conditions but degrade in real-world environments with cluttered backgrounds and varied
lighting. Usability studies involving people with disabilities are limited, and real-time performance remains a
challenge, particularly on resource-constrained devices.

This literature survey highlights the need for robust, real-time, and user-friendly gesture and sign language
interfaces that are both accurate and accessible. The proposed research aims to bridge this gap by developing an
integrated system capable of recognizing both gestures and sign language, validated through practical user
interaction scenarios.

3. PROPOSED SYSTEM

The proposed system aims to create an intelligent and interactive interface that allows users to interact with
computers using hand gestures and sign language recognition, offering a non-verbal, intuitive, and accessible
method of communication. This system is especially beneficial for individuals with speech or hearing
impairments, as it enables interaction without the need for traditional input devices such as keyboards, mice, or
voice commands. At the core of the proposed system lies a real-time video capture module that utilizes a standard
webcam to detect hand movements and gestures. This video stream serves as input to a computer vision pipeline
that performs hand detection, segmentation, and feature extraction. To achieve accurate hand and gesture tracking,
the system employs advanced image preprocessing techniques including background subtraction, skin color
segmentation, and morphological operations to isolate the hand region from complex backgrounds. Following
this, a deep learning-based recognition module, specifically using Convolutional Neural Networks (CNNs), is
trained on a dataset of static and dynamic hand gestures as well as sign language alphabets and words. The CNN
model is capable of learning spatial hierarchies of features from the input images, allowing it to distinguish
between subtle differences in hand shapes and movements.

In addition to CNNSs, Recurrent Neural Networks (RNNs), particularly Long Short-Term Memory (LSTM) units,
are integrated into the system to handle dynamic gestures and continuous sign language recognition, capturing the
temporal aspects of hand motion over a sequence of frames. These models are trained on annotated datasets of
American Sign Language (ASL) or other regional sign languages to enhance the system’s linguistic coverage and
adaptability. The recognized gestures or signs are then mapped to predefined commands or translated into text or
speech output, allowing the system to serve both as a control interface and a communication aid. A key component
of the proposed system is its real-time responsiveness, achieved through optimization techniques and lightweight
model architectures that ensure low latency even on standard computing devices without requiring dedicated
GPUs. Furthermore, a user-friendly graphical user interface (GUI) is designed to provide visual feedback, display
recognized gestures, and allow customization of gesture-command mappings. This enhances user interaction and
learning, especially for new users unfamiliar with gesture-based systems.

To ensure robustness and scalability, the system is designed to operate under various environmental conditions,
including different lighting, skin tones, and backgrounds. Data augmentation techniques such as rotation, scaling,
and brightness adjustment are applied during training to improve the generalization of the recognition models. In
addition, the system incorporates a calibration step where users can define or retrain specific gestures to tailor the
interface to their unique hand shapes or movement patterns. This adaptability makes the system suitable for a wide
range of users with different physical capabilities. The proposed system is evaluated through both quantitative
metrics (e.g., recognition accuracy, processing time) and qualitative user studies involving participants from
diverse backgrounds, including members of the Deaf and Hard-of-Hearing (DHH) community. User feedback is
collected to assess the system’s usability, intuitiveness, and effectiveness in real-world scenarios. These insights
inform iterative improvements in both the gesture recognition models and the interface design.
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Ultimately, this system aims to contribute meaningfully to the field of accessible computing by offering a
practical, scalable, and inclusive solution for gesture-based human-computer interaction. It serves as both a
communication bridge for sign language users and a general-purpose interface for hands-free control, with
potential applications in education, healthcare, smart home environments, and virtual reality. Future extensions
of the system may include multilingual sign language support, integration with wearable devices, and deployment
on mobile platforms, further enhancing its portability and impact.

4. RESULTS

The proposed system was developed to enable intuitive computer interaction using both hand gestures and sign
language recognition. It was rigorously evaluated based on recognition accuracy, system performance (latency
and frame rate), user feedback, and comparison with existing technologies. The following subsections detail the
experimental setup and corresponding results.

4.1 Gesture Recognition Accuracy

The system was trained and tested using a custom dataset comprising 1,500 labeled images. These included 15
distinct hand gestures and signs, including standard American Sign Language (ASL) representations. An 80:20
train-test split was used, and five-fold cross-validation (k=5) was employed to ensure robustness and
generalizability of the model.

The gesture recognition engine was built on a Convolutional Neural Network (CNN) architecture, which was
selected for its ability to extract spatial features from hand images effectively. The model achieved an average
classification accuracy of 94.2% on the test set. High precision and recall were noted across most gesture classes.
However, accuracy varied slightly among classes, particularly in gestures with visually similar features.

The individual class accuracies are summarized in Table 1. For instance, gestures like "Open Palm™ and "Thumbs
Up" consistently achieved accuracies above 96%, while signs such as ASL “M” and “N” showed slightly reduced
performance due to visual similarity and overlapping finger positions.

4.2 System Latency and Responsiveness

Real-time responsiveness is critical for effective human-computer interaction. The system was benchmarked to
assess latency and frame processing capability under typical usage conditions. The average latency — measured
as the time between gesture input and corresponding system response — was approximately 220 milliseconds,
which is considered acceptable for real-time interaction.

Using OpenCV and GPU acceleration, the system consistently achieved a frame processing rate of 12 to 15
frames per second (FPS). This performance ensures that users can interact with the interface fluidly without
noticeable delay, making it suitable for practical deployment in accessibility tools or interactive environments.

4.3 User Study and Feedback

To evaluate the system from an end-user perspective, a usability study was conducted involving 20 participants.
The cohort included two groups: 10 individuals proficient in American Sign Language (ASL) and 10 general
users without prior experience in sign language.

Participants were asked to perform a series of gestures and sign-based commands using the system. After
completing the tasks, they provided feedback through structured questionnaires using a 5-point Likert scale. The
following were the key findings:

e Recognition Accuracy Satisfaction: 4.5/5 — Users reported a high level of satisfaction with the gesture

recognition capability.
o Ease of Use: 4.2/5 — The interface was generally perceived as intuitive and easy to use.
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e Perceived Error Rate: Approximately 6.8% — Users encountered occasional recognition errors,
primarily with similar-looking signs.

e Preference over Traditional Inputs: 65% of users expressed a preference for using gesture-based
interaction over traditional devices like a mouse or keyboard for specific tasks, especially accessibility
functions and presentations.

Qualitative feedback indicated that users appreciated the system's responsiveness and the hands-free nature of
interaction, particularly those with mobility impairments.

4.4 Confusion Matrix Analysis

To further analyze classification performance, a confusion matrix was generated. While most gesture classes
showed high precision and recall, confusion was observed between visually similar gestures, especially
between ASL signs such as “M” and “N”, and between gestures with partially occluded finger positions.

This suggests that although the CNN model performs well overall, gesture disambiguation remains a
challenge when dealing with minimal inter-class variation. Future work will focus on enhancing the spatial-
temporal modeling of gestures using techniques such as 3D CNNs or recurrent neural networks (RNNSs), as well
as incorporating depth information and motion vectors to distinguish subtle hand movements.

4.5 Comparison with Existing Systems

The proposed system was compared against leading gesture recognition frameworks, including Google's
MediaPipe and Leap Motion Controller. The comparison focused on recognition accuracy, hardware
dependency, and ease of integration.

While Leap Motion showed slightly higher accuracy, it requires proprietary hardware, limiting accessibility and
scalability. MediaPipe is accessible and efficient but has limited out-of-the-box support for dynamic or complex
signs. In contrast, the proposed system achieves a balance between performance and accessibility, requiring
only a standard webcam while supporting both static and dynamic gestures.

5. CONCLUSION

This paper presented a novel approach to computer interaction using hand gestures and sign language recognition,
emphasizing accessibility and real-time interaction. The proposed system, built on a Convolutional Neural
Network (CNN) architecture, was evaluated using a custom dataset consisting of 1,500 labeled images of 15
distinct gestures and American Sign Language (ASL) signs. The system demonstrated a strong recognition
accuracy of 94.2%, highlighting its potential for use in diverse applications, including human-computer interaction
and accessibility tools for the hearing impaired.

The performance of the system in terms of latency and responsiveness was also commendable, with an average
latency of just 220 milliseconds and frame processing rates between 12 and 15 frames per second, ensuring that
users could interact with the system in real time. User feedback from a study involving both sign language
proficient and non-proficient participants revealed high levels of satisfaction with the system's usability and
gesture recognition accuracy, with 65% of participants preferring it over traditional input methods.

However, some challenges remain, particularly regarding the misclassification of similar-looking gestures, such
as the ASL "M" and "N" signs. This issue points to the need for enhanced disambiguation techniques in future
iterations of the system. Despite this, the system demonstrated significant advantages over existing solutions
like MediaPipe and Leap Motion, especially in terms of accessibility, ease of integration, and hardware
requirements, making it a promising solution for widespread adoption.

In conclusion, the system presented here offers an innovative and practical interface for computer interaction
through gestures and sign language recognition. Future work will focus on improving accuracy, particularly for
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visually similar signs, and expanding the system’s capabilities for more complex interactions, moving towards a
more inclusive and intuitive way for individuals with diverse needs to interact with digital systems.
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