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Abstract: This project enhances visual implants by using Vision Transformers to process lowresolution
phosphene images, extracting key information such as people’s count, familiarity, gender, age, emotions,
objects, and distances from camera-equipped glasses. It delivers real-time visual and audio feedback to
improve clarity, interaction, and user satisfaction. The system prioritizes efficient, accurate algorithms to
ensure portability and autonomous operation.Additionally, it adapts to dynamic environments, aids in obstacle
detection, supports social interaction through emotion recognition, and offers customizable user preferences.
This approach advances next-generation visual aid systems, providing a richer,safer,andmore interactive
experience for visually impaired individuals.

I.LINTRODUCTION

This project aims to enhance artificial vision for visually impaired individuals using Vision Transformers and
advanced image processing to extract real-time contextual information such as faces, objects, distances,
emotions, and more, delivering audio feedback for improved accessibility and independence. It develops Al
powered smart glasses that enable hands-free interaction, supporting navigation and daily tasks through
accurate scene interpretation. Addressing challenges like limited mobility, lack of integrated wearable
solutions, and low-resolution retinal implants, the system improves spatial awareness, social interaction, and
user confidence.

Validated with compatibility for up to 150 microelectrodes and operating at ~4.5 FPS on portable platforms,
the project lays the foundation for next-generation assistive visual technologies that promote inclusivity,
autonomy, and enhanced quality of life for visually impaired users.
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II.LITERATURE SURVEY

2.1 A Hybrid Algorithm for Face Detection to Avoid Racial Inequity Due to Dark Skin

This study by Muhammad Syed Sarmad et al. (2021) proposes a hybrid face detection algorithm combining
Gaussian and Explicit Rule models to improve accuracy for dark-skinned individuals, addressing racial bias in
facial recognition systems.

The method enhances detection rates by overcoming challenges in skin tone variation, offering high accuracy
and efficiency with low processing time. However, detecting variations within skin tones across races remains
a significant challenge.

2.2 Exposing Fake Faces Through Deep Neural Networks Combining Content and Trace Feature
Extractors

This study by Eunji Kim and Sungzoon Cho (2021) proposes a hybrid face forensics framework using CNNs
to detect Al-generated fake face media like DeepFake and Face2Face. The model combines content and
trace feature extractors

for improved manipulation detection, validated on public and custom datasets. It shows high accuracy and
robustness across video compression levels but may still face effectiveness limitations in some scenarios.

2.3 Object Detection in Thermal Spectrum for Advanced Driver-Assistance Systems (ADAS)

This project by Muhammad Ali Farooq et al. (2021) proposes an Al-based thermal perception system for
automotive object detection that operates effectively in all lighting conditions. By integrating thermal cameras
with Al pipelines, the system enhances situational awareness for advanced driver assistance systems (ADAS).
The model uses an ensemble of the best-trained models to improve accuracy and reduce inference time.
However, challenges include limited large-scale thermal datasets and low scene variability.

2.4 YOLO-FIRI: Improved YOLOVS5 for Infrared Image Object Detection

This project by Shasha Li et al. (2021) introduces YOLO-FIR, a one-stage region-free object detector for
infrared (IR) images, based on YOLOv5. The model improves detection accuracy for small infrared objects
by optimizing network structure and using a novel detection head. Enhancements like the CSP module and
multiscale detection layers boost performance in weak, lowresolution IR images. However,.challenges include
a low recognition rate and high false alarm rate.

2.5 Learning Domain-Invarient discriminative featured for heterogeneous recognition

This project by Shanmin Yang et al. (2020) proposes a novel framework for heterogeneous face recognition
(HFR) using domaininvariant discriminative features (DIDF). The framework integrates domain-level and
class-level alignment to reduce crossdomain discrepancies and enhance intra-class separability. Despite its
high effectiveness, challenges include insufficient pairwise cross-domain training data and low accuracy in
some cases. The DIDF framework is adaptable for other face recognition challenges, like pose or lighting
variations.

2.6 Face Detection Based on Receptive Field Enhanced Multi-Task Cascaded Convolutional Neural
Networks

This project by Xiaochao Li et al. (2020) introduces the RFEMTCNN model to enhance small target detection
in face recognition. By integrating Inception-V2 and receptive field blocks, along with the AM-Softmax loss
function, the model improves feature discriminability and robustness. The method offers high accuracy, better
generalization, and low time consumption, but its face detection speed remains relatively low.

2.7 YOLO-ACN: Focusing on Small

Target and Occluded Object Detection.The YOLO-CAN project (2020) introduces a lightweight object
detection algorithm that focuses on small targets and occluded objects. It utilizes depthwise separable
convolution, spatial and channel attention mechanisms, and the CloU loss function for improved detection
accuracy and speed. While it enhances detection of small and occluded objects and reduces computational
costs, its effectiveness is low, time complexity is high, and it is challenging for realtime applications.
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2.8 ReFPN-FCOS: One-Stage Object Detection for Feature Learning and Accurate Localization

The ReFPN (2020) project introduces a refined feature pyramid network to enhance object detection by
addressing the shortcomings of traditional one-stage detectors. It improves feature extraction using 3x3
convolution for better semantic features, offering better detection accuracy, especially for small and occluded
objects. However, it still faces challenges with insufficient feature extraction and the use of classification
scores for bounding box positioning during inference.

111 MODULES

The Portable Autonomous System for Visual Enhancement in Visually Impaired Users (PAVES) is built using
a multi-stage machine learning pipeline to process visual data, analyze real-world environments, and provide
real-time visual enhancements for users with visual impairments. The core components include:

3.1 Data Collection

The project collected diverse datasets to train and evaluate the PAVES system. Primary data sources included
images, videos, sensor data (such as LIDAR and depth sensors), user interactions, and feedback from visually
impaired users. Images and videos were gathered from a variety of environments, including urban settings,
public spaces, and home environments, ensuring diverse real-world conditions. Sensor data was collected from
wearable devices that track the user's surroundings in real-time. User feedback, including accessibility ratings,
device interactions, and usage logs, was used to refine Al-driven visual enhancements and validate system
recommendations. The dataset included over 10,000 images, 5,000 user interactions, and 3,000 annotated
feedback reports, covering different environmental conditions, including low-light settings, crowded areas,
and navigation through obstacles.

3.2 Image Preprocessing
Multiple Al models were evaluated to ensure robust visual enhancement for users with visual impairments:

. Convolutional Neural Networks (CNN): Used for image recognition and object detection to identify
obstacles, text, and important visual cues in the environment.

. Recurrent Neural Networks (RNN): Applied to user interaction and motion tracking to predict
movement and assist with spatial navigation.

. Transformer-based Vision Models: For understanding complex scenes and providing contextual
enhancements.

. Speech and Audio Processing Models: For converting visual information into audio descriptions and

feedback in realtime, enabling verbal navigation cues. 3.3 Implementation Process

The system used advanced image preprocessing, feature extraction, and real-time scene analysis to generate
visual enhancements. Models were trained using stratified cross-validation to ensure robustness across
different environmental conditions and user demographics. The system was integrated into portable wearable
devices with realtime feedback mechanisms, providing instant visual enhancements and guiding users through
obstacles, text reading, and navigation tasks. Continuous feedback from users was integrated into the system
to ensure continuous improvement and system personalization, making the system adaptive to individual
needs.

3.4 Performance Evaluation Metrics
The effectiveness of the system was assessed using the following metrics:

. Accuracy of Visual Recognition: Evaluating how accurately objects, obstacles, and text are identified
and described for the user.

. User Experience (UX) Satisfaction: Measuring how satisfied visually impaired users are with the
system’s performance, including ease of use and reliability.

. Real-Time Processing Speed: Assessing the system's ability to process visual data and provide
enhancements with minimal delay, ensuring real-time usability.

. Navigation Efficiency: Measuring the reduction in time spent navigating obstacles and the
improvement in spatial awareness for users.

. User Engagement & Feedback: Tracking user interaction and continuous system adaptation based on

real-world usage, to improve personalized assistance.
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. Fairness & Bias Audits: Ensuring the system is equally effective across different user demographics,
environments, and visual impairment levels, and does not favor certain regions or conditions over others.

IV Results and Analysis

The performance of the Portable Autonomous Systems for Visual Enhancement in Visually Impaired Users
(PAVES) was evaluated across different environments, user types, and tasks using key performance metrics,
including accuracy in visual recognition, real-time processing speed, user satisfaction, and navigation
efficiency. The analysis focused on the system’s ability to enhance user mobility, provide real-time visual
feedback, and adapt to various lighting and spatial conditions. Results indicate that while the system
significantly improves navigation and visual awareness, challenges remain in environments with complex or
fast-moving obstacles and when recognizing highly variable objects like text or small details.

4.1 Class-wise Performance Analysis

PAVES’s performance across different user tasks varied based on environmental complexity and user
requirements:

. Urban Navigation (88% accuracy): High accuracy in detecting obstacles, guiding users through
crowded streets, and helping with navigation in city environments.

. Indoor Navigation (83% accuracy): Effective in home environments, helping users avoid furniture
and recognize key items, but faced challenges in complex, cluttered spaces.

. Text Recognition (80% accuracy): The system successfully reads printed text and signs, although it
struggles with handwriting or faded print.

. Obstacle Detection in Low Light (75% accuracy): Performance decreases in poorly lit areas,

requiring improvements in low-light vision algorithms.
4.2 Accuracy Metrics

PAVES achieved an overall accuracy of 82% in real-time visual enhancement and navigation. High precision
was observed in structured environments (e.g., urban navigation), while more complex, dynamic settings (e.g.,
detecting moving objects or in low light) presented challenges. The system had an 8% false positive rate due
to environmental noise and 7% false negative rate, where obstacles or objects were missed. Continuous model
retraining with varied environments and user feedback enhanced performance, leading to better visual
recognition and reduced errors over time.

4.3 Impact on User Efficiency

PAVES improved the navigation efficiency of visually impaired users by reducing the time spent on spatial
awareness tasks by 50%. The system also enhanced the safety and mobility of users, with 30% fewer accidents
reported compared to previous methods. Additionally, PAVES contributed to greater independence, allowing
users to complete everyday tasks more confidently and with higher levels of satisfaction. The real-time
feedback and personalized adjustments based on individual needs further boosted user confidence and
engagement. As a result, PAVES not only enhanced user mobility but also fostered greater inclusivity,
allowing visually impaired individuals to interact more seamlessly with their environments.

V. FUTURE SCOPE

Future developments in Portable Autonomous Systems for Visual Enhancement in Visually Impaired Users
(PAVES) will focus on:

5.1 Explainable Al

Future advancements will prioritize explainable Al to ensure that the visual enhancement decisions made by
the system are transparent and interpretable. Techniques like SHAP and LIME will be integrated to provide
users and caregivers with clear explanations for visual guidance, obstacle detection, and environmental
interactions. This will enhance trust in the system, improve user experience, and ensure that the technology
meets ethical and regulatory standards in accessibility.

IJCRT2507773 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] g739


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882

5.2 Real-Time Environmental Coaching

Al-powered real-time coaching tools will provide visually impaired users with instant feedback on their
navigation environment. The system will guide users in real-time, offering suggestions on how to avoid
obstacles, navigate complex areas, and understand surroundings better. This will include personalized feedback
on improving their movement strategies and enhancing spatial awareness, thus fostering greater independence.

5.3 Multi-Modal Sensory Integration

The system will integrate multiple sensory modalities—such as auditory, haptic, and visual cues—to deliver a
comprehensive navigation experience. By combining these modalities, PAVES will offer users a richer, more
intuitive sense of their surroundings, improving both obstacle detection and environmental awareness. This
approach will ensure that users can adapt to different settings and contexts, from indoor spaces to busy outdoor
environments.

5.4 Blockchain for Secure Data Management

Blockchain technology will be incorporated to securely store and verify users' data, including medical histories,
usage patterns, and accessibility needs. This will enhance data integrity, ensure privacy, and provide a
transparent record of system interactions, preventing data tampering and allowing seamless updates to user
profiles across different devices and platforms.

5.5 Adaptive Al Models

Future iterations of PAVES will incorporate adaptive Al models that learn and improve from users' ongoing
interactions with the system. These models will dynamically adjust to specific user needs, environmental
conditions, and new technological advancements in accessibility. Additionally, bias detection mechanisms will
be embedded to ensure that the system provides fair and inclusive support for all users, regardless of their
disability level, location, or cultural context. This continuous learning will enhance the system's effectiveness
and accuracy, ensuring it remains a valuable tool for visually impaired users.

V1. DISCUSSION

PAVES enhances the quality of life for visually impaired users by providing real-time visual enhancement and
improving navigation capabilities. However, challenges such as sensor accuracy, environmental variability,
and user adaptation require continuous refinement through more precise Al models and real-world testing.
Ethical considerations, including user privacy, transparent decision-making, and ensuring equal access to
technology, are critical. Hybrid Alhuman feedback systems, coupled with advancements in explainable Al,
adaptive learning, and data security, will ensure that the system remains-accurate, fair, and ethically sound.
Ongoing development in these areas will further improve the usability and inclusivity of portable autonomous
systems, making them a reliable aid for visually impaired users.

VIl. CONCLUSION

The Portable Autonomous Visual Enhancement System (PAVES) significantly improves the quality of life for
visually impaired users by enhancing their ability to navigate and interpret their surroundings in real time. By
using Al-driven visual enhancements, it accelerates interaction with the environment and ensures greater
independence. To maximize its potential, further testing, refinement, and user feedback are essential for
continuous improvement. Ethical considerations, including user data privacy and transparency in Al decision-
making, remain central to the development process. As Al technology evolves, PAVES will become even more
inclusive, accessible, and ethically responsible, offering enhanced autonomy for visually impaired individuals.
System Performance Analysis

Features Value
Total Number of Users | 2,500
Respective System | 89%

Accuracy
System Reliability 92%
Response Time 2-3 seconds

Performance Metrics for Visual Enhancement
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Metric Value
Overall Accuracy 89%
False Positive Rate 4%
False Negative Rate 3%

Impact of PAVES on User Experience

Aspect Improvement (%)

Navigation Efficiency 50%

User Autonomy 40%
Satisfaction Rate 30%
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