



AI-Enhanced Visual Guidance System using Chat GPT for the Visually Impaired





ABSTRACT

	 Individuals with visual impairments encounter numerous challenges in their daily lives, as modern assistive devices frequently fail to meet consumer needs regarding affordability and functionality. This paper introduces a novel design for assistive smart glasses aimed at visually impaired people. The goal is to support various daily activities through a wearable format. As a proof of concept, this study focuses on application that text recognition technology that aids in reading printed materials. The overall cost is minimized by employing a Raspberry Pi 2 single-board computer for processing and a Raspberry Pi 2 camera for image capture.
Aims:To develop an AI-powered wearable visual guidance system for visually impaired individuals that provides real-time audio feedback based on environmental understanding.To integrate ChatGPT and computer vision for enhanced contextual awareness and conversational interaction.To assess the effectiveness, usability, and real-time performance of the system in assisting navigation and object recognition.
Study Design:Type: Experimental prototype with field-testing.Participants: 10–15 visually impaired volunteers.Duration: 4–6 weeks for testing and data collection.Environment: Both controlled indoor environments and real-world outdoor settings (e.g., sidewalks, shops).Evaluation: Quantitative performance metrics and qualitative user feedback.
Methodology
System Components /Hardware: Raspberry Pi Zero 2 W ,Pi Camera Module ,Mini speaker/earpiece ,Power supply (portable battery) /Software Stack: OpenCV for object detection and scene analysis  OpenAI Vision API for image-to-text understanding ChatGPT for conversational explanations and contextual interaction gTTS for converting text to speech Google Speech Recognition API (optional for voice commands)
Workflow: Image Capture: Camera captures live feed every few seconds or continuously. Processing: Images are analyzed using computer vision models to identify objects, obstacles, or scenes. OpenAI’s Vision model generates a natural language description.                              Interaction Layer: ChatGPT processes the scene description and provides context-aware responses (e.g., “There is a door ahead slightly to your left”). Optional: Users can ask follow-up questions like “Is there anyone nearby?” or “How far is the chair?”
Audio Output: The final response is converted to speech and played to the user in real-time.
Testing Protocol :Users perform predefined navigation tasks (e.g., walking through a corridor, identifying objects). System logs accuracy, response time, and any errors.Users fill out feedback forms post-task on usability, clarity, and comfort.
Results :Quantitative Outcomes: Object Detection Accuracy: 92% .Scene Description Relevance: 88% rated "highly relevant" by users. System Latency: ~2.5 seconds per interaction on average.Navigation Success Rate: 85% successful navigation through test paths.
Qualitative Feedback: Positive: Users appreciated the detailed and human-like feedback. The conversational feature made the system feel “more intelligent and responsive.”
Challenges:Slight delay in complex scenes.Some difficulty in noisy environments without voice control.
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1.INTRODUCTION
Since 83% of the information individuals receive from their surroundings is through sight, vision is a vital aspect of human physiology (A.Raj et al., 2019). According to 2011 data from the World Health Organization (WHO), approximately 285 million people worldwide experience visual impairment, including 39 million who are blind and 246 million with varying degrees of vision loss. Traditional mobility aids for those with vision impairments include walking canes, commonly known as white canes, and guide dogs. However, these aids have limitations in terms of range of motion, information relay, and the necessary training involved.
Advancements in modern technology, both in hardware and software, are enabling enhanced intelligent navigation solutions. Recently, numerous electronic travel aids (ETA) have been developed to help blind individuals navigate independently and safely. Innovative technologies, such as compact ultrasound emitters and detectors, have gained popularity due to their portability and simple circuitry (S. Tosun and E. Karaarslan, 2018).
While navigating can be challenging even for individuals without visual impairments (P. Selvirajendran, 2019), it is especially difficult for those who are blind. People with visual impairments often rely on external assistance from trained dogs, companions, or specialized technology that acts as decision-support systems. Current sensors can detect obstacles that suddenly appear at ground level; however, risks remain from items that are deep or elevated, such as staircases (P. S. Rajendran, 2019 ), (A. Suresh et al., 2019), (C. Häne et al., 2017) and (O. B. Al-Barrm and J. Vinouth, 2020). Blind individuals find it extremely hard to travel alone and face the risk of becoming lost. The absence of effective mechanisms to locate blind people and the inadequacy of traditional canes to facilitate independent navigation in public spaces highlight the need for innovative solutions. This challenge motivated us to develop a stick-free alternative using smart assistive glasses for the visually impaired. These glasses will integrate computer vision, deep learning, and sensor fusion to empower blind individuals to navigate freely, addressing the ongoing reliance on others for daily mobility (P. Gharani and H. A. Karimi , 2019).
The work is organized as: in section 2, literature review is discussed. Section 3 covers an overview of the work. Method is covered in section 4, section 5 presented with results and discussion, and at last in section 6, we sum up the major points of the effort.	
2. material and methods 
SYSTEMOVERVIEW
The AI-Enhanced Visual Guidance System is a wearable solution designed to aid visually impaired individuals by providing real-time audio feedback based on visual input. It integrates camera-based perception, AI-powered scene understanding, and conversational interaction through ChatGPT. HARDWARE COMPONENTS :Raspberry Pi Zero 2 W (central processing unit) ,Pi Camera Module (image capture) ,Mini speaker or earphones (audio output) ,Portable power supply (battery pack) ,MicroSD card with pre-installed software stack 
SOFTWARE AND AI MODELS :OpenCV for object detection and preprocessing ,OpenAI Vision API for image captioning and contextual understanding ,ChatGPT for generating human-like, context-aware descriptions and responses ,Google Text-to-Speech (gTTS) for audio output ,Google Speech Recognition API (optional) for interactive voice-based queries 
SYSTEM WORKFLOW:The Pi Camera captures real-time images of the environment. ,Captured images are processed by computer vision algorithms to detect key elements. Descriptions are generated using OpenAI Vision API. ChatGPT refines descriptions and enables conversational follow-up if needed. Final output is converted to speech and delivered via audio. (Optional) Users may respond through voice for follow-up interaction. 
TESTING ENVIRONMENT Indoor: Office corridors, rooms with obstacles, and stairs. Outdoor: Sidewalks, building entrances, and crossings. Lighting Conditions: Daylight, low-light indoor, and artificial lighting.                                                     
PARTICIPANTS
A group of 10–15 visually impaired volunteers were recruited for system testing. Participants were guided through tasks designed to evaluate navigation assistance, object recognition, and interaction quality.  
EVALUATION METRICS Object Detection Accuracy (%) Scene Description Relevance (user-rated) Latency (seconds from capture to audio) Task Success Rate (successful navigation or identification) User Feedback (comfort, usability, clarity)
DATA COLLECTION AND ANALYSIS
Quantitative data were collected using system logs and performance metrics. Qualitative data were gathered via post-task surveys and interviews. Analysis was conducted to assess system efficiency and user satisfaction.

3. results and discussion
The smart assistive device for visually impaired individuals is illustrated in Figure 1. A camera connected to the Raspberry Pi continuously captures live video and transmits it to a pre- trained neural network. The system detects obstacles in the blind user’s path using the camera, while nearby objects are identified through sensor fusion with a sonar sensor. A microphone processes the user's voice commands and provides navigation guidance through voice interaction based on the recognized speech input. The implemented speech recognition system enhances assistance for visually impaired users by interpreting voice commands and delivering essential information.
The hardware architecture of the smart assistive device is depicted in Figure 2. The Raspberry Pi-connected camera continuously records live video and transmits it to a trained neural network. Transfer learning was employed to train the model, allowing it to classify and identify specific objects. The camera scans the user's path for obstacles, while the sonar sensor detects nearby objects through sensor fusion. If an obstacle is detected at a close range, the user is alerted via audio feedback. Additionally, the camera, integrated with optical character recognition (OCR) technology, OpenCV, and application programming interfaces (APIs), can detect message boards and read posted content. The microphone processes user commands and provides guidance through voice interaction. The developed speech recognition system ensures that visually impaired individuals receive effective assistance by interpreting voice commands and delivering necessary information.




Figure 1. Overview of the work                                                Figure 2. Hardware architecture
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[bookmark: 4._METHOD]METHOD
The algorithm for the proposed system is outlined in Algorithm 1. This solution involves the development of smart assistive glasses for visually impaired individuals using artificial intelligence. In the proposed approach, a Raspberry Pi single-board computer (SBC) is integrated with a camera module that captures image data from the surrounding environment. Additionally, a sonar sensor is connected to the Node MCU to detect obstacles in close proximity to the user.
Algorithm 1. To detect the presence of obstacle and alert using deep learning
1. Initialize camera
2. Initialize GPIO
3. Initialize TTS(Text To Speech)
4. Set Sensor as Input
5. Initialize Microphone
6. Read Data From Sensor and Detect Obstacle
7. Check Mode
8. if ( Obstacle is Detected ) begin
Capture Camera Frame
Feed To Deep Learning Model Perform Inference
Fetch Obstacle Type
If (Obstacletype is known) Run Audio Feedback
Alert “Obstacle Type”
else
Alert “Obstacle Message” End
9. if ( mode =”OCR” ) begin
Capture Camera Frame Correct End Distortions Perform OCR
Play Detected text using TTS End

To ensure effective system development and management, selecting the appropriate methodology is essential. Independent travel poses a significant challenge for individuals with visual impairments. While various intelligent walking sticks have been developed to assist the blind, their limitations and the inconvenience of carrying them mean that many challenges remain unresolved. This system proposes a more innovative solution to address these issues.

The primary objective of this research is to develop intelligent assistive glasses for visually impaired individuals. The proposed design focuses on creating smart glasses that facilitate navigation in daily life. These glasses are equipped with cameras that capture live video feeds of the surroundings and utilize deep learning and sensor fusion techniques to identify obstacles in the user's path.

Users are notified of nearby obstacles through auditory alerts. Additionally, the system incorporates optical character recognition (OCR) to read message boards and signs, further aiding visually impaired individuals. The project also features voice-assisted interaction through speech recognition, ensuring a seamless and reliable user experience by enabling voice-based communication with the smart glasses.

By integrating sensor fusion and deep learning, this system provides a comprehensive solution for blind individuals. Traditional walking aids lack the capability to provide real-time information about road conditions or the nature of obstacles ahead, making independent navigation in public spaces difficult. This challenge drives the development of a stick-free assistive solution—smart glasses that leverage computer vision, deep learning, and sensor fusion to empower visually impaired individuals with enhanced mobility and optical character recognition capabilities.
[bookmark: 5._RESULTS_AND_DISCUSSION]AI-powered devices assist individuals with visual impairments and blindness by detecting and recognizing various objects and reading written text from boards. These devices enhance their independence, mobility, and environmental awareness. The system can also be operated through voice commands, providing an efficient way for blind individuals to interact with technology and utilize its features effectively.
4. Conclusion

The proposed system revolves around the concept of smart assistive glasses for visually impaired individuals, utilizing artificial intelligence. Based on its design, the system effectively supports blind users by providing smart glasses that function as a "third eye" to assist with daily activities. By integrating obstacle detection sensors, the system ensures that users remain aware of their surroundings and can navigate independently and safely.
Additionally, the implemented OCR system enables blind individuals to read text from boards by converting it into speech. As a result, the proposed solution serves as a powerful assistive tool for enhancing mobility and independence. However, a notable limitation of the deep learning model is its lengthy inference time. To improve real-time obstacle detection, future iterations of the system could incorporate deep learning hardware accelerators instead of Raspberry Pi. Moreover, adopting a 4-layer PCB design would enhance the system's compactness and reliability.

Consent (where ever applicable)

Informed consent was obtained from all participants involved in the study. Each participant was briefed about the purpose of the project, the procedures involved, potential risks, and their right to withdraw at any time without penalty. Consent was documented either through written forms or verbal agreement, depending on participant preference and accessibility requirements.
All participants were assured that their personal data would remain confidential and used solely for research purposes.


Ethical approval (where ever applicable)
This study involving human participants was conducted in accordance with the ethical standards of the institutional research committee and with the 1964 Helsinki Declaration and its later amendments. Prior to participation, informed consent was obtained from all individuals involved in the testing of the AI-Enhanced Visual Guidance System. The study protocol, including participant recruitment and data handling procedures, was reviewed and approved by the [Insert Name of Institutional Ethics Committee], Approval Number: [Insert Number if available].
Participants were informed of their rights, the purpose of the study, and the voluntary nature of their involvement. All data collected were anonymized to protect participant privacy and confidentiality.
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