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Abstract

Visually impaired individuals often face difficulties accessing printed and
visual information independently, including books, documents, labels, and
educational materials. Conventional assistive methods may require physical
interaction with a smartphone, external assistance, or specialized hardware.
This paper presents a low-cost wearable assistive vision system designed to
support hands-free reading of printed content through voice interaction. The
proposed system integrates an Al Thinker ESP32-CAM with an Android
smartphone to capture images in front of the user. Optical Character
Recognition (OCR) using Google ML Kit is used to extract text from captured
images, while the Android Text-to-Speech engine converts the recognized text
into audible speech. A speech-recognition module enables users to control the
reading process using commands such as start, pause, resume, continue, repeat,
go back, stop, and exit. The system also performs page verification to identify
empty, partially captured, or incorrectly aligned pages and provides
corresponding audio feedback. In addition, Al-based image understanding
using the Google Gemini API provides a short caption when visual content is
encountered and generates a detailed description when explicitly requested by
the user. The proposed system integrates wearable image acquisition, OCR,
voice interaction, page verification, text-to-speech, and generative Al into a
unified assistive platform. The prototype demonstrates the feasibility of
combining low-cost embedded hardware with mobile software technologies to
support accessible reading and visual assistance for visually impaired users.
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1. Introduction

Visual information plays an important role in everyday activities, including reading
books, documents, labels, notices, educational materials, and mobile displays. For
visually impaired individuals, accessing such information independently can be
challenging. Although screen readers, Braille systems, mobile applications, and
dedicated assistive products provide valuable support, many existing solutions require
physical interaction, external assistance, or specialized hardware. Recent developments
in computer vision, mobile machine learning, speech processing, wearable computing,
and generative artificial intelligence have created opportunities for developing assistive
systems that convert visual information into audio. Optical Character Recognition
(OCR) converts text contained in an image into machine-readable information, while
Text-to-Speech (TTS) technology converts recognized information into audible output.
Recent developments in smart glasses and wearable assistive technologies have created
opportunities to combine computer vision, optical character recognition, speech
processing, and artificial intelligence in a single platform. These developments provide
a basis for designing low-cost systems that can convert visual information into
accessible audio output. The proposed system addresses these research directions
through a low-cost wearable architecture consisting of an Al Thinker ESP32-CAM, an
Android smartphone, and a smart glasses frame. The camera is positioned in front of the
user to capture visual content, while the Android application serves as the primary
interaction and processing interface. A major feature of the proposed system is
hands-free voice interaction. The user can initiate reading by saying “start reading” and
can control the reading process using commands such as “pause,” “resume,” “continue,”
“repeat,” “go back,” “stop,” and “exit.” The system also incorporates page verification.
A wearable camera may capture an empty page, only part of a page, or an incorrectly
aligned page. Processing such images without verification may result in incomplete or
inaccurate OCR output. Therefore, the proposed system provides voice feedback when a
captured page is unsuitable for reading. Printed pages may also contain photographs,
diagrams, illustrations, or other visual elements. To support such content, the proposed
system incorporates Al-based image understanding using the Google Gemini API. The
proposed system extends this assistive approach by providing a short caption when
visual content is encountered and generating a detailed explanation only when explicitly
requested by the user. The main contribution of this work is the integration of wearable
image acquisition, OCR-based text recognition, page verification, voice-controlled
reading, text-to-speech conversion, and Al-based image understanding into a single
low-cost assistive platform.

I. LITERATURE SURVEY

Several researchers have proposed computer-vision-based assistive technologies to
improve independence and accessibility for visually impaired individuals. Elham et al.
[1] proposed an inexpensive wearable assistive device that combines a Raspberry Pi,
camera, image processing, machine learning, and speech synthesis to recognize text and
objects and provide audio feedback to visually impaired users. However, the system



primarily focuses on text and object recognition and does not provide an integrated
mechanism for intelligent page verification, voice-controlled reading, and Al-based
image explanation.

Similarly, Wang et al. [2] proposed a wearable vision assistance system based on
binocular sensors for visually impaired users. The system evaluates image quality before
selecting useful images and sends the captured information for further processing and
recognition. However, the system relies on binocular vision sensors and cloud-based
processing and does not specifically address a low-cost smart-glass architecture
combining OCR, voice commands, and Al-based visual explanation.

“Smart Glasses: A Visual Assistant for the Blind” [3] presented a computer-vision-based
smart-glasses system capable of object recognition, face recognition, text recognition,
and speech output. The system uses models such as EAST and EasyOCR for text
detection and Vosk for speech recognition. However, the system mainly concentrates on
general visual assistance and does not provide specialized page-sequence verification,
reading control commands, or conversational Al-based explanation of diagrams and
images.

Nayana B. R., Yogesh Raju N. R., and Abhav S. Velidi [4] proposed a low-cost
smart-glasses prototype for visually impaired individuals using a Raspberry Pi, camera,
sensors, and goggles. The captured images are processed using object-recognition models
and the recognized information is converted into speech. However, the proposed system
focuses primarily on object recognition and audio output and does not integrate
intelligent OCR-based book reading, page verification, voice-controlled navigation
through pages, or generative Al image understanding.

Advait Bal, P. Anjana, K. T. Gayathri Devi, and Vishaal S. Upot et al. [5] explored the
integration of GPT-powered navigation and book-reader glasses for visually impaired
users. Their work combines a smart camera mounted on spectacles with Al-based image
analysis and language generation for navigation and reading assistance. However, the
study mainly explores the integration of GPT-based capabilities and does not provide a
complete low-cost implementation combining ESP32-CAM image acquisition, local
OCR, page verification, voice-controlled reading, and selective Al image explanation.

Yi-Ler Poy, Shalini Darmaraju, Choon-Hian Goh, and Ban-Hoe Kwan et al. [6] proposed
a standalone smart-glass system for blind and visually impaired users. The system
integrates object recognition, text recognition, and face recognition using YOLOVS,
KerasOCR, and FaceNet, with Raspberry Pi Zero 2 W and Intel Neural Compute Stick 2
for edge processing. However, the system focuses on standalone object, text, and face
recognition and does not specifically provide sequential book reading, page-number
verification, or conversational Al-based image explanation.

Md. Hasibur Rahman, Md. Shahduzzaman, Rubama Mehnaj, Jahidul Hossain Mekat et
al. [7] proposed smart glasses integrating bone-conduction technology and real-time
image processing for assistive applications. The system connects smart glasses with a



smartphone application and uses a camera and computer-vision techniques to provide
audio feedback to users. However, the system focuses on facial recognition and general
environmental assistance and does not specifically address OCR-based continuous
reading, page verification, or Al-generated detailed descriptions of visual content.

Pierre Dognin, Igor Melnyk, Youssef Mroueh, Inkit Padhi, Mattia Rigotti, Jarret Ross,
Yair Schiff, Richard A. Young, and Brian Belgodere [8] investigated image captioning as
an assistive technology through the VizWiz 2020 challenge. Their work highlights the
importance of image-captioning systems trained on images captured by visually impaired
users and emphasizes the need for task-oriented descriptions suitable for real-world
assistive applications. However, image captioning alone does not provide OCR-based
document reading, page navigation, or voice-controlled interaction with a wearable
reading system.

Daniel Louzada Fernandes, Marcos Henrique Fonseca Ribeiro, Fabio Ribeiro Cerqueira,
and Michel Melo Silva [9] proposed an approach for generating image descriptions
focused on cognitive and visual details for visually impaired users. Their approach
combines image analysis, dense captioning, filtering techniques, and language models to
generate more meaningful descriptions. However, the work focuses primarily on
generating descriptions from images and does not integrate the description mechanism
with a wearable OCR reading system, page verification, or voice-controlled commands.

Saidarshan Bhagat, Padmaja Joshi, Avinash Agarwal, and Shubhanshu Gupta [10]
evaluated major Al- and computer-vision-based assistive mobile applications for visually
impaired users, including their accuracy, response time, reliability, accessibility, privacy,
energy efficiency, and usability. The study identifies several limitations affecting the
practical adoption of existing assistive applications. However, the work evaluates existing
mobile applications rather than proposing a dedicated wearable system that combines
camera-based OCR, voice interaction, page verification, and Al-based image
understanding.

Prudhvi Naayini, Praveen Kumar Myakala, Chiranjeevi Bura, Anil Kumar Jonnalagadda,
and Srikanth Kamatala [11] reviewed Al-powered assistive technologies for visual
impairment, covering computer vision, natural language processing, wearable devices,
object recognition, scene description, and text-to-speech systems. The study highlights
the potential of multimodal AI and real-time processing for improving accessibility and
independence. However, as a review study, it does not present a specific implemented
wearable system for OCR-based reading with page verification and voice-controlled
operation.

The “Vision Assistance System for Visually Impaired” [12] investigated
computer-vision-based assistance for visually impaired users and demonstrated the
application of intelligent visual processing for assistive purposes. However, the work is
primarily focused on visual assistance and does not provide a complete integration of
wearable image capture, OCR-based continuous reading, page sequence verification,
voice commands, and generative Al-based image explanation.



The “Smart Reader for Blind People” [13] proposed a reading-assistance system that
captures images using a camera, extracts text using OCR, and converts the extracted text
into audible speech using text-to-speech technology. The system also provides
multilingual support, including Kannada and English, making it particularly relevant to
assistive reading applications. However, the system primarily focuses on
image-to-text-to-speech conversion and does not integrate intelligent page verification,
hands-free voice commands, or Al-based explanation of diagrams and other visual
content.

The “Al-Powered Smart Glasses for Social and Spatial Awareness in the Visually
Impaired” [14] proposed a wearable SmartAl Glasses system using Raspberry Pi 4B,
facial recognition, YOLOv5s-based object detection, and LLaMA-based contextual
navigation. The system also provides tactile controls and audio feedback for assisting
visually impaired users. However, its primary focus is social and spatial awareness rather
than document reading, OCR-based book assistance, page-sequence verification, and
selective Al explanation of images and diagrams.

Pritam Nanda, Soumya Ranjan Samal, Shuvabrata Bandopadhaya, Debi Prasad Pradhan,
Antoni Ivanov, and Vladmir Poulkov [15] proposed an AloT-based smart-eyewear system
using an ESP32-CAM for real-time object detection, a TF-Luna LiDAR sensor for
distance measurement, and audio feedback through a Bluetooth-enabled neckband. The
system integrates Al and IoT technologies to provide real-time environmental assistance
and includes features such as night-time navigation and emergency alerts. However, the
system mainly focuses on object detection, distance estimation, and navigation and does
not specifically address OCR-based book reading, page-number verification,
voice-controlled reading, and Al-powered detailed explanation of visual content.

Overall, the reviewed studies demonstrate significant progress in wearable assistive
vision, OCR-based reading, image captioning, object recognition, speech feedback, and
Al-powered smart glasses. However, most existing systems concentrate on individual
functions such as object detection, text recognition, navigation, or image description. The
proposed system addresses this gap by integrating camera-based image acquisition,
OCR-based text reading, page verification, voice-controlled reading commands,
text-to-speech output, and Al-based image understanding into a unified wearable
assistive vision system.

A. Problem statement

Visually impaired users require accessible methods to independently interpret printed
and visual information. Existing solutions may involve expensive dedicated hardware,
continuous smartphone interaction, or separate applications for text recognition and
visual description. Wearable camera systems can also encounter practical problems such
as incomplete page capture, incorrect alignment, empty pages, poor image quality, and
difficulty controlling speech once reading has started. Therefore, there is a need for a
low-cost wearable system capable of capturing printed information, verifying whether



the captured page is suitable for reading, extracting text using OCR, converting the
extracted text into speech, and allowing the user to control the reading process through
voice commands. The system should additionally provide visual descriptions when
required.

B. Objectives
The main objectives of the proposed system are:
1. To design a low-cost wearable system that enables visually impaired users to read
printed text independently.

2. To integrate voice commands including start, pause, resume, continue, go back, repeat,
stop, and exit for hands free control.

3. To implement Optical Character Recognition (OCR) for extracting printed text from
captured images.

4. To implement hands-free reading using an ESP32-CAM mounted on a smart-glasses
frame.

5. To implement page verification for detecting empty, partially captured, incorrectly
aligned, or unsuitable pages and provide appropriate voice feedback.

2. Methodology / Materials and Methods

The methodology of the proposed system consists of image acquisition, page
verification, OCR-based text extraction, speech synthesis, voice-command control, and
optional Al based image understanding. Instead of using several separate diagrams for
individual modules, the complete operational sequence is described in the
implementation workflow.
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A. Image Acquisition

The ESP32-CAM captures the visual scene in front of the user and provides the captured
image to the Android application through the local Wi-Fi network. Image quality is
important because OCR performance can be affected by focus, lighting, resolution,
camera distance, and alignment. Therefore, the camera should be positioned so that the
relevant page is visible within the captured region.

B. Page Verification

The captured image is examined before OCR processing begins. The page-verification
module is designed to identify unsuitable captures. The considered conditions include:

Empty page, Partially captured page, Incorrectly aligned page, Insufficient readable
content. For an empty page, the system provides the following audio warning:
“Empty page detected.

For a partially captured or incorrectly aligned page, the system provides the following
feedback:

“Page is partially captured. Please straighten the page.”

This feedback helps the user reposition the page without requiring the user to visually
inspect the smartphone.

C. OCR Processing

For a valid page, Google ML Kit Text Recognition extracts the text content. The
processing sequence is: Captured Image - ML Kit OCR - Detected Text - Readable Text.
The extracted text is then passed to the Android Text-to Speech engine.

D. Text-to-Speech

The extracted text is converted into audible speech using the Android Text-to-Speech
engine. The speech output is organized into manageable portions so that the user can
control the reading process using voice commands.

E. Voice-Controlled Reading

The reading process is controlled through Android speech recognition and a state-based
voice controller. The supported commands and their functions are shown in Table II. The
voice controller maps recognized speech to the appropriate application operation.

F. Al-Based Image Understanding

When visual content is encountered, the system provides a short caption describing the
visual element. For example: “Image detected. A person is standing near a vehicle.” The
system then continues the normal reading flow. If the user explicitly says:

“Explain the image.”

the captured image is sent to the Al backend for analysis. The Flask backend forwards
the image to the Google Gemini API for image understanding. The generated description
is returned to the Android application and converted into audible speech using the
Text-to-Speech engine. This two-stage approach avoids unnecessary detailed
descriptions that could interrupt the reading process.



Command | Function

Start Begin reading

Pause Pause speech

Resume Resume paused speech
Continue Continue reading

Repeat Repeat current content

Go Back Return to previous content
Stop Stop reading

Exit Exit reading mode

3. Results and Discussion

Present the key results using text, tables, and figures where appropriate. Discuss and
interpret the findings, comparing them with existing work where relevant.

4. Conclusion

This paper presented a low-cost voice-controlled wearable assistive vision system
designed to support visually impaired users in accessing printed and visual information
independently. The proposed system integrates an Al Thinker ESP32 CAM with an
Android smartphone and a wearable glasses frame for image acquisition and processing.
OCR is used to extract printed text, while Text-to-Speech converts the extracted
information into audible output. The system additionally incorporates voice commands
such as start, pause, resume, continue, repeat, go back, stop, and exit. These commands
allow the user to control the reading process without continuous physical interaction.
Page verification provides audio feedback when the captured page is empty, partially
visible, or incorrectly positioned. This helps reduce incorrect OCR processing caused by
unsuitable camera captures. The Al image-understanding module extends the system
beyond text recognition. A short caption is provided when visual content is encountered,
while a detailed explanation is generated only when the user explicitly requests it. The
developed prototype demonstrates the feasibility of combining embedded hardware,
mobile machine learning, speech technologies, and generative Al in a unified assistive
platform. A final experimental evaluation will be conducted to obtain quantitative
measurements of OCR accuracy, voice command recognition, page verification, image
capture reliability, and Al response time.
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