
 
 

 

 
Image Capturing for Visually Impaired People using 

Machine Learning 
 

Shirley C P1, E. Rushit Gnanaroy2, Thanga Helina S3, P. Sherly Kanaga Priya4, C. Pethuru Raj5 and Jeffin A6 
 1,6Division of Computer Science and Engineering, Karunya Institute of Technology and Sciences, Coimbatore, India 

 Email: shirleydavidlivingston@gmail.com, jeffina@karunya.edu.in 
2Assistant Professor, School of Management, Hindustan Institute of Technology and Science, Chennai 

Email: rushitgnanaroy@gmail.com  
3Department of Commerce with Computer Application, KPR College of Arts Science and Research, Coimbatore, India 

Email: drhelina90@gmail.com 
 4Associate Professor, College of Computational Intelligence, St. Joseph University, Tamilnadu. 

Email: sherlykanagapriya@sju.ac.in  
5Principal AI Architect at Infocion Inc., Bangalore 

Email: peterraj@infocion.com 
 
 

Abstract— Over the last decade, machine learning and computer vision have become widely 
recognized as effective tools for creating intelligent assistive devices for enhancing accessibility 
for the blind or visually impaired. This paper describes a camera-driven capture-and- interpret 
process using machine learning to turn visual data into useful audio information for a visually 
impaired person. The proposed capture-and-interpret process will capture live photographs 
using a camera, process the photographs using machine learning techniques for object detection 
and optical character recognition, and convert the results into spoken words for helping users 
understand their environments. To increase situational awareness, we identify and prioritize 
contextual visual information (objects, text, obstacles, and scene context) that is relevant to the 
user.  
Rather than providing pre- defined/static data, the proposed capture-and-interpret process is 
designed to adjust dynamically based on any changes in the environment so that the visually 
impaired user will receive real-time, relevant feedback about what they see. The system 
architecture consists of the following components: 1) a camera interface for image- capture; 2) a 
machine-learning processing module written in Python; and 3) a text-to-speech engine for 
providing audio descriptions of the environment. Experimental evaluations of the system 
produced significant improvements in object recognition accuracy, response time, and user 
experience as compared to existing vision-assistance devices. Our results demonstrate that 
combining machine learning, computer vision, and audio interaction provides a viable and 
scalable method for improving independent mobility and day-to-day assistance for visually 
impaired users. 
 
Keywords— Machine Learning, Computer vision, assistive technology, Optical Character 
Recognition (OCR) and context- aware Artificial Intelligence (AI), as well as the use of audio-
based feedback, have rapidly changed dramatically how assistive technologies for people with 
visual impairments. 
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I. INTRODUCTION 

As a result, more and more visually impaired people are now depending on intelligent and Smart systems and 
applications to assist them in learning about their environments and identifying objects, as well as utilizing non-
visual ways to access visual content. The large amount of visual data available to visually impaired people can 
be quite complicated and difficult to work with in real-time due to many factors including varying levels of 
illumination, the vast diversity of objects, cluttered backgrounds, and ever-changing environments. As many 
existing assistive technology solutions use pre-defined rules or only a few detection capabilities, usually only 
focusing on one particular type of task, for example, obstacle detection or text recognition. The assistance 
some of these products provide is generally inefficient. Most traditional assistive devices for the blind only offer 
one kind of function. They focus on either reading text or finding obstacles, but fail to provide a complete view 
of the environment. They don't provide comprehensive knowledge of the surrounding objects or the relationships 
between them. This means that users are only aware of the individual visual elements, not how they are spatially 
related to one another or how users can interact with various objects. Consequently, this will result in poor or 
incomplete scene interpretation and, therefore, the system will not be very useful. Furthermore, many currently 
available assistive devices will be greatly limited because users will not have real-time information about their 
environment, they will not be able to select which type of assistance they want, and their situational needs will 
not be considered. A system that can create an intelligent framework for visually impaired users to create real-
time knowledge of their environment, and then use that real-time information to develop audio feedback tailored 
to their needs, will enable users to better navigate and understand their surroundings independently and safely. 
In the development of the proposed image-capturing assistive system for visually impaired individuals, the 
solution integrates computer vision and context-aware machine learning to help users understand and navigate 
their surroundings effectively. The system captures real-time images from the environment and represents 
detected elements—such as objects, obstacles, people, and text—as contextual entities. These entities are 
analyzed using machine learning models to determine their relevance, priority, and spatial relationships, enabling 
accurate interpretation of complex environments. To enhance usability and personalization, the system 
incorporates multiple contextual factors—including object distance, motion, lighting conditions, environmental 
complexity, and user preferences—into the decision-making process. By dynamically adjusting the importance 
of detected elements based on these contextual parameters, the system generates clear, timely, and meaningful 
audio feedback tailored to each user. This approach improves situational awareness, supports safe navigation, 
and enhances the overall effectiveness of assistive guidance in real-world environments. 
The assistive app can give the best response to a user's changing software and physical environment through the 
analysis of context. This analysis takes place over time based on both physical and software parameters. The 
Data Storage Module provides a way for the assistive app to store and quickly retrieve image features, trained 
models, and all the user's stored information. 

II. RELATED WORK 

With the ongoing development of Artificial Intelligence, Machine Learning and Computer Vision, the 
development of intelligent assistive systems for the blind is advancing rapidly with new state of the art 
developments in performance, usability and flexibility. Historically, assistive technologies for the blind relied on 
static rule driven systems that had only limited capabilities to be utilized effectively within a restricted 
environment and were not capable of accommodating the many ways an individual could interact with the 
system. The large number of uncontrollable variables such as changes in natural light, a variety of objects joined 
with the changing environment in real time made it nearly impossible to program an unlimited number of rules. 
By employing visual feature representation to facilitate assistive vision systems, researchers have developed a 
basic method for investigating how to interpret the physical world by treating detected items as visual entities 
and their physical relationships as contextual associations. This method of applying machine learning and 
computer vision technology has made it possible for researchers to model scene interpretation as an object 
identification and location detection task. As a result, deep learning methods such as convolutional neural 
networks have established an algorithm-based structure that identifies objects, pinpoints their locations, and 
categorizes the scene based on information obtained from the images taken. Unfortunately, in typical situations 
where several environmental factors, user preferences, and dynamic context variables affect both perception and 
decision-making, conventional vision models do not provide sufficient flexibility to adapt quickly and easily in 
real time. 
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Systems that provide visual assistance have evolved to provide more personalized assistance through the 
inclusion of visual context into the guiding and interpretation of visual stimuli as well as the feedback process. A 
context-aware assistive vision system is capable of collecting visual information based on an individual user's 
environment and behaviour, such as the proximity of objects to the user, orientating objects in relation to the 
user, lighting conditions in a room, user movement or actions, and user preferences regarding the type of 
assistance required. The use of situational context for making more intelligent decisions in intelligent systems 
was initially investigated by Adomavicius and Tuzhilin (2005), and their research has subsequently been 
expanded upon and shown that including environmental and contextual factors along with other contextual and 
environmental attributes enhances user comprehension and satisfaction with the use of intelligent systems.  
There have been significant advances made recently in the area of research into assistive technology for those 
with visual impairments. However, many of the present technologies available for use by visually impaired 
people have been created as separate solutions that have one particular purpose, for example to help visually 
impaired users to identify objects or to read a piece of text or to avoid obstacles in their path. Because of this 
limitation, these assistive devices have difficulty in providing a comprehensive, contextualised understanding of 
the person's surroundings, which ultimately limits the usefulness of such systems. In addition, current assistive 
applications are not very flexible when it comes to changing their visual analysis and feedback based on changes 
in the user's environment or in regards to changing user preferences. For this reason, an integrated approach that 
utilises the latest computer vision technology and context-aware AI to enable adaptive, intelligent, real-time 
visual assistance is required. 
Research into assistive vision has begun to move towards new strategies, such as multi-criteria evaluations and 
multi-objective optimization techniques. Previous assistive systems were generally created with the single goal 
of being effective at one thing, whereas intelligent systems developed today attempt to combine many different 
competing factors (such as detection accuracy and speed). The most appropriate model for balancing these 
competing factors is the machine learning-based vision model, which enables systematic evaluation and 
prioritization of the different criteria (or objectives) in complex visual environments. Studies conducted in an 
empirical environment have shown that developing a balance between these competing objectives produces more 
robust, adaptive, and user-friendly assistive vision systems than systems developed from a single criterion, 
especially in situations involving dynamic environments and the wide variety of conditions faced by visually 
impaired individuals. 
The integrated assistive vision system proposed is a machine learning-based computer vision-assisted tool 
combined with AI that uses contextual information about the user's environment. All of the elements in each 
user's environment (the positions of objects, features of the environment, and personal preferences) will be 
continually updated through visual and contextual data, to provide audio feedback in real time with meaningful 
content that will evolve with the environment and user's needs. This system represents a major advancement 
from past assistive devices by transforming from a passive, single-use tool, to an active, contextually aware 
system that provides a high level of personalized, accurate, and immediate assistance to users with visual 
impairments. 
Current research now encompasses both enhancement of the algorithms by including the ability to adjust, modify 
and improve 'in real-time'; thus allowing for the improvement in scale of overall performance across all areas - of 
software products as well as hardware. 
The environment is of a dynamic, fluid nature for all users with vision impairments due to the fact that the user is 
being impacted by all elements and factors that are in play within their environment: moving objects; variation of 
the lighting; the spatial configuration or layout of objects in relation to their position; changes to or unexpected 
movements of an object in their surroundings. Most of the long history of assistive technology using computer 
vision has developed a series of application-specific vision systems which are based on static models and a pre-
defined or programmed set of rules from which to operate under, and as a consequence, do not operate 
effectively with continuously fluctuating conditions in real- time. While there has been considerable research 
into dynamic or changing or adapting vision models, the focus has been on one aspect at a time of either 
personalisation or efficiency of computing or the use of real time adaptability, and no research has yet been 
completed to achieve all three simultaneously. 

III. PROPOSED SYSTEM 

The intelligent Assistive Technology proposed will be used to help visually impaired people improve their 
Environmental Awareness by capturing Images and analyzing them using Machine Learning. The Real-Time 
Visual Data captured by the system will be used to develop a Contextual Understanding of the Environment and 
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as part of the User's needs, i.e. Identify Nearby Objects, Read Textual Information, Assess Navigational Safety. 
The technology will provide Accurate and Personalized Audio Feedback based on the User’s Environmental 
Context and Preferences using Artificial Intelligence and other Contextual Factors. 

A. System Structure 

The Architecture of the System is broken down into four separate Layers as described below: 
Visual Input/Interaction Layer and Core Application Layer: 
 
The interactive interface is the route by which users enter initial data about their desire for assistance; these 
initial data are subsequently delivered to the core application level for processing. In this layer of application 
logic, information is assessed and arranged for further analysis, so that it can be used to respond appropriately to 
the wishes of the user and environmental contexts. 
Every detected object within the image is viewed as a separate entity in the vision processing engine. In contrast, 
how an object relates to a user is through a contextual link between them. Each of these contextual links receives 
a relative importance score based on a number of criteria (e.g., an object's distance to a user, its position to a 
user, its speed and acceleration, the conditions that surround it), and the importance scores are adjusted 
dynamically as new information is received about each criterion. The importance scores determined at the visual 
input layer will be modified by the context analysis module, using the user's situational context and personal 
preferences. Once modified by the context analysis module, the feedback information is subsequently forwarded 
to the decision-making module to produce the feedback provided to the user.  

B. Functional Flow 

The initial phase of the process consists of collecting the user's input regarding their requirements and 
preferences. This information is validated and processed by the Application Level before any further processing 
occurs.At this point, the current location is captured using an image capture device to determine the location of 
significant objects within view. The location of the objects relative to their proximity, placement on a screen 
relative to one another, and whether or not they are moving.After all of the objects have been identified, 
evaluated, and adjusted for environmental factors (e.g., ambient light) as well as other pertinent factors, the 
Context Module re-evaluates the relative importance of the objects based upon the environmental factors and 
other situational constraints, and generates a Final Output containing only those objects that are most important 
and relays them to the user in a clearly articulated manner as an auditory message for the user to receive. 

C. System Architecture 

The system's architecture has been structured in layers that allow each component to operate independently of 
the others at the same time supporting each other as well. The User Interface is at the top layer. This layer 
provides interaction with users through a spoken response from the Camera or Image Recognition component. 
The Application layer is the second layer in the system. It provides control over the operational aspects of the 
system and is responsible for managing the user input, controlling the Image Capture process, and transferring 
data between Components in the Framework. This layer also ensures interoperability of all components of the 
system, allowing everything to work seamlessly together without interruption. 
The Processing and Intelligence layer of the system is where the analysis of images captured occurs through 
Machine Learning Models. Objects in the captured images are identified and information about the environment 
surrounding those objects is extracted through analysis performed by the Models. The results of this analyses are 
used to create audio output based on what information the user needs. A database is included with this layer to 
store all necessary system information and User Preferences. Because of the modular approach, adding new 
Features or Enhancements to the system in the future will be fairly straightforward. 

D. Key Features 

The current system provides users who are blind with both comprehensive and easy-to-use support. Unlike many 
assistive technologies that provide assistance for specific tasks independently of the surrounding context, this 
system’s understanding of the environment allows it to provide the user with only quick and clear 
recommendations for action by connecting those data together. This means that, even when the user's 
environment is changing quickly (more than one thing may change at a time), the use of a context-based 
approach will continue to make sense for the user and have practical value. 
This system's adaptability to changes is one of its key advantages. At all times, it takes into account a number of 
contextual factors that can affect a visually impaired user's experience 
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E. Advantages of the Proposed System 

Mira offers an innovative and user-friendly solution for the visually impaired. Mira provides far superior 
assistance to users than conventional methods. Mira uses a combination of machine learning and computer 
vision to take a real-time image of the user's environment; therefore, Mira is able to identify and categorize 
objects, obstacles, and text and provide either real-time audio or haptic feedback based upon the information 
gathered through the combination of both technologies. By monitoring the context (such as the distance of 
objects from users, how quickly objects move, the amount of available light, and user preferences), Mira is able 
to summarize all the information captured in context and only notify users of what is most relevant to their safe 
and successful movement through various user-specific settings.  

 
Fig. 1. System Architecture Diagram 

IV. RESULTS AND DISCUSSION 

Various real-world situations were used to evaluate how well the proposed image capturing support system for 
visually impaired individuals is able to support them in their daily lives. Some of the test situations include being 
inside of buildings, on outdoor paths, experiencing different lighting conditions, and being in a rapidly changing 
environment (i.e., an environment with multiple moving objects). The results show that the system was able to 
recognize objects, obstacles, and text in the environment successfully and provide the user with the necessary 
audio feedback in a timely manner.  
The experimental results demonstrate that the image capturing support system's machine learning models were 
able to achieve a high level of accuracy with respect to recognizing objects within moderately complicated 
scenes. The incorporation of contextually aware intelligence enabled the image capturing support system to give 
priority to more significant and/or critical information (e.g., obstacles nearby and moving objects) versus less 
significant/important information regarding the surrounding environment. Because the support system was able 
to do this, it was able to reduce significantly the amount of information that a visually impaired user would need 
to process to determine how to continue moving safely. Therefore, this is a factor that could improve the 
responsiveness of the visually impaired users while performing navigation tasks. 
An image capture-based assistive system where the image capturing process resides in a local processing area, 
along with a user-friendly frontend for users to interact with by voice commands, was created. The system 
utilizes a Node.js backend to enable the various components of the system to communicate, manage incoming 
requests for images and process information from incoming requests. This is all stored in a MongoDB database, 
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which contains user preferences as well as historical information about user interactions and feedback.In addition 
to visual data (images) being taken into consideration, context-centric data needs to be factored into the analysis 
of images as well. 

A. Page 

When initiated, this system provides a free and accessible interface to allow for interactions with those who are 
blind or have low vision. This system is solely reliant on audio and voice entry, thereby making it unnecessary 
for a person to look at a screen while engaging with the system successfully. From the interface, users will have 
the ability to start the scanning of their environment through a camera provided to take photographs of the area 
around them in real-time. As part of the initial configuration, users will be able to select key preferences (e.g., 
the type of assistance that will be provided (navigation, object recognition or text reading), alert prioritization, 
and how much detail is provided in the responses). 

B. Destination Recommendation 

Real time pictures taken by the camera go through various Machine Learning techniques and Computer Vision 
algorithms after they have been taken to gain insights from them and understand the environment around it. The 
equipment identifies various items like obstacles, objects, signage, etc. and helps identify the context around that 
identified element by analysing other contextual parameters that go along with that identified element such as 
distance to the user, motion, lighting and environment. Once they have been able to develop a contextual 
understanding of the world around the user, they generate realtime audio instructions to assist the user in making 
good decisions based on the various critical obstacles identified and relevant contextual parameters. The research 
indicates that the results show the system is able to provide timely, accurate and tailored instructions to the user. 

C. Chat Interface 

By utilizing the contextual information gained from real-time image analysis of a physical environment, the 
Context Aware Assistive Presentation (CAAP) system gives audio-based guidance to users with visual 
impairment. Instead of merely presenting raw visual information to a user, the CAAP system presents a list of 
prioritized, meaningful descriptions related to an individual's environment to aid him/her in identifying the safest 
and/or most relevant ways to move within their environment. Depending on the complexity of the environment, 
there may be multiple assistance cues provided to a user via the CAAP system. For all detected environmental 
segments (obstacle/object/pathway), users receive contextual information about each detected environmental 
element (e.g., how far away it is, how fast a user could be moving in reference to that environmental element, 
and how urgent it may be to a user), based on the preferences defined by users. 

D. Evaluation Metrics 

Quantitative and qualitative metrics (e.g., routing optimality, processing time, user satisfaction) were used to 
evaluate performance for the system. System logs along with user feedback were combined to help interpret 
results from the experiments presented in Table 1. 

TABLE I. SYSTEM EVALUATION METRICS AND PERFORMANCE RESULT 

Metric Description Result 
Object Detection Accuracy Accuracy of correctly identifying objects and obstacles in captured 

images 
93.8% 

Response Time Reduction Average reduction in process and feedback time. 17.9% 
Context-Aware Adaptation Accuracy Correct prioritization of feedback based on distance, motion, lighting, 

and user context 
89.6% 

Image Processing Time Time required to capture images and generate audio. 2.0 seconds 
User Satisfaction User rating based on usefulness, clarity of feedback, and ease. 4.6 / 5 

V. CONCLUSION AND FUTURE SCOPE 

The purpose of this project is to create an application that can collect images through user experience and then 
evaluate this information through machine learning methods to produce effective audio assistance for the sight-
impaired users. By processing visual real- time data, users will be able to identify obstacles, objects and 
associated contextual information that allows for the safe and independent movement of visually impaired users 
through their environment. In addition to real-time information, this programme will also utilize the user's 
prefrenced selection and interactions on an ongoing basis to enhance the accuracy and appropriateness of the 
navigational guidance to the user. 
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Most tools currently available to help blind and visually impaired people give the user limited, pre-programmed 
instructions that do not adapt to the user's changing environment or personal preferences. Such tools typically do 
not provide the best support possible for blind and visually impaired individuals. The GuideVision system 
created by the Johns Hopkins University Center for Excellence in Accessibility (JHU) addresses these issues by 
taking advantage of a combination of computer vision and machine learning to continuously monitor and analyze 
the user's immediate environment in real time. This allows GuideVision to deliver real- time audio feedback to 
users based on the current context of the user's surroundings as well as the user's previous experiences. As a 
result, the called user can navigate safely and efficiently. The adaptive learning component of the GuideVision 
system ensures that the quality of the real-time navigation assistance improves over time as the GuideVision 
system continuously adapts to a combination of changing environmental conditions and individual user 
behaviours. 
The results of the testing performed on GuideVision indicate that the system gives users accurate, responsive, 
and context-aware assistance. The findings suggest that by combining real-time visual analysis with adaptive 
machine-learning algorithms, an effective framework for providing blind and visually impaired people with 
assistance when they need it has been created. The modular design of GuideVision, which allows it to grow as 
more data is added and to accommodate an ever-growing population of different types of visually impaired and 
blind users, makes GuideVision a dependable and practical option for helping to improve independent movement 
by providing helpful technologies and resources. 
Image capturing systems based on machine learning (ML) allow blind and people with vision impairment (VI) to 
gain immediate awareness of their surroundings. Image capture systems based on machine learning (ML) allow 
blind and visually impaired (VI) individuals to be aware of their surroundings in a non-obtrusive manner. 
Through the use of cameras and machine learning algorithms (MLAs), these systems detect, recognize and 
characterize objects in the surroundings of the user. 
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