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Abstract— According to global health research more than 2.2 bilion people
worldwide are affected by visually impairement or blindness, highlighting the
growing need for intelligent assistive technology. Visually impaired individuals
often struggle with perceiving their surroundings, recognizing people, and re-
calling experiences. Conventional aids like canes and voice devices lack context
awareness and real-time support. This project introduces a Vision Al-based as-
sistive system that leverages object detection, face recognition, emotion analysis,
and memory recall. Using advanced Al, computer vision, and NLP technologies,
the system provides real-time environment sensing, emotion interpretation, and
interaction logging. A voice-based interface ensures easy communication and
hands-free operation. By offering accurate recognition and memory support, the
system enhances independence, safety, and social engagement, demonstrating the
transformative potential of Al for visually impaired users.

Keywords: Assistive Vision Al, Multimodal Emotion Recognition, Al-based
Memory Recall, Cognitive Assistive Technology.

1 Introduction

1.1 Background

Visual impairment is a life-altering condition that affects millions of individuals world-
wide, significantly impacting their daily lives and independence. For people who are
visually impaired, getting around in their surroundings and undertaking daily activities
can be challenging and often require assistance from others. Globally, more than 338
million people experience visual impairment, approximately 295 million experiencing
moderate to severe visual impairment, and 43 million are blind [1].visually impaired
individuals face daily barriers in independent navigation, social interaction, and infor-
mation access.
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Fig. 1. Previous method vs Proposed Method

Traditional aids like white canes and guide dogs improve mobility but offer little con-
textual understanding—they cannot tell the user what an object is, who is nearby, how
far something is, what emotion someone expresses, or what happened last time in a
similar situation. Above Fig 1. Shows comparison of Traditional method and Propsed
Model.Luckily, Al algorithms (machine learning (ML) and computer vision (CV)), can
be used to construct sophisticated assistive solutions [6]. Smartphone apps and single-
feature tools (e.g., basic OCR or generic object recognition) help in isolated tasks, but
they lack real time multimodal perception and personal memory that make assistance
feel natural and continuous.

In recent years, technological advancements in fields such as IoT and Al have opened

up new ways of improving the living standards of this community. It offers innovative
solutions that can support independent navigation and, in general, enhance overall ac-
cessibility[7].

Recent advances in Computer Vision, Speech Technologies, and Transformer-
based multimodal models enable systems that perceive the environment like a compan-
ion: detecting objects, estimating distance, recognizing familiar faces (with consent),
reading emotions from facial cues, voice and text, and recalling previous interactions
to personalize guidance. Pairing these capabilities with speech output makes assistance
accessible hands free; mirroring the same narration on a web dashboard supports care-
givers, logs, and debugging. In our previous work, we addressed the issue of bias in
BERT-based natural language processing, focusing on fairness-aware representations
for the language narration as well as we have reduced bias by using Quantum Inspired
search algorithm [8][9].
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This project proposes a real-time, on-device Vision Al assistant that performs object
detection with distance estimation and speaks results, recognizes faces and optionally
stores user-approved profiles for later recall, infers emotions using text/face/voice sig-
nals, remembers events and meetings to provide continuity, and narrates ongoing
scenes. Together, these features aim to deliver context-aware assistance that is fast,
private, and genuinely useful in the user’s everyday life.

Existing assistive tools are fragmented and do not integrate object and distance, face
recognition with consentful memory, multimodal emotion understanding, scene narra-
tion, and memory recall into a single, low-latency system with spoken output and on-
screen transcription. This gap limits environmental awareness, social engagement, and
continuity of assistance for visually impaired users[1,2,3].

Vision Al driven system is basically an assistive system that guides visually impaired
individuals in navigating the world. For a person who cannot see, moving inde-
pendently becomes difficult and they often have to depend on others. This can affect
their confidence and daily life. The main aim of this project is to design an assistive
system for visually impaired people that can detect objects, people, and the surrounding
environment. By providing real-time guidance and awareness of their surroundings, the
system helps thm move safely and more confidently.

The project applies various Deep Learning techniques for recognizing and understand-

ing the surroundings that a visually impaired person is exposed to. These include the
use of CNN and YOLO models for the real-time detection of objects and persons. These
models help the system capture visual information from the camera, then identify what
there is in the environment so it can provide audio-based guidance to the user. This
assists the visually impaired people in navigating with greater safety and confidence
without dependence on others.

2 Literature Survey

This paper introduces a wearable vision assistant designed to empower visually im-
paired people by integrating low-cost hardware with state-of-the-art artificial intelli-
gence technologies towards better independence. This hat-mounted camera is attached
to a Raspberry Pi 4 Model B (8GB RAM) for real-time processing, featuring object
recognition, face detection, and contextual understanding using Large Vision-Lan-
guage Models. The core methodology covers three working modes: a continuous oper-
ation of the core system in which real-time processing enables object and face detection
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and plays audio feedback, adding new people or objects into a personalized database
with voice commands enabled by a green button, and detailed descriptions about ob-
jects with LVLM integrations activated via a blue button.The hardware components
used are the Raspberry Pi, 8MP camera, specialized hat, rechargeable battery, bone-
conduction headphones, ultrasonic sensor for obstacle detection, buzzer for alerts, and
buttons for user interface interaction. Software architecture OpenCV captures images,
MobileNet SSD detects objects, FaceNet recognizes faces, SQLite manages databases,
and API calls for GPT-40-mini through Azure offers contextual insights with optimi-
zations like model quantization and parallel processing to improve efficiency.It was
evaluated on metrics of performance, including precision, recall, F-score, and accuracy,
in a usability study of 50 visually impaired participants in real-life scenarios such as
navigation, object identification, and shopping while using traditional white canes and
current benchmark systems like OrCam and Alris [1].

This work proposes an Al-powered smart glasses system, which will enable visually
impaired students to read and answer questions independently during exams. The sys-
tem is proposed based on the following architecture: real-time image processing, OCR,
Text-to-Speech, and Automatic Speech Recognition. It is fitted with a high-definition
camera that captures printed and handwritten texts, an onboard speaker and microphone
for audio interaction, an Al processor for edge computing, and connectivity modules
like Bluetooth and Wi-Fi are powered by a rechargeable battery. Major features of the
software architecture are as follows: image preprocessing, such as optimized pipeline
noise reduction, contrast correction, and adaptive thresholding, which are useful to han-
dle low-light conditions, handwritten texts, and mathematical equations. OCR performs
with CNN and RNN, trained with diverse datasets to extract text with good accuracy.
Text-to-Speech synthesizes natural-sounding speech that speaks the question. On the
other side, spoken answers are transcribed using Automatic Speech Recognition by
RNN and transformers. It was evaluated on IAM Handwriting Dataset and custom-
made exam corpora, showing above 90% accuracy in text recognition and speech-to-
text transcription with less than 1.5 seconds response time. Performance metrics used
for evaluation included Character Recognition Accuracy, Word Error Rate, and Mean
Opinion Score.evaluation included Character Recognition Accuracy, Word Error Rate,
and Mean Opinion Score[2].

This paper represents a multi-modal system for generating descriptions of images as
audio to facilitate access to people with visual impairments. This approach applies
transfer learning using the pre-trained Inception v3 model to extract features from im-
ages in the Flickr8K dataset, which consists of 8,000 images, each with five captions.
Text preprocessing includes tokenization and padding to prepare the tokens for the
model.It uses an attention mechanism-based encoder-decoder architecture; the encoder
consists of convolutional layers, while the decoder generates the caption sequentially
using Gated Recurrent Units. The model has been trained on 80% of the dataset and
tested on the remaining 20%. Performance evaluation is done based on the BLEU score.
The generated caption is converted into audio using Python's gTTS library for real-time
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accessibility. The code was run on Kaggle using Tesla P100 GPUs, and an average
BLEU score of 73.864 was obtained, while the training losses decreased to 0.397 within
20 epochs[3].

The authors developed a deep neural memory that discovers and learns to memorize
historical context during test time through an associative loss function for memory
based on surprise metrics and gradients and momentum for previous surprises, and de-
caying as a memory manager. They have built three variants: Memory as a Context
(MAC), which divides sequences into sections, and applies attention and historical
memory retrieval on those sections; Memory as a Gate (MAG), which combines a slid-
ing-window attention model with gated memory over time; and Memory as a Layer
(MAL), which uses memory as a layer that is stacked prior to attention.Training in each
model comprise parallelizable gradient descent with momentum and weight decay on
classifications in language modeling (WikiText, LAMBADA), commonsense reason-
ing (PIQA, HellaSwag), needle-in-a-haystack retrieval, genomics (DNA modeling),
and time series prediction (ETT, ECL datasets). Experiments run with models with
170M to 760M parameters trained on 15B to 30B tokens have a greater performance
than Transformers, linear recurrent models (e.g., Mamba, DeltaNet), and hybrids that
have context windows as large as 2M tokens[4].

This article proposes a new human-like memory architecture to enhance the cognitive

power of LLM-based dialogue agents by integrating memory recall and consolidation
processes into a single architecture. The authors also generate a mathematical model to
quantify factors like contextual relevance, as defined through cosine similarity, time
elapsed, and recall frequency, with a decay rate that deceptively increases or decreases
based on elapsed recall windows to simulate human memory retention. They incorpo-
rate a vector database to facilitate episodic memories as collected during user sessions,
which are constructed based on key-value pairs to achieve a semantic structure, and the
authors trigger a recall when a calculation yields a probability exceeding a predeter-
mined threshold, for example, .86.The authors base the system on GPT-4, they use
Qdrant for the vector search engine, Firestore for chat histories, and have an
EventHandler for triggered events. They conduct their experiments with a sample da-
taset consisting of 10 tasks initiated from chat history, which they compare to Genera-
tive Agents using a loss function based on Softmax and mean squared error. In partic-
ular, they present qualitative analyses of user test participants, 6 over a span of weeks,
which demonstrate above average performance in recall accuracy and statistically sig-
nificant loss, p = 0.000299, which included examples of personalized learning that il-
lustrated user choices and preferences[5].

This paper reviews the literature of assistive technologies designed to assist visually
impaired users. The intention of this study was to identify how assistive technologies
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help people who are visually impaired with their daily routines and education through
a systematic literature review (SLR). The authors performed a systematic literature re-
view using the PRISMA methodology. The authors reviewed the scientific literature in
the period of 2013 through 2023 in Scopus, Web of Science, Researchgate, Google
Scholar and MY CITE databases. Of the 108 identified articles 20 articles were included
after screening and eligibility assessment. The authors grouped the articles reviewed
into three major groups: mobility, accessibility, and challenges. The authors found that
the majority of assistive technologies focus on enhancing mobility through the use of
electronic canes, smart gloves, tactile maps, and wearable haptic devices. In contrast to
mobility enhancing technologies, accessibility technologies consist mainly of
smartphone applications, educational tools and information access systems. The au-
thors identified key challenges in implementing assistive technologies such as high
costs, insufficient training of users, lack of awareness by users and insufficient level of
institutional support, especially in Malaysia. Overall, the authors concluded that assis-
tive technology can greatly improve a visually impaired person's independence and
quality of life through affordability, user training, and increased policy support of in-
clusive education and a disability-friendly environment[6].

This study describes a comprehensive investigation of an assistive device for the blind

that will enhance their ability to navigate about their environment, recognise objects,
and ultimately make them more able to live independently. The authors suggest a tech-
nology solution incorporating various sensors, cameras, and intelligent algorithms to
identify obstacles in real time for the user.The approach taken in this research includes
creating a concept for the system architecture, integrating hardware and software com-
ponents and validating the system by testing in a real-world setting.Results from the
testing suggest that this proposed system provides accurate obstacle detection and
timely assistance, thereby decreasing the chance of collisions and increasing the move-
ment capabilities of those using this assistive system. This research also indicates that
assistive technologies will improve the safety, confidence, and quality of life for those
who are visually impaired. Furthermore, the authors conclude that there is still much
more to be done to make assistive technologies accurate, affordable, and to develop
assistive technology for large-scale production[7].

3 Proposed system

The proposed system here is meant to capture surrounding data through and assist
visually impaired person by audio.
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Fig. 2. Proposed model of Vision AL

Methodology

The methodology for the proposed system fig.2 utilizing YOLO,CNN,BLIP to assist
Visually Impirement:

Data Collection: The system facilitates continuous data acquisition with
multi-modal inputs from the senses in order to comprehend both the surround-
ings as well as user intentions. The real-time video is recorded from a wearable
or additional camera that essentially forms the prime visual input source to de-
tect any object or environment in relation to space and people around, which
essentially forms the ‘eyes’ to assist a visually impaired user. Simultaneously,
real-time audio information is obtained through a microphone input to provide
natural interaction with the system without using hands. Verbal commands as-
sist in controlling system dynamics, as well as variations in voice expressions
are monitored to provide additional user input interpretation in enhanced hu-
man computer interaction processes.

Feature Extraction: Feature extraction is a process that converts raw inputs
from the environment into meaningful representations that areprocessable by
intelligent systems. Image processing starts with video frame processing to
suppress noise and increase clarify followed by deep learning-based extraction
of relevant features in images such as edges, shapes, points, and facial struc-
tures for object and facial detection tasks. Facial embeddings are formed to
represent individuals uniquely. Further processing involves monocular depth
and distance estimation to predict the distance between viewers and objects or
individuals to support safety-aware navigation and barrier avoidance tasks. Au-
dio and speech processing involves extraction of relevant audio and speech
features through linguistic processing from speech-to-text tasks. Audio features
such as pitch, energy, and rate are analyzed to form audio clues from viewer
input in audio form.

Model Selection: It relies on a specially curated variety of deep learning mod-
els to facilitate real-time processing and accurate perception. It utilizes a YOLO
object and person detection model to detect multiple objects and people at the
same time within a single frame, which makes it ideal for application in dy-
namic environments. It utilizes face detection and recognition models together
to detect facial locations within an image and map them to embeddings that are
further matched with the internal memory to verify people's identities. Emotion
detection utilizes a multi-model scheme that merges facial expression analysis,
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voice emotion analysis, and text sentiment analysis to detect people's emotions,
which include happiness, sadness, anger, and neutrality. It further utilizes a
scene understanding and description generator that interprets visual contexts
and activities to offer visual summaries of the environments.

Processing Pipeline: Object detection, distance estimation, description gener-
ation, and audio narration-using a text-to-speech engine-operate in real time
within the integrated perception-narration-memory pipeline. Face recognition
runs in parallel to identify known persons and inform the user promptly, while
newly detected persons prompt user interaction for optionally storing identity
information for future recognition. The emotional cues from facial expressions,
voice tone, and textual sentiment are fused to find the most accurate emotional
state that allows empathetic and socially aware responses. This will ensure
smooth interaction between perception, understanding, and feedback in one in-
tegrated pipeline.

Memory Recall Module: the memory recall module: it is the long-term
knowledge base of the system, maintaining a structured record of events and
interactions, which may include names, interactions, places, and context. the
memories are organized in a way that is optimal for recall in the event of a
future interaction. if the system recognizes a person from a past interaction or
a known location, it is able to recall information about the past event, summa-
rizing a helpful context for the user.

Scene Narration: Scene narration is a significant aspect in the conversion of
the visual perception of the user into comprehensible information. The descrip-
tion of the captions is done through a model that evaluates the activities that
are currently going on and the dynamics of the environment. The narration sys-
tem is intelligent as it provides priority to the services that concern the safety
of the user. The system allows the user to develop a conceptual understanding
of the environment through the descriptions provided by the narration system.

Output and User Interface: The ultimate output is delivered through accessi-
ble interfaces, which are user-friendly for visually impaired individuals. Audio
support for guidance is implemented through a natural-sounding TTS engine
for hands-free operation and uninterrupted support during navigation. In addi-
tion, there is an accompanying web dashboard for monitoring objects, individ-
uals, emotional information, and descriptions of the scene displayed for obser-
vational purposes, assessment of the system, and optional communication from
caregivers or administrators.
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Fig. 3. Architecture Diagram of proposed model

As you can see in Fig.3 shows The process starts capturing data through camera
and the system will help people, especially people with visual impairment, under-
stand their immediate environment using multiple sources of information, such as
video, pictures, written words, and speech, to convey their understanding through
visual or textual output. The process of using the system includes starting with a
visual or user-provided input, which is the basis for generating and interpreting an
understanding of the environment and what the individual is trying to achieve. The
visual components that are uploaded by the user are processed through an object
detection module and the narration module, where objects are detected and then
converted into text-based natural language for increased context of the objects in
the scene. During the object detection process, the system also tries to identify if a
person is present or not; if it does not detect a person, the normal narration process
takes place but if it does detect a person, it will apply a face detection module to
locate the person's face. In these situations, the system applies an emotion recog-
nition module that utilizes the emotions associated with facial expressions, and
therefore, provides the user with increased social awareness of the detected person
or reference material. Once the face is detected, the system connects with the
memory recall module to determine whether the person is known or unknown; if
known, it will then search for previous information in the database and retrieve it;
if not known, the system will ask the user questions about his/her identity and store
the user's answer in the database for future reference. The stored data of new users
will enable the system to learn about new users and their respective identities over
time.
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4 Result and Discussion
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Fig. 5:Output After memory recall

The output shown in the above screenshot Fig.4 and Fig.5 demonstrates the functional
capabilities of the proposed Vision-Al Assistive System, including real-time object de-
tection, face recognition, emotion recognition, memory recall and complete scene narra-
tion. The system provides users with comprehensive situational awareness by providing
real-time feedback about what is going on around them and who they are interacting
with. The system delivers object detection, recognition of faces, and emotions, and de-
scribes what is happening in the environment through an audio channel for the user to
hear. The current implementation primarily focuses on the software pipeline and real-time
processing. The hardware integration using Raspberry Pi is under development and will
be completed in future work. Additionally, significant differences in the accuracy of de-
tecting objects and faces were observed based on different lighting conditions (i.e., dark
to very bright).below given Table 1. Shows comparison of our system and existing system
Further, they indicate that camera quality (higher-resolution) directly impacts the perfor-
mance of the system for both detection and narration.Despite these issues, the test results
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indicate that an intelligent, image-based assistive device can be created and deployed us-
ing low-power, embedded computing resources.

Table 1. Comparison with Existing Systems

Sr. No System Primary  Func- | Reported Per- | Remarks
tion formance
1. LVLM-based Object & face | 90% accuracy | Performance
Wearable Assis- | recognition with | (good lighting) | drops in low-
tant audio feedback light and edge
constraints
2. Smart Glasses for | OCR and | 90% OCR & | Limited to aca-
Exams speech-based in- | ASR accuracy demic use cases
teraction
3. Image Captioning | Image-to-audio BLEU  score:
System description 73.86
Offline and
non-interac-
tive
4. Memory-En- Contextual Improved long- | No vision-based
hanced LLMs memory recall term recall ac- | assistance
curacy
5. Conventional As- | Obstacle detec- | Improved user
sistive Systems tion & naviga- | mobility
tion Limited se-
mantic un-
derstanding
6. Proposed system | Multimodal vi- | Enhanced con- | Edge optimiza-
sion assistance | textual narra- | tion required for
with memory re- | tion and person- | scalability
call alization
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Conclusion

This paper describes an Assistive System for visually impaired people that incorporates
a Vision—Al system. This system is based on the Raspberry Pi device and uses a com-
bination of cloud and edge computing. Real-time Object Detection, Face Recognition,
Emotion Recognition, and Scene Narration via the Audio Interface have all been in-
cluded in this system to help visually impaired individuals perform daily tasks more
efficiently. Many tests were performed on this system and the results showed that the
system will work reliably both in good environmental conditions and under stress con-
ditions. Users were able to use auditory cues to increase their awareness of their sur-
roundings and increase their independence. A few minor discrepancies were noted in
response times and accuracies with changing environmental factors such as lighting;
nevertheless, implementing such a system in an embedded platform would be practi-
cally feasible. Future work on this system will include optimising model performance,
developing a Vision Processing Engine that doesn't require perfect lighting conditions,
lowering the latencies associated with using multiple storage locations to create one's
memory, and incorporating the use of wearable technology to help increase usability in
practical application.
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