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Abstract - Visual impairment restricts independent recognition of everyday objects such as medicines and currency,
leading to medication errors and financial dependency. This paper presents an Al-based companion system
designed to assist visually impaired users in real-time medicine and currency recognition. The system utilizes
computer vision and Convolutional Neural Networks (CNNs) to classify medicines based on packaging features and
identify currency denominations using distinctive visual patterns. Optical Character Recognition (OCR) is integrated
to extract drug names and dosage information from printed text. The system provides audio feedback through
text-to-speech and supports voice commands for hands-free interaction. Designed for deployment on low-cost
smartphone or embedded platforms, the proposed solution ensures affordability and portability. Experimental
results demonstrate high recognition accuracy under varying environmental conditions. The system enhances user
independence, reduces reliance on caregivers, and improves safety in medication management and financial
transactions, highlighting the potential of Al-driven assistive technologies.

Keywords - Assistive Technology, Computer Vision, OCR, Deep Learning, Currency Recognition, Medicine
Identification, Text-to-Speech.

enabled device, processes them using trained deep
learning models, and delivers results through audio
feedback. Voice command functionality ensures
hands-free interaction. The solution is portable,
affordable, and deployable on smartphones or
embedded platforms, improving independence and
safety for visually impaired users.

I. INTRODUCTION

Visual impairment affects millions of people
worldwide and limits their ability to perform daily
activities independently. Tasks such as recognizing
medicines and handling currency require accurate
visual perception, which visually impaired individuals
lack. Incorrect medicine identification may lead to
serious health issues, while difficulty in handling
money increases dependency and reduces
confidence.
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Recent advancements in artificial intelligence and
computer vision enable the development of smart
assistive systems. Convolutional Neural Networks
(CNNs) provide accurate image classification, and
Optical Character Recognition (OCR) allows
extraction of printed text from images. Combined
with voice interfaces, these technologies can assist
visually impaired users in real time.

This project proposes an Al-based companion
system for recognizing medicines and currency
notes. The system captures images using a camera-
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Final Stage

Once the paper is accepted, authors prepare the
camera-ready version by incorporating reviewer
comments and ensuring IEEE formatting compliance.
The final manuscript is submitted along with
copyright forms and conference registration for
publication.

I1l. PROPOSED SYSTEM

The proposed system consists of a camera module,
deep learning models, OCR engine, voice interface,
and text-to-speech unit. The camera captures
images of medicines or currency notes placed in
front of the wuser. The captured image is
preprocessed to remove noise and enhance clarity.

For medicine recognition, CNN models analyze
packaging features such as color, shape, and text.
OCR extracts printed information like medicine
names to improve accuracy. For currency
recognition, the system classifies denominations
based on unique visual patterns and symbols.

Once recognized, the system converts the output
into speech using text-to-speech technology. Voice
commands allow users to control the system without
physical interaction, making it accessible and user-
friendly.

IV. METHODOLOGY

The system begins with image acquisition using a
camera-enabled device. The image is resized and
normalized for processing. Feature extraction is
performed using trained CNN models. OCR is
applied to extract textual information from medicine
labels.

Classification algorithms determine the medicine
type or currency denomination. The result is then
passed to the text-to-speech module, which
generates audio output for the user. Voice

recognition modules process user commands and
control system operations.

The system is implemented on smartphones or
Raspberry Pi to ensure portability and low cost.
How to create a PostScript File

Results and Discussion

The proposed system was tested with different
medicine strips and currency notes under varying
lighting conditions. The recognition accuracy was
high for commonly used medicines and currency
denominations. OCR successfully extracted medicine
names from clear packaging.

Applications

Medicine identification for visually impaired users
Currency recognition for financial independence
Assistive smart devices Healthcare support systems
Portable vision assistance tools

Advantages Easy to use Portable and affordable

Real-time recognition Audio feedback support
Hands-free interaction Improves safety and
independence

Literature Survey

Several research works have focused on assistive
technologies for visually impaired users. Early
systems mainly used barcode scanning for medicine
identification, which required precise alignment and
was limited in usability. Later, image processing
techniques were introduced for recognizing currency
notes using handcrafted features such as edges,
texture, and color histograms.

Recent advancements utilize deep learning models
such as Convolutional Neural Networks (CNNs) for
improved accuracy in object classification. OCR-
based systems are also used for reading printed text
on medicine labels. However, many existing
solutions lack real-time performance, portability, and
user-friendly voice interfaces. The proposed system
overcomes these limitations by integrating CNN-
based recognition with OCR and audio feedback in a
portable and affordable platform
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System Architecture

The system architecture consists of image
acquisition, preprocessing, feature extraction,
classification, OCR processing, and audio output
modules. A camera captures the image of the object
placed in front of the user. The image is
preprocessed to remove noise and improve contrast.
CNN models extract visual features for classification.
OCR is applied to extract textual information from
medicine packaging. The recognition result is then
passed to the text-to-speech module to generate
audio feedback. Voice command modules allow
users to interact with the system hands-free.

Hardware and Software Requirements
Hardware Requirements:

e Camera-enabled device

e Raspberry Pi / Smartphone
e Microphone

e Speaker / Headphones

e Software Requirements:

e Python

e OpenCV

e TensorFlow / Keras

e Tesseract OCR

e Text-to-Speech Engine

e Speech Recognition API

Algorithm

e Capture image using camera.

e Preprocess the image (resize, noise removal).
e Extract features using CNN model.

e Apply OCR for text extraction.

e Classify medicine or currency denomination.
e Convert output to speech.

e Accept voice commands for next operation.

Performance Analysis

The system performance is evaluated based on
recognition accuracy, response time, and usability.
Tests were conducted under different lighting and
background conditions. The CNN model achieved
high accuracy for common medicines and currency
notes. OCR performance was effective on clear
packaging. The system provided fast audio
responses, enabling real-time assistance. Overall, the
solution demonstrated reliable performance and
improved user experience.

Limitations

The system performance may reduce under poor
lighting conditions or when medicine labels are
damaged. OCR accuracy depends on image clarity.
Similar-looking packaging may cause
misclassification. Internet connectivity may be
required for certain voice processing modules. These

limitations can be addressed in future
improvements.

Future Enhancements

Future work includes multilingual support,
integration with wearable devices, cloud-based
model updates, larger medicine databases,

improved recognition under complex environments,
and mobile app deployment. Advanced Al models
can further enhance accuracy and usability.

Social Impact

The proposed system supports inclusive technology
by empowering visually impaired individuals to
perform daily tasks independently. It reduces
dependency on caregivers, increases confidence,
and improves safety in health and financial activities.
The project contributes toward building smart and
socially responsible assistive technologies.

Problem Statement

Visually impaired individuals face difficulties in
independently identifying medicines and currency
notes, which can lead to medication errors, health
risks, financial dependency, and reduced confidence
in daily activities. Existing assistive technologies are
often expensive, limited in functionality, or not
designed for real-time usability. Therefore, there is a
need for an affordable, intelligent, and portable
system that can accurately recognize medicines and
currency notes and provide accessible audio
feedback for visually impaired users.

Objectives of the Project

The primary objectives of the proposed system are:

e To develop an Al-based real-time medicine
recognition system.

e To design an accurate currency denomination
identification model.
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e To integrate OCR for extracting printed
information from medicine labels.

e To implement text-to-speech for audio
feedback.

e To enable hands-free interaction using voice
commands.

e To ensure affordability and portability using
smartphones or embedded platforms.

Dataset Description

The dataset used in this project consists of images of
commonly used medicine strips, bottles, and Indian
currency notes of different denominations. Images
were captured under various lighting conditions and
backgrounds to improve model robustness. The
medicine dataset includes packaging variations,
brand differences, and label orientations. The
currency dataset includes front and back images of
notes to capture unique design patterns.

The dataset was divided into training, validation, and
testing sets to evaluate model performance
effectively.

Image Preprocessing Techniques

Before classification, images undergo preprocessing
to improve recognition accuracy. The preprocessing
steps include:

e Image resizing to a standard resolution

¢ Noise removal using filtering techniques

e Contrast enhancement

e Image normalization

e Background segmentation (if required)

These techniques improve feature extraction and
ensure consistent input to the CNN model.

Deep Learning Model Description

The system uses Convolutional Neural Networks
(CNNs) for feature extraction and classification. CNN
layers include convolution layers, pooling layers, and
fully connected layers. The convolution layers extract
spatial features such as edges, textures, and shapes.
Pooling layers reduce dimensionality and improve
computational efficiency. Fully connected layers
perform final classification.

The model is trained using labeled image datasets.
Activation functions such as ReLU and Softmax are

used for classification. The model is optimized using
backpropagation and gradient descent algorithms.

OCR Integration

Optical Character Recognition (OCR) is integrated to
extract text from medicine packaging. The OCR
engine processes the detected text regions and
converts image-based text into machine-readable
format. This enhances reliability by verifying
medicine names alongside visual classification. OCR
improves accuracy especially when packaging
designs are similar.

Speech Interface Module

The speech interface consists of:

e Speech Recognition Module
commands)

e Text-to-Speech Module (for audio output)

e Speech recognition allows users to activate
commands such as “Scan Medicine” or "Scan
Money.” The text-to-speech module converts
recognition results into natural spoken audio
output, ensuring full accessibility without visual
interaction.

(for voice

Security and Privacy Considerations

The system processes images locally on the device
to maintain privacy and prevent data leakage. No
sensitive user data is stored without consent. Secure
APIs are used for voice processing where required.
Ensuring user privacy is critical in assistive
technology applications.

Comparative Analysis

Compared to traditional barcode scanners and
manual assistance systems, the proposed Al-based
system provides:

e Real-time object recognition

¢ No need for barcode alignment

e Improved portability

e Audio-based accessibility

e Higher accuracy using deep learning

This makes the proposed system more flexible and
user-friendly.

Evaluation Metrics
The system performance is evaluated using the
following metrics:
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e Accuracy

e Precision

e Recall

e F1-Score

e Response Time

High accuracy and low response time indicate
effective real-time performance suitable for assistive
applications.

Use Case Scenario

A visually impaired user places a medicine strip in
front of the camera and gives a voice command to
scan. The system captures the image, processes it
through the CNN and OCR modules, and announces
the medicine name through audio output. Similarly,
when a currency note is scanned, the system
identifies the denomination and announces the
value instantly.

This workflow enables safe and independent daily
functioning.

Experimental Setup

The system was implemented using Python
programming language with OpenCV for image
processing, TensorFlow/Keras for deep learning, and
Tesseract for OCR. The hardware platform included a
Raspberry Pi with a camera module and
microphone-speaker interface.  Testing  was
conducted under multiple lighting conditions to
evaluate robustness.

Innovation and Contribution

The major contributions of this project include:

¢ Integration of CNN and OCR for dual verification

e Real-time voice-controlled assistive system

o Affordable implementation using low-cost
hardware

e Focus on accessibility and inclusive design

Mathematical Model

The medicine and currency recognition system can
be mathematically represented as a classification
problem.

Let the input image be represented as:

| = ]RHxWxC
where His height, Wis width, and Cis the number of
color channels.

The CNN model performs feature extraction:

F=f(;6)
where frepresents the convolutional operations and
Brepresents trainable parameters.

The classification output is given by:

Y = Softmax(W;F + b)

where Wfand bare weight and bias parameters.
The predicted class is:

y = argmax(Y)

This mathematical formulation represents the deep
learning classification process used in the system.

Confusion Matrix Analysis

The performance of the classification model is evaluated
using a confusion matrix. The matrix consists of:

True Positives (TP)
True Negatives (TN)
False Positives (FP)
False Negatives (FN)

Accuracy is calculated as:

TP+TN
TP+TN+ FP+FN

Accuracy =

Precision, Recall, and F1-Score are also computed to
evaluate model effectiveness.

Implementation Challenges
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During development, several challenges were
encountered:

e Variations in lighting conditions

o  Similar packaging designs among medicines

o Worn or folded currency notes

e OCR errors due to blurred text

e Background noise affecting voice recognition

These challenges were addressed using preprocessing
techniques, data augmentation, and optimized deep
learning models.

Data Augmentation Techniques

To improve model robustness, the
augmentation techniques were applied:
Image rotation

Brightness adjustment

Zooming

Horizontal flipping

Noise addition

These techniques increase dataset diversity and reduce
overfitting.

following

Real-Time Processing Considerations

The system is optimized for real-time performance by:
e Reducing model size

Using lightweight CNN architectures

Optimizing image resolution

Running inference locally on device

This ensures fast response time and smooth user
experience.

Ethical Considerations

The system is designed with ethical responsibility by:
e  Ensuring user privacy

e Avoiding misuse of captured images

e  Promoting accessibility and inclusivity

e Maintaining transparency in Al decision-making
Assistive technologies must prioritize user dignity and
safety.
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V. CONCLUSION

An Al-based companion system for medicine and
currency recognition offers a practical and empowering
solution for visually impaired users. By leveraging
technologies such as computer vision, machine learning,
optical character recognition (OCR), and speech
synthesis, the system can accurately identify medicines,
read labels, detect expiry dates, and recognize different
currency denominations in real time.

This type of assistive technology enhances independence,
safety, and confidence in daily activities—reducing the
risk of medication errors and financial confusion. It also
promotes social inclusion by enabling users to manage
personal health and transactions without constant
assistance from others.

With continuous advancements in artificial intelligence
and mobile computing, such systems can become more
accurate, affordable, and widely accessible. Ultimately,
an Al-based companion system represents a meaningful
step toward improving quality of life and ensuring greater
autonomy for visually impaired individuals.
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