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ABSTRACT: Navigating urban environments can be especially challenging for visually impaired individuals,
particularly when tactile pathways are obstructed. Unexpected obstacles on these paths often induce anxiety or panic,
increasing the risk of accidents. To address this critical issue, this study proposes a real-time early warning system
utilizing Wavelet Scattering Networks (WSN) and electroencephalogram (EEG) signals to detect emotional distress in
visually impaired users and trigger timely assistance. The system is designed to monitor the user’s emotional state while
walking, with a focus on identifying levels of nervousness that may signal the need for support. EEG signals are captured
and processed through a WSN-based feature extraction framework, generating robust and discriminative wavelet
scattering coefficients. These features form a matrix used for emotional state classification via a Support Vector Machine
(SVM). The system categorizes emotional states into three classes: normal, moderately nervous, and highly nervous.
Experimental results demonstrate that the proposed method achieves a high recognition accuracy of 95.11% on custom-
developed datasets and 86.14% on the publicly available SEED-IV dataset. These outcomes indicate a marked
improvement in both classification accuracy and computational efficiency compared to traditional emotion recognition
methods. In addition to high recognition performance, the proposed system exhibits low latency, making it suitable for
real-time deployment. Its ability to operate without requiring visually impaired users to initiate any action enhances
usability and reliability. Field tests showed that the model significantly reduced the time needed for individuals to receive
assistance when encountering unexpected obstacles, thereby minimizing emotional stress and the risk of injury. This
study contributes to the growing field of affective computing and assistive technology by combining advanced EEG
signal processing with machine learning to improve mobility for individuals with visual impairments. Future
developments may include integrating this system into wearable devices or smart canes, enhancing its portability and
real-world applicability. Overall, the WSN-based warning model represents a significant step toward safer, more
autonomous navigation for the visually impaired.

KEYWORDS: Visually impaired individuals, EEG, Wavelet Scattering Network, tactile pathways, real-time warning
system, emotion recognition, assistive technology.

I. INTRODUCTION

According to data from the World Health Organization, over 217 million people globally suffer from vision impairment,
with approximately 36 million experiencing complete blindness. For those who have lost their sight, daily travel can be
fraught with challenges. For instance, visually impaired individuals often encounter blind paths that are obstructed or
damaged by bicycles or vehicles, significantly complicating their travel. Their inability to quickly identify various hazards
increases the likelihood of falls and injuries. Therefore, it is crucial to develop a method that can promptly alert visually
impaired individuals when they are in peril on the blind paths.

Conventional methods for travel assistance primarily consist of the blind cane and guide dogs. Guide dogs help visually
impaired users to navigate around obstacles and alert them to potential dangers, facilitating safe crossings at complex
intersections. The blind cane is a cost-effective, straightforward, and dependable tool, making it one of the most
commonly used aids for those with visual impairments. Nonetheless, these methods have their drawbacks. For example,
in the case of large obstacles, the blind cane may not suffice for navigation without additional help. Guide dogs may
struggle in intricate or unfamiliar surroundings and require extensive training and coordination with their handlers to be
truly effective.
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Given these shortcomings, there is a growing demand for innovative, intelligent assistance technologies. The progression
of sensor and computer technologies has led to the development of electronic travel aids. These devices employ various
sensors to assess the environment and relay information back to the user via audio or haptic signals. However, many of
these systems are heavily reliant on machine vision, which can deteriorate in poor lighting or complex outdoor settings.

In light of these challenges, this study investigates a new strategy—monitoring the emotional responses of visually
impaired individuals through their EEG (electroencephalogram) readings. Research indicates that when visually impaired
individuals face unexpected obstacles, they frequently exhibit feelings of anxiety or tension. Such emotional fluctuations
can be captured through EEG readings, which are typically more consistent and harder to manipulate than facial
expressions or body language.

This research proposes employing the Wavelet Scattering Network (WSN) approach to categorize EEG signals into
different emotional states (normal, nervous, extremely nervous) in order to identify when individuals may require
assistance. In comparison to traditional deep learning architectures like CNN, LSTM, and DBN, WSN presents
advantages in noise immunity, lower computational demands, and enhanced accuracy—qualities that are especially
critical in real-world outdoor scenarios. This paper outlines a warning system model based on this technique, aiming to
greatly enhance the safety and independence of visually impaired individuals as they navigate public spaces.

II. LITERATURE REVIEW

In recent years, there has been growing interest in developing intelligent assistive technologies for visually impaired
individuals, particularly systems that enhance their safety during mobility. Traditional aids such as white canes and guide
dogs have long served as primary tools for navigation. White canes are cost-effective and reliable but limited to detecting
nearby obstacles. Guide dogs offer better spatial awareness but require extensive training and may not perform
consistently in complex environments. These limitations have driven researchers to explore more advanced technological
solutions.

Electronic travel aids (ETAs) have emerged as promising alternatives. These systems typically rely on sensors such as
ultrasonic detectors, GPS modules, or computer vision to identify obstacles and provide feedback to users. However,
vision-based systems often struggle in environments with low lighting, adverse weather conditions, or visual clutter,
leading to decreased reliability. Moreover, most ETAs focus solely on environmental sensing and overlook the
psychological and emotional state of the user, which can be critical in high-stress situations.

To address this gap, several studies have explored the use of physiological signals for emotion detection. EEG
(electroencephalogram) signals, in particular, have proven effective for capturing real-time emotional responses due to
their high temporal resolution and objectivity. Unlike facial expression or voice-based systems, EEG is less prone to
deception and is not dependent on conscious expression. As a result, EEG-based emotion recognition has gained traction
in areas like healthcare, human-computer interaction, and safety systems.

Multiple machine learning models have been applied to classify EEG signals into emotional states. Convolutional Neural
Networks (CNNs) have shown success in extracting spatial features, while Deep Belief Networks (DBNs) and Long
Short-Term Memory networks (LSTMs) capture temporal dynamics. Graph Convolutional Neural Networks (GCNNs)
have also been introduced to model complex dependencies between EEG channels. Despite their high accuracy, these
models often suffer from large data requirements, long training times, and sensitivity to noise—making them less suitable
for outdoor, real-time applications.

Wavelet Scattering Networks (WSNs) have recently emerged as a powerful alternative. WSNs offer a mathematically
grounded framework for extracting translation-invariant, multi-scale features from signals without requiring deep
learning model training. Research has shown WSNs to be highly robust against noise and effective in emotion recognition
from EEG data. Studies by Wang et al. demonstrated 99.33% accuracy in detecting driver fatigue using WSNs, while
other work achieved high classification rates in motor imagery tasks.

This paper builds upon this foundation by applying WSN-based EEG emotion recognition to assist visually impaired
individuals in real-world environments. By monitoring emotional states such as nervousness and anxiety, the proposed
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system can identify when a person is in distress on a blind road and issue timely warnings to surrounding individuals,
thereby improving safety and response time.

III.PROBLEM STATEMENT

Visually impaired individuals often rely on traditional mobility aids such as white canes and guide dogs to navigate their
environment. However, these tools have significant limitations, particularly when unexpected obstacles block the blind
road. In such situations, users may experience panic, confusion, and even physical injury due to their inability to perceive
and respond to hazards effectively. Traditional aids do not provide adequate warning or emotional feedback mechanisms
that indicate when a person is in distress and requires assistance.

Existing electronic travel aids offer environmental sensing through technologies like machine vision and ultrasonic
sensors, but they largely ignore the emotional and psychological state of the user. Moreover, many of these systems are
ineffective in complex, noisy, or poorly lit environments, and they do not adapt dynamically to the user’s mental state.

There is a clear need for a more intelligent and responsive system that not only detects physical obstacles but also
recognizes when a visually impaired individual is emotionally distressed. By integrating EEG-based emotion recognition
with a real-time warning mechanism, it becomes possible to identify moments of anxiety or fear—conditions under which
the individual may be unable to proceed safely and needs immediate help.

This research addresses the problem by proposing a real-environment early warning model based on Wavelet Scattering
Network (WSN) to classify EEG signals and detect distress in visually impaired individuals. The goal is to reduce
response time, improve safety, and enhance autonomy during independent travel on blind roads.

IV. METHODOLOGY

The structure of the system is segmented into multiple modules that collaborate to deliver immediate feedback to the user.
The primary elements of the system consist of the firmware for the visual implant, the interface for the end-user, and the
artificial vision model that has been trained to identify objects, forecast demographic characteristics, and offer distance
measurements.

1. Visual Implant Firmware

The essential capabilities of the artificial vision system are realized through the Visual Implant Firmware. It is crafted to
execute real-time image processing tasks, such as recognizing objects, identifying faces, and estimating distances. This
module is developed using Flask and Python, and it interacts with a MySQL database to save user data and preferences.
The system evaluates the surroundings to recognize both familiar and unfamiliar individuals, infer demographic
characteristics (like age and gender), and gauge distances using monocular depth estimation methods. The combination
of these features enhances the user's situational awareness.

2. End User Interface

2.1 Admin Interface:

The Admin Interface provides a secure login feature for administrators, allowing them to upload and manage datasets.
This capability facilitates the ongoing enhancement of model precision by permitting updates to datasets and retraining
of models.

2.2 Visually Challenged Interface:

The Visually Challenged Interface employs a wearable device to capture live video and streams the feed to the processing
unit. The system analyzes the video to identify objects, individuals, and predict various characteristics, which are then
transformed into auditory responses through a text-to-speech engine. This auditory feedback enables visually impaired
users to receive immediate information about their surroundings, including recognition of people, objects, and their
proximity.
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3. Artificial Vision Build and Train
3.1 Dataset Collection:
The system gathers a varied dataset through live video feeds and pre-recorded images. This dataset is essential for training
the model to manage diverse factors such as age, gender, facial expressions, and environmental items, ensuring its
reliability in real-world scenarios.

3.2 Pre-processing:
During this stage, the raw video frames undergo pre-processing to enhance quality and eliminate noise. This includes
converting to grayscale, resizing, noise reduction, and image normalization to standardize them for subsequent analysis.

3.3 Segmentation:
Region Proposal Networks (RPNs) are used to identify areas of interest (such as faces or objects) from the preprocessed
frames, ensuring the system concentrates on pertinent sections for further examination.

3.4 Feature Extraction:
Methods like Local Binary Patterns (LBP) are utilized to derive distinct features from faces and objects. These features
are vital for classification tasks, which include facial recognition and object detection.

3.5 Object Detection:

Object detection is conducted using Convolutional Neural Networks (CNNs) and the SSD (Single Shot Detector) model.
This allows for real-time object identification, enabling the system to recognize various items in the environment as the
user navigates.

3.6 Build and Train the Model:

The pre-processed data is employed to train a CNN-based model. The model is designed to classify faces, estimate ages,
predict gender, and recognize emotions. This training ensures that the system can deliver accurate feedback to users
regarding the people and objects they encounter.

4. Vision Prediction System

4.1 Live Video Analysis:

The system consistently analyzes the live video stream through a Vision Transformer, evaluating and interpreting visual
features in real time. This functionality enables the system to deliver current information regarding the user's environment.

4.2 Predict Known or Unknown Individuals:
By utilizing facial recognition methods, the system contrasts identified faces with a trained database to determine if an
individual is recognized or unfamiliar. This categorization assists the system in offering pertinent feedback to the user.

4.3 Predict Demographic Attributes:
For those individuals that are not recognized, the system forecasts demographic traits such as age, gender, and emotional
state to aid the user in their interactions. This capability enhances the situational awareness of visually impaired users.

4.4 Distance Estimation using MiDaS Algorithm:

Monocular depth estimation is utilized to measure the relative proximity between the user and various objects or
individuals in their surroundings. The MiDaS (Monocular Depth Estimation) algorithm is used to compute these distances
from the live video input.

4.5 Object Detection:
The system persistently identifies and classifies nearby objects. By integrating real-time object detection with distance
assessment, the system offers the user a more thorough comprehension of their environment.

5. Audio Output

This component transforms visual predictions (including identity, objects, emotions, and distance) into auditory responses.
Utilizing text-to-speech technology, the system provides real-time updates to the user, making sure they obtain precise
and timely information regarding their environment. This auditory feedback assists visually impaired users in making
informed choices based on the objects and people in their vicinity.
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V. ARCHITECTURAL DESIGN

The architectural framework of the suggested real-time warning system for individuals with visual impairments combines
EEG-based emotion detection with an assistive feedback system. This architecture consists of four essential components:
EEG signal acquisition, signal processing, emotion classification via the Wavelet Scattering Network (WSN), and the
generation of real-time alerts.

1. EEG Acquisition Module
The initial component is the EEG signal acquisition tool, notably the Emotiv EEG headset. This wearable technology
includes 14 electrodes arranged according to the international 10—20 system, which covers significant brain regions
involved in emotion detection. The device persistently collects EEG signals from the visually impaired user as they
navigate using a blind cane.

2. Preprocessing and Signal Conditioning

The collected EEG signals are sent to a processing unit (such as a laptop or embedded processor), where they undergo
real-time preprocessing. This process entails:

e Bandpass filtering (145 Hz) to eliminate power line interference and DC drift.

e Re-referencing to normalize signal levels across channels.

e Artifact removal through Independent Component Analysis (ICA) to get rid of noise from eye and muscle activity.

3. Feature Extraction via Wavelet Scattering Network (WSN)
The purified EEG signals are introduced into the WSN module. The WSN conducts a multiscale, translation-invariant
analysis of the signals' time-frequency characteristics. It derives scattering coefficients across multiple layers (typically
two), using the Morlet wavelet basis to capture both low- and high-frequency components of brain activity. These
coefficients act as reliable features for emotional recognition.

4. Emotion Classification using Support Vector Machine (SVM)

The features extracted are forwarded to a pre-trained Support Vector Machine (SVM) classifier. The SVM sorts the
emotional state of the user into one of three categories:

e Normal

e Nervous

e Extremely Nervous

These classifications are determined through real-time evaluation of the patterns and intensity within the EEG signal.

5. Alert Generation and Feedback

If the system identifies that the user is experiencing a nervous or extremely nervous emotional state, it triggers an alert
mechanism. This could involve:

1. Audio notifications to alert nearby pedestrians or caregivers.

2. Visual signals or messages for integration with smart city infrastructure.

3. Recording the location and time of the incident for future analysis or assistance deployment.

6. System Integration and Real-Time Processing

The entire system is crafted for real-time functionality with minimal computational delay. The modular design allows for
potential integration with smartphones, cloud platforms, or other assistive devices. The design focuses on noise resilience,
user comfort, and effortless operation in dynamic outdoor settings.

This architectural framework guarantees the continuous monitoring of the emotional wellbeing of visually impaired
individuals, allowing for timely responses and enhanced safety during independent.
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Fig 5.1 Architectural Diagram
VI. SYSTEM IMPLEMENTATION AND DEMONSTRATION

The system was implemented using Python and Flask on a wearable device equipped with a real-time camera module.
Below are the screenshots illustrating the system interface and prediction outputs.

ARTIFICIAL VISION

Fig 6.1 Home screen

IJIRCCE©2025 | AnISO 9001:2008 Certified Journal | 14052




© 2025 IJIRCCE | Volume 13, Issue 7, July 2025| DOI:10.15680/1JIRCCE.2025.1307016
www.ijircce.com | e-ISSN: 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.771| ESTD Year: 2013|

423 X‘\\ ?I\ International Journal of Innovative Research in Computer
S ; and Communication Engineering (IJIRCCE)
IJI R CCE (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Admin Login

Follow Us
fyinGo

Fig 6.2 Login Page

Fig 6.3 Identifying Chair (Demo)

Artificiol Vision

persan: 0.99613618

«t 2 0= 8 e

|

Fig 6.4 Identifying human faces (Demo)

IJIRCCE©2025 | AnISO 9001:2008 Certified Journal | 14053




© 2025 IJIRCCE | Volume 13, Issue 7, July 2025| DOI:10.15680/1JIRCCE.2025.1307016
www.ijircce.com | e-ISSN: 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.771| ESTD Year: 2013|

af )%) m International Journal of Innovative Research in Computer
, ; and Communication Engineering (IJIRCCE)
IJI R CCE (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

|
VIIL. CONCLUSION

This study introduced a real-time early warning model intended to assist visually impaired individuals as they navigate
blind roads. By utilizing EEG-based emotion recognition, the system identifies instances of emotional distress—such as
nervousness or heightened anxiety—that typically occur when users encounter unexpected obstacles. The model employs
a Wavelet Scattering Network (WSN) for feature extraction and a Support Vector Machine (SVM) for classification,
achieving an impressive average accuracy of 95.11% on the specialized dataset and 86.14% on the publicly available
SEED-IV dataset.

In comparison to conventional deep learning models like CNN, LSTM, and DBN, the WSN-based method showcased
greater resilience to noise, quicker computation times, and improved classification performance. Real-world testing
confirmed the system's effectiveness by significantly decreasing the response time for assistance when the warning
system was activated.

This research demonstrates that EEG-based emotion recognition can serve as an important tool for enhancing the safety
and autonomy of visually impaired individuals. By detecting emotional states that signal distress and converting them
into actionable alerts, the system effectively connects environmental awareness with human emotional insight.

Future efforts will aim to enhance the system's accessibility by investigating affordable EEG hardware, broadening the
participant pool, refining real-time processing capabilities, and integrating the solution into wearable or mobile devices
for continuous monitoring and intervention.
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