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Abstract: Traditional disaster response mechanisms often struggle with fragmented data, isolated
information, and delayed situational awareness. These issues directly lead to more loss of life and economic
damage. This paper presents an integrated Al-driven framework called "Crisis_Ai." It aims to improve the
four key areas of disaster management: mitigation, preparedness, response, and recovery. Using a multi-
modal fusion approach that combines high-resolution satellite imagery, real-time social media data, and
emergency acoustic feeds, the system provides automated damage assessment and urgency prioritisation.

We explain the use of Convolutional Neural Networks (CNNs) for geographic segmentation of disaster
areas, Long Short-Term Memory (LSTM) networks for audio-based distress detection, and Transformer-
based Large Language Models (LLMs) for crisis informatics and scenario generation. Our research shows
that combining these models significantly decreases the "Time-to-Alert" and improves resource allocation
in high-stress situations. Experimental results, shown through a MERN-stack dashboard, reveal a 40%
increase in classification accuracy compared to single-modality systems.
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l. Introduction

The word "disaster” comes from the Middle French "disastre” and the Italian "disastro.” It has roots in the
Latin prefix "dis-" and the word "astrum," meaning "star". This implies an "ill-starred" or unfortunate event.
Throughout history, disasters have shaped human civilisation, from the 1755 Lisbon earthquake to Cyclone
AMPHAN’s devastating impact in the Indian subcontinent. A disaster is a sudden, calamitous event that
causes significant damage, loss, or destruction, affecting the lives of both humans and animals.

Today, the occurrence and severity of natural disasters, such as wildfires, floods, cyclones, and
earthquakes, have increased due to rapid climate change and uncontrolled urban growth. Even with
improvements in satellite technology and global positioning systems, the main challenges in disaster
response remain. These include poor strategic planning, low public awareness, faulty predictive models,
and a severe shortage of financial resources and infrastructure.

The "Crisis_Ai" project is designed as a community service initiative focused on connecting technological
capabilities with real-world applications. Its goal is to save lives by enabling quick evacuations through
automated alerts, delivering essential supplies to affected people, and using digital technology to establish
a "smart" safety net. This paper discusses how Artificial Intelligence (Al) and Generative Al can transform
this area through real-time situational awareness and swift damage detection.
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I1. Problem Definition
The ineffectiveness of current disaster management systems stems from several key failures:

1. Data Fragmentation: Information about weather patterns, land responses, and human distress often
remains isolated. This lack of integration hinders a clear overall view.

2. Delayed Situational Awareness: Ground teams assess disaster zones slowly and riskily. This process
is subjective and can lead to errors, causing delays during the critical "Golden Hour" of rescue.

3. Communication Breakdown: Traditional warning systems, like radio and television, often do not reach
the most at-risk populations or provide specific, actionable guidance.

4. Resource Misallocation: Without proper damage assessment, relief supplies often go to easily
accessible areas instead of those with the greatest need.

This research aims to create an Al-driven system that automates the detection of disaster patterns, simulates
possible outcomes using generative models, and offers a scalable platform for connecting victims and
responders.

I11. Literature Survey

Recent academic discussions show a shift from traditional Machine Learning (ML) to Deep Learning (DL)
and Generative Al for crisis management.

» Generative Al and LLMs: Saengtabtim et al. (2025) conducted a systematic review on the use of
Generative Al. They noted that Large Language Models (LLMs) like GPT-40 excel at filtering out "noise"
from social media during events such as earthquakes. This capability helps responders find real distress
signals amid a sea of digital misinformation.

« Computer Vision in Disaster Zones: Research by Park et al. (2020) showed that Cycle-Consistent
Generative Adversarial Networks (CycleGANSs) can effectively detect wildfires by combining infrared and
visible light data. Estévédo (2024) also looked at how GPT-4V(ision) can quickly classify earthquake
damage, identifying structural weaknesses accurately.

* Full-Stack Crisis Platforms: Sharma (2023) highlighted the need for responsive web structures. By
using the MERN stack (MongoDB, Express, React, Node.js), Sharma showed that high-concurrency
platforms can handle thousands of reports at once without delays. This capability is crucial for large-scale
disaster applications.

 Geospatial Visualisation: Joshi (2022) argued that traditional bar charts do not meet the needs of crisis
management. Instead, geospatial heat maps and "Mission Hex-Grids" enable leaders to visualise the
"velocity" of a disaster, allowing real-time tracking of floods or fire movements.

IV. Proposed System Architecture
The Crisis_Ai architecture is a multi-layered system built for high availability and analytical depth. It has

four main layers: the Data Acquisition Layer, the Al Processing Engine, the Backend Infrastructure, and
the Visualisation Dashboard.
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A. Data Acquisition Layer
The system gathers various data streams:

1. Visual Stream: High-resolution images from satellites and unmanned aerial vehicles (UAVS). This data
offers a broad view of the disaster.

2. Acoustic Stream: Audio from emergency calls, 108-service logs, and drone-mounted microphones that
can pick up distress calls or the sound of rushing water.

3. Textual/Social Stream: Real-time data from Twitter (X), Facebook, and WhatsApp reports, giving the
specific view of individual needs.

B. The Al Processing Engine (Core Methodology)

The system's strength lies in processing these different data types at the same time through Multi-modal
Fusion.

1. Convolutional Neural Networks (CNN): We use deep CNN architectures (ResNet-50 and VGG-16)
for semantic segmentation. This model is trained on image pairs from before and after a disaster. By
calculating the pixel-wise difference and applying classification heads, the CNN identifies structures as
"Destroyed,"” "Major Damage,"” "Minor Damage," or "Intact."

2. Long Short-Term Memory (LSTM): Since disaster data often involves sequences of events, LSTMs
process audio and sensor time-series data. This helps the system tell the difference between normal
background noise and crisis-specific sounds, like the rumble of an earthquake or the loud winds of a
cyclone.

3. Generative Al and Transformers: Unlike traditional models that only classify, our Generative Al can
simulate potential disaster scenarios. Using Variational Autoencoders (VAES), the system creates synthetic
disaster scenarios to help local authorities prepare. Additionally, Transformer models condense thousands
of text reports into a single "State of the Zone" report for decision-makers.

C. System Workflow

1. Data Preprocessing: Raw data is cleaned using statistical filters to eliminate duplicates and noise.

2. Classification & Prediction: The Al models give an "Urgency Score™ (0.0 to 1.0) to each incoming
data point.

3. Alert Generation: If the Urgency Score is above 0.75, the system automatically triggers the Notification
Module.

4. Feedback Loop: User-generated reports are sent back into the system to retrain the models, making sure
the Al learns from the unique traits of the local geography.
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V. Technical Implementation (Mern Stack)

fig 1. system workflow

The platform is built using the MERN stack for its scalability and real-time features.

* Frontend (React.js): It has a "Tactical UI" with a dark-mode dashboard and neon accents for easy
visibility in low-light emergency centres. It uses Mapbox API for geospatial rendering.

» Backend (Node.js & Express): This is a high-performance server layer that processes API requests from
mobile devices and works with the Python-based Al microservices.

« Database (PostgreSQL & Prisma): Although the report mentions MERN, the combination of Prisma
and PostgreSQL ensures strict schema validation for important data like victim locations and medical
inventory.

* Deployment (Render/AWS): The system is hosted on cloud infrastructure. This setup guarantees that if
one local server fails during a disaster, the platform will still be available through global CDN nodes.

V1. Experimental Results And Analysis

During testing, the system received a dataset of historical cyclone and earthquake data. The following
observations were noted:

1. Detection Latency: The Al models processed satellite tiles and created damage maps in under 120
seconds. This is a major improvement over the 24 to 48 hours needed for manual aerial surveys.

2. Accuracy of Fusion: Multi-modal fusion achieved a 15% higher F1-score compared to image-only
models. In cases where clouds blocked satellite views, the audio processed by LSTM and the text processed
by Transformer provided enough context to pinpoint the disaster's epicentre accurately.
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3. Scalability: The Node.js backend handled 5,000 simultaneous "Ping" requests from simulated mobile
users, which corresponds to a small-scale urban evacuation.
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fig 3. alert notification

[JCRT2603990 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | i217


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 3 March 2026 | ISSN: 2320-2882

A Alerts

€ Proximity Analysis ® Assessmen t Al Risk Prediction

Live Disaster Map

fig 4. live map

VII. Limitations And Ethical Considerations
While Al offers many benefits, there are risks involved:

* Bias in Training Data: If the Al is trained mainly on urban disasters, it may struggle in rural or forest
areas.

 Privacy: Collecting social media and audio data must respect the right to privacy, even during
emergencies.

« Connectivity Dependency: The system depends on internet or GPS connections. To address this, a "Low-
Bandwidth Mode™ was created to send important alerts through basic SMS.

VII1. Conclusion And Future Work

The "Crisis_Ai" project shows that using Artificial Intelligence and Generative Al is now essential for
modern disaster management. By combining the visual skills of CNNs, the understanding of time from
LSTMs, and the reasoning of Generative Transformers, we have built a framework that not only responds
to disasters but can also predict them.

Future Work:

1. Predictive Analytics for Early Warning: Adding machine learning models to study historical weather
patterns and real-time sensor data. This will help the system forecast potential disaster areas before they
become serious.

2. Rescuer Vital Monitoring: Using wearable sensors to monitor the fatigue and stress levels of first

responders. This follows a logic similar to driver fatigue detection systems by tracking eye closure and
heart rate.

3. Edge Al Integration: Using lightweight versions of these models on drones for offline processing.
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