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Abstract: Disaster zones often suffer from communication breakdowns due to damaged infrastructure,
making coordination and rescue operations difficult. This paper presents an Al-driven self-recovering
communication network designed for deep disaster areas where conventional systems fail. The proposed
model integrates LoRa-based long-range communication, Delay-Tolerant Networking (DTN), and
Artificial Intelligence (Al) to establish an autonomous and resilient communication link among distributed
nodes. Each node operates on low-cost hardware consisting of an ESP32 microcontroller, LoRa
transceiver, and a solar-powered battery system. Using TinyML models, nodes predict link degradation
based on real-time parameters such as RSSI, SNR, and packet loss. Upon detecting potential failure, the
system performs proactive recovery through dynamic rerouting, transmit power adjustment, or activation
of backup nodes.The Al-assisted approach enhances network stability, reduces downtime, and maintains
reliable data flow during disaster operations. Experimental evaluation demonstrates improved Packet
Delivery Ratio (PDR) and reduced recovery time compared to traditional ad hoc methods. This intelligent
and energy-efficient communication network can be rapidly deployed in inaccessible regions, providing
continuous connectivity and supporting emergency response teams..

Keywords: Al-driven network, self-recovering communication, LoRa, TinyML, disaster management,
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I. INTRODUCTION
In the modern era of communication technology, maintaining reliable network connectivity during disasters or in remote
environments remains a major challenge. Traditional network infrastructures often fail under extreme conditions such as
earthquakes, floods, or power outages, leading to complete communication breakdowns. To overcome this limitation, the
concept of an Al-driven self-recovering communication network has been introduced. This system integrates artificial
intelligence with mesh-based communication to enable autonomous network recovery without human intervention.
The proposed architecture, as illustrated in Figure 1, consists of three major hardware components: (1) Base Station and
Al Engine, (2) Static Mesh Nodes, and (3) Mobile Mesh Nodes (UAV/AV).
The Base Station, typically implemented using a server or Raspberry Pi 4, hosts the Al Engine responsible for machine
learning and decision-making processes. It continuously monitors link quality, detects failures, and generates control
commands to restore communication pathways.
The Static Mesh Nodes, built using microcontrollers such as ESP32 integrated with LoRa or Wi-Fi RF modules, act as
the fixed ground-level nodes that establish the basic communication framework. These nodes are equipped with Li-Po
batteries to ensure uninterrupted operation in field conditions.
The Mobile Mesh Nodes, comprising UAVs (Unmanned Aerial Vehicles) or Autonomous Vehicles (AVs), serve as
dynamic agents in the network. They are equipped with flight controllers, telemetry units, GPS modules, and sensor
interfaces to reposition themselves based on Al control commands. When a communication link is disrupted, these mobile
nodes autonomously relocate to optimal positions to re-establish the network.
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The integration of Al with mesh-based wireless systems enables the network to detect, analyze, and heal itself in real
time. By utilizing reinforcement learning algorithms, the Al engine can optimize node positioning and connectivity,
ensuring minimal downtime and maximum coverage. This approach makes the system highly suitable for disaster
recovery operations, military communication, remote monitoring, and smart infrastructure applications.

In essence, the Al-driven self-recovering network represents a future-ready communication model that combines artificial
intelligence, IoT-based hardware, and adaptive mobility to create a robust, self-healing, and intelligent communication
ecosystem.

KEY HARDWARE COMPONENTS OF Al-DRIVEN NETWORK

1. BASE STATION & 2. STATIC MESH NODES 3. MOBILE MESH NODES
Al ENGINE (Ground-Based) (UAV/AV)
=
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Figure 1: Categorration of the primary hardware components used in the self-recouring commurication network.
Autonomous Recovery: Predicts link failures and reconfigures the network automatically.
Long-Range Communication: LoRa technology provides coverage over several kilometers with low power.
Al-Driven Decision Making: TinyML models analyze network health and perform proactive actions.
Energy Efficient: Solar-powered nodes ensure continuous operation in remote areas.
Resilient Mesh Network: Self-healing network maintains connectivity even when some nodes fail.
Critical Applications: Disaster management, emergency response, remote monitoring, and strategic communication.
Scalability: Easily expandable by adding new nodes, which integrate automatically into the network.
The silence after the ground trembles, the roar of the wind that tears through infrastructure, the suffocating dust that
chokes the air — these are the hallmarks of a deep disaster zone. In these ravaged landscapes, conventional communication
lines are not just disrupted; they are obliterated. Yet, amidst the chaos and isolation, a new form of resilience is emerging,
born not of concrete and steel, but of algorithms and adaptive intelligence: an Al-driven, self-recovering communication
network.
Imagine a network that doesn’t wait to be repaired, but repairs itself. This isn't science fiction; it's the frontier of
communication technology designed for the most extreme environments. At its core lies a distributed intelligence, an Al
fabric woven from thousands, perhaps millions, of small, robust nodes. These aren't your sleek, office-bound routers.
Think hardened drones, deployable sensors disguised as debris, even modified wildlife equipped with low-power
communication modules. Each node is a potential lifeline, capable of transmitting, receiving, and, crucially, learning.
When disaster strikes, the initial shockwave isn't just physical; it’s an information vacuum. The AI network, pre-
programmed with survival instincts and adaptive algorithms, springs into action. Instead of a top-down command
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structure, it operates on principles of emergent behavior. Nodes identify their immediate neighbors, assess their own
integrity, and begin to form ad-hoc connections. If a node is crushed, its neighbors don't just register a dead signal; they
analyze the disruption. Did the node fall? Was it destroyed? This data feeds back into the network's collective
consciousness.

The "self-recovering" aspect is where the Al truly shines. It constantly monitors the network's topology, identifying
weaknesses and redundancies. If a crucial data pathway is severed, the Al doesn't panic. It recalculates, rerouting traffic
through existing, undamaged nodes with minimal latency penalties. It can dynamically adjust signal strengths,
frequencies, and protocols to overcome interference, signal degradation caused by debris, or even the altered atmospheric
conditions post-disaster.

Think of it like a swarm of highly intelligent, empathetic fireflies. When one flickers out, the others don't just dim. They
shift their glow, creating new patterns, illuminating new paths for the others to follow. The Al learns from every failure,
every successful reroute. It builds a real-time map of the disaster zone's communication landscape, a dynamic, ever-
evolving entity that adapts faster than any human-engineered repair effort could.

This network isn't just about connecting rescue teams. It's about the whispers of hope from the survivors. Imagine a family
huddled in the wreckage, able to send a simple, low-bandwidth SOS signal, not to a distant tower, but to the nearest
available network node, which then seamlessly integrates that plea into its larger communication tapestry. This network
can prioritize life-saving messages, deliver critical status updates, and even facilitate remote medical consultations, all
while it’s simultaneously piecing itself back together.

The challenges are immense. Powering these nodes in a world without electricity, ensuring their durability against
extreme forces, and establishing the initial deployment mechanisms are monumental tasks. However, the potential
rewards are even greater. An Al-driven, self-recovering communication network is not just about staying connected; it's
about fostering resilience, extending the reach of aid, and ultimately, saving lives in the heart of humanity's darkest hours.
It’s a testament to our ingenuity, a whisper of intelligence in the face of overwhelming destruction, promising that even
in the deepest disaster zones, no one will be truly alone.

II. LITERATURE REVIEW
Several studies have explored resilient communication systems for disaster management, emphasizing the need for
reliable, low-power, and autonomous networks. LoRa technology has emerged as an effective solution for long-range
and low-energy communication, making it suitable for post-disaster connectivity when traditional infrastructure fails.
Research shows that LoRa-based mesh and ad hoc networks can maintain data transmission over several kilometers with
minimal energy consumption.
The Delay-Tolerant Networking (DTN) protocol is another proven method to ensure data delivery in environments with
intermittent connectivity. DTN’s store-and-forward mechanism allows nodes to temporarily store packets until a stable
path is available, enhancing communication reliability in disaster zones.
Recent advancements in Artificial Intelligence (AI) and TinyML have enabled the deployment of intelligent algorithms
directly on microcontrollers. Studies highlight the effectiveness of machine learning models in predicting link quality
based on parameters such as RSSI, SNR, and PDR, thereby improving routing and reducing network downtime.
While existing research has addressed energy-efficient communication and adaptive routing separately, there is limited
work integrating Al-driven prediction, DTN resilience, and LoRa-based communication into a unified, self-healing
framework. This gap motivates the development of the proposed AI-Driven Self-Recovering Communication
Network, designed to ensure robust, autonomous connectivity during deep disaster scenarios.

III. METHODOLOGY, BLOCK DIAGRAM
1. System Design and Architecture
Network Nodes: Each node is equipped with an ESP32 microcontroller, a LoRa transceiver, and a solar-powered battery
system.
Mesh Network Formation: Nodes communicate with each other to form a self-healing mesh network that can dynamically

reroute data if a node fails.
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Data Flow: Information like GPS coordinates, sensor readings, or emergency alerts flows through the network using
LoRa long-range communication.

2. Al Integration (TinyML)

Data Monitoring: Each node continuously monitors RSSI (Received Signal Strength Indicator), SNR (Signal-to-Noise
Ratio), and PDR (Packet Delivery Ratio).

Predictive Analysis: TinyML models analyze these metrics in real time to predict link failures.

Autonomous Decision-Making: If a weak link or node failure is detected, the Al:

Reroutes data through alternate nodes

Adjusts transmission power for better connectivity

Requests support from nearby relay nodes or drones

3. Delay-Tolerant Networking (DTN)

Store-and-Forward Mechanism: If a node cannot immediately transmit data due to network unavailability, packets are
stored temporarily.

Automatic Forwarding: When a connection is re-established, stored data is automatically forwarded to the intended
recipient.

Critical Data Assurance: Ensures important messages like victim location, sensor data, or emergency alerts are not lost
during network downtime.

4. Energy Management

Solar-Powered Nodes: Each node uses solar energy to maintain continuous operation.

Low-Power Communication: LoRa technology reduces energy consumption while providing kilometer-range
communication.

Power Optimization: Duty cycling and power-aware routing extend battery life.

5. Network Deployment and Testing

Simulation: The network is first simulated in software to test mesh formation, AI decision-making, and DTN
functionality.

Real-World Deployment: Nodes are deployed in a controlled area to evaluate signal strength, network self-healing, and
data delivery rates.

Performance Metrics: The system is analyzed for latency, packet loss, energy consumption, and scalability.

6. Scalability and Expansion

Adding Nodes: New nodes automatically integrate into the existing mesh network.

Flexible Deployment: Can be scaled for larger areas or complex terrains, including deployment via drones for inaccessible
locations.

Copyright to IJARSCT OF8 502

www.ijarsct.co.in

[x] DOI: 10.48175/IJARSCT-29151

[7 1ssN W)
| 2581-9429 ;
R\ UARSCT /7




(l IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology \
IJA RSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal FiEp 0%
ISSN: 2581-9429 Volume 5, Issue 1, October 2025 Impact Factor: 7.67
Block Diagram

1. Network MonitoringJ

Link Quality <
Threshold?
YES

3. Al Engine:
Autonmoous Decision

i Relocation
2. Failure 3a State Definition (Coordinates)

Detected!

3b. RL Algorithm

cc. Action Selection

[4. Mobile Node Relocation]

5. Re-establish Link

6. Network Healed!

il ink Established

> Threshold?

Fig 2 . Detailed Workflow of the Al-Driven Self-Recovery Methodology

1. Network Monitoring

The process begins with continuous monitoring of network parameters such as:

Signal strength

Link quality

Packet loss rate

Latency

Throughput

The AI monitoring module checks whether the communication link between nodes is stable or degraded.

A threshold is defined - for example, if signal strength drops below a certain value, the system considers the link as weak
or broken.

2. Failure Detected!

This step is triggered when a communication link failure or degradation is detected.

The Al system flags the event as a network failure, which means that a node or communication path is no longer reliable.
The failure information (like node ID, location, and time) is sent to the Al decision-making engine for analysis.

3. Al Engine: Autonomous Decision

This is the core intelligence of the system. The Al engine autonomously decides the recovery strategy using
Reinforcement Learning (RL) and self-adaptive logic.

It has three main sub-steps:

3a. State Definition

The Al engine defines the current network state based on collected parameters:
Node positions

Link quality metrics

Environmental conditions (if available)

Power levels of mobile nodes

This helps the Al understand what part of the network is affected.
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3b. RL Algorithm

A Reinforcement Learning algorithm (like Q-Learning or Deep Q-Network) analyzes the state and predicts the optimal
recovery action.

The Al agent learns from past network conditions - it improves its decisions each time a failure occurs.

The algorithm aims to maximize connectivity and minimize recovery time.

3c. Action Selection

The Al selects the best corrective action - for example:

Relocate a mobile node to a new coordinate

Increase transmission power

Change routing path

The decision is then converted into relocation coordinates or other network commands.

4. Mobile Node Relocation

The mobile or UAV-based node receives the relocation command (coordinates) from the Al engine.

It physically moves or repositions itself to the new location to re-establish communication links between disconnected
nodes.

This process helps restore the network topology dynamically.

5. Re-establish Link

Once the node has been relocated, the system attempts to reconnect the previously broken link.
The AI checks whether the new link quality meets the defined threshold.

If YES, the network is considered recovered.

If NO, the AI goes back to step 3 and selects another recovery action (loop continues).

6. Network Healed!

When the re-established link satisfies the quality threshold, the Al confirms that the network is healed.
The system then:

Updates its learning database (for future predictions)

Resumes normal network monitoring.

Ensures stable communication.

Stage Function Description

Network Monitoring | Detection Continuously observes link quality

Failure Detected Alert Identifies weak or broken link

Al Engine Decision Uses Al (RL algorithm) to choose recovery action

Node Relocation Execution Moves mobile node or UAV

Re-establish Link Verification Tests new link quality

Network Healed Confirmation | Confirms recovery and resumes normal operation
Working Principle:

The Al-driven self-recovering communication network operates on the principle of autonomous communication,
intelligent link prediction, and self-healing mesh connectivity using LoRa, ESP32, and Al (TinyML) technologies.
When natural disasters like earthquakes, floods, or cyclones destroy existing telecom infrastructure, this system forms an
independent wireless network among multiple nodes deployed in the affected region. Each node works as both a
transmitter and a receiver, forming a distributed, resilient network that can sustain communication even when some nodes
fail.
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1. Node Initialization

Each node is powered by a solar-charged battery and initialized using an ESP32 microcontroller with a LoRa transceiver
module. When powered on:

Nodes broadcast their presence using LoRa.

Neighboring nodes detect this broadcast and automatically form a mesh network.

The system starts exchanging signal parameters like RSSI (Received Signal Strength Indicator) and SNR (Signal-to-
Noise Ratio).

2. Al-Based Network Monitoring (TinyML)

The TinyML model embedded in each ESP32 analyzes:

RSSI — measures signal power received.

SNR — identifies interference or noise.

PDR (Packet Delivery Ratio) — checks reliability of data delivery.

Using these inputs, the Al predicts possible link degradation or failure before it occurs. When a weak link is detected, the
Al automatically:

Reroutes the data through a stronger neighboring node.

Adjusts the transmission power for optimal performance.

Requests relay support from nearby nodes or drone-based repeaters if necessary.

3. Data Transmission and Self-Healing

When a node transmits data:

1. Data packets are sent to the nearest node with the best link quality.

2. If that node fails, nearby nodes automatically reroute the packet using self-healing mesh protocols.

3. This ensures uninterrupted communication, even when certain nodes become inactive due to damage or signal loss.

4. Delay-Tolerant Networking (DTN) Mechanism

If no path to the destination is available:

The DTN protocol activates a store-and-forward mechanism.

Data is temporarily stored in the node’s memory.

When a new link or alternate node becomes available, the data is automatically forwarded to the next hop.

This ensures that critical information (e.g., rescue alerts, GPS coordinates) is never lost, even under intermittent
connectivity.

5. Energy Management

Solar charging ensures continuous operation during long-term deployments.
Low-power LoRa communication reduces energy consumption.

Sleep mode and duty cycling extend the node’s lifetime when traffic is low.

6. Final Operation

Through Al-driven predictions, LoRa-based communication, and DTN backup, the system forms an autonomous,
intelligent, and reliable wireless network.

It continues functioning without human intervention, ensuring effective communication, coordination, and data transfer
in deep disaster zones.

Applications:
Disaster management communication.
Military and defense operations.

Environmental monitoring.
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Rural connectivity.
Space and underwater research.

Future Scope:

Integration of drones for rapid network deployment.
Development of a mobile app for real-time control and tracking.
Expansion with [oT sensors for multi-purpose monitoring..
Addition of satellite links for wider coverage.

Use of advanced Al for smarter network optimization.

IV. CONCLUSION
The AI-Driven Self-Recovering Communication Network provides a reliable, autonomous, and energy-efficient solution
for maintaining communication in disaster-affected or remote areas. By integrating LoRa-based long-range
communication, TinyML-driven Al, and Delay-Tolerant Networking, the system ensures continuous data delivery,
network self-healing, and scalable deployment. This technology enhances rescue operations, emergency coordination,
and monitoring in scenarios where traditional networks fail, making it a promising approach for future disaster
management and remote connectivity applications.
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