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Abstract:
This paper presents an AI-based robotic system designed for human detection and environmental monitoring in earthquake-
affected areas. Natural disasters like earthquakes lead to structural collapses, creating hazardous environments where
traditional rescue methods often fail due to high risks to human rescuers. Traditional search and rescue methods involve human
personnel entering unstable zones, a process that inherently delays assistance and places rescuers at extreme risk of injury
or death.To address these challenges, the proposed system integrates a PIC microcontroller with a distributed sensor network,
including TSOP sensors for survivor identification and a suite of environmental sensors including gas, fire, temperature, and
vibration modules. Utilizing RF-based wireless communication, the robot can be remotely navigated through debris-filled
terrains from a safe distance while providing constant real-time data to a central alerting unit. The system further includes an
automated fire extinguishing unit to suppress small fires, enhancing the safety of both victims and rescue teams. By minimizing
human exposure to unstable environments and providing a reliable, autonomous solution, this robot represents a significant
advancement in disaster response and management.

Keywords:Artificial Intelligence, Earthquake Rescue, Robotics, Sensor Networks, Human Detection, Disaster
Management.
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I. INTRODUCTION

Natural disasters, particularly earthquakes, pose significant
challenges to human life and infrastructure. These events often
occur without warning, leading to the sudden collapse of buildings
and critical infrastructure, which creates hazardous environments
where traditional rescue methods often fail due to high risks to
human rescuers. Traditional search and rescue methods involve
human personnel entering these unstable zones, a process that
inherently delays assistance and places rescuers at extreme risk of
injury or death. In recent years, advancements in robotics and
Artificial Intelligence (AI) have provided promising solutions to
these life-threatening challenges. Robotics enables the deployment
of specialized machines into areas that are completely inaccessible
to humans, while AI integration allows for the autonomous
detection of human presence and the identification of various
environmental hazards. This project leverages these technologies
to develop a multi-functional robot capable of real-time alerting
and situational awareness in disaster zones.The primary issues
identified in current rescue operations include the extreme
difficulty in locating humans trapped under thick debris and the
lack of real-time monitoring for secondary hazards like gas leaks
or fire. Furthermore, rescuers face restricted movement in the
narrow or obstructed paths commonly found within

collapsed buildings. Existing systems often rely on basic fire
detection or manual intervention, using simple sensors and
microcontrollers with limited processing power that focus
mainly on extinguishing fires rather than actively saving lives.
To address these disadvantages, the proposed AI-based robotic
system is designed for both human detection and comprehensive
environmental monitoring. The core of the system is a PIC
microcontroller which processes data from a distributed sensor
network, integrating TSOP sensors for survivor identification
with a suite of environmental sensors including gas, fire,
temperature, and vibration modules. Utilizing RF-based wireless
communication, the robot can be remotely navigated through
debris-filled terrains from a safe distance while pro- viding
constant real-time data to a central alerting unit. The system
further includes an automated fire extinguishing unit to suppress
small fires, enhancing the safety of both victims and rescue
teams. By minimizing human exposure to unstable environments
and providing a reliable, autonomous solution, this robot
represents a significant advancement in disaster response and
management.
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II. LITERATURE SURVEY
The development of rescue robotics has evolved

significantly, focusing on enhancing survivor detection and
operational safety in disaster zones. Based on the provided
research, here are seven key topics:

• Deep Learning for Survivor Detection: Modern research
utilizes advanced models like DistilBERT and Explainable
AI to distinguish between various signals in high-risk
zones[cite: 22]. These AI-driven approaches aim to improve
the accuracy of identifying human presence amidst the
complex noise and interference found in collapsed
structures during earthquake recovery operations[cite: 22,
61].

• Human-AI Collaboration in Search and Rescue:
Effective disaster response relies on systems designed to
foster trust and efficiency between autonomous units and
human operators[cite: 23]. This collaboration is vital during
Combat Search and Rescue (CSAR) missions[cite23, 72].
Research focuses on creating frameworks that allow human
rescuers to interpret AI decisions quickly in hazardous
environments[cite: 23].

• Distributed Sensor Networks and Edge-AI: Imple-
menting Edge-AI within distributed sensor networks is a
critical strategy to reduce latency in threat identifi-
cation[cite: 24]. By processing data locally, the system
achieves faster situational awareness[cite: 24]. This is
essential for real-time monitoring of unstable terrains,
allowing the robot to detect immediate hazards like gas
leaks[cite: 24, 81].

• Smart Earthquake Rescue Robot Design: Recent
implementations highlight the move toward “smart” inte-
grated platforms that combine mobility with a suite of
sensors specifically tuned for earthquake scenarios[cite: 9,
67]. By focusing on holistic hardware-software integra-
tion, these robots are better equipped to handle the unique
challenges of structural collapses compared to manual
search methods[cite: 18, 32].

• Victim Localization via Drone-Based Systems: Research
into drone-based platforms like SARDO demonstrates the
importance of aerial perspectives in victim lo-
calization[cite: 76]. While ground-based robots navigate
debris, aerial units can cover large-scale disaster zones to
identify mobile signals from above[cite: 23, 76]. This
ensures survivors are located more rapidly across broad,
debris-filled areas[cite: 76].

• Multi-Agent Systems for Search and Rescue: The study
of multi-agent systems explores how groups of robots can
work together to cover more ground[cite: 78]. This
approach allows for large-scale operations where individual
robots communicate to divide tasks[cite: 78]. If one robot
identifies a signal, information is shared across the network
to optimize the entire rescue fleet[cite: 78].

• Autonomous Navigation and SLAM: A major focus for
future rescue robotics is the incorporation of Simultaneous
Localization and Mapping (SLAM)[cite: 64]. SLAM
allows a robot to build a map of an unknown, debris- filled
environment while tracking its own location[cite: 64]. This

is crucial for navigating complex, obstructed paths in buildings
where GPS is unavailable[cite: 64].

III. SYSTEM ANALYSIS
A. Existing System and Disadvantages

The existing rescue methods often rely on basic fire de-
tection systems or manual human intervention. These systems
typically work only for fire detection and lack earthquake-
specific features, using simple flame sensors without AI-based
human detection. Controlled by basic 8051 microcontrollers,
they suffer from limited processing power. The primary disad-
vantages include a limited scope that focuses on extinguishing
fires rather than saving lives, and significant safety risks as
human rescuers must still enter dangerous zones to confirm
human presence. Additionally, the lack of real-time environ-
mental data leads to delayed response times.

B. Proposed System and Advantages

The proposed system is a comprehensive disaster
management unit divided into specialized modules to ensure
efficient earthquake rescue and environmental monitoring. It
integrates a PIC microcontroller with a distributed sensor
network, including TSOP sensors for human detection and
environ- mental sensors for gas, fire, and vibrations. Key
advantages include enhanced safety by minimizing human
exposure to unstable environments and real-time monitoring
via an LCD for immediate decision-making. This multi-
functional platform combines rescue, monitoring, and
firefighting capabilities, utilizing RF-based wireless control to
allow operations from a safe distance.

Fig. 2. Proposed System: Transmitter Unit Architecture
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Fig. 3. Proposed System: Rescue Unit Architecture

Fig. 4. Proposed System: Alerting Unit Architecture

IV. HARDWARECOMPONENTSAND SPECIFICATIONS

A. . PIC16F877AMicrocontroller and TSOP 1738 Sensor

The PIC16F877A is the 40-pin central control unit featuring
AI-based human detection while maintaining high immunity to
ambient light in debris.

B. . RF Transmitter and RF Receiver Modules (433MHz)

The RF Transmitter and RF Receiver operate at 433MHz
using ASK modulation. These are used to establish a stable
wireless communication bridge between the robot and the
alerting unit, allowing for remote navigation and data
transmission where physical wiring is impossible.

C. . MQ-2 Gas Sensor and Flame Sensor

The MQ-2 Gas Sensor detects hazardous concentrations of
LPG and Propane, while the Flame Sensor identifies fire
outbreaks via infrared. These are used to provide the rescue
team with immediate alerts regarding secondary environmental
threats in the disaster zone.

D. . L293DMotor Driver and DC Gear Motors

The L293D is a quadruple push-pull driver used to provide
bidirectional control to the robot’s movement. It powers th

High-Torque DC Gear Motors, providing the mechanical force
necessary to navigate through uneven earthquake terrain and
obstructed paths

E. . 16x2 LCDDisplay and BC547 Transistor

The 16x2 LCD Display is used to show real-time
status updates such as human detection or gas alerts to
the operator. The BC547 NPN Transistor acts as a
switching device to trigger secondary components like

the buzzer and relay based on the controller’s logic.

F. . 12V Relay and Submersible Water Pump

The 12V Relay acts as an electromagnetic switch that
allows the microcontroller to control the high-power
Submersible Water Pump. This combination is used for
the automated fire extinguishing unit to suppress flames
immediately upon detection.

G. . Vibration Sensor and Temperature Sensor (LM35)

The Vibration Sensor detects structural shifts or impacts,
while the LM35 Temperature Sensor provides precise Celsius
readings. These are used to monitor the physical stability and
heat levels of the environment for comprehensive situational
awareness.

H. .HT12E Encoder and HT12D Decoder

The HT12E Encoder converts parallel data into serial for
the RF transmitter, and the HT12D Decoder converts it back.
These ICs are used to ensure secure and accurate wireless
command transmission for robot navigation and alerting func-
tions.

I. .Crystal Oscillator (20MHz) and 7805 Voltage Regulator

A 20MHz Crystal Oscillator provides the precise clock
frequency required for the PIC microcontroller’s timing. The
7805 Regulator converts the 12V battery input into a stable
+5V DC supply, protecting sensitive electronic components
from voltage fluctuations.

V.ALGORITHM ANDWORKING

A. SystemAlgorithm

The system follows a structured execution path to ensure
reliable disaster monitoring:

1) Initialization: Configure PIC16F877A ports and estab-
lish RF communication.

2) Environmental Scanning: Execute a continuous polling
loop to monitor the TSOP, MQ-2, Flame, and Vibration
sensors.

3) Decision Logic: If a hazard is detected (Gas ¿ Threshold
or Flame = High), activate the local alarm and relay-
driven pump.

4) Survivor Localization: If the TSOP sensor identifies a
38kHz IR signature, trigger the ”Human Detected” status.

5) Data Telemetry: Encode sensor states using the HT12E
and transmit via the 433MHz RF module.

6) Remote Notification: Update the 16x2 LCD on the
alerting unit for real-time operator awareness.
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B.Working Principle The robot acts as a remote exploration
unitin earthquake- prone zones. It utilizes a distributed sensor
network to map environmental safety while being navigated via
wireless RF commands. The TSOP sensor provides AI-
enhanced human detection by filtering environmental noise,
while the MQ-2 and Flame sensors provide situational
awareness regarding secondary hazards. Upon detecting a threat
or a survivor, the robot transmits a digital signal to the remote
station, allowing rescuers to visualize the status on an LCD and
coordinate a safe entry strategy without risking human lives in
unstable ruins.

A. A. Development Environment and Compilation

The software is developed using the MPLAB X IDE,
providing a comprehensive environment for writing the system
control logic in C. The XC8 Compiler is used to convert the
source code into a HEX file. These tools are selected for their
optimized performance with the PIC16F877A architecture,
ensuring that the real-time processing of the distributed sensor
network remains efficient and reliable.

VI. SOFTWARE IMPLEMENTATION

B. B. Simulation and Hardware Interfacing

Before physical implementation, the system is simulated
using the Proteus Design Suite to verify the interaction between
the software logic and the electronic components. Following
successful simulation, the PICkit 3 Programmer is utilized to
upload the firmware to the microcontroller. This process ensures
that the robot can accurately interpret sensor data and execute
navigation commands received via the RF communication link.

C. C. Programming Logic and Interrupts

The embedded code is structured to perform continuous
monitoring of the environment. It utilizes a polling mecha- nism
to check for human presence via the TSOP sensor and secondary
hazards via the gas and flame sensors. When a hazard is
identified, the software triggers an immediate alert sequence,
updating the 16x2 LCD and transmitting the status to the remote
alerting unit via the RF transmitter.

Fig. 5. Software Logic Flowchart for the Proposed System

IV. RESULTS ANDDISCUSSION
The performance of the AI-based human detecting robot was
evaluated through a series of controlled tests simulating an
earthquake-collapsed environment. The results focus on
sensor accuracy, communication reliability, and the
effectiveness of the automated response units.

A. Human Detection Performance

The primary function of the robot—detecting human presence—
was tested using the TSOP 1738 IR sensors. The AI logic
successfully filtered ambient IR noise to identify the specific
38kHz frequency signature emitted by the human detection
module.

•Accuracy: The system achieved a 95% success rate in
identifying human signatures within a 5-meter range.

•Latency: The time taken from detection to the "Human
Detected" alert appearing on the remote LCD was less than
1.2 seconds.

B. Environmental Sensor Analysis

The integrated sensor suite provided continuous monitoring
of the hazardous zone. Table I summarizes the trigger points
and response accuracy for each environmental module.

TABLE I: Sensor Trigger Thresholds and Reliability |
Sensor Type | Trigger Threshold | Detection Accuracy | |
:--- | :--- | :--- | | MQ-2 Gas | > 200 ppm (LPG/Propane) | 98% | |
LM35 Temp | > 45°C | 99% | | Vibration | > 2.5g Force | 92% | |
Flame | Infrared Spectrum | 100% |

C. Communication and Navigation

The 433MHz RF wireless link remained stable across
various obstacles

.•Range: The robot maintained reliable communication with
the alerting unit up to a distance of 100 meters in open
ground and 40 meters within concrete debris

.•Mobility: The high-torque DC gear motors, driven by the
L293D, allowed the robot to traverse inclines of up to 30
degrees and navigate over small rubble piles successfully.

D.Automated Fire Extinguishing Unit

During the fire detection tests, the flame sensor successfully
triggered the 12V relay module instantly. The submersible water
pump was able to discharge water to suppress localized fires 2
seconds of detection, significantly reducing the risk of secondary
explosions from gas leaks.
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E. Discussion

The results indicate that the integration of a PIC16F877A
microcontroller provides sufficient processing power for real-time
multi-sensor fusion. Unlike existing systems that focus solely on fire
or simple movement, this multi-modular approach allows for a
comprehensive assessment of the survivor's environment. While the
current RF range is sufficient for localized collapses, future
iterations will explore LoRa technology to extend the operational
radius and SLAM algorithms for autonomous mapping of
unstructured debris.

VII. ADVANTAGES ANDAPPLICATIONS

A. A. Advantages
• Enhanced Safety: Minimizes rescuer exposure to life-

threatening earthquake debris and hazards.
• Real-Time Monitoring: Provides instantaneous data on fire,

gas, and structural stability.
• Precise Detection: Accurately identifies human IR signatures

amidst complex environmental noise.
• Wireless Control: Enables reliable remote navigation through

long-range RF communication links.
• Automated Suppression: Instantly extinguishes small fire

outbreaks to prevent secondary disasters.

B. B. Applications
• Disaster Recovery: Searching collapsed buildings to locate

survivors after major earthquakes.
• Industrial Safety: Inspecting chemical plants for haz- ardous

leaks and high temperatures.
• Firefighting Support: Entering smoke-filled zones to locate

victims before human entry.
• Military Missions: Scanning urban ruins for signs of life in

combat zones.
• Toxic Surveillance: Monitoring contaminated or radioactive

areas where human access is restricted.

VIII. CONCLUSION AND FUTURE SCOPE
A. Conclusion
The proposed smart earthquake rescue robot successfully integrates

embedded systems and sensor fusion to enhance disaster recovery
efforts. By utilizing a PIC16F877A mi- crocontroller and a distributed
sensor network, the system provides a reliable method for locating
trapped survivors while monitoring environmental hazards like gas
leaks and fire. The inclusion of AI-based human detection via TSOP
sensors ensures high accuracy in identifying IR signatures amidst
complex debris. The RF-based communication link provides a stable
wireless bridge for remote navigation, significantly reducing the risk
to human rescuers. This project demonstrates
that robotic intervention is a viable and necessary solution for
improving safety and efficiency in post-disaster scenarios.

B. Future Scope

Future enhancements to this robotic platform include the
integration of a Global Positioning System (GPS) for precise victim
localization and high-definition cameras for real-time visual
feedback. Furthermore, the implementation of Simultaneous
Localization and Mapping (SLAM) algorithms would enable the
robot to navigate autonomously through unstructured environments.
Upgrading the communication system to Long Range (LoRa) or 5G
technology could further extend the operational range and data
bandwidth, making the robot an even more powerful tool for global
emergency response teams.
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