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Abstract - The cave environment plays a crucial role in 

research across geology, biology, ecology, hydrology, and 

cultural anthropology. This project aims to develop an 

unmanned vehicle using IoT and Raspberry Pi technologies to 

monitor cave conditions and transmit data via GPS. The 

vehicle will detect environmental parameters such as air 

quality, temperature, humidity, lighting, objects, and soil 

condition using integrated sensors and AI algorithms. 

Designed for safe navigation, the unmanned vehicle identifies 

hazards like air pollution, darkness and autonomously retreats 

to avoid damage. The unmanned vehicles have become more 

reliable and practical for cave exploration. This system will 

assist in identifying dangers like collapses, flooding, 

landslides, and low oxygen zones, enhancing safety in cave 

exploration. The vehicle is designed to operate in confined 

and harsh environments, ensuring reliable performance in 

challenging cave conditions. Robust sensors ensure precise 

detection of environmental parameters, even in low-light or 

obstructed areas. This innovative solution bridges the gap 

between manual cave exploration and modern technological 

advancements. 
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1.INTRODUCTION  

 
Caves are invaluable environments that contribute significantly 
to research in various scientific fields, including geology, 
biology, ecology, hydrology, and cultural anthropology. 
Despite their importance, caves are often difficult and 
dangerous to explore due to confined spaces, unpredictable 
environmental conditions, and potential hazards such as 
flooding, rock collapses, and low oxygen zones. Traditional 
exploration methods, which rely on human presence, are not 
only risky but also resource-intensive. In response to these 
challenges, this project aims to develop an unmanned vehicle 
designed for autonomous cave exploration using cutting-edge 
technologies like IoT (Internet of Things) and Raspberry Pi. It 
offers a reliable, safe solution for efficient cave exploration 
and data gathering in hazardous environments. The primary 
objective of this project is to create an innovative, autonomous 
system capable for a cave monitoring cave conditions in real 
time and transmitting valuable data to researchers remotely. 
GPS technology enables the system to transmit real-time data, 
offering vital insights into cave conditions and risks. The 
vehicle  will  be  equipped  with  a  variety   of  sensors  and AI 

algorithms to detect environmental parameters such as air 
quality, temperature, humidity, Soil conditions, lighting, and 
obstacles. This project presents a reliable and safe approach to 
cave exploration, enabling efficient monitoring and data 
collection in challenging, confined environments while 
ensuring the safety of researchers. The system's use of Image 
processing to enhances real time images its ability to learn 
from the environment, adapting its behavior over time to 
improve hazard detection and navigation. 

2. Methodology 
The proposed method for this project involves developing an 
unmanned vehicle designed to autonomously navigate, 
monitor, and collect critical data from cave environments using 
a combination of advanced technologies. The system integrates 
the Internet of Things (IoT), Raspberry Pi, GPS, AI 
algorithms, and a variety of sensors to ensure efficient, safe, 
and reliable exploration. The unmanned vehicle will be 
equipped with sensors to measure key environmental 
parameters such as air quality, lighting, soil condition, 
temperature, humidity and obstacles within the cave. These 
sensors include gas detectors, ultrasonic sensors, and thermal 
cameras or LiDAR to monitor cave conditions. The data from 
these sensors will be processed in real-time by the Raspberry 
Pi and deep learning algorithms. To ensure safe operation in 
confined and hazardous environments, the vehicle will utilize 
AI algorithms for autonomous navigation, enabling it to 
identify and avoid potential hazards like air pollution, 
darkness, and obstacles. It will be capable of navigating 
through narrow tunnels, uneven surfaces, and low-light 
conditions common in cave environments. GPS and IoT 
technologies will enable real- time data transmission, allowing 
researchers to remotely monitor the cave conditions and gain 
valuable insights into the cave environmental parameters. In 
case of detected risks such as flooding or low oxygen levels, 
the system will send alerts to the researchers. Deep learning 
algorithms will continuously improve the vehicle’s hazard 
detection and navigation capabilities by learning from the 
collected data. The modular design of the unmanned vehicle 
ensures scalability and flexibility, making it adaptable to 
different cave environments and research needs. This 
innovative approach bridges the gap between traditional cave 
exploration and modern technological advancements, offering 
a reliable and autonomous solution to enhance data collection 
and safety in challenging cave environments. 

2.1.Data Collection and System Analysis 

The autonomous cave exploration vehicle is designed to 
function efficiently in extreme environments, integrating 
advanced sensors for environmental monitoring, hazard 
detection, and real-time data transmission. It utilizes a  DHT11 
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sensor for temperature and humidity measurement, while air 
quality is monitored using MQ2, MQ8, and MQ135 sensors to 
detect harmful gases like methane and carbon monoxide. A 
capacitive soil sensor evaluates moisture levels, ensuring 
terrain stability. Real-time monitoring is achieved through an 
ESP32 camera, capturing images and videos for improved 
situational awareness and object detection. With AI- driven 
autonomous navigation, the vehicle operates without human 
intervention, navigating through rough and confined terrains 
while detecting and avoiding hazards such as rockfalls, 
flooding, and low-oxygen areas.  

 

 

                               Fig 2.1.1.Requirements 

 

GPS and IoT connectivity allow real-time tracking and 
environmental data transmission. Object detection and 3D 
mapping enhance exploration efficiency, while an automated 
retreat mechanism ensures safe withdrawal from hazardous 
zones. Built for reliability, scalability, and power efficiency, 
the system withstands high humidity, dust, and temperature 
fluctuations. It runs on a Raspberry Pi microcontroller with 
GPS tracking, LoRa, Wi-Fi, or Bluetooth communication, and 
a rechargeable battery with an optional solar backup. Data is 
processed using AI algorithms, stored in cloud-based storage, 
and transmitted via LoRa or Wi-Fi, with SD card logging for 
offline access. 

 

2.2.System Architecture  

         

         The system architecture of the proposed unmanned 

vehicle for cave exploration is designed with five core 

modules: sensing, processing, communication, navigation, and 

power management. The sensing module incorporates air 

quality, temperature, humidity, lighting, object detection, and 

soil condition sensors, ensuring real-time monitoring in low-

light and obstructed environments. The processing unit, built 

on a Raspberry Pi, utilizes AI algorithms to analyze sensor 

data, identify hazards such as air pollution, flooding, 

landslides, and low oxygen levels, and enable autonomous 

decision- making. The communication module employs IoT 

and GPS technologies to transmit real-time data to external 

monitoring systems, allowing remote researchers to analyze 

cave conditions effectively. The navigation system integrates 

LiDAR and ultrasonic sensors for precise obstacle avoidance 

and path planning, ensuring safe movement within confined 

and hazardous terrains. The vehicle autonomously retreats 

when encountering threats, enhancing operational safety. This 

robust and intelligent architecture bridges the gap between 

manual cave exploration and modern technological 

advancements, ensuring safer, more efficient, and data-driven 

research in extreme underground environments. The 

communication module uses IoT and GPS technologies for 

real-time data transmission to remote monitoring systems. The 

navigation system integrates LiDAR and ultrasonic sensors 

for obstacle avoidance and autonomous path planning. The 

vehicle can retreat when detecting threats, ensuring safe 

operation in hazardous environments. The power management 

system is optimized for prolonged battery life, allowing 

extended exploration. This architecture enhances cave 

research by ensuring safer, efficient, and autonomous data 

collection. 

 
     

                           Fig 2.2.1.System Architecture 

 

The autonomous cave exploration vehicle is designed to 

function efficiently in extreme environments, integrating 

advanced sensors for environmental monitoring, hazard 

detection, and real-time data transmission. It utilizes a DHT11 

sensor for temperature and humidity measurement, while air 

quality is monitored using MQ2, MQ8, and MQ135 sensors to 

detect harmful gases like methane and carbon monoxide. A 

capacitive soil sensor evaluates moisture levels, ensuring 

terrain stability. Real-time monitoring is achieved through an 

ESP32 camera, capturing images and videos for improved 

situational awareness and object detection. With AI- driven 

autonomous navigation, the vehicle operates without human 

intervention, navigating through rough and confined terrains 

while detecting and avoiding hazards such as rockfalls, 

flooding, and low-oxygen areas. GPS and IoT connectivity 

allow real-time tracking and environmental data transmission. 

Object detection and 3D mapping enhance exploration 

efficiency, while an automated retreat mechanism ensures safe 

withdrawal from hazardous zones. 

 

2.3.Algorithm and Techniques  

 

The autonomous cave exploration vehicle utilizes YOLO, 

dehaze algorithms, fiber optic communication, GPS, IoT, and 

AI for efficient and intelligent navigation in challenging 

environments. The YOLO algorithm enables real-time object 

detection, allowing the system to accurately identify obstacles, 

artifacts, and geological structures. Dehaze algorithms 

enhance image clarity in low-light and foggy conditions, 

ensuring improved visibility for a navigation and analysis. For 

reliable communication, the vehicle employs fiber optic 

technology, providing high-speed, low-latency data 

transmission for real-time connectivity in deep caves. 
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                            Fig 2.3.1.Object Detection 

 

GPS assists in precise location tracking and mapping of 

exploration routes, while IoT technology enables remote 

monitoring by transmitting sensor data through the MQTT 

protocol, allowing researchers to access real-time 

environmental information. The system integrates AI- driven 

anomaly detection to identify sudden changes in temperature, 

gas levels, and air quality, ensuring a timely hazard response. 
By combining YOLO, dehaze algorithms, fiber optics, GPS, 

IoT, and AI, the vehicle ensures safe, accurate, and efficient 

and reliable data transmission for cave exploration.. 

 

 

                      Fig 2.3.2.Image Enhancing 

 

 

The system integrates AI-driven anomaly detection to identify 

sudden changes in temperature, gas levels, and air quality, 

ensuring timely hazard response. Reinforcement Learning 

(RL) enhances navigation by learning from past experiences, 

while Fuzzy Logic analyzes sensor data to assess risks and 

trigger automated safety measures. By combining YOLO, 

dehaze algorithms, fiber optics, GPS, IoT, and AI, the vehicle 

ensures safe, accurate, and efficient cave exploration. 

 

2.3.System Deployment 

 

The autonomous cave exploration vehicle is developed in 

multiple stages, integrating AI, IoT, robotics, and 

communication technologies to ensure efficient and reliable 

operation in extreme environments. The project is designed 

for real-time data collection, hazard detection, and 

autonomous navigation in caves. The conceptualization and 

planning phase focuses on selecting advanced technologies 

such as YOLO for object detection, dehaze algorithms for 

image enhancement, fiber optic communication for high- 

speed data transfer, and AI-driven anomaly detection. The 

system architecture is designed to incorporate GPS, IoT, and 

AI for real-time environmental monitoring and intelligent 

navigation. The hardware setup includes a Raspberry Pi 

microcontroller, DHT11 for temperature and humidity 

measurement, MQ sensors for detecting harmful gases, and a 

capacitive soil sensor for assessing terrain stability.   

 

 
 

                               Fig 2.3.1. Chart 

 

 

An ESP32 camera captures real-time visuals, while fiber 

optic, Wi-Fi, and GPS ensure seamless communication. Cloud 

storage is used for storing and processing data efficiently. 

After undergoing lab, simulation, and field testing, the vehicle 

is deployed for real-world cave exploration. Future 

improvements include AI-driven navigation enhancements 

and advanced battery solutions, ensuring greater efficiency, 

safety, and reliability in challenging environments. 

 

3. CONCLUSIONS 

        In conclusion, this system represents a significant 
advancement in cave exploration by leveraging the power of 
unmanned vehicles equipped with IoT, Raspberry Pi, AI, and 
advanced sensors. The integration of these technologies 
allows for efficient, safe, and autonomous monitoring of cave 
environments, providing researchers with critical real-time 
data while minimizing human risk. The vehicle's ability to 
autonomously navigate through challenging and hazardous 
cave conditions, identify potential hazards, and transmit 
valuable insights remotely marks a major step forward in cave 
exploration and environmental monitoring. This vehicle also 
bridges the gap between traditional manual exploration 
methods and modern technological advancements, offering a 
more reliable and scalable solution for researchers. The use of 
deep learning to improve hazard detection and navigation 
further enhances the system’s adaptability to dynamic cave 
environments. With its modular design, the unmanned vehicle 
can be customized to fit various cave conditions and research 
needs, making it a versatile tool for future cave exploration 
projects. Overall, this innovative system opens new 
possibilities for enhancing safety, data collection, and research 
in cave environments, contributing to a deeper understanding 
of these crucial natural resources. 

In the future, the autonomous cave exploration vehicle could 
be enhanced with an efficient solar power system to enable 
continuous operation in remote, off-grid environments. This 
upgrade would reduce dependence on traditional battery 
charging, extending the vehicle’s operational life during long 
missions. The system would function in two phases: solar 
power integration and battery backup. High-efficiency, 
lightweight solar panels would be installed to charge the 
battery during daylight, directing the collected energy to the 
battery. When solar power is insufficient, the system would 
automatically switch to battery power, ensuring uninterrupted 
operation in dark or low-light environments. AI-driven 
algorithms would optimize energy usage, prioritizing essential 
functions like navigation and sensing while conserving energy  
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for non- essential tasks. Cost-effective, rugged solar panels 
would ensure affordability and durability. This solar power 
integration aligns with sustainability goals With real-time 
power and charging data accessible via IoT, the vehicle 
would become a more reliable, cost- effective, and eco-
friendly tool for cave exploration. 
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