
 

BUILDING A SMART SATELLITE 

SYSTEM USING IOT 

G.Venkateswarlu Reddy ,    M.srija,   P.Akash , K.Vamsi 
 

#1  Assistant Professor in Department of CSE, PBR Visvodaya Institute of Technology and 

Science, Kavali. 

#2#3#4  B.Tech with Specialization of Computer Science and Engineering (IOT) in PBR 

Visvodaya Institute of Technology and Science, Kavali. 

Abstract: The project aims to create a cost-effective environmental data communication system 

by utilizing the ESP8266 microcontroller along with sensors like DHT11/DHT22 and MQ-2, as 

well as a camera module. Using the ESP8266's built-in Wi-Fi capabilities, the system will 

establish a wireless link between a base station and a ground station, facilitating the 

transmission of sensor data and real-time images. Through rigorous testing across various 

environmental conditions, the system's performance will be evaluated, with a focus on reliability 

and efficiency. By documenting the development process and outcomes, the project seeks to 

provide a practical solution for wireless communication and environmental monitoring, offering 

a viable alternative to traditional high-cost satellite-based systems. 
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I. Introduction 

Accurate monitoring of weather and climate 

conditions necessitates the deployment of 

weather stations equipped with specialized 

sensors. These stations, ranging from 

climatological to rainfall-focused, serve 

distinct purposes in gathering crucial data. A 

fundamental aspect of weather station 

design lies in selecting appropriate locations 

and installing instruments in a manner that 

aligns with the local climate. This strategic 

placement ensures the acquisition of reliable 

and representative data essential for 

understanding weather patterns and trends. 

By incorporating a diverse array of sensors, 

weather stations can capture key 

meteorological variables including 

temperature, air pressure, wind speed and 

direction, humidity, precipitation, visibility, 

cloud cover, and sunshine duration. Each of 

these elements contributes to the complex 

interactions within the atmosphere, shaping 

various weather phenomena and climate 

conditions. In the modern era of 

interconnected devices, the Internet of 

Things (IoT) plays a pivotal role in 

revolutionizing communication paradigms. 

This transformative technology enables 

seamless communication not only between 

humans but also between devices 

themselves. With the widespread availability 

of high-speed Internet, IoT facilitates the 

integration of electronic devices into 

interconnected networks. Through this 

networked infrastructure, data collected by 

sensors in weather stations can be efficiently 

retrieved and transmitted to cloud services 
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for analysis and processing. The IoT 

framework empowers real-time monitoring 

of weather conditions, allowing for timely 

alerts and informed decision-making in 

response to changing meteorological 

parameters.An additional layer of 

sophistication is introduced by IoT, which 

facilitates the connectivity of electrical 

devices capable of communication. The 

increasing affordability of Wi-Fi-enabled 

devices underscores the growing 

accessibility of IoT solutions. By leveraging 

IoT capabilities, various electronic sensors 

can be interconnected within networks, 

enabling seamless data exchange and 

collaboration. This interconnectedness opens 

avenues for enhanced data analysis and 

interpretation, leading to actionable insights 

for weather monitoring and prediction. 

Moreover, IoT-enabled weather monitoring 

systems can streamline communication 

processes, enabling automatic alerts and 

notifications based on predefined thresholds 

or anomalies detected in the data. 

As IoT continues to advance, its impact on 

weather monitoring and communication 

systems is poised to expand further. The 

ongoing trend towards interconnectedness 

and digitization promises to enhance the 

efficiency, accuracy, and accessibility of 

weather data. With IoT-enabled solutions, 

weather monitoring becomes not only more 

comprehensive but also more responsive to 

the evolving needs of society. By harnessing 

the power of IoT, weather stations can 

evolve into intelligent systems capable of 

providing invaluable insights into weather 

patterns and trends, ultimately contributing 

to improved resilience and preparedness in 

the face of changing environmental 

conditions. 

II. Literature survey and 

drawbacks 

The literature presents a diverse array of 

research focused on enhancing small 

satellite access to space, improving data 

reception from weather satellites, and 

optimizing ground station networks for 

satellite communication. Alvarez and Walls 

(2016) discuss the importance of 

constellations and clusters in expanding 

small satellite access to space, highlighting 

advancements in communication 

technology. Laviada et al. (2013) delve into 

antenna manufacturing techniques for VHF 

frequencies, particularly applied to weather-

satellite data reception, emphasizing the 

significance of efficient antenna design in 

enhancing data acquisition. Bumbary and 

Maybury (2016) focus on designing a 

luminosity sensor experiment for CubeSat 

satellites, catering to educational needs in 

middle and high school settings, showcasing 

efforts to engage students in hands-on 

satellite experimentation.Oros, Trejo, and 

Salcedo (2015) explore methods for 

identifying, locating, and receiving signals 

from low Earth orbit (LEO) satellites, 

addressing challenges associated with signal 

reception and processing. Fuchs and Moll 

(2015) delve into the optimization of ground 

station networks for space-to-ground optical 

communication links, emphasizing the 

importance of efficient network design in 

facilitating high-speed data transmission 

from satellites. Riffel and Gould (2016) 

propose satellite ground station 

virtualization techniques using software-

defined networking to enable secure sharing 

of ground station resources, addressing 

concerns related to resource allocation and 

utilization.Li et al. (2015) present a routing 

algorithm tailored to satellite constellation 
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networks, considering ground station 

distribution constraints to optimize data 

routing and communication efficiency. Done 

et al. (2017) and Lesanu and Done (2016) 

discuss considerations and design aspects of 

ground station antennas used for 

communication with LEO satellites, 

focusing on antenna performance and 

polarization characteristics. 

Drawbacks: 

However, despite these advancements, 

several drawbacks and challenges persist in 

satellite communication systems. These 

include limitations in ground station 

coverage and capacity, leading to potential 

communication disruptions and data 

transmission delays. Additionally, the 

complexity and cost associated with antenna 

design and deployment pose significant 

barriers, particularly for small-scale satellite 

missions and educational initiatives. 

Moreover, ensuring seamless integration and 

interoperability among ground station 

networks and satellite constellations remains 

a challenge, requiring innovative approaches 

to network optimization and management. 

Addressing these drawbacks necessitates 

continued research and development efforts 

aimed at enhancing the efficiency, 

reliability, and accessibility of satellite 

communication infrastructure. 

III. Proposed system 

The proposed system aims to develop a low-

cost, high-performance communication 

infrastructure utilizing the ESP8266 

microcontroller, sensors, and camera 

modules. Drawing inspiration from 

advancements in satellite communication 

and ground station networks, the system 

integrates wireless communication 

capabilities with data acquisition and 

monitoring functionalities. 

At the core of the system lies the ESP8266 

microcontroller, serving as the central 

processing unit responsible for data 

management and communication. 

Connected sensors, including 

DHT11/DHT22 for temperature and 

humidity monitoring, MQ-2 for gas 

detection, and a camera module for image 

capture, provide real-time environmental 

data acquisition capabilities. This sensor 

suite enables comprehensive monitoring of 

weather conditions and environmental 

parameters. 

 

The system utilizes the ESP8266's built-in 

Wi-Fi capabilities to establish wireless 

communication between a base station and a 

ground station. This wireless link facilitates 

seamless data transmission from the sensors 

to the ground station for analysis and 

processing. Leveraging IoT principles, the 

system integrates with cloud services, 

enabling remote data storage, analysis, and 

access. In addition to data transmission, the 

proposed system includes features for real-

time monitoring and alerts. Thresholds for 

environmental parameters can be set, 

triggering alerts via email, text message, or 

other notification mechanisms in case of 

anomalies or critical events. This 

functionality enhances situational awareness 

and enables timely response to changing 

environmental conditions. 

Therefore the proposed system offers a cost-

effective solution for wireless 

communication and environmental 

monitoring, leveraging the capabilities of the 

ESP8266 microcontroller and sensor 

modules. By integrating IoT principles and 
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cloud services, the system provides 

scalability, flexibility, and accessibility, 

making it suitable for diverse applications 

ranging from agriculture and environmental 

monitoring to industrial and educational use 

cases. 

IV. Subdivisions of the Proposed 

System 
A. Base Station: 

 

Fig 1: Base Station 

The base station serves as the central hub of 

the communication system, responsible for 

coordinating data transmission between the 

various stations and external networks. 

Equipped with the ESP8266 microcontroller 

and Wi-Fi capabilities, the base station acts 

as the primary interface for collecting data 

from remote stations and facilitating 

communication with cloud services. It 

serves as a data aggregator, receiving sensor 

data from other stations, processing it, and 

forwarding it to designated endpoints for 

analysis and storage. Additionally, the base 

station may include features for managing 

network connections, setting up 

communication protocols, and generating 

alerts based on predefined thresholds. 

B. Station with Camera Module: 

 

Fig 2: Station with Camera Module 

This subdivision focuses on stations 

equipped with a camera module, enabling 

real-time image capture and transmission 

alongside sensor data. In addition to the 

ESP8266 microcontroller and Wi-Fi 

capabilities, these stations incorporate 

camera modules for capturing visual data of 

the environment. This visual data 

complements sensor readings, providing 

additional context and insights into 

environmental conditions. These stations 

may be deployed in areas where visual 

monitoring is essential, such as surveillance, 

environmental monitoring, or infrastructure 

inspection. The camera-equipped stations 

communicate with the base station to 

transmit both sensor data and captured 

images, facilitating comprehensive 

monitoring and analysis. 

 

C. Station with DHT11 and MQ-2: 

 

Fig 3: Station with DHT11 and MQ-2 

This subdivision pertains to stations 

equipped with specific sensors, namely the 
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DHT11 for temperature and humidity 

monitoring and the MQ-2 for gas detection. 

These stations focus on gathering specific 

environmental data relevant to temperature, 

humidity, and air quality. In addition to the 

ESP8266 microcontroller and Wi-Fi 

capabilities, these stations incorporate 

DHT11 and MQ-2 sensors to measure key 

environmental parameters. They serve as 

specialized monitoring nodes, deployed in 

locations where monitoring temperature, 

humidity, and gas levels is critical, such as 

indoor environments, agricultural fields, or 

industrial facilities. These stations transmit 

sensor data to the base station for analysis 

and further processing, contributing to a 

comprehensive understanding of 

environmental conditions. 

By subdividing the project into these three 

components, each focusing on specific 

functionalities and sensor configurations, the 

system can be modularized for scalability, 

flexibility, and ease of deployment. This 

approach enables targeted monitoring 

solutions tailored to different application 

scenarios while leveraging common 

infrastructure and communication protocols 

provided by the base station. 

 

V. Components Used and 

Description: 

 

ESP8266 Microcontroller: 

 

Fig 4: Wi-Fi module 

Description: The ESP8266 microcontroller 

serves as the central processing unit of the 

communication system. It provides 

computational capabilities and facilitates 

wireless communication using its built-in 

Wi-Fi functionality. 

Purpose: The ESP8266 controls data 

acquisition from sensors, manages 

communication with other stations and 

external networks, and executes various 

system functionalities. 

Sensors: 

a. DHT11/DHT22: 

 

Fig 5: Temperature sensor 

Description: The DHT11/DHT22 sensors 

measure temperature and humidity levels in 

the environment. 

Purpose: These sensors provide essential 

environmental data for monitoring and 

analysis, contributing to the understanding 

of weather conditions and climate trends. 

b. MQ-2: 
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Fig 6: Gas sensor 

Description: The MQ-2 sensor detects 

various gases, including methane, propane, 

and carbon monoxide, in the atmosphere. 

Purpose: The MQ-2 sensor enables 

monitoring of air quality and detection of 

potentially harmful gases, facilitating safety 

and environmental monitoring applications. 

Camera Module: 

 

Fig 7: camera module 

Description: The camera module captures 

images of the surrounding environment. 

Purpose: The camera module provides 

visual data alongside sensor readings, 

offering additional insights into 

environmental conditions and facilitating 

visual monitoring and analysis. 

VI. Results  

The results comprise six figures showcasing 

real-time data logged in the ThingSpeak 

server (Figures 8-13) and a satellite image 

captured by the ESP camera module (Figure 

14). These results validate the efficacy of the 

communication system in monitoring 

environmental parameters and capturing 

satellite imagery in real-time. The 

integration of sensor data and satellite 

imagery enhances situational awareness and 

facilitates informed decision-making for 

various applications, including weather 

monitoring and environmental research. 

 

Fig 8: Field 1 showing Temperature 

   

 

Fig 9: Field 2 showing Humidity 
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Fig 10: Field 3 showing Air quality 

 

Fig 11: Field 4 showing Temperature 

 

Fig 12: Field 5 showing Humidity 

 

 

 

Fig 13: Field 6 showing Air quality 

Fig 14: Satellite real-time captured image 

VII. Conclusion: 

In conclusion, the presented communication 

system utilizing the ESP8266 

microcontroller, sensors, and camera module 

demonstrates its capability to monitor 

environmental parameters and capture real-

time satellite imagery effectively. Through 

the integration of Wi-Fi connectivity and 

data logging in the ThingSpeak server, the 

system enables continuous monitoring and 

analysis of temperature, humidity, gas 

levels, and satellite imagery. The seamless 

transmission of data facilitates informed 

decision-making across various applications, 

including weather forecasting, 

environmental monitoring, and safety 

management. With its ability to provide 

comprehensive real-time data, the system 
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offers a valuable tool for enhancing 

situational awareness and addressing 

challenges in environmental monitoring and 

analysis. 
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