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I. INTRODUCTION 
 

In recent years, environmental monitoring has 

become an important area of research due to the 

increasing impact of climate change and 

atmospheric variations. Accurate measurement of 

parameters such as temperature, radiation, and 

environmental conditions helps in better 

understanding weather patterns and predicting 

natural changes. Traditionally, large satellites are 

used for this purpose, but their high cost and 

complexity make them difficult to implement for 

academic-level projects.Small satellite platforms 

such as CubeSats have gained popularity because of 

their compact size, low cost, and ease of 

development. 

  

These systems provide a practical way to study 

satellite-based applications without the need for 

complex infrastructure. Early developments in 

CubeSat technology mainly focused on basic 

satellite structures and deployment mechanisms, 

which helped in establishing a standard model for 

small satellite design [1– 3].Further advancements in 

this field introduced the use of embedded systems 

and microcontrollers for handling onboard 

operations. Researchers have explored different 

control units and subsystems to improve data 

acquisition and system reliability. These works 

mainly focused on improving communication and 

processing capabilities in small satellite platforms [4–

5].In addition, several studies have emphasized the 

importance of integrating environmental sensors 

into small- scale systems.  

 

These approaches demonstrated that low-cost 

hardware can be effectively used for real-time data 

collection [6–8].With the development of wireless 

communication technologies, many systems have 

incorporated RF-based transmission methods for 

sending data to ground stations. At the same time, 

researchers also explored different methods for 
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reliable data transfer under limited communication 

conditions [9–11].Another important aspect 

considered in recent works is onboard data storage. 

Since continuous communication is not always 

possible, storing data locally becomes necessary. 

Various storage solutions such as flash memory and 

SD card modules have been used to ensure data 

safety and retrieval at later stages [12–14].Recent 

developments have also focused on integrating 

imaging systems into environmental monitoring 

platforms. Camera modules have been used to 

capture visual data, which adds additional 

information compared to sensor readings alone.  

 

This combination of sensing and imaging improves 

the overall understanding of environmental 

conditions [15–17].Moreover, the use of IoT 

platforms and cloud-based visualization tools has 

made it easier to monitor data in real time. 

Applications such as web dashboards and mobile-

based interfaces allow users to observe 

environmental parameters in graphical formats and 

analyze changes over time. These systems enhance 

user interaction and data interpretation [18–

19].Although many existing systems focus on 

individual aspects such as sensing, communication, 

or imaging, only a few works attempt to combine all 

these features into a single platform. There is still a 

need for a simple and integrated system that can 

perform environmental sensing, image capture, 

wireless transmission, and data storage in a 

coordinated manner [20–21]. 

  

II. RELATED WORK 
 

Several research efforts and academic projects have 

focused on the development of small satellite 

systems and CubeSat platforms for environmental 

monitoring and educational purposes. Due to their 

standardized structure and low development cost, 

CubeSats have been widely adopted to demonstrate 

satellite subsystems such as sensing, onboard 

processing, data storage, and communication.Early 

studies on CubeSat-based weather monitoring 

systems primarily focused on measuring 

atmospheric parameters such as temperature and 

humidity using basic sensor payloads. These systems 

demonstrated the feasibility of using compact 

satellites for environmental data collection, while 

emphasizing low power consumption and simplified 

payload integration.With the advancement of 

embedded systems, researchers have integrated 

microcontrollers and sensor modules to enhance 

data acquisition capabilities in small satellite 

platforms. Several works proposed sensor- based 

payloads capable of collecting environmental 

parameters and transmitting the data to ground 

stations using wireless communication modules. 

 

These implementations highlighted the importance 

of efficient data handling and telemetry in satellite 

missions.In recent years, IoT technologies have been 

increasingly adopted in environmental monitoring 

applications. IoT-based weather monitoring systems 

utilize sensor networks, embedded controllers, and 

wireless communication to enable real-time data 

collection and visualization. While these systems are 

typically ground-based, their architectural principles 

are applicable to CubeSat-based platforms, 

especially in terms of sensor integration and data 

transmission. 

 

Some researchers have addressed the limitations of 

continuous wireless communication by introducing 

onboard data storage mechanisms such as flash 

memory and SD card modules. These approaches 

ensure reliable data logging during communication 

outages or limited transmission windows. Onboard 

data storage is a critical requirement in real satellite 

missions, where uninterrupted communication with 

ground stations cannot always be guaranteed.A few 

studies have also explored the integration of camera 

modules in CubeSat payloads for Earth observation 

and imaging applications. These systems 

demonstrated the ability to capture visual data along 

with sensor readings, enhancing the overall 

monitoring capability of small satellites.Although 

existing works have successfully demonstrated 

individual aspects such as environmental sensing, 

wireless communication, or imaging, many 

implementations are either simulation-based or 

focus on specific subsystems. The proposed work 

differs by integrating environmental sensors, 

imaging capability, wireless communication, and SD 

card-based onboard data storage into a single 

CubeSat prototype. This integratedapproach 
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provides a practical and educational demonstration 

of real CubeSat payload and telemetry operations. 

 

III. PROPOSED METHOD 
 

The proposed methodology for the Weather 

Imaging CubeSat for Real-Time Environmental 

Monitoring is designed to simulate the basic working 

of a small satellite system in a simple and practical 

way. The system mainly focuses on collecting 

environmental data, capturing images, 

  

and transmitting the information wirelessly to a 

ground station. For better understanding and 

implementation, the overall operation is divided into 

different stages such as power management, sensor 

data collection, image handling, data storage, and 

wireless communication. 

 

[1] Power Management 

Power management is an important part of the 

system to ensure continuous and stable operation. 

In this project, the components are powered using a 

regulated power supply, which can be extended to a 

solar-based system in real-time applications. The 

power is properly distributed to the STM32 

microcontroller, sensors, RF module, and other 

peripherals. 

 

Voltage regulation is used to maintain a constant 

supply level and avoid fluctuations that may affect 

system performance. Basic filtering components are 

also used to reduce noise in the circuit. This setup 

ensures that all modules work smoothly without 

interruptions during operation. 

 

[2] Sensor Data Acquisition 

The system uses multiple sensors to collect 

environmental information. These sensors are 

directly connected to the STM32 microcontroller, 

which acts as the central unit for data collection. A 

temperature sensor is used to measure ambient 

conditions, while an infrared sensor helps in 

detecting heat- related variations. A magnetometer 

is included to observe orientation and directional 

changes. 

 

The STM32 reads the data from these sensors at 

regular intervals using communication methods 

such as I2C and digital input pins. The raw values 

obtained from the sensors are then converted into 

meaningful data so that they can be used for 

monitoring and display purposes. 

 

[3] Image Capture and Handling 

In addition to sensor data, a camera module is 

integrated into the system to capture images of the 

environment. This provides visual information, which 

helps in better understanding of the surrounding 

conditions. The STM32 controls the image capturing 

process and manages the data along with sensor 

readings. 

 

Since image data occupies more memory, it is 

handled carefully before storage or transmission. 

This ensures that the system performance is not 

affected and memory usage is optimized. The 

captured images can also be used for live viewing 

through the receiver side. 

 

[4] Data Processing and Storage 

After collecting data from sensors and the camera 

module, the STM32 processes the information into a 

suitable format. This includes organizing the data, 

reducing unwanted variations, and preparing it for 

transmission. 

 

An SD card module is used for storing the collected 

data and images. This storage feature is very useful 

when wireless communication is not available. Even 

if the data is not transmitted immediately, it can be 

saved and accessed later without any loss. This 

improves the reliability of the system. 

 

[5] Wireless Data Transmission 

Wireless communication is achieved using an NRF24 

RF module, which transmits the collected data from 

the transmitter side to the receiver side. The NRF24 

module is chosen because of its low power 

consumption and reliable communication.On the 

receiver side, another NRF24 module receives the 

data and passes it to the ESP32 microcontroller. The 

ESP32 then sends the data to a laptop, where it is 

displayed using the Blynk platform. The values are 

shown both in numerical form and graphical form, 
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making it easier to analyze changes over time.In 

addition to sensor data, the system also supports live 

image streaming using Wi-Fi. The user can view the 

live feed and also save images when required. This 

makes the system more interactive and useful for 

real-time monitoring applications. 

 

IV. FLOW CHART 

 

 
 

The overall working of the proposed system is 

represented using the flowchart, which explains the 

sequence of operations from initialization to data 

visualization at the ground station. The system is 

divided into two main parts, namely space station 

operations and ground station operations. 

 

The process begins with system initialization, where 

the microcontroller and all connected modules are 

powered on. In the initial stage, the STM32 

microcontroller initializes the sensors and checks 

whether they are functioning properly. If any issue is 

detected, the system waits and retries until proper 

sensor response is obtained. 

 

Once the sensors are ready, the system starts 

acquiring environmental data such as temperature, 

pressure, and orientation values. These readings are 

continuously collected and sent to the STM32 for 

processing. The controller processes the acquired 

data and formats it into a structured form suitable 

for transmission. 

 

At the same time, the image data path is activated 

by initializing the camera module. The system checks 

whether the Wi-Fi link required for image 

transmission is available. If the connection is not 

ready, the system enters a wait state and retries until 

the link is established. Once the connection is 

successful, the camera captures images or streams 

video data. 

 

After processing both sensor data and image data, 

the system prepares the information for 

transmission. The formatted data is then transmitted 

wirelessly using the RF communication module 

operating at 2.4 GHz. This enables communication 

between the space unit and the ground station. 

On the ground station side, the RF receiver receives 

the transmitted data and forwards it to the ESP32 

microcontroller. The ESP32 processes the incoming 

data and checks for internet connectivity. If the 

connection is stable, the data is sent to the Blynk 

cloud platform. Otherwise, the system temporarily 

stores the data and retries transmission when the 

connection is restored.Once the connection to the 

Blynk platform is established, the sensor data is 

uploaded and displayed on a web-based interface. 

The values are shown in both numerical and 

graphical formats, allowing easy monitoring and 

comparison over time. 

 

For image data, the system uses a Wi-Fi-based 

approach. The received image or video stream is 

decoded, and a web interface is started. Through this 

interface, users can view live images and access the 

camera feed on a laptop or other devices. 

 

Finally, the processed data and images are displayed 

at the ground station, completing the operation 

cycle. The system continues this process in a loop to 

provide continuous environmental monitoring and 

real-time visualization.In addition to the main 

operational flow, the system is designed to handle 

different conditions dynamically. During continuous 
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operation, the STM32 controller manages both 

sensing and communication tasks without 

interrupting the data flow. Priority is given to sensor 

data collection to ensure that environmental 

parameters are updated regularly. At the same time, 

the system maintains synchronization between data 

acquisition and transmission, which helps in avoiding 

delays or data mismatch.  

 

This coordinated functioning improves the overall 

efficiency of the system.Another important aspect of 

the flow is its ability to maintain stability during 

temporary failures. If there is any interruption in RF 

communication or Wi-Fi connectivity, the system 

does not stop functioning completely. Instead, it 

continues collecting data and stores it locally until 

the connection is restored. Once the link becomes 

available, the stored data can be transmitted again. 

This approach ensures that no important 

information is lost and makes the system more 

reliable for real-time monitoring applications. 

 

V. RESULTS AND DISCUSSION 
 

 
 

The proposed system was tested under normal 

conditions to evaluate its performance in terms of 

data collection, transmission, and visualization. The 

system was able to operate continuously without 

major interruptions, showing stable behavior during 

the testing process. 

 

The environmental sensors connected to the STM32 

microcontroller provided consistent readings for 

temperature and other parameters. The values 

obtained were reasonable and showed slight 

variations based on the surrounding conditions, 

which indicates that the sensors are functioning 

properly. The infrared sensor was able to detect 

changes in heat levels, while the magnetometer 

produced stable orientation values in X and Y 

directions. 

 

The collected data was successfully transmitted from 

the transmitter side to the receiver side using the 

NRF24 RF module. The communication between 

transmitter and receiver was reliable within the 

tested range, and the data was received without 

noticeable delay. This shows that the RF module is 

suitable for short-range wireless communication in 

this type of application. 

 

On the receiver side, the ESP32 processed the 

incoming data and sent it to the Blynk platform. The 

data was displayed clearly on the interface, where 

parameters were shown in both numerical form and 

graphical format. The graphical representation 

helped in understanding how the values were 

changing over time. It also made it easy to compare 

previous and current readings, which is useful for 

monitoring environmental changes. 

 

The camera module worked as expected by 

providing visual data of the surroundings. Live 

streaming was achieved through a Wi-Fi link, where 

the user could access the camera feed using a 

provided link. The image capture option allowed 

saving images when required, which adds flexibility 

to the system. 

 

The SD card module was also tested for data storage. 

The system was able to store sensor readings and 

images successfully. This feature ensures that data is 

not lost even if there is any interruption in wireless 

communication. The stored data can be accessed 

later, which improves the reliability of the 

system.Overall, the system performed well by 

combining sensing, communication, visualization, 

and storage in a single setup. The results show that 
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the proposed design can effectively demonstrate the 

working of a CubeSat-based environmental 

monitoring system in a simple and practical manner. 

 

VI. CONCLUSION 
 

The proposed Weather Imaging CubeSat system 

successfully demonstrates a simple and effective 

approach for real-time environmental monitoring. 

By integrating multiple sensors, a camera module, 

wireless communication, and SD card storage, the 

system is able to collect, transmit, and display data 

efficiently. The use of STM32, NRF24, and ESP32 

ensures smooth operation and reliable performance. 

Overall, the project shows how CubeSat concepts 

can be implemented at a small scale for educational 

and practical purposes. 
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