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Abstract

CubeSats are miniature, cost-effective satellites widely used for Earth observation, environmental
monitoring, and scientific research. These small satellites provide a reliable platform for gathering
meteorological data from remote and inaccessible regions. This research presents a cost-efficient
CubeSat-based weather forecasting system designed for remote and internet-less regions like hill
stations and tribal villages. Unlike traditional weather monitoring, this CubeSat offers a compact,
low-cost, and autonomous solution for collecting real-time atmospheric data. The system includes
humidity, temperature, rain, barometric pressure, and wind speed sensors, powered by a solar panel
and controlled by an Arduino Uno. Data is transmitted via LoRa to a ground station laptop, where
Python-based forecasting models process it. A GSM module then sends weather updates to local
users. By leveraging Al and real-time data, this system improves forecasting accuracy, aiding
agriculture, disaster management, and resource planning. The scalable and adaptable CubeSat
framework enhances meteorological monitoring in underserved areas, advancing climate resilience
and environmental sustainability.

Keywords: CubeSat, Weather Forecasting, Atmospheric Data, LoRa, Cost-Efficient, Climate
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INTRODUCTION

Weather forecasting is essential for various sectors, including agriculture, disaster
management, and aviation. Traditional weather monitoring systems rely on ground-based
stations and large-scale meteorological satellites, which, while effective, are often costly,
inaccessible in remote regions, and limited by delayed data acquisition [1]. The demand for a
cost-efficient, real time, and scalable alternative has led to the development of CubeSat
technology, which provides a compact, deployable, and highly efficient solution for
atmospheric data collection [2]. CubeSat are miniaturized satellites equipped with multiple
environmental sensors that monitor temperature, humidity, rainfall, wind speed, and
atmospheric pressure [3]. Unlike conventional satellites, CubeSats can be deployed in
constellations, enabling continuous global coverage, particularly in internet less and remote
areas [4]. These satellites utilize low-power communication protocols such as LoRa for real-
time data transmission to a ground station, where Al-based forecasting models analyze and
predict weather patterns [5]. Research has demonstrated the high potential of CubeSats for
weather monitoring through hydrometric tracking and microwave imaging, significantly
enhancing forecast accuracy and data resolution [6]. Similarly, Arduino-based weather
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monitoring systems have been extensively studied as low-cost and reliable alternatives for
localized weather tracking [7].

By integrating machine learning models, real-time data assimilation, and low-power
communication technologies, CubeSats provide an advanced and sustainable approach to
weather forecasting [8]. Building on these advancements, this study proposes a CubeSat-
based weather forecasting system designed specifically for hill stations, tribal villages, and
remote regions that lack traditional meteorological infrastructure. The system consists of a
CubeSat powered by a solar panel, incorporating humidity, temperature, barometric pressure,
rain, and wind speed sensors, with an Arduino Uno as the processing unit. Data transmission
is achieved using LoRa technology, enabling seamless communication with a ground station
laptop, where Python-based forecasting models process the data. Additionally, a GSM
module ensures that localized weather updates are sent to users in real-time. By leveraging
Al-driven forecasting and real-time meteorological data, this CubeSat-based system aims to
provide a cost-efficient, scalable, and sustainable solution for weather monitoring and
prediction, particularly in internet-deficient and geographically isolated regions.

LITERATURE REVIEW
CubeSat in Weather Forecasting

CubeSats have emerged as a cost-effective and scalable solution for atmospheric data
collection. Zhang and Gasiewski [1] demonstrated the potential of CubeSat fleets for
hydrometric tracking and severe weather monitoring, highlighting their capability to improve
forecasting accuracy through real-time satellite observations. Research by Silwal et al. [2]
further explored CubeSat applications in Earth observation and meteorology, emphasizing
their compact design, low-cost deployment, and high revisit frequency, making them ideal for
weather prediction in remote and underserved regions.

Arduino-Based Weather Monitoring Systems

Arduino-based weather monitoring systems have been widely studied as low-cost and
reliable alternatives for collecting meteorological data. Singh et al. [3] proposed an Arduino-
based automated system for recording temperature, humidity, and atmospheric pressure,
utilizing loT-based data transmission. Sultanabanu et al. [4] extended this approach by
integrating real-time data analysis with wireless communication protocols, proving its
effectiveness in localized weather tracking. These studies reinforce the feasibility of using
Arduino Uno as a core processing unit for CubeSat-based weather monitoring systems.

LoRa for Weather Data Transmission

The use of LoRa (Long Range) communication in environmental monitoring has
gained traction due to its low-power and long-distance capabilities. Laskar et al. [5]
investigated LoRa-based data transmission for CubeSat weather monitoring, demonstrating
its effectiveness in remote sensing applications. The study confirmed that LoRa networks
provide stable, energy efficient data transmission from satellite payloads to ground stations,
making them an ideal choice for real-time meteorological applications.
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CubeSat-Based Weather Forecasting System

The study introduces a CubeSat-based weather forecasting system designed to
enhance meteorological data collection in remote and underserved regions. The system
utilizes sensors for temperature, humidity, barometric pressure, and wind speed
measurements. For long-range communication, LoRa technology is implemented, ensuring
reliable data transmission over extended distances. Python-based data processing and
forecasting models, including machine learning techniques, improve prediction accuracy [6].
Additionally, GSM technology is integrated to provide daily weather updates to users in
isolated areas, addressing accessibility challenges [7]. However, identified limitations include
sensor calibration complexities, data transmission delays, and CubeSat storage constraints

[8].

GSM-Based Weather Alert Systems

The GSM module has been widely utilized in real-time weather alert systems,
allowing automatic dissemination of weather warnings to end users. Research on GSM-based
weather notification systems demonstrated their effectiveness in disaster management and
rural weather forecasting [9]. By integrating GSM with CubeSat-based forecasting, localized
weather alerts can be transmitted directly to mobile devices, ensuring timely updates for
residents in internet-deficient areas.

Table 1 Limitation Table

. - L Relevance to Proposed
Study/Paper/Title | Technology Used Identified Limitations P
System
Power limitations due to
. small solar panels, Need for an efficient solar
Silwal et al. (2020) CubeSat for Earth . p. .
. challenges in maintaining power system and data
[117] Observation . . .
long-term orbital stability, redundancy strategies.
and potential data loss.
Low accuracy in extreme
Arduino with weather conditions, short Incorporation of LoRa for
Sultanabanu et al. . . L
(2023) [119] Wireless range transmission, and long-range communication
Communication difficulty in Al model and Al-driven analytics.
integration.
Challenges in real-time data
Weather integration, accuracy issues Requires robust machine
Rahaman et al. . . . . .
Forecasting using due to environmental learning models for real time
(2016) [122] - - . .
CubeSat variations, and difficulty in forecasting.
model calibration.
. Communication link delays, Enhancing communication
Arduino Based o L . .
29. Mar IJAMTES — limited data storage on reliability and improving
Weather
[317] . CubeSat, and sensor storage for better data
Monitoring System Lo .
calibration challenges. analysis.
Limited coverage in rural . .
GSM-Based g . Requires hybrid GSM and
GSM for Weather areas, message delivery . . .
Weather Alerts e . LoRa integration to improve
Notifications delays, and reliance on L
(2020) [118] . coverage and reliability.
telecom providers.
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The literature highlights the growing convergence of CubeSat technology, 10T-based
environmental monitoring, LoRa communication, and Python-driven weather forecasting.
Existing studies validate the feasibility and advantages of using CubeSats for weather
prediction, while Arduino-based monitoring, LoRa transmission, and GSM alert systems
further enhance accessibility and efficiency. Building on this foundation, this research
proposes a CubeSat-based weather forecasting system tailored for hill stations, tribal villages,
and remote areas, leveraging real-time data collection, Al-driven analytics, and GSM-based
notifications for a scalable and sustainable meteorological solution.

METHODOLOGY

The proposed CubeSat-based weather forecasting system is designed to provide real-
time meteorological data collection, processing, and forecasting for remote and internet-less
regions such as hill stations and tribal villages. The system integrates sensor-based data
acquisition, LoRa-based communication, and GSM-based weather alerts. The proposed
CubeSat model integrates multiple environmental sensors, a microcontroller (Arduino Uno),
and communication modules (LoRa & GSM) to collect, process, and transmit real-time
weather data. The system is designed to work independently in remote areas with solar-
powered operation and wireless data transmission to a ground station.

ARDUINO PANEL
UNO

Figure 1 Block Diagram of CubeSat

Hardware Components and Integration

Sensors for Data Collection

e Temperature Sensor — Measures ambient temperature.

e Humidity Sensor — Detects moisture content in the air.

e Rain Sensor — Identifies precipitation levels.

e Barometric Sensor — Measures air pressure variations.

e Anemometer Sensor — Captures wind speed and direction.

Communication & Power System

e LoRa Module — Facilitates long-range, low-power data transmission to the ground station.
e Solar Panel — Provides continuous power to the CubeSat system.

e GSM Module — Enables real-time weather alerts and updates to end-users.
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Data Collection and Processing

The sensors continuously monitor meteorological conditions and send real-time data
to the Arduino Uno microcontroller. The Arduino Uno processes the raw data, applies
calibration, and formats it for transmission.

s ”
r ’.

Figure 2 Model CubeSat

Wireless Data Transmission to Ground Station

The processed weather data is sent wirelessly to the ground station via LoRa
technology, which allows long-range communication with minimal power consumption.

The ground station (Laptop) receives and stores the data for further analysis.

In case of extreme weather conditions, the GSM module sends alerts via SMS to local
users (farmers, meteorologists, or disaster management teams).

Receiving Side: Data Analysis and Weather Forecasting
Data Analysis Using Python
The received data is processed using Python-based forecasting models such as:
e ARIMA (AutoRegressive Integrated Moving Average) for time-series forecasting.
e LSTM (Long Short-Term Memory) neural networks for deep learning-based predictions.

e Random Forest or Decision Tree algorithms for pattern recognition and anomaly
detection.

The Python Script Performs
e Data cleaning and normalization to remove inconsistencies.
e Machine learning techniques to improve forecasting accuracy.
e Historical weather comparison to identify unusual climate trends.
The system detects anomalies such as extreme temperature drops, high wind speeds,
or sudden rainfalls and generates alerts.

Weather Alerts & Updates Using GSM

Daily weather reports are automatically sent via GSM to users in remote areas who
may not have internet access. If any severe weather condition is detected, emergency alerts
are transmitted to the concerned authorities, farmers, and villagers.
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The GSM module ensures that users receive real-time updates directly on their mobile
phones.

Long-Range Communication with LoRa

LoRa (Long Range) technology is used for data transmission from CubeSat to the
ground station. It enables long-distance communication (up to 15 km in rural areas) with low
power consumption, making it ideal for remote monitoring.

Advantages of LoRa in the System

e Reliable communication in areas with no cellular network.

e Low-cost deployment without the need for expensive infrastructure.

e Scalability, allowing multiple CubeSats to communicate with a central base station.

Figure 3 Side View

Power Management and Sustainability

The solar panel ensures continuous operation, reducing reliance on external power
sources.

The system is designed for low-power consumption, making it suitable for remote,
off-grid applications.

Deployment and Real-World Application

The CubeSat model is placed in a remote environment such as hill stations,
agricultural fields, or tribal villages where weather monitoring infrastructure is limited.

It continuously collects and transmits data for meteorological studies and disaster
prevention efforts. The system can be scaled or modified to include additional sensors for
enhanced monitoring capabilities.

RESULTS AND DISCUSSION
Data Collection and Transmission Efficiency

The CubeSat-based weather forecasting system successfully collected real-time
meteorological data using onboard sensors, including temperature, humidity, barometric
pressure, rainfall, and wind speed. The data was transmitted using LoRa communication,
demonstrating long-range, low-power data transmission capabilities. The successful reception
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of data at the ground station confirmed the reliability of LoRa for remote applications.
However, minor delays in data transmission were observed in adverse weather conditions.

Accuracy of Weather Prediction

The collected data was processed using Python-based forecasting models. Machine
learning algorithms such as linear regression and decision trees were used to predict future
weather conditions. The accuracy of the model was evaluated by comparing the predicted
values with actual meteorological data, achieving an accuracy of 85% in temperature
forecasting and 80% in humidity prediction. The results highlight the potential of CubeSat-
integrated machine learning models in enhancing forecasting reliability.

GSM-Based Weather Alerts

A GSM module was integrated to send real-time weather updates to users in remote
areas. The system was able to successfully deliver weather alerts every 24 hours, enabling
communities in internet-less regions to access critical weather information. Some message
delays were noted due to network congestion in certain areas.

Power Management and System Performance

The CubeSat was powered using solar panels, which ensured continuous operation
during daylight hours. However, energy efficiency optimization is needed to extend the
system’s uptime during prolonged cloudy conditions. Future work will focus on
implementing power storage solutions to enhance system reliability.

Comparison with Existing Systems
Compared to traditional weather stations, the CubeSat system offers:
e Lower cost and energy consumption due to LoRa-based communication.
e Wider coverage than GSM-based standalone weather alert systems.
e Improved accessibility for remote and tribal areas without internet connectivity.

LIMITATIONS AND FUTURE SCOPE
Despite its promising results, the system has certain limitations:
e LoRasignal interference can cause slight data loss in extreme weather.
e Limited power storage, affecting continuous operation during low sunlight.
e Machine learning models require more training data for higher prediction accuracy.

Table 2 Analysis of the CubeSat

Parameter Measured Value Eifeigce)rr]rcr;arz((;)) Remarks
Temperature +0.5°C deviation 85% Acceptab_le for
Accuracy meteorological use
Humidity +3% RH deviation 80% Requires more training
Accuracy data
DRamfgII 90% event detection 90% Reliable _for_remote
etection monitoring
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Barometric - 0 Highly accurate
Pressure *1 hPa deviation 92% measurement
Wind Speed - 0 . .
Detection +1.2 m/s deviation 87% Suitable for forecasting
LoRa 5-10 km range (urban), 0 .
Transmission 15 km (rural) 88% Effective for remote areas
GSM Alert 0 Occasional network
Delivery 24-hour update cycle 82% delays
Power Solar-powered (6 7504 Needs battery
Efficiency hours backup) 0 optimization
Overall System ) 85 Reliable with minor
Performance 0 limitations

Component Efficiency in CubeSat Weather System

fenrperalasw M iy Kantal Prws L ()

Figure 4System Efficiency

CONCLUSIONS

The CubeSat-based weather forecasting system designed in this project demonstrates
a promising approach to providing real-time weather updates, especially for remote and
internet-less regions. By integrating key components such as LoRa for long range
communication, GSM for message transmission, and Python-based data analysis for
forecasting, the system efficiently collects, processes, and transmits meteorological data. The
implementation of various sensors ensures accurate measurement of weather parameters like
temperature, humidity, pressure, wind speed, and rainfall. The results highlight the system's
efficiency, with high accuracy in prediction (90%) and reliable data transmission (85%),
proving its capability to function in challenging environments. However, certain limitations,
such as power dependency and occasional transmission delays, suggest future improvements
like optimized energy management and Al-driven forecasting enhancements. Overall, this
project provides a cost effective, scalable, and reliable weather monitoring solution,
significantly benefiting hill stations, tribal villages, and other underserved regions. Future
developments can include machine learning-based predictive models, enhanced CubeSat
telemetry, and integration with satellite networks to improve accuracy and expand the
system’s application in meteorology and disaster management.
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