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Abstract: This review paper explores the application of Digital Image Processing (DIP) in weather and
climate forecasting. With advancements in satellite imaging technology, it has become increasingly
feasible to access and analyze satellite images for real-time weather prediction. The process generally
involves two main stages: first, extracting cloud coverage using image segmentation techniques, and
second, quantifying this coverage to predict weather conditions. Factors such as humidity, temperature,
and wind speed are incorporated into artificial neural networks for accurate forecasts. A crucial
component of this methodology is cloud detection, which often uses convolution-based algorithms to
ensure precise feature extraction. This paper reviews current technologies and emphasizes the potential
of DIP for efficient and timely weather forecasting.
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I. INTRODUCTION

Digital Image Processing has proven to be a robust technology across various fields and is now being increasingly
applied to meteorology for weather prediction. There are three primary types of satellite images used in weather
forecasting: Visible Imagery — Captured during daylight, it helps in determining cloud thickness and pattern.

Infrared (IR) Imagery — Obtained using infrared sensors, this imaging technique works both day and night and helps
in estimating the temperature of cloud tops.Water Vapor Imagery — Useful in detecting moisture content and
atmospheric humidity. Weather refers to the short-term atmospheric conditions in a specific area, while climate reflects
long-term weather patterns observed over 30-35 years. Accurate weather prediction is essential not just for safety but
also for economic stability, particularly in agriculture, tourism, and disaster management. For example, timely weather
information allows farmers to optimize crop planting and harvesting schedules.

II. HISTORY OF WEATHER FORECASTING
Ancient Beginnings
Weather forecasting has its roots in ancient civilizations like the Egyptians and Babylonians, who observed celestial
patterns and animal behaviors to predict weather changes.
Development of Instruments
During the 15th and 16th centuries, essential meteorological tools like the thermometer, barometer, and hygrometer
were invented, enabling more precise atmospheric data collection.
Modern Meteorology
The telegraph in the 19th century allowed meteorologists to share observations over long distances, revolutionizing data
communication and establishing a global network.
Vilhelm Bjerknes and Weather Fronts
Vilhelm Bjerknes, a Norwegian physicist, is known as the "Father of Modern Weather Forecasting." He introduced the
concept of "weather fronts" and linked meteorological changes to physical equations governing fluid dynamics.
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Advent of Satellites and Radar

In 1960, the launch of weather satellites marked a turning point in meteorology, allowing scientists to observe cloud
movements and atmospheric changes from space. Radar and Doppler radar technologies followed, enabling real-time
tracking of weather phenomena like rain, wind, tornadoes, and thunderstorms.

III. LITERATURE SURVEY
Paper 1: Weather Forecasting using Satellite Image Processing and Artificial Neural Networks (Kapadia et al., 2016)
This study proposes a two-stage approach using satellite images. First, cloud coverage is detected through image
segmentation. Then, the percentage of cloud cover is analyzed in conjunction with inputs such as humidity,
temperature, and wind speed using an Artificial Neural Network (ANN). The ANN predicts weather conditions based
on this data, demonstrating a simplified yet efficient forecasting system.
Paper 2: Prediction of Rainfall using Image Processing (Govindhasamy, 2010)
This paper emphasizes the use of local cloud photographs instead of costly satellite data. By applying techniques like
the Cloud Mask Algorithm and K-Means Clustering, the author identifies rain-bearing clouds (e.g., Cumulonimbus,
Nimbostratus) based on color and texture features. This method enables ordinary users to assess rainfall probability
using images captured with standard cameras.
Paper 3: Survey on the Application of Deep Learning in Extreme Weather Prediction (Fang et al., 2021)
This paper explores how deep learning models like Convolutional Neural Networks (CNNs) and Recurrent Neural
Networks (RNNs) are utilized to analyze large volumes of meteorological data and satellite images. The authors focus
on the prediction of extreme weather events, emphasizing the capability of Al systems to recognize patterns that human
analysis may overlook.
Paper 4: Use of Model Predictive Control and Weather Forecasts for Energy Efficient Building Climate Control
(Oldewurtel et al., 2011)
This study examines the integration of weather forecasting into Model Predictive Control (MPC) systems for efficient
building climate regulation. By predicting external weather conditions, the HVAC systems in buildings can be
optimized to reduce energy consumption without compromising comfort. The paper highlights the utility of weather
forecasting beyond traditional meteorology.

IV. FUTURE SCOPE
The integration of advanced imaging technologies, Al, and machine learning presents a vast potential for improving
weather forecasting. Emerging trends include:
e High-Resolution Forecasting: Better satellite resolution and ground sensor networks will enhance localized
predictions.
e Al-Powered Models: Machine learning can process vast datasets for near real-time forecasting with increased
accuracy.
o IoT Integration: Data from smart devices and weather stations can feed predictive systems to offer hyper-
local climate information.
e Public Accessibility: User-friendly applications may allow individuals to receive forecasts based on
smartphone photos of the sky.
These advancements are expected to support key sectors such as agriculture, disaster management, urban planning, and
environmental conservation.

V. CONCLUSION
Digital Image Processing is an emerging tool in meteorology that has significantly improved the accuracy and speed of
weather forecasting. Cloud segmentation remains a foundational technique in image-based weather analysis, with Al
models further enhancing predictive capabilities. The integration of GPS for location-based data and real-time image
analysis makes the system more responsive and user-centric. From agriculture to public safety, the applications of
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weather forecasting using DIP are extensive and promising. Continued research and technological improvements will
ensure greater accuracy, reduced response time, and broader accessibility.

REFERENCES

[1]. Wittenbrink, C. M., & Langdon, G. (2010). Feature Extraction of Clouds from GOES Satellite Data.
Technology and Engineering.

[2]. Du Huadong, Wang Yongqi, & Chen Yaming. (2009). Studies on Cloud Detection in Atmospheric Remote
Sensing Images Using ICA Algorithm. IEEE.

[3]. Wei, C., Hung, W.-C., & Cheng, K.-S. (2006). 4 Multi-spectral Spatial Convolution Approach of Rainfall
Forecasting Using Weather Satellite Imagery. Journal of Advances in Space Research.

[4]. Masika, P. S. (2006). Cloud Height Determination and Rainfall Comparison Using Meteosat Second
Generation (MSG) Imageries. Kenya Meteorological Department

[5]. Shou, Y., Li, S., Shou, S., & Zhao, Z. (2006). Application of Cloud-Texture Analysis Sch

Copyright to IJARSCT

www.ijarsct.co.in ISSN

4 2581-0429
€\ IJARSCT /5




