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Core Al Technologies

Integrating Artificial Intelligence (Al) into satellite data processing significantly advances Earth : : . . : :
science by enabling real-time analysis of vast and complex datasets. Al-driven approaches Artificial Intelligence encompasses a range of technologies designed to process large datasets I IS used for tracking and predicting climate patterns by analyzing vast amounts of satellite data.

utilizing machine leaming (ML) and deep leaming (DL) techniques, enhance the efficiency and @nd perform complex computations, enhancing the capabilities of real-time satellite data This improves the accuracy of weather forecasts and climate models
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accuracy of data interpretation, crucial for disaster response, climate monitoring, and precision Proc¢€ssing. X Lower Costand 300X Less Energy  SX Lower Costand 10K ess Energy
agriculture. Advanced Al methods, such as reinforcement learning and generative adversarial 1. Supervised Learning: Involves training models on labeled data to make predictions or
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networks (GANSs), offer innovative solutions for handling diverse satellite data, optimizing  classify new data. Common algorithms include Random Forest, Support Vector Machines $ % $ c = (croncen) ~ €

observation timing, and generating synthetic data to fill coverage gaps. Onboard Al systems  (SVM), and Neural Networks. §$ . 2 oo : —

further boost real-time processing by analyzing data as it is collected, reducing latency and 2. Unsupervised Learning: Analyzes and clusters data without pre-labeled outputs. S g | S A TR— wom 2

bandwidth usage, which is vital for rapid disaster assessment and response. Integrating data from  Techniques like K-means clustering help in identifying patterns and anomalies in satellite s1o odcun s g s o 8 i —ER

multiple sources, including drones, ground sensors, and crowdsourced information, enhances the data. | - — $51M S i 0 ‘ =
comprehensiveness and accuracy of Earth observation systems. However, challenges in Al 3. Deep learning | | | N < som = = 0% < L =, ¢ @ @ Y 9Y Y Y
deployment remain, including data availability, training optimization, data quality management, ~ Convolutional Neural Networks (CNNs): Particularly effective for image recognition and T Qe g e e e e e

and uncertainty handlina. Euture work should focus on developina advanced Al techniques classification tasks, such as identifying specific features or changes in satellite images over - o _ _
- - o~ J i el T time Fig9. Comparison between models (S:NvIDIA) ~ F1910. GraphCast, an Al weather forecasting
Improving model interpretability, and establishing robust ethical and governance frameworks. ' _ _ _ _ _ gv. P - model,(s: Google)

Collaborative efforts among Al researchers, Earth scientists, government agencies, and  ~ecurrent Neural Networks (RNNs): Suitable for time-series analysis and sequential data, —

making them ideal for tracking changes and trends in satellite data over time.
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commercial entities are essential to drive innovation and ensure responsible Al use Iin Earth
science. These advancements will significantly improve our ability to monitor and manage Earth's
systems, providing critical insights for immediate and long-term decision-making.

Al analyzes real-time satellite images to quickly detect and assess damage from events like
hurricanes and floods, enabling faster and more effective emergency response. In agriculture, Al

Hyperspectral

: de T labels lsbals labels processes satellite imagery to monitor crop health, predict yields, and detect soil moisture levels,
Representation v v providing farmers with actionable insights to optimize resource use and increase productivity.

Real-Time Satellite Data Processing

Pretraining Fine-tuning

satellite

Learning

i : g ~ Peg ] f oy .- 3
The Real-time satellite data processing is crucial for timely decision-making in applications such as ; ’
disaster response, environmental monitoring, and precision agriculture. Al significantly enhances this

process by handling large datasets efficiently, improving data accuracy, and enabling onboard
processing for immediate analysis.
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_ | Fig6. CNN and RNN architectures for Satellite remote sensing
Fig5. Al, ML, and DL hierarchy  data processing (Masarczyk et al. 2020)
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1. Timely Decision Making :Immediate analysis and response to changing condition

2. Disaster Response : Providing early warnings and helping in the coordination of emergency o“board Data PrOcess“‘g wrth AI
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services during natural disasters such as hurricanes, floods, and wildfires Figll. Role satellite in predicting, managing and  Fig12 How Al can actually be helpful in
Onboard data processing with Al offers significant benefits, such as reduced data latency;, mitigating disasters (defstrat.com) disaster response (MIT TechReview)
1. Environment Monitoring : Deforestation, ice melt, and pollution levels Increased processing efficiency, and the ability to make real-time decisions directly on the
satellite.
2. Agriculture Efficiency : Crop health, soil conditions, and weather patterns
Measure relectance of your cro e Analyze spectrum of reflected light identify potential problems of your
e s and Correlate it with crop and soi B s e Lo O
3. National Security : Timely intelligence and situational awareness 1. Reduced Data Latency: Significantly reducing the time it takes to process and transmit o R A . —
data to ground stations.
4. Urban Planning and Infrastructure: Current data on land use, traffic patterns, and urban growth S

2. Increased Processing Efficiency: Reducing the bandwidth required for data transmission &
and improving overall system efficiency.

Car Counting in parking lot Building footprint detection Crop productivity prediction 3 ReaI'Tlme DeC|S|0n Maklng Wlth A|-pOW8red OnbOard pI’OCeSSIHQ, Satellltes can make
Immediate decisions based on the data they collect
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' T ~ data | several Figl3. Use of high-spectral imagery in agriculture (s: geopard)
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Figl. Application of Al in Remote Sensing (Source: % _—

Nvidia, Intel, SkyGlobal, AgrilogicAl, EnergyWorld, Fig2. Real time data processing (axual.com)
Reuters

1. Data Availability: Securing ample, diverse, and high-resolution datasets for Al model training
remains a challenge, especially in remote or underexplored regions.
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2. Training Optimization: Achieving effective learning from vast and intricate Earth science data
demands substantial computational resources and expertise in hyperparameter tuning.

image data(GB level) processing result image patch  target information

The ROIQ Of AI in sate“ite Data PrOGESSing 3. Data Quality: Fluctuations in data quality, like inconsistencies or noise in satellite images, can

Fig7. The comparison between ground processing and on-board processing (Yao et al.2019) compromise the accuracy and dependability of Al predictions.

1. Handling Large Datasets: Al aigorithms excel at procesging vast amounts of satellite data quickiy Al models need to be Iightweight and efficient to run on satellite hardware. Techniques such as 4 Unce_rtainty: Acc_urately managing gnd_qugntifying uncertqinty in Al qu_el predictions IS
and aCCUI‘ately. mode] Compression’ quantization, and edge Al enable these Capabiiities_ |mperat|Ve for mak|ng dependable scientific inferences and informed decisions.

2 Enhancing Data ACCUI’acyZ Machine iearning mOdels can improve the accuracy Of data Hardware Requirements: Sateiiites are equipped Wlth Speciaiized processors iike FPGAS and 5. MOdel Intel’pl’e’[ability: Ensuring Al mOdeIS are intel‘pl‘etable and Compl’ehensible to SCientiStS and

classification and anomaly detection, reducing false positives and negatives. TPUs that are optimized for Al computations. stakeholders is crucial for fostering trust and usability.
3. Predictive Analytics: Al techniques such as predictive modeling help forecast weather patterns, Software Frameworks: Software frameworks like TensorFlow Lite and PyTorch Mobile can be 6. Diversity: Integratin_g various data types (e-g-’ _diverse SENSOor modalities) and enab”ng Al models
environmental changes, and potential disasters. used to deploy Al models on satellites, ensuring they run efficiently within the constraints of to generalize across different conditions and regions pose complex challenges.

satellite hardware. . _ _ . _ _ _ _
7. Integrity and Security: Safeguarding Al model integrity and data security against tampering or

4. Automation and Efficiency: Al automates repetitive tasks such as data cleaning, pre-processing, e _ _ -
cyber-attacks is vital for upholding trustworthiness and precision.

. : : Online Process
and initial analysis, freeing up human resources for more complex tasks.

5. Onboard Processing: Al enables onboard data processing on satellites, reducing the need for — ' Future advancements. By integrating advanced Al techniques, such as reinforcement learning
extensive data transmission to ground stations. - and GANs, with multi-source data integration, Earth observation systems will become more
S
— . . . .y .
6. Data Fusion: Al integrates data from multiple satellite sources, creating a comprehensive and Offline Process Qi accurate and comprehensive. Improved model interpretability will enhance trust among
- - - - - — oIl Server . g . . . - . . . .
cohesive dataset that improves analysis and decision-making. Training database | | =5 stakeholders, while real-time processing capabilities onboard satellites will enable immediate
o . o . . I N i - o - -
7. Improved Data Visualization: Advanced Al-driven visualization tools help in interpreting complex ( > (2 responses In disaster management and environmental monitoring. Collaboration and ethical
. . . . . = o _ —— — e . . . . . . .
data, making it easier for stakeholders to understand and act upon the information. and validation =/ Gateway governance will be essential to ensure responsible and effective Al implementation in Earth
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Satellite 7\ -1g8. Al chipset implementation in the space segment for onboard processing (Ortiz et al., 2023)
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©) \"/ Al-driven satellite data processing plays a crucial role in enhancing the accuracy and efficiency Mississippi State University
: : : : e e, | of climate monitoring, disaster response, and precision agriculture. By analyzing vast datasets
Fig3. Process for translating satellite data into LI in i . . ! . T . :
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