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Why CSD ?

Reduce data traffic

Reduce latencyReduce energy consumption

Less bandwidth usage

Reduce space usage/HW cost

Boost performance

Why CSDs ?
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Why 3CSD ?

High Level Security

User-Friendly Application

Increase Data Storage

Less Inference Time

High NNs Accuracy

Streaming Inference 

3CSD: Additional values

NNS/LILLIAN: Enhance Accuracy

NNS/LILLIAN: Triage Sub-system

Efficient solutions for Multi Sensors

Subsystems Health check/failures
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3CSD Architecture Design 
Triage/Prediction Subsystem

5

...

Triage/Detection 
Subsystem

Raw Data

...

Imaging System

NNS 
Multistage

LILLIAN 
Multistage

Ensemble

SSD

Storage

OBC

Data Bus

NNS: Neural Network Supervisor
LILLIAN: LeveragIng Last-miLe data usIng 
context-based AutolabelliNg
ISP: Image Signal Processing
IE: Image Enhancement
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Real Time Streaming - Detection/Tracking
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GSSD
Get Synchronised Solar Data tool to gather images and time series data
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❖ CME Features time series data 
❖ Lasco Coronagraph (C2, C3) Images

❖ Solar Flare Features time series data 
❖ Synchronised detected CME
❖ Solar flare images EIT SOHO wavelengths
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EoFNets
EoFPhyNet-EoFGeoNet: Flare prediction 
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EoFNets - Stacked Nets
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PhyNet ϕ

GeoNet ϕAR / ϕ
Geometric 
Features

AR / ϕ
Physical 
Features

Non Flaring region

Flare Class ϕ

Non Flaring region

Flare Class ϕ

Final decision

EoFNet

EoFNet - > C

EoFNet - > M

EoFNet - > M5

Fusion Final class
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GeoNet: On board 3CSD
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DetectionFrames

Streaming

Cropped Regions Masks

Segmentation

TS Features

● Total number of positive (negative) clusters
● Size of largest positive (negative) clusters
● Interaction factor of MIP
● COM distance between positive and negative 

elements of MIP
● Total magnetic flux of each element of MIP
● Timestamp
● AR ID

Thresholding

Reference: Leveraging the Mathematics of Shape for Solar Magnetic Eruption Prediction

Flare Features/ label

Time Serie ModelFlaring region?

https://arxiv.org/abs/2003.05827
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EoFNets Evaluation
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Fig.1: EoFPhyNet - 
Flare > C

Fig.2: EoFPhyNet - 
Flare > M

Fig.3: EoFPhyNet - 
Flare > M5

Fig.4: EoFGeoNet - 
Flare > C
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FrCMENets
FrCME: Predict whether flare is associated with CME 
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FRCMENet
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➢ A Time series network that is 
able to forecast the solar flare 
and CME events by monitoring 
the evolution of Active region in a 
fixed window size (6 hours)
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CMEENets
Forecast the CME properties
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CMEENets
➢ CMEENets is a stack of networks is designed to forecast the CME properties
➢ CMEPP is a part of CMEENets designed to predict the CME Properties 

(direction, velocity, mass, etc) using the LASCO C2 and LASCO C3 dataset 
for ensemble

➢ CME-DyC: A classification network to classify CME independently based on 
each single CME property

➢ CMEAT is a network of Cabinets that is designed to estimate the observed 
CME arrival time using the LASCO images, the CME properties and the 
Observed time.
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Predicting CME Arrival Time
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Regression Net

CME properties

Predicted CME Arrival Time
CNN

From CMEPP

Predicted CME Arrival Time

Ensemble

Observed Time

Observed Time
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CMEENets - CMEAT 
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LASCO C2 LASCO C3 
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CMEENets
CMEPP & CME-DyC: Classify CME based on its properties
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CME-DyC
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CMEPP results
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CME-DyC results
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Summary
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The 3CSD space weather features presented here are mainly divided into four main features:

➢ Continuously monitoring the sun in real time to swiftly detect and track solar events like the evolution of the active 

regions and Coronal Mass Ejections (CMEs)

➢ EoFNets (Eye on Flare Networks) represents the stack of two-time series networks (Physics-based features and Geometric 

based features)  to predict whether the active region is flaring. 

➢ FrCMENets (Flare-related CME Networks) is a time series network that is designed to predict weather flares associated 

with CME using flare features.

➢ CMEENets: The stack of three network to create an end-to-end CME monitoring and forecasting system

○ CMEPP (CME Properties Prediction) is dedicated to predicting the CME properties such as Central PA (deg), 

Angular Width (deg), and Linear speed (km/s) using LASCO C2 and LASCO C3 datasets. 

○ CMEATP (CME Arrival Time Prediction)  to predict the arrival time of CME that hits the Earth

○ CME-DyC (CME Dynamic Classifier) to classifier the observed CME based on its properties (mass, central pa, linear 

speed, etc)
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Future work
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➢ Enhance the capabilities of our time series predictors (EoFNets, FrCMENets, etc.)

➢ Considering the sunspot properties and evolution (e.g. using McIntosh classification) in the 

prediction of solar events.

➢ Consider the topology analysis in the active region tracking. 

➢ Develop approach to retraining networks with less resources and high efficiency
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Thank you
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