SkylmageNet
A global dataset of cloud
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Global primary energy consumption by source
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IPCC Sixth Assessment Report
(Mitigation of Climate Change - Figure SPM.7)

Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer Energy efficiency

term compared to 2030. Material efficiency
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Wind and solar are
variable energy

sources
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Integrating a large share of variable energy sources is challenging

OISTRIBUTED ENERGY
RESOURCE MANAGEMENT

WIND POWER PLANT HYDROELECTRIC POWER PLANT

Credit: Professor Pierre Pinson - Inaugural Lecture at
Imperial College London

Applications: Smart grids End-users: Gains:

Energy trading Grid stability Energy companies Financial

Battery management Demand flexibility Grid operators CO2

Power plant management Energy dispatching Individuals (via energy Material use (minerals)

Maintenance scheduling  Energy planning management services)



Image-based solar forecasting - data sources

Satellite Ground-based
imagery sky images
Resolution 10 ~ 15min Secs ~ mins
1 km~5km 10 m~ 100 m
Coverage 30 min ~ 1 day <1 hour
9 1~ 10+ km <10 km
Short-term local | Ultra-short-term
Application or regional hyper-local
forecast forecast

Paletta Q., Terrén-Serrano, G., Nie Y. et al. Advances in solar forecasting: Computer vision with deep learning. Advances in Applied Energy (2023).




Image-based solar forecasting - methods

Deterministic physics (2011)

Sky image sequence

-

. ; Feature extraction
_Contiguous Cloud motion Cloud mask and
image frames vector map grid

# Cloud Brightness Sun
pixels level intensity

End-to-end deep learning (2018)

Sky image sequence

Deep
Auxiliary input (PV, irrad., learning MV\/\/\/\
model

sun angle, wind speed, etc.)

N\MM CNN, LSTM, etc.

Chu, et al. Intra-hour irradiance forecasting techniques for solar power integration: A review. iScience (2021). Nie, et al.

Future PV/irrad.
prediction

Machine

learning
model

SVM, random

forest, ANN, etc.

Feature engineering + Machine learning (2013)

Additional features
from weather data

NEWAWNAY

Future PV/irrad.
prediction
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State of the art,
but data hungry!




Pre-trained models for few-shot/zero-shot learning

Location A A ( Location B

A A

—_—
| Initialised model Pre-trained model

.

\1 day (250-280 samples))

Paletta Q., Nie Y., Saint-Drenan, Le Saux. Improving cross-site generalisability of vision-based solar forecasting models with physics-informed transfer learning. Energy Conversion and Management (2024).



SkylmageNet Initiative




The Team
We are a group of researchers from various institutions around the world led by MIT

(Stephen J Campbell and Yuhao Nie), and passionate about leveraging the power of
Al and big data to tackle the challenges related to energy and climate change.
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Missions

e We aim to accelerate solar energy meteorology research to facilitate the
global energy transition.

e We aim to develop a complete data pipeline from the database to software
tool to ease the access and utilization of the data.

A -
|

SkylmageNet skyimglib
- J . J
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Target tasks

Our primary focus is on downstream tasks related to solar energy meteorology,
but we are actively exploring opportunities in other research areas with the data.

Solar forecasting

Cloud segmentation
Cloud classification
Cloud motion prediction
Aerosols

Others

12

Paletta Q., Terrén-Serrano, G., Nie Y. et al. Advances in solar forecasting: Computer vision with deep learning. Advances in Applied Energy (2023).



SkylmageNet

Datasets released by

i ienti izati GCD, TCDD,
X National labs or scientific organizations . MBLE
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[ 1 upon Hugging Face (to be released)

Tasks:

[ 1 upon Google Cloud (to be processed)

P

TAN1802 Voyage

ARM-\AWARE

] sricwe
csicC

Overview:

e 8 processed datasets on
Hugging Face (HF), 4
million+ samples

e 10 datasets to be
processed and uploaded to

HF
e Cover 16 locations around
the world
Tasks:

e SF/CMP:9
e CS/CC:9

Nie et al., Open-source sky image datasets for solar forecasting with deep learning: A comprehensive survey, Renewable and Sustainable Energy Reviews (2024)



The Python library: skyimglib

SkylmageNet on Hugging Face

Purpose: Make the dataset easily

Dataset contributors Dataset 1 Dataset 2 Dataset 3 aC C eS S I b I e to the Com m u n Ity
- o) wondng _ _
d:taset (:5; g Dataset 4 Dataset 5 Dataset 6 Fu n Ctl O n al Ity fo r US ers :
e Data downloading
e Data formatting
ot e Data normalization & transforms
] e Dataloader
QWE/\ @—. i e Evaluation metrics
| . R ... e Pre-implemented models
training users
O_. odes Functionality for Contributors:

e Pre-processing

e Quality control
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Documentations (to be released!) O

1. € Website: sky-image-net.org
2. ©) GitHub repos:

O

O
3.

O
4. &

SkylmageNet: https://github.com/SkylmageNet/skyimagenet
skyimglib: https://github.com/SkylmageNet/skyimglib

Docs:

skyimglib: https://skyimglib.readthedocs.io

&2 Hugging Face: https://huggingface.co/skyimagenet (Public)



https://huggingface.co/skyimagenet

Workshop Papers ICLR 2024 Paper #69 ¢ Previous Next >

SkylmageNet: Towards a large-scale sky image
dataset for solar power forecasting (Proposals Track)

Yuhao Nie (Massachusetts Institute of Technology); Quentin Paletta (European Space Research
Institute); Sherrie Wang (MIT)

Paper PDF Recorded Talk Cite

Computer Vision & Remote Sensing Earth Observation & Monitoring Meta- and Transfer Learning

Abstract

The variability of solar photovoltaic (PV) output, particularly that caused by rapidly changing cloud dynamics, challenges
the reliability of renewable energy systems. Solar forecasting based on cloud observations collected by ground-level sky
cameras shows promising performance in anticipating short-term solar power fluctuations. However, current deep
learning methods often rely on a single dataset with limited sample diversity for training, and thus generalize poorly to
new locations and different sky conditions. Moreover, the lack of a standardized dataset hinders the consistent
comparison of existing solar forecasting methods. To close these gaps, we propose to build a large-scale standardized
sky image dataset --- SkylmageNet --- by assembling, harmonizing, and processing suitable open-source datasets
collected in various geographical locations. An accompanying python package will be developed to streamline the
process of utilizing SkylmageNet in a machine learning framework. We hope that the outcomes of this project will foster
the development of more robust forecasting systems, advance the comparability of short-term solar forecasting model
performances, and further facilitate the transition to the next generation of sustainable energy systems.

16



ﬁ Hugging Face (1 Search models, datasets, users...

SkYImagENEt Community
Upgrade to & Enterprise

Al & ML interests

Sky, Earth, and atmospheric observations for advancing solar
energy forecasting
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Contact

If you are interested in contributing to SkylmageNet or collaborating (e.g. code or
data), please contact Yuhao Nie at nieyh@mit.edu

To join our community Slack groups (110+ members) contact Quentin Paletta at
guentin.paletta@esa.int or scan the QR codes:

Solar Energy Meteorology

Sky Images for Solar Energy (Includes the SkylmageNet public channel)

18
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SkylmageNet
A large-scale sky image
database for solar energy
meteorology
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Quentin Paletta (ESA) on behalf of the
SkylmageNet team.
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