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Research Vision

Global, automated assessment of energy
Infrastructure. ..

...to develop pathways to sustainably meet energy
needs.
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1 Distributed energy supply



Goal: estimate solar array locations, power
capacity, and energy generation
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Solar PV Data

Dataset created by summer
2015 Data+ team and
published in Scientific Data

19,000+ manually annotated
solar arrays from 4 CA cities

Can be used to train deep
learning techniques

Bradbury, K., Saboo, R., Johnson, T., Malof, J., Zhang, W., Devarajan, A.,
Collins, L., Newell, R. (2016) “Distributed Solar Photovoltaic Array
Location and Extent Dataset for Remote Sensing Object Identification.”
Scientific Data, 3. doi:10.1038/sdata.2016.106.

Available for download at:
https://doi.org/10.6084/m9.figshare.c.3255643.v2
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Convolutional Neural Networks
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Every feature map output is the
result of applying a filter to the image

The new feature map is the next input

Activations of the network at a particular layer
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Sample Results

Using convolutional neural networks (CNN)

Original Image VGG CNN SegNet CNN

Camilo, J., L. Collins, K. Bradbury, J. Malof. “Application of a semantic segmentation convolutional neural network for accurate
automatic detection and mapping of solar photovoltaic arrays in aerial imagery.” Presented at the IEEE Applied Imagery Pattern
Recognition Workshop in Washington, D.C., 2017.



Capacity & Energy Estimation

Solar array area = capacity (kW) Solar array capacity = energy generation (kWh)
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Automated estimates of residential solar PV capacity
for CT municipalities

Correlation coefficient of 0.89

—

Predicted
Malof et al., 2019
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Hsu et al., CT Solar Scorecard



Substation Transmission Distribution
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Sample images from Google Maps for demonstration purposes

2 Transmission & Distribution I

Bohao Huang, Artem Streltsov, Kyle Bradbury, Jordan Malof, Submitted 2019
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Mali Niger Chad Sudan

(ML) (NER) (TCD) (SDN)
J 1 J l South Sudan
(SSD)
Bangladesh
India/ (BGD)
/ \ (IND)
Burkina Faso S/ / - Ethlopia (ETH) Myanmar
.\\\
(BFA) ngena Congo, DR —— - U Uganda (UGA) (MMRY)
(NGA) (CoD) T~ Kenya (KEN)
..\h—s_
R — Tanzania (TZA)
Over 800 million
people lack ja
eleCt”Clty A?Ag(;;)a Madagascar
(MDG)
access Malawi
Electricity infrastructure data MWi)
enables the planning of optimized Mozambique
pathways for electrification for (MOZ)

rural CommUHitieS Image from Sustainable Energy for All, 2014



Transmission Data

Annotated transmission,
distribution, substation,
and power plant
imagery data

Data are available at:
http://bit.ly/2)y7WvL
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Challenge #1

Data
resolution
and
availability

0.5 meter, Satellite
WorldView-1 & 2 (proprietary)

0.3 meter, Satellite
WorldView-3 & 4 (proprietary)

0.15 meter, Airborne
(proprietary)

Ben Alexander, Wendell
Cathcart, Yutao Gong,
Atsushi Hu, Varun Nair,

Lin Zuo. Duke 1 meter, Airborne

University Bass
Connections 2019 NAIP (free, extent: USA)

10 meter, Satellite

Sentinel (free, extent: global)

3 meter, Satellite
Planet CubeSats (proprietary)



Tucson, AZ

Colwich, KS

Hartford, CT

Clyde, NC

Challenge #2
Geographic
diversity
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ENERGY

data analytics lab
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PRATT SCHOOL of
SOCIAL SCIENCE & ENGINEERING
RESEARCH INSTITUTE

For questions, contact Kyle Bradbury (kyle.Bradbury@duke.edu)
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