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About MindEarth

MindEarth operates in the field of 
location intelligence and human 
remote sensing , generating and 
combining data from first -party 
street -view imagery , Earth 
Observation products and mobility 
data using artificial intelligence.
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Earth 
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In-situ                    
street - level data

ML / AI



Copyright - Mi ndEa r t h 2023

The SupR-NTL project

FUTURE EO-1 SEGMENT 2 
OPEN CALL FOR PROPOSAL 
FOR EO INNOVATION
Fast Innovative Action

Super-Resolution
NightTime Light

Developing a robust and scalable 
system based on Deep Neural 
Networks for generating SR-NTL 
imagery at 130m resolution , to be used 
for the production of high- resolution 
electricity access maps at the large 
scale .
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End User

● Inte rna tiona l organis a tion launche d  
in 2011 by forme r UN Se cre ta ry-
Ge ne ra l Ban Ki- moon;

● Partne rs hips  with UN, priva te  
s e c tor, gove rnme nts , and  c ivil 
s oc ie ty to s upport SDG7;

● As s is tance  in e ne rgy trans ition, 
re ne wab le  e ne rgy proje c ts , e ne rgy 
e ffic ie ncy and  loca l ca rbon 
marke ts .

Sustainable Energy for All 
(SEforAll)
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Background

Key challenges:
● Ove rcome  e ne rgy pove rty, 
● Improve  living  s tanda rds ,
● Fos te r e conomic  de ve lopme nt,
● Promote  s us ta inab ility.

SDG7: Ensure access to 
affordable, reliable, 
sustainable and modern 
energy for all
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Ba c kgr ound

Worldwide electricity access

● 660  million pe ople a re  proje c te d  
to re ma in without acce s s in 
203 0 .

● Of which 85% (~560  million) in 
Sub - Saha ran Africa . 

● De ve loping  countrie s  in As ia a re  
on track to achie ve  unive rs a l 
acce s s , le aving  only 70  million 
without acce s s  by 203 0 .

https ://www.ie a .org /re ports /sd g7-d a ta-
and - projec tions /acce s s - to- e lec tric ity

10 00
Electrification rate
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Key differences:

● Popula tion de ns ity

● Limite d  infra s truc ture .

● Ene rgy mix and  acce s s  to  
mode rn type s  of e ne rgy. 

● Economic  de ve lopme nt and  
gove rnance .

Fastest developing vs  
least -electrified regions

Share of population with access to electricity (%)

Ba c kgr ound

https ://www.ie a .org /re ports /sd g7-d a ta-
and - projec tions /acce s s - to- e lec tric ity

World  (9 0 ,2%)

Tha iland  (10 0 %)

Camb od ia  (9 6 %)

Laos  (9 7,4 %)

Myanmar (6 3 ,6 %)

Ke nya  (75%)

Malawi (12%)
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Nighttime lights observation from space

● Re mote  s e ns ing  of night light 
e mis s ions  a llows  d ire c t obs e rva tion 
of human ac tivity from s pace .

● EO- de rive d  NTL image ry is  us e d  a s  
proxy for quantifying  and  qua lifying  
human ac tivitie s :

● Ene rgy acce s s  and  us age .

● Popula tion de ns ity

● Economic  ac tivity and  growth.

● Conflic t monitoring .

● Light pollution impac t on he a lth.
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The origin of Nighttime Light 
observations
● 1970s: Initiation by the US Defense 

Meteorological Satellite Program 
(DMSP) - Spatial resolutions of 2.8 km 
to 1 km in 1992.

● 2011 and 2017: Launch of satellites by 
NOAA/NASA equipped with VIIRS -DNB 
sensors - Monthly composites with 
~500m resolution.

Nighttime lights observation from space
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Commercial Satellites for High - to Very 
High- resolution NTL imagery.

● J L1- 3 B: 0 .92 m re s olution.
● EROS- B: 0 .5  m re s olution.

Limite d  s ca lab ility due  to the  high cos ts  
of high- re s olution image ry.

Ni ght t i me  l i gh t s  obs e r va t i on  f r om s pa c e
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● Launche d  on Nov 5 , 2021 a s  pa rt  of the  
Big  Ea rth Da ta  Sc ie nce  Engine e ring  
Proje c t of the  Chine s e  Acade my of 
Sc ie nce s  (CAS)

● Ope ra te d  by the  Inte rna tiona l Re s e a rch 
Ce ntre  of Big  Da ta  for Sus ta inab le  
De ve lopme nt Goa ls  (CBAS)

● Equippe d  with glimmer imager for 
detecting NTL between 10 -40 m 
resolution

● Limited access quota - specific projects

Sustainable Development Goal 
Satellite 1 (SDGSAT-1)

SDGSAT-1, Beijing (China), 26.11.2021

Nighttime lights observation from space
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● Launche d  on J une  2 , 2018 , by Wuhan 
Unive rs ity (ava ilab le  to  March 2019 ).

● High- re s olution imaging for low- light 
e nvironme nts  (13 0m re s olution)

● Ope n acce s s  s ce ne s : 8675 
250x250km s ce ne s  cove ring  Europe , 
South and  Eas t As ia , North Ame rica , 
and  Aus tra lia

● Applica tions  in urban de ve lopme nt 
monitoring , d is as te r re s pons e , and  
s tudying  light pollution e ffe c ts .

Luojia-1 (LJ1) Satellite:

Nighttime lights observation from space

LJ1, Beijing (China), 17.10.2018
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Spatial coverage of Luojia -1 (LJ1) Satellite:

Nighttime lights observation from space
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SupR-NTL: Technical objectives

● De ve lop  a  Generative Adversarial 
Network  ( GAN) to s pa tia lly e nhance  
VIIRS- DNB NTL monthly compos ite s  
from 500  to 13 0m re s olution.

● J ointly e xploiting  S1 and  S2 da ta , with 
LJ1 NTL as  re fe re nce

● Cre a te  SR-NTL  monthly averages for 
multiple countries for the  la s t 5 years .

● Te s t SR-NTL imagery against LJ1 NTL 
data not us e d  in tra ining  to e ns ure  
robus tne s s .
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Sentinel -1 (S1) Data:
● Origina l Backs ca tte ring  Va lue s
● Te mpora l Sta tis tics : Me an, minimum, maximum, and  

s tanda rd  de via tion va lue s  ove r a  ye a r.

Sentinel -2 (S2) Indicators:
● Origina l Bands  a t 10m and  20m Re s olution (vis ib le , 

ne a r- infra re d , and  s hortwave  infra re d  bands ).
● NDVI, NDBI, Mod ifie d  Bare  Soil Inde x (MBSI)
● Te mpora l Sta tis tics : Me an, minimum, maximum, and  

s tanda rd  de via tion va lue s  ove r a  ye a r 

Global Sentinel -1 (S1) Coherence:
● S1 me d ian cohe re nce  (s e as ona l s umme r da ta s e t 

te s te d );

Input data
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https://github.com/GFZ/arosics

VIIRS-DNB NTL Data:
● Monthly and  annua l ave rage s  from J anua ry 2014  

onwards .
● Addre s s e s  gaps  due  to c loud  cove r or s ola r 

illumina tion

LJ1 NTL Imagery:
● 8675  ~250x250  km s ce ne s  be twe e n J une  2018  to 

March 2019
● Origina l rad iance  va lue s  conve rte d  to VIIRS- DNB 

units .
● Cloud  mas king  and  co- re gis tra tion .

I nput  da t a
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Luojia (LJ1) imagery cloud masking to reduce 
the scatter of stree - tlights in cloudy areas 
using “Luojia1 -Cloud -Detection” tool

https://github.com/dedztbh/Luojia1 -Cloud -
Detection

Satellite

Preprocessing and dataset preparation
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a) Sentinel -2 true -colour
b) Summer -day S1 
c) NTL radiance from LJ1 

imagery (with  non - linear 
shift)

d) NTL radiance after 
geometric correction 
using AROSICS tool.

https://github.com/GFZ/arosics

Preprocessing and dataset preparation

Automated and Robust Open -
Source Image Co -Registration 
Software (AROSICS)

a b

c d
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Envisaged System

Generative Adversarial Network 
(GAN)

Able to learn complex relationships 
between high - res and low - res 
images with a Generator / 
Discriminator -based architecture 
that train the model in competition.

This competition enables the 
Generator to better learn and 
replicate empirical data compared to 
standard DNNs.

Original LR Image 4 x HR image

Enhance VIIRS-DNB NTL monthly composites from 500 to 130m resolution

SR GAN
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Envi s a ge d  Sys t e m

● Tra in GAN mode l us ing  S1/S2 
ind ice s  and  VIIRS- DNB da ta .

● Downs ample  S1/S2 (13 0m).

● Ups ample  VIIRS- DNB (13 0m).

● Generator: Uses residual blocks 
for high - resolution details.

● Discriminator: Differentiates real 
vs. generated images.

● Multi - scale gradient to improve 
stability and convergence

● Use MAE, PSNR, SSIM for quality 
check.
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Use Case: Generation of electricity access maps 

International Institute for Applied Systems 
Analysis (IIASA)

● Clas s ifica tion of urban and  rura l a re as  
us ing  WSF- pop laye r (DLR).

● Calcula tion of the  me d ian SR- NTL 
rad iance  pe r grid  ce ll 

● Grid - ce ll ca te goriza tion (lit  or da rk) 

● Popula tion ma tching with lit /da rk pe r 
grid  ce ll

● Es tima tion of e ne rgy cons umption 

Re s ults  comparis on us ing  VIIRS- DNB orig ina l
image ry and  ge ne ra te d SR- NTL image ry 
(500m vs  13 0m re s olution).

Fa lche tta , G., e t a l. (20 19 ): A high- re s olution grid d e d  d a tas e t to  a s s e s s  
e le c trifica tion in s ub - Saharan Africa . Sc ie ntific  Da ta .

25

250 0 +

Pop without 
access/sqkm

Distribution of people without 
access in Uganda, 2018  
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SR-NTL monthly averages maps will be produced for the last 5 years for selected countries 
in South -East Asia and Sub -Saharan Africa.

Demonstration sites

Myanma
r

Laos

Thailand

Kenya

Malawi
Cambodia



MindEarth SA
Rue du Manège 5, 2502
Biel - Switzerland
CHE-477.784.769

www.mindearth.ai
mindearth@mindearth.ch

Any questions?
Dr. Alessandra Feliciotti
Project and Operations manager
alessandra.feliciotti@mindearth.ch

Dr. Gianluca Murdaca
Data Scientist
gianluca.murdaca@mindearth.ch

mailto:alessandra.feliciotti@mindearth.ch
mailto:gianluca.murdaca@mindearth.ch
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Residual blocks workflow

Concatenation
Input

Convolutional Layer

ReLU

Convolutional Layer

Residual Scaling

Addition Output

Residual Blocks
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Aggregated electricity 
access and consumption

SR-NTL /  VIIRS-
DNB NTL

Rural vs. urban 
classification

Binary Electricity 
access rate 

estimate

Per-capita 
consumption tiers 

estimate

Gridded electricity access 
and consumption (130m)

OSM + ML-Road

National / province-level 
electrification rates         

(ESMAP / DHS data)

Household level electricity 
consumption (World Bank)

GADM level-1 and level-2 
administrative boundaries

validates

Input data

Validation and ancillary 
layers

Pre-processing

Processing
Estim

ates
O

utputs
WSF-pop

Electricity access maps workflow
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