
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/344401246

An Introduction to Deep Learning with CNNs Applied on Earth Observation

Data

Poster · September 2020

DOI: 10.13140/RG.2.2.17857.99686/1

CITATIONS

0
READS

144

3 authors:

Some of the authors of this publication are also working on these related projects:

BF-DELTAS View project

Forest Cover Dynamics View project

Thorsten Hoeser

German Aerospace Center (DLR)

6 PUBLICATIONS   15 CITATIONS   

SEE PROFILE

Felix Bachofer

German Aerospace Center (DLR)

103 PUBLICATIONS   353 CITATIONS   

SEE PROFILE

Claudia Kuenzer

German Aerospace Center (DLR)

459 PUBLICATIONS   6,926 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Thorsten Hoeser on 28 September 2020.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/344401246_An_Introduction_to_Deep_Learning_with_CNNs_Applied_on_Earth_Observation_Data?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/344401246_An_Introduction_to_Deep_Learning_with_CNNs_Applied_on_Earth_Observation_Data?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/BF-DELTAS?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Forest-Cover-Dynamics?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thorsten_Hoeser2?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thorsten_Hoeser2?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/German_Aerospace_Center_DLR?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thorsten_Hoeser2?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Felix_Bachofer?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Felix_Bachofer?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/German_Aerospace_Center_DLR?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Felix_Bachofer?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Claudia_Kuenzer?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Claudia_Kuenzer?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/German_Aerospace_Center_DLR?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Claudia_Kuenzer?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thorsten_Hoeser2?enrichId=rgreq-a348b3a0a50be8d34687d0d4850fcf05-XXX&enrichSource=Y292ZXJQYWdlOzM0NDQwMTI0NjtBUzo5NDA2NDExMjcyNjQyNjRAMTYwMTI3NzcyOTc4Mg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


An In t roduct ion  to  Deep Learn ing wi th  CNNs 
Appl ied  on Ear th  Observat ion  Data

0

e.g. ReLU

MaxPooling
Convolution + 

Activation

1x

3x3 kernel

2x

Input

Convolutional Backbone /

Feature Extractor

 Head

Image Recognition

Image Segmentation

Object Detection

Thorsten Hoeser1, Felix Bachofer1, Claudia Kuenzer1,2

1 German Aerospace Center (DLR), German Remote Sensing Data Center (DFD), Wessling, Germany
2 University of Würzburg, Würzburg, Germany

A
le

xN
et

Z
F

N
et

V
G

G
-1

9

In
ce

pt
io

n 
V

1+
B

N

R
es

N
et

-1
52

In
ce

pt
io

n 
V

3

In
ce

pt
io

n-
R

es
N

et
-V

2

D
en

se
N

et
-2

64

R
es

N
ex

t-
10

1

M
ob

ile
N

et

M
ob

ile
N

et
 V

2

M
na

sN
et

N
A

S
N

E
T

5M
10M
15M
150M

Number of Parameters
M = Million

MobileNet Family

NAS Family

ResNet Family

Inception Family

Vintage Architectures

ac
c@

5 
[%

]
on

 Im
ag

eN
et

E
ffi

ci
en

tN
et

-B
0/

B
3/

B
7

80
90

85
95

2012 2013 2014 2015 2016 2017 2018 2019

F
C

N

D
ee

pL
ab

V
1

U
-N

et

D
ee

pL
ab

V
2

R
ef

in
eN

et

D
ee

pL
ab

V
3

D
ee

pL
ab

V
3+

D
en

se
 P

re
di

ct
io

n 
C

el
l

A
ut

o-
D

ee
pL

ab

hand crafted
architecture

architecture built
with NAS

encoder-decoder

naïve-decoder

m
Io

U
 [%

]
on

 P
A

S
C

A
L-

V
O

C

20192018201720162014 2015

60
65

70
75

80
85

90

date [first version in arXiv]

R
-C

N
N

*

one stage detector

two stage detector

Y
O

LO
-V

1*

F
as

t R
-C

N
N

F
as

te
r 

R
-C

N
N S
S

D

Y
O

LO
-V

2

F
P

N
 (

F
as

te
r 

R
-C

N
N

)

M
as

k 
R

-C
N

N

R
et

in
aN

et

Y
O

LO
-V

3

C
as

ca
de

 R
-C

N
N

C
B

N
et

 (
C

as
ca

de
 M

as
k 

R
-C

N
N

)

E
ffi

ci
en

tD
et

-D
7

A
P

 [%
]

on
 M

S
-C

O
C

O

2014 2015 2016 2017 2018 2019 2020

20
30

40
50

2 CNN Milestone Architectures1 Motivation

Airport

3 CNNs in Earth Observation

n=429

Object Detection

Image Segmentation

253

117

20
18

48

20
17

9

20
16

2

20
15

20
19

ApplicationsSensor and Data Types CNN Architectures in EO

Image Segmentation n=261

Object Detection n=167

Image Recognition / Convolutional Backbone n=426

Naive-Decoder
(21)

Custom(11)U-Net(87)FCN(38)

SegNet(17)
Custom(8)

DeepLabv3+(6)

Custom(39)

Vintage(12)
ResNet(14)

Sensor
Types
n=427

Optical

245

113

54

9 5 1

Multispectral

Radar

Satellite
Aircraft

UAV

n=427
Platforms

186

108

87

41

3 2

SSD(22)
YOLO
(13)

RetinaNet(5)

R-CNN(96) - Faster R-CNN(77)

Spatial Resolution
n=427

Since 2012, Deep Learning with Convolutional Neural Networks 
(CNNs) is the state of the art approach for image recognition (IR), 
segmentation (IS) and object detection (OD). CNNs have mainly been 
developed in Computer Vision (CV). Here we introduce the evolution of 
CNNs in CV and its transition to Earth Observation (EO) applications, 
by reviewing CV [1] and EO [2] publications from 2012 to late 2019. 
Below a CNN for IR is depicted, which shows how convolution and
pooling operations are
used to extract
high-level features
for classification.

IIn IR, first relatively shallow vintage architectures with many parameters were used. 
Later, with concepts from Inception and ResNet, deeper networks with fewer 
parameters became possible. Lately, parameter efficient designs are developed. With 
FCN in 2014 a model design was proposed, that per-forms image segmentation in one 
pass of the entire image. The U-Net model and those from the DeepLab family are 
today the most widely used and adapted. For OD, two-stage detectors are more 
accurate but need more pro-cessing power. Still, the well established R-CNN models 
are the most widely exploited and adapted models, also due to their intuitive modular 
design.

In order to give an overview of the most widely 
investigated data, applications, and CNN 
architectures in EO, 429 publi-cations in 16 EO 
journals were reviewed. Overall they picture 
CNNs in an advanced transition phase from CV 
to EO. A majority of these studies have a focus 
on method development and proof of concepts.

The large majority of the used data are optical 
images with a high to VHR spatial resolution detected 
from space. The usage of higher spatial resolution 
reflects the strength of CNN to extract spatially rich 
feature information. Those features are of high 
importance when looking for objects and classes, 
especially if they are small and with fine-grained 
details. CNNs are used in applications to detect 
entities in, e.g. transportation, settlements or 
agricultural, as shown to the right. However, to meet 
the requirements of remotely sensed data, 
adaptations of the CNNs are necessary.

ResNet and VGG designs are the most commonly used 
convolutional backbones for feature extraction. Hereby, shallower 
variants are chosen in EO as in CV. In IS the encoder-decoder 
designs are the most prominent, especially the U-Net. These 
designs support a precise localisation during the decoding process 
and therewith are essential for small targets which are prominent 
in EO data. In OD, the Faster R-CNN is the most established 
model. With adaptations to predict rotated boxes or even instance 
masks, it reaches high performances in EO. Overall, the findings 
made in adaptations for EO will lead to a surge of studies which 
investigate objects dynamics.

n=429
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(115)

settlement
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general LCLU
(57)

multi-class
object detection

(46)
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(42)

vegetation(17)
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other(16)
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ships(52)

road network(52)

cars(19)

aircrafts(12)
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local climate zones(2)
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building detection(3)
industry(5)
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settlement changes(7)

urban VHR feature
extraction (43)

building footprints(43)

wetlands(6)

multi-class
LCLU(27)

binary LCLU(24)

livestock(1)
aquaculture(1)
rice(6)
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other crop plants(7)
farmland boundaries(8)

multiple crop types(13)

shrubs(3)
plant species(4)
trees and forests(4)

damage assessment(8)

floods(4)
wildfire(2)

landslides(2)

wildlife(5)

glacier margin(2)

permafrost(2)
snow(1)

sea ice(2)

ResNet(147) Vintage(137) Custom(117)

Encoder-Decoder(161) Patch Based(68)

Two Stage Detector(106) One Stage 
Detector(41)

Inception(11)
MobileNet(6)

DarkNet(5)
Other(3)

VGG-16(82)
VGG
(23)

AlexNet(13)
ZFNet(10)

ResNet-
101(48)

ResNet(28)
ResNet-50(26)DenseNet(15)

ResNet-18(6)

ResNet-
34(5)

Patch Based(15) Custom(5)

Custom(6)Custom(10)

VHR<100cm (184)

medium500-<800cm (16)

low >800cm (74)

high 100-<500cm (153)
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