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_ Motivation 2 CNN Milestone Architectures

Since 2012, Deep Learning with Convolutional Neural Networks . mage Recognition LS o (’ ‘ ‘ ’
(CNNs) Is the state of the art approach for image recognition (IR), _ = { ; @SM © . ‘ o ° ©
segmentation (IS) and object detection (OD). CNNs have mainly been =73 s- 7 VA % IS O R o H ;
developed in Computer Vision (CV). Here we introduce the evolution of @Q)C_EG % § o gi E» § : s ZZE § Z %
CNNs in CV and its transition to Earth Observation (EO) applications, © & 7 = . ” ; 8 g g £ - oz - g
by reviewing CV [1] and EO [2] publications from 2012 to late 2019. o < § % § : g
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3 CNNs In Earth Observation lIn 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 DeeplLab 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

] Object Detection 253 |n order to give an overview of the most widely
iInvestigated data, applications, and CNN
architectures in EO, 429 publi-cations in 16 EO
journals were reviewed. Overall they picture
CNNSs in an advanced transition phase from CV
to EO. A majority of these studies have a focus
on method development and proof of concepts.

- Image Segmentation

n=429

117

design.
Sensor and Data Types Applications CNN Architectures in EO
n=429 :
245 186 airports(6) Image Recognition | Convolutional Backbone n=426
Sensor Platforms aircrafts(12)
Types n=427 cars(19)
n=427
113 87 road network(52) ResNet- Inception(11)
34(5 MobileNet(6) —
54 41 () DarkNet(5) ——
ships(52) ResNet-18(6) ResNet(28) | AlexNet(13) Other(3)
. 0 5 . 3 5 DenseNet(15) ResNet-50(26) ZFNet(10)
— L —_— local climate zones(2) _
Optical [ [] B satellite [ [] (] ga_clléx_stra(I:l btourt1_dar|§s(3) Image Segmentation n=261
Multispectral [] Bl B B Aircraft B B B B inLgusl?r?/(Si ection(3)
—— L] 2 B — 2 =5 iInformal settlements(7)
settlement changes(7)
Spatial Resolution medium500-<800cm (16)
n=427

low >800cm (74) extraction (43) Naive-Decoder
SegNet(17) ResNet(14) (21)

VHR<100cm (184) building footprints(43) DeepL%lé)?/%)-[r(]é?) Vintage(12)

Object Detection n=167 Patch Based(15) Custom(5)

wetlands(6)
binary LCLU(24)
high 100-<500cm (153) tiocl
multi-class
multi-class RetinaNet(5)

The large majority of the used data are optical

iImages with a high to VHR spatial resolution detected ) . | Custom(10) Custom(6)
_ _ _ object detection livestock(1)
from space. The usage of higher spatial resolution (46) —ﬁggg‘;“““fe(l) R 4 VEG  des " , | ;
reflects the strength of CNN to extract spatially rich ol pams(©) €S T ' an S 95;9”? ?re f T_OS Hcomg‘onﬁ’ ”USG
. : . t t

feature Information. Those features are of high - ﬁn% bihﬁg)%ig%g)s() SZ:}\;?];‘ 'ZP: Ch?)Zeno?neSE(())ra:ﬁnurce:\/exlrzarslotrr:.e eer:sc)zll,ersdicc())vgllg

: : : multiple crop types(13 . -

|mport_ance_when l00king for ob_ect_s and clas_s - vegetation(17) ishrubs(3) designs are the most prominent, especially the U-Net. These

especially if they are small and with fine-grained 2 %plantspecies@) _ | T | |

details. CNNs are used in applications to detect trees and forests(4) designs support a precise localisation during the decoding process

entit es. N e.g. transportation, settlements or " hazadsie) ] If?gg;i&e)s@) gnd therewith are essential for small targ_ets which are prominent

agricultural, as shown to the right. However, to meet ) ssessment(®) in EO data. In OD, the Faster R-CNN is the most established

the requirements of remotely sensed data EOHEEOTT o widite(s) model. With adaptat_ions to predict rota_ted boxes or even in_stqnce

adaptations of the CNNs are necessary. ___cyosphere(r) ﬂﬁg%ﬁr)ost(z) masks., It reache_s high performances In EO. Overall, thg flndm_gs
| [ sea ice(2) made In adaptations for EO will lead to a surge of studies which

glacier margin(2)

Investigate objects dynamics.
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