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BMEERT —2DE-ENELITERXR

> ZERNEREED R L : B FAE &£ T30cm (Worldview-3)
> BAEEOR L 1B1EULE DM REERHICLSaATL—23Y)

HEDIVRTL—a EtE [1]

IRESAR
EEETENF - AETECE

Astro Digital () Optical

Axelspace (R) . Optical 50 95
BlackBridge (Planet) () L Optical 5 150
BlackSky Global (k) o Optical 60 50
Capella Space () o Radar 30 TBD
XpressSAR (k) Radar 4 TBD
GeoOptics (K) o Radio occultation 24 115
HawkEye360 () o RF mapping 21+ TBD
Hera Systems () o Optical 48 24
ICEYE(T1>SR) [ Radar 50 <100
PlanetiQ (3K) o Radio occultation 12 22
Planetary Resources (K) o Optical 10 TBD
Planet (3K) o Optical 100+ 3
Satellogic (K) o Optical 25+ 35
Skysat (Planet) Spire Global (k) Radio occultation 50 3
Terra Bella (Planet) () o Optical 24 120

[1] #FEESE, AVATL—avEDRABROEIREFRIEA - /NEBE /D EOSYFOEMTERICETIMES HREE” F30FESA
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(a) Mozambique (b) Madagascar (c) India

(Zhang et al., 2017) (Batra et al., 2019) (Yang et al., 2018) [l

(Du e:él., 201;33
KEREWR iR SR fmEE

Class probability distribut
mxﬁﬁﬂj S
,- - e 3"
4

Building map
P =

(Ba et al., 2019) (Racah et al., 2017) (Fujita et al., 2017)
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FCN-8s Conv Conv Conv Conv Conv Deconv Deconv

Block Block
1/2 / / / 1/1

Input

DeeplLab-LFOV

Conv Conv Conv Conv Conv Classifier Up-sample
Block Block Block Block Block
Input 1/2 1/4 1/8 1/8 1/8 1/8 1/1
Deepl‘a b-vV2 Conv ResBlock ResBlock ResBlock ResBlock Classifier Up-sample

Block

Input 1/4 1/4 1/8 1/8 1/8 1/8 1/1

PSPNet

Conv ResBlock ResBlock ResBlock ResBlock Classifier Up-sample

il | 1/4 1/8 1/8 1/8 1/8 1/1

Input
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|

FCN-8s . Deconv

Input 1/1

DeeplLab-LFOV

-

Conv Conv Conv Conv Conv p-sample
Block Block Block Block Block
Input 1/2 1/4 1/8 1/8 1/1
DeeplLab-V2 Conv ResBlock ResBlock ResBlock ResBlock H p-sample

Input 1/4 1/8 1/8 1/8 1/1

PSPNet

ResBlock ResBlock ResBlock ResBlock

Input 1/4 1/4 1/8 1/8 1/8

p-sample

1 |

1/1
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FCN-8s DeeplLab-LFOV DeeplLab-V2
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© PASCO CORPORATION m



BOH T OTFNBELN?

T T) T DEELGEREIDVEDT‘CINNDREHFZILITSH"C

> AU )T X ERNICEREFENHLTLLE
> BT AHETIYLVEEDBEREZIY AL ZENTES




A\

N E\Df\
g

TN
\o

tH 73

© PASCO CORPORATION ®PASCO

aaaaaaaaaaaaaaaaaaaaaaaaaaa




CPASCO



BOH T OTFNBELN?

BOH T NEBLGEBREDUVEDILINNDZBRHEILITH

> XA T) UG (XEBMIZEREZZENL TOKOE
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ERIZHEND THI=

Pool X 2
{Conv-RelLU} {Conv-RelLU} {Conv-RelLU} Jae
Y | Max 3 | Max ey . AR B EBEZ (50cm 7 EE )75“90)5_%@5:'-
1/1 Pool 1/2 Pool 1/4 * iy 1
Pool X 1
{Conv-RelLU} {Conv-RelLU} {Conv-RelLU}
X 2 Max x 3 X 3
> Pool > » FC
1/1 00 1/2 1/2
POOIfd:L/ :E_)_:}l/ ﬁ"&ﬁ"ﬂ"ﬁf Pixel F1 mioU
{Conv-ReLU} {Conv-ReLU} {Conv-ReLU} Pool X 2 72x72 pixel 58.59% 67.34%
2 3 3
L = =~ FC Pool X 1 42x42 pixel  57.82% 66.89%
1/1 1/1 1/1 Pool&L 23x23 pixel 53.92% 64.59%




ERRICHEMN D THI-

Pool X 2

{Conv-RelLU} {Conv-RelLU} {Conv-RelLU}
X 2 Max X3 Max X 3
| Pool 1 Pool | FC
1/1 00 1/2 1] 1/4
Pool X 1
{Conv-RelLU} {Conv-RelLU} {Conv-RelLU}
X 2 Max x 3 X 3
B p | > » FC
1/1 00 1/2 1/2
PoolZiL EFIL [ BEHY X Pirel F1 mioU
{Conv-ReLU} {Conv-ReLU} {Conv-ReLU} Pool X 2 72x72 pixel 58.59% 67.34%
2 3 3
L = =~ FC Pool X 1 42x42 pixel | 57.82% 66.89%
1/1 1/1 1/1 Pool&L 23x23 pixel 53.92% 64.59%
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~— Skip connectionz L S FiE — - Dilated convolutionz FBLNSFiE —

¥
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Skip connection®

> Pooling CERbHONT-RBEEZEXZLEIC
Hdlow-level T4 EZ ALY THEIE
EE

> Biomedical R BF TEIHZLI=L DAY,
Remote Sensing®D BB &HFFOTEAY
RL»

> JEERZOAUARD EALIET=LVvTLY
UNet® k& 2

input
image
tile

572 x 572

UNet [Ronneberger et al., 2015]

| 64 64

1/1

A4
¥

570 x 570
568 x 568

2842
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output
segmentation
map
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388388 ¥

388 x 388

=» conv 3x3, ReLU
copy and crop

¥ max pool 2x2

4 up-conv 2x2
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FCN-8s DeeplLab-LFOV DeeplLab-V2

UNet
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Skip connection® [Wang et al., 2017]

> CNNDEULNBAEDLow-level featureD PIZIZFEBLRFEHR (VA X)L ZLEENSD
> B AX TS 5D TG FRAGRBHREIESERT IDLELHD

-------------------------

i ResNet-101 :

ECM4 » RCM ~» 1*1conv

conv » RCM

conv *» RCM

onv ® RCM —— ECM1 » RCM = n
4

I 2x up
conv

]

I ’

1 12

'l // The structure of ECM %
S —————. X

(c) prediction (label map)

[] car

. building
tree The structure of RCM
[:] Jowvegetation:: | 20000000 e { :
4 ] element-wise prod—>
[ ] impervious surfaces | sllz !
: = i entropy  (gate)

[l cuutterbackground | 3 i i .

| Hx : 1*1conv — — softmax —» |oss

I 2x up feature maps element-wise su

____________________________

T5—<v7 FRAOIUFOE—
> ONNZA TV OBRAHETEENEL (PRAOTYbOE—AELY
> REETIASEEL AL, BEALTNES ST TIEB S IEHE BT

Wang, H., Wang, Y., Zhang, Q., Xiang, S., & Pan, C. (2017). Gated convolutional neural network for semantic segmentation in high-resolution images. Remote Sensing, 9(5)
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Skip connection® [Yang et al., 2018]

Encoder

Batcl
s
e

Dense
L Blockl

]

transition down 1
2 Y
[ Dense
lock2
ez )

.

transition down 2

s

( Dense \]
L Block3 J

}

transition down 3

.
/ 0“”3“ W
9§ Blocka _J

}

transition down 4

Dense |

s = ~
.
Decoder ense
Irﬂﬂiphﬂd cOon \.'1!!“!:(\“h
bottleneck layer
Dense 3
"1 Blockd
Spatial
;lﬂ('l'lt;nn k| ;\\—\m‘ comvalu
fusion T
bottleneck layer
LI/ Dense 3\
| Blocks |
Spatial
attention transposed convolutions
fusion A
bottleneck layer
&
Spati 1
pHTI.il Dense
.111ﬂ'|.mm BlockT
fusion
transposed convolutions
Spatial
attention
fusion

|
transposed convolutions
L

{_ Blocks J

bottleneck layer

1

Dense A
Block>
[ o=/

v

G EIRTESIDLHIM?
> AttentionY VI ZEIECNNTHELTHITS

(b) Prediction (dataset 2) (c) Ground truth (dataset 2)
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Attention UNet

AR A ITTDBiomedical R D 73 F THSkip T DFHDEUERIRZEZTOFENHTETLS

(Oktay et al., 2018) (Li et al., 2019)

- < s = o G
o 8] |8 R EGE v
D | x L ( I\\ . x {iisE x
o [ = L gl e Il e i
= 3 & b - = k = 2 input M . output
= x x st ' ><: x x 8 640°640*3 & w ¥ 640064001
‘5’ o — I o Voo ST — % >
a = =) Q QIR [Q] (TI™W| |\ E
= > x : >:. G\, ) % x| ooxgox x| o
~ L) [ £ L OSSP igig (28 .
x x LX) ox x| °°
ol ol Ll o e} - LN ] o~ ol
E E e e Q =7 ] E o) ) ' Attention Weight
& 2 o & o el L s % (Conv 3x3x3 + ReLU) (x2)
o8 (& = = }:“ é“ ' ,:: h:. (oo i Attention Gate
5 % x | -4 Upsampling (by 2) —
B | | Q™. 2 [ Max-pooling (by 2) f com2
x x x x | ox x Skip Connection ‘ MaxPooling2d
ol - = ay e o1 . " v
) (&) =] |B () (= Gating Signal (Query) ' BatchNorm2d
;:, ;, 1 Concatenation ‘ RelU
x x _/~ | Attention Gate Conv Transpose2d
Q l: ' Sigmoid
/ b \ Q) Concatenate
/ g \ ‘ () Skip connection
RelU (o) Sigmoid (¢2) Resampler I

G: output of the parallel
encoder block

|
| |
J ,  —
g - |
H.x W,x D, | Al g A ® :
g X:output of the previous | g | |
decoder block ' o I
| |

\F;xHxx W,x D, /

=2

MaxPooling2d

BatchNorm2d

ReLU

ConyTranspose2d

K Sigmoid /

=
z
B
)
z
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Dilated convolutionZ AL A 3F;
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~ Skip connectionZ FALY%3
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Dilated convolution

dilation=1 M'
dilation=2

dilation=4

> BHIAHAN—RILDRBIREILITAZETCERFELITAAE
> ZRFELITADIZYITH T ONRBBELZND TEHREBENTHASEN
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Dilated convolution vs. Pooling

Dilated convolution

Ol
3
(0]
T
OF
0
(0]
<Li
g
ol
L
E
B
&
2
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A oY 2T 27 DR [Sherrah, 2016]

l\ —
- | ™M ~ < O 0 | — 3 A 9
Il X Il X Il X Il X T X @©
| 2 2 2 2 T =
nput o N o -~ S £ Output
> = > | = > | = > s | > &
c O c O c O c || —= c c o)
o O o O o O o O o | O n
O o O o O o o 9 o O

Pooling& H ARSAFIE T RT1

~N| ' \J

Input
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Fy) o927 U0 OHEERR [Hamaguchi et al., 2018]

DilationZIE KEE TLKEH AIZTIYRIRD /A XA H S




Fy) o927 U0 OHEERR [Hamaguchi et al., 2018]

d=4
ONONO
8 d=2
O O
VB d=1
ONONO
Input
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Fy) o927 U0 OHEERR [Hamaguchi et al., 2018]

World's Leading Geospatial Group
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Fy) o927 U0 OHEERR [Hamaguchi et al., 2018]
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Fy o T 2Ok [Hamaguchi et al., 2018]

FCN-8s DeeplLab-LFOV DeeplLab-V2

S

UNet RBEFE

~ofess
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SR EEEREZCNNDF ¥ RJILAR TERET 5 [Chen et al., 2018]

r2 channels High-resolution image (output

Sub-Pixel Convolution [Shi et al., 2016]

> BHOF ORI DFEZIEFICESTERRE
EDEYA9(ZUpsample T S 5%
> BREOXARTIREINI-FiE

> VE—hEVVUTEBRDET A T3 DR ? : ‘ - .
R g&» - a

Deeplab Deeplab-sub-pixel-conv

Chen, K., Fu, K., Yan, M., Gao, X., Sun, X., & Wei, X. (2018). Semantic Segmentation of Aerial Images With Shuffling Convolutional Neural Networks. IEEE Geoscience and Remote Sensing Letters, 15(2), 173-177.

World's Leading Geospatial Group
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Boundary-awareZiLossEE %k [Yuan, 2016]

> BYHNEYTEODDNAFYTIELEL, BYDERET
DIEBEZHE T SEBEEELTE(d)

> BRFEFTOIRMAGCTET A ETAHI DT IMDEROK
KRIZEALTEYEELRFERECNNIZEZHZENTES

¢4 $ . % N .
S L . ¢ d *

(d)

Yuan, J. (2016). Automatic Building Extraction in Aerial Scenes Using Convolutional Networks. ArXiv Preprint ArXiv:1602.06564.
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ET 54T ) FDOERZHRMIZHTE [Iglovikov et al., 2018]

> Skip connectionF FIL\THITIET YA oDLVTHRESINTLED
> BMEIEYT DL THRET 50, rvb T —I(aBTAERERET5T 5 F 4B
> BRHIN-BREZAVCEYREBERZR0IE
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TIPS : BTy TORBEISEETILS

BREBREICIEZH S TRYNI IR ZT DT T BFRICKEN LADGEELNHS

4_

] ) ) )
—1 _ = = =
[} [@) X 2 =2 X 2 =2 2 =2 (] Q =2 =4 =% -z X N = X 2 (]
o o O O O O O O O O o (a'es (©] (] O O O O O (®] o oc
= allll|]|Ll||lL|]|=. o128 oL : ! olje(|lLel|lL ol L ol L £ =
Sl xAoafafdedadoeadafdesEnsrieeefdeenadafde] ™ &
| © (%] (%) (%) (%) (%) (%) (%) (%) 7 i (%] (%] (%] (%) (%] (%] (%] (%] (7, \
< [} [} [} [} [} [} [} [} < 4 [} [} [} [} Q ] [0} [} a <
= > [ [ [ [ [ [ [ [ c c [ [0 o [0 [0 [ [ [ ) c
o o o o
O o o o
1 1 1 1 1 1 1 1 1 1
2 8 16 2

1
Down-sample Up-sample

1/32F TERBBRENELLD(FELL

ResNet18% /\'wo7R—>[ZL7=Residual UNet
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TIPS : By JDBEEIZEFEZD
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ZALIE(Z & B %40 [Mattyus et al., 2017]

CNN 7521k BWNIL—7
YT A TF—30 (Thinning, B§3&1kt) UV EZHIFR

L L L L L rd

> ETOIHR (TESLEFY) SO TUHE > BMLEGORBEOE
> SmEZDITvIEEOE & (LEIE > FESOMLRNIZH B MDD /—k Lz 8% CNNIZA S
> 100mK BN IL—TF LB > ERENERHLIGEILEMGEZEITIRE > ELLMEGETHINEIE
> ERAIREG IR R T N TERT D AT D

MEof-iEEe ELLMES

Mattyus, G., Luo, W., & Urtasun, R. (2017). DeepRoadMapper: Extracting Road Topology from Aerial Images. ICCV.
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MEIERDEA [Mosinska et al., 2018]

- MEEEEEATHLETRRAS—0 o e -

SIECRI=BS

\ INAFYHORTUAOE— /

ground truth Liop = 0.2279 Liop = 0.7795 Liop = 0.2858 Liop = 0.9977
Mosinska, A., Marquez-Neila, P., Kozinski, M., & Fua, P. (2018). Beyond the Pixel-Wise Loss for Topology-Aware Delineation. CVPR.
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HE FAROS—OIGA [Hu et al., 2019]

SAENMROD—OFEZRAINVSIET, Ground TruthED ROV —MEWVNEF XY EENIZIEXBEH#ICHEAAAT

TR Likelihood f Loss Ground Truth g

Input Image

N EoKYFELTLNS N -

o T SHEMOC—FRAVNILEREDOMROD—D
E#5IFRILTLBE VL ERFETES
FmSmSSmmmmsmsmmeees \ RALGESTWBE I EILEITEGTITEDITAHK
Topological Loss Computation: B x 5 [:i%‘ L,'CL\%

* Compute persistence diagrams
from likelihood and ground truth

* Match diagrams Dgm(f) and
Dgm(g) to compute Lyop,

ZLNDHREY

— e ———

e e e — —

(4 cb(p'/i“f
h g f 4

Hu, X., Fuxin, L., Samaras, D., & Chen, C. (2019). Topology-Preserving Deep Image Segmentation. CoRR.

Persistence diagram
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GTMDDiagramENERNFIEK LT HE MRAD—DEIRESE VL
IVEGTITAE DT A KB RBHENEONSD
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SR XLI1T 5 [Zhou et al., 2018]

DeepGlobe@CVPR2018IZH 1T 5B HRIE HEFIDEBIHET L
th R &R 53 [ZDilated convolutionZFFALNSZETRYNT—ODZ BT ZEILIT . EHEEDORIEZTER

;---I Conv[(7x7), stride=2] ‘

I ® : I©‘1
' | 4

? P@ Conv[(1x1),(m/4, n))
|

Y

Input

|_ Sigmoid output

I - Transposed-Conv(3x3),
- {m/4,m/4), stride=2]

Conv([(1x1),(m, m/4)]

‘ Max-Pooling
=

Res-blocks

n 3x3 Conv(dilation=n)

Res-block
4x4 Transposed-Conv

— Skip connection

GB Addition

(exg)auo)

Zhou, L., Zhang, C., & Wu, M. (2018). D-linknet: Linknet with pretrained encoder and dilated convolution for high resolution satellite imagery road extraction. CVPRW.




EIRDAEZFET 5 [Batra et al., 2019]
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SpaceNet, DeepGlobeM 2 DN KRBT —A IV TCREFREZTEML TS

LI A T—a  ERIEDEHRIESYED

) ) Orientation Branch
Skip Connections ((’ ‘

' @ '  rstacks, (2 ) (s Q rxwn @
N ... N HfZ x W/2
Stacking + Fusion

Residual DeConv +BN Pixel-wise MaxPool Fusion Multi-Branch ;
Block + RelU ' Classifier ' ' module Segmentatlon Branch °
HxW
= /

/
N

&

Conv + BN
+ RelU

Batra, A., Singh, S., Pang, G., Basu, S., & Manohar, C. V. J. (2019). Improved Road Connectivity by Joint Learning of Orientation and Segmentation. CVPR.




I A T—2 3 VIR L 1 LVFEE [Bastani et al., 2018]

EREERMFAIVITEANELT, BIRICER TV TEBELTUCNNFIRE
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(1 N2 N3 N4 N5 N6 3 3 000000 ;‘;
Decision: l 3. 3 Decision: STOP & 3
K i LL
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Bastani, F., He, S., Abbar, S., Alizadeh, M., Balakrishnan, H., Chawla, S., ... Dewitt, D. (2018). RoadTracer: Automatic Extraction of Road Networks from Aerial Images. CVPR.




I A T—2 3 VIR L 1 LVFEE [Bastani et al., 2018]

FSUINIEERDIVTEHM>TNT, ERTVT TEBREERDITEHEH RTINS

Decision

Loss

4

Oracle

Bastani, F., He, S., Abbar, S., Alizadeh, M., Balakrishnan, H., Chawla, S., ... Dewitt, D. (2018). RoadTracer: Automatic Extraction of Road Networks from Aerial Images. CVPR.
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[Zhou et al., 2018] [Mosinska et al., 2018]
[Batra et al., 2019] [Hu et al., 2019]
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EBRFE

« JE—rE LT BHEICImageNet I B AN ?
c ETHAZENIHESIN TUL VS [Penatti et al., 2015] [Marmanis et al., 2016]
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RGBUSNDF v o R ILDEHITE O THIEAME [Iglovikov et al., 2018]
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Iglovikov, V., Seferbekov, S., Buslaey, A., & Shvets, A. (2018). TernausNetV2: Fully convolutional network for instance segmentation. CVPRW.
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FLCEAZMOF v RILIZE T E—[Pan et al., 2019]

RIT-18 1/2 B 1=(+Random

SegNet-TL SegNet-TL-PCA CoinNet

Overall accracy 77.0 81.8 88.8
Average accuracy 38.7 44.8 52.1
PCAT3band[Z

RGBF YU RILIZDNMNBEHINTA—E%

P BRI

By o

-y = AR

»\\\\\
\\\\

— o :
*#15:&7“}7 \ E =

E—E =

AAN B

IR1

Pan, B., Shi, Z., Xu, X., Shi, T., Zhang, N., & Zhu, X. (2019). CoinNet: Copy Initialization Network for Multispectral Imagery Semantic Segmentation. IEEE Geoscience and Remote Sensing Letters,

16(5), 816-820, https://doi.org/10,1109/LGRS.2018,2880756
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B REEMN b DFEE [Kemker et al., 2018]

TILFARGRIVEHRIZR L TET IV E TR IZHIE TEDHERF =T —2 D0
S LZaL—YarTRILFARYKNVEEZ S B (DIRSIG)
> BREREFE->TEAIFEE

¥& & LLBZ (Average accuracy)

S5 LAAE S RE# TEFEE
SharpMask 52.4 % ‘ 57.3 % +4.9%
RefineNet 301% W) 598% +29.7%

ERLT-& FER
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Distribution of building size in DeepGlobe building detection dataset
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H 4 X4 E D E T /)L [Hamaguchi et al., 2018]
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