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7 Shape from shading
8 Cue
2 Monocular

1Vie

S0 Oilelbl (5,9Ld wigo — (Siing o ole oyl

1F9A jub @ pguw 6 lodh @ muids Jlw

doddio -

Slegdge 5l (o ngad 5l o)l polie gl Sl
Jae 055 43 e &5l Copail o 5 2l
SYgams 5| (S olse 4 (DSM) (e (b
23,5 0 599 3 o 5 (g5l S8 50w s
pesl w2l 51 S Glee |, DSM
owankd (V] ganands s b laogs
do] w5 JUT F Y] soman s3lasb v
Sloelol loyiy, 5 [Pl Toln ololis
5 il S8 03 o [V Sl ledb) pncw
Wl attie 45 jghailen Cadly g0 3l Grew
Sa250 )0 1) gaman buse S Ygene (098, sl
aeslme ln sy il Woslse Ghled &
g2l S5 5 (55500 sl Sl pog dmy ol
Glhe sblss y> ead 331 gl @s; 5l 4T Wil
Comdye e 5 ganddie plnil sl o S5
255 A sl e solitul oSy (soman
SIS TS ) sl b s, 5l %
S Sle 4 Lkt G pslas 1T wsSs
dls glp Coll Conse Sl oad 3 sl
reas S5 laghyy ol L8] Wpie o g any
el 00l Wl (610 pgal Cosdee i g 0350
a5 Sl alais Sl ead 31 pslas Gl Adly o
09 5P b g Ll Cadge o Sk ool
ogi o ooliiul pge dm glydeiul gl il e
2eas STl oolatuwl b L (gaman Sledbsl b5k
Taden Sesl, Bl sl g enmn e gl
olie 53,8 paas wdly,s [V oY Y e
shls gaman Sledbl 4 ) L g xS ax o
5 Jotew ably o S 1> il S8 sl S
)] 5 Sy o S g S, slrosls (e s
wolams Jle lp IVE] o)l 892y g 5l
o aS Gl byl 5 plSy UK b oas)le

! Digital Surface Model (DSM)
2 Change detection

3 Structure from motion

4 Shape from focusing

J Single view

% 11l-pose
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8 High-level
9 Low-level
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" Convolutional neural network

2 Deep learning

3 Feature engineering

4 Shallow layers

3 Deep layers

¢ Shuttle Radar Topography Mission
7 Digital Elevation Model
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! Conditional random field
2 Markov random field
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J Encoding
¢ Conditional generative adversarial
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! Receptive field

2 Pooling

4 normalize Digital Surface Model
4 Skip connection
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! Feed forward
2 Back propagation
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Abstract

The digital surface model (DSM) is an important product in the field of photogrammetry and remote sensing and has variety
of applications in this field. Existed techniques require more than one image for DSM extraction and in this paper it is tried
to investigate and analyze the probability of DSM extraction from a single satellite image. In this regard, an algorithm based
on deep convolutional neural networks (CNN) is designed. In the proposed subject, firstly, some preprocessing such as
dividing the satellite image into smaller images, localizing the height values and data augmentation are applied in order to
prepare data to enter the network. The proposed CNN network has an encoder-decoder structure in which, different and
effective features in different scales are extracted in the encoder stage and the generated features are fused to estimate height
values by presenting an effective procedure in the decoding stage. Subsequently, the ground and non-ground pixels are
separated and height values of the non-ground objects are extracted. The final DSM is obtained by adding the non-ground
pixels with height information to the SRTM digital elevation model (DEM) with 30 meter pixel size. The proposed algorithm
is evaluated using the satellite images and their corresponding DSMs. Analyzing the estimated small height images using the
proposed CNN indicated 0.921, 0.221 and 2.956m on average for relative mean error (Er), logarithm mean error (EL) and
root mean squared error (Ermse), respectively. Moreover, analyzing the final seamless DSMs indicated 4.625 on average for

Erwvse.
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