[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOI: 10.29252/jgit.7.3.173]

. ; 8, &

d&&w‘bf‘f/)cﬁu/ﬂu/u}gy/

/ﬂ{’y/d V0|.7, No.3, Autumn 2019
/})/ /JM}’ \VY-\aA

g o oJlio

Joto 9 YU S b (glolgnlo 1 9uad S5 31 oolisuo! b gelans o093y Jubo 2! ykias
@0 (§50L sl p SRTM Slea (o098,

T e s SN ol Snol ol

Ols oBadls - 8 slvoaSiils Lus p - S Dledbl 5 (510 Al pwdige 0aSiiils (5 el S9xd (515 (gemiils )
Oyt ol8ils (28 sroaSlals Gud y ( S Sledlbl g (g ,ls pasds cwiige ouSaily JLoliwl =Y

VA VY sl 5wdy 2ol VWAV A sallie 2l s o s

LRV

2,08 059l yo egiie Slad )5 g bl e 905l heminn g (6 kel STud 059> )0 Y gaze (py Fnge dlez I (DSM) e s a9 Joo
peas SO IDSM gl sl ISl el 0ais v dllie cpl 10 5 &ls 5L DSM ! Sl (gl sl SO 5l i 4 99290 Sla SIS
5ol s 5 5 o Gant 2yl e (S sl e oS Sl ol 395 gy 9 520 gl
6‘).! ra)&ni GLQOQL) w}m 9 LSCLL?)‘ ).M)LCLA G)L_..J&m ‘JJ\S}}S )"5L_‘4: aQ c)b.{ch ).ajL_.AJ H )...]a.\ @wa)lb).l U‘“‘"’ L.\.u‘
a5 aib oo LeFas=— J380S o ksle lls solgiian (CNN) (iiglggilS ouae a5l .04 oo plol A 4 39,9 (5l Wosls (5 5Luwoslel
00 3 cstrnire 3 sions 6o, 2 Sy ) s 598 o il 00 b el ol yenid 5l 202 S
095y e 4 ol | Gledbl ol jod 4y e e (5150 0503 8LSI L . aigd oo gl pinl (g o )lee olis | polie g ou i SIS
5 ool b (solgiien oy )oSIl ] o ey e DSM ey Yo ine Jauer oled b SRTM) Lt Jlol, 31, So55 o pgale oclis)|
sobas (golpaing CNN aSllls Laugh odbiod) cpasd S>gS ol )| polas bl Lol Jbj)) LQQT Sblse slDSM 5 slo,lgale yglas
Ol Hde a iy (B o, Sk slas (Br) (oows (oSibeo slas (sl o 5 4 e YA02 5+ YY) 0 QYY) olie b wgis
ERMSE L_s‘).i w).l L )...o f/PTa )l..\.o.o .‘a_..uj.ua )510 O 03— él;ul LSJLQJ 4.’>)LSJ $LQDSM LSJLO))‘ L e PR J_.oL’> (ERMSE) ul.u}o

o] sy

SRTM elas )| 058y Jow cslolgnle 19 ST ¢ iiglggils cvac aSl ¢ (098, (o Joo o jlgauds

S Sl g (g1 A cwdige 0aSiils (18 0aSiiils ¢ Jlad Sl el (a5 1008 A5Ie 00wy gidHE
SYYY-YY- Y04 :al

Email : hossein.arefi@ut.ac.ir


http://dx.doi.org/10.29252/jgit.7.3.173
https://jgit.kntu.ac.ir/article-1-748-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOI: 10.29252/jgit.7.3.173 ]

S8 eaisS snnlin S 4 s Jolae  Jolgd
oaSodnlin ly Gl paal auley oo il
@ ol | sy ale 5l USS oy, aled ol
2 nyal Sl paw am glAal g, S plge
Dol el Jsd BB 60 Sos gl)ls a5 26,5 L
nolie glgul sl sgaome Sjge 4 by,
Lol el ooy ool 55 (slo lgale polas 5l elis )|
slr B oy sl glFl sl i
s V8] el aals OIS o5 cBs b gy bl
3 e Al Sleogas 5l eslinul s a5 1> [V
28 53 d9zee S0 b Shy BS5 l
B8 gamdn o 4 liws (gl Wlg e

A3l celis
el G133 gz pizgs 5l IS 50 a4 Ll
e L L U I
i SS W Gkl s b LSl eesS
b 4 Conl o oy eSe STl eolainl b g
gl 5 gmyp bg Oloy sk o e el Sl
J> w900l wdlis gl Alise Sl
Gl 09> 50 pgal Gl Gee (eesS dllus
0925 &5 Sl Gl Slaslre Sjgots g pgad
r $30 Oygety Gl (ol s 0 Slos
3okl b b gwypm ol 5l Jols il g ous
Silwosky $Fgals slajldlay g laldlece.
Asola slagyledl 5l ladl i (s s 2 [V ALsgs
s 38 5ee3S Sl Nt ST g gyl o o
gl 0 a5 Sy &dly o ayled go ooliinl Ao
S ooanline sl e glp) adls ews o
3 s (o8 ol a8 s Ly g
i g gl lp et S5 gols slagLe]!
3 IS ysbas VAl sgs o solitul aims 5l ec
Gub )l Ao S anae 5 Sl (Ll ae
(b3 Byl i ame o] Glo Shy Jolos
ol @ gl bl) 5o 0 5wl Lol (s ol
Solz o b eog S Sop as)le plast a5 Jlse

7 Shape from shading
8 Cue
2 Monocular
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! Digital Surface Model (DSM)
2 Change detection

3 Structure from motion

4 Shape from focusing

J Single view

% 11l-pose


http://dx.doi.org/10.29252/jgit.7.3.173
https://jgit.kntu.ac.ir/article-1-748-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOI: 10.29252/jgit.7.3.173 ]

e 19SS jl o3laiul b phu 5098 5 J3o gl pRiwl

Gle G ¢ SUS jaol ool Sol>

s ool 5l B elE)] Sl )
il i palyd |, s 5 lalazs b

o al) b a5 sl a5 ol gaiss o
ks Vb bz L DSM G el ;08 Groe oS0
Ol 5d 0sd 00y e lojlgale naai STl L
Ll ML gl sla S gl bl b,
Shosliiul b e g aaS 5lusly adlaie (S
Pilse B polie Fonl whe sl Shy
Slllae ailhio o Sliz g 05zge FSHsS
S Shs oS Cusl S5 p3Y igd e 03) (e
slaa¥ ot gl sl Shy 4 mb gl
sl Sy 4 Vb gl laShy 5 GecpS 5 4y
ONN a5 S5 o ras sloayY 5l ond 5l
o2)lse dal )5 sy, AL Coles po 09 oo atiS
g oas gl il o] colis ) ledlol 5 ivaji
DSM S, SRTM elis)| cosd, oo 5l (650
T sy lolgale psai (6l 3 5 4z LS,

0 &S Canl Oy pl 4 dlie Gl aslsl o
oy o eddelxl Slllae (550 VA
2yl S5l Ges g (o)) polis eesS gl Sl
3 paite s ¥ S (0 e (Sl 0als &5l
i 5 00 ke NN ree (glaaSts s Lo
ools gyt ¥ 2du yo Jol5 jobay (soleiinn (P9,
Golwooly (olpriny Wy, D isu 0wl 0ud
2 leiyd g 9pS e L8 byl Syse 5 S
ihoge Sl T Slsleing 5 s Sam i

) pomr s gl aie 50 a5 &)50 Dliios
1 Gee gl Gty 08 93 3 UlEis
Orble (@l 059> )0 pglai 4 by &5 gl S5
&S eSSl el e Slaghs, g S
Sl g sl S8 059> 50 pglal 4 by
0903 (ol (At 599

iS5 | e oo radks )Y

il 03 5 Butes g an gl3l o,
53 0B polal | Bes (e Cqx g (dle

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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