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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
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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


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

[ Downloaded from jgit.kntu.ac.ir on 2026-07-09 ]

[ DOI: 10.29252/jgit.7.3.173 ]

2 slyabl 9 63559 o Slaball 05 > Sz
aY 52 50 bglygls Sllee Jlosl Loles 5 (9590
51 oolitl b a5l g5 eaSid (sl el ity
g AiS dawlie x>0 ool L OW U SO
Ay o 0gbge dmslre o> lie cad Fin
salb e cobol S Ty a8 0gd e el Lacsl e
ol 5 eadarulre lopzsy (g6 & a4y L
53 ondobul glas o (6,085 @ 4z g L bl b
Clyz 1S5 02z 5l ey dlio s ol a5
B J.:L:‘so uL:lJ d.i.u..: 9 OMT Cowdo d.im @Le‘.)
i oM O jg0a CNN Lol sloailse aalsl
Woloads osls

hol s Gigdegls a¥ ipbglggls a
golaxs 5l T 4y e g sl CNN satas Siis
So g gy Jeld a5 ead wisle S L ks
Lg 53959 poal Klgioo &5 (5399 ool I (Al
ol ules oo gl il LE aY e,
Lo ol shiss (555J35 slo,Sha 53 (555 ST,5
Aglesls Y ) an Ygase aY ol sl Y
atd ojlul ok gly oF 5l s 0pSe 58
3 peaSle &l 5l oolul ol o oolaiwl (Shig
5 A et S @hXer e baY )l
vyl sss o Jle s picial sl S ol
u.:):-—l YW ay :YJ...aJ.n [ aYy
AEE Sy A W e oSt | aSel G slaayY
slaay wliige s (Fis Jon St &y (Tis
oras sbasis )3 355 hlies wilen Jate Loles
Goyiall ATl ,E 5 03,5 e Siw sSoias
Jsae ¥yl wss o Jols 1, CNN oSt
S St s a5 el ol by g5 ol S5
e Bilon ange el (nl g edgr el g3k
Lre] s ls 5L oYL

3 Fully connected

1VA

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

1F9A jub @ pguw 6 lodh @ muids Jlw

Sy 50 2bogy slay jleslaiul gl izes
ol g b yal )l slaws LilEl o a5 laSas
Jleel 51 Y g YA ¥F] 085 0 iigel ey
lap] ez G 9 Sgliie olasl b G 35l59lS" wi
5 AY] jo onis milas slaaSis jo ab a3 S o
e 25| pglas Jlail sl glaps 501 Y]
ouds olgiiey diwgy £l Jaw oloul g ol 00
o b S8 3ble 5 Bures bty ol o and
5YL: Cowg Oygo )»)94.'1..;";‘0 WL.A QJS.LQ.C p.’){.c
Ayl sams 8 Slee Sl aghaio ol (51500l
2 Prdesyee polal SaeS edgue aSTx
9953 (sileoe Al 50 (2954 HsSde polal o
&)'BAT‘;M)Q@MJM@MM
ol S>eS odgase o Koo leds s
G Giledae 5 parmts LB e gl IS
3 SRTM ez (o058) Joe 5l 550,00 9 gl
5 ey bli SIS 6lp oy, ) Hsbiren
(LW = W) 00) L)""m JJjLaJ L @“A)J‘"C
ol esdy sloos ol gl el,lS cuis,
DA (6,lgel 5 ol Cawg Dygo 0 L dlwga
g &l )| dalaie

CNN (gwos rasius -Y

slaghs) imb 9 ot 5l CNN slaasis
390l Sty gl 5 s Gres (5550
oot @pSol el a5 wisbe b
S g g Ak a4 S e | e
diiles Laslis pl o Slae aigled oo o2l,8 o S5
LngooL) aQ M‘j )L.m.: GLAJLAA) Lngrg..J)ji” ‘Al..o.J
5 gl Gige o Slee Jdo 4 Lol el 30l
S0 W Cad whiaeF 3 > slrosls Jilae
wd SR pld )5 axgivyge lan lapi,sSl
Yoy, e Al e 93 CNN aSts jo 4o [¥+] el
Jsl al>ye 30 o)l 3525 (390l slp Toleilmy
Jos ol g 0sdior dsS ALl 4 (639)5 pga

! 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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Correspondence Address. School of Surveying and Geospatial Eng., College of Eng., University of Tehran, Tehran, Iran
Tel: +98 21 61114523,

Email. hossein.arefi@ut.ac.ir 10


http://dx.doi.org/10.29252/jgit.7.3.173
http://jgit.kntu.ac.ir/article-1-748-fa.html
http://www.tcpdf.org

