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Generating a Digital Elevation Model from
Sentinel-1 satellite images using

Interferometry technique - Study Area.
Tal Kalakh - Al-Qaryatayn in Syria

Eng. Dareen Nofl * Dr.Eng. Hanan DARWISHE**
Dr.Eng. Adnan Mohammad** Dr.Eng Fadi CHAABAN***
Abstract

Digital Elevation Models (DEMs) are of great importance in many
scientific and applied fields as they are the main inputs for a wide
variety of applications, in addition, they are one of the most significant
data sources for geospatial information and analysis.

This research presents a comparative study on the quality and reliability
of (DEM) generated using the radar interferometry technique from
Sentinel satellite data by processing (11) pairs of images in Tal Kalakh
and Al-Qaryatayn regions in Homs city/ Syria. Moreover, the impact of
temporal and perpendicular baseline and the direction of the satellite's
ascending and descending flight was examined on the quality of
interferogram and coherence products and thus the resulting elevation
values. accuracy assessment and a statistical comparison were
performed of the derived elevation values with the elevation values of a
set of field-measured points in both study areas. where the results
showed that the best value of the mean square error (RMSE) was (8.04
m) in the Al-Qaryatayn region, which has a plain nature and low
vegetation cover in the case of a descending orbit for temporal baseline
(12) days and perpendicular baseline (151 m). While in the Tal Kalakh
region, which has rugged terrain and dense vegetation, the value of
(RMSE) was (12.62 m) in the case of a descending orbit for temporal
baseline (12) days and perpendicular baseline (143 m). Digital
Elevation Models in Al-Qaryatayn in the case of the ascending orbit are
more accurate than in Tal Kalakh for several unified temporal and
perpendicular baselines of the two regions, where the (RMSE) values
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ranged between (10.67), (14.01) and (68.77 m) in Al-Qaryatayn while
they decreased in Tal Kalakh to the corresponding values between
(46.27), (68.54 )and (148.91 m).

Key words: digital elevation model (DEM), Radar Interferometry,
Accuracy Assessment, temporal baseline, perpendicular baseline,
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4 | S1B_IW_SLC__1SDV_20190904 | SIB_IW_SLC__1SDV_20191010 36 119 @Sﬁ
5 S1B_IW_SLC__1SDV_20190928 | S1B_IW_SLC__1SDV_20191010 12 82 @Sﬁ
6 | SIA_IW_SLC__1SDV_20191004 | SIB_IW_SLC__1SDV_20191010 6 176 CJSB
(descending ) dlalgll cihlaall (o gaall #1530
1 | S1BLIW_SLC_ 1SDV_ 20190625 | SIB_IW_SLC__1SDV_20190929 | gg 172 e
2 | S1B_IW_SLC__1SDV_20200731 | SIB_IW_SLC__1SDV_20190929 60 153 CJSB
3 | SIB_IW_SLC__1SDV_20191011 | S1B_IW_SLC__1SDV_20190929 12 143 CJSX‘."
4 | S1B_IW_SLC__1SDV_20191011 | SIB_IW_SLC__1SDV_20190929 12 151 U:C\:Uﬁ\
5 S1B_IW_SLC__1SDV_20190625 | S1B_IW_SLC__1SDV_20190929 96 177 U:\'.'\f)ﬂ\
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AT} =15 — N
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A§ =85 —Sum
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LOdgeal) Mgaiul Jie) Om phad) 8 Aa) a0 Y s ey eall e 4
Ll aob e ulie Sasee ulad Lty Giliall ange (e jsea aladinly Lid Gl
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((Prep )orard) shll) V) mhau slias) e bl ol 75k iy Jalsll Jual
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4r
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ool & UKy (10X3) 05 336 Lelol o malipdl (4 clulall Gl Glaa 5
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Baga Bl (Sa oSy ¢pminiall clulal) 3hlie b ohll Cilegles Balaiu) oSa ¥
Jie aradic joh Gladie Guld P e dalall hbie 3 sagasall Ghalsgl)
(FFT) ol 4ysh Jisad aasig g3 (20 Aaledll)( Goldstein )oplis Mgt iy
Akiise ao (N dalall &85a5 25 3) L[19] gyeall & aaazall M LAY s o]
aii 3k e (21 daldl)( Power Spectrum )aalall Cada  yiai 2y dalvie
( Spatial Resolution )is\<dl juall 48y Casm .alaY) 46l ((FFT ) 1) sl
Gy Ghliall (Se 858 aludl phall 3halie mulip aid ¢ Aaall Hhall 535 ae diyall
P (S0 b il S Allg sl (Sl cplal)
H,v) = Z(wv)|*  (20)

w_ 2w  v?
Z(u,v) = exp{ — ”2(1”_’;2) v (21)

(Adaptive Filter ) s z&5e :H (U, V) «tus

(Power Spectrum ) dallall Caks :Z (u, v)

(u, v) @l il paje o :( 0y ) o 0y ) 2280 @bl 2 (u, v)
Laelu Lo 1345 Jalull Lbis sags 52L3) cubadalee il sl aasis . Jgil) e
Aalledl Slilee S IS G

Phase Unwrapping (PU)_ghll (<ilaill) calis &b 3.5.3
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Gasarl ) 35l L ohal) ol Yol g e il galal) gl Vh Jalal) lE sk da))
e da (27 ) ke Jalall Gl sl 8 Duss algy o3 ¢ Ul sl 4l e
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cand) (271 )5 (10 )l coda dalall JalSs Aol Jadh ol AD i L glatie Jus
Glaall lusall JelSs 58 Lanie ¢ ey - (Aulag) sy (oond) (F271) 5 (Rades iy
skl il ke Canaty JalSH lue oo Al 5Sin JalSH A b cyia
1(22) DAl e Byslaiall COLK 3l
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o Liie Wibite cad gily yatne Lol shd e Ble g ciliall e okl
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LU ) a5 e Al Ly IS s

(Terrain Correction ) (i laill moauas 3.5.5

dpuvigh lagdill maaiat Gyl oo Whas Bgall Juas o Gl st Jasy
(SRTMIsec) )l gl z3gai aladinl @lldy selia) duia s (SAR )
Sl Zuxia (e jpeall iliall Saall Jsas Aluall Llo L giia e Jeans
Jimgie Gubi @l il @lila) la ) o) Gl duvia Q)
Range Doppler Terrain ) ujlaill moaai Jale aladinl ( Range Doppler

(Correction
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ol Gala) It 3l e clulall Galeas) Jaadl Laiy Lase (112) daf e el
60 ) ol e clulall yp0m (3 aly J<8 (Lallaall) atiial) clulall ghlia gl
o ST lgied 588 Gan s i) el ( RMSE) a8 oS5 Lo 13ag cLass (

C JE g Y dms (s b Lasy (160 ) el (el las ]

(Mln =0. 08 Max 0. 86) L«y 12 dal e clulall 5ygua

dakia 8 (160 )5 (12 )omiesl) el o Jal e il joem 110 J<a)
Oallall b clulall calaally Liall adlly Jalgll jlaal) Alla b IS5

Sl Ala L dasd) clelis DU ((Max) Ly ((Min) Ll a@ll (2) Jsasll muass
( MEAN) 2 GlliS cLasy (60) 5 (12) ciasl) oolbod) chad daf (e &S5 3 Ll
zisalll b il Adeal) Al glisy) = Diff cus) (Diff ) gyl (SD )5
Lo G L diid) Glelis U (RMSE) dady (Aulidl 4desl) dlaaill ¢ iyl — DEM
zisad &y Jull a5y a3l Geld) ad sy (RMSE )5 ((SD ) ad ails
K0 dahaie b il ¢ lsY)

Glasye goane dad @l can il 3al) @lig @l (gladdl Cihai) 58 (SD ) 1lua
((200) Blal) se e cilig il o2 Jassia e (DIff ) o culdl
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el i) sa s dmial Gl sl haugial)l Waall s (RMSE) L
Slo Aulad) ddeal) 2l e Al Glelinyy) o il Clasge ggane daud gl
-((200) Ll axe

Gl Jladl Al i (INSAR ) el V1 adsall dlasy) aill:(2)Jsaal
Loss (60 )5 (12) caadl (bl as Jal (pa IS0 dilaie

DEM Min(m) Max(m) Diff RMSE(m)
MEAN(m) | SD(m)
Alasl) Jalaal) 195.523 370.417 - - -
INSAR(12) | 195.444 | 397.412 5.02 11.58 12.62
INSAR(60) | 207.037 | 422.313 4.13 22.32 22.70

Sl Al dssd) cleli ] ((Max) Lidls (Min ) Wa) 281 (3) dsaall masy

o S lass (96) 5 (12) Gl Galel) ad ol e sl 8 Jadlg)
( RMSE ) 4ad; (Diff ) clsgll (SD ) 5 ( MEAN)
L il (RMSE )5 (SD ) s pailin Lo aadl as LAl culelin DU

o) dakie b gidial) g WYY g aga A8y WL Dagis el Gulad)

S hled Al b (INSAR ) wlela ) adsetd dlasy) 2l 1(3)dsaal
Los: (196 )5 (12 ) omiadl) b clad Jal (g oy 3l) daaie

DEM Min(m) Max(m) Diff RMSE(m)
MEAN(m) SD(m)
el Llal | 724.871 790.578 - - -
InNSAR(12) | 705.179 | 780.230 -3.06 7.44 8.04
INSAR(96) | 756.433 | 823.142 34.04 7.62 34.83
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pinsall agal) Johall Chai 858 JS Jiat G cddlpdiall o1 e oS Jal)
slail paes (3 Adije Jlalsgl) o3 058 O Guny IS B35y (DEM ) ) sliay

.8)gaall

On Gl Aglasy) il 5 dimsd) clela M ( RMSE ) I o (4) Jsaall s,
ily & alaie 8 Auleall Adeall L) cle i)y Ll da i) clelaY)
Cun o(p 176 )5 (p 82 ) Omagendl ) Lt ol e selall ladll Als
Sl 335y (sasenll Glu) Lad dad iy (RMSE )5 ((SD ) ad (el Laadls
C Al el Aiudal) cle LY 28

e 2elall jladl Alla 3 (INSAR ) Slela V) oadgall dibasyl) il :(4)Jsanl)
O illy &S 3 (2176 )5 (p 82 )omasesd) Gul¥) L Jal

o)
DEM Min(m) Max(m) Diff RMSE(m)
MEAN(m) SD(m)

Aleal) Jalaal) 724.871 | 790.578 - - -

INSAR(176) | 729.037 | 795.057 9.67 4.51 10.67

INSAR(82) 734.815 | 874.859 65.88 20.41 68.77
Gk

Aleal) Jalaal) 195.523 | 370.417 - - -

INSAR(176) | 248.087 | 418.493 45.76 6.84 46.27

INSAR(82) 344.178 | 512.014 144.89 34.35 148.91
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Clagil) e dlalglly saelall chlad) 3 el A olasl il duhs dal (e
clelay) & Lo byl Jalall dallee DA laall jlaml by Al
Daall Al dsluie dagecy duia) ool sk o Jgeanl) e oS o] L Aasll
Als b omilly &S0 il 8 dsid) g1V #3l on )kl cud 13 dalgll

(5) sl Lgasds dusailly dasganll (uliY) Jashaa Jal ey Lo scliall

o elall jladl dlls 3 (INSAR )clelin ) 2kl Zilasy) sl (5)Jsan)

lgasis A235mnlly Aia3l) GulasY) Laghad Jal e Gunjll 5 &Sk

DEM_ | La La Kk
nSAR | o) [ ol O ) e
e | g5 | spm) | RMSEm) | SD(m) | RMSE(m)
(k) | (O™
1 36 119 10.02 14.01 32.02 68.54
2 12 82 20.41 68.77 34.35 148.91
3 6 176 4.51 10.67 6.84 46.27

dahia b il Wgulhe vie il 4 il ((SD)s ( RMSE ) ad of Laadls
s S Uy zises UL 5 lgnds Aailly Lasand) (ulaY) Lashad Jal e &ISE
Jal ey &Sl G gV zigel pe 4iplie die acliall lad) Als & ol b
ool Lagha i

& hulglly aelall jad) alls 8 dida) clela ) gl o Aplad) cus Sl
s -Auglie Doy dse) (bl Jagha e Jpand) Call e OIS un #ISH
Gl zile of el Al dmdadl clelisdl ddlasyl sl (6) Jsaal
cclall Jhad) Al & =3kl e 38y ST dailgl) laall dlls 8 51K
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Lilglly selall jladll lla i (INSAR) cilelinV) 73kl ddlas) adll 1(6) sl

e lall J\AA\
DEM_| wbudlhs o) laa SD(m) RMSE(m
g_'m_}l\ L:.S.J}Ad\
INSAR !
(62) ()
36 119 32.02 68.54
2 12 82 34.35 148.91
6 176 6.84 46.27
Llgl
1 96 172 12.88 14.67
2 60 153 22.32 22.70
3 12 143 11.58 12.62

aluagilly claiiiy) 5

Aaudgyhahll dalall Guld e 2l (DEMS) slidl Sadll e ail duball sda el
¥l Lagha Jsh e cdanlad) cililiall gaéas e (Sentinel=1 ) jadll jsua
slo el Tl aned adgiall lakall b Jg¥) Gl lad aSany 3) Lduganlly Gl
ALYl . ehl) )50 i Ay U N) juin jlake S daay Laiy deegdal) mlaud)
el Hean) A e Aasll dawxigl Clasdally dugall dalsall il Julis )
o il A 5a olal

Slelayy) a8y Jalby Jalall uld saga e dabsall clpahll) Ll dulpy cua
2l (6 )iy doals ol gias Al dsuliall Hgeall g5l sl o5 13 4l i Al
5 (2150 ) on culie Gagee (ulul Jad sda guall #lg3l DUl cgll uing
&5 13g Ausall Jalsall il Jlily asesd) g linY dad Ji e Jseasll (2 300)
él e DA olaal) Ll Jliy dlalall axe lalie Qi) 4aal) Lag il elagin
LB 48y ( DEM ) A &L&ul Loy 61#\

77



4485 a3l (Sentinel-1) Lsliall JLdY) jgpa (1 cilelii DU a8 g gad 148
A g (B i 8 — IS A o) dBhaia - (g ol JA)AL

Lilgll lad) Alls & cpilly &lSB sahaie b Ll 8 Gudiadl b)) g Y1 2 g
S gl zises OIS S Laeliall lad) Ala b Guial) z3gall (e 3
e Gl ke b gdall g LY zigal e o) b A8y ST acliall laall Al
g B3a0 Jalgal) Ja

Ses (Sentinel=1 ) I Laudsy g aiasly Ulaag 550 535l ( INSAR ) cilily a
by die Ope Gubil Bl G e D Slbalsa o) L)z 2 )
sl (Sentinel-1 ) desdla (b Cladiaill e 2je ang Cus DY) @l
Gy geall med o dd@aall Gluhall 4SS e iV @blgl) aas
Gl anlgll sl 293 e e Y Aalglly sacliall bl saseid) Flsil
Al cle Y a8 sl Sy ehall ol dlee DIA spiially dlainall elasl!
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