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Article type: Slope hazards and landslides annually inflict substantial damage in the
mountainous regions of Iran, particularly within the eastern Alamut
area of Qazvin province. Recent advancements in radar technology
have facilitated the detection of ground surface movements, including
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Received in revised extract slope movements and Earth surface displacements, serving the
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Introduction

Mountainous regions of Iran, particularly in the northern and western sectors, exhibit a
heightened vulnerability to slope hazards and landslides, attributable to an interplay of
topographic, geological, climatic, and anthropogenic factors. The Alamut River Basin,
situated in the northeastern segment of Qazvin Province and encompassing the southern
slopes of the Alborz mountain range, represents a particularly high-risk area. This region is
characterized by frequent landslides that inflict substantial damage on agricultural lands,
residential structures, and essential infrastructure. The inherent dynamics of slope stability,
influenced by gravitational forces, significant precipitation, snowmelt, geological
formations such as faults and fractures, and human activities such as road construction,
contribute to slope instability. Conventional landslide detection methodologies, including
field surveys, GPS monitoring, and optical satellite imagery, are hindered by limitations
related to high costs, spatial sparsity, and dependence on weather conditions. Recently, radar
remote sensing, especially through the application of Synthetic Aperture Radar
Interferometry (INSAR), has emerged as an effective tool for the precise monitoring of slow-
moving landslides and surface displacements. This study seeks to analyze slope dynamics
and identify active landslides within the eastern Alamut region utilizing advanced radar data
and techniques, thereby facilitating the updating of existing landslide maps and enhancing
risk assessment protocols.

Material and Methods
This research employed descending track data from the Sentinel-1A satellite spanning the

years 2018 to 2020, utilizing the Small Baseline Subset (SBaS-InSAR) technique to detect
ground surface displacements over a three-year period. Furthermore, the Digital Elevation
Model (DEM) difference method and differential interferometry were applied to evaluate
surface changes associated with a specific landslide event that transpired on April 3, 2020,
in Khobkuh village. The SBaS approach facilitates the generation of time-series
displacement maps by mitigating atmospheric and orbital errors through the utilization of
multiple interferometric pairs characterized by short temporal and perpendicular baselines.
A total of 32 Sentinel-1 images were processed using the StaMPS software, with the ALOS-
PALSAR DEM (12.5 m resolution) employed for the removal of topographic phase. The
findings were validated through the use of GPS measurements, Google Earth imagery, and
field observations. Additionally, land cover changes were analyzed using a six-year time
series of Sentinel-2 data, which was processed via the Maximum Value Composite (MVC)
algorithm to minimize vegetation-induced noise. The accuracy of the displacement map was
assessed using the Receiver Operating Characteristic (ROC) curve and the Area Under the
Curve (AUC) metric.

Results and Discussion
The SBaS-InSAR analysis disclosed annual surface displacement rates ranging from -48.6

mm to +40.2 mm throughout the study area, signifying both subsidence and uplift
movements. Fourteen active landslide zones were identified, several of which correspond to
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previously mapped landslides that remain dynamically active, including the significant
historical landslide near Moallem Kelayeh village. The validation process produced an AUC
value of 0.78, indicating a relatively high level of accuracy in detecting active slope
movements. The integration of radar-derived displacement data with existing landslide
mappings from the Qazvin Natural Resources Administration resulted in an updated and
more precise landslide inventory. For the Khobkuh landslide event, the DEM difference
method estimated surface elevation changes ranging from -1.62 m to +2.75 m, while
differential interferometry calculated displacement rates between -25 mm and +70 mm,
which were consistent with SBaS findings. These results affirm the efficacy of radar-based
techniques in capturing both long-term gradual movements and abrupt landslide events. The
analysis also underscored that the most significant displacements occurred in regions
characterized by sparse vegetation cover and exposed geological formations, particularly in
areas with clay-rich Neogene deposits and active fault lines, such as the Khoshchal and
Alborz thrust faults.

Conclusion

This study illustrates the considerable potential of radar remote sensing, specifically the
SBaS-InSAR technique, in monitoring slope dynamics and identifying active landslides in
mountainous and inaccessible regions, such as the Alamut River Basin. The integration of
multi-temporal radar data with field observations and GPS validation establishes a reliable
and cost-effective methodology for updating landslide hazard maps and assessing associated
risks. The findings indicate that several historical landslides remain active, thereby posing
persistent threats to local communities and infrastructure. The updated landslide map
produced in this research can serve as a crucial instrument for land-use planning, disaster
risk mitigation, and early warning systems. It is advisable that future studies incorporate
corner reflectors as ground control points to further enhance measurement accuracy. Overall,
radar-based monitoring provides significant advantages for detecting subtle ground
movements, facilitating proactive management of landslide risks and minimizing human and
economic losses.


http://dx.doi.org/10.61882/jgs.25.79.10
https://jgs.khu.ac.ir/article-1-4167-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.61882/jgs.25.79.10]

el PG RS

3 & rrea-vyr s b L
YOAA-BITA :‘g/:ﬁl(gb el

https://jgs.khw.ac.ir/

St

L (1938 09 waodl (gadg> Jlad (ol o 38 o) (yunnd 9 ddiold Seuoliy s Judexd
6,|o|) Glﬂsoab )’| salaw!

UBYSVERR L% JXVCPNUSRIAIP 1 EPRUE RN v W05 PPYRIDE PR SUPN IAPURT PP |3

OOl (035195 SBUAIS (LBl paxr pole 0uSLiild (oab LSl 09,5 «(S5e98 59095 S S Geidle )
karimi_tahereh@rocketmail.com :acbL|,

Olpl ol o0)ylas oSS (o Ldlre pole Sl ( rub LSl 2> 09,5 ((g5algd 90955 HLuiile (Jghumn odiumsgi Y
karam@khu.ac.ir :aebb|,

'O‘)'.'.‘ su‘ﬁ ‘@j)|5‘; ol il ‘@Ldb» pole cusidly s)5¢}|d}:.;’».w 05; v,o}lw sbwl! Y
zeaiean@khu.ac.ir :aoll|,

Olnl el s o o0 1a5 oliils (o Ll i pode 0usliils (Suilo y9ailgi ) 09 35 « 90 3l i b oLiwl ¥
tavakoli-m@yahoo.com :asbb 1,

ouuS Ao cleMb|
dibivo abos 31 ol ! SibuudsS bl 55 Al ded b 3 3cme) 3 gldiold &l Lo Wi g4
6195 sWosls 1151 iy5T 00 )15 (2 g BB Syl 152938 oolimsl 3o (B gal g alie
lod yiuwS job a1 Jld gla o iilimmo g akals (Fhay g o jw O o (anidd Cu
95 omrls 6l sle goosls 5l eoliwl b pils sy 30 ol aid S 1,5 soliciul 5,50 el o )b
b b o JB105 gy b oYX B YA 6oL 50 A Jostow 50,50l (Descending) IARRTAR AT,
aiols Soliys Juloni 4y iy ogly Joo SMSI B9, o (SBaS) YobisS glowo Sk &b

Bud b o 410 oy g s ol z1 sl g bals &8 o (audkid S VRNV eENY

ailio gl b 3ome) Gai 63139 3 JId 9 Wz o Hme) AR wio “\?:S\’:
s o3L GPS sools b as SBziS Jowo s o LG dvgi gldadl o0 ,8 u...ob Ll
(AUC= +[YA) 591 @95 Limus ol Hloiel g w305 (o laiel «yl J595 9 (Siloao VE V)AL D
99905 391 3 yio o oIV U —FA/F Sloj o3l ol 5o 1y AVl &S > bawgio ¢y 3o ST L8 g
i8S G b3iime) 3l (B T ol 51 AT s (s (b33 gadliie 00k VEF /)
Joo AYAR (23,958 1F )0 055095 (AjHome) anseiid 53 aibl oo Jlad (Lo o jlganls
E 5 Lot o J5105 g 5o YIVO G -V/FY 51, adanw ol ponds 145 ) 098y SMS cglanels IS >
b 2 lraslr 0 )51 3 g Wby y ol 30,5391 1 e lan Vo G-YO 51 o loalr «Sololy (e JSI
Gl g (Gl gS bl 33 ydscammil (Do st e 9 Conmeliin 38 (a0 SBaS s
018 533 skl Gl 5 o Syl b ool

095ug5

O g braials ol Judo ((VF - F) dasradow ¢jgo AS65 g 4509 6Ll 39 8 LsLes ¢ el 0,5 10,0l o oy ,S 8Ll
YO (2 lbliz pole (60,55 Sliizi . s Jsly slaools 5l oolatnl b 12938 89, Sgall (sase> Jlad (slo o33 rs
http://dx.doi.org/10.61882/jgs.25.79.10  .5+-£1 «(YQ)

oS

BY NC ulfd.a.m.a}t © u‘;@f @))‘P oKl ).....'Li

1 Small Baseline Subset Synthetic Aperture RADAR Interferometry (SBaS-InSAR)


http://dx.doi.org/10.61882/jgs.25.79.10
https://jgs.khu.ac.ir/article-1-4167-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.61882/jgs.25.79.10]

1P F Gl VA o lods cpmisg Conew Sl (2l pi pale 60 )5 Olidin 4y pil Of

doddo
Sype e lie ov oS Cel (egiie losgs SIS (sl 5 039 Sisld 5 by iy (SlinnsS Bblie slaaiels
5 595315 By aiile oo (53, 2 (sloogs IS 1> glail ann S Uit L i a2 5ime) 25 o S oo
sloppad s (5555 (V0 NAAY G3l9) 005 o 53 s |y Tomgmamali b Sl (3530 a8 il oo sl ly UL >
O3 g omiliym) wiles oo @l 8 o ) e 5l sl 0058 o o ln 1) (reb Ll S s Glnl (SlwasS
Jeoxd 5528 p o t5alimme Bosb 5l Jlo ©)les by 9 ke 00+ bl cadgl 3,510 S olsl 2 (O) VYAA
et olge SIS > Lo s ey oV ) S0 5 (s 05 515 Bebo (A8 e s 5 5 dll (ad) 35 e
omliiren aal s 4 iy g0l Jalge 3 o g Al (555 Lawgs 45 S (ol oo 4 lacars uimd
(tls g ol Jolss 510 YN TR0 5 o) oo o &) (Sufslsyed 5 lsos] ey b «(Sa35ls8y50555
S5 n (S5l Sllas Lulgs 5 S Gl 3 e bbb il b (il el was )b ke
5 (Fwg) Wb oo (s S M—w slml Sl g ot Aileog; by o i)y ok 9 LD e
Saals oad iy BS ¢ b )o 10 09290 o slezdl 51 o0 JLad g By gd plas Jalge (VY VY ), Sen
OV ATAT (Ll g (G138 (s ) W 350 Lo A58 590 50 58 (LS ity o )55 5 wlbog) 4 By
5 Silwosl> 3a,b 3l aasls (0,5 Joletol [0 o594 Slodgs DS > g s, laubl suauis (o 5 Sludl Jelge puizmon
55 Judo ar glasals slogslulili b)) cnlple (VY2 ATAR (0875 (5 palk) aijls (i asals olSaSS 5 oy
505 o 3 (FE D VPAE (S50 ¢ e abol) a5l o (gloduzss £ g0 laaisls (oIl £585 10 e Jalse
sl o ol pkis 5 05 o plowl Sgems ay (L Har 9 0SS > s & sy (el
LIS GPS (g, s p (loj g 4 ils (o5 s oS el (e (Dbl 5 9 Ses slae) 2 2l slaSe
2 g poe 5,588 blas (55 50 o] Gladd 5 @il slaolmal (il 5 ol Y aize Jdo a4 (Jg o092 Vb 2o
slabaii g 0aiS1y O yeods ] Slaalie aS0] ogdleds OBl sod 1518 & ys oas 55w a0 uS g diald el
AV ATAY e g ) anil

S 55 0,5 oslitul 59,40 Sledlbol g Lo b5l ey (ST 339 slaadds jlanl (A58 (aiargy Slalllas )
Sl yiam Gl 8418l 5 sloylsale slaosls 51 oolatwl .cawl of por azg5 LB sllas L b 5 Cowl 0008 laasds o
595l ki slainls loogs S > slaslas, 5 o jla jo ojle so @213 1) ool slas Jials 5 o008 slaaiss
Seoz) wbigo B30 sl dlzign ;2 sl ool L (65121 GIS sl b a3 53 5 ol M (69,0 gt
ol als 45 ugisSyl 5 Sloasl csat) (gloo gl i Sl lalil b dlio jo (VY ¥ NV &) Kan 5 geeli]
5 «'SAR) oS 5 6859, b ol slaosimin wipS oo )8 w5l ot bl Ling g odel Cows 4 g, Lo daid
ooy 92 4 59,8kt Jsbo plad )3 willgs oo 45 wiiS oo ooliinl o iz SIS 0)8 b (293)) goe sl U
0ds S8l ,o ypglad ) dieo 90 dunlie J g ol i J3105 (5,58 (A YN0 A e 5 Silx) 0S5 b ol ales
NAA D e 5 ) 3 e e | e 0590 5 4 prb UK sk 4y gy po el g el dilaie S, 5]
(A-Y

2 Little or no true sliding
3 Van Westen, Asch, and Soeters (2006)
4Pham, B. T.; Bui, D. T. &. Prakash, I. (2019)
Aol o a9l zlal 65 o3l g olulis sxe 4 Radio Detection And Ranging i RADAR®
6 Jemec Aufli¢, M.; Komac, M.; §inig0j, J;
7 Synthetic Aperture Radar
8 Chang, Ling; Hanssen, Ramon F.

9 Interferometric Synthetic Aperture Radar (InSAR)
01§ G, etal.


http://dx.doi.org/10.61882/jgs.25.79.10
https://jgs.khu.ac.ir/article-1-4167-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.61882/jgs.25.79.10]

80 OLeR 9 (05 | ... Jled (Lo 54 o j a5 Loiols Seoliy s Sudoai

P Ol s Gl ohiga  So5ede8 50655 Dlalllas 4o Wilgh co (gloly i Sl Calizee o SaSS 5l solaiul
g adllae ;o (g bl pglai (6,815 095 @dly e s Slalllae Ko 5 ol e il cntig b 5l (B0 e
bl 55,4 5 oSS 1) 9250 Slasalireey (S sleasds

GO PR parid & ) it (53 5 gogme laosls LY YT Lo o oLSes 5 L aised sl
Aidgad (olwlil Ol 50 b o3dime; YY g o lo p o TS gl aildog, (sasg> o slddhie ulde jo
5 ebolid 4 YAV Jlo o oen 5 (obisg, () Dot Gob eizmen ivged lulis 1) T S5 sy
Fagke WY B -8 Slmlr xSl U1y lubl adlate VY 5wl gLl 5 pl ads> j0 latels 55lubl il
olzsle S VTS Lo V.Y 05 J0sme 5 o5 055 ale 5,5 ipdime) (b o084 35 Lo 5o olysF inged alulis
INSAR iS5 L 1, o353 0385 pons 5 o538l 1o 12a Vo b1y oo gl Sl i 5 1 5y (60 80 il 5 oolicil
Dgad dlore oSy yguduo B0 ¢ Dgu

bl o G233 0me) S (B yme 50 0)l5e (IS 555 5 (sanldl Ll pd s a4 plnl (28 5 Jled Bblie a5 LT
slacels Ol ble cnl @dly 5,0l glaogSaid; oz 5 gy Hlawl 8,8 Jlod ;o a5 5.5 89, Sgell gase> ;o
Sealiss st ipg% ol 5l Bad el ol o g0l Sladl 5 eleim! (solazdl ol ls LWL 5 ams oo &, Sgl,2
ALE 3903 9,4 )0 S5 SeS a5 Sl YoV BYA Sl soil o b bisdins ololid g laubl slaasls
Bgots SLeladl b 09 0 o 9 wlai o0 (55l slag sl plosil g (A58 e Sl olaw gl il g ge slat i3
Ded awls ol )lus P 3 prg})b Ol 4

o reskS VYEIYY colao b g, QWb 5yl ads Jlods 5550l claosS gtz Coand 13 09, Sogall 53 ads>
&l I o,e YEOXY OF" G YE NV NE" g 305 Jeb 000V VB0V 07 LSl ssgase 4o
223 oo lid |y axlllacs e 00guse Coadge (V) S0 el 00l

dxﬂ.laoé)s.o 0090 Cunrd “9-0 (M) « ‘SHN&

o g 2Bl oo 2o yd FAIA Lawsgio ot b e YOV« )] glas )] lawgie § 009 (SliwdsS soes j3b 4 adg> oyl

1 Hongying Jia
12 Xiaojiang
13 Tayeb Smail


http://dx.doi.org/10.61882/jgs.25.79.10
https://jgs.khu.ac.ir/article-1-4167-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.61882/jgs.25.79.10]

1P F Gl VA o lods cpmisg Conew Sl (2l pi pale 60 )5 Olidin 4y pil o7

3 Sgell Gla0g, slaasls s (YF-YO AYAY ¢ Bg,e0 g L;',lﬂ oaly AB) sl s ,0 BITA 0y, Dgedl ailB0g, lawgis
S8L,0 5l o g wboe aelol 0 )8 Byl 4y g 43S etz p (35 0 55l S0 09 e g larke S5 (slaogS ogia akals
b s amooe St 1) 99,0l 5 ouds (S 09, Gl b 0gS s (sliwgy po 0,6 5 5, guil g, (BT wiile leads O
Dt 0y Sy A gy JSA5 9 sl 58 4 e

Seond 50 o VoA )l b alals (p Siml g (OVhw 005) Jlod (i jo pe TATY adg> elis)l o jasd
sdes b, 90 il cou Sgell dilaie (F AYAF (oS g o) sl 485 13 (055 i figS) Adg> 39,5
e ¥ ) e £l ) GBS (FOA IYAD (oK ed g (6 i) ol orad 5 (6o JLid s 5 slail e 6l L
OF YA b oy 8) Consl 22518 sogen sl (28 Sglite ol sl giispemd o] 575 & 4

Slesle) o5 il am 3 VF B )+ slos uSilos e s Yoo gVl 4Vl Syl uSilos s Ogall 000
el 3550 (5l oGL) ailise 59, VAV a¥le placze slajg) olass 9 VYA 1lel (315 c0g38 (bl (culidlsn
Sl ol iy 090 ¢ SliwdsS @i o Bblie )3 w0bj cod g (codldl SS90 Laalyh Ll 0 (V2 -8 gl B 0] 0
OV AYAY (G955 sloyed) wiyls slakamde LB % yinS o5l @il o 9> She idu j0 Lol sl oligS

9 a5, b e 5 S 508 () SS L b Sl (oS 5 5 655195 e Oligd 4 bgipe adg (nl S
oY ;0 Sad S (G ( S (G 53l wlie ( GLed 25T slaojlaS g Sl S e saglys 5 (Sal (25 slaasY
FE-FY Y8 2l 5 Ggwge) ol 00l (5,100,500 o] 5 (olaide a5 ol o (ol 0slSaS) Kisgs g (g, b

O 5 5hT s b 5 gl SLad T slaosls S i olidie) L lo Sl 5l 0g) Sigall 5yl ads>
Sligesy 55 @losyly 6lap,dar) (A0 YA L LISan 5 k) ol 00ds LSS passee 6)ls] locKiw 51 ((13VD)
sl o dalais jlaw,0 V7 aiil oo ads> Sl Caand LI slaonsay 1 (5s55 sl jeglKaS 5 S5 50,3 ailoy
Jele (FO ATYAY (555 5 Gloyed) o)l 13 gl IS slaanlp 5B oo 5 039 s T Gialsb Tyl 5 o
e 0 k) cud Sde wallie Fhe dihie G3Sdew g pdRle B 0 dihie (o SluasS g (S Sae
5l e A g S (S Sz Sl 055 Gl 3l sgzg Sk oS e Sley S dease>
(OV=0A :low) WS (oo (o) Sewd Gl slogion 4 40e>

Jod 5l b 9 (Siledygesis sleosasy 9 DLkt (S pme jo i dihais (nl o)lshS 392 S 4 (e
3 P ol Gla Siwsnl (npe ojys 9 oS OV ATAY (83 50) )15 )18 Cey (0530 5 05 ) 0s
AliSes g, 3l Cow a5 0,95 o i 4 o (KlSl g oo dhaie il (o il e slasls OS>
(Jlris e S JeeS 5 po (93 (o) ST 0925 (1 0-V PN TAD oS 5 (lae) ilonal Sg2rg a4y (SigiSS
bl sl 0051 0925 @ B33 0me) oy £585 ln ) (orlie Ll SisS LS g (0500 S egall (g L2d S
Y=Y AYAY

Otabo b abalsa bogl gl g atogey £585 4 K508 ailony; Sligw 53y » el dilate jo (i5al e ooy
oA 4y g lon ) IMSAT (55) p b9 58l (e B 395l 5 (biwg oy (nldiged el 00 5 (Agasee
UL Oy Ppome) Ol ss ceizmed BF YAV (G959 (Slaed) 50,5 oo oualine a5 plao sliwg; wgix o
5 ol oo ESe YVVFR T mloe 5 az 0 VIV 558 e 0l s sl olive BB g3 (sliss, JLS 4o 487 s
OS5 ol i) o 0o S0 5 allaw] oolx w55 el oiad pae) ol el sals &8lg 5 51sS W5l (g9,
il se 550 b Bses 55 VYRR Jlu o 05Sus5 i palimee; (V0 ITAQ


http://dx.doi.org/10.61882/jgs.25.79.10
https://jgs.khu.ac.ir/article-1-4167-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.61882/jgs.25.79.10]

v OLSR 9 (0255 | ... Jlad (gl 554 om0 j et 5 Lol Suoliys fkn

S gy g ool
lolis g AT, St gojlsale 550l pglas 51l jo Ghialome; 5,8 Blas ) 5 dilate Gy 4 4z L
ALOS_PALSAR caiziw glas)l cag8, Jou poad 5l uizmad ol 0als (650,40 &S, 1l 5 Ly slaaials
Sl 61y GPS (glaools 5 5551595 (sl 092 s iz 51 (il a5 ailate (sl (b33 ey 4 ¢ 7 35 6l
B g, 5l i) g b plrals glFl 5 leasls 8 > (asis Sy Sl oads ool @S (e
e JI 5 epe )3 oolaul (Lol i B3 5 el (oag; Jue B MolisS sl b b (xi
b 59,y diz Sloy goagamme ;o wlaxdyn Sy 1y el jl j2aS a0 ulide Sl i 05dlly ol 4y wlgs oo (5,00,
odl aid )5 a3 ;o (i) W&?f Olyeds pgai o PSE (og) 50 (1Y +F (o UL 0 INCUP-S UL 2 KV g W e
(Y-A) JSb 558 o0 02ilg3 " 1o G aS 0iiS oo ol laSiis G (k) M50 & jgoa ol 4 s pglat ahs g
Slorglass (B ) T ogae (olad jl adlold (5505 @ az g b pslai des o olisS gliwe b b SBAS 2, o Ll

]
master-image

time
(A) (E)
Single Master Small-baseline subset

(FF PV sl oS (sloo bis (B) g 22 po G gy (A) (Y) JSis

U5 (sl b5 i 1T iS5 e (g2 lor il 21y ()

SBAS S L g calizee slagylo) ;0 A SO fciiw (s0,l0le 5, b o g 1l palad jleslatwl b gy ol jo
O Ao aw gl soil ;0 (V) Jsoz b 0,8 oloml Jlasl 6aSiis G coSiul juo (5459581 OIY (59l 1381 5 Janwgs
T by sl bas STl 700 ¢ 7 Sloy (glice Loz 5, Yoo LYYV e-YF B Y VA= F1F &)U 5l g YV
VYO elas )l cagd) Jow pogad Sledbl 5l ¢ o J3105 Sldoe ploil gz ol o) pglad o (glals T bLS )|
s oolail LG wgb! so,lgals (5 ke

las oo clls 0S5 550, 7 Slej alols LB g A (55w) pyaily 50 L1y o)l sl solo Vit o)fsale T
15 Small Basline Subset Synthetic Aperture RADAR Interferometry (SBaS-InSAR)
16 DEM Difference
17 Master
18 Slave
19 Single Master Stack
20 perpendicular Baseline
21 Temporal Baseline
22 Normal Baseline
23 Connection
24 ALOS_PALSAR


http://dx.doi.org/10.61882/jgs.25.79.10
https://jgs.khu.ac.ir/article-1-4167-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.61882/jgs.25.79.10 ]

1P F Gl VA o lods cpmisg Conew Sl (2l pi pale 60 )5 Olidin 4y pil

OA

Alo aw Sloj go3b 59, Voo Sloj glivo bas b (slasiads JLasl yo 9 ol pgbad &,6.()) Jou

YO A= VA | Yo A= VooV | YoAAoFYD | YeVA—eS—e) | Yo A-e0-+A | Yo A--¥-¥8 | YoVA--F-\F
YOAAN-YA | YoVASAA8 | YO A oYY | YoVA-- QYR | YoV A=+ 220V | Yo A—-8-20 [ YeVA--A-\Y
AR LSS 10 I PRCUPYRR T I PR L USY VLS IR PR WL 2 B PEL.UOY R PUN IR PRT WOV N I PRVWRE M 44
LS IR TN I % UL R A IR £ SRt RV IR PRC WL A Lo I PR ERY AN PEL IR RV E NN B PR WP

Yo¥eoleoYF | YoYeooQolA | YeYeooAoe) | YoYeoopNE

9870 2ol Oloied [ VYA P-Y0 25 )6 pgal wgae olad b alols o jiaS s azgi b pyglai o 51 l8le 5
ar o2 bgdags g 48,5 18 Al 55 55, VY MBI polad (ol 28,5 S0 0 9 polad ploiear | gl ol

g coxdge FWj gbwe b
‘oo_llllllw||]l||l|]||l|||4||]||l|\lllll[]\_ mollllllllllllIIIlIll]lIlIIIIIIIIIIIIlIl:
50 [— =i = =
= = 100 [— —
3 [B s 4 B 3
} e = 3 B =
: = ] 9 E =
g = =| B — —=
3 50— ] 21 = =
1 = . JarE =
= ] -100 — ==
-100 [— — = =l
.15_Illllxll]llll!llll|ll.ll|ll.l_[III_LI_I_L— PO L i . A O AT N A W W
T 3an-|s 2-0Oct-18 3-Jul-19 2-Apr-20 1-Jan-21 %‘Bsn-ls 2:Oct-18 i 3-Jul-19 i 2-Apr-20 1-Jan-21

ST 5 S

&310 31 9005 G SIPRRe T

Wlw aw 503 53 (J95) 95 ol sl palal Jlail asiuds b pglai z9) o Sloj abold @ (V) Y

393,553 T (s, 31 a5 15 Wi S 56 Dol g o alss bS5 5 sl o iz (b o 51

(0-F) JS5 5 oI55 J5bs j1 (52 @) U5 s Jlosl Syl illo 5 calishilS L5 jigy samets Jya S 5

Slogl Silas a5 ikl IS 3 cnl 5o ansoe plis b s Glej ojl o 1) nugal 59 plad G (owgikan
Ll 00508 asiie K, 50,8 ploo b caisg

o Yo ATE gl g Yo orBYY Jonn s S5 S5
Ao s Gilej 5 03l 39 L3 Jlasl g 3,505 1 B>

YoT VT 5all g YoYer BT yie s vgiad
PUPIREFSPIN S

& 4wl OS5 >

-

T T T T T
E a8 E 209 v E e E aov E s-or rE svk E 800 v E a-ow E

robai olod o (EWgIeDd D (YeV+NeYF) 123 gudul g (YeVoeBYY) o yimnn 3 guad (o L Jelwsa (F) i

2.y ."E 2-%vy "

%5 Goldstein & Multilook filtering


http://dx.doi.org/10.61882/jgs.25.79.10
https://jgs.khu.ac.ir/article-1-4167-fa.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.61882/jgs.25.79.10 ]

04 OB 9 (025 | ... Jla (5lo 554 o et 5 oeiol Suoliyo ki

Bl Slral Jloel 1w g polie gl e polal sasn ;0 a5 7 ey JuS bl SeS b e
bogie pyai S g allaz jsba Jlo y2 50 el 4 plraly Ce s pslai GB (555 2 o 5298 5 sheni] D
230505 Mz po (e ciogs TVoslgnle wps sbily y0 a5 gl (sadS BT salo yo ;0 sl Cuws &y gy

oz & Comd (e gl 03 (b sonmmaglas e shsl (plraly AVl S langle pslas )

et (I Sall) odizmin &y S (o) s el Yl (souipaglid Cute slasl 5 (Gig 3 b atals (35255,9)
o 5 oo yolie 3llas ;05 i )55 el g, eb ¢ min Como gl (0-) NTAY (o Kan 5 saaxll)
ools )18 S5 g yao G epolie (pl g oad (il by (V) el 5l ool b s g 0l 48,5 S35 50 oled pglas

(X; —Min) (1) sakal,
Max— Min
o)y as
30 S (603e l0de (ppieS MIN g pgai jo JuSy go0e jlade (i (MAX d JuSy goas lade X
dloo pgeai

b Bblie 10 9 SO i3 gble ;0 a5 GPS L ey cuils y alais Slaslice slael (gduslio SaS b o
gl (ROC™) 05,5 Sllee sloaasin Jogei 5 oo p) Cla (g00e oo ol 48,5 a3 1o Jho 55
205 5 g dlone (2l

S5 )l sagdy Joo ol 5 bl coninw JBIW S b g oLl 2! sl (o
&lp el caws 4 DEM ol oSS 5l ol o T elas )| 088, Jow odgs )l o J3I05 J>lhe 5 (S
VF Zu,b y0 (B,h Sgell sailaie [0 .l (atidie o] £58g gu b g sols F) alol> S AT 0 e ooliil  2blge
Gl 59 ez E589 4 ol (e ;> Slsl g 35)Le )T s> 50 5 5 05Sust sliws) 4o (o3I TITAR (o8
B oo slid ) Ojlus bl sladigel (0) S8 ol 5y adlaie 4y Jlgly8 (golaidl g Jbo Ol lus adol>

g aiol> £98q o b 51 8 Lo.ém Slgte Gloy Aol L g (TVV) luss ™ iadad b gl 90 o« oSS ol pleil sl
5y omb Hlae 0 A SO s (go,lanle 1 dSol> g8 5w Ln.&o line Jlgie Sloy alold g jidad b pgad 40
ol 00 00)51 (Y) J5d~> 3o ).lsl.«ai' @)Lt W) uL’>Lu‘

P9 s ol s 33 (o luilecs] o) 055095 3533y s Ol yluns () S

% Ground Control Points

27 Slant Range

28 Geo Reference

29 Reciever Operating Characteristics (ROC)
30 Digital Elevation Model (DEM)

31 2nd April 2020

32 Polarisation

33 Vertical-Vertical
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34 The Area Under the Curve (AUC)
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