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Fig. (2): Flochart of the study
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Wl s gl (g, 5l ya33 W86 5 553 sla oS ZlSiul 5 slojlsale pslal ganail (ly

il wn al> o 50 5 s e Slakad adgi g b Sy gamankd ) cnl 5o B gl wd ool

3 ooliiwl dwldodiz gausdnkad o0 oSl 5l ol aalllas 4o (Liu et al., 2021) el gl as

PCA S5 g, boads cuS 5 paad dol slaail (sonaaks oll I, (Agarwal et al., 2013)

BB 5 ope sloyial )y ad (Byme jl3Ble 5 4 (6355 (lsieds (s Ve olil oasB) Jae 0¥ 5 Wavelet



FA-YVsawm V¥ Y Ju)ﬁlﬂd‘aﬂs\o 053 VY o jlads ‘&Me}k JJG'SJJJJJ\J@.}M.\);J\S
Application of remote sensing and GIS in environmental sciences,Vol.4., No.12,Autumn 2024, pp.49-71
aSlos>gb (Aguilar et al., 2016) sg S5 ,28 5 JS b o wlido gl el )l s Jol i (oo, ol eulais
UL&JLLZ.A )..5‘ )J J..«.S‘SA LO..»‘ W;J)Bi” &)"‘ )J Lg‘o..\.»..asu.....u 9 W )L.._m.: u,u.n.: du.a.QJ Lng)...n‘)l.: u.u.u
oobde b 50g3 as g ESP2 1yl 5l dalllas cpl o Lol 09 o cyunss Ua.‘.>5Q9.o)’T & yg—ods
Soyind g ISo sle el (Dragut et al., 2014) o oolas | €Cognition |l58ls 5 b jo aiys

2SS slaa g oo dap (ol (Bl b G Sy e W35 s S5 09e5] G0, b 5
e 5o (albicd 5o wiee Jalge Blgieds (F59 OF ggezme,0 () Jguz) o glyiiul dabb o

R sloask 3l izl il sl Ss () Jgux
Table (1): Features extracted from image segmentation
Sbee Sl SR
Se03 308099k 5 50,8 i (2l Sl Jlino Sl il
Se03 308090k 5 508 e el Slasil (Sike VP
SAVI 4 DVI EVI (NDVI LS sl asls Lo Bl il ¢ 5l
«S5035 5080390l § 508 s ool Guilad (i3 5o 0s90ke 5 5058 s el slaail (S =
pas 035 5080050 5 508 Goms sl (Simnra « 3035 5080090k 5 508 G el el Y
03 08055 5 5058 e e i
U] a8, Jote Y Jlne ol i) gash, Joe Y Sibe Y i)
Sobus i peJob Y (e
s glizsl g 55l ool 1 alold g, 3l alold i Cg coad Hle Gyl g S0l 'y sy
S5

zhmel o b aal asly Sws Kaea b cwl S Wl olasl a5 Slo Sig opl 5l 6 ke
WIS (g, ke o, )-*-’L’ Ot &S @l (S bl cnlply il )""L’LS’ adlaio glo 53 e
ol S g, b Shgolul als addlle cpl 10 (Ve v (]S g (ralpdle j90) ol Conl 1>
it S S, by ey ol 1 pslas (sinais 1 L5 1 psliie (s (DENG, 2013) s ol

oab s gaimainl sla ) 952 45 Glatiy 5o pitms Sl oslitul b pga (aimainl (s .0 plox]

Doy oIS e Sz g0 sl IS pled el (38 ey A8 oS ol Sloul (¢) b 54 ey 23

20,5 dwloe Voadal, 5l hge] (sladiges Sloes bl oo



sl 059 (69,90 axlllas) hialine) (lulids ;o olSosls 0ol g Al £ Julow il 535540 by) Sy drugs
q (ObdS ollsorms S
ol3 b Jea g9 4 o

iael ladiges slaws = (Vo B Y ) x (o S5g ola) )

Hdgr odd Sl p oo W3l (b &5 plaBialime) we o Vo gl (59, 5l )l paiges pldl sl
Sl paised (shalojl Wiged glas oo Glyiear lagl b blae sl 5l 5 wd oleilr psal gl &)
2595 689y 2 GG el NIV (Lol pgal ;5 5 aiged 190 Slaad o psiz poal ;0 285 O)50
ez by Joe i Ghigel ln bion el skl (paiz 4 pgal (55 S0 il lubis
330y W (90T (slaaiged o3l Wogy (58 ey Blolie 31 it Sl (53 gy w88 3ol 4y
ladigas ojlaslay (58 pae; a8l o Lol sladigad olawd .0us )5 Cllilo (o 3a) ey (sAiges il g0
o,y Yoo sleolainl b gamadds o )68l ol oo b)) ol clls p hisd ey b o Liel
ile sl g, o8 bl ol glml R I3l 5 50 (paginS 5 (Sl waajly 5o 00d ool slo 5300
oo oz Sl GBS (nl )3 3,1 352 il (o8 anail 25 ln g ol (ol bl )
Cai et al. ) o eolitul LS oo 5 585 oo Lulul IS Como oo 3l o olys s gonailb

(2018

ey g b Y

Ry S 5 -Y-)
solizw! L Wavelet -PCA o, e g, s PCA Brovey is; aw boadcuS 5 polas jl Jol> mls
(57 9 Jlod npad oo o 0085 I8 bl sse g58T aSLE 5 (Siren upo sl s, Sl
ol by (Sod oy (pien 500 gy 90 4 Cnd Wavelet -PCA g, L sascuS 5 pglas

sl 0091 B9y (il ey ek kS Sl 45 039 BIOVRY b9, 4y bgsye (S

adgl ol yglad b oadicaS 5 polad jl Sy (Swod < 35 (V) Jgox
Table (2): Correlation coefficient of each of the combined images with the original images

(o 33 guad) (ol 33 gucis (92 pgad) Sbol ygai




FA-YVsawm V¥ Y du)ﬁtgdmﬁ ARSI A bJLA.aiI ‘L;L‘.'-‘L“‘?)ls JAGISJ)JJ‘}‘J@:\MJ‘)%JIS
Application of remote sensing and GIS in environmental sciences,Vol.4., No.12,Autumn 2024, pp.49-71

3 3
. 2 . . 2 :
353 33 33 : 33
E A S T A
kA FA
- YA S - - -afe - e b o0
_ LYY - - - - 1A0F - - 5l oS F
JaFe - - AN S - - Seo3 e dogslo ity Brovey
- - Y L A - - -Aay &l ol ey
_ _ EV - - [y - FINIRTE oS F
N - - X - - JUSCRRCE PCA
avy o - - VL C - - - S35 e85k Wil
- - - LAYy - - R RS B33
. - avy - - VA CA S s il S 5
N - D - 5o y8 il V\-/Z\(/:é?et
SAVY - - VAT - - S05 0 80y98ke Wb

L osdidngs pgbas slaail 4 cons |, Lol pslas slaash e (o957 polie Ol pais Jloges § S
e (52 S35 gl 99 52 50 45 3l LAS (g5 paolie s aes e Gl (S 3 ilize sl b,
ol aalllas ;o 04l Lol pglas L Wavelet -PCA Los jog, b eodags oS5 pgas |, gyl
S 90,8 &l s bl Ko hgy 90 4 Cad S5k 5 b Sledbl Las o Brovey i,

el sl yoo (Dhruval & Richard, 2015) zlo b a5 coul ails g o pgai b, Sivaon

PCA e Wavelet-PCA e st pust o Brovey

PCA =w= Waveles: PCA == J pps - BRrovey

(a2 Jod (i) ¥ gl (Ao9> Ly i) ) pgal



sl 059 (69,90 axlllas) hialine) (lulids ;o olSosls 0ol g Al £ Julow il 535540 by) Sy drugs
R (olds oblaase juieEs
ol3 b Jea g9 4 o

ciliseo slashg ) b oudiand pglal (AL &1 o ol pglal il (oo (o29,%T yolie ol pud Hlogas :(F) JSb

oSy

Fig. (4): The diagram of the local entropy values of original images’ bands compared to the bands of the
images prepared with different combination methods

aalllas )3 a5 el 0l5)) 9 Vb STy Slojlgale pglal and oyl (Lol o il OMSew 5l (S
Sl 50t 5 05 ool e ol ) =SS St sl Silag S 5 hib slasly S5 b Sl
Mel lag] o jls callas (Amatya et al., 2021) mls L a5 cé 5 & g0 paad Oledbl La> L Sl
sl adllae (plialed S8 @l d9e 4 39 atlys g2 FRB jsba pslal oS 5 ST ws S
oS oy Se> Sl oplply Sl Glal )3 5550 paal sl esliinl b (Aialine; (plelid sl Bdod
Sy Bt (ol 5l sdelwmsdy bl Coro bl 5 aS 00g Coeal Sl aone Dldlae gz yglas

28 )5 oo sy o Ol b gum Slalas

dote S oyl i g (Gudazkad —Y-Y

ploul dove il ylg 5l oolawl b olbie ol)ly (IS0 yuad (sloylgale glal guaskad slol jslatea
S Ve Sl lp ol ol gunadds g godskhd Jos Coddse 0 coge (i wlide audaid ol
e &ygots oS5 Y cnl plad (sl (dome (uil)ly 5 0l JuSas (S8 5 IS0 olie I calise
B g 1Y plp i A (So,a8 9 ISG oyl oS 5l ebide oo i ol elul p ol dule
Ologes cpl j0 el s @10 IS o o)) Ol s TP o mibyly Ol Jloges el Cewd
o3lail Laul33l L. (Dragut et al., 2014) aas jioles 55,L 1) bald b 50 Ol s &5 Sovie a5 e
3 355 et 5 Ol ol 48l 3 S jsby lome il ly <l slamlide s olulsd
3 o gime axdad 1 5S> o8 Cll> @ Sy Sl 5l 138 Sl oSN pl icasl 00,5 (69 m (weSae (g,
lo K8,9,8 oy SSU Gllugs Olynts 75 jlogad o wlide al381 L. (Drigut et al., 2014) ol , 505
FS oo JSas Oladad il 35 5 sae ganarhd yulde d> 0 00 o Gluled o | S
ool b st 25 5,0 Wl 5 e gl 5 csmeled (slodisas s (5505 Spama a3 o g o
ool sl ooloz, QY g A Y VY sla wlibe ,o aald sl Jlages cpl jo oyl Jlis 4 ly Koo
b3 IS ganaskd anTd o ally e a5 Wb ools ais ubie sl aae el lsear Gelide
Ol |y (Gl me)) Sliae (5)lse (saimankd (p 5o )0 AV (ulide 5 (uankad (55, TV Guliie 2095



FA-YVsawm V¥ Y Ju)ﬁl_)dm Fo )Y o jlads ‘L;L‘:-‘Me}ls JJG'SJJJJJ’\J@.‘M.\){)\S
Application of remote sensing and GIS in environmental sciences,Vol.4., No.12,Autumn 2024, pp.49-71

a1 s o0liial Gl T ol i o5 ks 5 o0 0 Kk sl § yolo anlllan 1o amo o
5 P3>) b Joe porh [z i WL Sy (2)lee (plelid 390 0 )5 laulide
Ol T2y rzes ddhaie b il g o ez Sde a4y SOl adllae o Ll (VF e e
az e ol cdvllas (Zhao et al. 2017) wldlas b a5 wisg e o, Shee sl ol slo poliie «oglas
5 Sloti1s 1 3 ol Ll 1555 oo o o5 Slabih slaes il a1 e pliie 9mi S

(Martha et al., 2010) sge5 0Jg5 1) (5,l0 come (goimankd G ylg5 o pleol Lo

—— ghma pelesly o oo £

1 ¥
rd +
- T
r &R CP =
- | 1!, ¢
2 T ) H w
Vl) .‘:r‘.“ 1 Q ‘
Y. O efs A || p # ot \ i
1 1} | | g .
{ 14 | 1288 ol
) . L PR L i BB "ql $
A » 3 e A -"‘:: = "".f !
| !
\e : \
) '
i d 1 i 1 >
Y ¥ F A \
e

Fig. (5): The local variance graph and its rate of change versus scale
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Development of a semi-automatic method based on object-based analysis
and data mining algorithm in landslide detection (case study of
Mohammad Abad forest watershed in Golestan)

Abstract

The first step in managing and reducing damages caused by landslides is to identify the
location of previous incidents. With the increasing speed of destruction and land use
change due to human activities and environmental factors, it is necessary to use accurate,
fast and cheap methods to identify landslides. This research has developed a semi-
automated method based on remote sensing and data mining algorithms to identify
landslides in the Mohammadabad forest watershed in Golestan province. Due to special
topographical conditions and human manipulations, this area is prone to landslides and
suffers a lot of social, economic and environmental damages every year. In this study,
two Gaofen-1 satellite images from June 1402 and March 1401 were used. In order to
increase the clarity of the images, three image combining methods named Brovey, PCA
and Wavelet-PCA were tested. In the next stage, 218 cases of landslides were recorded
in the region through field visits, 70% of which were used for model training and 30%
for validation. Image segmentation was done along with optimization of scale parameter
by local variance method and shape and compression parameters by trial and error. In
order to perform the classification, feature selection was done using the random forest
method and finally the image classification was done using the support vector machine
supervised classification method. Based on the results of the Wavelet-PCA method with
a correlation coefficient above 97% and the closest entropy value to the original image,
the best image combination method was selected. The optimal segmentation parameters
included scale = 33, shape = 0.6 and compression = 0.5. The results showed that the
proposed method was able to identify landslides in the study area with an overall accuracy
of 92% and a Kappa coefficient of 0.85.
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