YN A (o10s/ ﬁg/du)df b Ul b1 A sl

N sz'lu".'

y SVl 88 IS s SRy 0l pl Ko AL;aK:.Jb slez ol Olgz o sle (ool L ol 3 sl wlas adBE AL
L http:/girs.iaubushehr.ac.ir : <ol <5 sl g’f"ﬂ"/
Tl

B Kler S Jdow 31 eslizal b ol JI o 8355 jaseis | a

eIy

VEvr sla e f i B pndy /VEr s Cligus,l YA :szgi)'le/\i" oss s Ve ical s

3o pde piime BIS OBas wawp el
S o o Bl el 3l b S50 85
@ 5 a8 pll g min 55 5 e b ey opl s
Gl Sy, 28wl g, 5 Solp Gl B8 Ose w
Lomil O3S s mlaw giie glii)l il Bias 5450
Shsaslse 5 (Sreshsse saale ccnd Cuxdse L > S
b et ol cnls b omen 5505 13 o3
aad opl bl bdds 2in 5 edd a5 S e alds
S @ el O 4 Ks Gkl s
b ) S Sy el s Sl o @ izen 5 Wadits
Looasy nl 02 el ol a8 il sla 5l
5 s (S 5 5 LT sl slapn S 5 eslinal
Sl ey ol S pasis 5 ghar glaen Sl
(Focal) G5lS ¢5 31 s Slapdll poman Clodys S
sk e St oy SOSS Sl el w3 S 13 aST s
e e L e ol ot aslid sz, sslesly
U 35 5 63505 Sl 4 b, S Gl 5 Cowle LT
Ol & Jrass cnl 53 & Sl (503 Glaasr Sl 55 S

ol 0l 4&?—‘);1
fJa,.« qu;)l slaesls OB Q_ﬂ 33 L&dijJ 9 .>|y
Sy esbe 3 aly olad l5T Lw g el ize (DSM)

S S5 sop Slp e Y ossd 5 Bl G35, LYo

VEv e 315 0 VY 1 5 20) w2

A

)Uébbchla.»éx.éw)bﬁgpém&u}%
5 oA els pie BBl Lasi LGS
@ Al I3 e mhae o) &S e a als gl
A3 ame (sls piite 51 (SOl it 28 b 5 pdiies &) 50
o3 Jpeal S s mhe ok il S e J S
(SN s el Sl s Sate 254
S DBLES) eomen 5 SG5b8S 5 ey Sl bl ESWLE
3 DLl elen @ SaalS 5 s psle LSSl Lo
gy 5 S Glap S L Jals 55 (g e 5550 55 omlige
sl 5 J3 Jle Vor ssde 4 g Regbses) ol 13
Loodsml 5038 o p Olubidcsn yipes 5 Slos 055 LS
4 S5l iy sladde Loyt 5 55l s 53 MG

R R R e I e I JU EP R R

" e 40k ks b COD) Sl )5S
sl 5 Dl S e (ol pul 5 Sl cblis Slids i Ololad )
s 3 sl (Sl Ol Olghel Dbl b sl 5 (5555l

Ozl Olgal 5,528

P odSuls ek SUlAr 05 (SIS 8s S a el s Y

Olnl lgionl Olgionl o813 (g 520000 2 5 L3l A

el eaSils (reb LSl 055 (SIS Sy Siagy ¥

Ol Olginal lgiol o235 (550l 2 5 bl

KouroshShirani@gmail.com : &5 J goms S8 9 2SI Sy
http://dorl.net/dor/20.1001.1.26767082.1401.13.1.4.2

A\



*,

* e . ) i
2 VP S T g

AV 08 Sl ) esled O W

451 SPSR 5 CMLSR (sla oz, oI 68 350 s cadls (sl
S ote oy sl El5l s, S psled 53 S el Jes
Sl S 35 e Slipr Gl 5wl sl S cal
(oo SSE s gy okl w13 4 SPSR 5 CMLSR
Bl Iz jowle bl 5 SOLS 558 wolie ol
SPSR o) Sl «g35)5 St & Comlim b Gles 5 Shes
23 Lﬂfﬂ?‘ gxose Gl e O s ) e s Sas
3L Wosiw 5 Sl sl 5 ey (93505 Jb = &S (535050
3 eoliel ml g sl el (g Coenl L
64 5 Skae SPSR e s MLMSR (2,580 cooms 3
s S ajiss ple Cod 4 OMLSR o, &0l 5 dileadls
i sl s b s el esls 0L s Sl g s
sk mliel 5 il i s 85 e, S
©o gazme 5 ol 00 oslitel 02l o sal s OL5 Sl 0328
el 55 el e el S L 0nr 5 i
2B sle a5l 5l eslinal b g s SS3 55 55k 4 ag; S

..\,'Jql.,@)\sﬁjf..w)Q.»J\AA{@LGL;)'L«@J:;'-S}\J;-\Q
sl 53 MLMSR o2, SIS das o 0l sl (s 8 aomet
S Goye s ail gL SSE 4 bl S e o 2y Sl
el 3 S s 6500 SPSR 5 CMLSR (sl S
s b el S ol S oy bl Al oz, S
3 4 SPSR 5 CMLSR sla & 33 5 o i 3l
Sl S 58 Aolis gl oole SIS s i il e
4 Sl b Sl 5 Slas Bl Sl daes ol cill
Ol o 5l e 3 Shes SPSR o) S (s3555 Sl ks
SIS 5 o (S350 KB e &S (635050 0 Lo gast a3 s
Gars Lol el g nln Coeal (il s o s 5 ke
e 3 MLMSR 5, Sl cms L5 5 mislis! ol
Al s 4 OMLSR 2,80 5 lazdls (s 240 5 Shae SPSR

el onls OLS 3 5 5l (6 s s Sas by 35,

OSap jasil (Sl S (fS gads glaejly
ool e

ool polar 5l baesls opl L8 8 513 eslinal 550 cailaie
DSM (slaesls bl oL cpl .ol sdal vz 4 ALOS
PGS ez Gl G e IS 55 (e 0 Sl wd)
T PR EVIRGINN odal Cedes Sl obie s ol glaesls
A fdS e Sl Sl 4 Ol e 5US Lae 3 o
S mie ooy eSSl ealizad b6t BT Sl e
LS e IS Gt S e 0 2y o) S s S (g5l
A i s e B BT e 4 S e 0y sl S
Slaedle 3L arlse o2, S oS e oy o301 L ke
b lie il 3 adilosla 5 moess b 438 o S
Gdrs o8 53 3,8 planil S8 5 D p 4 S ot 0y ol
Sedslalrle s 5 4 cald s jasis o) Sl e
el B S GbS (gladde Sl eslinad bl SO (g
oy o3l Sk b Sl Sl o) S e a3 S
Gl 4 ot S pl S8 blE S s 1 S e
S e oy oMl sy S gladshe bl T
BEIRS NN p-"w)i” aw opl VS s s elde 85 gla, S
S 4y o2y S e ol 5SS ) el ol
3 Sy S S 3y Dl i (S e o ey o3l O s
G oy ole W3S bl (gt S Sy Sl
0SS e el Sslhw S S Hb e
il sl b Ll sk s il Al 1 e 1
035 SSle gl cpas 5o Al azilb (85l 5 Salen il
bola ool Sl 5 cilsee la o, 80 655 1! LB

s 3 B sy ge (i ol s

Seslinal b b ol Jlas 5 JI5 1552 el 5o Som g b
ol o3 A el S GISe (oS LT S el a8y Jda
wlup b oAb wses ol s oledn @S bl
a bz S 51 a5 s gl oS Dl s e S
5 Come 2Ll S DLl b s s el &) s
5 orhads oS e o oy 63l Dl edS e 4 il

W3S plondl a5 S sl (s 4K

S & s S e ooy 505k bl 53 MLMSR (2, S

Sl Bl 5 5351 o 4,55 ¢ S (Koloan (68 s 3 oolizad b Lol 3l ot IS5 55 asiets N E0) .0 e gl Connd e e om0 S (it 1S sbil i ! o L)

A=A O b i s Ul

v




VEON Sl (Ul eplod /s s JL) e mabio 3 (2Ll jaor ST &libu 5 595 51 iowins

Jpol il s (s )50 585 50 ol Lol ) 5 SSSS
STV ) Gl 45 S 13 s yse ole asls e sgde
L o oledbl slasble ojs el Lty ool L3 (8
Sl ool Slanlous 5 4 iy o Sasl O3 6 S
Sresiosnss phe Lol 53 g G2l S sl
LL el OF Guas hagh cpl o3 ol aB S 3
slaesls 750 51 g, laesls oy s Sl o Jds
gl Sl edd dls IS Sl Olge 4 s 5
Lt (5 T o, S (SIS e 5 (e
Cesd (o p20l58 S35 pail a eSS Gk
sl

S essdae slaiass 53 (as o8, LT ae
e Ssb a4 ol st ezl (gylelomey sla i,
S5 s8y 98 Lasil (gl (Semivariogram) tlﬁﬁjbw
gla) slp Sl KK S slaias 5 A s s
S Olims 5 s ol by () ool 43S 15 eslizad 5,5
plowil bl ey 5 bl sla s ) ool 4 el
Sluarb @ Pl ol g, Gladde (o) p e
toazk (V) Lles S (Terrain classification) ). Ch“
=S oo b g asbosn sl Jeol glaarli Sl (S Lap S
S oSen oty Olse 4 Lap il ool ey el BAlH]
Land Surface Parameter, ) ..} cla.ﬂ bl bl
g e bl bl gl s 0Ll S O zees (LSP
S I S S gty Olye « Lap Bl (gdoail
(S35 ol Gl ganankd Ll s (Dl
el ke gl 5 WliS (5558555
) 550

LB e il s sl ebie bl
53 bds 5 Sleli)) anle IS slap b s jasids
S Sl J= 5l s e el jasid Sy elis
o sk by B daGus il 5 G slap S
e boslag b 5l 85 S 05 S 4 oSS b o

RS Ck_ﬂ plply ek e el Lasls FS

VRV

5ol b e (S5 adle a4 B
A Gl S () spd e BB jasis LB S
2 Sl boolen el e Gy poekd bl (S
Sedosasl p2olse b e Samdpe 5 IS0 bk wolsl
(Landform type) r;,u sltacs (00 5 ) Coul sl
«Relief form) o35 (s, seal Slap b Olpe w (\Y)
éﬂ\ s (V+) (Mesoform association) D.é}}a slad s
Aipd e ald o (80) (Landform patterns) 5.1
daeg daceis b Jlyen sk hald Lap sl glacs
LG Cile gla plie 55 el 5 Laoys daals daeys
o3 el g S gl e led (0) s Sy,
(S ES (@Bl Sl s S e 2050
SBLES| frmen 5 iS5 5 ey Dbl SiSalE
dor @ SaelS 5 e pile S5l Ls S
Slap ) b ol 53 S st pe S s 5 LSl
osb a0 Sldlas aiy cpl gl H3 aiegs 5 anlS
L 5 (Terrain analysis) o5 5IUT ol 4 (slos 28
oily Sl 3 ol eld atld WS (55405550505
(Digital Terrain Modeling) yve3 058, S3ledde «Sd
(EY ¥ ol oslinad Il s lodul s 5 5b 4

s 5 J8 Jle Vo ssde 4 (g b e85
3 38 pp Olbdcsn, s 5 Shes 05 LuLS
by sladde Logast 5 5 5alS pske 55 AL o5
Sresiyse () Codl ann g b= 53 Sl 4 (5 slS
Olosle 5o Olabl LB sbats) 51 ol e
sleais S Bl sl daas > LS, s
(s Bl CS Geltn Plons Celes
o e 5n K gl 8 Sl ol 5 SIS s Shles
33 @L B Ja&. gl OV YY) Cnl wdige slawe
Terrain ) w5 iledde Lds s SUls 5 b b
Sheslial 5 oWl ae Sledbl e 3 «(Modeling
(A 5T Cl pasie Wlblia Los glp (g%, 50

¢



e oo 31 eslizal b el )1 las s 5 aseds

A UlE s CdS @ e & L b i) el
0O8) 35 Aal g glite s

Sy 0l s Kol s e pud el dl b
e ases SFaghyssl Sy paEasy Lt Ul
Alb o e C}a“ IS8 6,83l L bLa | 55 oS Wleds
O O X et B I NP VS (AR Y
S Lo g Lol 5 o il Omen ks gla S
(hodab L sla B, (V) Cnl sl ey Laskis
Ld Sl K el sdoute SVLI oS s Es, Osmeen
i 5 035 mems olde SLls S b o (S5
Ofsl (V8) Ligala (YY) 35l 00 o jnd (A4S Djse &
goax Sy 8wl gk 8 5 sl &S sy S
Gk O L e sladsls gl WlE s Djse
(ot Gl gl cod Lol S Jals S e 555 slawilind
Ghle (F4) Jose 3500 48 () b Fres 5 S
S D 4 Sl 03 S glbaih | Oler SIS 5
Sl s Sose 4 s 4i8 .ol (Generalized) oui
ke b Ol e alB 5l el olsenl 5 gl
RO PSP RCETR R PR

3 ol Sl p5ke 5 U oS s
gy el a5l ealiial b e oo (sduail s
s G SSE @l 3 5 my 2L Sl e
Gk 5l S b w BISas cl oS by
3 1St sl S g 0 e e pli (S5l
Q= PR RONEE (FWLl a8, Jde S so 4 ad gl
(ol S 5 5l e CE‘” Sladhn (g5 5l
Slatamdse 5 el Slila L 5 25050 Jolsh 5 ol
Slatasn ol 03 (YY) Wlpe s a4 LUl
3 o) e e b uath e Gla s et
&Lt sjﬂj.g 23 s edd oS5 K S slaesls
o3linal 5550 (a3 SGBs 55 Sladals ZlAaal 5 s
(80 5 8) de Y0 N WV) Llas S 513

o

Sl Cilie (slap 3l ekl Sl sias jiled
5 oais U5 S Sy e K sbol 554 .0)
See Al andls e laalde o ) Wap i o S
A sl Al (M) el (S A
Jolo S 550 ol e gl gy 5l eslanal b Ll 5 o
LT K b sl s oSS e s pe (sla bl (suails
Cls sy 5 epmie L bl sla i, el
Sllas (B 5 W AY DY) s e Ko il
o3 Solseal glaadlge plnal b Ysans (S esh) 0
hos 338 o BT Cod S 5 et gyl il
S G Sleslinal 5 b 5l al (See bap BT Sediany
Glpasls 8 LT cos 4 (SKeshyge glaadlie
SE S5 sy el e ik 4 dnes e
Ob > Olg  esls (Topographic Wetness Index, TWI)
5 S8 su, exls 5 (Stream Power Index, SPI)
I, (Aggradation and Degradation index) < sw; <uls s
Srashisnss polm dl 53 (B8 5TV XE) 55 6l Ol e
ol Sldbl Olge 4 ol 58 dde Sles 1S 5k 4
5 bale slaal s sl gbedie flsal Gy
L b S a5 gare (§8) 255 .S n ealitl ba st L
Sydee Sldad 5 3 S slely Ln(aj.é.w S sle
s e | S e 0 b s e b Sl IS ) sled
el S OIS el eld e el
Sl asy Jde 5l edd arals o 5 ol
Sl 13 il and B el a5 5 S s) sk e
S5 P gy e Dpo & Kl e el Ul
Slakor i 5 Gosb 51 5L sb 4 KlS e e 03 5
lgniny S gose SIS st esls Glled gy e
Al mlavs glaw (JUS (ol et Jals 355l el
Ogmen S5 (g3ds durj.é e OA) sl @3 8 5 ds
(Y0) el o &) saends Lo 5 30 e, 5 oS,



VEON Sl (Ul eplod /s s JL) e mabio 3 (2Ll jaor ST &libu 5 595 51 iowins

el 4 513 s e e bl (gl dde 53 sl
L gdoatb oS 5 ates SO (FY) O 5 O So
Aol 5 Ol s byl 51 alol ey bl Juls
e o3l jasil 4 e S 2 (530 slade s
b5 sladll 5 baade 4 5l T Jas a5 S e bl
5 il L;uﬁ,;)l 03 dbe sl e ioman sl
NG ).\x.."ﬂ L./L’JSL;‘ )‘_)'; oalail 340 PLY L;iL“fv‘bli
dal gt Cogline 50 el gladsly sl 5w bl s
L g pad olide alis LT &S ol 0T S5 ge Julo 3
.Ju’\a.)‘v\..v)‘}#.))}ﬁ ‘}ALSJ).EM
o sl el glais, B mbe S 50
aj.?LL; &:ﬁ )‘ urﬁ)jﬁ‘ L)'—Jv‘ L c&;.w‘ ol oalaiul TPI
Lé;f&&wtw)‘dw}‘jsﬂjnéw‘dﬂ
s gl s 8 e alous sls gl JoSs S0l
LS 2B 4 5 sduadb s lap S TP 51 el
Sl Lgur:{)ﬂ\)‘\ﬁ: ey o) A s Nsd e
ok ealaiul Lhrjﬁ.k.«j ﬁ?hn;: LS‘]’ J:.J:LA 6):5-’\& 5 e
lJ“ ol A_J)Lb L).ﬁ.”’b:«j JLJ.) “ Lﬁuuj) 4&}4};%1 U’L‘ w‘
slaasls 5leslaal b s CLM seolse edis ol
o 5l il e el o Jalss 5 WS a5 el
Lo slappld JSs jasls o A slas S,
s el Gl esladl ey es8y Jde 31 esland
6;}@4 JJA )‘ bbu.:ﬂu\ L L“‘u':‘}) Lﬁ‘ DL k:».w‘ wﬁ}jfls
Slhas 25sel glaosls Sl eslinal b 5 wae K3 ile
Gluaib 5 gl 5 pasiil e 5 eSS S0k
e 3mpe glas Sogs ol oo plndl s (slag 3]
saslse 5 Sashsse gbale (ud Surdge QL
S e Cnls Al 4 e 3515 S8 LS
ol bl badas i 5 odd ax g S e ulie b
b il Ol & Ko Gb 5l dses and

Fob s Sl B 4 pimen 5 Lidie Sl s 2

bog Db G Gl (V0) Wsela puldc s o)
bp B g e OF) S (5L, O 5 SIS
508 e by dny a3 0 8 Rl s 2olel (V)
(£8) OLKan 5 by b o sl I3doen (FV) 0, Kan
Lonls G dled oo &l siila 5o 1) o) e o ot
S Fr NS e S bl Sl Sl el
Shes S lp 8 dree ous ol btk
55 (Y0) JiS o eslinal 5 gel (glaosls 3 pwey 1S 5
3035 DS 5 G b et ol K S S
S 5 ) Shuaib o e beedls 55 4S s e o3l
3 S SN aganaib ol zig (Y 5 YA)
e 2l dagauail () (VA) dzes o508 (5 0535 50 555
Sladis 5 (Kb ol B 5 et S oW 2 L
s SVl 5 g Jom P8 Sllls eSS
Slupeds 5 huaid (LT (Yl Bl 5 s,
(1) S s
3 5k bl Gl el gladle 5ol e
Sy slappd jols s Hlsald ¢l oS
5 Lpals ol w88 obnil el ey sladde
sty oledde o gl (93,5055 ((V0) o) gmsla
e Slp e ST 5 s e ) eslizad b sl
el 2 G ol S Gl Gl B gl SaSs
Gl Gl Sy 5 2l D3 Cud op e pend S5
a3 a1 6558 Sk Al ey ke
bl oS5 a5l (V1) O 5 L pal
P el gl Gl et S s o gl
45l okt sanaid S ol o) S el s S eslind
s pd ST S ik la i) 5 ees cnd S S
el (63555 laesls lag 5 i (gl p S 5 5 edeamy
bl 5 olis Gba S5 i b o5k 4 da B,
Opeile 5 5B Aas e L3 e 1 WSllita 5 s
L8 e | beslledor Cundse pd el bl (V)

g Mlir 5 et Camdge S5 bl Je

"



e oo 31 eslizal b el )1 las s 5 aseds

4Ol g s S b s L 8, Jos (8Y) el
Loy 5T Sl e s s e Sl lle
V.q)jfjl A3 S ileesly S e o ey ST eslanl
S te iy Sl A gy SIS J) e 4 S e 0y
3l b clize 3L i s e B ST e @
(Edge Effect) glatl> 51 L axlgo o, 5831 (S e o 2y
olize lanil J aklola 5wl B s S e 55
r[f 03 3,8 el S5 Oy 4 S et 6 2y o5l L
2B e el ey pasts ) S ae gin
Siledde 3l eslinad L Ll SO (g p, S bl le
L Ll cbl o, S0 e a b S ol LS s S
gl @b bl 5l as cllyls 1) St o ey o3Il Ol s
5 S b glad b slal e Clo a2, S 4
IS e elde i Sla,sSU oS e 6 2y o1
S R I B P N S T L R
ooy o3l Dl s 4w, S ol LS
Sy Ol 5§ ) 4GS S S35 O il (S e
wl i el Jrle ) IS 25 S el (6 e oSS

das e ol 4o O s

av

ol axg S adbe sla sl a LA(..:U)Q\ sl
sl
ST Gl slapn S 51 oslinal b Ghass cnl 53
BEENCEEEE LSL“V-D.U—Q‘ 3 LA (PS5 (S e
et Caslodss S &Ll e (Sole JSs e asis
S5 ast 5,5 (Focal) S5lS g 5 s, slasdll
Golwesly Sk 4 S te oy ST S cl a8
ST lde JHlr b axl e ool ol eslizal Lagzy 5 S
Sl 5 5 @208 Sln 4 b, Sl 5 Sl
()Tgui.a)}: gl s s el L§J.<.3.: sl 5l 50 G

C,..A‘ [ 4.:.>-‘.§ﬂ

GRS )
DSM) b ol glaesls 51 zass ol s
YN0 LSty eele 5o oplf ol uil5T b g el iz
PE 55 oop Sl fe T s s (B S5 L
ol slas 5l Laesls ool .28 S 15 eslanal 350 cadlane
Slaesls ulal 5 oL cpl ((8A) ol ol s 4 ALOS
oz Sl g ae SIS 55 (g2 0SS 4xl) DSM

odel Sty Gl wlide 5o el glaesls o 5 58S



VEON Sl (Ul eplod /s s JL) e mabio 3 (2Ll jaor ST &libu 5 595 51 iowins

W)l 098y e
! apdil> S1L azlge 1 Lo slas @3,
Edge effect

0 2y 3l g (o 981 (s 930S
29bed ©ygo 4 S5 i

Moving Window Size

319 5 iy > o

i

3 .
-’-ig ” y»w@“&u@‘ﬁr&:%‘
% }|CMLSR
% = s i 595 (g nd b
- 3 o

v, 2 JB Laseli b diz uSlo o 595 ene «‘5).“36’
> 3 B it
- 3 MLMSR
% b _
£ B (S A &5 i iy 39!

SPSR

-

NP (95 9 @l WET 9 sy
& o 591
g 'GJMJ'@Q»@'& Ry liel § Lo gh)D
Gaﬂewséﬂuw)xsw5

& w0 591

| »<)mb)z‘af|-:4ah~a”ﬂi@luww>
)luﬁ)&;é%gml@ugwl&bl
B 5T 31T p Sy Cumwbes (v p 83955 4 e 3ol o) (TR Caumilus
P OV g g 1 i 5!
-(wgquﬁq),ﬁ" gu}wwwD

TSPV PR P S POV B L
Fig. 1. Flowchart diagram of the conceptual path of research

O30 5 Gy Al o

Slwly 53 &5 o35 Ognly sial s 0L (data model bl 4 (g S S
g5 ol O sl laslsle 4 e el LS 6 tle gba Ul ke 4 sl 6 i, glaasls
A ealaal o3l d.l.n 6‘4_9)w J.LA u:’.f“‘.‘.""‘:’ J.Jsjf Ji‘)"‘" ‘;W.LJ.:L& du)b}l.w

ok s b ,w sl 4 (Data collection model) ol
oals Jhe laced area bacd Ol e sasl

Built-in) <=L, 0s,> 5 (Standard data model) >l

A



e oo 31 eslizal b el )1 las s 5 asels

S € 5 S e 0 e slacasy sl 1 osadaly ol s

Gslweb cmOd2 5 rmod2 by i o O slad st
e 1y oz Ot 5 o el 035238 P 5 4 i
D33P S e oy O 5 e oS o5 53 500
230 3055 JSke b O s 5S o om0 B S L5
MC 5 Sie ooy O35 e SR T=C b3 lg s
LY 5o Y ol b 1855 i oy sl JBlas pons >2
S 2 el S ote 02y 5 Sl S o et
e oSl el b S slae ey slawls
Solite Gba s, 38 sl s (ISUS L ()18
S by S ete lae ey laals & u—‘“wﬁi L
SR opl o3 biledd esls OLE 0T 1 4sed i Y S o

el 0 eslinal (55 50 1 b Slaamses (1080 3y, S

et Al S b (5 K T

Gl IS S e U Sl e s
(e SLasIUT Jold oS 303 3 g5 (2 slaass U
oAb 3 S W) pd e sl s sl (G5
oy SESS (SHE Glapdll s eslinal 3)pe SlacsSS
ol Sl s el 5 .l (Moving Window) S e
el o oslizal SiSG

S e o ey iy 5

Lol Ostw 5 o 3l s MW 1) S e 0oy S
35 05t 5 fa b orn S ot e oy S ks (1O)
w‘\&‘)b&bwti)%ﬁébbhfjb

(rmod 2) =0 [

mw ={ (cmod 2) =0
(r,c) r=c and r,c>2
O O O
(-1,-1)[ (-1,0)| (-1,1) NW | N | NE 71 72 | 73
(0,-1) [ (0,0) | (0,1) w C E 74 | 75 | 76
(1,-1) [ (1,0) |(1,1) SW | S SE 77 | 728 | 79

G IS i, (G gl (U8 gy (Call 657 te (gloo oty slatslys 4 S a3 o T sla s, .Y Ko

Fig. 2. Spatial addressing methods for moving window frames a) Line coding method, b) Geographic coding
method ¢) Coordinate coding method (with central origin)

S (3l Ve 3 s sde A L) S e
BE p—%);ﬁ‘ gl Sl Gl edd 4 AS aadad I iy
J)J:g;ad.la:-y\.ﬁr }i:

W

S i 0 oy o3l S b e kS 55k o3 S
oIl LS L;LA)Q\ Goledda 5o i Glwdl (gl
Mo SIS L ) Wy, s S oy

oy o3Il Ll e 02 S ) Al (Sletig 65 selS



VENN Sl (Ul eslot /s s JL) e sabio 53 (2Ll jaor ST &libu 5 593 51 yiowins

(-2,-2)|(-2,-1)| (-2,0) | (-2,1)| (-2,2)

(2,-2) [(2,-1) [ (2,0) | (2,2) [ (2,2)

(-1,-1)| (-1,0)| (-1,1) (-1,-2)|(-1,-1)| (-1,0) | (-1,2) | (-1,2) | 73
(0,-1)| (0,0) | (0,1) (0,-2)|(0,-1) | (0,0) | (0,1) | (0,2)
(1,-1){ (1,0) | (1,2) (1,-2) | (1,-1) | (1,0) | (1,1) | (1,2)

r_code = w-1
‘or r in range(rows - (2*w)):

progress = (r*100.0)/ (rows - (2*w))
int round (progress,w),' % is Done...'
r_code+=1
c_code = w-1
for ¢ in range(columns- (2*w)):
c_code+=1
pixel value window = []
pixel_center = list_columns[r_code] [c_code]

&S a0 ety 0311 b it &St 0 oty uS A | pnal XSS
Fig. 3. Extract the moving window index to related to the size of the kernel
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Fig. 4. Leveling pixels in multi-level mean summit recognition (MLMSR) algorithm

o v 55 68 Sls JoSy sl oS b 4 el s
Jb Ll e s w0 EX 8l L L Wl S ) 3
Sy o) Bt ) e LSy 250 b sz 1
HQSfaﬁam]A)JMQYBJSJJJM\?
i&)ﬂ.sb )‘ oﬁu:.w\ l; e &va‘L li ija.w J\MLJJ‘JJ

el Cews 4 dls 4 le 4 calls Ao s

m
S Sk = [ijloo £]

L as)le o cald 1o S.SMLMSR il opl U3

Sl MLMSR s 1 bz S ol ol Jida
Lgd o delos ¥ odaly 5l etz L MN S (gy5b o
Ol paal 05 o s MLMSR (g3l o255l
osl> OLES ab g 0 sladS 5l (glaskad 0 S 55 S (gLl

) 0l

\a

[v]
(mW(rcFl)
L:—z' (rmodc) #0;r=c; (r,c)=3
B PL, ieZ;i>1
(r,c)_ L L
P P,
if it L >Z‘:2 ba | s mt=1
|L|| |Li+1|
n= L

5).>=.q JL\.:\ L)AL\A‘ » C‘}Ja..ﬂ :‘J:.;L‘dda_:\) w\ L

(mwere-1)
2

S e o,y o3I L Cwlize a5 A el
35S s s adaly pl s b g an g e dle
5 S o3l aST s 5 S e 6 oy slad 030 38 53
oy D3 ) o3 plp e b S oy st
)Jk..«/ej(&‘&‘»éﬁbﬁ(w“ﬁfﬁb}&fﬁﬂ
m Sy Py B Y oles b s 855 S e 0 iy Syt
G ol Sl bos a5 5L e 3 &S ols
Z-) oSy o) g B Dl 5 4 ax 5 L diledd

L
Zi:l PLi

T daly, &b 3 ck.w » (value — Pixel Value
L



VN Sl (ol o sled /o5 L) oab e 55 (aldlir oS Giloba 5 )53 51 o

def MIMSR(winsize , DEM,inPutRaster,outputRaster):

headerOrganizer (winsize,inPutRaster,outputRaster)
rows = DEM.shape[0]

columns = DEM.shape[l]
bigWindow = []
for winsize in range(3,winsize+2,2):

windowIndexList = []
i in range(-1 *((winsize-1)/2), ((winsize-1)/2)+1):
j in range(-1 *((winsize-1)/2), ((winsize-1)/2)+1):
windowIndexList.append([i,]j])
bigWindow.append (windowIndexList)
bigWindow new = []

far

for Levels in range(l,len(bigWindow)) :
Levels = Levels*-1
listNew = []
for i in bigWindow[Levels]:
if i not in bigWindow[Levels-1]:

listNew.append (i)
bigWindow new.append (listNew)

MLMSR (sslgnias o5 S ol sladS” 51 o 0 IS

Fig. 5. Part of Python Code related to the MLMSR suggested algorithm
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Fig. 6. leveling and distributing pixels on the levels in Complex Multi-level summit recognition
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def CMLSR(winsize,DEM,inPutRaster,outputRaster):
headeroOrganizer (winsize,inPutRaster,outputRaster)

rows = DEM.shape[0]

columns = DEM.shape[l]

bigWindow = []

for winsize in range(3,winsize+2,2):
windowIndexList = []

for i in range(-1 *((winsize-1)/2), ((winsize-1)/2)+1):

or j in range (-1 *((winsize-1)/2), ((winsize-1)/2)+1):

windowIndexList.append([i,]])

bigWindow. append (windowIndexList)
bigWindow_new = []

for Levels in range(l,len(bigWindow)):

Levels = Levels*-1
listNew = []
for i in bigWindow[Levels]:

if i not in bigWindow[Levels-1]:

listNew.append (i)
bigWindow new.append (1listNew)

bigWindow new.append([[-1,-1]1,[-1,0]1,[-1,1],[0O,-1],[0O,1],([1,-1],[1,0],([1,1]1])

bigWindow_new.append([[0,01])
rows = DEM.shape[0]

columns = DEM.shape[1]

r code = ((winsize-1)/2)-1

CMLSR s\t v;win sl GblS I as v Sa
Fig. 7. Part of Python Code related to the CMLSR suggested algorithm
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mw(r'c) =7x7
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Fig. 8. How to distribute the pixels in the single-point summit recognition algorithm
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:f SPSR(winsizes,DEM, inPutRaster, outputRaster) :
headerOrganizer (winsizes,inPutRaster,outputRaster)

rows = DEM.shape[0]
columns = DEM.shape([1]

winIndex = indexGenerator (winsizes)

r_code = ((winsizes-1)/2)-1

© r in range (rows- (winsizes-1)):
r code += 1
c:cnde = ((winsizes-1)/2)-1
for e in range(columns- (winsizes-1)):
c_cede +=1
winvalue = []
for pixels in winIndex:

winValue.append (DEM[r_code+pixels([0],c_code+pixels([1]])

# SPSR Algorithm
counter = 0.0
for i in winValue:

© i !'= DEM[r_code,c_code]:

if DEM[r code,c cede] > i:

counter +=1

SPSRvValue = (counter/((winsizes*winsizes)-1))*100.0
outputRaster.write (str (SPSRValue)+' ')

SPSR (slgiy o2, S (gl ! (slatS 1 i 4 S
Fig 9. Part of Python Code related to the SPSR suggested algorithm
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Fig. 10. The results of MLMSR algorithm
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Abstract

Background and Obijective Landform refers to any
physical feature of the surface with a recognizable
structure and shape. Landform elements and structural
forms of the terrain surface could, directly and
indirectly, drive many other environmental variables.
Numerical representation of the surface and uneven
pattern of the earth is a common topic in geographical,
geomorphological, geological, and geophysical hazard
mapping as well as sea-bed exploration. The
combination of the earth and computer science with
mathematics and geomorphometric  engineering
interacts with discrete and continuous landforms.
Geomorphometry dates back to about 150 years ago
and the work of Alexander von Humboldt and
geomorphologists, and today with the revolution in
computer science and especially digital computer
models is developing rapidly.
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Detection and classification of landforms are of
interest to GIS developers, geoscientists, and
geomorphometry researchers. In this way, the desired
work units are extracted with higher speed and
accuracy and used in the form of vector and raster
maps. Existing approaches are mainly based on height,
terrain derivative, gradient, curvature, flow direction,
slope position, morphometric indices, and the like.
Also, less attention has been paid to the challenge of
matching the diagnostic scale with the Landform
scale, and most models have this shortcoming. On the
other hand, less attention has been paid to the
possibility of vectorization output results and also to
the analysis of sensitivity and temporal response
algorithms to machine processing. In this research, we
attempted to recover and resolve the mentioned
shortcoming and problems in the previous works. In
this research, using basic algorithms of raster analysis
and coding, new methods and algorithms for the
automatic detection of landforms have been
developed. Focal raster analysis is also emphasized
and the moving window technique is used to
implement the algorithms. Facing the scale challenge,
sensitivity analysis, and the response algorithms to
input changes as well as accuracy assessment are other
aspects that have been addressed in this research.

Materials and Methods In this study, the Digital
Surface Model (DSM) published by the Japan Space
Agency in May and October 2015 with a horizontal
resolution of about 30 meters was used to work on the
topography of the region. These data are obtained
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from ALOS satellite images. This database is based on
DSM data (5m network version) 3D topography, one
of the most accurate elevation data on a global scale.
The digital elevation model was transformed into a
matrix structure using a Python coding environment.
Then, raster analysis was implemented using the
moving window technique. The moving window
algorithm was coded in a way that the dimensions of
the moving window could be freely determined and
changed. In proportion to the size of the moving
window, some adaptive algorithms are implemented to
automatically correct and organize the edge effect in
proportion to the size of the moving window. In this
study, automatic landform detection was performed
using spatial analysis of kernel patterns in the raster
grid of digital elevation models and the results were
presented in the form of three algorithms applied in
the detection of topographic peaks and ridges. These
algorithms include Multilevel Mean Summit
Recognition  Algorithm  (MLMSR),  Complex
Multilevel Summit Recognition Algorithm (CMLSR),
and Single Point Summit Recognition (SPSR). Each
of these three algorithms was first conceptually
designed and then coded and executed using the
Python programming language. In the next step, the
sources of error and specific scenarios of the
algorithms were examined. The sensitivity of each
algorithm related to the dimensions of the moving
window, the resolution, and the size of the raster file,
was evaluated, and finally, the accuracy and validation
of the three models, using reference layers that were
manually prepared and plotted, were assessed. All the
procedures were designed in a way that could easily
be implemented in an official software and were
completely compatible with the structure of machinery
processing. Also, being automatic and working on
different platforms where one of our priorities.

Results and Discussion In the automatic detection of
peaks and ridges using a digital terrain model, kernel
spatial pattern analysis was used. In this regard, three
proposed algorithms in this field were designed,
coded, and executed. The output results of each of the

algorithms were presented in the form of a raster and
vector data model. Accuracy and sensitivity
assessments were performed by considering changes
in moving window size, resolution, and raster grid size
(row x column) for each of the algorithms. The
MLMSR algorithm tends to be in a more binary result
in the lower dimensions of the moving window, while
the CMLSR and SPSR algorithms do not. In all
algorithms, increasing the size of the moving window
causes a more generalization ratio. CMLSR and SPSR
algorithms are more suitable for cartographic and
visual purposes due to the higher degree of grading in
the results. Regarding the temporal performance
(Runtime) or sensitivity to input changes, the SPSR
algorithm performs better. This is especially important
when the input file size (number of rows and columns)
is large. According to the results of validation and
accuracy evaluation, MLMSR and SPSR had better
performance than, the CMLSR algorithm. Python
programming language has been widely used in the
design and implementation of all algorithms, as well
as in the field of sensitivity evaluation and validation.
Totally more than 500 lines of codes were done for
this purpose. All algorithms are automated and are
able to execute and store results in raster and vector
format using machine processing.

Conclusion The results show that the MLMSR
algorithm in smaller dimensions of the moving
window is tending to more binary results, which is
problematic in some graphical and cartographic
applications, but the CMLSR and SPSR algorithms
showed more gradual trends in their outputs and so,
they performed better in this respect. Researchers who
intend to study and develop in this field are advised to
focus on adaptive algorithms and optimize the
dimensions of the moving window in relation to the
volume of input information and so, in this way, they
increase the flexibility of algorithms in relation to
input changes.
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