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1- Fuzzy inference system 2- Rule base

3- AddaptiveNeuro-fuzzy Inference System


http://jwmr.sanru.ac.ir/article-1-496-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-23 ]

ey WA Ll g e MY ojlad [t Jlo jeiul 055> o paoe asliings

HHHHH AAA000 A0 ' 3 e A OO
3 g
2 EH
E EH
g g
EY £
H H
] g
£ E

o™ Y oa™y ™oasty

N
N
e A

— ___k_____‘ﬁh 72 PoX +qp ¥ 41y

f = pyX 4g,y +n

. g Wk W1
Tow twy

Wh+T

ON ) ¥ U bzl g Jobes ANFIS Jue (s loxs -Y IS

2 Grie (14T jokay g dlwgy 45 ol &b yo
PR b e g slai;ed (s ol asle il
OP (79> wugae mli S plgie 4 (wsS 26
1

1l _ _
OP = () = T o

1+(
aS aied byl acgeme {ag, by, ¢} o] jo o
5V Sl g s e g 1) Cogac U SO

bl 0 s ANFIS 5 550

Sl Cagae Ao Y pl 065 e ) Ay
1 . P .
OP’ 29,5 05 wSice wdy | (5995 eiio
1305 (oo iy a5 ) Lly; Lawgs

OP'=m, (X)«i=12

\
OR'=m, ,(y) < i=34 )

Gl Sy50 05 a4 6395 (Y L) X ol o a8
aS Col 0,5 ol b dad e 55 acgemme (Bin L) A

9 Sgibr pasine 0 (pl Cugac wly Kb lawg


http://jwmr.sanru.ac.ir/article-1-496-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-23 ]

V¥ sls el 03s> 55 53Bg 5 Jae sl oslanal b (5330 (e s Sl saiiaiy,

Ogdise Sl Jae G e plgieds sl
RMSE = Jﬁ B L(Q2 ~Qf)? )

5 Slaalie sla s QF daosls ol_\:u" N sl jo a8
. bl o 0ad 3,50 Sz (35 QF

aS ooy (MAE) s sllhe (Sl K0 Lixe
Dy o dewle (A) doles lawgs

MAE = =%IL,|Q¢ - Qf )
G (o) S sy 53 (Sl9l S L 0 2,8
ol olas ) sae @ snsay o olas ;) sl s
R NWPS SN o (R VON U | SN G OUUWE S SN WP W
S Al dahie SO0 0o Fy sl i s
polic D 1y Ghiad ey ooy 5o Sge Jalse g w-&f
£58y Jz! Hlea D glp Slgld cond g
Soe Jelse b 3530 (e 985 Ol 5555 bLS)|
LLs ) cplasb Vo5l 58S 81 g atils J €935
Shoolaiul b o asein (533000 €989 » JSge Jolse
5 oy Sy doye ol e Sledbl wlele
Ol b b pe sl WS 5 Jelse 51 S5 50 sl (sl 2
&S oSy aoy0) Giysd bl cos M 5
do,yo) iyl a8l gblie 4y (eoloF, (il o o
0L s 005 dilore (o) Q8L slo Sy
(YA YY)

La= 2T @)

039 F1 o33 (yej Hlas 4 Sl a3Ls LS
2 wdbioe J933 e £589 p Fae Jalss I SO o
L Jge Jele M asb Fr>l 31 akl, ol
N (pl all FI<L ST ob; slewy (b3ed
Sl s s
3 oy oS (gussdigy 1y ANFIS o 5,8
S sl Slgld cans polie b 3l
SSS () Jgaz) 8o obml jo e Jelse
aibaio jo (o34 ey JlS sanay sl ANFIS
el oo (zgyp ol 4S5 4 dalllas 050
Slalp Cond Joo bl 33 ey ol
3o ey Comlas als Zdly jo ol colau]
039 FI' (b9, b (233l me €989 50 Fge Jalse gor
(51.&:0\)‘.) 5999 LS‘)-.' ArcGIS9.3 )‘}é‘r’f )| el

20,5 solawl a4l ayd gly e Jelge

Cro 695,9 JiKw o Y Gl jo 05 e ¥ Y
> 5 (Gl oal ool las T uw 35,5 oo
Cool gl S gt a8 saasylas a5 OP?

130,50 dawlone ¥ dlal,y 3illas

2 .
OR™ =w; =my; (Ymg; (y) <~ =12 \p
ol 00 63566 N L a5 a¥ cpl ol 0,8 ¥ a0
OPP=w =—"__j=12
W, +Ww,
Coams a3 |y ol o388 Lie Y () o0 0,5 :F &Y
b O al, &b 5l eolatul b Jow 29>
S e
4 _ . _
OF " =Wifi =W (pix+0iy+r) ©
acgeze {Py, Qi Ti} 5 ¥V Y (29,5 Wil o oS
5l oo b el
I, ANFIS IS 25,5 Y (pl o5 Lo b 4
. W

OP> = overallout put = ¥ W f; = ! *)
| IZWI

GLITE
sools (giluJas ;5 (535 S Il sl
(Siledley) siluylne laosls (29,5 5 5399
SO U yao Ygass goue by o S igd oo
3B Bigel sly Aigel lagsll sl S (o )3
Sbogr BB g3lgs a5 Lxl 5l g oo colaul
cozly o ki ol s Uly 5 cuaVl
Db igel slaosls cnlply wosl zhke (oL 09,0
Inl.o.‘f ) aoals JS o..\J.g.Lo.S as g o..)l?w‘ 6)5“9
il GSlas g Sloas) o b 5l e Y=
Sinlesl g (AV0) hjgel atws 90 4 39340 slaools
L G (YD) 53655 LS o2 Sl
G3B Gdle slagls, by Jae sl sl
Slobsy @ Olyise dlox ol 5l a5 0)ls 3525 (5L
335,8 0,Lal g (5,5 L slazsl) (lopls o e
s 5 el b sloisil ooy Sl i ol
oS 85 plml oy, b ogilugil g 0l ol
@bl cerd i g b Slaye eSSl

sl

Ll syl
RGeS Gl e o y0 i pl yo

la,bsn iz sl Jow auglin 5 Jow jlzle

Uas Sl jpe eSibe Jlre gl 00,5 ool 55

Seend (V) adoline dawgs 45 wily o (RMSE)

@l 1) RMSE Jlade (pyieS a4 Jow ,» g 998 o0

1- Triangle 2- Piel

3- Root mean squared errors

4- Mean absolute errors
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Abstract

In this study, Neuro-Fuzzy model was used to prepare the map of Vaz watershed landslide
susceptibility in GIS environment. Location of landslides occurred in the study area was
determined through interpretation of aerial photogrgo_hs and the field monitoring. In the next
step, factors affecting landslide occurrence such as atitude, lithology, slope, aspect, distance to
drainage, distance to road, distance to fault, rainfall, and land use were digitized. Then, landdlide
susceptible areas were assessed by using ANFIS model based on factors affecting landslide
occurrence. For this purpose, two membership functions of triangulate and Gaussian were used to
prﬂoare landslide susceptibility map and compare their results. Two statistical criteria of RMSE
and MEE were employed to evaluate model _%_er_formance. The results showed high efficiency of
ANFIS model for preparing landslide susceptibility map and also the ANFIS model with Gaussian
membership function over-performed the ANFIS model with Triangular membership function in
the study area. Landslide hazard map showed that the regions with high risk have the most area
indicating high risk-taking of Vaz watershed in occurrence of landdlides.

K eywor ds: Neuro-Fuzzy, Fuzzy, Membership function, Landslide, Vaz watershed
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