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1-?&8%&
X6$"( =4 D+!Z6(4*4&O 71!E9 D+4+ D!NH!U @H&H.9 *!V

D+4+ ["Z\Q  !E94 )71!E9 e!-gF4 @H&H.9 ? ^Z%*!V
]YY/Kb!YYN#8O )_YY\6`9 ]O!YY#9 =4 D.YY3 *:?a? 71!YY(:
cHd!UD+4+;!Y"C9 :+ _\6`9 e4."I0Q Af4:4 ? !V*!YV

7Y9 XV4&Y2 4: w0Y#69 e!"M0JYL !YO ?  05!105+=!Y(.
SgQ h"I+ G"/8OAYO *4&YO *+!H= *!VGYH4 *&"5:!Y<

X6$"(X6$Y"( !YO !Y81a [Y"Z\Q ? !YV]Y/K *!YV*:?a
D+4+X6$Y"( AY\/K =4 )71!E9 *!V? *&694&50Y62 *!YV

@YY(4 AYY62&5 e:0YYM ):?+ =4 cu#YY(.=4XYY89GH&YYQ
X6$"(]/K *!VD+4+ *:?aAO 71!E9 *!VXu% :+ DxH?

:4&Yo AYK0Q +:09 D+4+ D!NH!U !O ["Z\Q A#"9= :+ A< )d!O
X6$"( )A62&5*&694&50Y62 *!YV.Y14.X6$Y"( GYH4!YV

&H?!JYYQ =4 4: 7YYC"o+ :!"$YYO 71!YYE9 e!YY-gF4 .YY1:+!o
.YY##< y4&`6YY(4.X6$YY"( ?+ X"C6$YY9 [YY"Z\Q !YYO
? *&694&50YY62e!YY-gF4 b!YY/Q 71!YYE9 D+4+ D!YYNH!U

]/K@Yo+  !Y/V !YO *&694&50Y62 S?: AYO D.3 *:?a
7Y9 hYC6#9 D+4+ D!NH!U AO D.3 ."I0Q!Yu1a :+ ? .Y1+&5

79 D&"LrP"I!Y1a  !E94 ? .1037Y1a *!YVGIS[Y"Z\Q )
D+4+]YY/K *!YYVD+4+ !YYO D.YY3 *:?a)]O!YY#9 &YYNH+ *!YYV

D+4+ ]YK&9 AO 7(&6(+X"C6$Y9 m&Y6#< ? !YV@'YM
D+4+79 XV4&2 !V+03._Y\6`9 e!Y"\/- XYu% &94 GH4

cV!YY< PYY"1 4: =!YY"1 +:0YY9 AYY#HPV ?  !YY9= ? 7BYYH4&H?
79.YV+)Heipke, Pakzad, Straub, 2000; Heipke,

2004.(
S?: D=?&94*4&O 7Z\6`9 *!VX6$Y"( ["Z\Q*!YV

D!NH!U ? *&694&5062D+4+ *!VGIS:4&Yo D+!Z6Y(4 +:09
79A< +&"579 4: !81aD+4+ m!C614 D0'1 ;!(4&O  40Q!YV

S?: D?&5 ?+ AOD+4+ m+!Y,Q *!YVX6$Y"( ?+ G"YO !YV
D+4+ D!NH!U ? *&694&5062GISAOz!Y,Q:4 ? hH!2 e:0M

X6$"( ?+ X"C6$9D+4+ D!YNH!U ? *&694&5062GIS!YO
7O!H=:4off-lineAC,F !{L+&< *.#O.

D+4+ m+!YY,Q 7YY#>H )m?4 S?:G"YYO !YYVX6$YY"( ?+
D+4+ D!NH!U ? *&694&5062GISAO? D+!Y( )hYH!2 e:0M

S?: GYH4 =4 D+!Z6(4 e:0M :+ !94 |@(4 m?4.69 :!"$O

m!YC614 .Y#H4&2 m0YF :+ e!-gF4 =4 7B`O @(4 GE/9
+?&YYO @YY(+ =4 D+4+.AYYO )m!YY% G"YY- :+AYYO =!YY"1 hYY"I+

@$KS?: AYO D.Y3 .Y"I0Q D+4+ AY-0/u9 hY< *0K?
/9 )*&694&5062@H0I?4 @(4 GEs"'JYQ .Y#H4&2 :+ !V

D:?+ b!Yu14 AO b=d ? +0B1 A62&5 &W1 :+7#"O=!YO *!YV
e!Y-gF4 @Yo+ e:0YM GYH4 :+ AY< |.3!O !{L +.u9

79 cV!< D.3 ."I0Q=!Y"1 +:0Y9 AY#HPV ?  !Y9= ? .O!H
D+!9a *4&OD+4+ *=!(D+4+ D!YNH!U :+ !Y81a D&Y"Lr ? !YV

GIS+0O .V40L +!H=)Woodsford, 2004.(
b?+ S?: :+)X6$YYYY"( =4 D+4+ m!YYYYC614 .YYYY#H4&2

D!Q0< D+4+ D!NH!U AO *&694&5062@(4 m?4 S?: =4 &Q.:+
m?4 S?: !YO ;!Y"o :+ *&Qd!O 7H4:!< S?: GH4 Au"61

D+4+ A< !u1a =4 m!% G"- :+ ? +:4+:+ D.Y3 ."I0Q *!V
71!YE9 D+4+ D!YNH!U :+ }!/"C6$Y9 *&694&50Y62 X6$"(

9 D&"Lr7.#H4&2 m0F :+ e!-gF4  +4+ @(+ =4 ).103
7QgEBY9 P"1 S?: GH4 !94 )+4+ .V40`1 ~: D+4+ m!C614

AO 4:+:4+ D4&Y/V)Spiller, 1999.(GYH4 :+ AY< !Yu1a =4
D+4+ S?:AO !Ve:0Moff-line:4&Yo !Y{L 7O!H=:4 +:09

79D:?+ @Y(4 GE/9 P"1 !u#H4 :+ ).1&"57#"O=!YO *!YV
~: !{L +.u9e!Y-gF4 @Yo+ e:0M GH4 :+ A< ).V+

79 cV!< D.3 ."I0Q=!Y"1 +:0Y9 AY#HPV ?  !Y9= ? .O!H
D+4+ s"'JQ *4&O!VD+4+ D!NH!U :+GIS+0O .V40L d!O.

A< ["Z\Q *4&O +0K09 s{( ?+ egEB9 AO AK0Q !O
+!8#BY"U ["Z\Q =4 790( s{( ).3 D+4+ �&3 !u#H4 :+

1 4: &YNH+ s{( ?+ jH!>9 !Q .3.Y3!O A6Y34..GYH4 :+
*&694&5062 X6$"( ?+ X"C6$9 z!,Q:4 )["Z\Q =4 s{(

AYW'I 7O!YH=:4 @Y"\O!o !YO 71!E9 D+4+ D!NH!U ?!Y{L *4
@(4 AK0Q +:09._Y\6`9 e!"\/- Xu% e:0M GH4 :+

D+4+ ."I0Q A#HPV ?  !9= ? 7BH4&H?.YH.K 71!YE9 *!V
79 cV!<.YO!HD+4+ :!Y,6-4 m!Y% G"Y- :+ ?^YZ% !YV

97++&5.AC,F =4 tUb=d )["Z\Q _\6`9 �0{( *.#O
S?: @(4X6$"( ["Z\Q *!VD!NH!U ? *&694&5062 *!V

AC,F j(!#9 :!">9 ;!(4&O P"1 71!E9 D+4+.103 *.#O.
A\/K =4AC,F *!V:!">9S?: GH4 *.#O79 !VAYO  40YQ
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+&< D:!34 X6$"( ?+ z!,Q:4 D0'1.D0Y'1 :!">9 ;!(4&O
Y"( ?+ z!,Q:4)71!YE9 D+4+ D!YNH!U ? *&694&50Y62 X6$

X6$"(lYO4: [YH&F =4 z!Y,Q:4 Y D.Y/- D?&Y5 ?+ AO !V
X"$YYCQ Y 7K:!YYL lYYO4: [YYH&F =4 z!YY,Q:4 ? )7YY\L4+

7YY9.10YY3.X6$YY"( +!YYuH4!YY81a :+ AYY< 7YYC"Z\Q *!YYV
X6$"(*&694&5062 *!VD+!Z6(4 !O 71!E9 D+4+ D!NH!U ?

Y69 &NH.EH AO }!/"C6$9 7\L4+ lO4: =47Y9 hJ? .10Y3
AY62&5 &YW1 :+ !81a  ?:+ :+ :0W#9 GH4 *4&O 7H!V:4PO4

X6$"(  !5.1=!( AO !8#Q )@(4 D.3? *&694&5062 *!V
+!YYuH47YY9 +?.YY'9 D+4+ D!YYNH!U  !5.YY##<+0YY3.:+
X6$"(*4&YO 7K:!YL lYO4: =4 !Y81a :+ A< 7C"Z\Q *!V

71!YYE9 D+4+ D!YYNH!U ? *&694&50YY62 X6$YY"( ?+ m!JYYQ4
D+!Z6(479X89 )+03.Y9a:!< lYO4: _YH&>Q AI0C9 GH&Q

D+4+ X"C6$9 m!C614  !E94 A< @(4 X6$"( ?+ G"O4: !V
.Y#< XV4&2.X6$Y"( w40Y14 )[Y"Z\Q S?: GYH4 :+*!YV

79 *&694&5062X6$"( AO .#140QhJ69 D+4+ D!NH!U *!V
X6$"( GH4 *!H4P9 =4 ? .103.##< D+!Z6(4 !V.lYO4:!YV

O:!< AO AK0Q !O75xH? )+&.1:4+ 7Z\6`9 *!V.
@HP9? lYO4: *:!5=!Y( ):0<TY9 S?: =4 D+!Z6Y(4

�!Y{>14 )&O:!Y< *!YV=!"1 !YO 7YC"Z\Q X6$"(? *&HTYU
X6$Y"(  +0O 7O!`614D+4+ D!YNH!U ? *&694&50Y62 *!YV

AO AK0Q !O A< 7#>9 GH.O |@(475xH?X6$Y"( *!V!YV
79{( :+ 7H4:!< &W1 =4 A< 4: X6$"( ?+  40Q+:0Y9 s

+&< �!`614 ["Z\Q *4&O .#6$V :!W614.
S?: 7O!H=:4 =4 tU:+ )[Y"Z\Q _Y\6`9 �0{( ? !V
AYYO [YY"C'Q GYYH4 AYY94+47YYC"Z\Q X6$YY"( AYYf4:4 :0YYW#9

D+4+ @Y"Z"< m&Y6#< AO :+!o A< *.9a:!<71!YE9 *!YV
@"Z"< m&6#< m0M4 ).3!O 71!E9 D+4+ D!NH!U :+ +0K09

79 7(:&O 71!E9 D+4+ D!NH!U :+++&5.
YNH!U )71!YE9 e!Y-gF4 X6$"( &V *P<&9 A6$V!D

@(4  a +!/6-4 hO!o ? *0o D+4+)Shekhar, Chawla,

2001.(AO@Y(4 b=d )D+4+ D!NH!U &V :!,6-4 ^Z% :0W#9
n"#EQ =4D!NH!U @"Z"< m&6#< *!VD+!Z6(4 71!E9 *!V

+03.m&Y6#< ;!Y(4 4.Y6O4 @Y(4 =!Y"1 :0W#9 GH4 *4&O
!NH!U @"Z"<D+&"5 :4&o 7(:&O +:09 71!E9 *!V.hY9!<

? 7YEHP"2 *:!5=!Y( )7YC{#9 *:!5=!Y( ):!,6-4 ) +0O
D!NH!U @"Z"< m&6#< .#H4&2 ;!(4 76">o09 @'M*!V

79 D+4+ �&3 A94+4 :+ A< .#6$V 71!E9 D+4+.103:
  +0O h9!<:D+4+ A/V A< @(!#>9 GH.O+:0Y9 *!YV

YNH!U 7Y%4&F !O ? .#3!O +0K09 =!"1? [Y240Q D+4+ D!
.#Y3!O A634+ 7140`/V.D+4+ AY/V[O!Y{9 .YH!O !YV

&H0JYQ X6$"( )*�0I0U0Q *4&O �`B9 *+:4.1!6(4
?.#3!O !8#H4 PK)Hegde, Hegde, 2007.(

 :!,6-4:@Y(4 D+4+ D!YNH!U 7Z"M0Q @'M :!">9.&YV
A#94+ :+ .H!O _"M0Q.Y3!O D.3 _H&>Q �`B9 *4

)Hegde, Hegde, 2007.(
 =!(7C{#9 *:!5:?+  !"9 lO4?: :+ 7N#V!/V :!">9

.#� !H@(4 &NH.EH !O l,Q&9 75xH?.&YV :4.C9 &54
7Y5xH? &H!( &H+!C9 ).#< &""iQ 75xH?l,Q&Y9 *!YV

79 P"1.#< &""iQ  a !O j(!#69 @$H!O.)m!Y�9 *4&O
7'{Y( AYp:!- )AYp:!- w0Y1 &54 D+4+ D!NH!U &V :+

 a ).3!O A�!H:+ h�9 7OaY3 D!Y5&ZYM .YH!O  a j"
AO !H ? .3!OXYV  a z!C1 &NH+ e:!,-.#Y3!O w!YZQ:4

.V40L 7C{#9&"� j"3 *4&O *&NH+ :4.C9 &V  0�
+0O)Hegde, Hegde, 2007.(

 7EHP"2 *:!5=!(:D!YNH!U 7EH�0YI0U0Q @'YM :!">9
@(4 D+4+.D+4+ D!YNH!U nYH :+ )m!Y�9 *4&YOGIS)
Ap:!-!2 :+ .H!O  !/6L!( h�9 �!L *47#�">9 A\M

D!5?&"1  0� 7p:40- =4.3!O !V.
 76">o09 @'M:&YV @Y">o09 [O!Y{Q  4PY"9 :!">9

@YY(4 @YY">o4? !YYO D+4+ D!YYNH!U :+ 71!YYE9 AYYp:!-.
S?: AO @(4 GE/9 76">o09 *!V!{L_Y\6`9 *!V

.103 +!uH4.7Y9 !YV!{L w0Y1 GYH4)72+!JYQ .Y#140Q
.#Y3!O 7>/uQ !H ? n"Q!/6$"(.76">o0Y9 @'YM

V .YYH!O.YY3!O 7#62&HTYYU ABYY"/)Hegde, Hegde,

2007.(



N2@+/O: B N+#J#"P 7Q$

 ! " #$ %&'(GIS$)*$+
,-(. " /!-0123) !-451389

68

AYO X"C6$Y9 7N6$O 71!E9 e!-gF4 X6$"( :!,6-4
+:4+  a 71!E9 D+4+ D!NH!U @"Z"<.@Y"Z"< m&6#< *4&O

D!NH!U*:!5=!Y( ^YZ% ? !YV!{L s"'JYQ ? D+4+ *!YV
D+4+79 D+!Z6(4 @'M +0"o =4  a :+ +0K09 *!V+0Y3.

79 @'M +0"o A\/K =4o AO  40QD:!Y34 7EH�0I0U0Q +0"
+&<.? 7Y(.#V )*:!6L!( +0"o h9!3 7EH�0I0U0Q +0"o

.#6$YYYV 7H!YYY#>9 Y 7EH�0YYYI0U0Q +0YYY"o)Ubeda,
Egenhofer, 1997; Egenhofer, Herring, 1990;

Cockcroft.(G"YO AY{O4: AO 7H!#>9 Y 7EH�0I0U0Q +0"o
79 z0O&9 !81a @"V!9 AO AK0Q !O k:40-+0Y3.GYH4 :+

["C'Q*:!5=!Y(!1 7Y1a ]Y2: *4&YO)7EH�0YI0U0Q *!YV
D.Y3 A62&5 &W1 :+ 7M!L s"'JQ ? m&6#< *!V.#H4&2
XYV !O D.3 Af4:4 X6$"( :+ !V.#H4&2 GH4 A/V A< @(4

D.H+&5 ["Z\Q.14.
}!YY,Q&9 .YYH!O @YY"Z"< m&YY6#< *!YYV&694:!U AYY/V

D=4.14.103 7O!H=:4 ? *&"5)Twumasi, 2002.(e!"\/-
< 7'"'JQ _\6`9AYf4:4 X6$"( :+ :0W#9 GH4 *4&O A
D.Y3 D+!Y"U D.3&YO :+ 4: @Y(+ GYH4 =4 *+:40Y9 ).Y14

79.1&"5:
 *:!5=!(!1 7H!(!#3 ? _H&>Q|!V
 s"'JYYYQ *4&YYYO 7YYYZ\6`9 e!YYY"\/- �!JYYY6L4

*:!5=!(!1AO !V? |7'"'JQ _\6`9 e!"\/-  40#-
 +4.YL: =4 *&"50Y\K *4&O _\6`9 e!"\/- �!J6L4

*:!5=!(!1AO !V*&"NB"U e!"\/- w4014  40#-.
D+!Y"U )7Y%4&F �0Y'1 )AI!C9 b?+ c`O :+? *=!Y(
AYO [Y"C'Q GYH4 :+ D.Y3 Af4:4 X6$"( +&E\/-:0YW#9

D+4+ D!YNH!U nY"Q!90Q4 @Y"Z"< m&6#<GIS.Y#H4&2 :+
D+4+ m!C614*&694&50Y62 X6$"( :+ D.3 y4&`6(4 *!V
D!NH!U AO79 Af4:4 71!E9 D+4+ *!V++&5.
`O :+D+!"U ? 7%4&F X6$"( )b0( c)D.Y3 *=!(

7Y9 :4&Yo cH!9=a ? 7O!H=:4 +:09 S?: .#� AO? +&Y"5
79 Af4:4 X6$"( cH!9=a =4 hM!% qH!61++&5.c`O :+

cY`O :+ D.Y3 &<r jI!{9 AO AK0Q !O P"1 b:!8�*!YV
Au"61 A63T579 b!u14 *&"5AYf4:4 7H!V+!8#B"U ? +03

7YY9++&YY5.!YY"U )b:!YY8� cYY`O :+D+X6H:0YYNI4 *=!YY(

79 Af4:4 7\/- qH!61 ? *+!8#B"U:+ @YH!81 :+ ? |++&5
Au"61 Xu#U c`O79 &<r *&"5+03.

2-01+#5 B -P27GR#S, -S%#()* -O!"#$ 9C+$
0+34+50121 9+: !"#$ B -.+/&97!&27<=!> 9+:

X6$"( 7(:&O =4 tUA,#K ? +0K09 7C"Z\Q *!V*!YV
NH!U @"Z"< m&6#< _\6`9D!GYH4 :+ )71!YE9 D+4+ *!V

D+!Y"U ? 7Y%4&F sH&BQ AO c`OX6$Y"( nYH *=!Y(
AO X"C6$9 7C"Z\Q{O4:  40#-7X6$"( ?+ G"O 7K:!L

7Y9 A6L4+&U 71!E9 D+4+ D!NH!U ? *&694&5062AY< +0Y3
? 7YYC{#9 lYYO4?: m&YY6#< ? 7V+:!6L!YY(  !YYE94 *4:4+

790o: e!"\/- !O  !9P/V 7EH�0I0U0Q@(4 *=!(.
=47(!(4D!YNH!U &YV A>Y(0Q ? .Y"I0Q *!V=!"1 GH&Q

79 )+!/6-4 hO!o 71!E9 D+4+D:!Y34 &YH= +:40Y9 AYO  40Q
+&<:
 |X6$"( !O j(!#69 D+4+ D!NH!U
 ? k:40- G"O lO4?: s"'JQ ? m&6#< ? 7V+:!6L!(

AO*:!5=!(!1 7\< :0FD+4+ 7I!/6%4 *!V*!V971!YE
? |*+?:?

 !U :+ +0YYYYK09 e!YYYY-gF4 cH!YYYY/1D+4+ D!YYYYNH
)Hosseinian, 2008()

GYYH4 :+ )D.YY3 +!YYH *!YYV=!"1  +&YY< �&YYF&O *4&YYO
D!NH!U X"C6$9 ["Z\Q X6$"(  40#- !O 7/6$"( ["C'Q

X6$"( ? 71!E9 D+4+b!#O *&694&5062 *!VPhotoSDB

D+!"U ? 7%4&F@(4 D.3 *=!(.D+4+.Y"I0Q :!5=!( *!V
AO D.3AO *=!"1 X6$"( GH4 A\"(?cH4&H?*.Y>O *!V

D+4+ D!YNH!U +:4? s"'YM 7EH�0I0U0Q :!6L!( !O ? .1:4.1
79.103.GH4 :+G"YO lYO4?: ? k:40- @"V!9 X6$"(

? !YV!{L w40Y14 s"'JQ ? m&6#< )7O!H=:4 .#H4&2 :+ !81a
AYYW'I 7V+:!6L!YY(? @YY(4 AYY62&5 :4&YYo &YYW1 .YY9 *4

;gY<D4: )D4: AY\/K =4 Y k:40Y- _Y\6`9 *!YV)GYVa
P"9 7#'#97Y{L k:40Y- )*&83 �0\O ) !/6L!( ) 4

X6$Y"( :+ Y P,Y( *!�Y2 ? 7YOa 7'{( k4:0- )7Oa
@(4 D.H+&5 _H&>Q D.3 Af4:4.

7(:&O AO AK0Q !Oe:0M *!V)[Y"C'Q GH4 :+ A62&5
s"'JYQ ? m&Y6#< @Y"\O!o !YO 7{O4: X6$"( Af4:4 *4&O
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AW'I!YO  01!Yo &O 7#6,9 S=4+&U !O 7/6$"( )!{L *4
+!Z6YY(4D=4�7YY3 *�0YYI0#EQlYYO4?: m&YY6#< *4&YYO 4&YY5

*:!5=!YY(!1 ? k:40YY- G"YYO 7YYC{#9 ? nYYH�0I0U0Q!YYV
790o: e!"\/- !O  !9P/V@Y(4 D.YH+&5 Af4:4 *=!(.:+

X6H:0NI4 )m!% G"-7V+:!6L!Y( *4&YO =!Y"1 +:0Y9 *!V
AW'ID+4+ AO *4XV4&Y2 X6$Y"( GH4 :+ P"1 71!E9 *!V

@(4 D.3.AO4 7Y%4&F [{#9 �:+ :0W#9X6$Y"( GYH
++&5 sH&BQ  a :!6L!( @(4 b=d.*!YV=!"1 AO AK0Q !O

q#YU &YO h/6BY9 7/6$Y"( [Y"C'Q GH4 :+ )D.3 &<r
.H+&5 7%4&F �&3 GH.O c`O) :1(A< @H&H.9 c`O

AY\%&9 &V :+ X6$"( +&E\/- G"">Q ? @H&H.9 AZ"�?
AYO ? +:4+ D.Y8- &O 4:.#/Y30V X6$Y"( e:0YMrule-

based|@Y(4 D.Y3 7%4&F)2(m&Y6#< cY`OD.Y##<
G"YO 7EH�0YI0U0Q ? 7C{#9 lO4?: ? *:!6L!( *!V!{L

AO )k:40-m&Y6#< *4&YK4 :0W#9|e!'"'JYQ ? !YV)3(
AO )+0"o X"W#Q c`O]/K :0W#9cY14+ D&"Lr ? *:?a

D+4+ m&Y6#< G"140Yo AYO z0O&9|!YV)4(cH!Y/1 cY`O
? |71!E9 D+4+ D!NH!U :+ D.3 D&"Lr k:40-)5(cY`O

NH!Uh9!3 A< )D+4+ D!)_I4(? )71!YE9 D+4+ D!YNH!U)�(
@(4 +0"o D+4+ D!NH!U.
sH&BYYQ =4 hYY,oD+!YY"U ? 7YY%4&F hYY%4&9*=!YY(

c`O !Y"O X6$Y"( :!Y< D0'1 @(4 b=d )_\6`9 *!V

++&5.@Y(4 jY"Q&Q GH4 AO X6$"( GH4 :+ 7\< h%4&9
D+4+ *&694&5062 X6$"( 4.6O4 A<=4 hYM!% 71!E9 *!V

790o:!(AO 4: *=.�< A\"(?D.##<)X6$Y"( !u#H4 :+ A<
.9062stereolink@(4(lYO4: X6$Y"( AOPhotoSDB

79 m!(:4.#<.D+4+:4&Yo S=4+&U +:09 )m!(:4 =4 tU !V
79=4 AYp:!- @Y"V!9 AYO AYK0Q !O z0O&9 +0"o ? .1&"5

? D.Y3 y4&`6(4 Ap:!- *?: ? D.3 7O!H=!O D+4+ D!NH!U
D!NH!U =4 7p:40-:+ !YO D.3 y4&`6(4 Ap:!- !O A< D+4+

l,Q&9 D.3 7O!H=!O +0"o G62&5 &W179 m!/-4 ).14+03.
D+4+790o: !O  !9P/V )A\%&9 GH4 :+ !V�!Y'I =4 )*=!(

lO4?: ? 7C{#9 )7EH�0I0U0Q )*:!6L!( *!V!{L!O  !3
7YY9 m&YY6#< k:40YY- &H!YY(=4 D+!Z6YY(4 !YYO ? .10YY3

X6H:0NI4X6$"( :+ +0K09 *!Vs"'JQ =!"1 e:0M :+ )
7YY9.YY1+&5.790YYo: b!YY/Q4 =4 tYYU)AYYp:!- &YYV *=!YY(

AYO D.Y3 7V+:!6L!Y( ? s"'JQ �71!E9 e!-gF4D4&Y/V
e!Y-gF4 !YO AY< Ap:!- &V AO z0O&9 7Z"M0Q e!-gF4
D!YNH!U :+ @(4 :!5=!( P"1 71!E9 D+4+ D!NH!U :+ +0K09

79 D&"Lr )D+!Z6(4 +:09 �71!E9 D+4+++&5. ?P24) 4 &O
s"'JQ e!-gF4790o: l"'9 AO D.3m!Y(:4 P"1 *=!(

79AYO !Yu1a :+ b=d e!'"'JQ ? .103nY"Q!90Q4 :0YF
79 e:0M.1&HTU.&H!( !O  a z!,Q:4 ? X6$"( :!< �0'1
X6$"(hE3 :+ !V1@(4 D.3 D+4+ cH!/1.

hE31.X6$"( :!< �0'1PhotoSDB



N2@+/O: B N+#J#"P 7Q$

 ! " #$ %&'(GIS$)*$+
,-(. " /!-0123) !-451389

70

*.#9=!"1  +&< �&F&O *4&O( *!YV:+ AY< X6$Y"
D+!"U ? 7%4&F ).3  !"O 4.6O4D.Y3 Af4:4 X6$"( *=!(

AYO AY\%&9 :!8� :+ ["C'Q GH4 :+b!Yu14 hYHr e:0YM
.H+&5:

 |D+4+ D!NH!U 7%4&F
 )*:!6L!Y( *!V!{L s"'JQ ? m&6#< c`O 7%4&F

X6H:0NI4 h9!3D+4+ AYO 7V+:!6L!( *4&O 7H!V*!YV
|*+?:?

 G"140Yo &YO 7Y#6,9 X6$"( 7%4&F)Rule-based()
AO !Y"9 7EH�0YI0U0Q ? 7YC{#9 lO4?: m&6#< :0W#9

*:!5=!(!1 s"'JQ ? k:40-? |!81a G"O *!V
 e!Y-gF4 cH!/1 *4&O X6$"( cH!/1 c`O 7%4&F

71!E9.
m&Y6#< ? !YV!{L s"'JQ ? �"`BQ *4&O !u#H4 :+

D+4+ @YY"Z"< ? *:!5=!YY(@'YYM +0YY"o =4 71!YYE9 *!YYV
79 D+!Z6(4+03.'M +0"o.YH!O A< .#6$V 7F?&3 )@

D+4+  +0O :!5=!( *4&O.103 m!/-4 D+4+ D!NH!U :+ !V.
GH.OP"I!Y1a *4&YO  01!o &O 7#6,9 7/6$"( ):0W#9

D+4+*:!5=!Y(!1 s"'JQ ? m&6#< ? !VG"YO lYO4?: ? !YV
@(4 D.3 7%4&F k:40-. 01!o &O 7#6,9 �X6$"( GH4)

Z"�?�z0YO&9 +0Y"o m!/-4 ? &""iQ )_H&>Qm&Y6#< AYO
D.Y8-&O 4: k:40Y-  !Y"9 7EH�0YI0U0Q ? 7C{#9 lO4?:

+:4+.G"YO lO4?: m&6#< c14+ ).#/30V X6$"( GH4 :+

79 k:40-AO .140Q.Y"I0Q �J`69 +&2 @(+ AO 76%4:
+03.+&O:!Y< AYO A6$YO4? +0Y"o =4 *:!"$YO AY< !u1a =4

.#6$V).Y"I0Q .H.K +0"o )+&O:!< AO AK0Q !O @(4 b=d
? .103D!NH!U :+ D:!O?+ ? .#O!H &""iQ +0K09 *!V."o !H

.10YY3 D&YY"Lr D+4+.X6$YY"( GYYH4 :+ GH4&O!YY#O.YY-40o
D&"Lr79 D.3AYO .#140Q)�JY`69 &O:!Y< nYH A\"Y(?

.Y1+&5 .Y"I0Q .YH.K .-40o 76% !H ? .103 D+4+ &""iQ.
AO&O:!Y< lYO4: nYH ).Y-40o _YH&>Q  +&< D+!( :0W#9

@(4 D.3 XV4&2.lO4: GH4hE3 :+2D.Y3 D+4+  !B1
@(4.

AO X6$"(=4 D+!Z6(4 !O A< @(4 D.3 7%4&F *0'1
7Y9 4: 71!E9 _\6`9 G"140o ) aAYO  40YQ&O:!Y< A\"Y(?

+&YY< _YYH&>Q �JYY`69.AYYO !YYO  !YYE94 GYYH4*&"5:!YY<
X6$Y"( :+ 71!E9 +0"o _H&>Q *4&O _\6`9 *!V&"i69

@(4 D.3 XV4&2.!YE9 +0"o _H&>Q *4&O !V&"i69 GH471
)A{O4: w01 )m?4 Ap:!- j"Q&Q AO X6$"( GH4 :+ 7H!Q?+

.#6$V b?+ Ap:!- ? =0u9.AO790/- :!6L!( 7\< :0F
@(4 e:0M GH4 AO 7H!Q?+ 71!E9  01!o:

 01!o:)w0Y1 ) +0YO =!Yu9&"� !YH =!u9 )b?+ Ap:!-
m?4 Ap:!- )71!E9 A{O4:(

A10/1 *4&O:
 01!o1:Road_rule_No.1(Road, Should not,

Intersect, Construction)

hE32.AO &O:!< lO4:;g< AO z0O&9 +0"o &""iQ !H _H&>Q :0W#9+0"o D!NH!U :+ k:40- *!V
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;g<*!V;!Y(4&O X6$"( GH4 :+ +0K09 k:40-
»h/>I4:06YY(+�:PYYO ABYYC1 AYY"8Q !9=!YY( ;!YY"C9

ABC1*:4+&O:0B<«D.3 _H&>QG"140Yo _H&>Q :+ ? .14
9AO 7H!Q?+ 71!EhYO!o b?+ AYp:!- ? m?4 AYp:!-  40#-

D+!Z6(4.14.
_YH&>Q :+ &YW1 +:0Y9 k:40Y- G"YO 71!YE9 lO4?:

e:!Y,- 7H!YQ?+ 71!YE9 G"140o=4 .Y14:1(Intersect)2(
Cross)3(be Inside)4(be in the distance of)5(

Contains)6(Covers)7(be Covered by)8(Meet.
140o:+ )G"Y">Q ? _H&>Q =4 .>O Ap:!- ;g< &V G"

79 D&"Lr D+4+ D!NH!U.103.AOD&"Lr D0'1 )A10/1  40#-
+0Y"o D+4+ D!YNH!U :+ D4: Ap:!- ;g< AO z0O&9 G"140o

hE3 :+3@(4 D.3 D+4+  !B1.
AYO Ap:!- ;g< AO AK0Q !O D.3 D&"Lr .-40o:0YF

D+4+ *?: .#/30V.103 m!/-4 *+?:? *!V.X6$"( :+
79 �J`69  4&O:!< lC2 &p!%&Y""iQ 4: .Y-40o .#140Q

.#V+.##< ."I0Q .H.K .-40o !H ?. !YE94 A\�$Y9 GYH4
D+4+ D!YYNH!U :+ AYY< 4:  !JYYJ`69 cYY14+ =4 D+!Z6YY(4

AO7Y9 XV4&Y2 )@Y(4 D.Y3 D&Y"Lr .Y-40o e:0M+=!Y(
)Ghazanfari, Kazemi, 2003.(

6,9 c`O &O D?g- )X6$"( GH4 :+AY< D.-!o &O 7#
D+!"U k:40- G"O lO4?: m&6#< *4&O)@Y(4 D.Y3 *=!(

X6H:0YYNI4AYYW'I 7V+:!6L!YY( *4&YYO b=d *!YYVAYYO *4
D+4+X6H:0YYNI4 AYY\/K =4 ? 71!YYE9 *!YYV? m&YY6#< *!YYV

) 0YN"\U  +0Y,1 A6$YO *!V!{L s"'JQOvershoot,

Undershoot dangle+!YuH4 ? n"EZQ )nodehY'9 :+
hU  += )e!>F!CQ)D4: Y +?: =!Yu9 e!Y>F!CQ hY'9 :+

+0LAp:!- *4&O w!ZQ:4  +0O @O!� )7>F!CQ�!YL *!YV
@(4 D.3 XV4&2 P"1  a PK ?  4P"9 7#'#9 h�9.]Y2:

*:!5=!(!1 s"'JQ �&9= :+ !V!{L GH47EH�0YI0U0Q *!V
D+4+AO !V79 �!$%.Ha.hE3 :+4:+ X6$"( +&E\/-

D+4+ cH!/1 k:40- G"O lO4?: m&6#<@(4 D.3.
AO h<4:4 D+4+ D!NH!U )&p!% X6$"( :+@Y"\O!o h"I+

AO  a .#/Q:.o ]O40Q ? d!O h9!>QD!YNH!U X6$Y"(  40#-
@Y(4 D.3 �!`614 +0"o D!NH!U ? 71!E9 D+4+.G"Y#v/V

X6$"(PhotoSDBAY< .9062 *&694&5062 X6$"( =4
A( 0H&6(4 l"'9 *4:4+AYO )@(4 *.>OX6$Y"(  40Y#-

694&506279 D+!Z6(4 A10/1 *&.#<.cY`O 79!Y/Q*!YV
X6$"(PhotoSDBAY9!1&O  !YO= =4 D+!Z6Y(4 !O7$YH01

Visual BasicD+!"UD.3 *=!(.Y14.AYO)7O!YH=!O :0YW#9
D+4+ D&"Lr ? &""iQD+4+ D!NH!U :+ !VOracle Spatial=4

e4:06YY(+SQL:+Visual Basic.YYH+&5 D+!Z6YY(4.
O P"1 X6$"( cH!/1 c`O=4 D+!Z6(4 !Visual Basic?

AYYZI�9*!YYVMap ObjectsD+!YY"U@YY(4 D.YY3 *=!YY(.
A( e!-gF471!YE9 D+4+ D!YNH!U :+ D.Y3 D&Y"Lr *.>O

79S?: AYO .#140Q=4 D+!Z6Y(4 !YO AY\/K =4 &YNH+ *!YV
ArcSDE?VRML.103 D+4+ cH!/1.

hE33.NH!U :+ D4: Ap:!- ;g< AO z0O&9 G"140o D&"Lr D0'1X6$"( +0"o D!
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hE34.k:40- G"O 71!E9 lO4?: m&6#< :+ X6$"( +&E\/-

4-C2 TSU+P V4+S!. -,+S4C@2 B  !"S#$ N=&CW
X4+&CW

AOtE- =4 X6$"(  09=a :0W#9:+ =4&"Y3 7H40YV *!V
m!(1382;!"C9 !O1:5000m.Y9 ? .YH+&5 D+!Z6(4

"8Q .9062 *&694&5062 X6$"( :+ AC{#9 *&694&5062A
.3.D!NH!U :+ D.3 D&"Lr ? ."I0Q 71!E9 k:40- t�(

X6$Y"( =4 D+!Z6Y(4 !O D+4+PhotoSDB7O!YH=:4 +:0Y9
@2&5 :4&o.

hY/- S?: GH.Y#� AYO e!Y-gF4 GH4 7O!H=:4 *4&O
.H+&5:_I4(:+ 4: e!Y-gF4 .YH!O X6$Y"( AY< !Yu1a =4

790YYo: l"YY'9'JYYQ PYY"1 *=!YY("7YY9 s@'YYM )+&YY<
:+ D.3 ."I0Q e!-gF4790o: l"'9+:0Y9 XYV *=!Y(

@2&5 :4&o 7(:&O.hE3 :+ A< :0F  !/V5D+4+  !B1
AYYO D.YY3 +!YYuH4 k:40YY- )@YY(4 D.YY3X6$YY"( A\"YY(?

PhotoSDB790Yo: l"'9 :+AYO *=!Y(jY(!#9 :0YF
D.3 7V+:!6L!(s"'M !81a G"O nH�0I0U0Q lO4?: ? .14

@YY(4.AYYO*&8YY3 �0YY\O AYYp:!- ;gYY< AYY10/1  40YY#-
79!3 .140QAYp:!- nYH !Y94 .3!O  !/6L!( k:40- h9

h9!3 .H!,1 k0% !H A�!H:+ ? &`6(4 h�9 7Oa 7'{(
.3!O  !/6L!( Ap:!-.+0"o m!/-4 [H&F =4 w0p09 GH4

}g,o A< @'MD&Y"Lr ? _H&>Q X6$"( +0"o D!NH!U :+

79 b!u14 D.3+03.
�(:+ 71!YE9 D+4+ D!YNH!U :+ D.3 D&"Lr e!-gF4

$"( 7BH!/1 c`O*?: 7Y(:&O ? .3 D+4+ cH!/1 )X6
@2&5 b!u14 X6$"( D+4+ D!NH!U :+ D.3 D&"Lr k:40-.

7(:&OAY< +4+  !BY1 PY"1 X6$Y"( cH!/1 c`O :+ !V
s"'YM k:40-  !"9 nH�0I0U0Q lO4?:D+4+ ? .Y14!YO !YV

D.3 D&"Lr j(!#9 :!6L!(.14)hE36.(
�(+4+ D!YNH!U :+ +0K09 71!E9 ]O40Q =4 D+!Z6(4 !OD

D+4+ *?: *&NH+  =09a h<4:4AO D.3 D&"Lr *!V�\"(?
X6$"(PhotoSDB.YH+&5 b!u14.):0YW#9 GYH4 *4&YO

D!YNH!U :+ +0YK09 71!E9 k:40- G"O e!>F!CQ ? lO4?:
AYYO X6$YY"( D+4+e:0YYMQueryhYY<4:4 D+4+ D!YYNH!U =4

.1.3 c(&U.RY(!U t�Y(D+4+ D!YNH!U *!YVGYH4 AYO
c(&U4&o 7(:&O +:09 !V.#62&5 :.hE37AY10/1=4 *4
c(&UAO h<4:4 D+4+ D!NH!U *?: D.3 b!u14 *!V:0YW#9

79  !B1 4: X6$"(  09=a.V+.
R(!U 7O!H=:4 =4 tU=4 D.Y3 7O!YH=!O e!Y-gF4 ? !V

G"YYO e!YY>F!CQ ? lYYO4?: AYY< .YYH+&5 �`BYY9 )hYY<4:4
D.Y3 _YH&>Q G"140o !O 4: b=d @CO!{9 _\6`9 k:40-

.1:4+ X6$"( :+AYO G"140Yo GYH4 ?@YH!-: hY9!< :0YF
D.3.14.
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hE35.(:&O7I0Q e!-gF4 @'M".'9 :+ D.3"l90o:7=!(*

hE36.!/1HcLr e!-gF4"D&!U :+ D.3HD!N1!E9 D+4+7!/1 c`O :+HB7("X6$(:&O ?7!81a

hE37.AO D.3 D&"Lr ? ."I0Q e!-gF4 m&6#<X6$"( A\"(?PhotoSDB(4 !Oh<4:4 D+4+ D!NH!U X6$"( :+ +0K09 71!E9 ]O40Q D+!Z6
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AO qH!61 7(:&OcH!Y9=a =4 D.9a @(+b!Yu14 *!YVD.Y3
D.3 D&"Lr ? ."I0Q e!-gF4 A< +4+  !B1 X6$"( *?:

AO D+4+ D!NH!U :+&H!Y( !YO ? s"'YM )X6$"( GH4 A\"(?
? .1:!5=!YY( 71!YYE9 D+4+ D!YYNH!U :+ +0YYK09 k:40YY-

AO:!6L!( 7O0LD.3 7V+.14.AO)D?g- !9= S?: GH4 !O
:!6L!Y( 71!YYE9 e!Y-gF4 .Y"I0Q*4&YYO :!5=!Y( ? AYY62!H

D!NH!UD+4+ *!VGIS@(4 A62!H cV!< :!"$O.G"#v/V
A62!H:!6L!( e!-gF4 ."I0Q *4&O X6$"( GH4 =4 D+!Z6(4

�!{>14 AO AK0Q !O )&,6>9 ?A< 7#"140o _H&>Q :+ *&HTU
D+4+ *?:9 *!V7Y9 m!Y/-4 71!YE*!YV+&O:!< :+ ++&Y5

 !E94 _\6`9@(4 &HTU.&W1.9 e!-0p09 =4 &NH+ 7EH
A2&YM )X6$Y"( 7O!H=:4 *4&OAY#HPV ?  !Y9= :+ 7H0YK

D+4+ ."I0QD&Y"Lr ? A62!H:!6L!Y( ? s"'YM 71!E9 *!V
@Y(4 71!YE9 D+4+ D!NH!U :+ !81a.:+ AY< 7uH!Y61 &O!Y#O
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