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1-7-AM-
R%@WW7 8P' #WWO  / X& +WW3!= ?&#$guWWT P &(WWB +Q:(WWH/

CWWWvFv: G"#WWW5_Y% X&  &F=P#YWWW3* &F=P#YWWW3 8!WWWB
C%!=#O4$_IT P  &^"'CWO 8#YW3  &#W$Q+W% '!_W3FW"/

)Sohrabinia and Khorshiddoust, 2007 .( @9#YW3
E:(H/ w#%X ':  &#YT'&#Wx  !WYJ ]'^WO 8!B#YW3 G"#T

:'&: .* &P&#S EFM"e/ dO!M% #O EP@-#YW3 G"& 8!$S&#0J
`IWS ': &(WB +WN=P'&P EFW"F) :!W;"& lW-!O qW,v& ^$=

+%  !56%XGW"& *+W_f&: 8!WB:!O :(Wa= R,- CO P ::#Q
+_= G$O X& RH(Y7 CO +N=P'&P:P' .r#A X&:(JP *#N":

': yW,L% ?&'z P '!Wav P :#WQ X& +_${WZ |!5a6W= s"e
EFW"F) |!Wa"#DT #Y3 G"& 8&(BRW7& +W_f&: 8& .X& +W>"

CWO +,_- 8!B'!>B&'R"#"FW% P !WB'!>B&' CWf&'& '(WiM%
C>a3 X& E:![57& * &#YT #Y3 8&(B +Q:(H/ `><%X& 8&

EFM;MWW7CWWO CWW9 RWW7&(B +Q:(WWH/ \"!WW) 8!WWBC,$WW7P
C>a3'& 8!B`I5% #N"F>" CO +A!aTFW=& .:(WJP EXP#W%&

C>a3 G$M}8'P!WMS X& E:![5W7& E&#W_B CWO +"!WB8!WB
RK!W7#"X \"&FW$) qaW7 +T!W-@A& P +A!aT'& F"FJ

dW_J '(WiM% CO kXe'!<W5=& P VX&:#W) *.!WD5=& *8'P/
E:&:RW7& EFW3 &(WB +Q:(WH/ !WO ~aT#W% �W,5{% 8!B

)Robinson et al., 2005 .(CO[57& '(iM%`$6=!5) X& E:!
E:&: 8e!OF$H(T 8!BCO EF3EFM;MW7 s>a3 C,$7P8!WB

+WW% *&(WWB +Q:(WWH/ \"!WW)P '!<WW5=& '!9PX!WW7 R6WW"!O
E:&: G"& 8&#O +7#57:CO !BCW=(QCW9 ::#WQ 4B&#WS 8&

E:![5W7& +%!_TP !WbK G"#W5_9 !WO FWM=&(5O  !QFWMM9
COE:&: CO :'&F=!57& ?'(1C5W3&: +7#57: '(9U% 8!B

M3!OF .

2-N?6 " 7COP- F)?8Q?MR/ 7=?-%
C>a3 * &#YT #Y3 ':EFM;M7 X& 8&RW$[$9 \"!W) 8!B

EF":#Q #D56% �,5{% yA!M% ': &(BF=& .C>aW3 G"& ':
E!N56WW"& &FWW$% *GWW_YO 8&#6WWNMB#S ': #D56WW% 8!WWB

CK#7 *�Y,x *\"#;TP  !6W":#) *8:&X/  &F$% *'!Io
X ~$WWc% RWW�![o  !%X!WW7 CWWO yWW,L5% @WW"PP R6WW"

E!N56"&*�W"^$S(f� *8'#YW3 *C$W7Fx& ': :(WJ(% 8!B

8'&F=!5W7& P C":(L6% *]#a,Q *X' �'!) *�$S&#T �'!)
R$H!LS .(0<% &(B R$[$9 .#5M9 R9#3 #i= RcTF=& .

E!N56"&CO *\"!) 8!BdW_J CO k&Fx& 4iM% ?'(18'P/
E:&:+% &(B R$[$9 8!BE:&: P FMM9d_J 8!B8'P/EF3

�" CO &'+% .!D5=& 8^9#% E!N56"&FWMB: .E!N56W"& ':
 (%X/ k!;=& X& p) 8^9#%CO 8'!%/ 8!BG5S!W" '(WiM%
E:&: ': \o!S 8!B!bK�K!W3 '&FD% *!Y=/ rUo P !B

&(B R$[$91)AQI (+% Ca7!c%::#Q .RW$[$9 �K!3
?e!W"& R6W"X ~$Wc% RW�![o p=&�/ 8(7 X& C9 &(B

!>"#%& Fc5%2,9 R$[$9 *EF3 +S#L%8!WMa%#O &' &(B +
P RWW7& E:#WW9  !WW$O +QFWWM"e/ �WW,5{% 8!WWB#5%&'!)

CO�@A& '(iM%'!W9 CWO  &F=P#Y3 CO &(B R$[$9 +=!7'
+%:P')Cheng et al., 2007 .(RW$[$9 �K!W3 '&FD%

8:  &^$% X& &(B8: *:#Q(Q F$69&* X& * �P#5$= F$69&
CaW7!c% &(WB ': :(J(% y,L% ?&'z P GO#9 F$69(=(%

+%::#Q .*&(WB RW$[$9 �K!W3 '&FWD% sa7!c% X& p)
�@9 X& +>" ': &(B R$[$9*4H!W7!= *4H!W7 *�!W) 8!B

+W% G$$LT �!=#bK P 4H!7!= '!$6O�@WA& CWO P ::#WQ
C%!=#O P  &F=P#Y3+% EF=!7' 8#Y3  &^"':(3.

4BCW9  &#WYT 8&(WB RW$[$9 .#5M9 R9#3 �M"&
R9#3 X& +>"#WYT 8'&:#YW3 CO C56O&P 8!BP RW7&  &

R�![o  !%X!7 #i= RcT *&(B +Q:(H/ +7'#O #5S: ^$=
d_J R$H(�6% *R6"X ~$c%R"#"F% P VX&:#) *8'P/

E:&:EFM;M7 8!BEFWY-#O &' &(WB RW$[$9 \"!W) 8!WB
F='&: . !Q'& G"& P: #BjP ?!c[W1 X& !B!56W"&) PFWO

#O'!9 !O `%!LT (`"!S ^$= P8'&UWQ'!O `WO!x 8'!%/ 8!B3*
COM%C<WD= Cf&'& '(iCWO �(WO#% 8'!W%/ ?!W-@A& P !WB

EFM;MW7 ?!W-@A& G"#WK/ 8!WMa% #WO &(B +Q:(H/*!WB
+% E:![57&FMM9)http://air.tehran.ir(.CW>M"& :(JP !O
C<WWD= CWWf&'&jP 8P' #WWO 8'!WW%/ ?!WW-@A& P !WWB*R"!WW7

+=!6WW=&  &#O'!WW9 qWW7!M%)CWW%!=#O * &F=P#YWW3P  &^WW"'

1. Air Quality Index (AQI) 
2. Environmental Protection Agency 
3. Download 
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4$_IT8#Y3  &#$Q (RW7&?!W-@A& GW"& X& E:![5W7& *
CO:'&P FM%X!$= ?!-@A& #"!7 !O y$[,T !" P `$,cT '(iM%

E:&: +5WW7:  :#WW9RWW%#S ': !WWB+1!IWW5K& 8!WWB
k#=R7& �,5{% 8!B'&^S& .RWH!K: lW-!O +WH&P' G$M}

E#$Kz *:P'P �,5{% 8!BFM"&#S ': +=!6=& `%!-P 8X!7
+% ?!-@A& VX&:#)!%X r@T& C;$5=': P ::#Q *#bK

FWB&(K +) ': &' t"!5= Cf&'& ': E!a53& :!;"& 8e!O |!5a6=
RWW3&: .E:![5WW7& CWWO CWWJ(T !WWO8e!WWO '!$6WWO  !QFWWMM9

&(B R$[$9 !O ~aT#% ?!-@A&)P 8'&:#YW3  !7!M3'!9
 !Q'&\{O *+1(IK \{O *+5HP: \{O *C56O&P 8!B

 &F=P#Y3 P +B!N<=&: (C=!%!W7 ?P!W[T P :FWLT P8!WB
k#='&^S&+% C9 8#W5YO *F=#$Q '&#x E:![57& :'(% R6"!O

E:&: RWW7&CWWO &(WWB RWW$[$9 !WWO ~aT#WW% 8!WWBCWW=(Q8&
`%!LTjP +=!YJ C>a3 8P' #O #"U)R7:F=(3 +M5S!"
C9C=!%!7k#= 8!BW +=!6=& `%!- RH!K:  PFO W 8'&^S&

+=/ �!aT'& P `%!LT R$,O!x1C53&: #N"F>" !O &'FMW3!O .
CO*#N": ?'!a-\H!W}8FWM%X!$= P !WB': FW"FJ 8!WB

E:&: R"#"F% CM$%X !6W=& R6W"X ~$Wc% R$[$9 8!B
)E:&: FM=!%&(B R$[$9 8!B(`%!LT *'(WiM% CO &' 8#"U)

�&#53& CO P y$[,T *+7#57:E:&: 8'&UWQ'(9UW% 8!WB
C5K!WW7 8'P#WWZ \$WW) X& \$WWOFWW=&)Frehner and 

Brändlia, 2006 .(IWK ': CW9 RW7& #W9z CO kXen(
8'P!MS X& E:![57&C=!%!W7 !WO ~aT#W% G"XP#%& 8!B8!WB

E:&: �&#{57& RYJ ': 'P: X& \;M7 P +T!-@A&8!WB
.!WWo CWWO !WWT * / !WWO ~aT#WW% ?!WWLH!b% P &(WWB RWW$[$9

\BP�) &#W"& '(<W9 P !W$=: �bW7 ': 8FM_3X'& 8!B
RW7& EF3 k!;=& ..!W7 ': CW9 +<WBP�) ':2007CWO

FM;M7 #"P!IT X& *EF$7' �!}EMODISdWO&(T ^W$= P
+=!>% ^$H!=/2CO *�,5{%\M9&#) P 49&#T +O!"X'& '(iM%

EFM"e/RW7& EFW3 E:![57&  &#YT #Y3 ': �,5{% 8!B
)Sohrabinia and Khorshiddoust, 2007 .(\BP�) ':

n!WK +HF% X& *EF3 k!;=& !)P'& E'!x `9 ': C9 8#N":
)C=e!7 '!%/ C,_J X& +[,5{% 8!B#$05% !OEFM"e/8!WB

E&' *RW$L_J *G$%X \3() *�$S&#T '!%/ *�,5{%8!WB
!YM"& FM=!% P +7#57:(C=!%!W7 8!WB'&^O& qH!x ':8!WB

C<D= F$H(T 8&#O +=!>% ?!-@A&': e!O G3(HPX' !O 8!B
EFWWM"e/ :'(WW%RWW7& EFWW3 E:![5WW7& �WW,5{% 8!WWB

)Vienneau et al., 2009( .\BP�) ':*EFW3 #W9z 8!B
YMT +JP#KCO !CWf&'& 8'!W%/ ?!W-@A& !" P C<D= ?'(1

�$B ': P EF":#Q`W%!LT �(WZ(% !WY=/ X& �W"P 8#"UW)
E:&: CO +7#57:G5S#WQ #Wi= ': !WO &(WB RW$[$9 8!B

 !W$% CO +=!>% ?!-@A& 8!$=: ': �#b% 8!B:'&F=!57&
R7& EF%!$=.12

\BP�) X& +>" ':.!W7 ': C9 +"!B2009#<W5M%
WMa%#O +O(}'!} *EF38'P!WMS 8!8!WBWeb Services

E:!W$) P +o&#A* / �W_9 CWO CW9 RW7& EFW3 8X!W7
E:&:EFM;M7 8!BEFW"F) !WO ~aT#W% 8!WB~$Wc% 8!WB

CWWO +56WW"X8!B(>WW7 X& `D56WW% P 4;6WWM% +T'(WW1
k#=Cf&'& `O!x 8'&^S&R7'!<5=& P)Horsburgha et al., 

2009 .(CO 8'!5K!7 X& *#Z!o \BP�) ':'!<W5=& '(iM%
:&:ECWO +56W"X ~$Wc% 8!BCWbD= �'&(W- ?'(W18&

RWW7& EFWW3 E:![5WW7& .X& E:![5WW7& !WWO '(9UWW% '!5K!WW7
C-(_;%`W%!LT \B!W9 ': +LW7 !B'&^O& X& 8&8#"UW)!=

:'&: .!B:'&F=!57& X&  :#>= E:![57& R,- CO G"& :(JP !O
`_LH&'(57: P+=!W>% ?!W-@A& 8!W$=: ': �#Wb% 8!B

)`_LH&'(57: FM=!%�#Wb% 8!B8(W7 X& EFW33OGC(*
R6$= :'&F=!57& '(9U% VP'.

E!N<W=&: ': C9 +<BP�) ': (6W$% �#WJ4k!W;=&
C=!%!7 X& +D$[,T X& *R7& EF3 !%X!W7 :'&F=!5W7& 8!WB

OGCCOE:&: CWf&'& '(iM%EFM;MW7 8!WB�W,5{% 8!WB
RW7& EF3 E:![57&)Chena et al., 2009 .(\BP�W) ':

6W= :&FWLT yW$[,T P �!aT'& *#Z!op"P#W7 8:!W"X |!5a
'!$6WO '!W9 #Wi= GW"& X& P EF3 C5S#Q #i= ': :'&F=!57&

R7& EF3 k!;=& 8FM_3X'& P 4$i- .': *GW"& :(WJP !WO
E:&: X& E:![5WW7& '(9UWW% \BP�WW)EFM;MWW7 8!WWB8!WWB

E:![57& #O F$9uT !O �,5{%k#=  !QFMM9#Wi= ': 8'&^WS&

1. Online 
2. Spatial Analysis 
3. Open Geospatial Consortium 
4. George Mason 
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#) +=!6=& #O'!9 8&#O t"!5= :!;"& CO P EF3 C5S#QCW5K&:
R7& EF<= .p"P#7 *#N": ?'!a- COE:![5W7& :'(% 8!B

?!WW-@A& CWWO +WW7#57: #WWO FWW$9uT \BP�WW) GWW"& ':
EFM;M7?!$f^J �b7 !O !B:!W;"&  / ': P C53&: `%!9

8#"(IWWT +WWJP#K)�!WW7& :'&(WW% 8'!$6WWO ': CWW9
4$_IT8#$Q+W% `$><T &'  &#"F% C$HP& 8!BFWB: (':

R7& EF<= C5S#Q #i=.
o \BP�)CO +O(}'!} #Z!'!<5=& P +7#57: '(iM%

E:&:`%!LT ?'(1 CO &(B R$[$9 8!BC>a3 8P' #O #"U)
+W% Cf&'& jP +=!YJFWB: .`W%!LTj(}'!W} ': 8#"UW)

P !B:'&F=!5WWWW7& X& E:![5WWWW7& yWWWW"#A X& '(9UWWWW%
`_LH&'(57:8!BOGC+W% 4B&#S::#WQ .^"!W_T CWbD=

\BP�) P ?!D$DcT !O #Z!o \BP�)k!;=& 8!B': EF3
8!B:'&F=!5W7& X& E:![57& *n(IK G"&OGC) CWOE�W"P

WMS*WFS*GMLPO&M (P '!<WWW5=& RWWWYJ ':
E:&: CO +7#57:EFM;M7 8!B8!Ma%#O &(B R$[$9 8!B

CLW7(T P :'&F=!5W7& 8'!5K!7 !W>%& CW9 *RW7& #"UW)
E:&: X& E:![57&CO 4B &' &(B R$[$9 8!B8#"(IT ?'(1

: `%!9 ?!$f^J !O 4B P+% '&#x '!$5K& 'FB: .'!53(= ':
`%!LT :'(% ': lcO X& p) *#Z!o:!W;"& kP^H P 8#"U)

P *EFWW":#Q +WWS#L% 8:!YM<WW$) j(}'!WW} 8&^WWJ& * /
R7& EF3 E:&: �#3 P CL7(T  / 8!Ma%#O +_56$7.

3-,-)./'(&( 9):+1& " 0$#+$( 9( 3#!563)S4
&;4 >?*?@

E:&:CO 8!BEFM;M7 X& EF%/ R7:8!WBRW$[$9 \"!W)
*FM56WB +"e!WO '!$6O VX'& 8&'&: +_,- �!cH X& *&(B

`%!LT R,- CO !%&8#"U)!=CO * !3CWM$YO P &'!W9 ?'(W1
+W_= '&#Wx E:![57& :'(%FW=#$Q .': +W7!7& `><W% P:

E:&: G"& '!<5=& P +7#57: CM$%XX& FM56B ?'!a- !B :
 CWO P .!WD5=& 8&#WO :'&F=!5W7& '!5K!W7 P R%#S :(a=

3&�&#5E:&: 8'&UQ456W$7  !W$% !B�W,5{% 8!WB
)`%!LT :(a=E:&: 8#"U)8&1.(
 CO :'&F=!57& '!9PX!7 :(a=k#= +7#57: '(iM%8'&^S&

E:&: CWWO~$WWc% ': !WWB+T!aWW7!c% 8!WWB):(WWa=

`%!LT8#"U)1+7#57:2.(
CO�&#53& CO P .!D5=& '(iM%E:&: 8'&UQ&(B R$[$9 8!B

+% +5%#S #B X&[57&  &(TCO +O!$57: 8&#O !%& *:#9 E:!
`%!LTE:&: 8#"U)+% 8&`_LH&'(5W7: P RW%#S R6W"!O
X!O3(>W7 X& `D56W% *4RWS#Q '!W9 CWO &' :'&F=!5W7& P .

`%!LTE:&: 8#"U)E:&: C9 R7&  / +ML% CO 8&�" 8!B
k#= s=!%!78'&^S&)E:&: FM=!%EFM;M7 8!BRW$[$9 8!B

&(B (C=!%!7 ':k#= 8!B: 8'&^S&RWH!K: `x&FWo !WO #N"
R%#S X& �'!S P +=!6=& `%!-k#W= n!WK 8!WB8!WB'&^S&
FMW3!O E:![57& `O!x �,5{% .P RW%#S *#WN": 8(W7 X&

CO :'&F=!57& '!5K!7�&#5W3& CWO P .!D5=& '(iM%8'&UWQ
E:&:CWO +W7#57: 8&#WO :'&F=!5W7& '!9PX!7 FM%X!$= *!B

p"P#7CO +"!BE:&: G"& +O!"X!O '(iM%R7!B.CO?'!Wa-
`%!LT #N":4B&#WS *+W7#57: 8#"U)VP' EFWMM98!WB

E:!$) X& `D56% P :'&F=!57&8X!7k#= 8!B8&#WO 8'&^WS&
E:&: CO +7#57:k#= s=!%!7 8!BRW7& 8'&^S& .G"&#O!WMO

E:&: X& CWWM$YO E:![5WW7& 8&#WWOCWWO 8!WWBX& EFWW%/ RWW7:
EFM;MWW7RWW$[$9 8!WWB+WW% &(WWBVP' X& R6WW"!O8!WWB
&F=!57&CWO :'E:&: CWO +W7#57: '(WiM%P RW%#S ': !WB

:#WW9 E:![5WW7& :'&F=!5WW7& '!5K!WW7 .*#WWZ!o \BP�WW) ':
p"P#7 X& E:![57&8(W7 X& EFW3 �#Wb% +=!W>% 8!WB

k($7#6M9OGCCWOVP'  :#W9 4B&#WS '(WiM%8!WB
RW$[$9 8!WB#5%&'!) w:&: E!WN"!) CO +7#57: :'&F=!57&

+% :!YM<$) &(B::#Q .p"P#7% +=!>% 8!BEFW3 �#Wb
8(7 X&OGC\SFWB CW9 FM56WB +O(}'!} X& +f^J

`%!LT G5K!7 4B&#SCO 8#"U)+%!_T  !$% `%!9 ?'(1
456$7k#= 8!BE:&: !O ~aT#% 8'&^S&RW7& +=!W>% 8!B

)Zhang et al., 2007 .(p"P#W7': EFW3 �#Wb% 8!WB
~WW7&P 8(WW7 X& *'(9UWW% j(}'!WW}P :'&F=!5WW7& 8!WWB

CWWO8!B(>WW7 X& `D56WW% ?'(WW1k#WW=�WW"#LT 8'&^WWS&
+%F=:#Q)Lake et al., 2004 .(E:!$)~W7&P 8X!78!WB

1. Data non-Interoperability 
2. Access non-Interoperability 
3. Open 
4. Platform Independent 
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CO :'&F=!57&8'P!MS s,$7Pk#W= �W,5{% 8!WBX& 8'&^WS&
`$axJavaPNET !>%&R7& #"U) .CO !%&E:![57& `$H:

456W$7  !W$% �!WaT'& :!W;"& ': jP RK!7#"X X&P !WB
p"P#WW7 *:'&F=!5WW7& ~WW7&P X& E:![5WW7&+WW% !WWB(TFWWM=&

COE:!W$) ?!$1(IWK X& �'!WS P '!W9:(K ?'(W18X!W7
k#= 8!B(>7FM3!O C53&: `%!LT #N"F>" !O 8'&^S& .�^WJ

CWO EFW3 �#b% j(}'!} X& 8#N": 4Y%s,$W7POGC*
R%#SR7& :'&F=!57& 8!B .R%#SCO :'&F=!57& 8!B'(iM%

E:&: .!D5=&k!$) :!;"& *+=!>% 8!B !W$% +A!WaT'& 8!WB
p"P#78!BCWO 27!) P \7#) �"#LT P +=!>%?'(W1

EF3 +o&#A :'&F=!57&F=&.

4-T&#+SSL& 7SS8 " G)SSM+1&'(&( 39&5SSU3)SS4
'A=V=$&;4 >?*?@ N!)6 3)4
C=!%!7+=!>% ?!-@A& 8!B1) GIS (!WB'&^O& X& E:![57& !O
.F% PE:&: *F='&: '!$5K& ': C9 +"!BCWO k!K 8!BRW7:

EFM;M7 X& EF%/&' �,5{% 8!B'!W9 ?!W-@A& CWOO8:#
C%!=#O 8&#O4$_IWT P  &^W"'+W% `"FWaT  &#W$QF=X!W7

)Longley et al., 2005 .(':GIS+=!>% �'&(- q,v& *
)EFM;M7 FM=!% (RWO!g �#WS !WO *�'&(-  !$% ~O&P' P

.FW% * !W%X .(WA ': �'&(- ?!$1(IK  :(O8X!W7
+%F=:#Q .CO.F% q,v& ': #N": ?'!a-P .P&FW5% 8!WB

(7#%C=!%!7 ': C9 +%CWO +=!W>% ?!W-@A& 8!B'(WiM%
.F%EFW"F) 8X!W7CWO +WL$aA �'&(W- P !WBE:#WO '!W9
+%�'&(- +=!%X ?&#$$0T *F=(3)#i= X&P +W7FMB!W"

+[$1(T (+% C5S#Q EF":!=F=(3 .'(9UW% C,�6W% `W$H:
EF"F) q,v& C9 R7& G"&P CW7!M3 *+=!W>% �'&(- P !B

R$Lx(%EX!O ': &'  !38!B�W[o +=e(WA '!$6O +=!%X
+%FMM9 .COE#W$Kz ': CW"!) Fo&P *#N": ?'!a-P 8X!W7

+=!>% CZ'!- *\"!_=2+% C5S#Q #i= '::(3 .P' G"& X&
.F% P \"!_=EF"F) +=!%X ?&#$$0T 8X!7�'&(W- P !WB

C=!%!7 +%(_- 8!B:#O'!9 ': |!aH!v+=!W>% ?!-@A& 8!B
+W_= C5S#Q #i= ':F=(W3)Drummond et al., 2007 .(

E#$Kz CO X!$= ?'(1 ':+=!W%X ?&#$$0T \"!_= P 8X!7
EF"F)+=!>% �'&(- P !B)EX&FW=& `$ax X&#":!WD% 8#W$Q

 !%X ': &(B R$[$9 8!B#5%&'!)�W" 8&#WO �,5{% 8!B
\"!) E!N56"&(C"e *:!W;"& +=!W>% ?!-@A& X& F"FJ 8&

+W%?!$1(IWK FW"FJ #":!WD% P :(W3)!WW" P +W7FMB
1(T+[$ (+% +,ax #":!D% G"^N"!JFW=:#Q)Langran, 

2003.(1VP'2k(WWWY[% 8!5WWW7&' ': |@%!WWW9 '(9UWWW%
.F%CWicH #"(IT 8X!7+=!W>% !$W3& X& 8&3:'&: '&#Wx

)Worboys, 2005 .(:![57& !OECWicH #"(IT X&!$W3& 8&
+% +=!>%R$LWZP X& +a7!M% \"!_=  &(TEFW"F)P !WB

O �{<% +=!%X ': +=!>% �'&(-C:'P/ :(WJP .GW"& !WO
CicH #"(IT .F% *.!o\"!W_=  !W>%& +=!W>% !$3& 8&

CW}'!�>" `>3 CO &' ?&#$$0T P !B:&F"P')�W" \"!W_=
 !%X ': CZ'!-CO !" �,5{% 8!B\"!W_= #WN": ?'!Wa-
EF"F) FM_=!%X!B (+_= 4B&#S:'P/) .Worboys, 2005.(

.F%!Ma% W :&F"P' 8!B4:&FW"P' G5S#WQ #Wi= ': !O
COE#W$Kz C"!) Fo&P  &(M-EFW"F) \"!W_= P 8X!W7*!WB

.F% j(,b% `>3 CO &' +=!%X ?&#$$0T+% 8X!7FWMM9 .
.F% X& E:![57&E#$Kz  !>%& !Ma% W :&F"P' 8!BP 8X!W7

EF"F) 8!"() '!5S' \"!_=~WO&P' ': y$DcT *+=!>% 8!B
EF"F)  !$% EF$m$)EF"F) �,5{% ?&#$guT +7'#O *!B!B

F>" #OC$WZ#S Cf&'& P  !%X .(A ': #N"': FW"FJ 8!WB
EFW"F) ?&#W$$0T CM$%X4B&#WS &' +=!W>% �'&(W- P !WB

+%:'P/)Langran, 2003 .(E:&: *#Z!o \BP�) ':8!B
EX&F=& 8!B#5%&'!)CWO EFW3 8#$QEFM;MW7 s,$W7P8!WB

CO *&(B R$[$9 \"!)8#7 ?'(1P +=!W>% W +=!%X 8!B
WMa% W :&F"P' .F% 8!Ma%#O.FW% !FW=F":#Q 8X!W7 .':

E:&: *'(9UW% FM"&#SEX&FW=& 8!WB8#W$QCWO EFW3s,$W7P
EFM;M7R$Lx(% `>3 CO *�,5{% 8!BCW9 +5O!Wg 8!B

EX!O ': #5%&'!) 8:&FLT !Y=/ ':EX&FW=& 4iMW% 8!B8#W$Q
+%': *F=(3+%FM"/ .EX&F=&8#$Q*!WB#5%&'!) �,5{% 8!B

+% `$><T &' +=!%X 8#7 FM} !" �":FMB .CWO CJ(T !O
E!N56"& RO!g R$Lx(%E!N56"& R$Lx(% *\"!) 8!B': !B

1. Geospatial Information Systems 
2. Feature 
3. Spatial Snapshot Model 
4. Event-Based Model 
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dx&P+W% `$><T &' +=!>% 8#7#WB CW;$5= ': P FWB:
RWO!g '&FWD% �W" \"!W) E!N56W"& ': :(WJ(% wFM;M7

)R$Lx(% (8#7 X&+=!%X 8!B)EX&F=&8#$QEX!O ': !B8!B
�WW,5{% +=!WW%X (CWWO &'+WW% :(WWJP:'P/ .?&FB!<WW%

5%&'!)E!N56"& ': &(B R$[$9 8!B#GW"& ': \"!W) 8!WB
CO y$DcT?'(1i j k M(AP , t ,S ).F%FW=F":#Q 8X!W7
 / ': C9iAPEX&F=& 8!B#5%&'!)8#$Q&(B R$[$9 wF3
 !%X ':8!BjtCO PEFM;MW7 C,$W7PkSE!N56W"& ':
\"!)MR7& .`_LH&'(57: *#Z!o \BP�) ':1O&M

k($7#6M9OGCCOE:!W$) '(WiM%'(9UW% .FW% 8X!W7
RWS#Q '&#x E:![57& :'(% .`_LH&'(5W7:O&M8P!Wo

8&#WWO +,D56WW% P qWW7!M% *+%(WW_- '!5K!WW7 P !WWB'&^O&
.F%R7& �,5{% ?&FB!<% 8X!7 .E:![57& !O P' G"& X&

_LH&'(57: G"& X&?!$1(IWK G5S#Q #i= ': CO 8X!$= `
EFM;MW7 ?P![5%EFW"F) RW$B!% P �W,5{% 8!WB8!WB

E#$Kz n!K R%#S G$Mm_B P +T&FB!<%�" #B 8X!7
EFM;MWW7 X&RWW3&: FWWB&({= :(WWJP �WW,5{% 8!WWB

[Cox, 2006].
`_LH&'(57: ':O&MEX&FW=& #B *+W% 8#W$QFW=&(T

CO:(W3 .FW% :&F"P' �" ?'(1 .$WM} X& E:![5W7& !WOG
+% +5$,O!xEX&F=&  &(T8:&FW"P' CWO &' &(B R$[$9 8#$Q

 !>% �" ': C9)\"!W) E!N56"& (*RW7& E:!W5S& �!W[T&
.FWW%:#WW9 FWWM_=!%X P CWWM$YO 8X!WW7 .CWWOyWW$[,T *EP@WW-
E:&:EX!WO ': CW9 +T&FB!<W% �W,5{% 8!B+=!W%X 8!WB

dW_J #N"FW>" !WO ?P![5%EFW3 8'P/RH(YW7 ^W$= FW=&
+%FO!")Botts et al., 2006 .(CW[Hh% :(WJP CWO CJ(T !O

+% *�,5{% ?&FB!<% 8&#O  !>%`_LH&'(57: X& R6"!O
CO +a7!M% :'&F=!57& !".F% '(iM%P 8X!7 !W>%  !W$O

E!N56"&CO \"!) 8!B`%!LT ?'(1:#W9 E:![5W7& #"UW) .
q7!M%CWM$%X GW"& ': `_LH&'(57: G"#T3GMLRW7&

)Lake, 2005 .(`_LH&'(5W7:GML^W$=FWM=!%O&M

 !OX 8!Ma%#O3XMLRW7& CW5S!" ~6O P �#3 .GML

 !_H& P !B'&^O&?!W-@A& P  !W>%  !W$O :'&F=!5W7& 8!WB
+% 4B&#S &' �,5{% �'&(- +[$1(TFWM9)VP' FWM=!%

E:&: �(WW= *#"(IWWT s=!%!WW7 *CWW7FMB �WW"#LT?!WW-@A&

+[$1(T P +7FMB .(GMLCWO EXP#%&:'&F=!5W7&  &(WM-
P .!D5=& +=!YJ�&#53& COE:&: 8'&UQ !W$% +=!>% 8!B

C=!%!7k#= 8!BRW7& EF3 �#b% +=!>% 8'&^S&)Lake, 

2005.(123

CO #Z!o \BP�) ':.F% '(iM%P ?&FB!<W% 8X!W7
EX&F=&8#$QEFM;M7 8!B#Wi= ': !WO &(WB RW$[$9 8!WB

X& !WMa% W :&F"P' .F% G5S#QO&ME&#W_B CWOGML

F":#Q E:![57& .!57&' G"& ':CLW7(T 8'!5K!7!WO #"UW)
�W_9 CWO !T F":#Q +o&#A !Ma% W :&F"P' .F% #O C$>T

::#Q :!;"& &(B R$[$9 8!B#5%&'!) w:&: E!N"!)  /.

5-'(&( 78 0$#+$('A=V=S$ 3)4N!)S6 3)S4
&;4 >?*?@
X& E:![57&O&MPGMLCOP E:&: E!WN"!) :!;"& '(iM%

*&(WB RW$[$9 8!WB#5%&'!) .:!aT R%#S G$Mm_BVP'
E:&: .!D5=& 8&#O &' +a7!M%+% 4B&#S !BFM9 .CWO'(WiM%

+WW% *E:&: E!WWN"!) CWWO +WW7#57:VP' X& R6WW"!O8!WWB
C=!%!WW7 !WWT :(WW3 E:![5WW7& 8:'&F=!5WW7& +WW7#57:8!WWB

k#=E:&: FM=&(5O �,5{% 8'&^S&CO &' X!$= :'(% 8!B?'(1
FMM9 +O!"X!O :'&F=!57& .VP'+W7#57: :'&F=!5W7& 8!B

E:&: CWWOE:!WW$) yWW"#A X& #WWZ!o \BP�WW) ': !WWB8X!WW7
p"P#7+W% :!W;"& :'&F=!5W7& +=!W>% 8!B::#WQ .GW"&
p"P#7E:&: +O!"X!O  !>%& !BP: CWO &' X!W$= :'(W% 8!WB

+W% 4B&#S ?'(1FW='P/ :?!W-@A& X& 8#"(IWT .!W7'&
)#"(IWWT  / .!WW7'& P ?!WW-@A& X& 8#"(IWWT :!WW;"&(P *

?!-@A& `%!9 .!7'&)+,"!S :!;"&�{<W% '!5K!W7 !O
P ?!W-@A& +[$W1(T P +W7FMB ?!W$f^J CW$,9 8P!o

`"!S  / .!7'& .(C=!%!7 X& 8'!$6Ok#= 8!B!WYMT 8'&^WS&
E!WN"!) ': :(WJ(% ?!W-@A& X& 8#"(IWT +O!"X!O CO X!$=

F='&: E:&:)8#"(IT +7#57: (C=!%!W7 X& +K#O P8!WB
P #5%&'!W) ?!W-@A& C$,9 CO +7#57: FM%X!$= 4B #N":

1. Observation and Measurements 
2. Geography Markup Language 
3.Extensible Markup Language
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+S#L% ~"&#3 8!Ma%#O +1!K EFM;M7 !"FM56WB EFW3
)+T!WW-@A& `WW%!9 +WW7#57: .(p"P#WW7 8!WWMa%#O8!WWB

�#b% :'&F=!57&3Fj(}'!W} ': EOGC\BP�W) ': *
p"P#W7 yW"#A X& 8#"(IT +7#57: #Z!o1WMSP

p"P#WW7 yWW"#A X& +T!WW-@A& `WW%!9 +WW7#57:2WFS

+% :!;"&::#Q.
p"P#7WFS?!-@A& CO +7#57: *+=!W>%)4WB

+[$WW1(T ?!$1(IWWK 4WWB P +WW7FMB ?!$1(IWWK (':
R%#SGML+W% 4B&#WS &':'P/)OGC, 2005 .(+=!W%X

R7&(K': C9EFWMM93CWO &' +5W7&(K': *WFS.!W7'&
+%*FM9WFS+WS#L% �P#W3 8!WMa%#OG5W% ': EFW3

E:&: *RWW7&(K':E:&: E!WWN"!) X& &' +=!WW>% 8!WWB+O!WW"X!O
+WW%RWW%#S ': P FWWM9GML': CWWORWW7&(KEFWWMM9
+%#OF=&:#Q)OGC, 2005.(

HP& P +,WW1& RWWH!o ':CWW$p"P#WW7 #WWB *WFS

+%?!$,_- C7 R6"!O4E:!$) &'FWM9 8X!7 .`>W3)1(*
k&#Q!WW":ClassE&#WW_B CWWO &'Interface / CWWO �(WWO#%

):'&F=!5W7& !WO yO!b%UML Class Diagram (\"!W_=
+%FB: .

CO:'(W% ': +W,9 ?!W-@A& q6W9 '(iM%p"P#W7
WFSR7&(K': *EFMM9)C=!%!7 |e(_L% C9k#= 8&8'&^S&
R7& (RW7&(K': &FW5O&Get CapabilitiesCWO &'WFS

+WW% .!W7'&FWWM9 .p"P#WW7WFSFMWW7 *2WW7!) ': ^WW$=
k!WW= !WWO &' 8:'&F=!5WW7&Capabilities DocumentCWW9

CO X!$= :'(% ?!-@A& 8P!op"P#W7 X& E:![5W7& '(iM%
RWW7& '(9UWW%)`%!WW3CWW"e k!WW=~"&#WW3 *+T!WW-@A& !WWB

!WYM"& FM=!% P E:![57& :'(% :'&F=!57& \"&#"P *E:![57& (
R7&(K': CO+%X!O EFMM9F=&:#Q .

1234

`>31 .p"P#7 ?!$,_- C7WFS) �" 8&#O +JP#K E:&: �(= P 8:P'P E:&: �(= *k!= E&#_B CO ?!$,_- C7WFS

X& E:![57& !OUML Class DiagramR7& EF3 E:&: \"!_=(

1. Web Map Service 
2. Web Feature Service 
3. Client 
4. Operation 
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': :(WWWJ(% ?!WWW-@A& 8!WWWMa%#OCapabilities 

DocumentRWWW7&(K':EFWWWMM9CWWOX& +B!WWQ/ '(WWiM%
kP: ?!WW$,_- +T!WW-@A& sWW"e FWWM} !WW" �WW" '!5K!WW7

)Describe Feature Type (+W% X!Wv/ &'FWM9 .GW"& ':
CW"e !" C"e ?!$1(IK P '!5K!7 *p"P#7 C,o#%8!WB

&' +T!-@A&EFW3 �{<W% RW7&(K': G5W% ': C9FW=&
)8!BFWW,$S E:&: �(WW= *+T!WW-@A& 8!BFWW,$S k!WW= FWWM=!%

!WYM"& FWM=!% P +T!-@A& C"e +=!>% E:PFc% *+T!-@A& (
COR7&(K':EFMM9yO!b%'!5K!7 !OGMLApplication 

Schema+% .!7'&:'&: .+WQ�"P X& �@WA& X& p)8!WB
CWW"e(WW7 ?!WW$,_- ': *+T!WW-@A& 8!WWBk)k!WW= !WWOGet 

Feature(E:&: *CO +=!>% 8!B?'(W1GMLp"P#W7 X&
WFS+% +O!"X!OF=(3 .?!$,_- X& C9 +T!-@A& 8!Ma%#O
CO kP:+% R7:k(W7 ?!W$,_- *F"/)E:&: +O!W"X!O8!WB
+=!>% (+%+=!W>% P +[$W1(T �P#W3 +WS#L% !WO F=&(T

CW-(_;%#"X +O!W"X!O 8&#O +[,5{%?!W-@A& `W9 X& 8&
?'(1:#"U) .E:&: +O!W"X!O *'(9UW% ?!W$,_- CW78!WB

CWO �,5{% �P#3 +S#L% !O &' +=!>%P qW7!M% ?'(W1
+W% yWDcT +W1!K 8'P!WMS P  !OX X& `D56%FM<W{O .

p"P#7 +T!-@A& daM% |e(_L%WFSE:&: E!WN"!) �W"
R7& +=!>% .p"P#7WFS+W%p"P#W7 X& FW=&(T8!WB

WFSCO ^$= #N":& +T!-@A& daM%  &(M-*FWM9 E:![5W7
+% :'(% G"& C9~$c% ': F=&(TF$[% '!$6O +,%!LT 8!B

F3!O.

COE:&: #"(IT +O!"X!O '(iM%p"P#W7 X& +=!>% 8!B
WMS+WW% E:![5WW7&::#WWQ)OGC, 2006 .(p"P#WW7
WMS+WWW% CWWW"!) RWWWH!o ':&' ?!WWW$,_- P: R6WWW"!O
E:!$)FM9 8X!7)`>32.(

': .P& ?!$,_- rFBWMSp"P#W7 FM=!%WFS

CWW=(Q CWWO *RWW7&CWWO CWW9 8&CWW"e X& �@WWA& '(WWiM%8!WWB
+W% p"P#W7 CW9 +T!-@A&P FWB: CWf&'& &' !WY=/ FW=&(T

R7&(K': C9 +b"&#3+% EFMM9X& E:![57& 8&#O R6"!O
.P& ?!WW$,_- yWW"#A X& FWWM9 RWW"!-' p"P#WW7)Get 

Capabilities (R7&(K': CO+% E:&: �@A& EFMM9:(W3 .
kP: ?!WW$,_-)Get Map (#WWOX& #"(IWWT +O!WW"X!O 8&

E:&:+WW% '!WW9 CWWO +=!WW>% 8!WWBCWW9 qWW$T#T G"FWWO *:P'
RWW7&(K':�{<WW% !WWO EFWWMM9CWW"e k!WW=  :#WW98!WWB

#"(IWT `W"!S RW%#S P C<WD= +=!>% w:PFc% *+T!-@A&
+57&(K':)FM=!%Png, JpgP (...p"P#7 CO &'WMS

+% .!7'&p"P#W7 P FM9WMS8!WB#5%&'!) 8!WMa%#O
% ': EF3 �{<%C<WD= *RW7&(K': G5)!WO 8#"(IWT

8'&:#WO !W" P 8#5W7' RW%#S (+W% FW$H(T &'CWO P FWM9
RWW7&(K':+WW% .!WW7'& EFWWMM9:'&: .p"P#WW7WMS

+%p"P#7 *+=!>% E:&: E!N"!) �" X& F=&(T8!BWFSP
p"P#7 +5o8!BWMSCO #N":+T!-@A& daM%  &(M-
FM9 E:![57&)OGC, 2006 .(

`>32 .P:p"P#7 �" ?!$,_-WMS

)�" !;M"& ':ClassPInterface !<=  / CO �(O#%FM56B +JP#K E:&: �(= P 8:P'P E:&: �(= *!BF5% k!= wFMB:(
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CWWO kXe ?!WW-@A& CWW$,9 !WW$% `WW%!LT '(WWiM%
R7&(K':+=!W>% p"P#W7 P EFMM9WFS!W" PWMS

.!WW7'& VP' *RWW7&(K': X!WW;% 8!WWB#5%&'!) FWWM=!%
P R7&(K':+O!W"X!O 8&#WO �,5{% �P#3 +S#L% VP'

E:&:p"P#7 :'&F=!57& `_LH&'(57: ': *+=!>% 8!B8!B
EF3 �{<% +=!>%p"P#W7 P: GW"& q$T#T G"FO P F=&
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 !WWOX X& E:![5WW7& !WWO 8'&UWWQ'!O 8:#O'!WW9 sWW%!=#O *&(WWB
CW%!=#O+6W"(=Visual Basic 2005FW":#Q :!W;"& .!WO

X& �W" #WB ?&FB!<W% *8:#O'!W9 C%!=#O G"& X& E:![57&
EFM;M7CO !B'!) E:&: E!WN"!) ': +5-!7 ?'(18!WB#5%&

+% 8'&UQ'!O *&(B R$[$9E:&: E!WN"!) C;$5= ': P F=(3
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Any third party
Application (for 
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Component
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