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1.Geomatica 
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2!3/8#4   !" .#$%         #&'(! )'$" *" *+,! -./0 1+2       *" 3'4 +'2
    5,60 *" 7+(8!"CAD    5,60 #9 GIS     .- :  ! ; <-.:= 

>,?6@  A8BCD ."CE <-+F8G" -./0 +2.  
  

3- !"! #$%&' ( )*+,'  -.  
/(0-112 )113-4!(0 5$6117 8-11.9:;" <11=05>: C$:+H''@ 

<."/2+0         <-: 60 )8BCD C9 .- #9 #I/@ +9 1"      JK,G: 1+2
  J''?L #''KM+N0 O'',?9+E 1"."- PJA,0*C''G 1+''2:CQ?E *"

< $ 4        *" CR!.:-  $- : +2 O'G+S!= . J'DT$:      U/'V J$+'2
  #!+W-:. OLCX  !:.     #YZ; C,[0 \"C,,]@ P+2  P+2    +'2/RM" 

   #!+W-:. #YZ; ^+Z@." :      J'DT$: +'9 +2     #'(NA0 1+'2    : 1"
   <-"- #KM+N0 +9 J!+SI    <."/2+'0 1+2   _+'`!"     O'G" J! '; .

       J'0 J'9= a."/b >Y; : c!. P)@ POB+9 \"C,,]@    '!"/@
U+&!   #9+I < A2-        #YZ'; \CI+'S0 : J$+'I      : J'9= 1+'2

 J0 d$Ce )$" *" +SA@ #L '  ;+9 +S!= 1"fI"  : g.- U"/@
>'',?6@  -C''L U+''; . J''DT$: )$C''8QS0 *" J''Y$  1+''2
#!+W-:.    7+!+L 1/RM" P+2        O'G+S!= #YZ; 1h/M/B./0 : +2

               PJ2+',D i';/4 Pj,'; U/'V J!/D+'!/D >'?b #'9 #L
 \:+''F@ : k'',!/8Y@ \"C'',,]@ PJ!+[''!" \"C'',,]@  1+''2

l/G.    0 -+`$" J8W+A;J            #'9 #'I/@ +'9 #0"-" .- #L -/;
              1+'2/RM" *" J'WC9 J'G.C9 #'9 #'KM+N0 -./'0 <-: 60

J0 #8W"-C4 U:.+L #!+W-:. -/;.  
 <3-*5? 89:;"1: *       #'!+W-:. U+'$CI ObCG #L J!+0

     ),$+4 #9 d?K0 -"/0 >QX U"/@       #8';" ! ". #!+W-:. OG-

<.+''AL .- d''?K0 -"/''0 #''`,8! .- P '';+9  1"C''`0 1+''2
 #@ #!+W-:.    ),&!J0            1+'2/0 #'9 #,Z'; J?Y'; :  !/;

    J0 -/W #9 < ; #8B+9    '!C,D .        ),'AV P7+'m0 U"/'Ab #'9
     #'(NA0 *" C@%+'9 <-: '60 .- U:.+L #!+W-:. .- J$/RM"
            7/B*- +@ CFn #A9 *" *- #!+W-:. : C8;/; +@ U+WC@ oV

 J0 < 2+&0  -/; .          #'!+W-:. aC'b p%/'QK0 /'RM" )$" .-
       C,q >X"/G 1"."- : OG" )S4 : -+$*   r." $+4+! : st&0

 7+!+L :          J'0 " 'I o'2 *" 1- K80 1+2         o'2 #'9 :  !/';
J0         7+'!+L ),9 f,! 1- K80 C$"fI :  ! !/,4      >,Y&'@ +'2
J0   !/;) >Y;2 .(  

    8!(0 /-@$A 89:;")80B3-C7(2:     1/'RM" u/! )$" 
#!+W-:.     <."/2+0 C$:+H@ .- +2       v/'E \./'n #9 1"    J$+'2
JG/A,G >Y;    #9 #L  !"   1+2C,[0 #?,G:    <+'@/L o,(8[0 

J0 " I o2 *"    ' i't9 #G *" :  !/;   : C'wK(0 : l '60
     O'G" < '; >,Y&'@ ' :- )'$" ),9 o,(8[0 it9 f,! .

  #9 i$+GCB U"f,0        <."/$- j$Ct@ : OG" JALC$* \./n
  J0 CmL" X #9 CK(0 it9 .- JM+X .- r G.  it9 .- #L

 #@ l 60              U '0= -/'I: #'9 jZ'G J9/'G. -"/0 JA,&!
>Y;    u/! *" J$+2 #q+0-   1"   J0 >Y;   !/; .  J$/RM" ),AV
 J0 ".           J!+'0* PU:.+L #!+W-:. C,[0 x Qb it9 .- U"/@

   J9y,G O;- #9 #L    l/'AI .- U+WC@ oV #(NA0 *" z"
    #'!+2- +'@ C8;/;     J'0 -:.  '!:."       -C'L < 2+&'0 P 'G.   

) >Y;3 .(  

  
  
  
  
  
  
  

 >Y;2 . C8;/; CS; l/AI .- U:.+L #!+W-:. J!+$C; 1/RM") C$/H@IRS(#!+W-:. J{Cb |CQ,! : 12  

                                                           
1. Braided Pattern 
2. Meandering Pattern 
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 >Y;3 . C,E  A9 #(NA0 : C8;/; CS; ),9 U:.+L #!+W-:. 1. !+}0 1/RM") C$/H@IRS (#!+W-:. J{Cb |CQ,! :  

  
  
  
  
  
  
  
  
  
  
  
  

 >Y;4 . ),0". <+D:C,! : C,E  A9 ),9 PU:.+L #!+W-:. C,[0 .- o,(8[0 1/RM") C$/H@IRS (#!+W-:. J{Cb |CQ,! :  

  
9:;" P$QF67 81:    #'9 J$/RM" ),AV       1C,['0 \./'n

      <."/2+0 C$:+H@ .- +A6!" U: 9 : o,(8[0    3Yb : 1"   1+2
  J0 < 2+&0 J$"/2  -/; .      -"/0 Pj,; U/~Q2 J??b #9 +0"

     1+'''2C80".+4 C'''R$- : U+'''$CI ObC'''G PJ9/'''G.
),0*   g+W PJ8W+A;      J$/RM" ),AV P+SA$" C$+�! : JG+A;

   <*+9 .- \. ! #9     0 < $- J!%/e 1+2J  -/; .   #'!+W-:. .-
   C',E  A9 ),9 #!+W-:. 1/RM" )$" *" OM+X )$C8S9 U:.+L

      J0 o&V #9 ),0". �C9 <+D:C,! +@        )'$" 7/'e #L P-./W
 -: X <*+914 OG" C80/?,L ) >Y;4 .(  

3-1- D-> L"5$$M' <=05>  )3-4!(0 8-. /(0-2 1  
        7+!+L C,[0 U:.+L #!+W-:. C,[0 \"C,,]@ JG.C9 1"C9

 #!+W-:. )$"          �'$-. v+G"C9 : < ; o,[(@ <*+9 OF2 #9 
       #(Ze -:. !:." +@ C8;/; *" OF2 +@ k$      < '$-CD 1 'A9

            C'�! *" 3!+'`@ U"f,0 CmL" X 1"."- _" L C2 #L OG"
),0* 5$"C; : /RM" JY$h/M:. ,2 : J8W+A;  !".  

  

                                                           
1. Straight Pattern 
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      7/e #9 k$ <.+Q; <*+951/66      l/'AI *" C80/'?,L 
       - -" 80" C,E  A9 <-: 60 +@ C8;/; CS;-." .   .- <*+9 )$"

    7+!+L \+,n/HW 1"."- C,[0 C8&,9      O'G" J!+$C; 1+2
 J!%/e :      #'9 J@+KM+N0 <*+9 )$C@     J'0 .+Q';    '$= .  U"f',0

08/G #9+I 5       ),9 U= JZ!+I J$+I1280   +@ 1478   C'80 
   7+G *"1955   +@ 2007 OG"  .      \/'Q$*= #'$:"* ),R!+',0

   OQ[E )$"25/168       J$+',B"C]I 7+Q; #9 OZ[! #I.- 
OG" ..-              CmL" 'X <*+'9 )'$" J'G.C9 <.:- .+'SV 7/'e 
#9+I        7+'G .- JZ!+I J$+I1955    +'@ 1991     #'9 OZ['! 

 .:- C$+G<               -: 'X : O'G" #'8BCD \./'n +'21260   +'@ 
1180    OG" C80 )  >Y;5 .(     7+'G ),9 #L JM+X .-    1+'2
1991 : 2002 : 2007 JZ!+''I \"C'',,]@ 5''G/80 = U
  -: X50  OG" C80  .         'A9 +@ J!+�y0 *" _:- <*+9    #'9 C',E

 -: ''X 7/''e7/12 <*+''9 : < ''; < ,&''L C80/''?,L   1"
 OG" o,(8[0 ./80G        ),'9 U= JZ!+'I \"C,,]@ 517   +'@ 

35   <.:- .- C80          ,]@ : O'G" #'KM+N0 1+'2 ',   C,['0 \"C
 <.:- ),9 .- 7+!+L     O'G" o'L .+,['9 J'G.C9 -./0 1+2 .

              J$+',B"C]I 7+Q'; #'9 OZ['! <*+'9 )'$" #$:"* 5G/80
28/184 OG" #I.-  .*+9 ),0/G  +'@ J!+�y0 *" #!+W-:. <

       <*+'9 : #'8B+$ -" '80" *"/'2" CS; 0 1"}    7/'e #'9 1. '!+
57/119  OG" C80/?,L  .     JZ!+'I \"C,,]@ 5G/80 U"f,0

      ),'9 #'!+W-:. 7+!+L360    +'@ 401    O'G" C'80  .  U"f',0
        7+'G *" #!+W-:. 7+!+L 7/e \"C,,]@1955    +'@ 2007 P

 J0 U+&!           - <*+'9 )$" 1+2. !+}0 7/e : U"f,0 #L  2- .
     OG" #8B+$ i$"fB" < ; -+$ x.:- .    <*+9 )$" 5G/80 #$:"*
   J$+'',B"C]I 7+Q'; #''9 OZ['!71/229  : O''G" #'I.- 

 J''0 < 2+&''0 U= .- 1-+''$* 1. ''!+}0 \"C'',,]@ -/''; .
         7/e #9 )$/W."- +@ \+,G.+B *" J@+KM+N0 <*+9 ),0.+SV

82/62      O'G" #'8B+$ -" 80" C80/?,L  .   5'G/80  \"C',,]@
    <.:- .+SV .- U= JZ!+I    ),9 PJG.C9 216   +@ 300   C'80 

O''G" .  7+Q''; #''9 OZ[''! i''t9 )''$" 5''G/80 #''$:"*
  J$+',B"C]I91/175  <*+'9 : P#'I.-    O'G" 1. '!+}0 1" .

  #!+W-:. <*+9 ),Q`A4   <*+9 U:.+L          #'9 O'G" o,(8['0 1"
  7/e77/12            U= 7+'!+L \"C',,]@ U"f',0 #'L PC80/'?,L 

  OG" g !" .+,[9 .      ),9 7+!+L )$" JZ!+I \"C,,]@59   +'@ 
115            J$+',B"C]I 7+Q'; #9 OZ[! U= C,[0 #$:"* : C80 
59/227  OG" #I.-  .        -.+'0 +'@ )$/W."- *" <*+9 ),Q&;

   7/e #981/21     -."- -" '80" C80/'?,L  .    5'G/80 U"f',0
 ),9 U= JZ!+I \"C,,]@423 +@ 400OG" C80  . ),Q8F2

 �)$CW= #L ' <*+9     7/'e #'9 ' OG+S!= 32/2  *" C80/'?,L 
       '!:." #'!+2- +'@ -.+0         1/'RM" 1"."- : #'8B+$ -" '80" -:.

 7+''G *" U= JZ!+''I \"C'',,]@ : O''G" o,(8[''0 p+''Z$C(@
1955   +@ 2007   ),9 30   +@ 48  OG" C80  .    C,['0 #'$:"*

 -: ''X J$+'',B"C]I 7+Q''; #''9 OZ[''! <*+''9 )''$" 7+''!+L
82/233 OG" #I.- ) 7:" I2 : 3 .(  

  

 7: I2 .<*+9 7+!+L C,[0 #$:"* 5G/80 \"C,,]@ L #!+W-:. 1+2J$+,B"C]I 7+Q; #9 OZ[! U:.+  

reach CompassA  
1955 CompassA1991 CompassA  

2002
CompassA  

2007 mean

1 39/168 28/168 16/168 19/168 25/168
1 24/184 26/184 34/184 27/184 28/184
1 70/229 71/229 68/229 75/229 71/229
4 96/175 90/175 91/175 86/175 91/175
5 40/227 64/227 69/227 64/227  59/227
6 31/180 23/180 21/180 26/180 25/180
7 71/233 87/233 89/233 89/233 84/233
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 7: I3 .<*+9 .- U:.+L #!+W-:. JM/e \"C,,]@  7+G *" J@+KM+N0 1+21955 +@ 2007  

reach AveLen1955 AveLen  
1991

AveLen  
2002

AveLen  
2007 mean

1 961/61 47/66 39/68 21/69 51/66
2 78/12 68/12 71/12 71/12 72/12
3 31/117 47/119 76/120 75/120 5/119
4 78/73 26/77 08/79 99/79 82/62
5 73/12 78/12 78/12 78/12 77/12
6 29/21 96/21 96/21 04/22 81/22
7 24/22 30/22 32/23 41/22 32/22

  
  
  
  
  
  
  
  
  
  
  
  
  
  

 >Y;5 .7+!+L \"C,,]@7+G #?n+B .- PO[t! <*+9 .- U:.+L #!+W-:.   1+21955 +@ 2007  
  

    <*+9 ),9 .- u/Q`0 .-          )'$" .- J'G.C9 -./'0 1+2
 <.:- .- #''M+(052  \"C'',,]@ U"f'',0 )$C8&'',9 P#M+''G 

          k'$ <.+Q; <*+9 #9 ^/9C0 U:.+L #!+W-:. 7+!+L JZ!+I
)  >Y;5   : 6 (          :- <.+Q'; <*+'9 #9 ^/9C0 U= )$C8QL :

OG" . +6M *"            +'9 U= ^+'Z@." : #'!+W-:. 7+'!+L 1/RM" �
     #&(! JG.C9 : \" 2+&0 P\"C,,]@ U"f,0     Jt$.+'@ 1+2

 J0 U+&!       J!+$C; 1+2/RM" #L  2-)  k$ <.+Q; <*+9 ( .-
         1. '!+}0 1+'2/RM" 3�G : O[t! #?XC0) <*+'9    1+'2

    i; : .+SV P#G <.+Q; (      : \"C',,]@ U"f',0 )$C8&,9
#9+I           <*+'9 #'L JM+'X .- P !."- ". J$+I      o,(8['0 1+'2

)   o8F2 : o`A4 P_:- (      CR$- +9 #[$+(0 .- 1C8&,9 \+Z�
<*+9   !."- +2) >Y;7.(  

  J0 �E": .-        +'9 #'!+W-:. 7+!+L 1/RM" #L OFD U"/@
  OW+GC$* #9 #I/@     ),'0* Pk,B"CD/4/@ 1+2     : J8W+A';

 st&0 k$h/M:. ,2        .- : #!+W-:. 7+!+L 1/RM" < AAL
U"f,0 O$+S! : \"C,,]@ #9+I 0 J$+IOG" #!+W-:. C,[.  
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 >Y;6 . 7+G *" PO[t! J!+$C; <*+9 : OG". OQG _.+SV <*+9 .- U:.+L #!+W-:. 7+!+L \"C,,]@1955 +@ 2007  

  
 >Y;7 .<*+9 >L \"C,,]@ #!+W-:. 1+2  7+G *" U:.+L 1955 +@ 2007  
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 <.+Q; >Y;8 .- U:.+L #!+W-:. C,[0#KM+N0 <.:- .+SV .  
  
  
  



89%R PS-2B$= ( 8B?57 5ETU  -VA

   ! " #$ %&'(GIS$ )*$+  
 ,-(. "  .2( /!-01   34)-51389  

86

4-W&> ( X*-F3   
 3$"C''9)1984 (3''Yb *"  J''G.C9 1"C''9 J$"/''2 1+''2

 #!+W-:. \"C,,]@            #'9 : -C'L <-+F8'G"  680 \%+$" 1+2
#(Ze       OW"-C4 +2. !+}0 >Y; : /RM" 1 A9 .   JM+X .- )$"

#''!+W-:. \"C'',,]@ C''{+X i2:T''4 #''L O''G"  +''9 ". 1"
   <-"- j,LC@ *" <-+F8G"    .C9 �?8t0 1+2      #'L P<-C'L J'G

      O,KE": +9 U= < 0= OG- #9 �$+8!       O'(9+N0 J'A,0* 1+2
     #(Ze #9 �E": .- : r !."-   JQ! 1 A9   -*"-C'4 .   i2:T'4 .-

       U+,R!:h : /M JW JW PJ?!+,L/M)2005 (     -./'0 .- #'L
          7+'!+L \"C',,]@ POBCD \./n ),V <f@ c!+$ #!+W-:.

    Je .- #!+W-:.50       7+'!+L aCb \"C,,]@ v+G"C9 7+G 
''!+W-:.#''!+W-:. 1+''2.+9 OX+[''0 : #  :  ''; _+''`!" 1"
#(Ze            '$-CD J'G.C9 +S!= \"C,,]@ : a."/b )$" 1 A9 .

            7+'!+L J'{Cb \"C',,]@ C8&',9 i2:T4 )$" #Y!= 7+X
    OG" <-CL JG.C9 ". #!+W-:. .    U+,b+`; PCR$- J$+I .-

)1384 (7+''G ),''9  1+''21991 +''@ 2002 J''G.C9 #''9 
    -C4 U:.+L #!+W-:. 1+2. !+}0 \"C,,]@    1-.:=C'9 : #8W"

             v+'G"C9 <-: '60 )'$" .- #'!+W-:. 7+'!+L \"C,,]@ *"
         C'{+X #'M+(0 #L JM+X .- rOG" <-"- _+`!" 1*+B dNA0

        .- ". U:.+'L #'!+W-:. \"C,,]@52    7+'G )  *"1955   +'@ 
2007 (JG.C9          \"C',,]@  '!:. *" 1C8S9 C$/H@ : <-CL

           z:. j',LC@ *" U= .- : r<-"- O'G- #9 +2. !+}0    1+'2
 �?8t0 : .:- *" i`AGGISOG" < ; <-+F8G" .  

    P+SA$" C9 U:fB"     1./'?@)1373 (     #'!+W-:. *" J&'t9
      <-"- ."CE JG.C9 -./0 +2. !+}0 \"C,,]@ C�! *" ". U:.+L
            J'G.C9 1"C'9 #!+W-:. C9 v+Q0 C$":- z*"C9 z:. *" :

       7+'G .- #'!+W-:. Uy'4 \"C,,]@     1+'21334 P1340 : 
1351OG" <-CL <-+F8G"  .9 )$"J0 U+&! JG.C  #L  2-

          : *- 1+2 'G �" 'X" *" 3'4 U:.+'L #!+W-:. \"C,,]@
 v+Zb  ,S;           J';+! -/W #L P< !+0 JE+9 C,,]@ U: 9 ./4

OG" #!+W-:. l/G. : J9- O,Zm@ *" . �$+8! #L JM+X .-
           C'2 #!+W-:. \"C,,]@ #L  !."- U= *" U+&! ./L�0 #M+(0

  <+@/L .-  AV           ".- .- +'0" #8';" ! 1C',,]@ \ '0  \ '0*
    <-+S! J!:fB #9 :. \"C,,]@    '!" .     <.:- .- )'$" C9+'A9    1+'2

<+@/L              �" 'X" *" 3'4 #'!+W-:. \"C',,]@ J'G.C9 P\ 0

 JQ! P+2 G                .- : r 'AL U+',9 J8'G.- #'9 ". �$+'8!  !"/@
<+''@/L   \"C'',,]@ -./''0 .- ^+'',8X" +''9  ''$+9 f'',! \ ''0
#!+W-:. ),$+4 1" OW"-C4 �69 #9 +2 G OG-.  

 #8['''IC9)1383 ( i'''(!  .+8W+'''G 1+2 '''!:.
),0*              J'G.C9 U:.+'L #'!+W-:. \"C',,]@ .- ". J'G+A;
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