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W0( +,(4" 63A :  
1.         " N$v' +?/Q" �R _(6C (-  '$g]3 W7*    +!R BJ*

    B!S N$eJ $C 6C(6C  *RMSE  W!0(  .  �!7()-*RMSE 
        W!0( .!E() $!"( TW0( +?/Q" �R _$/K 2H\'$H"

   W7* +RDTM        +&g!C {!<&%" m[$Q" -*  ,)6K 
              >$!?' ) +!'4e' >$!?' �R(6!G )  !/Hk" |3(65 +C

  W0( L)$9&" @c6&QR .    A(  K6C -*    -4!sQ" +C *-(4"
 $!!3 wHG$e&g!!H0 ) @$!!/K W!!Z, ) N(x!!H" 2H!!HFG

    !" NO N*4!C  7$!9G(   A( N(4!GResidual Vector 

Diagram           w!f >$!?' +!H<R _(6C +R *6R 8*$9&0( 
+C      " �H06G �?&g" L-4M  **6I .N$eJ     -* +R -4[

         8B!5 8*(* q3$e' L$Sh[( @B5 8-$5( +P$?" +"B?"
                ) W!0( +!'4e' >$!?' +!C *)B!k" x!H' 1)- 23( $C

WgH' 6HI(6i.  
2.       N(x!H" +:!0$k" _(6CRMSE        _*$!3A *(B!FG +!C @ 

     C +R W0( A$H' wf +/?'+       +HZG -* *$3A +Q3xJ ��-
+C @$Z'O  e' -(67 8*$9&0( *-4" 6ta" L-4M B'6HI .  

  
4 . 78LL9 :E5LLH :/(?M<LL1N #"$  0LLO/ :!(LLA

 "$/ -H(D  
 8*(* -$&K$0 _$Q:"6C _*$ZQvHV 1)-TIN 8B5 �HsQG 

    +'4e' >$?' weR +C +R W0()   U4!<F" ~$!9G-( $!C (  *-4!"

 N)-* -* 8*$9&0(   cB!" +!C U(B7(  C$3    !" _A$!0   ) *4!5
 "           2H\'$!H" -n, _$/K L$Sh[( �e]" N(4QS +C B'(4G

 L$FC6")RMSE (   7$!C -(*6!C -(*4e' )   8B!'$")Vector 

Diagram Residual ( *6!!HI -(6!!7 8*$9&!!0( *-4!!" . -*
 ;<=" _$�i              w!3 8*)B!k" -* +!/?' 6!J 8B5 *$3 _$J

   " -(67 ;<="    r$lh/!M( +R *6HI    8B!H"$' >$!k" ;!<="
 "  *45 . N)-* W7*  $3         x!H' NO �K(* >$?' ) ;<=" 6J  C

   cB" A( 8*$9&0( $C             !I�3) +!0 ) $!/K 2HC +/C(- _A$0
     ~$!9G-( �'$!3-() ) |H!k" @Wl$g" �"$5 ! ;<=" �Z"

  " *-)O6C ! NO �4�- *45 . #$%&'( _(6C  ZH,4G �3j*
 23BC @8B5 *$3  I�3) +0�65 B'( :  

        !I�3) 63$0 6s' A( _)$g" |3(65 -*        +!f 6!J @$!J
 " Wl$g" �-xC ;<=         +!C N$QHe[( N(xH" r$"4eS @B5$C 6G

 N)-* ^3$&'        " qJ$R ;<=" NO -*  C$3  BC$3 .   L-$!:S +C
             @B!5$C 6&v!HC +!?/Q" w3 -* >$?' �R(6G +f 6J @6\3*

      N$!QHe[( -4K-* +?/Q" NO -*  ,)6K        *4!C B!J(4K 6!G
) �]52 .(  

  ;<=" U$d'( _(6C     1)- A( r$:P$� _BQC    $JDelauney  ) 
Radial Sweep  !!" 8*$9&!!0( *4!!5 .1)- 2!!3( -*  $!!J

      !e' >$?' ~$9G-( +C  Z,4G           B!HP4G $!ZQG XB!J ) *4!5
;<="       _)$g&" ;<=" +C +R W0(  3$J  Ej(~h w3*x'     6!G
BQ5$C .     _)$g&" ;<=" +C  =<=" +f 6J   w3*x' ~hEj(   6G

N)-* N$!!QHe[( UB!!S N(x!!H" @B!!5$C  ;!!<=" NO -*  C$!!3
  " qJ$R  BC$3 .     |Hk" W:g' DHG6G 23BC    Wl$g!" +!C

         ;!<=" WJ$:5 N(xH" ) �]5 N$HC _(6C  C4K -$HF" xH'
  _)$g&" ;<=" +C   W0( ~hEj( .     6&eR W:g' 23( +f 6J

    _)$g&" ;<=" +C ;<=" @B5$C    w!3*x' ~hEj(      W!0( 6!G
) �]53 .(  

       N$v!' @;<=" �4�- ~$9G-( Xh&K( N*4C �R    8B!QJ*
./g"      W0( NO +?/Q" N*4C 6G .N)-* +dH&' -*   -*  C$!3

(         *4!C BJ(4K 8(6eJ _6&vHC N$QHe[( N(xH" $C ;<=" 23. 
            @;!<=" �4!�- 2H!C ~$!9G-( Xh&K( N*4C j$C @�]S6C

N$v'            N*4!C j$!C ) +!?/Q"  i(6I4!V4G  Q\eJ$!' �BQJ*
N)-* -* N$QHe[( UBS N(xH"  *4C BJ(4K  C$3) �]54.(  
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 �]52 .N)-* +C N$QHe[( UBS q3(xi( -* ;<=" Wl$g" q3(xi( q?'  C$3 : N$QHe[( UBS N(xH")U (  
N)-* +C  ;<=" -*  C$3B ;<=" A( 6&vHC AW0( .  

  

  
 �]53 .N)-* +C N$QHe[( UBS q3(xi( -* ;<=" �]5 ) |Hk" q?'  C$3 : ;<="A ;<=" $C Wl$g" �J +]Q3( $3 B @W0(   

  I*6vi �HP* +C $"( _6&eR N$QHe[( UBS $C Wl$g" +C |Hk" W:g' N*4C 6&eR ) �]5N)-* -* *4C BJ(4K 8(6eJ  C$3.  
  

  
 �]54 .N)-* N$QHe[( UBS q3(xi( -* ;<=" �4�- ~$9G-( �'$3-() q?'  C$3 :N)-* N$QHe[( UBS   C$3  

 ;<=" -*A+C   ;<=" A( 6&eR @NO �4�- ~$9G-( �'$3-() N*4C �R W<SBW0( .  

  
  +�'$QfTiE   N)-* _$/K X6F"     =" -*  C$3   ;!<I  ) 

TiA  @TiS   ) iVarZ +C         D36!E @Wl$g!" X6F" DHG6G
  �]5)      Wl$g!" +!C |H!k" W:g' (     ~$!9G-( �'$!3-() )

    @BQ5$C ;<=" �4�-TiE   " (-        {36FG 63A +/C(- A( N(4G
*6R:  

 +/C(-)7(  Ti Ti Ti iE f (A ,S , VarZ )   
  

4-1- 789          -LBCD" " 0LO/ R1H %;HE$ :!(A    :(L.
J&K9 (.  

cB!!" _(6!!C @_A$!!0   2H!!C +!!/C(- +!!R W!!0( UAj (B!!&C( 

         @*6HI -(67  0-6C ) ;kC *-4" 8B5 #$%&'( _$J6&"(-$V
         A( �?&g" rh"$R 8B5  i6F" _$J6&"(-$V w5 N)BC (63A

 BQ&gH' 6\3B]3 .  cB!" _(6C         2H!C +!/C(- _A$!0   ) W!7*
 I�3)   ;<=" _$J           8*$9&!0( L$!FC6" 236!&eR 1)- A( $J
B5 .        _(6C +R W0( _-$"O  5)- @L$FC6" 236&eR 1)-

   *(B!!FG  !!\')xi( |3(6!!5 -*  Gj*$!!F" 8$\&!!0* �!!l
  !" -$R +C Lj4Zd" +C W:g' Lj*$F"  *)-)Vanicek 

& Wells 1972 .(      _(6!C @+!/C(- N*4!C  !/K �6!i $C
  {36FG3    E$3- 6s' A( c4Zd"    �7(Bl  4    c6!&QR +/?' 

*4C BJ(4K A$H' *-4" .  
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          !"#$% &!"'( )*+, -./01 23. !"4% 567 8- 9":;.
  /,!$< 8.!= >-*?"3. -8@A .    )*B+, C.  -./B01 D$EBF1 *%

        GHIA  .!% 9$+% C. >-*?"3. J 9:3*KA  .!% 9,@6,     /B'%
LBBA  >*M"BB3- 5BBN OBBP!Q C. RP.!BBS TBBP!01 9BB% U.@BB1

2V.-!W !PC L1X-*0A :  
Y%.8 9)8(  

T T T T

T T T T

Tn Tn Tn Tn n

E a A a P / A a VarZ
E a A a P / A a VarZ
                          
E a A a P / A a VarZ

 ! !"
#  ! !#
$
#
#  ! !%

1 2
1 1 1 1 1 2 1

1 2

      

 

 

!
  

  
 9Y%.8)9(  T TˆE AX X (A A) A E& '  1  

    9Y%.8 ZP. 8-ATi  [PTi J VarZi 9B%     \!B0A RB$1!1
  J GBBHIA ]@BB^8 _*BB?18. `,*BBP8.J J a$BBKA [2N*bBBA

a ,a ,a1 2   &@4cA RP.!S   /,. .    [&@4cA RP.!S Z$$01 *%
     YV U.d$A -8Je!%  .!% *YV 9;-*0A     TP!01 GHIA !f 8- *

23. L,/g.  
  

5- !"#  $%&'()   
           9BY+,  -./B01 C. [ -*4'#B$W hJ8 LH67 L%*PC8.  .!%

      9+Y'A 9% )@%!A i@H0A _*?18. *% 9,@6,       !4Bg 8- j=.J  .
    /g >-*?"3. U.!41)   5kBg5 .(       )*B+, J 9B+Y'A l*BF",.

9% 9,@<  LA*61 !$mn1 U.@"% Ue 8- 9( 23. 9"o!< i*c,.  .
   *f!"A.8*W         &/BA  .!B% 5B:= pF% 8- >/g !(q     C*B3

 UJ8-  *YV       -!B( >/f*#BA .8 L%*P . U*B6f       8- 9B( 8@BQ
5kg     *f5   J 6  LA 9rNsA   [-@g  9%       t/B,. 203J uv8

  u( J 9+Y'A    GHIA [)*+, U-@%         Z$B% >/Bg 5$k#B1  *Bf
L<wPJ  .8.- )*+, /'"bf L1J*?"A x*:P!+1  *f.  

  GBBHIA i*BBc,.  .!BB%    hJ8 C. )*BB+, Z$BB%  /BB'%
Delauney     23. >/g >-*?"3. )  5kg6 .( 9B%     [>JsB710 

              J 9:B3*KA  .!B% dB$, !BMP- i@H0A _*?18. *% 9,@6, 9Y+,
&/A    UJ8-  *YV  C*3        /B'"o!< 8.!= >-*?"3. -8@A L%*P

)  5kg7 .(   &/BA  .!B%     UJ8-  *BYV  C*B3    OB:Q L%*BP
             _*B?18.  *BYV ./B"%. [5B:= pF% 8- >/g U*$% R;*YA

       BA 9B,@6, )*+,  .!% >/g 9:3*KA      C. 5By*N 9B( [8@(z

              L1*:B3*KA _*B?18. J *B4,e LB0=.J _*B?18. Z$B% \s"V.
    /P-!< Z$$01 [23*4,e)  &J/{1 .(   ̀ |B3    }.!F"B3. *B%

 GHIA ~*EF#A      ~X-*0A 5N J )*+, ZP. 9% )@%!A  *f
i!, C. >-*?"3. *% [)@%!A ~*0%!A ZP!"6(  8.do.Matlab 7 

 9Y%.8)7 (9% /g TP!01 !PC �!g .  
  

  
 5kg5 .@6cAGHIA  .!% >-*?"3. -8@A 9,@6, )*+, 97  /'%  

  
 5kg6 .GHIA )*+,  J8 !% >/g i*c,.  /'%  
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 9Y%.8)10(  
i

i i
i

T
T T i

T

P
E / *A / * / *VarZ

A
 ! !0 0014 0 44880 0 0108

  9BBY%.8 C. >-*?"BB3. *BB%)10 (9#BB+, UJ8-  *BBYV   L%*BBP
         UJ8-  *BYV U.dB$A Ue 8- 9B( [>/P-!< }.!F"3.   L%*BP

        2B3. >/g DF#A GHIA !f  .!%)   5kBg8 .(   ZBP. 8-

8  9Y%.
iTA  [

iTP   J VarZi  9B%         [2N*bBA \!B0A RB$1!1
       GBHIA ]@B^8 _*?18. `,*P8.J J a$KA   /B,. .    Z$B% 9BY%.8

             .!B% &/BA C. >/Bg 9:3*KA J L0=.J  *YV10  9BY+, 
            2B3. 9B"o!< 8.!B= LB38!% -8@A d$, 9,@6,)   5kBg9  J 

 &J/{1 .(  

  

  
 5kg7 .@1C jP10&/A  .!% >-*?"3. -8@A 9,@6, 9Y+,    C*3     5kg8 .UJ8-  *YV 9#+,   .!% &/A C. >/g -8Je!% L%*P  

                GHIA       TH"FA  *f  
  

 &J/{1 .GHIA [9,@6, )*+, ~*EF#A &/A C. >/g 9:3*KA J L0=.J  *f*YV J *f  

3*456 7%89 :%;<=> ?9(), ()*@ /A (, 3*456 7%89 B6  C!C> :%;<=> 

 D@)2 E%FG() 
 BHI%J> E%FG()

K?L 
M!C> NO%P>  B$ QRJ> NHP9

M!C> NO%P> 
  #%FG() S9%&()2

T-U( 

V D@)2 W%X)m( $ W%XVB  K?>A NI,
 3?> '))m(  

50/1433  259/1432  8755/410  2350/0  5606/0  241/1  687/0  

31/1435  269/1439  974/1206  1357/0  4956/203  959/3  948/3  

05/1433  548/1432  6414/170  4885/0  1950/2  502/0  481/0  

45/1435  982/1434  9011/684  1758/0  3931/1  468/0  053/1  

30/1438  757/1435  362/1965  1059/0  6955/3  543/2  839/2  

740/1437  522/1440  8552/597  1961/0  4244/2  782/2  951/0  

200/1436  813/1435  7768/305  2698/0  8367/2  387/0  580/0  

660/1441  233/1441  9125/66  8181/0  3724/1  427/0  475/0  

550/1443  652/1443  7814/336  3118/0  9317/0  102/0  621/0  

160/1439  270/1439  7308/190  3325/0  6106/0  110/0  423/0  
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 5kg9 .UJ8-  *YV Z$% 9Y%.8   .!% &/A C. >/g 9:3*KA  *YV J L%*P109,@6, 9Y+,   

  
6 .B]R49  W*RZ  
9BB% BBv8UJ8- -!%8*BB( u   J 5BBN.!A C.  8*$bBB% 8- L%*BBP

   *f/'P.!oGIS   UJ8-  *YV L38!% [       !B"6( 8*$bB% L%*P
 LA 8.!= 9{@1 -8@A iCX /N C. -!$< .9%   !PzW!$$�1 2H7
    L{J!V 23. iCX [*YV L,*kA     UJ8- C. 5y*N  *f   L%*P

   2$H%*= 9% 9{@1 *%    2P-J/KA J *f      !r, C. U*g-@{@A  *f
U*'$6Q. i/7 J *YV/,!$< 8.!= >-*?"3. -8@A .  

    &/A  .!% >/g 9^.8. hJ8     UJ8-  *BYV  C*3    L%*BP
   2PdA 9;*+A ZP. 8-    >/B67  *f       LBA U*#B, .8  .   /Bf- . C.

 u4A 9H6{        8- *BYV 9#B+, /B$;@1 2$H%*= [*P.dA ZP. ZP!1
      UJ8- C. 5By*N 9#B+, 8*'(     2B3. L%*BP .   9#B+, ZBP.    *Bf

9BB% 9BBPX U.@BB'7  8*$bBB% 8- LBBH$6k1 ~*BB7sQ. J *BBf C. 
  &/A J ~*$H67     *%  C*3GIS  LBA         >-*?"B3. 5B%*= /B',.@1

/'g*% .      LA 96f C. p$% *YV 9PX -@{J     >-*?"3. 9% /,.@1
      2$H%*= 9% 9{@1 *% 9PX C. !m�A        �6( Ue T0S )*+, J *f

/'( .    &/A C. L{J!V 2$?$( Z$$01       -8@BA >/B$�$W  *f
   8- >-*?"3.GIS        C. Lf*<e J -8.-  -*PC 2$6f.  2$?$(

>-.-     9PX 9H6{ C.  -J8J  *f      UJ8- C. 5By*N  *f    L%*BP
23. u4A 8*$b% /'P.!o ZP. 8- d$, .  

            J -@B{@A  *BYV Z$B% >/Bg >/f*#A 2:IA 9Y%.8
     9,@6, 8- &/A C. 5y*N  *YV      L38!% -8@A  *f) 5kg

9 (2$H%*=     p$W  .!% &/A  *f    UJ8-  *YV L'$%    .8 L%*P

 LA U*#,  /f- .          1 U-@B% -J/BKA 9B% 9B{@1 *% 9":;.  -./B0
9,@6,                2B3. iCX [OB$+K1 ZBP. 8- >-*?"B3. -8@BA  *Bf

       9,@6, -./01 *% J LY$KA aP.!g 8- O$+K1     !"#$%  *f
          9B,@6, -./B01 *B% &/A LP.8*( J -@g i*c,.      !"#B$%  *Bf

9% O$=- ~8@y -!$< 8.!= L%*PC8. -8@A !1.  
        hJ8 9% -J/KA >/g -*4'#$W hJ8 >-*?"3. 2$H%*=

GHIA     LA J 2b$,  /'%  U.@1       hJ8 !P*B3 9B% .8 Ue      *Bf
UJ8- -.- u$BB601 dBB$, L%*BBP .9BB%  hJ8 8- [&*BBIA U.@BB'7
UCJ      9Hy*o `k7 Lf-)IDW (   LA [GHIA  *{ 9%    U.@B1

L0HS/'�           )*+, &*E1. C. 9( -!( TP!01 .8 9P*b6f  *f
    UJ8- 8- >-*?"3. -8@A 9,@6,           2B3- 9B% 9BY+, !Bf L%*P

LA  Pe'/ .    [C*$, -8@A TH"FA  *f!"A.8*W ZP.!%*'%   9H6{ C. 
        L0HS/'�  .!% a$KA J 2N*bA [)*+, _*?18. `,*P8.J

9:3*KA d$, 8@(zA  23. L,/g) 5kg10 .(  
  

    
 5kg10 .UJ8- 2=- !% !m�A  *f!"A.8*W  hJ8 8- L%*PIDW  

  

( 
 

 

)(
)(

)(

AVarZ
PAPermiter

AAArea
 A
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  9HBBy*o /BB',*A  !BBMP-  *BBf!"A.8*W [Ue !BB% >JsBB7
9,@6,        LA d$, .8 &@4cA 9Y+, C. *f  .@1     J -!B( }.!F"3. U

         -.- 8.!= L38!% -8@A *YV &/A 8- .8 *4,e p+, .  9{@1 *%
    hJ8 9k'P. 9%IDW      LA .!{. L;@H3 >-.- &/A 8-   [/,@g

          )*B+, _*?18. \s"V. J 9Hy*o  *':A!% &@H3 !f  *YV
  9P*b6f)       >-*?"B3. -8@BA �!Bc'W 8- xX@60A (    9B% 2:bB,

&/A 5%*= 8@(zA &@H3 >/g -8Je!% _*?18. .  C*323.  
          9;*+A ZP. 8- >/g 9^.8. hJ8 C. >-*?"3. *% Z$'�6f

LA     /'P.!o U.@1UJ8-           *B% .8 9+Y'A �P 8- )*+, Z$% L%*P
    hJ8 C. L:$(!1 C. >-*?"3.    UJ8- TH"FA  *f    i*c,. L%*P

             C. 9BY+, �BP 8- [&*BIA U.@'7 9% 9( R$1!1 ZP. 9% �-.-
  hJ8IDW   9BY+, 8- J -@g >-*?"3.     U*B6f C. !BMP-  .
9+Y'A   hJ8 Quintic     -J8 8*B( 9B%  .     /BP*% hJ8 l*BF",.

             i*Bc,. &@B4cA 9BY+, \.!BQ. U@BM$HW  *YV ]*3.!%
-!$< .        9Y+, LQ*KA GHIA  *YV L"=J [!MP- ~8*:7 9%

 LA [23X*%             hJ8 C. >-*?"B3.  *B{ 9B% U.@B1linear  C. 
hJ8  U@�  !MP-  *fIDW-!( >-*?"3. .  
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