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1-4&.N&
"B2 C]U 9, 0 G#5@, '3E'+ 2 |#_+ >. P7 h %i@, Z#=U

D;S"eD]Q :(L:',3\ ]7 & \3P]? D$#]?2},(]\, 9, /&,
>]]7 ' 5]]L D]]Q '2+ 9, JKG]]? &'2 ]]GS+2')Toutin,

2004.(W]]X',"PU 2 D]]GBg\ g]]#. 2 R%"]]? 2 R]]_+/&"B
:',3\ ]7 "B2 C]U 9, :+ );?, sg#H., DN (G;z\ >$7,3%&,

p ]HG=Q 2 D#=U '3`G7 DQ /,''+ >. ]P7 h ]%i@, &9 ]?
d;z#?:+,+  ]OU', />. ]P7 h %i@, & \(].,)Jensen,

2007.(Y(7>]?(G\ y#6C]U }(]\  ]Q >! B' &9 ?
:',3\ 7 "B2 CU8,"<;?, (GB,"S '+ h'2"! A#;z<. /&,

P7 h %i@,:',3\ 7 "B2 CU 9, >. >]7 ' 5]L D]Q &,(]Bu
)McGlone, 2004.(>e(]]#n#X J\ ]]N/>]]B,"4, & ]]\

R?+ R_+ yf?d#]5FU 2 >G;S B'+ &"]?,"? &"BW]X
DG6]]*:',3\ ]]7 "B2 C]]U & ]]\>]]7 ,' &,2g]]4 0,3]]U
~E L+"5L"Q k? G7 >! B' Y(7 "\ & \.
DQY(]7 >]$N '3@y#6C]U :93]r '+ >]! B' & ]\

<Q 2+ DQ >?(G\>7 d#zOU J(.3L:Y(7>PBg#S & \
02'+ 2x ]]]B)Toutin, 2004; McGlone, 2004.(

Y(7DQ >PBg#S & \f?,2Z>e(#n#X>B,"4, & \/0 ]L
0 ]#7 >H;z]c5\ +3]42 /Y(]7 0+3]Q >fE"#� (G. 7

/ \";7,' X: H;]?+ �]r '+ D]#12, "B+ ]O7 D]Q >H;zQ,2
D]]Q 0+3]]Q AP57 ]]. A#]]Gn5\ 2 hl+ ]]F7'+ &"#e' ]]N

CUDQ DN &"B2 D].35. �]#1+]?(G\ 9, +(]K7 &',+"]QZ
:(L 8' E &',+"Q"B3CU(].,)Konecny, et al., 1987;

Valadan Zoej et al., 1998(&"];5N Y cO;]?, +'3]7 /
D;S"e ',"_(.,.Y(7 & B,g702'+ & \ ]Q �]Q OU '+ x ]B

Y(7 kB F7>PBg#S & \'+  ]=.u 9, 0 ]?u :+ );?, 2 �(.,
"B2 CU �,3.,:',3\ 7D].35. /&,9, Y cO;]?, �]Bl+ 9, &,

Y(7 9, D;?+ AB,>7 ' 5L DQ  \(]GBu)Valadan Zoej
et al., 2007; Tao et al., 2001; Valadan Zoej et al.,

2002.(/&9,3]]7 &',+"Q"B3C]]U Y(]]7 /&"z]]N t]]Q,3U
D$54(G^&,D]? 2 &(]FQ2+ & \D].35. &(]FQ9, >B ]\

Y(702'+ & \x BDN (.,:93r p,(N "\&+"Q' ]N & ]\
+',+ ,' +3E � E)Toutin, 2004.(
Y(7 D$54 9,fG7 ' #zQ >PBg#S & \c�B,"]L  ]Q |

&',+"Q"B3C]]UPush Broom:',3\ ]]7 & \3P]]? '+/&,
R]?, &',(7 & \";7,' X Y(7)Valadan Zoej, 1997.(

>4' E D#43U & \";7,' X >B B3X />PBg#S Y(7 AB, '+
G\  ]Q "B2 CU&�3]13GPU 2 >]fE &',+"Q"B3C]U /D]?(
Push BroomDQY(]7 &"$�N & \";7,' X D$#?2&9 ]?

>7>]7 ,' 0u &"]$�N & \";7,' X ";I#Q 2 +3L ]Q 0,3]U
R]]cj >]]P5N h ]]%i@,d;z]]#? '+ :(]]L&"Q2 ]]. & ]]\
+"]N A#]#FU /:(GKG]?)Valadan Zoej, 1997.(D];c1,

>e(#n#X DN (. 5. D;)e .RB+2(67 2  \\& 2 Y35F7
Y(]7 A#Q �";I7& ]\";7,' X Y(]7 '+ >]PBg#S & ]\

DQ /&',(7R_+ d�'t. ]7 /'3NW]7 Y(]7 x3]$f7 & ]\
>7 0u 9, :+";ze :+ );?,(.3L.

D$54(G^&,:+ ? 9, &(FQ2+ & \Y(]7 AB"]U& ]\
R]cj '+ :+ );]?, +'371&(]FQ2+ >]?(G\ y#6C]U 2

:',3\ 7 "B2 CU&,(.,)Toutin, 2004.(, +"PB2':+ );]?
D$54(G^ 9,&,',"_"Q Y(7 0,3G% DQ &(FQ2+ & \s(GGN

"]`. '+ �]#1+ D]Q A#]79 2 "B3C]U & a]S 0 #7 b cU',
D)1�7 9, >PB A;S"H.D]? & \'+ A#]79 & a]S &(]FQ

Y(7 (GB,"S>5. /&9 ?D]? R]#F_37 (G.,3U'+ ,' &(]FQ
Y(7 2 (GGN A##FU A#79 & aS:' L, & \(L:'+ � S"*

#7"U s93r:',3\ ]7 "B2 C]U &(FQ2+ Rcj 2 dD]Q &,' ]N
>7(.2'.D$54(G^ 9, :+ );?,&,Q /&(FQ2+ & \D0,3]G%

+',3]]7 9, /&"B3C]]U & a]]S 2+ 0 ]]#7 >@ ]]cU', Y(]]7
R? =.u 9, :+ );?, +"Q' N"X.d\"B3C]U 2+ 0+"N t4"7

d#O;z]7"#� JBl ]X />]\"e b O. 9, :+ );?,  Qt]Q,3U
,' X /"B3C]U & aS '+ &"zND]Q >S ]!, & ]\";7�]#1+

' ;E ]? '+ &',+"Q"B3C]U m#U 5;z#? & \ fE }Wr
d]]\ b"]]L Y(]]7D]].35. />]]fEhiB(]]cU 9, >B ]]\

D$54(G^&',"]_"Q }(\  Q � S"* DN (G;z\ &(FQ2+ &,
:(L AB2(U &(FQ2+ & \ aS b cU',(.,.

',"]_  Gc7  Q D1 O7 AB, '+D]$54(G^ Y(]7 0+,+&,
D]Q &(FQ2+/0u >e+ ]? �]#1+R]#F_37 A#]#FU }(]\

D?:',3\ ]7 "B2 C]U 9, |]#_+ &(FQ"]`. '+ 3B";]?, &,

1. Registration
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(L D;S"e.Y(]7 D]N  K.u 9, g#.R]#$Q _ &(]FQ2+ & ]\
D? R#F_37 A##FUD]$54(G^ /(].',(. ,' &(]FQ&,& ]\

>]PBg#S Y(]7 '+ >S !, & \";7,' X h'3* DQ &(FQ2+
(G;S' ' N DQ &',(7., 0 ]7�3U s+ );?, D1 O7 AB, }(\9

Y(7 RBg7 2+02'+ 2 >PBg#S & \Y(]7 '+ x B&9 ]?
:',3\ ]]7 "B2 C]]U >]]?(G\R]]?, &,.& ]]\";7,' X Y(]]7

DQ &',(7|]B"@ 9, 0u & ]\";7,' X A#7w]U 0 ]P7, �#1+
:9,(.,&"#e:',3\ ]7 &"Q2 ]. d;z]#? & ]\Y(]7 2 / ]\

D$54(G^0+3]Q 0 ]?u 2 >e+ ? "@ E DQ ] &(FQ2+ &,
:+ ]]#X>]]O#)$U 829 /&9 ]]?A]]B, '+ ,' :+ );]]?, +'3]]7

Y(7(.+,+ � C;E, +3E DQ &9 ?.
D]]#43U & ]]\";7,' X 9, m]]B �#]]\ (]]GB,"S A]]B, '+
D];S"e "]`. '+ Y3]=K7 h'3* DQ &',(7 Y(7 >4' E

(I..2 (.(L A##FU gB"5S, >cB"OU h %i@,  Q  \";7,' X
(]G;S"e & ]4 Y(]7 ' ;E ? '+ RQ j "B+ O7 h'3* DQ.

D]N (]L k437 "7, AB,Y(]7 hl3]=K7  ]=GU/&9 ]?
: H;]?+ 2 (G]L Q "B3C]U & a]S '+ >S !, & \";7,' X
(]L Q >]fE g#. Y(7 & \";7,' X A##FU &,"Q hl+ F7.

>e-B2 9,>7 V2' AB, & \+"]N :' ]L,  ]=GB, D]Q 0,3]U:
1-D[,', gB"5S, h %i@, 9, &"qN,(r :+ );?, 0 P7,:(L

:',3\ 7 "B2 CU '+�&,2-:+ #X R13=?D]Q Y(]7 &9 ]?
�0u & \";7,' X +'2u"Q (.2' 0+3Q >fE "@ E3->fE

D]? &9 ]?9 Q (]GB,"S D]Q b3Q"7 hl+ F7 0(L&(]FQ1

�3B";]?, "B2 C]U '+ A#79 & aS4-9, :+ );]?, 0 ]P7,
Y(]7 '+ &',(]7 Y(7Z]?(G\ 9, D]N &"B2 C]U &9 ]?

:(L 8' E &',+"Q"B3CU2 �(.,5-b ]O. D]Q 9 #. J\ N
+ DQ >1";GN'+ :',3\ ]7 &',(7 h %i@, 9, :+ );?, �#1

Y(7 (.2'&9 ?.
1 O7Z' =^ '+ 2' J#XR]?, :(L d#`GU J<Q.'+

0 ]#Q J\2-]X >]B,"4, s(]B, /D7(O7 o"@  Q Y2, J<Q
>7D]Q &',(]7 & ]\";7,' X Y(7 /p2+ J<Q '+ 2 �++"e

>]7 yB"I]U ' C;E,>]$#$6U 0 ]#Q  ]Q ��]? 2 �(.3]L
V2'>]]? GL)&�312(]];7(]]#X:+,+ 2 :(]]L + =GI& ]]\

>]7 0 ]#Q J\2-]X >]B,"4, (.2' /:+ );?, +'37++"]e.
p3]? J]<Q '+ &+ =GI]#X V2' &,"]4, {B ;. V',ge

D]K#;. D]Q g]#. p' ]=^ J<Q 2 /R?, :(L 8'+&"]#e
+',+ � C;E,.1

2-O)! ) <"#&%$
2-1-P$ Q'R S.&@%T$'>&"!%U 'T5 ,/>V& ,WX

@!".&
DG6]* "\ �#PIU '+2]?(G\  ]QZ�]E &',+"Q"B3C]U
:',3\ ]]]7 & \3P]]]?>]]]* E >]]]PBg#S �B,"]]]L /&,

dPr>7 >$N '3@ DQ 2 �R? 7"S' ]=^ v]B"FU  ]Q 0,3]U
D? h C;<7 d;z#?&(]FQ3D]`61 b ]cU', 20 ]#7 &,

Y(]7 ,' "B3CU Rcj D`61 "Q dN r Z?(G\ / =.u&9 ]?
+"]]N.>]]G#79 h C]];<7 d;z]]#?)4GCS(d;z]]#? /

:(]]B, h C]];<7',3\ ]]7 &',(]]7 Yu:)5ORF(d;z]]#? /
:',3\ 7 &3P? h C;<7)6PRF(h C];<7 d;z]#? 2

'3z]]G?)7SRF('+ o"]]f7 h C]];<7 d;z]]#? ' ]]=^ /
Y(7:',3\ 7 "B2 CU >?(G\ &9 ?&,(.,.

GCS/A#79 & aS '+ h C;<7 A##FU & Gc7 0,3G% DQ
mB";G]?3[� >5;z#? �l35F782Earth fixed"]`. '+

>7 D;S"e+3L.ORF7 �(]c7  ]Q�]Oj g]N"7 "]Q |]cfG
R?+ >5;z#? /:',3\ 7>;?,'9'3]67 D]N R]?,z'+

d]]\ /0ud;z]]#? '+ :',3\ ]]7 R]]#F_37 ',+"]]Q  ]]Q 3]]?
R=4 2 /R?, mB";G?3[� h C;<7'3]67 &"]#ex'+

D`61 R%"? ',+"Q & ;?,' "Q |cfG7 0u'+ :',3\ ]7 &,
h C]];<7 d;z]]#?Space fixed.h C]];<7 d;z]]#?

PRFd\ g#. ]Q �(c7ORF&3P]? Z].(Q D]Q Rcz]. 2 /
R?, :(L �)_ :',3\ 7.>7 ' `;.,d;z]#? A]B, DN +2'

/3P]? R#F]!2 '+ V I];�, �+3]c. R]1 r '+ h C;<7

1. 3D Reconstruction
2. Scene
3. 3D Coordinate System
4. Ground Coordinate System
5. Orbital Reference Frame
6. Platform Reference Frame
7. Sensor Reference Frame
8. Geocenteric
9. Right Handed Coordinate System



@!.=J %K'18CL"!%G9$ ) <"MA

 ! " #$ %&'(GIS$)*$+
,!-./ 0-( ,1( 2!-34 56)-71391

4

"Q |cfG7 �i7 NORF(L Q.D]PGB, p K.,"]?SRFg]#.
g]N"7 "]Q |]cfG7 �(]c7 &,',+ 2 >;?,' R?+ /d;z#?

R?, :(GKG? >P#;X, d;z#? "B3CU.'3]67z'+SRF

3? d\'367 2 />P#;X, d;z#? >$*, '367 +,(;7,  Qy

0 7(#^ & ;?,'  Q 3? d\1CCD"B3C]U & a]S '+  ]\
D].3e DQ /R?, :(L vB"FUR]=4 D]N &,R]cq7 &"]#e

'367y>12g. RN"r p HG\ '+2D]Q }3]fF7 /:',3\ ]7
R?, >B #S,"�4 >_"L R5?.

:',3\ 7 RN"ryB"I]U &"]$�N A#.,3]_  Q  \>.(]L
}"* 2 R?,"]`.V I];�, 9, ]\3>4' ]E & ]\2"#. 2

:',3\ ]]]7 /"j�]]]7>a]]]#Q &',(]]]7 '+  ]]]\2 �P]]]L
J#X>G#Q>.(L4RN"r '+(.,)Wertz, 1978.( ]K.u 9,

d;z]]#? p3]]? '3]]67 & ;]]?,' 2 �(]]c7 R]]#F_37 D]]N
:(B, h C;<7Yu)ORF(:',3\ ]7 �P]L >a#Q ',(7 '+

/R]?, "]##�U Y ]r '+ &2 5? m#. P7 A#.,3_ M ?,"Q
R#F_37:(]B, h C];<7 d;z]#? R#F!2 2&',(]7 Yu

9, >FQ ]]U 2 +3]]Q (]]G\,3E D;z]]Q,2 "HB(]]PB D]]Q :',3\ ]]7
g#. &"$�N & \";7,' X.

>7 >$N '3@ DQb"L Z1+ F7 ' ;E ? 0,3Ud\>]fE
DQ' N,' &"]$�N & \";7,' X 9, :+ );?, &-U,";?, '+ D;S'

Y(7 '+:',3\ 7 "B2 CU &9 ??(G\  Q &,Z&',+"Q"B3CU
ED]fQ,' '+ +3]437 >]$N ' ;E ]? h'3]* DQ />f)1(

+,+ 0 I.)Valadan Zoej, 1997.(
DfQ,')1(

 !  !
S

S Orbital Attitude Pointing

S SRFGCS

X X x
Y Y R R R y

cZ Z

" #$ % $ %
& ' ( ) & '" # * + + +, - & '& ' "" . /. /

0  

  
 /'3NW]]7 D]]fQ,' '+x,y & a]]S '+ b ]]O. h C]];<7 

 &�313GPU 2 >fE &',+"Q"B3CU Z?(G\  Q "B3CUPush 

Broom d;z]]#? '+ SRF �c>$]]*, Z$]]* S 5 d;z]]#? 
  �>P#;X, !T

S S SX ,Y , Z  D`61 h C;<7      "B3CU gN"7 &,
 d;z]]#? '+GCS  A#]]#FU &"]]$�N & ]]\";7,' X  ]]Q D]]N 

>7  �+3L !TX, Y, Z       d;z]#? '+ >G#79 b O. h C;<7 
 GCS�*M ]]#O7 kB"]]! 6�PointingR( ), -0,'2+ �B"U ]]77 

D?      ? &9,37 &,"Q &(FQ  A;E  d;z#?SRF    d;z]#?  ]Q  

PRF    D. I. & B,29 m5N DQ   &2'8    /:(GKG]?  !AttitudeR 
  D? 0,'2+ �B"U 7    &(FQ  &,"Q     d;z]#? A;E ]? &9,3]7  

PRFd;z#?  Q   ORF Y(]7 m5N DQ    h L I];�, &9 ]?
 >;#F]]!2:',3\ ]]7 2  !OrbitalR  0,'2+ �B"U ]]7 g]]#. 

D?    &(FQ&,"Q &9,37   d;z#? A;E ?   ORF   d;z]#?  Q   
GCS DQ    D$#?2  (G\,3E &"$�N & \";7,' X    +3]Q .   A]B, '+

 Y(]]]]7 ' ;E ]]]]?   �B"U ]]]]7 /&9 ]]]]? !OrbitalR 2 
',+"Q !T

S S SX ,Y , Z    0 ]79 DQ D;zQ,2    (].,   2 PointingR( ), - 
' ;E ?&     0 79 9, �O;z7 +',+.   �B"U 7  !AttitudeR  g]#.

             9, �O;z]7  ]B 2 0 ]79 DQ D;zQ,2 >Q <;., ' ;E ? &,',+
 0 79R?,.12345678  

   D`61 R#F!2 2 R#F_37  ,     :(]B, h C];<7 d;z#? &   Yu
 mB";G?3[� h C;<7 d;z#? DQ Rcz. :',3\ 7Space 

Fixed       >]7 A#]#FU &"]$�N & \";7,' X    ++"]e .   0 ]#7 9,
    ";7,' ]X D? /&"$�N & \";7,' X:  �]#7 9)i(    D]fO. (]FQ /  

&+3F]]]* >]]]\"e10)0 (0 ]]]5e'u 2 >]]]KB"X11) P1 (
R=4       >7 A##cU ,' :',3\ 7 ',(7 &"#e    (GGN .  ";7,' ]X 2+ :

 R]]BgN"7 9, 82"]]E12) e ( d#]]. 2  "]]f_   ',(]]7 Y3]]@,
 ]]]7:',3\)a ( ";7,' ]]]X 2 R]]]?, ',(]]]7 >a]]]#Q + ]]]FQ,

>137 .u >F_,213) f (D`61 R#F_37 A#c7 g#.  :',3\ 7 &,
 ',(7 '+)Seeber, 2003( .:(B, R1 r '+  ";7,' X  =GU /Yu

              (]FQ ";7,' ]X  ]7, �R]?, >]F_,2 >137 .u 0 79 DQ D;zQ,2
   >\"e ZfO.          0,'2+ "]j, y#6C]U '3]`G7 DQ g#. &+3F*

A#7914d;z#? '+     h C];<7 & ]\Earth Fixed  "]j, 2 

                                                           
1. Charge Coupled Devise (CCD) 
2. Descending Pass 
3. Perturbation 
4. Predictable 
5. Principal Distance 
6. Scale Factor 
7. Rotation Matrix 
8. Pointing 
9. Inclination 
10. Right Ascension of the Ascending Node 
11. Argument of Perigee 
12. Eccentricity 
13. True Anomaly 
14. Earth Rotation Effect 
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    !"##$$%& '"##( )$*+##(    ,+-.!/##0 .1 2+##03 4##5 
/$##6.78 9##:-;1 )Seeber, 2003(  <=(+##03 >3+##5 .1 
"?7@&          4#AB"C "#D( .1 2+03 45 4AE5!F G,"$C   =#0   17#6 

) HI5!.2.(  
 4I5!.)2(  

t
f f f t
 !  " 

! "
1

1
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  |"!!4 L)<!!k(B1) SPOT-Image, 2002 ( B&!!0A
 H!!( T(&!!^ $% g&!!X :C2&<!!D 71)!!^ . :C2&<!!D ,!!])0N(

  w78N8!4  # V)#:( ?$:G^ ,W"8( .)C:=4$Rapid Eye 
       H478A |Gk<D 7I&`  ])0N( RC$ :C2&<D 2 34$  71$ . %-

  L2761    ])0N(  # V)#:( H478A ;&]�e$    Y-$- .&!A
             B&'!1 :C2&<!D  !])0N( :!A %- -)6)( H_:=8* V&W1 2

34$ Y7^ Y-$- .  

  
 L2761 .Y-$- ,])0N(  g$7* :A  # V)#:( ;&]�e$ 2 &A  

 !"!  !"#$%&'()*  +,-./)  +,$0(  
123 456'6789 4:   !"  #  !" *1B #  !" 1B 

";6Rapid Eye-2 SPOT-1  SPOT-3 

<78$86Green-Band** HRV HRV 

,3=>?@ +7&  AB*C2010Mar  2010Mar  1987 Jun   1987Aug   1993July   1993July   
D)(>E  > 7) F=E(E09/7 W64/19  E84/20 W7/24  E66/16 W01/19  

;.3 G=7H'0,;% I:E,0 =E >*M5/6 M10  M10 

J,.3=)  K (,K LMN0534/0  974/0 737/0 

O*A8P Q,R0 E)7S334 35 31  
* $%&'() *+ ,-+./ 0!1'2 34 *56.7 03-8 0!19 :&./ 34 ;-(1/ <(SPOT-Image, 2002)=>2 ?@A *$232.  

**  !"# $%"&'&( ) * +,- ./ 0 Rapid Eye"&123# 45+6 7! .  
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898 :;<='6> % !?9+3@   898 :;<='6> % !A BCD9   898 :;<='6> % !A '#?   
 EF@1. >898 :;<='6 +! G8 HI+1&J K L# 4,?</   

 

A 6"3M         K<N$+6 +,- ./ % OP G8 HI+1&J K L#   :N$
              G8 <,+1N(9 +,- .N/ QN@<R 0<NS# - >898 TN;<='6 +!

 EF@1U(9 >"@ >898 A V# .  
 ?9 A BCNND9 - A NN'#? :NNLW&6 -8 G8 HNNI+1&J K NNL#

    712N3( X,+YGPS          G8 HNI+1&J K NL# - Z:2N# J+P -8 
          [ N3L6  $ %+B@ TVL# \=J :$ ?9+3@ TLW&61:2000 

4=5    >"N@ %G-]   "N#9 .9          G8 HNI+1&J K NL# +N^,8 %<N( ?
           N$ A '#? +B@ :LW&6 +,- ./ :;<='6 G8 Z+,<./ % OP
       N$ +^,8 +,- ./ :;<='6 -8 - ZE2F3R 73# H_,+L/ U`8

>?9"#9 E2F3R \, a8 b6 H1`8  >"@ %+3c "#9.  
  

3- <%1G  H(%>A ) @;%-
3-1-       @'I1J'3A !< K).I5 @!".I& L.I& ,-!'5 

,M%N" @%$'>&"!%G  
      $ Qd$ e,9 G8 G9+`  &_6    TW$9G A8986      a"N6 A9<N&; :$ 

  A9"NNLP f+3ghNN/ Z+,<.NN/ - e3NN6? % ONNP e3NN$ HY NN_/G9
          e3N3b/ e3N&i=! - +,<./ % OP G8 HP j9 % !+169G R

 %G9"NN6 a"NN6 % NN!+169G R) QNNd$2-2-1 (:NN$  kG<NND
     UP+c G9+` H(G+$ 8G<6 U$ g +,8 L6 .     G<Nl&6 eN,9 %9+$

       +! %9+$ +,<./ % OP G8 HI+1&J K L# U3b`<6   :&SND 
  >898 :;<='6 ?9    :$ 8<5<6 % !      8G-]+$ %G9"6 a"6 Tm3(-
    :N$ n, 1# - "@   UN(8           K NL# o3SND UN3b`<6  N$ >"N6]

"NN,8+c :2NN, L6 +,<.NN/ % ONNP G8 HNNI+1&J . a-"NN52 
   %G 6] pG9qc)      - G N3b6 r9+S#9 Ze3^# 36RMSE (  ?9 9G

             \N3FC/ :N$ HNI+1&J K NL# G8  NW* % !G98+$ U3bj-
:CIs6    % !x   - y  ! %9+$      >898 Z:;<='6 +! G8 +,<./ +    !

H6 A V# "!8.  

        +,- .N/ H6 N=/ G8  NW* % N!G98+$ e3^# 36 HcGq$
         ?9 >8 C1N(9 ) ^&! G8 \3/ =123( % W* 8<5- % ,<c

        UN(9 HN_,+L/ % N!+169G R  $ %G9"6 a"6 .     G8 +N69 eN,9
 o3S./ +,- ./ "@0     \3/ =123( % W* 8<5- H("&! 

tGq$          , N1# - Z898 "N!9<* A V# 9G %+/    a-"N5 n2   qN3# 
      HN6 "N3,h/ 9G u<j<6 e3=!   "N&&J .     G8 Qv NP rw1N*9

  % 1(9G -8 G8  W* % !G98+$ HcGq$x - y  +,- .N/ %9+$ 
  oW(B1          G8 :NJ U(9 H("&! k S3S./ u<# ?9 H@ # 

   U(9 >"@ a =;9 kx<.S6 e,9 .  oWN( a<.S6 G8B1 
  0"&'&(SPOT         e3N&i=! - e36? A9G-8 - U,-+J +g9 Z

   \369G<# R +g9)",8 7y `+3z  (      o3S.N/ +,<.N/ % OP G8
H6              k S3S.N/ {N5<6 k9+3ghN/ eN,9 H6 N=/ :J 88+c

tGq$      A 6"3M G8 %+/CCD     +,<./ % OP G8  !)  G<NS6
y 7123( G8 SRF (H6 "#<@.  

1F#T  a-"5 G8 {I 5 2  % N!G98+$ 7J G 3b6 r9+S#9 
             >8<N$ A BCND9 - A N'#? :LW&6 -8 ) * +,- ./ G8  W*

HNN6 A VNN# - ZUNN(9  :NNJ "NN!8 % NN!+169G R ?9 >8 C1NN(9
:NN$ UNN(8   NNB&/ qNN,+=P9 k NN;wY9 ?9 >"NN6] +NN$ E=1VNN6

:$ 5    H6 - U(9 +,<./ % OP G8 \3/ =123( H, 5  A9</
              G8 HP Nj9 % N!+169G R ?9 %8-"NS6 89"Nb/  $ 9G  B#] +g9

8+J o3S./ +,<./ % OP .  
    :;<='6 H6 =/ G8 :F&,9 ) '#9+(  >898      Z8<N5<6 % !

H$     $ %G9"6 a"6 H1, CJ      e36hN/ G8 H_,+L/ % !+169G R  
       "3(G k _g9 :$ +,<./ % OP G8 |<mW6 U`8 .   :N6989 G8

  +3ghNN/ o3S.NN/ G8 HP NNj9 % NN!+169G R XNN3P</ A9qNN36
 H` $ % ! W*            H$ N,?G9 - HN(G+$ +,<.N/ % OP G8 >"# 6

H6 "#8+c.  
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 a-"52.OP G8 HP j9 % !+169G R A-"$ %G9"6 a"6 %9+$ +,<./ % OP G8 U`8 H$ ,?G9 +,<./ %   
)"@ e33b/ q,+=P9 k ;wY9 X,+Y ?9 a"6 % !+169G R"#)  Qd$2 -2-1 ("&1P+c % 5 a"6 G 1* ( G8 U$ g +,8 L6 kG<D :$ -(  

 BC-DE/
?424 !F 

;-(1/ -()9.  RMSE!F324.+ G!H"   
 (pixel)  

I/ J2.1K2'!F324.+ 3!G 
!H" 

 (pixel) 

/'LK!'324.+ < !FG!H"   
(pixel) 

   y x y x y x 
1 76/69  97/815  43/0  76/1  76/69  97/815   !" 2 33/93  22/820  43/0  80/1  33/93  21/820  

1 26/27496  56/852  04/882  73/2  56/27482  56/852  

SPOT-3 
A '#? 

1B 2 70/24407  75/860  60/894  96/3  83/24391-  74/860  

1 49/99  30/844  67/0  34/1  49/99  30/844   !" 2 80/36  21/799  76/0  37/1  80/36  21/799  

1 88/39343  65/928  39/1762  28/8  52/39305  62/928  

SPOT-1 
A BCD9 

 1B 2 67/31754  13/862  38/1825  53/7  66/31703-  10/862  

1 50/111  84/640  77/34  95/550  11/106-  68/340  Rapid 
Eye- II 

@3?9+  
 !" 2 97/133  97/1030  94/27  92/499  11/131-  72/905  

  
3-2- <%II1G     "'II9$ 4II5 @!".II& L.II& @;%II-

,M%N" @%$'>&"!%G  
p-G QNNd$ eNN,9 G8 }+NNW6 HNN( &@  QNNd$ G8 >"NN@  

2-2   >898 :;<='6 %9+$     >8 3R ~m1d6 % !  >",8+c %? (
        :$ n, 1# E3mS/ - H(G+$ :$ :6989 G8 -  U(8      A] ?9 >"N6]

  U(9 >"@ :1*98+R . >8 3R "#-G        +,- .N/ \N3FC/  $ %? (
  l# ?9 ) *       +,- .N/ - HN("&! + o3S.N/     HN("&! 0"N@

 UP+c kG<D .       89"b/ %9?9 :$ <,+1(9 +,- ./ :;<='6 +!
         :;<='6 +! %9+$ - "#"@ H(G+$ HCm1d6 HI+1&J K L#

        :Nm=5"&M G 1* ( e,+1B$ +,<./ +! G8 a+1&J K L#   %9
  }+NNW6 %�/9+1NN(9 [ NN(9+$  QNNd$ G8 >"NN@ 2-2-2 

 ",8+c H, ( &@ .  a-"53      8 \NM K L# U`8 n, 1#   -8 G
             :N;<='6 ?9 ) N* +,- .N/ %9+$ 9G e36? - +,<./ % OP

>898 H6 A V# 8<5<6 % ! "!8.  
 a-"NN5 G83>898 u<NN='6 ?9 \NN, +NN! %9+NN$   % NN!

            Z\NM - HNI+1&J K L# ?9 HCm1d6 89"b/ %9?9 :$ 8<5<6
   ?9 H@G9qcRMSE          - +,<.N/ % ONP G8  NW* % !G98+$ 

  :$ U`8 e3&i=!  U(8        N$ % ONP 4Y L/ "&,9+P ?9 >"6] :
  :NCIs6 \3FC/            712N3( G8 H; NC/G9 - H/ SW2N6 % N!

  +,<./UTM   U(9 >"@ :y9G9  .       +,- .N/ ?9 :&SND +N! G8

           %9+N$ >8 C1N(9 8G<N6 HP Nj9 % !+169G R 89"b/ Z<,+1(9
    U`8 e,+1B$ e36h/)NoAP (      UN(9 >"N@ :Ny9G9 q3# .  :N$

    8"; a �6 A9<&;4 A V#          a-9 )+N/ G NBM 08 C1(9 0"&!8
)a1   !a4 ( "#$%&'( )*        +,-.*/ /0 01%12 3*10   3*4,. 

   "5672 80 49 :; <* 3 94=2*/ >x 8 y   4?1@,! 3 A,; /0 
BC* .   ",D*/* E? ,=F       G8&,% /0 H&,I3      B,? 5J )* :J ,K 

"#$%&'(  3*          /0 L ,MF BNOP12 QNR@! /0 3&O.80 3 9
             &,O. L ,MF B,NOP12 ",J 31,RF ",. S&F4?1@! 3 A;  )* 

  60 O2 /0 TQNR@!+  U9 L4I        V?* /0 H0 5=C* 0/12 :-W
G&,,2  01,,. &,,'9*1W X0 ,,Y :.1,,#-2 B,,P0  ,,. 3) ,,C .
Z $9       :,2 H&9 [,2 "J /1\       ]*1,% V?4,=^. T01,I    3 ,9

".  BC0         T4=$J :64='J L MF 0*&O! ] _=F* 0/*12 /0 H&2`
  ",#$%&'( VN? ,,> a ,,%/0 b2 ,I  */ V,,?* ",,J B,,C* 3*

:2      F C1F c&?&> )* :I F Z*1! "#$%&'( :  3*     3*/*0 3 ,9
    Bd,F*0 e ,. a %/0 .       f4,! :F ,C1F 4Ngh,! i9 ,J    3 ,9

 ",#$%&'(  L ,,MF j,,?)1! 01,,k^. 8 0*&,,O! i?*l,,;*  ,,. 3*
        Z ,m2* 4?1@,! +'R,Y 4C*4C /0 :64='J       8 SB,C* 4?n,>

 f4! /1AK   H&NoN> 3 9            0*&,O! )* H0 5=,C* f ,p'9 ",. 4!
:2 &N?h! */ V?* lNF 4=[N. :64='J L MF &''J.  
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8&% G3 .4?8 @! BP0 :. ?)/*  VN2) 3 A; 80 /0 q( L MF /0 f W)UTM (:; <* 3 94=2*/ > / =W C V?4=^. 3*4. 4?1@! 8  

 !"#$ %&'()  *+,-./0 !  *+,-1/2 !  &34 56&',)-  
RMSE 7*89:;<202  &= 

Ctrl  Chk  NoAP* RMSE 
 (pixel)  NoAP* RMSE 

(pixel)  PL (m)  H (m)  
3 28 2 68/0 3 82/0 49/7 45/6 
6 25 3 67/0 3 71/0 42/6 14/7 

10 21 3 72/0 3 68/0 77/6 32/6 
16 15 5 49/0 4 59/0 09/5 66/6 

SPOT-3 
Z rF) 

20 11 5 50/0 4 58/0 20/5 58/4 
3 32 3 97/0 1 67/1 97/11 03/6 
6 29 2 95/0 3 19/1 47/10 52/5 

11 24 3 90/0 3 25/1 06/11 66/5 
17 18 3 87/0 5 15/1 82/9 24/7 

SPOT-1 
Z ^5Y* 

20 15 2 02/1 6 17/1 5/11 56/5 
4 30 4 48/1 4 59/1 41/7 41/5 
7 27 4 57/1 4 37/1 80/8 56/5 
10 24 4 15/1 4 27/1 69/7 65/4 
13 21 4 25/1 4 21/1 23/7 82/4 

Rapid Eye- II 
>?@0! 

18 16 5 06/1 5 08/1 99/6 64/3 
*  f4! 0*&O!    93 H0 5=C*  "#$%&'( )* H&I *3&O.80 3*4. 32 7"56  93 x 8 y  A,; /0 3     ",D*/* s,N!4!  ,. t. ,-2 4?1@,!    /0 H&,I 
   -.*/+ )10(  

  

      G8&,% E? =F 4p?0 )*3      B,P0 VN2h,! Z ,m2* T    3 ,9
             ,. 4?1@,! 3 A,; /0 L MF BNOP12 QNR@! /0 ]1#-2

"#$%&'(  3*       BC* 80 "%/0 )* 4uJ*&K 3 9 .     )* 4,2* V,?*
*l=6*  Bd% ". f    f4! /0 1%8        &F8/ /0 4!e . a %/0  . 3 9

 "#$%&'( :? C 'I  3*    :2 "'N^. 3 9   &,9 J .    a/ ,kv ",.
  f4! +v1$r2 T4p?0   "#$%&'( 3 9       4uJ*&,K 3&O. 80 3*

          L ,MF BNOP12 QNR@! 3*4. :; J bNdF => T80 +%/0 )*
    U,9 L4,I +,60 O2 /0 "J 31RF ". , */ 34?1@!   :,-W

         ,. 3/*&,2 G&2 ". L1.42      X0 ,Y :,k?4M! 3 ,94=2*/ >  
 &F/*0 , &I . . ",#$%&'( V?* 3*      ",. L1,.42 a*4Ngh,!  ,9  

   VN,,'o$9 8 34,,#wJ 3 ,,94=2*/ > t,,NP0 VN,,NO! f&,,v
    ) . /0 01%12 :=NO<8 a I [=x*c    4?1@! V=;4y z:F 2) 

            b?&,O! 4?1@,! 3 A; /0 L MF BNOP12 /0 QNR@!  . */
H04J Z*1! 8 &F* NC/ a kg* ". "'N2) V?* /0 Z IBC* H&.  

         3 9/*04. 3/ 2` E? =F /0 iK ; {|=W* ". "%1!  .

   QNR@,,! 4?8 @,,! )* H0 5=,,C* f ,,p'9 /0  ,,-W  H&,,I
)SPOT1B (     f W 4?8 @! ". BkdF)  G8&%2(     4,}F ",. T

:,,2   ,,. 4?8 @,,! V,,?* /0 L ,,MF B,,NOP12 QNR@,,! &,,C/
:y&NoN>            H*4,$9 f ,W 4?8 @!  . ~ NP /0 34=[N. 3 9

&I . .  :2 4}F ".    2* V?* &C/          /1A,K ",. ) ,NF 4,. H8|v 4
f4!          ",#$%&'( )* 4!e ,. a ,%/0  ,. 3 9 3*    B,N$9* T ,9

            �)*4,. /1,}'2 ". */ :64='J L MF 0*&O! 8 :F m2 j?)1!
0*0 &9*1W i?*l;* 4=^..  

",,#$%&'( B,,? 5J T",,2*0* /0 3*  /0 3&,,O.80 3 ,,9
  QNR@! a*4Ngh! iI1>  ". H&[F      3*4. 3/*&2 G&2 "#NC8

   Q-C 4?8 @!B1  :2 :C/4.    01,I .      3*4,. :,C/4. &,F8/
   Q-C 4?8 @!B1             V,?*  ,. TB,C* f ,W 4?8 @,!  . ". [2 

           a8 ,5! 4?1@,! 3 A; /0 BP0 :. ?)/* bN#R! "J a8 5!
0/*0 f W 4?8 @!  . :J&F*.  
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 G8&%4.. ?)/* :8 @! BP0 ?41B  A; 80 /0 q( L MF /0 32) N V)UTM (1@! 8?*4. 434=^. ? 94=2*/ > / =W C V3; <* :  

 !"#$ %&'()  *+,-./0 !  *+,-1/2 !  &34 56&',)-  
RMSE ;7*89:<202  &= 

Ctrl Chk NoAP* RMSE 
 (pixel) NoAP*RMSE 

(pixel) PL (m) H (m) 
4 27 4 12/1  4 16/1  11/10  11/8  
6 25 5 95/0  5 05/1  27/9  43/7  
9 22 4 77/0  4 94/0  72/7  44/6  
16 15 4 67/0  5 91/0  10/7  95/6  

SPOT-3 
A&9(@ 

20 11 4 73/0  4 89/0  37/7  71/5  
7 28 5 38/1  5 14/1  90/10  78/11  
10 25 6 22/1  6 26/1  57/11  17/7  
16 19 6 08/1  6 34/1  13/11  77/6  
18 17 6 02/1  6 09/1  94/9  91/5  

SPOT-1 
A&BCD0 

20 15 5 17/1  6 17/1  56/10  88/7  

*  f4! 0*&O! H0 5=C* 3 9 "#$%&'( )* H&I  3*2 3*4. 3&O.807"56  3 9x 8 y"D*/* sN!4!  . t. -2 4?1@! 3 A; /0  -.*/ /0 H&I+ )10(  
  

 G&,,2 /0 34?1@,,! L ,,MF a @,,=_2 �,,?4O!  3 ,,9
   :61,,\ 3 9&,,K*8  ,,. 8 q,,?4=2 U=d,,NC /0 :,,m?lN;

)4=284mN2 ( :2 a/1Y  04Ny .      /0  ,^'! :61\ a N$J V?*
       4. UNdM!  . Tf W 4?8 @! )* H0 5=C* a/1Y  mN> 0 O.* bd

        01,. &,'9*1W :#dmN> &K*8 ". b?&k! b. P .   4?8 @,! /0
QNR@!     ",. :,C&'9 c&I        :,C&'9 a RNR@,! +-,C*8

      ",F1$F &'?*4; VN'o$9 8 "=;4y a/1Y      T0&,r2 3/*04,.
         4?1@! 3 A; /0 :61\ &K*8 sdK4.  -W c)*&F* 0/8`4.

      bdmN> 0 O.* 4. /1Jn2 4?0 M2 UNdM! 8     Tf W 4?1@! 3 9
    4. */  -W tNP0 c)*&F*        4?8 @,! /0 bd,mN> &,K*8 ~ C*

QNR@! &Ic   :$F VNNO! :C&'9   &''J .     b,N60 VN,$9 ".
 4?0 ,,M2RMSE /0 H&,,I ",,D*/*  3 A,,; /0 B,,P0 E? ,,=F

       bdmN> 0 O.* ~ C*4. "J 4?8 @! V?* 3*4. 4?1@!   4?1@! 
   H&I 0/8`4. Z I4� '=2 f W       / ,k=v* T&,F* VN? ,>     /0 34,!
    &F/*0 f W 4?8 @!  . "d? M2 .  G8&%4   E? =F    L ,MF BP0

   4?8 @,,! 3*4,,. */ VN,,2) 8 4?1@,,! 3 A,,; 80 /0 q,,(
QNR@!    :C&'9 c&I)B1 (  H0*0 "v1$r2 )*    01%12 3 9

:2 Z [F &90.  
      G8&% /0 E? =F +D*/* c1RF4      G8&%  . ". [2 � 'Nv 3 

BC* .   BP0 ". "%1!  .   ". 3 9  BC0     Q-C 4?8 @! /0 H&2`
B1 c&'r',,,,,C )* SPOT)  G8&,,,,,%4( :? ,,,,,F*1! T

 ",#$%&'( 3*     &,,N?h! l,NF i,,_. V,?* /0 3&,,O.80 3 ,9
&?04y . BP0 +d? M2   ". 3 9  BC0      G8&% 80 /0 H&2`3  8 

4      Q-C 4?8 @! 4=[N. :p=d.*8 B1        L ,MF 0*&,O! ",. */ 
         :,2 Z [,F T]1,#-2 BP0 VN2h! 3*4. :64='J   &,90 . /0

:,,2 �1,,<12 V,,?* b,,N#R!  �1-,,C :y&,,NoN> ",,. Z*1,,!
G $v* a RNR@!  4?8 @! 3 A; /0 H&IB 1 H/ I* 04J .  

  ",. E? =F   B,C0     H0 ,N> )* H&,2`    �8/ 3) ,C    :,C 'I
   H0*0 "v1$r2 /0 30 ^'[N>       B,? 5J :p$9 �#=_2 3 9

             VN,'o$9 8 f ,W 4?8 @,! )* H0 5=C* /0 */ /1Jn2 �8/
         /0 */ :C&'9 a RNR@! )* :'N? > �1-C "J 34?8 @!

 &F0*0 Z [F T&F/*0 01W .    /0 :; ,<* 3 ,94=2*/ > Z08l,;*
  U9 L4I "60 O2   */ :-W :2            )* :[,_. Z*1,'v ",. Z*1,!

             04,m?8/ Z*1,'v ",.  ,? 8 :C&'9 QNR@! :m?lN; &F8/
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