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Abstract  Reference contwol points ( RCPs) used 1o estblish the mgresson model in registmtion are
canm only assumed “ perfect”. However this assum ption is often vblated in practice due to the wason hat
RCPs acwally alvays containing erors M oreovey the erors in RCPs are one of main souwes lowering the
acairacy of inage registiation of uncorrected mage In this case Ordinary least squares(OLS) estinaby widely
used n the mage wrgistation of mmokl sensed data is biased and does not have the ability to handk
exp lanatory variables with eror and to popagate appropriately erors fran RCPs to the corrected mage In this
paper we intioduce he consistent adjusted least squares( CALS) estinator and popose a relaxed consistent
adjusted kast squares( RCALS) method which can be applied to mom genemwal relationshiy for registraton

These estin ators have good capability n correcting errors contaned n he RCPs and to pwopagate corectly
erors of the RCPs to the corrected mage with and without prior nfom ation The ob jective of the CALS and our
proposed RCALS estinabs is o mprove the accuracy of measuranent valie by weakening the measurem ent
erors Forvalidating CALS and RCALS estmators we enpby the CALS and RCALS estin ators usng real life
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remotely sensed data It has been amgued and demonstrated that CALS and RCALS estmabs give superior

overall performances in estin ating the regression coefficients and variance of measuran ent eror
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(1) ( ):
: 512X512
. : k=2 , 14
1"

2 ; : 512X512
Fig 2 Cormpied smulated mage up and risht2 pixels
nX diection and ¥ direction respectively from

ideal simu lated mage The size is 512X 512

1 24 ; UI ;
1 ;L S12X512 RI
Fig | ldeal sinulated inage The size is 5125 512 Table1l One set of sinulated datawith 24 ssmples XI YI
are exphna tory variables XO YO are response variab ks
(2) ( ) UlImeans Uncorrected Image RIm eansR eference Im age
' UIX) UKY) RI(X) RIY)

95. 99609 426 0039 93 99609 426. 0039

’ “ 7 ’ CALS 188. 9961 410 0039 186 9961 410. 0039
RCALS . 7 . 204, 9961 312 9% 202 9961 312 9961
N N N . 331. 9961 250 0039 329 9961 250. 0039

R 384. 9961 152 0039 383 0039 152. 0039

X Y 408. 9946 39 00391 407 0039 39. 00391

364. 9972 337 0039 362 9961 337. 0039

’ ( 314. 0039 420 0039 312 0039 420. 0039

2) ° 446. 0039 254 0039 444 0039 254. 0039
. y 95. 99219 294 0078 93 99609 294. 0039

2 2 47. 00391 334 0039 45 00391 334. 0039
122 152. 9961 166 0039 151 0039 165. 9961
266. 0039 199 0039 264 0039 198 9961

’ ; 281. 9961 90 00391 280 0039 90. 00391

° ’ ° 465. 0039 97 00391 463 0039 97. 00391
( 1) : ’ 60. 00391 206 0039 58 00391 206. 0039

. 41. 99609 133 9%1 39 00391 133. 9961

190. 9844 54 98438 188 0039 55. 00391

’ [13 ’ 88. 00391 34 99609 84 99609 34. 99609

° ’ 306. 9961 325 0039 305 0039 325. 0039

0-1 ’ 481. 9961 192 0039 479 9961 192. 0039

’ 234. 0039 458 0039 232 0039 458. 0039

. 1 347. 0039 474 0039 345 0039 474. 0039

351. 9961 29 00391 350 0039 29. 00391
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Table2 The comparision of regression coefficien ts
By B B o2 o R
2. 1020844 4. 1112e 007 0. 99985776 1 0346276 Q 17000723
RCALS Q 37252052
1. 6417400 1. 0002787 0. 00012789653 0. 77747503 Q0 11437380
o% =2 2. 0918853 —4. 6593¢ 006 0. 99990336 0. 31434077 1
CALS2 Q0 38087295
025: 1 1. 6303770 1. 0003250 0. 00012249023 0. 027603082 1
Bﬂ:( 201) 2. 0967715 -2 2301e 006 0. 99988151 0. 60237374 Q0 60237374
CAILS1 Q0 37520691
Bﬁ:( 210) 1. 6374874 1. 0002961 0. 00012587328 0. 44582912 Q0 44582912
2. 1041733 1. 4496e 006 0. 99984843 1 3140926
OLS Q 37168957
1. 6432074 1. 0002728 0. 00012859465 0. 9729483
2. 6537296 0. 001143149 0. 99665739 1 0090178 Q0 16381646
RCALS Q 741790
2. 3505358 1. 0003343 -0. 0012377029 2 2830002 0 33580188
o% =2 2. 6313630 0. 001132091 0. 99675731 0. 70857441 2
CALS2 Q0 712061
63=2 23292396 1. 0004213 -0. 0012479744 0. 85563459 2
Bﬂ:( 201) 2. 6485651 0. 001140596 0. 99668046 0. 58782690 Q0 58782690
CAILS1 Q 731403
Bﬂ:( 210) 2. 3380819 1. 0003852 0. 0012437094 1 3090501 1 3090501
2. 6557249 0. 001144135 0. 99664848 1 2782615
01S Q0 745584
2. 3548326 1. 0003168 —-0. 0012356308 2 8571141
1. 4577786 0. 000206181 1. 0016535 2 5736210 Q0 42452286
RCALS 1 626953
5 3. 5339340 0. 9977684 -0. 0033031654 2 4216008 Q0 35231270
o € :2
1. 4321678 0. 000193157 1. 0017682 0. 76372139 25
63i=2.5 CALS2 1 610265
8 ( ) 3. 5068180 0. 99788040 -0. 0033170057 0. 53523467 25
=(201
" 1. 4445419 0. 00019945 1. 0017128 1 4972648 1 4972648
Bpe=(210) CAILSI 1 619109
3. 5208429 0. 99782275 —0. 0033098468 1 3892341 1 3892341
OlLS 1. 4630165 0. 00020884 1. 0016300 3 2722243 1 629413
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Fig 4 Corrected mage by OLS
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