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ABSTRACT

RFM is the one of the sensor models which is proposed by Open GIS Consortium (OGC)
as image transfer standard. And it is the sensor model for end-users using IKONOS, a
commercial pushbroom satellite, imagery which provide about 1lm ground resolution.
Parameters called RPC which is IKONOS RFM coefficients are serviced to end-users. But if
some users try to make additional effort to get rigorous geo-spatial information, it is
necessary to apply mathematic or abstract sensor models, because vendors don't offer any
ancillary data for physical sensor models such as satellite orbit and navigation. Abstract
sensor models such as pushbroom Direct Linear Transform (DLT) require many GCPs well
distributed in imagery, and mathematic sensor model such as RFM, polynomials need much
more GCPs. Therefore RPC modification using additional a few GCPs is the best solution. In
this paper, two methods are proposed to modify RPC. One is method to use pseudo GCPs
generated in normalized cubic, and another method uses parameters observations and a few
GCPs. Through two methods, we get improvement of accuracy 50% and over.
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RFM(Rational Function Model)2 OGColl4 Image
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Universal real-time image geometry model® 7
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1. IKONOS RPC X2

Name Description

(1,2,7,X..22, 73, X% - (1,b,...byy) T
C,=

(1, Z, Y,X...ZB, YB,XB) * (Co, Cl---C19)T

1,Z,Y,X..22, 7, X% - (1,b,...b97
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3. IKONOS RPC

IKONOS #1494} arzrgas s A4 2d
B A% Y Hue it ARBAAA ATEHA
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LINE_OFF image row coordinate offset value
image column coordinate offset

SAMP_OFF value

LAT_OFF ground latitude offset value
LLONG_OFF ground longitude offset value
HEIGHT_OFF ground height offset value
LINE_SCALE image row coordinate offset scale
SAMP_SCALE gg;x%e column coordinate offset
LAT SCALE ground latitude offset scale
LONG_SCALE ground longitude offset scale

HEIGHT _SCALE ground height offset scale
LINE_NUM_COEFF |numerator of row term
LINE_DEN_COEFF |denominator of row term
SAMP_NUM_COEFF |numerator of column term
SAMP_DEN_COEFF |denominator of column term
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B9,

-~ ipu 4513 pan. BOGOEHL 1y

ILINE_OFF: +013847.00 pixels
ISAMP_OFF: +006907.00 pixels
LAT_OFF: +36.28000800 degrees
LONG_OFF: +127.38050000 degrees
HEIGHT_OFF: +0219.000 meters
ILINE_SCALE: +013985.00 pixels
SAMP_SCALE: +006912.08 pixels
LAT_SCALE: +00.12060000 degrees|
JLONG_SCALE: +000.07230000 degrees
HEIGHT_SCALE: +0166.000 meters
LINE_NUM_COEFF_1: -3.066127095892571E-03
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Imagery for Inaccessible Area”, Korean Society ¥ 4. RPC A4 X HAIE 2%
of Remote Sensing”, 2001, Vol. 17, pp. 33-34. (po_pan_000)

7. OpenGIS Consortium, "The OpenGIS Abstract D Error(pixel)
Specification, Topic 7 : The Earth Imagery Case Sample Line
Ver 40", 199, pp. 2-23. ; ggg ggé

8. Yong Hy, C. Vincent Tao, "Updating Solutions of 3 358 ~3.40
The Raticanl Function Model Using Additional 4 3.08 ~5.98

) r 5 5.50 ~5.92

Control Information” PE&RS, Vol. 68 No. 7, 5 004 106
July 2002, pp. 715723, 8 2.07 -6.15

9. o]%7, "Rational Function Model& o]&3t 90 ;*‘43 —;;.7(1)
1 1 -3.4

Pushbroom #1494 MM Zdal e A7 <l 11 315 -4.13
Stk AARSHY =1 2002. 12 4.25 “361

10, o)A, "ZHAYE AYgAe) REC 2 018 T S o
s ) o ) € 14 3. 9.
3 3AY AYAE FE0| B3 A ALyt 16 2.14 -3.89
T AR =2 o0 18 3.14 -5.63

19 5.94 -4.75

20 3.01 -4.13

¥ 2. Normalized cubiclli®| pseudo 21 541 -6.13

GCPsi 0|38t 2ol 23} (unit: pixels) 22 411 -2.79

23 3.71 -4.07

RMSE RMSE 24 2.22 -4.08

é‘ggs (po_pan_000) (po_pan_001) 26 1.01 ~4.98

Column Row Column Row 27 1.80 -3.96

0 3.89 53 309 1642 gf ggg ‘i-gg

! 237 234 243 5.12 = 397 AT

2 2.38 235 1.99 507 33 3.30 -4.80

3 2.00 2.09 2.01 474 36 6.71 -5.31

4 1.68 221 1.94 382 gg ggf ‘ggi

5 155 2.29 1.85 371 10 595 517

41 1.92 -1.82

. - iz 131 -11.18

E 3. Djofsis BEUNLAF O[3t uhHo| 14 3.39 -5.26

2% (unit: pixels) 15 5.47 ~4.85

46 3.52 -5.45

(o e ) oo ) 50 272 ~4.83
0_pan_| 0_pal 1 - -

aCPs — =P £o-Pan_ 51 144 430

Column  Row  Column  Row =2 785 7653

0 3.89 5.36 3.09 16.42 25 3.40 -5.20

1 389 362 288 8.74 29 3.66 ~6.61

30 2.58 -4.13

2 263 330 247 717 m 363 —~ 53

3 2.11 3.26 2.10 7.21 35 5.83 ~7.42

4 1.94 313 202 565 37 3.47 275

. ~-5.14

5 165 262 201 399 = ; gg =57

RMSE 3.89 5.36
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E 5. RPC J& & HAFY 2%

{po_pan_001)

D Error(pixeD
Sample Line
1 -1.30 -17.49
2 -1.07 -27.05
3 -1.71 T14.34
4 -3.82 ~18.41
5 -1.05 -16.99
6 -1.63 -14.86
8 ~2.52 -17.31
9 -1.70 -14.48
10 0.76 ~14.66
11 -1.97 T14.39
12 -2.54 ~16.04
13 -4.65 73052
14 -11.16 T18.01
16 -4.66 -15.45
18 -3.18 ~15.82
19 -0.96 -14.92
20 -1.79 ~14.56
21 -0.24 ~16.37
22 ~1.53 -12.48
23 -2.31 ~14.74
24 -4.35 -14.26
26 -1.07 “15.68
27 -347 T14.97
28 -0.94 15.09
31 -3.35 -14.73
32 -2.14 ~14.74
33 -2.61 —15.83
36 1.26 -16.48
38 -1.06 ~16.65
39 0.95 1422
40 -3.51 -15.84
41 -1.30 -13.29
42 -5.05 -20.24
44 “1.31 ~17.48
45 ~0.99 -19.42
46 -2.64 T16.47
50 -2.04 T16.94
51 -1.91 ~16.36
52 -3.65 17.73
25 -3.08 -15.74
29 -2.23 ~17.13
30 -3.18 -14.23
34 -145 ~15.33
43 -1.02 ~16.02
47 -2.44 -17.72
RMSE 3.09 16.42

FEH4N 2002 F12A
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¥ 6. Data Cubicd} GCPs 5&& O0I8#t
RPC & Z} (po_pan_000)

D Error(pixel)
Sample Line
1 1.56 -2.75
2 0.01 -2.31
3 - 1.13 050
4 0.85 2310
5 1.59 319
6 -2.30 155
8 -0.59 ~2.00
9 -0.09 165
10 2.94 -0.36
11 0.87 143
12 1.27 B
13 ~2.03 75.78
14 -6.20 515
16 -1.44 0.55
18 0.28 20.33
19 1.17 ~0.91
20 0.01 0.01
21 2.86 514
22 0.00 001
23 0.00 0.01
24 0.00 0.00
26 -0.27 0.77
27 -1.00 0.09
28 -0.23 20.64
31 -0.55 2008
32 1.28 1.20
33 0.21 ~1.84
36 267 258
38 1.55 Z3.04
39 1.60 -0.14
40 -0.52 121
41 -0.17 0.66
42 -1.85 2837
44 0.50 2094
45 1.40 -1.50
46 -0.64 559
50 0.06 20.73
51 1.30 20.23
52 -0.62 2.90
25 1.40 ~1.85
29 1.21 -1.19
30 -0.49 0.22
34 0.86 1.04
35 2.12 2265
37 0.00 0.00
43 1.35 0.06
47 1.03 7153
RMSE 1.55 599




B 7. Data Cubic® GCPs 5 g 0|®&t

2471238 F7bel ol g IKONOS RPC 784

RPC 21 213} (po_pan_001)

Error(pixel)

D
Sample Line
1 0.04 -6.72
2 1.13 -156.51
3 1.63 -1.43
4 2.11 -3.69
5 0.19 -5.34
6 ~0.67 -5.31
8 2.74 -1.19
9 0.21 -0.94
10 3.05 -0.18
11 -~0.91 -3.94
12 -~0.96 ~-2.70
13 -1.71 -4.78
14 -6.91 -0.15
16 ~2.58 0.10
18 ~1.22 2.13
19 2.05 2.13
20 -0.01 0.00
21 2.94 -1.70
22 0.00 0.00
23 0.00 0.00
24 0.00 0.00
26 1.05 -0.18
27 ~0.04 -1.20
28 1.10 -1.00
31 2.35 4.20
32 ~0.10 -2.92
33 2.16 3.06
36 2.97 -3.21
38 0.62 -4.21
39 1.88 -3.38
40 ~1.01 -1.59
41 ~3.37 -3.76
42 ~2.65 -6.07
44 ~0.05 -1.75
45 1.26 -4.87
46 ~1.13 -4.29
50 1.08 -1.41
51 1.10 -1.94
52 ~1.33 -2.31
25 ~0.50 2.21
29 -0.30 2.00
30 ~1.62 0.36
34 0.23 2.55
43 0.19 -0.26
47 0.00 0.00
RMSE 1.85 3.71

E 8. o7y & GCPs 5HE 0[g3
RPC M4 Z3 (po_pan_000)

Error(pixel)
ID ;
Sample Line
1 0.95 -1.90
2 -0.77 -1.60
3 0.30 0.99
4 1.94 -2.90
5 1.18 -2.93
6 -2.50 -1.84
8 -0.51 -1.98
9 0.40 -1.45
10 2.92 -0.29
11 1.18 -2.29
12 1.95 -1.03
13 -2.05 -6.59
14 -6.08 -5.62
16 -0.67 -0.51
18 0.81 -2.43
19 0.88 0.22
20 0.27 -0.57
21 2.60 ~-2.36
22 -0.09 0.11
23 0.44 -0.25
24 -0.37 -0.02
26 0.83 -1.41
27 -1.69 0.68
28 0.59 -0.65
31 -0.46 0.22
32 0.84 1.47
33 0.73 -2.05
36 1.92 ~-2.76
38 1.52 -3.50
39 0.73 0.13
40 -0.46 -1.10
41 -0.21 0.14
42 -3.54 -8.15
44 0.08 -0.62
45 1.74 -1.60
46 -0.66 -2.11
50 -0.05 ~1.23
51 0.98 0.09
52 -0.14 -2.94
25 1.44 -3.36
29 1.50 -3.60
30 0.31 -1.16
34 1.48 -1.22
35 3.13 ~-3.99
37 0.43 -0.27
43 1.95 -1.98
47 1.00 -5.81
RMSE 1.65 2.62
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E 9. O+ &M GCPs 5HE 0|8

A9, A%, 24, 294

RPC M 2Dt (po_pan_001)

Error
ID -
Sample Line
1 1.60 -1.55
2 2.40 -9.93
3 2.17 2.92
4 3.39 -10.04
5 0.52 -4,24
6 0.16 -5.63
8 2.39 -3.61
9 0.44 -0.66
10 2.14 -0.81
11 -0.60 -7.13
12 -0.89 -5.83
13 -2.70 -7.66
14 -8.00 -3.62
16 -2.76 -1.86
18 -1.73 0.47
19 1.05 6.16
20 0.00 0.00
21 2.32 -2.60
22 0.00 0.00
23 0.00 0.00
24 0.00 0.00
26 1.26 -1.19
27 0.08 2.68
28 1.45 ~-1.12
31 1.19 2.41
32 0.70 -0.24
33 1.72 -1.14
36 1.74 -4.82
38 -0.04 -6.78
39 2.34 -1.57
40 -0.97 ~-0.28
41 -2.75 -5.37
42 -4.72 -6.71
44 -0.81 -0.81
45 0.73 -5.51
46 -0.44 -2.38
50 0.17 -3.31
51 0.89 0.13
52 ~1.69 -3.63
25 -0.88 0.58
29 -0.71 1.89
30 -1.45 -1.96
34 0.06 1.44
43 0.55 -1.68
47 0.00 0.00
RMSE 2.01 3.99
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@l 3. IKONOS 94 (po_pan_000)

18! 4. IKONOS A (po_pan_001)



