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SYNOPSIS: In this study, for efficient replacemen of sensor modelling of high-resolution satellite
imagery, image segmentation method is applied to the test area of the SPOT-3 satellite imagery.
After that, a third-order polynomial model in the sectioned area is compared with the RFM which
is to the entire in the test area. As results, plane error of the third-order polynomial model is
lower(approximately 0.8m) than that of RFM. On the other hand, height error of RFM is
lower(approximately 1.0m).
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1. ME

A2 nHAE A9 BE $87F FEA o5 YUY 08¢ AT MBE AY WA
do] FURYL Qe AAelt dA AHFFY meAgE AHo2t ¥R IKONOS 2%t

QuickBird 2%, OrbView-3% ¢4, olxgtde] EROS-Al, 2 Alote] RESUS-DKYA So| 9ow, o
gol fivets Xt AyugelA naldze o 5H 840l DAL A U T 1
AdE AN M E BEF F shue AY 2 TAIREEA 52 o2 AAdEA AU A
MED(AAE Y 9, AA )& /SR ¥ 25 H AAE dAMAAMELe] ARYSE AT Q)
ow, ¥ oHugolM AT AHINET o9 2 WY S AdYsle] AL Aoz FHYE
53] AlA Hzxo H4dE 2AdE 44 IKONOS A9 7%, dAadde gxAdr 852
3 A dMzEda 2 o g RFM(Rational Function Model) ®21& j=dlsln glom, o] 29
A7t 28d AEWE ALEAolA AF3ta th. IKONOS A 94e #ddae RfHsia e
SI(Space Imaging)Ale & 949 AMEA2RE dAHoz J4x89 A= RFMeZHYH 2
B G4zt E o] RMS(Root Mean Square) 2.37F 001 342 AEUS AXGIeH, AFE A2 9

g 32t AAFE A= 430 "HAE GPS 41719 Star trackers A2 FS5EHo W RFM
S AHEE A% ¥9d 2 35 9A 2 Zhz 25m, 22m oy, XA JEHL FUtele AR Y
(Precision)#l 2] RFME AtEE H9, 2 HFEE 217 2m, 3m BEE 9& F Atz AAFAG
(Gene Dial, 2000; Frank Gerlach, 2000; Jacek Grodecki, 2001). ¢] & C. Vincent TAO et al.(2001),
Xinghe Yang(2000), Kaichang Di et al.(2001)°] <2l thddt deje] B3 AMEZdZEE
RFM Al+8E A% F, Z2Ad g FH8 o] oste] HAAlxe Fadzxtge AL=E
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£ AtE3te] RFMo) o3 A=z datel A3 E(Fitting accuracy) & AZF sl on, A2 A o qlolA
A= T&4S AAEFAT

FoZHE YAARE HAALoz FE5T £ Y B oy ZE AMAFH FA
o, 71&9 AMEde) "3 Aite] Hesitke FHe] AT HA 7870 ‘= AT
T 24 522 A3y FHYeAst Y = Jdow, RFM SAY £E2¥9 As7t
F(zero)ol E = Jts GHE WA U7 o AMELI AT FAE AN 5] A
7F SFE AR 72 Sk (£F 7, 2002; Ian Dowman, 2000). wetA oleld EAE a2 7] Hsto v
= 2] NIMA(National Imagery and Mapping Agency)olA+ RFMY] #&F X dZ M4 Universal Real-time
Image Geometry Model & 712tsle] Hx=z A3 vl ot o] #HL A" USM(Universal Sensor
Mode) 2. 2% E2ojX 0, 87 e AT wel 9 4L 2 SAZA 28F F, 424 £8d o
ZolA RFM9 #2%& AF%sx, X, YAFE Hd 53714 AL & e ¢ FolHOGC,
1999). olEt}t & ¢ 7+dd W o 2 A Xinghe Yang©] IKONOS® SPOT A9 € &FAZE o
|3t 9G4S B33 & DLT(Direct Linear Transformation)”]|¥-g& 2 &3le AAEREHe] HYEE
vl 238} 1tk (Xinghe Yang, 2001).

B ApdAe 239 943 334 X4 ey #AE B &3 oE HAHIN] AT dA
AxEdge] By g AA37] 3o, A 449 A=HEE AF3}D JE SPOT-35 AZIH
E239 AMELE o83ty USM ¥y 714 & 5A F v JAEEYY F, dydde o
gAol FAEEL HAT F, e 28D I E2Fo] AE RFM3A thad 2d)rks
Hgste E283 AMEAR HFPEE AA3InA Fot I o]E FAAAA HELF BRIl 3l
t RFM #H9 23 A8z A5 dlaste Ats 2dy $yo 84 & AAsax o,

7]
o}
=

2. QY

g2y

I

M

FAEY WHe 4% USMY @AY YA T shueln, o71M USME 4449 F
(Vibration) 4 && 1 2l3dt7] 98t RFM9 X4E 53702 H 83t 284 AARdd tha HFES
FgaA7lEd BHE F1 3tk USMY £3 L2 a7HE AgEd wet e d93e Ar3e=
P oz gy £ & & don, 4749 £8d 4 RFM X, Y= Hd 53 Z3f
= A 33471 HE48 £ Uk E YukH oz RFMe EE#EE AFgHAAAY, AEd 4R
BEy] Ystd BAREE o] FH(OGC, 1999). ¥ ATdA HEd IAEL WH2 9A 4
el diste] 949 EYHA AMREEF & 2A8 DEM(Digital Elevation Mode)& #&% #,
g J437% DEME 4719 sectiono @ Edatx, £ Ztze] Ggd disteq A% 22
RFM9| #23o] Agd 34 a4 Zdg g3 Aotk o WYL 7]€9 RFM B3 w7}
Hx, £2%o] 7] Wil AXS=rE wen, Asines Aol U

L o2 >

2
o

r= pl(X, Y, 2)= 5’1 f goa,.,kx"y"z’*

=0 ;=0

(1)
c=pUAX, Y, 2)= 2 f‘, gob,,kxfy"zk

0 /=0

0:]7])‘:1, ﬁl(X, Y,Z) = a0+alZ+a2Y+agX+ """"" +017ZB+a18 Y3+019X3

X, Y, 2) = by+ b, Z+ b Y+by X+ oo + b33 2% + by Y2+ by X°
ztzte] B@dolA 33 oiy mde AsEEEL AdM A1) WASFA 40740122 EH
FE H2F 2070 ojde] aFHARG WA A1) BESLAH2A FHE FYIo H@Q)F} Zo] PH=
A F, HAAFEE AL Q@) 2o FAY 4 on, o) T3 didA e g 33
g 2de 2AE 4 AU
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Vi 1 z - X200 0 ag 7

Vo 1 Z, - X2 0 0 a 7y

| Vo] 1z, - X,2 0 - 0] | aw | | 7

Vy 0 0 1 z x,? bo S

de 0 - 0 1 Zz o X23 bl Cy
= . - (2)

Ven 0 01 2z - X,° by Ca
T - T-1-TT- G=0 (3)

A7M, T & B5¢ A4HEZ o)FolW Y, [ & Folug 3t A+AL, G £ JUHE 9
Qolt},

Ztzte] RPN AT 2UL o3l AYAEE Sy 9N A INHE
o BE FUBAL AAATC] BY A9 Yo JAY AAA} d} ol& Aol g =
A oldel AAGFezRE HYY APz gF AFAPES AEHY Dok GAA A2
# . Syl 4B A W% 2e Pz Y T & Ao

_ 6rL 3rL aTL
VL—F(TL)+ 0X AX+ —F=F Y AY+ FYA YA
dcr dcr dcr
co=Fle)+ 5 X+ 5y oY+ 42
aVR aVR a7’1?
= F(rg)+—=< X A X+ aYAY—i— 37 a4 (4)
_ aCR aCR 8CR
cr=F(cgp)+ X A X+ aYAY+ oz aZ
AZNM, rp, e B org,cpE F - 59NN F43 AAH 2 row, columne]t}.
AW AP Fez AP F, 4G 2ol Y2 AYste] A2AFTEL AgsE A
6)F Zo] B¢ & 4 ok gEM AAFRE X Y, ZE PFE a9 grEA A o5t AAF ozt
[ Va1 [ 7 72 73] [ F(ry)— 7]
ax
Ve, Yor Yoo ¥ F(cp)—cy
- AY| = 5)
Vi 731 T3 ¥ F(rg)—7g
sz
Vel L7ra 7 7s) | F(cg) = cg|
A=(R'-W-R"Y~R'-W-F (6)
ANA, We & - 5934 RFM Alg FEA 7|49 JARE dF Jdeas: ngd
s Eol,



3. Mg

3.1 ALBAtE % HMCfo Y

B A7o] AT AFTHY YAANRE Table 1014 miwhsl o] 19999 5% 2043 21Ye] B
£39 W%} 4 5 ¥ ARAG doje WA SPOT-33 YAGAeln, Gy s

2.2 oF 60X 60kmo] T}

Mqjdgddoeze 7IEARE AHEE 15000 FAXE 10059F T4 A9 IAFAHE it

2 9 94 @%6}04 AREEIF e, o] A|de dFAQ] HXE FI|EEGANA XE182400m-196200m,
Y& 118500m-128209mo) ™, Eole W 10molA 500mel W =3 tAadde 284 aAFA

S 9ato Fig. 1914 Renteh o] JA4AEE I/l HAAAHIA N LAFESE 7| HEF

S AAEH e, DEM &< 98t A4dAGutS o2 418row X 436column 34 A7 9HE A

3ted A} g3lEh a9 194 Al g o2 ¥AE REo] DEM &9 9|t}

Table 1. Basic information of SPOT satellite imagery.

Left image Right image
Sun azimuth 143° 55 133° o4
Sun elevation 71° 28’ 69° 04’
Incident angle 18° 347 13° 05
Level 1A
Altitude 832km
Image size 6000 X 6000 pixels
Resolution 10m
Coordinate system WGS84

Fig. 1. Geometric correction image of the stereo pair and area for the DEM generation
(Image size: 1200 X 1200 pixels).

GHE PEel AFE sere 9stel WA FANERRE 17749 AFHS TAY AARE MY P
F, WE2R 8 A5 9993 By IREPRLE AYSATh Table 22 2HY R E
ARLRYH 42D /120 AR 349 A9 AHFFEE e Reloh
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Table 2. Error of the 3-D coordinates acquired by the physical sensor modelling(unit; m)

RMSE X Y Z
Control points 10.82 10.95 13.37
Check points 9.94 10.24 10.67
T AHI ARG G4 H Ao U nEFRFES Yoty EFABRVIYPLE AFUAS
AA e on, AFelAdd ALgE 7|EGHe AV E 9X9 A4, gAGHY AV E J|stERAA 9 ALY
o g A9 JiEEe §& 288tY 37X19(columnXrow) 712 AATA ALLSATE G4
A AasE Y2 5949 7 stad did A5G4 deHde 2E W AHAFT U FS
o 2% 2 A F FBAR 19 2% WAL A Haols wole JAARE Hgor,
A HodBASE 08130t
FAF AR B IHHEY AV EHAL2HE FUAA|EL H 45 3349 ALHEE 9
58 7 den, 140 dARA e 3A4Yd AAFEE A o wE FHTHE AES Ul
A AR AE AAASLAY. Fig. 25 3 AMrdz iy 2As

rHInterpolation) 71 & &3]
20m AAHAL] 15259 1
2E YEd Rolth

Fig. 2. DEMs acquired from the physical sensor model and the digital map.

Fig. 2914 Eentel o] MARAY ] o8 nEAFAA o8 Ao A7t TATE Fo4d &
At ole HEH I giFEe] AdAGeleg 2@z A g HAagd @ £E5 Fig. 19

N 2% el €& 7 Y WA 59 93 A AANOR uPel B LA} =AA uerg
7l el Aoz Budd 2y g9y AAY F4L JFHES NEAE o, & AT F3
¥ FAEDRde) Ak mmA APe] SY¢ F RA}E Aoz wugn,
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N

7NER83 AAE e AAAEY GAFEE g, F HFog 208 HFHo 7 BF 40048y AAsACE A
e JEH AAEL AR AFBAS A Fo] 08¢ AAFPeH, olg F
ERDAS IMAGINE A2EZE O] (ver. 84)9 GCP w& 71502 & . +gAoAa U3 A HYo] 3=

pud

(o]
Ehis=y

(‘

ATE FE39, B5F 24779 71£3 7 26089 HAAE S AFLS AT B35 AAE 73 € AARE
o] ANAREY AANHTE Offset®} Scale factors T3t 48 o] -1.09A4 +1.04l0] ¥Y7 H&

= B78 AARGD

Section 1
(200 2004)

Section 2
(200 2003)

Section 3
(200 2004)

Section 4
(200x2003)

Fig. 3. Section of image coordinates and ground coordinates.

Wl 2dHE - S 34 S Rde FARH GABAL o gate] AFFI FAH
of ¥ FAAE L ALFEE VEHAH, o8 FolA UAE IARE L ALHEY vLHY
tH(Table 3, 4). Table 37 49 FAF T AFFFNA Hdoe e Adas Uded RHold.
Table 3. Fitting error of image coordinates calculated by the image
segmentation(unit: pixel)
Image Left image Right image
. Control point Check point Control point Check point
coordinate |"pyiSE | Max. | RMSE | Max. | RMSE | Max. | RMSE | Max.
Row 0.24 1.29 0.33 1.31 0.24 0.73 0.34 1.33
Column 0.06 0.31 0.08 0.32 0.05 0.27 0.07 0.26
Table 4. Fitting error of ground coordinates calculated by the image
segmentation(unit: m)
Ground Control point Check point
coordinate RMSE Max. RMSE Max.
X 0.03 0.19 0.05 0.21
Y 0.05 0.35 0.08 0.48
4 1.92 10.24 2.67 10.54
BAEE7IH ot ol AH{ZHRE IEHA i FAFEY A= £0.248tA 01y, HAY Ak
© 1.298t4 oluigon, HALH ik FAFFEY A= £0343 4 olll, HjexE 1.338 4 o
9 AnE A & AUk
=¥ 2HEY GRS GEBY o2 Ry AAEe AYHAEES Y5 A3, X, Y BEel 9@ oAt

A 021m olWIZA 1m oWl ¥ A% FFES Uehd B EoAE AUl 10m A=A FHo o
0 AAROR B A4S Umhs oIt SYEULAAN HET 34 BUY 299 A Aol A
o APHFFGAH FFo] AT AA G golF F WP 2F A2 BuHLh
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4. H{mE I}

B AT AT GRRT THe BRI AN Astel HAYY AAE Vs BEY
Q= REME 24390 RFMY A$322 9% 71289 A4HES G448 o) 3¢
A}

Ho
G W, @ TR 08 UASE BT 4084 WAAHCH, AT + UE REMS A+EE
& st AFolYe FBAS A gol 08914 HE F ERDAS IMAGINE 2 241} (ver, 84
GCP W4 7l5o2 2. Sl $U& AFdol 8 AL FF8o), BF 2349 7|24
& AT BeHQ AMEdde] AYE ot AR é*}d% JHEBPYIA HAEF FUW
ARE doz J4AE) AYAEE VEsgom, 1 AAE 435 0@ 243k (Table 5)

Table 5. Fitting error of image and ground coordinates calculated from the RFM,

Image coordinate Left image Right image
(unit: pixel) RMSE Max. RMSE Max.
Row 0.30 2.52 0.32 2.16
Column 0.11 0.64 0.08 0.47
Grounq .coordmate RMSE Max.
(unit: m)
X 0.52 1.99
Y 0.69 3.80
zZ 1.95 9.87

T4 HAC diste] RFMe A8 23, 4R e J4EE7)H 9 Ardg 023
2 A= A el en(Table 3, 5), Ad#ES] A, 4289 Hoxe FLEIYHET 08m =
A vERd B, B9 Qe AE 2m AEE @A AEHUH(Table 4, 5). °1= RFMe] 33ttt
o] v nEgel W FRE vy ZF wPsis Ao wdHE, U g FrRE 239 3

Ackge] 99 mdgel Hed HYE FAL & Ak
g 49od F9elA REMI GA2Hozve 458 3349 AXNPLE ol8shel o 4000%

4000me] DEMS #4815 th(Fig. 4).

(a) DEM by the RFM (b) DEM by the image segmentation
Fig 4. DEMs obtained by geometry sensor models.
Fig 4ol A Rvker o] 40 Al Rdo ofg & lEJ‘U”‘% Z1EA8E 3t RFMYUH# 9
SRAUNE AAAoT APES WY YRS Z3Y Aol EANAY WUASE T ¥
W R APy 199 542 ¥ wgsts Aoz Busu.
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