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Abstract

Spatial information could be obtained from spaceborne high resolution optical and synthetic aperture
radar(SAR) images. However, some satellite images do not provide physical sensor information instead, rational
polynomial coefficients(RPC) are available. The objectives of this study are: (1) 3-dimensional ground
coordinates were computed by applying rational function model(RFM) with the RPC for the stereo pair of
Tkonos images and their accuracy was evaluated. (2) Interferometric SAR(InSAR) was applied to JERS-1
images to generate DEM and its accuracy was analysis. (3) Quality of the DEM generated automatically also
analyzed for different types of terrain in the study site.

The overall accuracy was evaluated by comparing with GPS surveying data. The height offset in the RPC
was corrected by estimating bias. In consequence, the accuracy was improved. Accuracy of the DEMs
generated from InSAR with different selection of GCP was analyzed. In case of the Ikonos images, the results
show that the overall RMSE was 0.23327", 0.11625” and 13.70m in latitude, longitude and height, respectively.
The height accuracy was improved after correcting the height offset in the RPC. ie, RMSE of the height was
1.02m. As for the SAR image, RMSE of the height was 10.50m with optimal selection of GCP. For the different
terrain types, the RMSE of the height for urban, forest and flat area was 23.65m, 8.54m, 0.99m, respectively for
Tkonos image while the corresponding RMSE was 13.82m, 18.34m, 10.88m, respectively for SAR image.
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AZoEe A Aoz s H49483 SAR(synthetic aperture radar) @49 &f0] Fign
 FAot FWME nHEdE F4E FA87] HF dE3EHH4 2371 AgHa g, ol
A= w3 A Fo gl TIHNE FAL S FURAE 4L ATFeozN XY - AE
of gid 32H AAPH ARE By YA F2E £ oy, 53] =AY gFAAE L FY
FHAE A o] sHEstA HATH ey @AM did A ARE AH AMFTsA g2, H
2 o} & 4 Al 4= (rational polynomial coefficients; RPC)Z Al&3le A $oe 8 8 342 d(rational
function model; RFM)& &3 F7tu 3% (space intersection)od] <& 334 AAJEE A& & £
Atk SARE violzz g J9e] AFE £33 22 dizizd 2 AFRYES A1t AYS HA Bn
AEHE 7153, A, B8z EAd gz AFEAHE gHFHoE BE2Y £ g FHol gl
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FHLE A G4 Ikonos F4E FUgHog FL& A F3t AU I g A

A=Z ogatel 71818E fE 2 AMEde g dF, FAEIEZADEM)
3 F 479 =AAG sk DEM A4 (AEAR &, 2002), E& 4ol A
g8E Y3 NG7IEH 87 oo }E HEE AFol #F AL £, 2000), mEE
RFMo] 7l@&te] 4bebx] 9 vjsgof &8, RPCeol 9% A £213 AMELd o3 A7
o W3 HIE HuPEY 339 AXNAE T e AT (Frase, 2001), Ikonos I FFAZ S ALE
3 AN F5 A9 Hn, 424 RFM(forward FRM)# 313F4 RFM(inverse FRM)2 £-§A}£-oj)
#AE AdF(Tao 9, 2002), RPCe 2 %3 M 82 (direct linear transform; DLT)2| #AE ATF3tso Al
Ard 2o AEMDi ¢, 2003), F&£2A U (bundle adjustment)S H-E43 9z AL T4 RPCY
HalR Ao #e AF, lkonos G749 718183 ARA, 7|EHT AT Fido T AF(LEAT,
2003) 5 Wl§- thgEtn AEHA A7V AF JY Fo Aok F FUME AAAALE T8t 1l
Ar QAL AY YS5an 984 Hug olgt #FHEF AFE o $ Fasi

SARe] i3t A7 2 AEE AYFHoA gon, FHIo dEAH] JdTFEE HAHVIEE olE&F
¥1 vg, ERS-1¢] A7 Yoz AAEE Tuge AL dis] ATF(Zebker, 1994), SAR I4
25E A" DEMY AHEx ¥4 (Iwamoto, 1997), SAR 949 layover$t shadowsel Wit 25 A
FEYS, SARY A 7IHE o] 83X DEMY A= g #g A7 (Seymour, 1998), 434 &
Holl 913 SAR 949 AF 718tEA, F /19 JERS-1 SAR G4 0|43 o tid B3 BAo ¥
3 AF ERS tandemAEE AFE3t F 79 SAR F4dA ¥4 Y DEMH FAANFEZRY 35T
DEMo.2 A ggge] AA 23 AP Ao g &7 e, JERS-1 SAR I o] &% A
9 A @5 FF AF(HGE 9, 2002) 5ol ey, 53] qUAAE & F dAE AFE SAR
Ao tigh A7 oS WA AP A o}

2 AFqE nadE 4494 lkonos FAel RFM-& £33, JERS-1 SAR %73 #old
A719e A3l 349U AYAHRE &3t I A5 U AYEE vw BAsgen =
3k, GPS(global positioning system)ol] €&t 47124 A8 E o] &3ty Ikonos F4¢ RPCo %7] ¥
IHE BASIYIL JERS-1 G40 dsixe A471E8 dHdd e AFEE Frrsroh
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2. AFX|9 W AIROOIE
2.1 H3COjA XY

A ARG LS fAFLA] ddo)r WAL oF 85km x 85km(127°19.6 ' EV127°25.0 " E, 36°175
N 736°21.9 ' Nl 3lg) olt}. o] X¥92 =X, FAA, AR, A 5 I3 JH =3 -
E o] 2¥Hol gler, AA| Ikonos F-de] &dd Agelr), a9 18 29 28 A7 ddAGq o
Ikonos ¥43 JERS-1 SAR 94& B33 th
2.2 jO|E{2] M

H# 13 H29) Tkonos G747 JERS-1 SAR Aol digh Algdo]l 2= glow 3 %9 SAR UA

DS FA3] A% JIAAEE B 39 Uk 29 32 AAAV|EHY EXE RAFT glon, # 4F
Tkonos RPColl ¥3%d A B o)t}
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E 1. IKONOS 979 A4

TKONOS Left | TKONOS Right
Producer Space Imaging Inc.
Sersor TKONOE—2
Processing Level Standard Gearretrically Corrected
lirege Type PANMSI
Datum WGS84
Resolution 1 meters
File Forrmt TIFF
Hits per Pixel per Band 8 bits per pixel
= R = Stereo Left Right
7h 4% 9 (h ee2% 9% Acquisition Date/Time || 2001-11-19 02119 GMT | 2001-11-19 0Z 18 GMT
I 1L 7 udR e JA Ikonos B4

(e-HD.com AF)
£ 2. JERS-1 949 A ¢

—
Producer NASDA Inc.
Sensor SAR
Processing Level 0
Image Type L—band raw data
Earth Ellipsoid TOKYO
Resolution 18 meters
File Format Raw data
Logical Format CEQS-BSQ
Path~Row 87 =240
L —band 1.275 GHz

(1988.05.2:

E 3. JERS-1 AAFY #Al dig 714
980523 | 980706 | 980819 | 981002 |

980706 | 337652m
930819 | 249658m | 879.62m
981002 | 1587.38m | 1789.89m | 91050m

(1998.08.19) (1998.10.02)

3% 2. JERS-1 SAR 94 (3= #9Ux})
¥ 4 lkonos RPC #g9 Jy-&

Parameter Description
Nag-22'-3 LINE_OFF image row coordinate offset value
SAMP_OFF image column coordinate offset value
No#21- LAT_OFF ground latitude offset value
LONG_OFF ground longitude offset value
HEIGHT_OFF ground height offset value
NI&'20" LINE_SCALE image row coordinate scale value
SAMP_SCALE image column coordinate scale value
LAT_SCALE ground latitude scale value
N3E'19 LONG_SCALE ground longitude scale value
HEIGHT_SCALE ground height scale value
LINE_NUM_COEFF numerator of row term
N38"18" LINE_DEN_COEFF denominator of row term
SAMP_NUM_COEFF numerator of column term
SAMP_DEN_COEFF denominator of column term

¥ 3. Ikonos FALGdel EAE AB71FH 43
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3. diolg ®2] ¥ A

3.1 lkonos 2Ae] RFMO|| 23t DEM 4A#A

A Ikonos G4t AlF

¥+ RPCE FAE RFME tpg3 o) 31 8

_ pl(X) KZ) C _ p3(X7 KZ) (l)
(XY, Z) 0 T p(X Y 2)
Ps(X; Y) Z) p7(X: Y’ Z)
Rr = =, Cr =z —s—-— (2)
" (XY, 2) (XY, 2)
714 Rp, CL: 9% 949 337 4, Ry, Cr ' L% 349 894 ¢
mi n2 m3
DIDY Z ag X' Y Z (ml, m2, m3 = 3), ap : HlAFA ASRPC)
i=0 j=0 k=
RPCol 32 offsetT—P scale &< o] &3l A3ld FH - FAYFIER WHAF F FHU3Y (space
intersection) 2.2 3aY AAHEE &3 o
- OR_ R OR
0X oY 07
'R, — R,
9c, oC, 9| ax ‘
'9x o9y 9z, | ¢ - C,
‘ AY = (3)
OR  OR OR! | R, — R,
X v a7 'AZ .
[ R - ORJ
oc, oaC ~ 9C
0X oY 07
714 Ry, CL @ 9% 949 Atskd A9 &€ Rr, Cr : L% 9749 Asd 37 &
Rot, CoL : L.Q G449 7] g3 4, Ror, Cor * &8% 939 27 874 ¢

AX |, AY, AZ : 9%, A%, El9A 29 RAZH

3.2 JERS-1 SARY| Interferometry(iInSAR)0|| 2|2t DEM M A

InSAR 714 23 SAR A& AEAPL 19 48 45HY, 29 5
g BoF3 Qg £94 (master)S 19983 8€ 199,
2 interferogram< A%t DEME F&39

AedAedr BEHe A3
FQd(slave) 19983 1049 29 53 A5

‘ Input data (SAR SLC data) '
]
I Coregistration J

I

Interferogram
— Generate and filter interferogram
— Enhance interferogram phase

I

Phase
—Unwrap interferogram phase
— Generate DEM from phase

]

DEM

DEM image

Enhanced interferogram

a9 5 @A SAR Az AE A

a9 4. SAR A8 A HAA
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3.3 Jix BY

3.3.10 XAJIEH o8 Byl s

Ikonos 942l RPCol <3 3xd HE A= &
£ 7]F2% RMSE(root mean square error)t HxZwhao

tated of F 140m§ AR gorE 31«1(b1as) 5]01 gl%_% oé- s

1R, 10°Gu era(GOP-Manual raiching

Haght encr{GOP-auometic reiching

A48 @1}, TEoZ ARE #EE BL GCP
= m, Ao 2 359melw, File
Aok (2™ 7, 19 8).
Height enor GCP-Manual metchng) )

i
- “4:4‘4J S [ —
Haight arror{m)

A% EAE £5013 Ads 448 @9 -133m BAAYS (29 9).

Y GCPY HFR2RH 4Ed® WYE Ikonos
o} RPC Z7|gkel n2std 2AE x7] FAS
std, E3o] didk RMSEE 1.02mE Z4AZ
Agxg T AL F AU

[¢}

O

L2 op

(GCP No.40 A#)o] iz,
ol Xt

Ao 547Tm (GCP No.22

|
i
1
: 60
|
i 40
! 20
i
|
- 0
I 3
[
l z -2
a
‘ [3
T a0
|
i
| -60
|
|
i -80

-100

Height errot{GCP~InSAR DEM) [ nSARDEM T |
{—e—INSAR DEM 2
j—a—INSAR DEM 3
,—+—InSAR DEM 5 |
l--msm DEM 6
!—e—inSARDEM 7 !
! ——InSARDEM 9 | |
f—~—InSAR DEM 10 ; !
——InSAR DEM 11 °
—e—INSAR DEM 12
—=— INSAR DEM 13 |
~e—INSAR DEM 15 '
——InSAR DEM 16 |
—w—inSAR DEM 17 © |
—a— nSAR DEM 21 | |
——inSAR DEM 22 |
——InSAR DEM 23 |
j——msAR DEM 27 |
i ~e—InSAR DEM 28
-®—InSAR DEM 32 |
—a—InSAR DEM 38 |
~»—InSAR DEM 40 | |
—e—InSAR DEM 41 |
—e—InSAR OEM 45
| —~—InSAR DEM 46 | !
| ——mSAR DEM 48

| ———InSAR DEM 48 | |
i ——(nSAR DEM 50 : |
—e—mSARDEM 51 | |
[—*—InSAR DEM 52 |

GCP number

a9 10. SAR DEM®| GCP

Aol &
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3.3.2 Xy ¥ X wWE Yax

WG S 29 113 2ol =AA, A¥A 9 HA2 FE3A Ikonos®] RPCE AHEF 33
Aoy Ao HBREE HlasRon, JERS-19] InSARY ¢ DEM3# Ikonos® RPCel <& vf
3 A9E ¥ln EAME%. InSARe 98 A4d¥ DEM2 GCPe MAd #HeeHoz, HEid gt
RMSEZ7} Hagtel 248 Z2#& #AFs] 5 GCP Nolb (RMSE = 10.70m)¢t ol RMSE7} A3
€ GCP No40¥ (RMSE = 5477m)g A9 Z$-E 71§z o AF/EE Hrisidda. 2 23 =
39 120 BAIEC glen, Z A FAoM HEE ABE HJUHE A HAHEES YER

A

-

i T WU aes
| Urb.
i Heigh ermor(RMSE) :F(’,.::(:,Zaa

{ OFat ar

Heigh error(

M anaul matching-Automatic Manaul matching-InSAR DEM40 Manaul matching-InSAR DEM15
matching

29 12. Ikonos9t JERS-1 @73l &3 A4¥d Fi1 RMSE

4. 4 B2

Ikonos B49 AFEE AA7|EHA RMSEE 9Ewao 7.18m, A2EWgo2 349m=z P H
RMSE+ 137m oo, A GCPY 93 HYE ®BASY T3 RMSEE 1.02mE F4 Al & ¢
At EAAG AFAdAME AFolAd g3 ALY 334U HEFEL AU Qrh InSAR9 AFH-
GCP9 X3 ule} DEMS A8E7l 95w, Fuo gt x9gd A3 GCPAYY 4%, RMSE:
TR NN 13.8m, AF A oA 18.3m, BA A 109mE H7E AT

¢

#ite] 2

2 ATE BEr)ey TAAHATA AA(FANE M10302000063-03J0000-032)] A 02 a5
1o, Ikonos 94 —3— e-HD.com 225 ¥ AFUsd, old 7L 7ZAE =,
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