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Abstract
This study investigated the accuracy of DEM generated by heterogeneous stereo satellite images based on RPC.
Heterogeneous sensor images with different spatial resolution are SPOT-5 panchromatic and IKONOS images. For
the accuracy evaluation of the DEM, we compared the DEMs generated from two kinds of sensors and that
produced using homogeneous SPOT-5 and IKONOS stereo images. As results of the evaluation, accuracy of 3D
positioning by heterogeneous images was substantially similar to that of homogeneous stereo images for exact
conjugate points. But, in terms of quality of the DEM, DEM generated by heterogeneous sensor showed a lower
accuracy about twice in RMSE and about 3 times in LE90 than that of homogeneous sensors. As a result, DEM can
be generated by using heterogenous satellite imagery. But if we use a stereo image with different spatial resolution,
the performance of image matching was very important factor for the production of high-quality DEM.
Keywords : Heterogeneous sensor, RPC, SPOT-5, IKONOS, DEM
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Table 1. Specifications of satellite images

IKONOS SPOT-5
Panchromatic
Left Right Left Right
AC‘E;‘:“’“ 2003.4.25 | 2003.6.2 |2003.5.16|2003.5.16
Resolutions Im Im 2.5m 2.5m
| 13816 by | 13816 by |24000 by |24000 by
Image Size| 3004 | 14336 | 24000 | 24000
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Figure 4, Satellite Images

4.2 X2 Y ¥t

SIS B W RS S Lag 71
© static GPS %2 Sasto] H5shgon, U
FREQHS 720w Sjodrt. AR HoR0 9 5
el W olgstaon], AAslERe FEAYR
A BF ARATA YA )RS BESIGIL, GPS
dolge] Ael2 lsiAl 7l4e] B4 W gay 5o
Sastac.

SPOT-5 %24 AP 1089] 71257 914
QA mAR BEStol B JA thalA] ARk 2
A RS stk A4E Eeld Mdug
2 olgfo] ol Fig. 304 M wtel o] m21g

2% Pushbroom RPC A It )

Pushbroom EOP T+ |

Fiftest® 305277, par
Fiftestia0s2 77l rpc

RPC It |
-t =0
#(Row)

k=)
[ = g0g [ G0
Z(Column) i} HD =
30

012k 1000

=01 ===(Height Level) Local ZHEH £0I71E

=3 Je-001
= 3, 767922006

e 0l
2 igae-me

Figure 5. Module for RPC generation using physical

sensor model

L < o]§3teq I

A nwgk 9 3 1k AASSA, 304150 E
712 A2 30FAR 71E8S sk

IKONOS+= &84 Aimdo] ofz} 7|20z
RPCE A &3lH, Geo level IKONOSS] 7% #|&3}
£ RPCE 7|8 o83t B3R oS H¢ F
o 15m(CE90)7}A] @27} HHAE 4= Qlci(Lee et al.,
2003). IKONOS QIA|9Aro 2 HE] WA E|= 23] 11
g Fw Grie 9%t 7l sAIEREe R A}
|5tz 31917 w2l Eot gk IKONOS RPC2)
BAS 93l SPOT-58TH W2 427]9] 7|&4S A}
9351913, SPOT-5 & IKONOS QJA|gAke] Ao 6
Aol 7|E8E ARSI

IKONOS F|%4;, SPOT-5 <A, 1
SPOT-59} IKONOS 9] AlA mEllg-S 43 & ZA}H
of tfehir HE=E Hrlet Avk= Fig. 49F 2t} 7}
= )34 IKONOS:= 404, SPOT-5%= 104, 121
SPOT-5 & IKONOS= 538 AAMH o2 o] g3st9ich
Aot WAy}, A gw] %S¢ Fig. 604 B
viel Zro] olFAMREE HEH dAIAF A3t
FIAAMZREE HEE YA Aot vugs
= AT JA7|ESR oF 24, TIAE 7]Eo
2 ofF 7vje] AT Zolg H Tk

Fig. 72 Ztzte] i 7|8 Axe] 22 4
ndg] & 712 9 AAe] thgt @A EE ey
Ik

TS QFE FYPER0] T TxT G
2> 4 WO 21 G, Y e R 3 o
73S B5F FdsH Atk ¥97]
4 F2 4742 7ol i3l
TS WA egste] AAHA HTEANE 2

& WA
T A5 on, IKONOS RPC, SPOT-5

K

Jut

o3

.ﬁ
=)
X
N
o2
s
=2
o
oo
)
5\1

A=)

RMSE for check points with Triangulations{unit: m)

IKONOS SPOT Physical Sensor SPOTRPC SPOT & IKONOSRPC
Model

R Y ]

WGround X m Ground Y Ground Z

Figure 6. RMSE for check points with triangulations



126 9

(a) IKONOS RPC model (b) SPOT physical sensor model

(c) SPOT RPC model (d) SPOT & IKONOS RPC model

Figure 7. Distribution and residuals of control & check
points in planimetry (O: check points, A:

control points)

Table 2. Quality of Image Matching

SPOT-5 SPOT-5
Quality | 'KONOS | physical | SPOT-5 &
Y RPC | sensor | RPC |IKONOS
model RPC
Excellent
29.0910 | 47.9036 | 46.884 0.8904
%(1~0.85) 9.09 7.9 7 9
Good
1.822 1.54 2.562 20.671
%(0.85~0.70) 61.8228 | 51.5499 | 52.5620 | 20.6713
Fair
%(0.70-0.50) 9.0862 | 0.5464 | 0.5534 | 78.4383

223 AAmd, SPOT-5 RPCO] H9o= 0702 A%
3131, SPOT-7 & IKONOS RPC2] #$-1= o|EAIA
ojlug thE ol Hls) AiHom Qe #4
o] Wol Y A 44T A AT A7t Hol
B2 052 AAsHck

ofef Fig. 82 Al 14 F/on e AYPH 2L
RO FA AP SR TERFH) 37] IKONOS
P FHE BT xFITE AE ¢
|eto g FHrelk Al o]FAA LAdgAe
A= X]J_Ezi—l,] AL EXF O] 2Zo0| LT
U AR ol apgRte] e RR Q18 the
NERFPET Folgh A4S Helow, EFFY &
o] £ol3t EA|R| o] Ao AR o FlHoL}
Ao Hgf| F2 FH O] FA|ALE=R o] A
o2 Uehyt,

[*]

(a) IKONOS DEM (b) SPOT physwal sensor model DEM

(c) SPOT RPC DEM
Figure 8. DEM

(d) SPOT & IKONOS DEM

DEM accuracy of IKONOS Stereo pair (unit:m)

S 1
. - m n

mum Maximum  Mean error Mean RMSE Absolute
-1 ror error sbsolute error linear error 50
-2

mGCPs  © Check Points

Figure 9. Accuracy of IKONOS stereo DEM

71% A1 =22l IKONOS YA|GA o 2 HE] AY
RE xR o] FsE Hrhs [KONOS RPC 9]
Agatol csto] male) THol A AL 7]EH@2
DI AAAE0DA dslel wasielen], drke
Fig. 99} ek, 1loA] w wie} Po] AAFHo] et
RMSE 2 LE90(Absolute Linear Error 90)= Z}z¢
1.12m, 2.18m= el

SPOT-5 E2]& AlAxd, SPOT-5 RPCHY 183l
SPOT-5 & IKONOS RPC Rul@HE] AAE 231
Lo Hete BWr4u= Fig 10, 113} 2tk Fig.
99 Htr Prlo o]§H AREA Ho A (user
defined check points)-> IKONOS %4}0] RPC A|4=2]
BRI T1EH 9 AAEOR AR HES
o] 8319, 7|Z A TLERES [KONOS RPCEE
B AAE A LERES o839, KONOSZE



RPCE o|-&3 o|FAA Y FLRTE Y FAILERY e FPrt 127

DEM accuracy foruser defined check points{unit: m)
100
80
B0
40
20

0 - _ — - -
.20 Mr.um Maximum  Mean error Mean RMSE Absolute
error error absolute error linear error 90

-40
-60
-80
mSPOT-5 RPC

W SPOT-5 physical sensor model SPOT-5 & IKONOS RPC

Figure 10, Accuracy for user defined check points
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