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1.2

(Geographic Information System, GIS)

) IKONOS
(
IKONOS
IKONOS 1
5km( )
120km
20%

1-2

670
1-1

3D

1-3



VCR
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20

()GPS

20

@
1/1,000

20%

100

GR67

20
20

1-3

)
11Kmx 11Km

10

(RTK)
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(DTM)

( ) 1.5
6.
7.
AutoCAD DXF
GIS
8.
0.
GRS67
A0
(2 )
10. (3D)
DTM (Virtual Reality)
VEGA
WTK(World Up Toolkit) DTM
11.

@
2
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2.1

1960

1.0

20

(0.3

1.2

1960



Emissivity)

(Sensor)

(Ultra-Violet) 03J M~044 M
(Visble)

(Blue) 044 mM~05J4 m

(Green) 0.5 m~0.6d4 M

(Red) 0.4 M~074 m

(Infrared)
(Reflective IR)
(Near IR) 074 M~204 M
(Mid IR) 1.5 M~304 m
(Emitted IR)
(Theemd IR) 34 M~3u M
84 M~144 m

(Microwave) (Radar)
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X (X Band) 3cm

C (CBand) 6cm
L (L Band) 24cm
2.2
(Sensor)
1972
LANDSAT-2
LANDSAT-3 LANDSAT-4/5 NOAA GM S(Geostationary
Meteorological Satellite) SEASAT SPOT RADARSAT ...
1) ( 1972~1978)
LANDSAT-1,23(1972/7 19751 1978/3)
RBV MSS 79m
@ ( 1982~1984)
LANDSAT-4,56,7 (1982/7 1984/3 1993/10 1999/4)
MSS(79m) TM/ETM 30/15m 6
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(©) ( 1986~2000)

SPOT-1,234(1986/2 19901 1993/10 1998/03)

HRV-1,2 XS 20m( )
PAN( ) 10m
IRS 5m
) ( 1991~2000)
ERS-1,2(1991,1994) JERS-1(1992)
RADARSAT(1995/12)
9-28m (INSAR)

©) ( 1997~2005)

(1~3m) EROS A,B Earlybird, Quickbird
IKONOS-2 ObrView

(224~384 ) Lewis EO-1 HRST ARIES ObrView

SPOT

1999 9 24 IKONOS-2
0.82
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2.3

1999 9 24 Vandenberg Air
Force Base Space Imaging,Inc.
IKONOS-2 10 12
0.82
Im QuickBird EarthWatch
IKONOS-2
12 m 10 m 2m
3 m 1/5000
IKONOS SPOT
2-1 2-2
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2-1

SPOT1-4 Spotimege  1986/90/98 60 10 (Pan)

IRSIC/D  ISRO 1995/1997 70 5.8(Pan)
KFA-1000 RKK Resours-F1 66~105 5.0
KVR-1000 RKK 22 5.0
KVR-3000 RKK 5 05
MOMS02-P DLK 1996 37 6.0
ADEOS NASDA 1997 80 8(Pan)
IKONOS2  Space 1999 11.3 0.82
Image
2-2
Quickbird EathWaich 2001 2 061
Orbview3  Orbimage 2001 8 10
Orbview4  Orbimage 2001 8 0.82
Eros B West Indian 2001 135 13
Space
Spat 5 Spotimage 2001 60 5
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2.41KONOS

IKONOS "image’ " Eye-K OH-nos
Space Imaging
IKONOS-1 1999 4 27

9 24
IKONOS-2 10 12
SPOT (Push-broom)
(Three-line Scanner)
24.1
2-1 |IKONOS SPOT
(Push-broom) SPOT CCD (Linear
Array Sensor) IKONOS
3 CCD (fore-,nadir- and aft-looking)
(fore) (nadir) (aft)
2 fore-looking nadir-looking aft-looking
/ (Base/Height Ratio) 1.0 2.0
SPOT
IKONOS SPOT
IKONOS

2-7



Flight direction

2.4.2 IKONOS
1
IKONOS (Sun-Synchronous)
10 30 98.1
681 km 6.79 km 9.3
2. (Spatid Resolution)
IKONOS (Panchromatic) (Multispectral)
13816 (Charge Couple Device, CCD)
(Linear Array) CCD 12nm” 12nm
3454  CCD ccb 48nm’ 48nm
(Field of View) 0.931 (IFOV)
1.2 4.8 M radian 681 km 10
m 0.82 m

2-8



3.27 m 11 km
Im 13 km

3. (Time Resolution)
IKONOS

40 2.9

15

4. (Radiomatric Resolution)

IKONOS

(Panchromatic)  0.45-0.90 nm
(Multispectrd)
045-052 nm (Blue)
052-060 m (Green)
063-069 mm  (Red)
0.76-090 nm (Near IR)

( Landsat 485 TM )

2431KONOS SPOT

2-3. IKONOS SPOT
IKONOS
/m 10
/km 681
(push-broom)

2-9

26

15

SPOT
1.082
832
(push broom)



(IN & Cross Track) (Cross Track)

(CCD/line 3 1
. XS 3454 XS 3000
CCD pixe PAN 13816 PAN 6000
Ideg , 54
/sec 9.012
/km 13 60
- XS 48 XS 26
H PAN 12 PAN 13
Um XS 4 XS 20
(Space Resolution) PAN 1 PAN 10
/day 1m:2.9 o5
(Time Resolution) 1.5m:1.5 '
PAN:045-050 PAN:051-0.73
fum XS 902 XS: 051-0.59
(Radiometric Resolution) ' ' 0.61-0.68
063-0.69 0.79-0.89
0.76-0.90 St

(Sun- Synchronous) (Sun-Synchronous)

98.1° 098.77°
10:30 am. 10:30 am.
/min o8 101.46
k m/ se 6.79 6.67
10 m 681 km 12 p m(PAN) 48 p m(X9)
082m 327m
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Space Image
1.CARTERRA Geo Pan and Multispectral 11 bit

2.CARTERRA Reference Pan 11 bit

3.CARTERRA Precison Pan 11 hit

4.CARTERRA Precison Plus Pan 11 hit, only asa non-standard quote with
customer supplied

Pan Multispectral Pan Sharpened( 1m)
11- bit 2048
8-bit 256 IKONOS

GeoTIFF NITF 2.0
UT™M WGS84 GRSI1980

1.CARTERRA Geo

Space Imaging 2000 1 3

50 (CE 90)
elevation angle<50
2.CARTERRA Reference
DEM
25 (CE 90) elevation angle<50
3.CARTERRA Precison and CARTERRA Precison Plus
DTM
2 (CE 90) 3 (CE

0)



Geo-Product

(Standard Geometrically Corrected) (Ephemeris

Data) WGS84 WGS84 UTM
50 (CE 90)
TWD67 TM2
2.5 QuickBird
QuickBird Earth Watch
QuickBird-1 2000 2001 10 18
QuickBird-2 IKONOS
(Push-broom) 0.61

2001 2-2 QuickBird 0.61

2-2 QuickBird 0.61



3-1)

0.48
053
31
046 | 048 | 0515 | 0530 | 0565 | 060 | 066 | 080 | 110
0015 | 0015 | 0.018 | 0.021 | 0033 | 0125 | 028 | 240
0086 | 0.076 | 0.078 | 0.084 | 0108 | 0272 39.70
0362 | 0334 | 0276 | 0269 0437 | 0623
3.1

31




32

100%



0.55

0.02 LANDSAT
MSS4 5 6 25 1.5 0.5
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3.2

0.80[

0.90y

34

1.00~1.06[

0.54~0.70U
1.08
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SPOT

NOAA

™™ SPOT
™
1 km
™™ 16
20m 60km X 60km
NOAA SPOT
NOAA
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SPOT, IKONOS

SPOT

NOAA



2.0~2.64

1.5~1.84

(1) (2)
(3)
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(4)

MSS4 M SS5
M SS4 M SS5

LANDSAT/MSS4 LANDSAT/TM7? NOAA/AVHRR5
SPOT4
LANDSAT TM ™7
5 3 ( 1 2 3
) ( 5 7 )
4 6
4
3 3
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20

Index Factor, OIF)

OIF

OIF

OIF

39

5

3

™

4 5 1
(Optimum



@

LANDSAT SPOT IKONOS
26 2~4

ERS-1/2 RADARSAT

@
LANDSAT TM 30m 185 km X
185 km
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SPOT

20m 10m
IKONOS 3.2m 0.8m
RADARSAT 9m
| km
(©)
LANDSAT TM
SPOT
IKONOS CCD
200
2001 OrbView-4 200
)
SPOT
™

311



SPOT

IKONOS SPOT
3.
DTM

312

DTM

LANDSAT T™M

IKONOS

SPOT
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GPS (Single Beam)
(Multi-Beam)

(Airborne Laser Scanner)

1
( )
(Affine Transformation)
(Bundle Adjustment Method) DTM
2.
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IKONOS

DTM
DTM
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4.1

(Orthophoto)
(Ortho Rectification)

(Rubber Stretch)
(Mapping Function)
(Anchor Points
Rectification Method)
DTM

(Pixel by Pixel Rectification Method)

4.2

41



Ikonos Geo-Product
WGS84 UTM

TWD67 TM2

Transformetion)

kel - ik

B “8@"%
i SRR e sl

X,y TWD67 TM2

uv WGs4 UTM

a, ~ G,

4.3

4-2

(Affine

41
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(Direct Method)

M ethod)

(Indirect Method)

4.4

(Least Squares Method)
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(Ray Tracing
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4.6

GIS Windows 98

(1)
2)
3
(4)
(5)
(6)
(7)
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5.1

(DTM)

Elevaion Models, DEM)

(Digital Terrain Models, DTM)

DEM

5.2
(DTM)

(Grid)
DEM

(Texture)

(Digital

DTM

(DEM)



(Drap)

(Personal  Computer)

3D 3D Studio Max Bryce...
(Post Rendering)

(Virtua Redlity, VR)
(Real Time Simulation)

DEM

MultiGen Pro  Terra Vista Pro

Open Flight(.flt)

NFF ... NFF
NFF Sense 8
World ToolKit) World UP
WTK C

Sense8

WTK(



WTK

WorldUP
WorldUP Sense 8
Visual Basic(VB)
Gl
World Up
World Up World Up
World Up (Real-Time
Simulation)
World Up
World Up

World Up
(Run Time License)



53
40
9555*5022
ArcView 3D
ArcView 3D
( 2000 )

DEM

DEM

DEM

VIP

(Wavelet)

51

texture

DEM

51

-2



i

|I';_-§ J

e

>1 (VIP ) VIP
Delauney
. ArcView
ArcView
NODES <« catN |[¢—| TN ||€e—| ™
txt TINS.t¢
Avenue ArcView
ArcView D
TIN
5-2 ArcView 3D



51

(Header)

) NFF
NFF
( )
20 3.0 3.0
2.0
4
12 13
8 9
4 5
0 1
5-3 NFF
16
WTK Y
N

( NFF
(Neutral File Format)
(Vertices) (Polygon)
NFF
Material Table
R G B 3.0
1r 15
16
19 11 0,10,0
10,12,0,N
6 7
20,11,0,N
2 3 30,14,0,N
NFF
4*4
5-3 :
X, Y, Z( 53 )
Z

(Normal Vector)



NFF ( WTK  World UP) NFF

5-3 44 3*3 WTK
OpenGL OpenGL
NFF 9 18 (54
13 15 < 4 18
s 3,5,4,0,0xfff
7 9 11
8 10 12 3,0,1,5,0xfff
. s s 3,6,5,1,0xfff
’ ! 6 3,1,2,6,0xfff
54 NFF NFF
NFF
5 4 0 0
15 5-3 5-4
2.0
16 RGB 3.0
mati o
2.0



NFF
NFF 55

DEM

Terrain

[ [ [
NODES >
ot H TINS:txt H—b XY Z2NFF NFF

55

5.4

(Texture)

SPOT DEM
( 5-6)

Terrain
TGA

SPOT




1 1280* 1280(4.8MB) 48+26(1248) | 990
125 2 1280* 1280(4.8MB) 24*13(312) 1498
25 4 1280* 1664(6.24MB) 23*5(60) 374
50 8 960*832(2.3MB) 8+5(40) 92
100 16 960* 1040(2.85MB) 4*2(8) 22.8
1662 8GB
5-6
SPOT
12
2GB NT
NFF TARGA 5-7
Open Flight 2
512 1024 Sense 8 NFF




.red
- 3 I [SAVDT | Trrain U P
Re Gree Blue
SPOT L
Terran “«—rav tga
TGA H -
TGA
5-7
( uv
) 5-8
7189
4| 5| 6 1
1] 2] 3 2| 3| 4
5-8 (A)
(B)
©)
58A
5-8B

510



9 5-8C

A B 6 1 3
2-4
NFF
( )
u v u 0.0
u 1.0 4-3 A 0
u v 0 1 u 1 v
B u 0 1
1~0 0.6667 0.3333...
_V_filename V Plouin Vanilla
S (Shading) T (Transparent) filename
PC TARGA (*.TAG) SGI
JPEG  (*.JPG)
(
)
World Up
51 100
World Up (0,0,0)
5-9 5-10 5-11 5-12

>1
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6.1

GPS (Single Beam)
(Multi-Beam)

(Airborne Laser Scanner)

6-1



IKONOS

6.2

(Lyzenga, D. R., 1981)

(Polcyn, F. C. etc., 1973; Weidmark, W. C.
etc., 1981) (Lyzenga, D. R. etc., 1978;
Lyxenga, D. It., 1979)

6-2



(scatter)

(1)

(2)
(3)
(4)
(5)

(Ber wirth,

N., el&d3

1970P1 ocyn
(Rati o Al gorithms

6.2.1

( ) I o)

— - (secq+sed )a &
rz(DI)_Z[r(I)>e “ +ra(|)] Lidl +rsc(|) (6'1)

nH—

ag)—

6-3



L,—

rs:(l)

q_

j J—

(z® ¥) Mv@)
r¥(DI) = Zrau ) >4‘i di +rsc(D|) (6‘2)
(1)(2)
Dr,g, = Zr(I s |
Dr,m,
I‘i
ag oy
Z
6.2.2 (Ratio Algorithms)

(Polcyn, F. C., W. L. Brown, and I. J. Sattinger, 1970; Wezernak, C. T. and D.

R. Lyzenga, 1975; Jerlov, N. G., 1976) i

L =L, +krg exp(-Kk, fZ) (63)
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Z=1InlB, %, Gk, xf)- X, /(k, xf) (6-4)

X, =In(L; - Ly) (single-band

reflectance model)

(bottom type)

Polcyn et al. (1970)
(65)

Fag ! Tap = Ty /gy =

6-5



M (Faz) " = Tea(rey) t =... (6'6)

1 2
©®
M (Ma) =T (rg,)* == @ 67
a @ a
(Two-Band Ratio Method)
(Polcyn, F. C. etc.,1970; Brown, W. L. etc., 1971,
Lyzagp D. R, 1979
Z=[ 15 1~ k) Intk oy 1y ) + X, - X, 68
YA 1 2
(ki 45y / K, ¥5;)
Z=3& wi Y5k ) Ain(k xg) - X,] 69
i W,
aw =1 Paedes  Spero  (1983) Ky fey /Ky X5,
(i o
(kl >¢Bl)Xl >(k2 >fBZ))(Z >(k3 >fB3))(3"' =a (6]‘())
6-10 6-9
6-11 612

6-6



Z:(}éé)ﬁ*i)%l' Xy XX = X, XX,...) (6']-1)

Z= A+ A XX + A XX, + A XX, 612

Aoy AL Ay A,

(Paredes, J. M. and R.E. Spero, 1983)
(Lyzenga, D. R. 1985) Landsat 4 TM

(Kent Clark R., etc.,1987) (6-12) n n
6.2.3
(Frilpct, W. D, 1969)
IN[(L,- Ly )/ (L, - L)l =In[(k, »5,)/(k,®5,)]- [k, -k,]fZ (613
1 2 A B
Xy = X, +In[(k o) (ke X00)] - [k - Ko T2 (6149
X, = Xy +In[(k 2g) 1 (K, %) - [k, - k,]fZ (61D
X, = In(Li B L1¥)
Xz = In('—z B L2¥)

(614a) (6 14b)

X1 X2
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X1 X2

(DaminigueD.],2000)
6.3 Daubechies D4
(Waveet Theory)
Daubeches D4
D4 8
[f'b' h,h,,h,,h, ,h, h, h7] =[-0.0106,0.0329,0.0308,-0.1870, 6
-0.0280,0.6309,0.7148,0.2304] ( 158)
[%.9..9,. 9.9, & 9. 9,] =[-0.2304,0.7148,-0.6309,-0.0280, 61
0.1870,0.0308,-0.0329,-0.0106] ( )
(Dud Veda)
[ﬁo,ﬁ,ﬁz .0y, R R, R] =[0.2304,0.7148,0.6309,-0.0280, 5
-0.1870,0.0308,0.0329,-0.0106] (6159
[%.3..3,.9:.3,. 0. T J,] =[-0.0106,-0.0329,0.0308,0.1870, 6160
-0.0280,-0.6309,0.7148,-0.2304] ( )
(6-15a) ( Scaling Vector)
(6-15b) ( Waveet Vector) D4
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Zero Padding

D4
D4

Y1

(Low-Pass-Filtered)

Y2

(619
(620
2n-2
Periodic or Even Extension
Haar
i Y. Y1
- Y Y,
DT
D4
6-1
62

(Subsampling)

Upsampling
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Low Pass
Filter h[n]
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6.4.1

IKONOS 2001 2 18
10:32 086 m TWD67 TM
(E ,N)= (221970,2430390) 2753" 1554 (Line |,
Sample) 0 15 (Affine
Transformation)
6-4
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6.4.2 IKONOS
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6-2 IKONOS 1-3
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6.4.3 IKONOS

X1 X2
Xy =In(Ly - Ly) X2
529
6-8 3 D4
67 6-8 69
X1- X2
5.0 T T T T
S.8[

X2 X2
5.6 .
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D b b i i iy P i

550 560 570 580 5590 B.0
XL
6-7

621
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X, =In(L, - Lyy)
X1 X2
X1-X2 67
X1-X2
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5 L Livieaians Livvesian, Lisviavie, Liviiaiias
550 /B0 EJFO 580 580 EB.O

XL

X1-X2



(DL D

580

X1-X2

62



6-9 D43 X1-X2
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6.4.4

Xi
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D4 3 Xi
1 2 9
20
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6-20 6-20 0~9
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