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« KARI Space Program
« KOMPSAT-3 Characteristics & Geometric Cal/Val Framework
 Location Accuracy
— KOMPSAT-3 Sensor Model
— KOMPSAT-3 Direct Geo-Referencing Model
— Rational Function Model
e Geometric Quality Assessment
— Length Distortion
— Planimetric Accuracy
— Ortho-image Accuracy
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[ Mult| Spectral Camera
® Resolution (PAN/MS : 1/4m)
® Launch : July 2006

KOMPSAT-5

. ¥

Launch : Aug. 22, 2013
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® Multi-Spectral Camera
® Resolution (PAN/MS : 0.7/2.8m)
® Launch : May 2012

KOMPSAT-3A

® Multi-Spectral + : -
o Resolution (PANAMS/IRENOISS/NIIISM)

® Launch : 2014 (Planned)

KARI Proprietary



KOMPSAT-3 Characteristics

Ground Sampling Distance PAN : 0.7 m @altitude 685km(nadir)
MS : 2.8 m @altitude 685km(nadir)

Swath Width 16 km (nadir)

Spectral Bands PAN : 450 ~ 900 nm
MS1 (Blue) : 450 ~ 520 nm
MS2 (Green) : 520 ~ 600 nm
MS3 (Red) : 630 ~ 690 nm
MS4 (NIR) : 760 ~ 900 nm

Dynamic Range 14 bits / pixel

Modulation Transfer Function PAN : 8% MS : 12%

. Signal to Noise > 100
Location Accuracy <70 m CE90 ( < 30 m RMSE is expected)

v 4 Orbit Sun Synchronous Orbit

.  Altitude : 685.13 £ 1km
* Inclination : 98.14 £ 0.05 degree
* MLTAN : 13:30 +10/-15 min
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Phase Il

Geometric Cal/Val Framework of

KOMPSAT-3

Radiometric Cal/Val (Phase I)
Choose PAN PRI or RED

Time Sync

3

Spatial Cal/Val (Phase I)
MTF<Sys Requirement (8%)

(FMC Tem. Line Rate)

Radiometric Cal/Val (Phase I)
Characterization, MPT

Satellite Base calibration

Char.=»> Cal = Val
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Spatial Cal/Val (Phase II)
MTFC<Sys Requirement (13%)

oD & POD Initial Check
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: accuracy : @ Normal :
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Restore Noise

Radiometric Cal/Val (Phase Il)

Image Base calibration
' Calibration > Validation




— Backward model

| —

i Z — ZS J
Cal/Val Phase |

Time Sync
- Satellite Position

Exterior Orientation
- Satellite Position
- Satellite Attitude

- Image Line Time

=)

- Satellite Attitude SNl - CCD Alignment

i

-X
f

Cal/Val Phase I

Interior Orientation
- Focal Length

- CCD Distortion
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KOMPSAT-3 Geometric Sensor Model "y
& Geometric Cal/Val

« KOMPSAT-3 Direct Geo-Referencing Model & Geometric Cal/Val

Sensor coordinate
system

ECI coordinate |

system

Image coordinate
system

Geographic

i g ECEF
| ‘\’EC[

/" |coordinate system

ECEF coordinate

system




DMPSAT-3 Geometric Sensor Mode

« Sensor model is relationship between object coordinate system to
image coordinate system.

« KOMPSAT-3 sensor model
 Direct Geo-Referencing Model
« It is based on collinearity condition.
* It uses satellite ancillary data.
« Rational function Model
* It is a generalized sensor model.
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DMPSAT-3 Geometric Sensor Mode

« Rational Function Model
— RPC is generated from the result of KOMPSAT-3 direct geo-referencing model.

POD, PAD Image

!

KOMPSAT-3 Direct Geo-referencing Modeling

Ground Coordinate Calculation (Lat., Long.)

DEM

A
RFM; (r,c), (Lat, Long, H1, H2, H3, H4) N I

Horizontal Layer=9 3
Vertical Layer = 4 p3(X.,Y.,Z) r" L pA(X. Y., Z.)
c = n’ 'n'%n -

® - oix. vz "Teax,v,z,)

pL(X,.Y ,.Z,)=a,+a X +a,Y +a
+a X +a, XY +a,X’Z+a ,XY?+

XYZ +a,XZ% +aY’+a,Y?Z +a,YZ* +a,Z°
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Quality Assessment

-Location Accuracy-

o Definition

— Distance difference between K3 Direct Geo-Referencing Model with ancillary data
and Ground truth data (GCPs) OD data: IBMU

AD data : IBMU
POD/PAD

Line time : CEU
Image coordinate

Cal Level O

y

KOMPSAT-3 Ground truth data

Direct Georeference Model || (Worldwide, Korea, UB)

1 ]
y

Difference

2014 JACIE, Louisville .
KOMPSAT-3 Geometric Cal/Accuracy KARI Proprietary




Quality Assessment
-Location Accuracy (LEOP, 2012 year)-

 Location Accuracy in LEOP
— Tested image data ( Cloud >C) : 2012.07.12 ~ 2012.07.30 (239 scenes)
— Latitude range : -43.5°~ 59.8°

13 sec
<Data set> 2012.08.03: 199 data,  2012.08.08: 239 data .
%’ R :
.\__‘ y =z :
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Quality Assessment
-Location Accuracy (LEOP, 2012 year)-

o [m]

along-track e
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————

KARI Prop!

along-track error [m]

-80

s

|_Angle: -0.003843. ,0.000723. ,0.000381.

Cal/Val Phase 1(2012.08.16).
: Requirement of K3; 70m CE90

50 -40 =20 0 20
across-track error [m]

40 60 g0 14



Quality Assessment
-Location Accuracy (2013 year)-

Horizontal Accuracy with POD/PAD

@
=

® GcCP
—— RMSE=31.9m
—— CE90=48.5m

(<23
=3

® 2013.05 ® 201306 @ 2013.07
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Quality Assessment

-Geometric Accuracy-

s

e Test Site

— KOMPSAT-3 Precision Geometric Calibration Site

— Kimjae, Ulaanbaatar (Korea, Mongolia)
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Geo ID Date Roll Pitch Yaw

1 | Geo 02644 |2012-08-02| 79 0.5 25
2 | Geo 02953 [2012-08-07] 32 0.3 26
3 | Geo 03594 |2012-08-22] -112 0.3 24
4 | Geo 03776 |2012-08-27| -15.8 -0.5 23
5 | Geo 03918 |2012-08-30| 10.3 0.6 25
6 | Geo 04201 ]2012-09-04| 54 0.4 25
7 | Geo 04304 [2012-09-06] -24.3 -0.8 21
8 | Geo 04702[2012-09-14] -47 0.0 25
9 |Geo 04849 [2012-09-17| 209 10 22
Geo_05459 | 2012-10-02| 64 0.5 25
Geo 05505 | 2012-10-04| -23.2 -0.8 21
Geo 05530 |2012-10-05| 29.4 12 18
Geo 05577 |2012-10-07| 1.2 0.2 26
Geo 05682 |2012-10-10| 254 11 20
Geo 06137 | 2012-10-22| -14.0 -04 24
Geo 06363 | 2012-10-27| -187 -0.6 23
Geo 06500 |2012-10-30| 6.2 0.4 25
GKJ_02700 |2012-08-03| 16.7 10 28
GKJ 02829 |2012-08-05| -19.8 -0.8 27
GKJ_02985 |2012-08-08| 113 0.8 3.0
GKJ 03721 |2012-08-26| 245 13 25
GKJ 03960 |2012-08-31] 19.4 11 27
GKJ_04238 |2012-09-05] 13.9 0.9 29
GKJ 04406 |2012-09-08| 384 | 16 18
GKJ 04511 [2012-09-10] . 80 | 06 3.0
GKJ 04991 [2012-09-20| -43 -0.1 31
GKJ_05119 |2012-09-23 9 -
GKJ_05472 | 2012-10=03]" 15 E
<J_ '12012-10-08| 8.9 0.6 30

GKJ 06308 |2012-10-26| 204 12 27

31 | GkJ 06402 [2012-10-28| -16.2 0.7 29
GKJ 06537 |2012-10-31| 145 0.9 159




Quality Assessment

-Length Distortion-

« The ratio between the distance difference 2 points on image and the measured
distance gives the length alteration.

 Distance differences between two GCPs and the two corresponding points in the
image and processed for each pairs of GCPs in a given image.

Compare

2014 JACIE, Louisville : 17
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Quality Assessment

-Length Distortion Accuracy-

 Relative Distance Accuracy u

— Abs [Reference Distance — Image Distance 2
(K3 Direct Geo-referencing model)] pd

10

Worst case: Geo_0557: ve“n/
/

7
Lenght Distortion(Relative distance error ) /
14 T T T T T T T T T /

#  Relative distance error of GCP
e irniit of relative distance arror

distance error[m]
=

& o * o 0 [
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| imit of relative distance error

Best case: GKJ_04511/-

_ 12 b e O i

0 0.z 0.4 . . . . & T2
Test data . 32 scenes Distance[m] 4

Red line ~j@<d =/l

i ot
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Distance[m]
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Quality Assessment

-Length Distortion Accuracy-

« Accuracy of Length distortion
— RMSE : 1.44e-4, 0.144m
— CE90 : 0.218m

Test ID LD Test ID LD Test ID LD Test ID LD Test ID LD
Geo_02644 | 0.00016 | Geo_04702 | 0.00017 || Geo_05682 | 0.00017 | GKJ_02985 | 0.00010 || GKJ_04991 | 0.00008
Geo_02953 | 0.00017 || Geo_04849 | 0.00018 | Geo_06137 | 0.00019 | GKJ_03721 | 0.00017 | GKJ_05119 | 0.00014
Geo_03594 | 0.00017 || Geo_05459 | 0.00016 || Geo_06363 | 0.00022 | GKJ_03960 | 0.00010 | GKJ_05472 | 0.00009
Geo_03776 | 0.00021 || Geo_05505 | 0.00015 || Geo_06500 | 0.00017 | GKJ_04238 | 0.00009 | GKJ_05598 | 0.00012
Geo_04201 | 0.00016 | Geo_05530 | 0.00014 || GKJ_02700 | 0.00012 | GKJ_04406 | 0.00017 | GKJ_06308 | 0.00012

Geo_04304 | 0.00014 | Geo_05577 | 0.00023 | GKJ_02829 | 0.00008 | GKJ_04511 | 0.00007 | GKJ_06402 | 0.00013
*D>1000, Almost same height

BB MR BB

M OFA AX FM FM N AX FM A

Geo_02953

Geo_03594

Geo_03776
Geo_04201
Geo_04304
Geo_04702
Geo_04849
Geo_05459
Geo_05505
Geo_05530
Geo_05577
Geo_05682
Geo_06137
Geo_06363
Geo_06500
GKJ_02700
GKJ_02829
GKJ_02985
GKJ_03721
GKJ_03960
GKJ_04238
GKJ_04406
GKJ_04511
GKJ_04991
GKJ_05119
GKJ_05472
GKJ_05598
GKJ_06308
GKJ_06402
GKJ_06537

Geo 02644

|
|
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Quality Assessment

-Planimetric Accuracy-

« Work process

Bundle Adjustment
(Determination of
Sat. Att. or Pos.

Control Point
v No : 8~9 point

Imaging Mode : Strip
v Tilting : +/- 30 deg

v GPS Survey: <5cm Check Point ]

Ground Reference {

(N
o rd
v No : 32~148 pomtJ
x 10°
25 T T T T
: s : : Y After Exterior Ori. Correction:Circular error (GKJ06308)
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: ' : .
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Quality Assessment |

-Planimetric Accuracy-

o o Tilting Angle Control Point Check Point
 Planimetric Accuracy Geo!D  Roll_|pitch |vaw [RMSX RMSY [RMSX [RMsY |RMsE
. Geo 02644 | 794 052 252 076 072 061 053] 081
RMSE : 0.88 plxel Geo 02953 | 322 031 256 158 052 109 041 116
. Geo 03594 |-11.18] -0.32| 245  0.29 051 047 043 064
— CE90 : 1.34 plXEl (O.94m) Geo 03776 |-15.78] -0.49 234 076 060 061 051 079
Geo 03918 | 1028 0.62] 246/ 047 115 045 072 085
*Geo_ 04201 | 540/ 0.41] 2.52  1.57 115 085 0.96 1.29
Geo_04304 |-2426) -077| 2.08| 078 067 046 053] 070
EE **Geo_04702| -4.68 -0.04| 2.54| 044 043 040| 052 0.66
Geo 04849 | 2086 1.00] 2.16| 041 085 066 094 1.15
Geo 05459 | 642 045 251 094 057 055 058 0.80
- Geo 05505 |-23.19] -0.75| 2.15 064 055 050 041 064
T [ Geo 05530 | 2943 1.20] 1.82]  0.79 075 041 047 063
Geo 05577 | 124 022 255 047 108 044 082 093
Geo 05682 | 2540 1.12] 200 090 069 059 052 079
HE Geo 06137 |-13.98) -043| 241 070 048 055 053 077
Geo 06363 |-18.73 -0.61| 2.8  0.71 106 047 072 086
Geo 06500 | 6.17) 044 253 134 079 078 053] 094
EE - GKJ_02700 | 1673 1.02| 284  0.69 057 072 072 1.02
GKJ 02829 |-19.79] -0.82 271 075 051 075 062 097
GKJ_02985 | 11.33] 0.76[ 299  0.66 079 065 060 089
o *GKJ_03721 | 24.49] 1.31] 2.53]  1.39 107 099 100 1.41
T GKJ 03960 | 19.44] 112 272 052 053 069 068 097
GKJ 04238 | 13.93] 088 290 036 063 049 053 072
GKJ_04406 | 3843| 155 175 047 074 043 064 077
| EE - GKJ 04511 | 7.99 059 303 061 041 052 034 063
- > 5 & S K OV **GKJ_04991| -4.30| -0.07/ 3.09) 036 049 033 0.66 0.73
0’»@ & & 0&’9 FL & Q‘o'\?) <<§°° Qfﬁ’q’ & o Qb?"\' & <o‘°q & GKJ 05119 | 25.88] 133 242 038 069 065 076 0.99
QQ’O/(QQ’O/(QQ’O/(9@0/(9@0/(9@0/(9@0/(9@0 (9 p/ @/ @/ p/ p/ @/ @/ GKJ_05472 | 1497 093] 2.86 0.52 068 045 048 0.65
GKJ 05598 | 887| 063 301 058 101 092 08§ 1.28
':——Q' BT ] GKJ_06308 | 2040 1.16| 2.68] 046 070~ 046] 070
é 9 N w,“{ﬁ GKJ 06402 |-16.18| -067| 287  0.57| i8] 1.1
4 & GKJ 06537 | 14.51| _0o1|w2®9" 053 073 0. 0.56 070
* | . O-i A
% e [ 05 06108
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Quality Assessment

-Planimetric Accuracy-

Planimetric Accuracy:Circular error
25 T T T T T

« Circular error of Planimetric Accuracy |

©  Geo02644
Geo02953
o Geo03594
Geol3776
Geo03918
GeoD4201
Geo04304
GeoD4702
GeoD4B49
©  Geo05453

Geo05505
°  Geo05530
B °  Geols&77

GeoDaBE2
°  GeolB137

Geol&363

Geo06500

o

o o0 oo

—>

Planirnetric Accuracy:Circular error

line arror [pixel]
o
T

s | ‘ : __UB Site: 17 data set
3 2 -1 1} 1 2
column error [pixel] ACCUI"acy: 0.390m

Planimetric Accuracy:Circular errar

o GKIOZTO0
o GRID2029
GKI02985
GKID3721
GKI03960
GKI04238
GKI04406
GRID4511
7 GRI04931
@ GKIOs1S

GKIDG472
= GKI05395
s °  GKIOB303

GKIOB402
= GKI0BS37

line error [pixel]

- TN

32 data sfet

5 ; : Accuracy; 0.94m
-3 -2 -1 a 1 2 3
colurnn error [pixel]

line error [pixel]
o
T

: KJ; Site: 15 data set
e e ———————————— E 2 il 0 1 Accuracy: 0.98m

column error [pixel]
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Quality Assessment

-Ortho-image Accuracy-

L] L]
O OrthO'lmage Generatlon G Tilting Angle Control Point Check Point
eoID ool [pitch Vaw RMSX RMSY |RMSX RMSY |RMSE
Geo 02644 | 794 052 252 076 072 o061 o053 o8
Geo 02953 | 322 031 256 158 052 109 041 116
Geo 03594 |-1118 -0.32 245  0.29 051 047 043 064
Image coordinates Ground coordinates Geo 03776 |-15.78 -0.49 234 076 060 061 051 079
Geo 03918 | 1028 0.2 246 047 115 o045] 077 o085
*Geo 04201 | 5.40] 041 252 157 115 0.3 096 1.29
Geo 04304 | 2426 077 208 078 067 046 053 070
**Geo_04702| -4.68 -0.04 254 0.44 043 040 052 066
ERDAS LPS Geo 04849 | 20.8¢ 1.00] 216] 041 085 066 094 115
Geo 05459 | 642 045 251 094 057 055 058 080
PAN Image data - Block triangulation _ Geo 05505 |-2319 -0.75 215  0.64 055 050 041 064
Geo 05530 | 2943 1200 1.82] 079 075 041 047 063
Geo 05577 | 124 022 255 047 108 o044 087 093
Geo 05682 | 2540 112 200 090 069 059 0521 079
Geo 06137 |-1398 -0.43 241 070 04d 053 053 077
T Geo 06363 |-18.73 -0.61 228 071 106 047 072 0.6
Sensor information Image acqu!smon Geo 06500 | 617 044 253 134 079 078 053 094
Information GkI 02700 | 1673 102 284 0.9 0571 072 077 102
" GK) 02829 |-19.79 -0.82 271 075 051 075 062 097
* Processing software : ERDAS 9.2 LPS GK) 02985 | 11.33] 076 299 o066 079 06y 060 089
*GKJ 03721 | 24.49] 1.31] 253 139 1.07] 099 100 141
GK) 03960 | 19.44] 112 272 052 053 069 068 097
GK) 04238 | 13.93 088 290 036 063 049 053 072
GK) 04406 | 3843 159 175 047 074 043 o064 o077
GKJ 04511 | 7.99] 059 3.03] 061 041 052 034 063
**GKJ 04991 | -4.30 -0.07| 3.09] 0.36l 049 033 o066 073
GKI 05119 | 25.88) 1.33 2420 038 069 065 076 0.99
GK 05472 | 1497 093 286] 052 068 045 048 065
GK) 05598 | 8.87] o063 301 o058 101 094 o083 128
GKJ 06308 | 2040 116 268 o04¢f 070  04d 070 o034
GKJ 06402 |-16.18] -0.67] 287 057 128 o045 114 123
GK) 06537 | 1451 091 2.89] 053 073 042 o054 070
RMSE 059 064 088
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Quality Assessment

-Ortho-image Accuracy-

Geo_04201
v' Planimetric accuracy
v' 1.29 pixel/0.90m

e ——
- mn

-

T e
i ———— me AN

B -
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Conclusion

Location Accuracy (<70m, CE90, Sys Req.)
— Test data : 649 seta, Worldwide Area (2012 years : 428 Level 1R image data, 2013 : 221 Level 1R image data)
— Accuracy : 31.9 m RMSE

Length Distortion
— Test data : 31 set, KOMPSAT-3 Precision Geometric Cal/Val site (Kimjae, UB)
— RMSE : 1.44e-4, 0.218m CE 90

Planimetric Accuracy
— Test data : 31 set, KOMPSAT-3 Precision Geometric Cal/Val site (Kimjae, UB)
— Accuracy : 1.34 pixel (0.94m) CE90

« Ortho-image (1:5,000, 3.5m CE90, Sys Req.)
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