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e KOMPSAT-3 Cal/Val Overview
v" KOMPSAT Program in KARI
v KOMPSAT-3 Calibration and Validation

e KOMPSAT-3 Cal/Val in Cal/Val Phase after Launch
v" Radiometric Cal/Val
v’ Spatial Cal/Val
v' Geometric Cal/Val

* KOMPSAT-2 vs. KOMPSAT-3
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KOMPSAT Program in KARI
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Payload)

Launch)

Performance)

Image mode)

Swath)

Orbit)

KOMPSAT-6 (SAR) & COMS-2 will be developed by KARI after KOMPSAT-5 & COMS)
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KOMPSAT Program in KARI
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KOMPSAT-3 Overview

Ground Sampling Dist | (PAN) 0.7 m @altitude 685km(nadir)

ance) (MS) 2.8 m @altitude 685km(nadir))
Swath Width) 16 km (nadir)D r ,
PAN : 450 ~ 900 nm) | ;
MS1 (Blue) : 450 ~ 520 nm ’ =" -
Spectral Bands) MS2 (Green) : 520 ~ 600 nm T N\ ~
MS3 (Red) : 630 ~ 690 nm Solar Amay
MS4 (NIR) : 760 ~ 900 nm)
Dynamic Range ) 14 bits / pixel

Modulation Transfer F
unction)

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

(PAN) 8%, (MS) 12%

Sun Synchronous Orbit
e Altitude : 685.13 £ 1km

Orbit)
* Inclination : 98.14 £ 0.05 degree
*  MLTAN :13:30 +10/-15 min
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KOMPSAT-3 Calibration and Validation
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KOMPSAT-3 Cal/Val work Flow in LEOP

range (Secondary) Night & Night Sky
2012.1.29
T | e
Initial Check
Choose PAN (PTr:?T']:e‘+ @ Dark signal Dark pixel with PRNU+DSNU Check Chock SNR Lﬁ:‘fﬂ" Check Noise
PRI or RED - Y i Noise correction PRNU+DSNU ~] Nelson Corr. Overlap zone i ty "1 (Pattern)
Secondary) from Lab (RNUC)
l
-------------------------------- —+——-—-—-——-——-—-—-——- —_———————————y > 5 times (TBC)
| Time S ! I v v
| ime Sync " | [ . }
etween - on- | ecl | nitia ec eck De-
Start o(g SOPS;) b GPSs | | '"Fl‘;?,',t‘,i,';";k AOCS Check TDI | || nitial Check | = :A";:::Eg . Me;z‘g'”g Check D
. & UTC . orbit Cal. | Yaw Steering | | MTF compression
\ @ IAC @IAC Location | : (PAN) (Across)
: I [} :
5 1 I |
| : A | | Y Y
| | |
! RATAle ch:grfk N I KPADS : Check TDI | ! Check Check GSD Getting p——
! '9 : (PAD) I Line rate i MTF Getting EFL M2 >
: i Location | : |
[ | | |
Phase | ! ! : R e -
------------ B bttt ittt ittt '-"--‘"-------r--------“{}"-"-"-"---’--------------------------------------- St ity
Phase Il i i LOS/'LOD : : Restore Noise
U Length N | ! ) PSF N Check
: : distortion € Registration Overlap : <: Imaging mode Along+Across > MTFC MTF at IRPE (RNUC &
ol Zone | ! Pattern)
[ ! |
|
B ' |
[ T
ol Y | | | ¥
: : Check : Seasonal I Reflectance Absolute Check
| Location Planimetric oI o I Location : map S/W in Radiometric Check SNR Restore Random
b accuracy accuracy accuracg ! accuracy : ICPS B Cal. Overlap zone | noise
! ! Y : @ Normal I @ Normal @ Normal
R | :
| |
= Think line box: Checking K3 Spec. value = Black box: Radiometric Cal/Val
= Blue painted box: Final Cal/Val work = Green box: Spatial Cal/Val
= Gray painted box: @ IAC & @ Normal =  Blue box: Geometric Cal/Val
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KOMPSAT Cal/Val Site, Target, S/W, Equipment

Item Cal/Val Parameter, Detailed Remark Item Cal/Val Parameter, Detailed Remark
Night Lamp | MTF, PSF Portable ENVI, ERDAS, MODTRAN, STK, Imatest
Star MTF, PSF Night ] . Commercial
Matlab, Visual Studio
Tarp Linearity, Radiometric Portable S/W
Pointing & Location accuracy Cal/val SW Develop
GCP DB KPADS, AOCS, Registration Korea, Mongol
Mapping quality MTF Measurement SW Develop
MAP data Pointing & Locatiqn accyracy Korea, Mo‘ngol, Geometric Cal/Val site, Ortho image
KPADS, AOCS, Registration Worldwide GRDB Develop
Spectro-radiometer MS SQL DBMS & Server+RAID
Sun-photometer Radiance Radiance map in Worldwide
Map in ' — Develop
Radiometric e | Multi-Filter Rotating Shadow band Radi b Worldwide |Radiance prediction S/W for ICPS
quipment | ometer GCP DB, DSM site Korea
Ultraviolet Multi-Filter Radiometer Site
Temperature measurement equipment GCP DB, Edge Mongolia
3
) Red: Developed by KARI Cal/Val team
Geometric | GPS instrument
. Portable
equipment | Total station

\
-
‘Ulaanbaatar *

Seosan

Daejeon

Kimje

{ Goheung

Gwangyang



LEOP Cal/Val Phase(CVP) | & Il
| systemCal/Val___ | ProductCal/Val

LEOP Cal/Val Phase I I

Calibration & Validation .
Work L. Image data Restoration
Characterization

Document Cal/Val Plan + Doc. + Procedure + Report
Working Group GSC WG (+FOWG)
Leader DongHan & Dr. Kim DongHan Lee
Image data Level Level O Level 1R + Level 1G

System Spec.

Requirement System Spec. (Quality Req.)
Target Satellite & AEISS(Camera) IRPF PMS
(Processing system)
Step After IAC After CVP |
Duration 2012.6.8~8.17 2012.8.20~12.31

CEOS WGCV IV0S-26 (2014) Korea Aerospace Research Institute (KARI) -10-
Satellite data Calibration and Validation team (SCV)



Performance of KOMPSAT-3 after Cal/Val

R t . -
- Key Item eq\t;;rli:\en Validated Value Condition

100 >> 100 (TDI 64)
Across: 8¥10% (TDI 64) . :
[0)
MTF f;;ﬁ@l'\;)) Along: 6~8% (TDI 64) St”fe'vngfg'”g
° > 19% (MS)
0.7m(PAN) Strip & Nadir imagi
GSD 2.8m(MS) 0.7m (PAN) -
. Across: 90m I .
Pointing accuracy 1.2km M e Strip imaging
Location accuracy 70m CE9O <70m CE9O Wlth.P(.)D &. PAD
Strip imaging
13%(PAN) 0
MTF after MTFC 19%(MS) > 20% (PAN) Level O
: : 0.5pixel RMS 0.5pixel RMS _ :
CVP Il Registration (MS) (MS) Strip imaging
Ortho-image accurac =u3fi) G210 iy 3.om CESO Strip imagin
g y izontal) (Horizontal) P ging .
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Radiometric Cal/Val for KOMPSAT-3
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Spatial Cal/Val for KOMPSAT-3

Jupiter™!
\ ) 2012.07.18, PAN_3
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Across & Along

2012.05.29
Philadelphia airport
PAN 4
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Initial MTF with Low Along

Across MTF (Static MTF): . > 8% (TDI 64)
Along MTF (Dynamic MTF): < 2~4% (TDI 64)
Main factors for Along MTF

— Line rate (Line time)

— TDI CCD Blooming
(There is a little Asymmetric LSF)

Input factors for Line rate
— Instantaneous Altitude
— Roll & Pitch tilt angle
— EFL, CCD Pixel size
Additional factors for more accurate Line rate

— Yaw steering angle
— Ellipsoid
In case of KOMPSAT-2 with 13um pixel size & 32 TDI
— the additional factors for KOMPSAT-3 are negligible.
— And KOMPSAT-3 with 8.75pum & 64 TDI, those are important™!
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Image with Pitch tilt (-30) before Line rate

2012.07.08, P5
Pitch: -30 deg

Roll: -5 deg

FMC Temp: -0.18
Line rate: 7243 (OLD)
TDI: 64

% ARS-69




Image with Pitch tilt (+30) After Line rate

s

2012.07.26, P3
Pitch: +30 deg
Roll: -1 deg

FMC Temp: 0.0
Line rate: 6794 (NE
W)

TDI: 64




New Line rate algorithm Test

x FWHM-Along +* RER-Along
- 30 - 045
.
- 26 » ¢ - 0.40
z L 2
x :
Y $ ’ . - 0.35
. $
- 18 - 0.30
*
$
I T T T T T T 1.4 T T T T T T T 0.25
-150  -100  -50 0 50 100 150 200 -150  -100  -50 0 50 100 150 200
x MTF-Along Test DATE | LineRate | Del_rate FWHM RER MTF
- 12.0
% 6831 0 2.0458 0.381 578
% 2012.08.07
90 6487 100 22005 0377 3.99
6325 -100 2.0583 0.376 4.75
- 6.0
2012.08.08 6794 0 2.0804 0.362 5.10
30 6946 150 24075 0.339 204
« FWHM is GOOD, but RER & MTF is bad~!
I T T T T T T 0.0 - .
450 -100 50 0 50 100 150 200 Why? (Please talking at 5" 16:00 with my PPT.))>




Focusing with Star image data

4lalajalalale

FMC = -1.0°C) FMC =-0.5°C) FMC =-0.2°C) FMC = 0.0°C) FMC = +0.2°C) FMC = +0.5°C) FMC = +1.0°C)
FMC Temperature(°C) FWHM - Across FWHM-Along MTF (%)

at Star | at Ground 20% 50% 80% 20% 50% 80% Across | Along

-1.46 -1.00 2881 1666 0997 | 2816 1803  1.115 12,52 785

-0.96 -0.50 2750 1665 0957 | 2644 1745 1082 11.41 9.13

-0.67 -0.21 2834 1580 0926 | 2765 1789  1.065 13.22 7.37

-0.46 0.00 2907 1650 1000 | 2458 1587 0901 1244 1269

-0.26 0.20 2612 1650 0997 | 2994 1813 1072 12.14 8.02

0.04 0.50 3207 1747 1011 2896 1808  1.124 10.54 767

0.54 1.00 3122 1778 1065 2929 1801 1.019 10.76 7.82
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Concept of MTF Compensation (MTFC)

Purpose and Necessity of MTF Compensation
— Restoration of the distortion of the image data from the Sensor deviation.
— Enhancement of the sharpness of the image data
— But, increase the Noise and get the other distortion; Ringing, etc.

Highlight the only information in Image data
— But, must not distort the information.
— Change, Remove, Add (X)

Suppress the Noise against MTFC

— Match the MTFC with the De-noising filter
— Don’t read any information as the Noise.

KOMPSAT-3 PSF

from Star
— Don’t read any noise as the Information.

MTFC algorithm must have the specific character of the Sensor.
— PSF (Point Spread Function) has to be measured by the optimum method (Star).
— Optimal MTFC algorithm (Wiener filter, Lucy Richardson, Sparse Prior, etc.)

CEOS WGCV IV0S-26 (2014) Korea Aerospace Research Institute (KARI) -20-
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MTFC of KOMPSAT-3 (I like it~!)




RAW image (Across)

Edge Spread Function (weight = 0.98)

Edge Detection in Each Line - Across
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MTFC image (Across)

No Ringing™!

Edge Spread Functicn (weight = 0.98)
Edge Detection in Each Line - Across : : 5
5 =
O
— 10 o
= N
o ‘©
15 £
20 O Edge Location 2
Edge Line
25 >
10 20 30 40
Sample Line
Line Spread Functlon(Resqutlon X 19.991)
1 .............................................
: i I
1 | 80%= o 506 ixels
08 ......... B .................. ({)0 ............... p ......
(] ] : : l (]
= ] 1 =
© 1 1 ©
_; 06f : .......................................................... . ; 0.6 l .
o ' FWHM = 1?15 pixels o MTF ‘at. NquIst 28I099A>
g 0.4} E ........................................................... E vvvvvvvvv g 0.4 ..... o '
2 1 | 20%=1.783 pixels =
02+F : AAAAAAAAAA AAAAAAAAAAAAAAA P &l ol ip 0.2 F .......................... .............
1 § ‘J \x‘ i ] : 5
1 : 1 :
0 L I i i 1 0 ;
-5 0 5 0 0.2
CEOS WGCV IV0s-26 (2014) Pixel Normalized frequency




De-Noised

< Dynamic Range=2405(732~3137)DN, impulsive range=50 DN, PSNR=33.64dB >
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MTFC & No De-Noised

<Dynamic Range=2405(732,~137)DN, impulsive range=127 DN, PSNR=25.54dB>
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MTFC & De-Nsed

y

< Dynamic Range=2405(732~3137)DN, impulsive range=20 DN, PSNR=41.60dB >
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5. Reverse : 10. Level 1R . W 13.Level1G




CEOS WGCV IVOS-26 (2014)

MTFC image
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MTFC image
o

CEOS WGCV IV0S-26 (2014) Korea Aerospace Research Institute (KARI) -29-
Satellite data Calibration and Validation team (SCV)






\ o
\ ; {
R, < Y ; .

A KOM 3, Dubai, UAE (After Cal/Val)

LT ST X N,



KOMPSAT-3

2014.05.05

maging

Google Map |

Tornado, KOMPSAT-3, Louisville Mississippi USA, i
date




Geometric Cal/Val for KOMPSAT-3
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— Backward model

KOMPSAT-3 Geometric Sensor Model

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

[ T TR Sensor coordinate M ECI coordinate
X-X p | -y system <=2 system
ECEF ECI
Y - Ys - 4 MECI . MSensor X
Z - Z : f Image coordinate Mggr
| s | ECEF I | ¥ 1Sensor system \
i =
Cal/Val Phase | : Cal/Val Phase Il ///
Exterior Orientation B Time Sync ” Interior Orientation 7~
- Satellite Position - Satellite Position I - Focal Length /1 Geographic ECEF coordinate
- Satellite Attitude - Satellite Attitude '_ _ CCD Alignment / coordinate system system
- Image Line Time " - CCD Distortion
|
|
[
— Foreword Model
-y 1 X-X
S Sensor ECI
-X = z Mg M e Y-Y
f 1 Sensor | Z N ZS 1 ECEF
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Location accuracy Check

e Location Accuracy test data
— Imaging date: 2012.07.12 ~ 2012.07.30 (239 imaging)
— Latitude range: -43.5°~ 59.8°

60°0'0"S

150°0'0"W  120°0'0"W 90°0'0"W 60°0'0"W 30°0'0"W 0°0'0" 30°0'0"E 60°0'0"E 90°0'0"E 120°0'0"E 150°0'0"E 180°0'0"
90°0'0"
60°0'0"N —wj;;/é
30°0'0"N
0°0'0"
30°0'0"S
60°0'0"S
===
L =]
90°0'0"
150°0'0"W  120°0'0"W 90°0'0"W 60°0'0"W 30°0'0"W 0°0'0" 30°0'0"E 60°0'0"E 90°0'0"E 120°0'0"E 150°0'0"E 180°0'0"

CEOS WGCV IVOS-26 (2014)

60°0'0"N

13 sec
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along-track error [m]

Location accuracy Check
(after KPADS Tuning & Alignment)

Date » Activity

2012.07.30 ) POD/PAD Accuracy report)

STA meas. Cov. Tuning version

2012.08.07)
STA meas. + Gyro meas. Cov Tuning version)

2012.08.12) KPADS Sensor Alignment Adjustment )b

2012.07.30 2012.08.07 2012.08.12
After AOCS Cal. ) After KPADS Tuning) After KPADS Alignment)

o : : i

150

: : : : . 1] RSN OO SONOUUU SOVSUUOOE SUUNURS SUOON SOUOTOUE USROS USPOOOE N
100 mr E : : : ' 1 '

GO

: .

1] S TREPIS SURE S5 RPN SRTPeE

O

along-track error [m]
o
along-track error [m]

[rin] EERPRTRR IR T ..

-50

B0 _ U S

-100

150 100 50 0 50 100 150 1[I|D EIEI 6 5;] 1EID -100 80 -60 -40 -20 1] 20 40 60
- E across-track error(m)
across-track error{m] across-track eror[m]
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Overlap zone (Registration)

e KOMPSAT-3 : Swath-width (15km)

— AEISS Detector X EA

MS Blue cha nol_ ________
(LT ~==parimnr
PANTcharnnel _ _ _ _ E
[EEL) -~ -~paiasm gome
----------- =
gl Il fosme

Overlap ¥ 3 A

24 020 piels

12,010 pixeis

> [920 dark ref poceis

:8.75 um’
Band-to-Band Registration
i MS Blue
[ -
p—
MS Green
] MS Red
MS NIR

CEOS WGCV IVOS-26 (2014)
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Overlap zone (Registration)

e Before

() #1 Zoom [6x]

7 =1 Zoom (64 (=)

Il'TJH:\EE
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e Before

0 #1 Zoom [44]

Band-to-Band Registration

[E=SE =

0 #1 Zoom [44]

=H0

O #1 Zoom [4x]

Satellite data Calibration and Validation team (SCV)

0 #1 Zoom [44]

O #1 Zoom [4x]
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wompnch ww iy

Location accuracy (after LOS/LOD)

e PAN LOS/LOD Distortion Model & Coefficient (2012.12.07) - Validated
— Focal length: 8.561809 m
— CCD Alignment: a0=-1.056E-01 m, a1=8.779E-06 m, a2=-9.922E-14 m
b0 =5.004E-06 m, b1=-3.829E-10m, b2=1.530E-15m

Cal/Val Phase I, Location accuracy

T ] = DT ey T

a0 2| %| 2 A E44POD/PAD

Precision GCP Cal/Val site (Mongol, Korea) : : a0 . . :

Bk ............ .......... ........... ........... .......... .......... _

a0k .......... .......... ........... .......... ...........

gk .......... ........... ........... B .......... i ||

Salong-track errar [m]
(]

I N o g S s ol | Location accuary
Cal/Val Phase | Z1}(2012.08.16). : After
| : : i Abs. LOS/LOD

along-track error [m)]

LIRS | e XEwor=Map X - Compited X ' - il R A
c N Em | © Y Errori= Map_Y - Computed_Y o : : 5 : :

. O o i 1 i 1 : :

' , 0 20 a0 B0 80 3 a0 i I i i I i I

: B0 6D -40 20 0 20 40 B0

X across-track error [m]
Korea Aerospace Research Institute \nnni -40-
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Length distortion (Relative accuracy)

T Worst case: Geo_05577 | _=_ ooy
¢ Relative pixel distance accuracy 2 J/

— Abs[Reference Distance — Image Distance(K3 Direc //

t Geo-referencing model)] 0 /,

Lenght Distortion(Relative distance error )
14 T T T T T T I T T

+  Relative distance error of GCP q

s Limiit of relative distance ermror

distance error[m]
=3

| yd
P

B / &®, ° ° ° L) b o °
=n [} (] [ L[] L[] L[]
2 - 3"' Wy P 1N P b o
S ‘n by ‘wt g. L o
it 0 ? e [ - ]
2 0 2000 4000 6000 8000 10000 12000 14000 16000 18000
s Nirtanan frt
Z i
14

T I
*  Relative distance error of GCP
s Limnit of relative distance error

Best cése: GKJ_04511

0

0 . . . . ) ya—i 8 E 1
m— _ Distance[m] o £
MA| 3271 Test dataOll CHEH MTHE 72| HEE 23 8
ed line : |d-d’|=[Distance x 0.0007] 50 Z 6 4
. . £
* Accuracy of Length distortion : ] 1
5
— CE90=0.218m E 2
<10 : ]
CEOS WGCV IV0S-26 (2014) g
0 *
0 10000 20000 30000 40000 50000 0 : L A i hd
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e Circular error of Planimetric Accuracy
— CE90: 1.34 pixel (0.94m)

Planimetric Accuragy:Circular error

Planimetric accuracy

Planimetric Accuracy:Circular error
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Geo04201
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Geo0B363
Geo0B500
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Accuracy: 0.94m
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line error [pixel]
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GKJD2700
GKID2529
GKI02985
GKIO3721
GKJ03960
GKID4238
GKJD4406
GKID4511
GKJD4991
GKID5119
GKID5472
GKID5598
GKJ0B308
GKJ0B402
GKJDBS37

K) Sitie: 15 data set
Accuracy: 0.98m
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column error [pixel]




Ortho-image accuracy

e Overlay : 1:5,000 digital map + Generated ortho-image map
Road

Geo_04702
v Planimetric accuracy
: 0.66 pixel/0.46m
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DEM Extraction
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KOMPSAT-2 vs. KOMPSAT-3

CEOS WGCV IVOS-26 (2014)

Korea Aerospace Research Institute (KARI)
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K2 & K3 image data Quality

KOMPSAT-2 Desi | Requirement fro | KOMPSAT-2 (No KOMPSAT-3
gn) m user) w))D after Cal/Val)
1m) 1mp 1mp

GSD (PAN)D 0.7m)
MTF) 8%) 8%) 6%.) (8)~10%.)>
MTFC) 10~12%) 13~20%.)
SNR (Noise)) >100 (<1%))> >100 (<0.2%)) >100 (<0.2%)) > 200)
Rad'omegr'fpre”'““ 10bit (1024)) 10bit (1024)) 10bit (1024)) 14bit (16384)D
Dynamic range) 2000 2000
Linearity.> 4% (10~90%).) <1%) 1% (15~90%)) < 1% (5~95%))
Location ";,”;h‘)“t GC 80m CE90) 80m CE90) < 80m CE90) < 70m CE90)
Mapping 5m CE90 . o _
(Ortho)) 25.4m CE90) (Planimetric)D 1:5,000~10,000. 1:5,000.)
Length distortion) < 2% (300pixel)) < 2pixel) < 2pixel) < 2pixel)
Registration) +0.3pixel 20) 0.5pixel 30) 0.5 pixel 20) 0.5 pixel 26)
Imaging mode) Strip) Strip) Strip+Multi+...) .
CEOS WGCV IV0S-26 (2014) Korea Aerospace Research Institute (KARI) -46-
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Compare of Design for image: K2 & K3
| KOWMPSAT2) | KOMPSAT3) | Image data Quality)_

Star Tracker Location)>
Solar Panel)
Time Sync.)

Compression.)
Imaging mode)
CCD)

Focal length)
PAN : MS)
Radiometric resolution)
X-band Trans Ant.)
Spectral band (PAN))
NUC table loading)
NUC)

CEOS WGCV IVOS-26 (2014)

BUS Frame) Optical Bench)
Driving Wing (2).> Static (3))
GPS receiver Local time) uTChH
Jpeg like) Wavelet)
Strip) Strip+Multi+Stereo)
Butting zone) Overlap zone)
Bi-Focal) Uni-Focal)

On Each frame) On One frame)

10bit) 14bit)
9°) 15°)
510 ~ 900nm) 450 ~ 900nm.)
HDD) Memory)
Analog) Digital)

Korea Aerospace Research Institute (KARI)
Satellite data Calibration and Validation team (SCV)

Geometric)
Geometric)

Geometric)

Radiometric (Noise))

Geometric)
Geo & Radio)
Geometric)
Geometric)
Radiometric)
Geometric)
Application)
Operation)

Radiometric)

-47-



KOMPSAT-2 vs. KOMPSAT-3
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Thank you for KOMPSAT"!
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