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REFER - RE | BE T RYERRIERTNEZ ORERSE 9

2008 PO)[[542E 12 HF ERFIEAS TR - Bis—mes o i
PUJIT> 2008 45 A 12 HEE A M 7.8 458 fEmE _SiH ARG E O G (BT FEE
B EREANGT - EE _StEAENRNEHE WAL S AH - A1E 14 A
LEGC 3= RN = N v S T 7 5 e = S
EEHEIEN - RZEHULR 5 H 12 HEWEEEE
SRR THHE - 5 A 13 HEEERIAESEY
%5 A 14 HEBERMDUE TR ErIL
NG Ese s - i 12 fow - tef# 98 5 H 14
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FORMOSAT-2 Image Processing System Development and
Outlook

An-MingWu ¥ Guey-Shin Chang*

ABSTRACT

Since launched in May 2004, FORMOSAT-2 is currently the unique high-resolution satellite having
capabilities to daily image anywhere worldwide. The image processing system (IPS) was developed
indigenously, so that it was helpful for the quick response to emergency events. FORMOSAT-2 has taken the
first images and continuously monitoring after large disasters over the world to support the aftermath relief and
precaution of secondary disasters, especially for the southern Asia tsunami, the Wilkins Ice Shelf disintegration,
the Sichuan earthquake, the typhoon Morakot, and the Japan earthquake.

In this paper we introduce the background, the goal, the system, and the operations of the Image Processing
System (IPS), and the imaging activities and applications for the large events for nine years. IPS includes five
subsystems: Planning and Scheduling Subsystem ( PSS), Data Ingestion Subsystem (DIS), Data Processing
Subsystem (DPS), Data Management Subsystem (DMS), and Image Quality Subsystem (1QS). FORMOSAT-5
project is to build the indigenous capabilities of the spacecraft bus and the remote sensing instrument, and to
continue the FORMOSAT-2 mission. It will provide the higher resolution images with the capabilities of imaging
along the meridian or along the coastline. To meet the requirements and take the challenge, IPS will further
utilize the network technology to provide the next-generation image products integrated with GIS.
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TEFEE Vi R k. (FfErERE —5%) 7Y 2004
5 F 20 HECTh3 5T - R (EHSFER LS
HEAEBHE BREE T2 E EHA S
WREE MG E - W R ARG SR Wi (E i, > #rE =
REM IR EESFE | o 20 BRHRFEAE
(Remote Sensing Instrument > f&7# RS T AT
T HPTEE Y Bk Al B2 e A B - AR -
PRt ~ BRIEORE ~ [ KRGS FEMBENT S BLER] - &
o BT R R R IR E = 2 KRB &
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SR T 2 RRRENIRE Y] - B 2 BUREAIE
s erknE  #iE -

ey

| tEiE _SREEERRERE (BZRARZET D, 2013)

1 ) G R AR



RS~ BRIBE - BT

VBRDTF e SRR KB EIRE B ARTS

T 1 HESABRENRERESH

Rtk

2%

4= & (Total weight)

741 AT (RrEAES K

EARR~T (Shape and size)

NEME > & 24 AR AMEL 1.6 AR

5B (Pointing accuracy)

0.12 f&

ERMEEEER (Data rate)

f5SHin4E S-band » F{# 5y 4 kbps » T{& 1.6 Mbps
215485 X-band - N {EFs 120 Mbps

WEREIME (Agility)

Roll J5[] © 10 [EE/25 Fb, 30 [E£/45 )
Pitch J5a] © 45 JE/60 Fb
EEFEEE S ¢ Roll J5[H K Pitch J7[aj+45 &

PHE (Period)

|

aﬁ

TTHIER— AR 103 78

JEEESEER (Spectral bands)

aAEEAE 1 0.45-0.90um

MEESAGEE LR ES © 0.45-0.52um

MRS SAG AR LIS © 0.52-0.60um
ZHEEFAREER B ¢ 0.63-0.69um
MRS GAT AL IR EL © 0.76-0.90um

\ér‘%r \ér‘%r Hp

BIEE (Swath Width) TEHE 24 N H
FE§E (Focal length) 2896 mm
BRSNS (Radiometric resolution) 8 fir 7t

Hr T B % [ BE (Ground Sample

Distance)

sl 7  WAYNIMIE S -7 RFAYN

FEHER (Integration time)

N

2ERERH: 0.3086ms » ZGEER (R 1.2344ms

BB RRYEEE (Compression ratio)

SRR 2.8 b 3.75 » SNEEEE 1.7 K 3.75

& 2 &

Jd1=

T

#’J—J—Eé}_‘k/ %/ \%z

15



16 ARZRET £+\E

3. KERTHURRSI

PRIAE — R Fe oK ATa T EHUSHE RS BIR R ZE
PO RS HG S T E BRI H
H HY R E( R Rl e S AV RSB ER R K [F]
HRF N BE SRR H e il (S - e 9 MiRe LU
Hgf R SN 2R E R IR AR I8
BB (R E NG - BB R SHHEIERE]
WSS — @ GE T oA 24 /NI Z N 5ERE Rt
AT DLRNH B0 SE FHIR A A AR 2 B L - — Ty
B EARSESE - BT ONIRE S ER
U AR - AT (RS AR Fr R FE UG i L L i ]
HHESE ~ R EIRVER I - mEOHTHES -

3. 1 BRI B ERIETE

BUZRZE UL RIHBLISFEE R (Sentinel Asia,
2013) ~ International Charter (Charter, 2013) %
UNOSAT (UNOSAT, 2013)ZEfE4H&&1F » alid
BRI I MR R AL Ry S 3 2R sRG - 554h55
B E AR (USGS)jE N4H4% Center for Earth
Resources Observation and Science (EROS, 2013)
TMEH AR EAMRAE BRGNS
K ARV EL(L B #E R IME; (AR ER
B ERUETHUSH R E] - FESTRZ B A i tE i
CSRAUGEEI T - AT DT R E R R R AU
28 WERUGERRE - BUGAE - KIGRES -

3.2 MEERNEMDE
—HVEHENG 2L HERFELCH
TERHHE » HAE (2R TR e R 2 B R R IR
HEBHKES SIS BRARNRM—EHD
H - ety | - o B E R EEE EUENE -
I ®EE)]  EXGEFTE N ANSHERE
R ST E S - R [FIRG 5 B K AE
IR E B RS E LR R B - L ZE
JIRRAI - = BARE N R EAVERE] - 185
ZSRATA [E A A HE T % R PR P DGR
JHFEEE I 8 oy FRAIEER S HRHE 2

£—H KRB 103F02H

HAY -

HEZRER - HEFEEAEE LRI
TSN DL R AR R (] H AR &
HUG sk NI UG R R R B R R 7 o
FEMT R AT A [EI R RE R T 7 (E SRR -

# 2 [EFEEC8%ES (Solid State Recorder) : f#
BN G—HEENGE - g ER T
R R IEREEC Rk es b o B S B E BEUE Y
SR LUETER MR IL - N BRIV
FAHEER Sk 2 S amER |
Z PR -

BORHE UL ¢ LUK [E] 25 (Rt BR 0 B 1 2 1T
= WEEESE SRS S
T e e Lt T P ST w904 0 B2 Bt T
Wb RE il B - B 22 K ZE TP L i AL A Y B
B Kiruna B E —~EERHENR B - £
fgf Svalvard i E —EE BRI R - HEH £
GATE B Tromso - f# E1TEERAIEREIL
60 B P T I ) 2 R e [ RS BT 8
s A B UG I E#H e H &R
B o 5o BIZR R ZE H0 B U i A I
Trmoso s a4t AdE I e it K =g
FERnPTREIRGE] - (8 3 BUREIZR K ZEH0 2 FEIL
Wk o o o P ] S RSl RS A -

3 i SRR A B e HAE I EE



RFS ~ BRBE - BT LT

3. 3 FEEHHE

SERE R B IO R BER K ZE T O EB R IE
do L BN EE 2 HUERE <  FIR e ot 5
EZEAURSERE < LA SRR 8T R
RIFEPGIUGEIED S MEGEEIBHHE S Uk
il RofE < Bt E A O Hpg B g E 275
4 (Chen et al., 2011) * FHEIZFARZEF O G ILH
[ 2F 12 R AT G AR oK - e~ 3
RSN ~ AP ~ HAREEGARE R AR R T
3 BTSSR G A B > BFHOPREE ~ ol
BIOMALRE ~ BSREL o M AT TR BER R B2 11 &
HIT5E AR PR EE A LA -

4. RNE\EIFREEIRAD
ISEEI E e

W2 &5 B I BTV S I » B SR R ZE ik
B & 2405 5 (Open Geospatial

Te{E — SRBFR B K Bh Rin & AR ARFS 17

Consortium, OGC) Ffff 2] 2 2 Sensor Planning
Service (f&fii SPS) (OGC, 2007) fEAEEERH
EimbF IR GRS P a - & CEER AR
AR RA A e R — P& B AN E 2
sATHIm AR oK - MRS B A ER S B EHk
FEMEZHRATE M YL OGC SPS 1E Ry 2418
& T8l > UG 200 L 1 SR M PR A A e S LA
LE(ELhRE  RAGR I EFI BN R B A 2 S
(S

ZERRZEREANT TS 2
o ] DIRIEE B A ER A EE - ERHEREATER
HyFodR 2 HELIE I SR EG DI e R A R
ZAEHEZBHE RS IS ] SR 2 R AR
(A%, 2012) - SPS FEHRE T (& HIE%S
AR s RS ZUE R S B 4G i P E HUAE =0 - B IS4
—RE R o RIS I M g SRR AU
SPS A 3 F 78 FH AV A (E R B A0 E S Ao -

D-1 D+1
161820220 2 4 6 8101214161820220 2 4 6 8 101214161820220 2 4 6 8 1012
Tme | p ettt e
IO TTT T T rgrr Tl [P TTIrrrTTrrrTrrTT
Mission FS2 tasking 152 Yasking Dm:
planning {orbit 8~1) (orbyt 2~7) atency
Il
Download Datal Download !
Command Image [ata |ﬂ“—'"‘°![' Image Data |
Uploading ¥ (orbit §~1) y (ot y
v Command " .
Uploading Data available for Data available for

Deadling for
emergency tasking

(orhit 8~1) {orbit 2~7)

Tasking request is received before (D-1) day 4:00 |
the data will be download on D day 2:00 (orbit §-1)
1D day 13:00 (orbit 2~7).

4 TEF IR SIERUR SRR HE (Chen et al, 2011)



18 AR E

A8 > SPS 4% FIEERHEEINAE - I BERIARR
I ~ AREEER ~ JAR AT - R AT T E SR
W& 6 Fr e (FAERE T LT i 2 E R ERTS
e

5. TENFEA S REIBIKER
A=

5. 1 ERERMIKE LA SE
M=HIRIZERYS5TE

BB AR - oK - AR~ R - A
MEFERAREE > T LT ARG S IE I &
& [E G AR BRI P B2 R BB 5 Y S B S Ry
P AR I = £ My E % - ZH R EFTEEHT/\
JK S B Bl e B 0 R & e 5 [ 2 R v FEE
o SR A A B R B S s s G T
AR E RAER SR~ % R RS TR 2 B

AET E+N\E

£—H KRB 103F02H

BRI 2EHAE - AL - B bR aBE R EH
WP EAGT R UL BIRARZE T L ~ SR
O~ B SEETPRRH L ~ B HE TR FE
O BRI T b O ST S R RE B HEH)

" R BRBUIIAT RN S AT BRI E AP 5

s+2 (3D GIS Taiwan, 2013) » 45 & A5 IS B i
BUHTZ% - BERbERE - SREE T ERE - #4549 - Bl
B SRR BT — LA ETE R TR AT NS ~ 5

i = e ERENG KER P & (RIS,
2011) > B ES BRARE B RS WA 2 FE T -

= XML & T
{Ex

==} Bk e

n # =

S I 12

SPS
& 5 SPS AR a3 A 3 {F i [E

Firstacquisition :

maneuvertime : 90 second

Acquisition start: 9 Jan 2013 00:05:15.000
Acquisitionend: 9 Jan 2013 00:05:45.000
Yaw:0; Pitch:19 ; Roll:-41

Second acquisition :

maneuvertime :15second

Acquisition start: 9 Jan 2013 00:06:28.000
Acquisitionend: 9 Jan 2013 00:06:58.000
Yaw :0; Pitch:19; Roll:-40

Third acquisition:

maneuvertime : 15 second

Acquisition start: 9 Jan 2013 00:07:10.000
Acquisitionend: 9 Jan 2013 00:08:10.000
Yaw :0; Pitch:16; Roll:-41

Forth acquisition :

maneuvertime : 30second

Acquisition start: 9 Jan 2013 00:09:35.000
Acquisitionend: 9 Jan 2013 00:10:05.000
Yaw :0; Pitch:-16 ; Roll: -42

&l 6 SPS 4% B G L RE T EE



RS~ BRBE - BT BROT ¢ eE RER R K RIRE R R 19

BamTs
AED i #2582

EEBIER
BeFohily: KGR EKE S

7 BHBEER R KR BN ASTE 2 B A 4R (3D GIS Taiwan, 2013)

7 BRTE IR S 2R e &
O EES TEREFHETE A4 NI ES
ST E R B R R ZE H0 T AT o P L BN &
Mg GER - (E HE R EE SR 24
AR EFE Level 1A R Leve 2 ZHEAERS G E
it 28 Ry B LAt B ER R B R4 Py R a2
B BIGORZE LIRS T 38 AT IR {5 i LA
FISKERIER - M8l 8 Aiw » TEHET 2R FEIZR K
ZEHLFTSERK . LevellA, Level2 AT IESHESAE
w2 AR I B 75 (Web Map Service » WMS)
HEATEHTESE  FTA BRI a8 & 7 AT IR = fi
M = HEIRIRIE A & T EE R R » DU
KRG -
M 3% Jre st BRIEUHIT RIS 5 iy = 4 IR S B
PE FHETREE Y FER AT RE RS EE
SRAEAS > DURIR S 38 A 1% 17 e R IR ] T BT SKE
2= M55 Ry Rt B AR AT BIRS BT HE L
MG ~ PRI E 3 2 BERRAR > FAT
[ A RIS BRI BN » DT & A 2= & i
& OGC FE#ESIHIAS (Lee and Percivall, 2008; OGC,
2013) Ry e {F BEL A e S (E DR 2 2 e

BRI Z A1 > S G E P P B HIDT B R AE R
JE > DU SRR S AT RS URI S S A, - AT (R
BRI PR IR S AR BLEHE (K9R
FINFEBER - IR A e 2 120 H AR -

5. 2 BN R IDRERIR SRR

Ry EE AT RIRHE B2 G i B AR INEE IR
(G S BRI (] Ry MR R TR H - 25 B4R
CHRAUGAEE - BB KIEATRR - EP G
ZHUAE TR T AT AT 7 26 R (G BRI T S R 1
% BZERZE UL LAANE 9 P 28 4R 5e B o BX
A5 E B LR R AR (R SE - DU Rk AR i P
B8 =2 TR AU IERATIER L R LS &
EIEZERI S » T RIEA: Level 1A J Level 2 £
A b LR RO RS T 20 C B HERZ HEY
(Chen et al., 2011) » fEZ&EHER(E /M EIAIE 10 For -
FHH L 28 (A DU B (o 22 B N EE R SR /R
ETEREERMRR K EFHEE T E R G
B AP AR B R A A BRI 5% > SO Ll Th
RERAG PR R S B — PR R BT R /] » DA
b B [ R P 5 TR S T R P



20 MAIRENST E+/\% F—H REI108F02AH

it

LEgE w B2 RAE »
)
—

Hrigina

ﬁ — MEES . sbandE Y S

12:00 07:00 H 11 .1312 S
migHE 1500 TR 19:00 i e
R&M Hr

e e —&,é,-’j
% 150 210 270 330
Longitgdedee Ty

ARG (R I osncn | DPiliRe

PS Levelo @ B ERE B0 | g, poAsEl

Vg Y 145 2y BENEREER
ﬂ ;2:2 ARER 11:00 B4R P 15:00 .@)ﬂm

KiEP RE&M 22:30 Gateway PC —
10:00%22:00 -

AW e
et ENESFAIR
mmxg
B L
FREIAUIE Level IAEEfR Level 1AZE n
?ﬂﬁi % ﬁﬂﬁm 10:10 FAIE" Level 28 7 NS Level 2B h
twq”“f REM 2140 3 N |

Beuons

BEE BRER B4
10:00%21:30 ' by i
“ AHEAHR
iy . som (==
At — Level 0 [ 9
st w2 @ Level 1A 1140F ALY, 11:SSRALEM [w = G

l‘l‘ SEEEHER BB
AU . 1230 =pmp  Gateway PC

_ | HIBEERR ﬂ.—LE?}TE 12:40 SEAY L8 _

LR

10:45

B 8 GRS MR

pay e e Zed AR

Level O

EiEEs

'
'
—l—>' ( Level 1A Em #1 <
'
'

Level 2 Em#1 (

>< Level 1A B #2 <

Level O

B

PLTEeY | Level 2 B #2 (

Level 1A R #3

Level O

B3

Level 2 EEm@ #3 <

(]
[}
(]
(]
]
—u—>< Level 1A EEfR #4 <
Level O :
B ' ’
' —|—>< Level 2 R #4 <
[} []
(] (]
[} [}
[} (]
(] (]
' —|—>< Level 1A EER #5 <
Level 0 ' N

E il EEss

L—

L}

—|—>< Level 2 EE MR #5
[}
L}

B 9 5Bt 24% (Chen et al., 2011)



RS~ BRBE - BT BROT ¢ eE RER R K RIRE R R

O mEE—smmieEstERRE
NSPO
| PAN : RSZ_6000006307_20121007_015051 42862 R

B%f Gerald FIE

=10l x|

RS2_2011053_ 34571 _038[870B26]

HHEAEH, :

M3 Segment ID 20

EEMS: CHOICE- * | —CHOICE-- K
EmER : LA v RE A
FBAEIAAE -
BEASERRA : 2012-10-24 115522 . ] o 1007 OLE05L 47562 1o T eosbory. ]
PAN Segment 1D 2 870E26 [ocal ! RE2_ 201053 34571 055 PANGER remcte: RS2 A0U05E_ 34571 (G3_PANGER
[ - - > PORT 100 03,205,231

Y GER Files.. 5T ..
HEF— 1DMS IDI Processing...
BEREBERT @ 2012-10-24 115531

[200 Port command successful
| - - > RETR R32_2011055_34571_0G5_PAN.GER150 Open: ng data channel for file
transfer.226 Transfer DK205576614 bytes recewed 1n 7.97 secs @R2165 kB )

21

[-->QuT

Link CPF FILES..

DHS/IDT WS Dens!

-

Lol Goocbve TR SEFREITRL..
Stepd @ DMS IDI Processing.,

B Shell :1n- sf /DMS/IDL by vepf Semport/ dins/arch: we/ RESOURCE /RS2
CPF/ FanShell = od /DMS/IDLbary AIDIBatchMS O 11223345 001Sezmentaton faul t
(core chmped Begnentat:on faul t {ore dunped)

10 HEN LR SAEHR IR E

5.3Mojave |0PS;FIEEIEARE
B3R5

FyBA A AR 2 & UE TR G BEGEN
G AR T IR LR T - MRk SEP e = » DA—fi
P FH 1 R A5 e PR R G A T R B B S LB A 2 DA
e K P73 M P B H S re FEBEOK » it a8 T —
B G IES R 24 Rt E S B AR
A -

Mojave IOPS £3E[E Cardio Logic Inc./\E]FfT
s 8lE BB LIES R ERERES - B S hERe iy
A PREREUMEIEST52%  (Kuo and Don, 2010)° %
R 28 v B A AR SR [E] B 2 a1 9 s B LR
& Bl Rz O B R AEE S AR S
1% (DigitalGlobe, 2006) &z TWD97 A1 2 4 A FE
7> Cardio Logic Inc. A H & A 240 K 1 57
it > ETTHRREAGBH S (F S  MAEHHZEmhIRE 5 BhTT
e T B ds AT/ AR RRERRS ] A AE 4 Fe 1
S s G i ] - S PERIBEVCHC v B B5eRk > Ril—
g Level 1A fEAEEIEERI AT 1 38N 5E AT IE

S B8R - B R NEE SR AT S B 1%

HBEUCAC SRR DLEGRR N T TP R B R R (2 - I

[R5 AR ZE RS AR P AR A F SR AT > AT —/N

IR S8 REY 20 Ese G 2 TR an U - HhAE SRR

B AR R AR ZE L —/ N R A 5 B — R

ST B i T B S TR G R -
Mojave IOPS ${T#EfE 1 AT e ERIE © 18

W98 Level 1A XN > A3E TIFF/GeoTIFF

IS R - B I R 2

IS -

I B AGBAE © 1R 5 Level 1A FEAEZE
& > Mojave IOPS A] DA ZE#{T 2 J5 = [FJHF
BRI SRS -

2. BFEERME - Mojave IOPS (i A H ey
TG R R B 2R ] SR AT - R
TSREEAREE Sn TR A se IR - IR
HEEHEVE - BT - ZRMEHSE
B A MBS EAE -

3. Z2EHIPERE | AT A AR 90
SK4Ef% 2 The Shuttle Radar Topography



22 ARZRET £+\E

Mission (SRTM) & RHE Ry BUE AL &

6 > it SRTM HisHeE £ SR BUR Z= 48
(NASA)FIEIRG P EIZ A% /- (NIMA ) &2
& (CGIAR, 2008) -

4. SEILEPGERE « BhIENPRERER
FRTARZ2E G - LS G MR
il E U -

Mojave IOPS (TR EEF S5 E

11 i ASRAERC SR E e e 2B P &kt

JB H] S R B T4 2 ] B 2 ] 2 S (T AR AR o 2

FIRRCZ TES > B E ol FEE (R B AN B AR AR A

B > FTREZEEIAVRSEQVELE R ZE s Level 2 2

HEE ST > LB EAE 450 A REAA - FF

H A EAHRH ek B B 278 IR 2 G SR B 1T T

B LLSE R TRE B B UCRC (R » S PR & s

BB R EORE DU TN e 28 (T AL R A ) 22 i I

SRR LG - R TS+ B BE SRR 5E I B SR IE S E

A BRI AR S s e HET TERBR U H KBk i

H o
Mojave IOPS Fz tH BedX IR 2 B EE AR IR T

PEERREEIE 2BV BB N2 F BTG E

TeHER = FEAHRE > Ry e (B i AR AT EE B 5T

(ESTE RN B N RV C VAP i I 2 2

TEHER 2 5 2GRSO I L B PR AR - BE R PR

178 (ERARTERIB I T IEAT R GUR e B E S - H

£—H KRB 103F02H

FRARFFSHR 2 - BRI S @R AR s
HZERIE 8 ARZA -

R 2 EESUTIESRRBRERRR B &

)
i Fgs | PHHE | EiHE
Ein 178 82 96

X FEPETEREE | -1.60 -0.47 -2.56
y FEPEEERE | -2.22 -2.44 2.04
=S E 6.32 6.43 6.22
HhEs A 7.44 7.58 7.32
BAE 20.22 19.19 20.22

DRI FH e AT P 1 (R R B IR 5212
ZEIMTEERRE Ry U8 BN R E R SR IEST
G 2 MBS A BUZRORZE PO R T E RS
MBIR D > HARMIERE RS2SR 3 - DULREE R
SHELEE AR BB TR 2R E
nnfRAE S SATRE TR L v i e B ERE R K B
7% 7 SR 3 T AT R e Y SE AR PR B (kIS
G  Z TR MR G K B AL TR G I
% - B R ZE ORI R E RE A HAVRTE S 2 T4
gty TATIERPG -

\@ \\ N
- S o
0‘ 00
Image 5 -
- orr- . e-
; Ortho > clate —>  Align > Ortho —>» Tile
Metadata
Tiled Orth
Terrain Ref. Merge e N o8
Library Ortho g -
Library
~__

11 Mojave IOPS #TIF5T (4R 72 (Kuo and Don, 2010)




RS~ BRIBE - BT

R 3 B AR GO IR AR SR (BEAL
IN)

~ BB

B .
O EME | SE | RERE
%4
s | ook | b | ok | P [ ok
e I
AL
50 | 200 | 7.5 | 30.0 | 10.0 | 40.0
e
g /48 — /\ ¢ ((
5.4 maaﬁl_f;u,?%%?f{{ﬁﬁt‘ <

BIEZIER

FrieT G a B pE Bl e s i s B SN DL
R T AR AT B 1 R v LA B BE A TR R AN T
BRI E - BZRRZE LG R T Sl

AR T AN ER TR 4 /G2 EE Level 1A R
Level 2 &NFGEMm » IR EmT 4R
SKAESERI K FHH, - S5ATHY Level 1A 24558
lEt% 1 /NI R BE—(0RAT 2 AT IR 5245 IEIESTHE
1% Z 52162 7 b — 85 50 10 RS _E ] DU B8 3 T ke 75
(Web Map Service » WMS)Z:{fi 245284t » FLAE
1oL T B G A A R S BRI RIS =5 b = 43R
RIEME A BT a DUEDE 2 BRIV (ZEE
55, 2011 ) ABHZE ZERCRBR T4 At k&

B NE

lLeveI 1AlImage

E EREMEE |Level2lmage
| saEMANTAEE i
- — LevelTA ™~ “Semi Level 4
FESEE
FESHERE RS ]

|
| VI [289,
1

qz;'c:&s%npm EstbERE  Leveld

BERS: N—RERSESLIARLEEESR

k24 e T EA/ D SRR SIESLIARL2IE
EERE_EEREHER

[l 12 ARG

81— SRHR2 R K B iR R R AR 23

HEARSL > RS PG~ RH

TKIEHR B S - BB E R T ATHIR B R
FEMERBUA =4 V-5 ) B> DIKCEEHERRA

& ZEBUGTT KRR Z B R R (5B %,
2011) -

TR SRR G S BLAEO R A E 12
AT B2 R ZE 0 B AR (SR 7 o SO AT TE S 52
1578 i - FHER R 5 RS BT B L B R A 3
A% - WMS SElRERa R ZzE T &R E OGC $#ih
i A SRS B TR S [ B Y
e (A PR R B AR A B e 52 BRI IR %S -
I el 7 f%_JLL Z%E/%QJ 5 o8 B ERURINE
B LRSS B - [BE R WMS 3 ft%  (EHE
CUBINER 3020 ) %ﬁiﬂu/\ URL 75 UG & e A
TTEEREH - WMS & FimRl e Gaia, Google
Earth, World Wind S5 #E{ TR RIE (E2E -

CE B S BIE S E i S 4 B S B g 52
GBS SR B & R W ST A4
PP G _EHR A S I USRI &) - B BR
E B LRI A F R BRI GERRE - HAl
WMS 521685 i ks S 52 ABATS AT 5 AHRA 2 ot
KERTEE L EHRAE & 2 Ry 1 M SR
R e BRSiR $ 5 - WMS EimR R R
SEE 13 -

EEIE

NEBERBZEAFERSR

BT 3K
LAl

th

'l M

4] e ] =

o = e

it | i (PR

i

oy e, B Y
mpEn ®E HE %k
EIfgFE FE nE

KRR L BRSREERBETHRIER

Bl A EREIE S ) SRS
EITHE  KBAPLETRESE

* oyEE ~ BEHEERARS



24 MAIRENST E+/\% F—H REI108F02AH

RS 3D GIS % 4%-
World Wind Taiwan

HIRESER

EIEERT

Internet

-RZER L/ R ARZER

WMSEIRRFE 2518

WMSE = 2 5 el AR 28 (1) I

e EEREER) -
B 4@ ch IE,\

13 WMS =i 5 284

. BEXHERERRR
EnEalRitER

ERESREL 7 PR A R E S EA
5 HHUGRTY ~ HUGHS RAEL B i (7 B ]
HSHE 14 - PS> EE e HgHEE
— R I T HUG S DR it 2 B i1 25 RF B =
BRAGER - BNESTR I FRAMEREEE
B R 5E B4 i 5 V8 15 L AR A M SR B iR
AN IE BRI A KB T 2 BT RAMHBIE
M EEFRESF N STEE - BELFERE
A 58 B0 7 580 F DUET T SE T L SE 1R EE SR 92 T
fE > ESE G E KT BRI M A A R E

8 -
ST G R A S 15
BRI

1. B GAET R b R 5T s 5 2 L B B FE e R
ERHME R R - DRk e ARE =
TTRAGIRRENRE -

2. E ARRSRE T AR ER G
TR E E R FE - Aes B SE B DR e L
BB ERIEAZ R ERE 2 &R EGERH
PostgreSQL Ffrid B 1Y ZE & RHE [E R a% » Bl
HERHLE & RS FTRRAYZERTE A -

3. RGN e H R R A B

Ky 30.8Gb » —fELIHLY 11Th » BFERFHE
BRIV E BN R EGT BB ER
AR RES o - HLHC AT P22 RS fE— 4
LLERSEERGTK -

4. FARTH RIS EERF R TE 0 0 1B

PostgreSQL $2 it 2 ERIMEH 5% - LU FERYIE
TERF IR R ST E RS H B2 - i H
RIEA R HUE BB 3 A SR I ) 76 th B Eh g
TRIEHILERF 20 2 31T -

14 1EH e B R BE S R ZE T LA R 2



RS~ BRIBE - BT

KK R

EBEE {é‘ﬁj(;;

EEBIESF

Em# Fﬁrm

B

HRER

NCVAESE

FREAER

Te{E — SRBFR B K Bh Rin & AR ARFS 25

PostgreSQL

15 GBI G B A

R R AN EREATEE LGB 24 A

H AR 5 DU H RS A E R 9
G - A AR REREEA RS
TR ERRRREEER  BE M EERE

nHREEE N 0 R IR MR jpg fEEl KML
ERREZE > R WMS » 248

WMS &% WMS URL 258 » 55 F &k
TH B 0 A S B R AT E o R IE S R A A
5 0 RPN windows service fRFE I L EEEE
FHEATE BTGB 248 H VRS 2a8 Rz
&l 16 Frors o

FREHRRERRE

ERE =B

BEARMSR
HOWG
BIEESHhERTE RE# T Hjpgsl
BEERRER T s
1524239 &5\ BARIWMSIE 12
#1238 Bwms S
Windows
Service
BEEM/EHTE RITEMITE&
[5-3 s O

16 G A R

ZEERE(RER)
Emi#EE (Disk Arra
+ =
7. mooff

EH_EGES HUENEE EHESTE
EAE > HAUG R ERE BEINIMS SRR E - 1£
BEHAREIA - B AZE L BRAE RS R 2 AT ISR
SEBIN IRRF I TRAG I A A B (R HE (S
LU e IS ME R R K - e A G B B E A

GG F ] BRI QR A LSS
FEananE A - [RIESKEPAIE A Z B R oK - S T
SERAT R 2 Bt R £80 > DIZEHIRR 7550
e A SRR R 2 W HIRE A A RCH S5 AR
51 ke 755 R {8 22K 25 ) S PR B ML A R R PR A
&t DUEF AT S E SRS EUE%%IE%T%}%*#
AR a2 HEY -

PREFIE 28w boh > ST HEiE ot Gt
SR B (G e AR SRR T By SE A BRI E F 2 20
PIREK - IR AR ZE L ESE R B s 5 8
{EESRELRAE > SBEERAURIEER - B E M
] FE B R AT P AR SS T SE P AHRBRER AL (R - P -
i AR RS I T P B R R IER SR
H A AR —/ NN E R (FEF
15~20 SREEEEIED GEsmn) NP EET] -
KBTS MmE ERES



26 Bl R aE 82

1117 58 PR B s =X P o e B R P A e AR =
7B & Z 3 i Bl H > el (SEAR R BR A e Al
BRI} HLEE foféf P By 25 & I o M A 21
SEREER - T A A BRI A SR A 7R
[ - R AR BN (E &R E 2 58 KITER
JBE 5 i (e A ER AR S A R QA VR BT s Bt s 15 H 5%
AR A APE AR E AR TRE -
HEZ 8 2 B DA & B PR AR 2 3 P SRR 5 AR
F B R IR TTIRE - FRHRE il FF S AR 5K
ZERLFF S RV B BREFFRK -
R BPE A St G IR PRI MBS %
G HEAERE 4 B RS RE S N » B ZRRZE /B
BRIFE4H 4% 40 Sentinel Asia ~ UNOSAT -~ International
Charter JENZEBA G EEE @ A&
BRI LU Bl B R IR S S P B e -
MR HER —SHER AL EEE R ER -

2PN

R BaE - REE > 5858 2300 R

5 0 2012 - BRI AR i P I 1ot 22 RIS B
HREHE-DIEH IR AG] - 2012 GIEHE &

BgFEgEEinttg -

MG - ZIEE] > BN R - HEE
g > BR{RE - SRFTE - 5T BREE
Bitr » TESUK > JiZE B 0 2011 - JEiE ﬁ%?‘*ﬁ’:\
S B T T FH - DL 0 521 i B 2 4 R 1)
2011 G R e A G b o

BUZCRZE L > tRE B DR E SRETE 0 2013
http://www.nspo.narl.org.tw - Fx T & 2
2013-07-03 -

Rl - BB > BoEE O MOTHS SR - A5
W5 @i BEATE - R - BOSRK M5
B > ARFEEL 0 2011 - AT RIFEL 2 R BRI
=4 P EKPIER - BENEREE g T

3D GIS Taiwan, EZREEEIFFI - 2013 » #REHIEL
B S =R RERN TS
http://3dgis.colife.org.tw, 1 iIT & ¥
2013-07-03

M‘

%

Et/\&

£—H KRB 103F02H

CGIAR, 2008, SRTM 90m Digital Eleveation Data,
http://srtm.csi.cgiar.org/, BHTE A 2013-07-03

Charter, 2013, Space and
Major Disasters,
http://www.disasterscharter.org/home, Iz #T 7
2] © 2013-07-03

Chen B., L.H. Chang , and S.C. Chou, The

FORMOSAT-2 Rapid Response For Emergency
Observation, 2011 ACRS Taipei

DigitalGlobe Inc, 2006, QuickBird Imagery Products:
Product Guide

EROS, 2013, Earth Resource Observation and
Science Center, http://eros.usgs.gov/, fz IT &

2 © 2013-07-03

International Charter:

http://www.unitar.org/unosat/, #x T &

2013-07-03

Kuo D. and D Gordon.,, 2010, Real time
Orthorectification by FPGA-based Hardware
Acceleration, Proc. SPIE 7830, 78300Y (2010);
doi:10.1117/12.86481, Toulouse

Lee, C. and G. Percivall, Standards-Based Computing
Capabilities  for  Distributed  Geospatial
Applications, Computer Vol. 41, Issue 11, Pages
50-57, IEEE Computer Society Press, 2008

Nirupama and S.P. Simonovicet, 2002. Role of
Remote Sensing in Disaster Management, ICLR
Research Paper Series-No.21.

OGC, 2007, OpenGIS® Sensor Planning Service
Implementation Specification 1.0,
http://esamultimedia.esa.int/multimedia/publicat
ions/TM-21/TM-21.pdf

OGC, 2013, OGC Standard and Specification,
http://www.opengeospatial.org/standards, #x 3T
ZEH ¢ 2013-07-03

Sentinel Asia, 2013,
http://www.jaxa.jp/article/special/sentinel_asia/i
ndex_e.html, HHTAEA © 2013-07-03

UNOSAT, 2013, UNITAR’S Operational Satellite
Applications Program,

Wu A.M., and G.S. Chang, 2010, Quick Response for

Disaster Monitoring from FORMOSAT-2
Satellite, IAC-10-B1.1.6, 61st International
Astronautical  Congress, 27  September-1

October 2010, Prague, Czech

Wu AM.,, F. Wu, and C.J. Shieh, 2004, “Application
of ROCSAT-2 Images in Daily Monitoring”,
ACRS2004, Thailand



Journal of Photogrammetry and Remote Sensing Volume 18, No.1, February 2014 27

Cloud Computation Based FORMOSAT-2 Imaging Planning
Service for Disaster Application

Li-Hsueh Chang '~ Bo Chen?  Shih-Chieh Chou®  Nai-Yu Chen*

ABSTRACT

Launched on May 20, 2004, the primary mission objective of FORMOSAT-2 is to acquire remotely sensed
data to support domestic and international remote sensing researches for various applications. Providing a major
disaster occurred, series of satellite data obtained at the first available time would be helpful for analyzing initial
impacts and monitoring the following situations. To provide emergency service for disaster reduction operations,
National Space Organization (NSPO) utilized multi-processing techniques to improve the efficiency of its image
processing system. Also, a web-based sensor planning service compliant to OGC standard is developed. With
which, the data from multiple satellites could be integrated properly to support disaster reduction activities.
Aimed at visualization of the integrated data from sensor-web and analysis results from different scientific and
application models, National Applied Research Laboratories (NARL) has conducted the development of a 3-D
environmental application and disaster reduction platform. With this near real-time high resolution platform, one
can visualize information integrated from FORMOSAT-2 and other sources and make a better decision for
disaster reduction operations.

Keywords: FORMOSAT-2, OGC SPS, disaster reduction application, cloud computation service

" Associate Researcher, National Space Organization, National Applied Received Date: Jul. 03, 2013
Research Laboratories Revised Date: Jan. 07, 2014
% Engineer, National Space Organization, National Applied Research Laboratories Accepted Date: Jan. 07, 2014

3 Assistant Researcher, National Space Organization, National Applied Research Laboratories
* Researcher, National Space Organization, National Applied Research Laboratories
‘Corresponding Author, Phone: 886-3-5784208 ext 1083, E-mail: LHChang@nspo.narl.org.tw



28

firu U 2 3% R 22

Ft\% F—H EBE103F02A



MARERST S+1\E BIH $29388 REI03F028 29
Journal of Photogrammetry and Remote Sensing
Volumel8, Nol, February 2014, pp. 29-38

BAT SR BRI TR

QNE" BHEE" ME® ROLX'

w2
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Device) »  FytH 5L E e FZ& A 2 CMOS EUHIES - (FEUSBIERE F & EEERAAIPEEL - IRIBAGTE
FNEEAFE R (process) » W1FEK 47 (requirement allocation) » Za 485311 (system analysis)EilEgizE (verification)
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PRERIM B Rty (trade off) 53T > AEEE SR > ATRE
HEBh IR H AR -

2. SRt TI2EANRE

L TR BE R —E R B AR P E A TR
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BEHATIE SN B IERER SRR Z
PIAEIERAEH 51l (break  down)BLELEG HEAF(E K 2
YelE N & A an Z B3 - MHEHE - FEE S AR
EEUTHHERREN AR B 2 TEARE  TENEEEREVISEEZ TPM HIRIERUT
I RER E e ARG G iRE R -Fr B BRIV R - & AstiHR TPM

TRGTERNER 2 TR T HEEEHEE ORI -

] DA R A YR G R T B MR
EZHFFHEK -

& I O9R B fo MR
Performance Measurement, TPM ) #%E FH {53t -
A T E BIEEAY - R B I RE A
TPM E5 3 (margins) B HIEAFH EHVERE TR © Z48
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fié - FEFlow Downif 22 7 ELEIEML
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HiMEEAE

Fi et TS BoERmE
- mREE
EEmEER  mEEE EREf
B ERER - piERREE  BREATHR
. meEaE - REEE 7l memmomn
RN | SRR EE [
. AR

Flow DownZE - BHK PETREmMRZES
2 R TREREARNE
1 tEE AR ERE 2 BB R
Fo it fE 8 (Technical Performance) 5K (Requirement) H AiE(Current
Performance)
"B 2 E5E (Mass margin ) >5% 9.14%
& JJ6RE (Power margin) >3% 7.78%
C I T R (D g <0.1 deg in pitch/roll
FE A FE HESE (Pointing Accuracy) <0.05 deg in yaw <0.05 deg
X FAEL 4% (Link Margin) > 6db > 6 db

tEhE(Agility)

R&P: =24 deg/60 sec
Yaw: =7 deg/60 sec

R&P: >24 deg/60 sec
Yaw: >7 deg/60 sec

> 100 (B1~B4)

R BB IR (Duty Cycle) > 8% >8%
RSTZ 4 6 LEiE A oL #7(System CTF) >0.1 (PAN) >0.1
RSI 5UHRH-(SNR) > 83 (PAN) > 83 (PAN)

> 100 (B1~B4)

H] 27 (Reliability)

>0.6 EOL as a goal

>0.6
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3. FRIENENGRETEATEE

E}%/EU ErE s 2 1) EAIEEA R R £
ERIZHATRL:

R 2 EHAMEEE 2 E

TR A%
LR 720 Km K[5[E2(SSO)
XiE(SWATH) 24 km @Nadir
= MR (Push-broom)
FHFA/INSIZE) 45 cm
PESLES B
(ﬁ;peﬁftl Coverage) 0.45 to 900 um
EfE(Pan)
&0% (B1)
$HE%( Bands)%{ &t (B2)
Bt (B3)
LIS (B4, NIR)
EEAE(PAN) | 2m
— # 1 (MS) 4m
BE 127 kg
If#%:(Power) 81W
BT 150Mbps

(Data Rate)

FH 28 8 R A — WS - O AT
(GSD)fFHEE » fEEE LTS = ERE 2 0k » TRt
4ok > BRI S S o LR R R Es
BERNZRHRA

Pixel Size/GSD = f/ H (1)

WU L BEREAUAN ERR > EREER
IBETRE L FN R A AL FE SRR
TR SR ERR B8 N R EE R

BESE 720km KB ERGOIE > FRIEER R
DU e Il 2 6 53 ok e B2 35t B (IR M €5 2 23
HURE i A2 M M e

3. 1 XEERET2EE
LRI REE 72 B FEA B (Cassegrain)

Tt& c REETHE FEAETHEAN . ARERE
o003 %% (Central Obscuration) o ELtf F 5K/ »

D

Iﬂu}

v RAE C IRERSRER B SRR LI 31

AR RO CEE(F-number) » EEUEIEE 7
GESTRRIR MTF - 308 EHAE ROHI 25 (sensor) F2 A
JeE o O RR AR REE £ 85 B Z iR
B2 R E (baffle) S - H @R EILEHRT Z
MTF - {HERFEEE I R4 o A B A =i
EFAR/NR T BREOISIN BESEHE
ANRRRE > EHEIRF] - BUTAHERS  BETER
P ELZHENER - SHIMEE BRI ZS M AHAE

FEZGZEAR/N - AR EZ ERIREL(SNR)ZL
REERE  REEHIDCERET2EERS -
*® 3 ORGSR
FRARa

% 2% number 12,000

(RZEAVN (um) 10

fife (mm) 3600

FOV 1.91°x 0.35°

FERFLE (mm) 450

F/# (F-number) 8

3. 1. 1 B EZESER

FT A B8 2 Aoy A —(EE A AR
il > R A R B SR A LIS i A GRS A
SIE o & — A R ( component) i i —{E 5
EERAVFLAR » 15 R B B R ] 2y s M
FORSFIEAY T - H A S5 T A NI R ARl BT FEE 1Y
fx PR - RE T OB b G 5T i [R (Diffraction
Limit) - 858 T S8R AR 70 HF e {8 B8 (pixel)
i 2 S/ NFE A 3 s
SERTRIR A0 2)

r=1222//D ©)

He A Bl ( wavelength) > f BER
( focal length) » 1 D A F$EHEE( the diameter of
aperture) > BHEFE LIRS > DLEORERRG - K
7y 700 nm iz > HEERHRRETF 6.832 um
D =45 cm, f= 3600 mm, A= (700) nm
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H(Q2) AFEHITHEFAL r ~= 6.832 m > /NFYEGH]
T E VNN

3.1. 2 ZEEENTEZLEER

RRREAEGE Lo P A R Z g =
S MRARA [F] B AT IR LA [RIAR AR 2 S L A R B
(CTF)EZEREEEL(SNR) Z 52 B A58 > HFH B BA{E

£—H KRB 103F02H

B ER TR Z IUGMRE - H CTF Zi8HEE
TS —TESETE . Table B4 IEEHIRE - 1 SNR
ZRARTE R IORERR, © (8] 4 PR Rt st 4
KRB AE CTF B SNR Bifg T 2155, @
BT 0 8 SRR LR, (ynl B S WA
FEESE N S -

3 GEAHRPR R R ]

e
£

7Y i
i i
-

¥8F 4%, CTF 0.2, SNR 100

4 tEE T R G
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3. 2 CMOS g1 71451

fE LT IS S UG RS
BB THTHEFEC AP REEHEN EEHE
7 Ry B Z5 (Image Sensor)» [H Al = T 28 M1
il 25 Py (552 FH Y 52 R IRCHI 85 - 15 LLBEeT # & T i
(Charge Coupled Device, CCD) ¥ » [RELE T
A~ BTt » AR B AR LB
- G (CMOS) #13 fily i 24 1y =+ 8 =052 B BRI 23
(Active Pixel Sensor, APS) » EHMEEE#3T CCD »
MZFEEAA CCD +2—LIT - HEER & %1
TheE > B AR —R &R b AR HEE4E
/N BRSNS B E A TR R IR
{557 B b ] DU A G s aea T it
AGfE - BB - BERFHKENIESE/)N - 1 H. CMOS
HIB RS ERISAE TR0, CCD » RAKFHE] CMOS
s RIS R 1220 AU 4R CCD s & RIERHY
S (P& > 2009) - BIZEREATZERN 2007 4
R FEAER i SIL E R AW R 2240 CMOS 24
JRCHIES - SE Pl T BRE A - 4K A A T AR
A o AR EIS MRS 2 REE - B REIAE 1C EE
ZREE R 2009 FHSEARBER BN R HAEE
Bg ¥ CMOS AYRI{THHRAEHERE R - W8S
BIfREEE MR BT HER G S HRME CMOS &
BEEHLSHEZ RZAFREFEEER £ 8
FI—2GEEE LA CMOS HUf{ CCD B Ryt i TR IR
2

FER CMOS s RHIBKERAE S SNR - AHEL
7 CCD » CMOS 7 JH:E2EE( Spectral Response)ii
> HEEES LA 2 FEf(noise) R » ATl SNR
Ryatdi Z BRI -

3.2.1 SNR Model

aFGECHIES 2 SNR PERELN T A7R(Bill Wang,
2009) » Hft ne By PIfESTE EEHAECHIES A
TEZIETH
SNR = e (3)

2 2 2
\/ne + nCCDirms + nchannel + nADC

n, :Number of Electrons Photon
Beep s - Number of Electrons CCD rms Noise

n :Number of Electrons Electronics channel

channel

1 ,pc -Number of Electrons ADC

3.2.2 IFEAEER D (Time Delay
Integration, TDI) [RI8

2 e f = (push broom) Mg 755 - A
SNR 27575k TDI » HFEHRANE S Fos > fFE—
)2 A EIRF 2GR B IAE AR (N ) » Rk
el s N (TR AN (STTAEEISRE SNR %
B (Bertram Lohmiiller, 2008) -

ay> ax
& L/ 2/ e

tik
/Op ~

-- 00
foxn /|

tlusl)  tlns] ps]
e
1 2

LL X ] n

5 TDI Hf& A3
B B TE AT B I T A SEA D
VR B TP TIR -

Photon_SNRTm =
“)

Photon_SNR*\[Nr_TDI _ Steps

4. IRIBECE

BN RS 2 B E E 2 0] 7y B R
R — USR8 B A ST K E R oy B 2@ S
& PramENE R NSRS - S —
FAR L& HI BN MERE A R > B0 sl B i e B
(MTF) » SNR % - MTF 82 CTF {E¥JH & LR &
KRAEGEBEMEZ2H > ERERHEX
(Nyquist frequency) 73 B =R (A - LU TR E
£~ B (PAN) MTF fILIERIIAREHC
Bk
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4.1 BRMECESHEE

WEZEBUEEEERNER  HEEAR
HRIR B S SR EETHE 2 KERE ] B2
PRATATECA 2B RS P ARGRER AN 3%
BRCR - USRI R TSNS - A E R
BHZAREREVRIECE BRI S8 TAZAHY
& ~ AN B B IS T EVE F N -
DIrgdE st Ry > 2 MR prlC By E B BT ) oy
7l Ry 128 /3B 80 FL -

4.2 R BN EIMERE

PREEEEEE IS 1R TR R A e T i
HE 7 EIE MTF 58 > (RIS EBicE
A& IET - BE R E £ S EREE 2 — Ak
B - R 4 BiEE IS S = frs (PAN)
MTF B8 ZICE > WICE IR E IR L
Wb T R AR ECHIES Z Fill Factor il » W%
TR _SE NN RS BRI MR EER
it 22 A SRR o SRIIASTE ATRE Z B P 0y
e -

5. FRitftDHT

Z IR T SRR AL B S S asn T Rt 470 U
B - key parameters models A5 b
HLE > DUNsrilise G BRI R TR B 5t
EifE4H (model) °

5. 1 FIELL

it SNR HIASE TN — EAVEESHEEE - 40
fIER LR T S B _ LAV A W R EORES
> irradiance - #E T #& iy A 5% 2 FE (Spectral
Response)fEi s F-H# 5 HA

5.1. 1 SZBHIE » 8l
W/ (m’estreoum)

JEFE SNR KU > FRIFEIGE T ASDERE -
ELf & A AT E R BAE Y9 E58R % (mean

£—H KRB 103F02H

radiance) > —f& A B F1E5% 5 (Saturation Radiance)
Z 14 ~172 #E, @& _SERL V4 gD
[ - 1E# 9525 SPOTS Bt SRR 2 &
Eas DIAT 1/3 BfF1YE58E (reference radiance) T E 5 Ky
NI Z 5RIE - 1818 FLSR TR 2 S B R R B
BRI AR SO Bk 6(= E)FTR -

2% 4 PAN MTF 18 2 BiC &
Pan Allocation
Reduction Factor/MTF(CTF)
Across Track |Along Track

Diffra. MTF 0.394 0.394
Tolerance 0.777 0.798
Optical MTF 0.306 0.315
Detector(window) 0.81 0.81

SENSOR-Elec 0.774 0.774
Detector 0.627 0.627
Stray Light 0.950 0.950
Static MTF 0.182 0.187
Static CTF 0.232 0.239
On Orbit Degrade 0.760 0.760
Smearing 1.000 0.637
Min Stage 1.000 1.000
S/C Stability 0.895 0.895
TDI Speed Error 1.000 0.996
System MTF 0.124 0.081
System CTF 0.158 0.103
System CTF Req. 0.100 0.100

TS BIESHREN LB RN

Rm = Mean Radiance| Rs = Saturation
Spectral | (Reference Radiance) Radiance
Band
W/ (m?.sr.um) W/ (m?.sr.um)
Bl 80(100) 300
B2 85(113) 340
B3 85 (110) 330
B4 70(93) 300
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2 8 2EUEIE (R, ~= 1/3 Rs)

Mean Radiance Saturation Spectral Band R =Mean Rs = Saturation
Wavelength
(Reference Radiance) Radiance irradiance irradiance
(nm) W/ (m2.sr.um) W/ (m2.sr.um)
450 81(107) 300 W / (m?) W / (m?)
500 84(111) 325 Bl 0.0414 0.1193
550 86(114) 335 B2 0.0455 0.1402
600 88(117) 340 B3 0.0415 0.1239
650 89(118) 333 B4 0.0742 0.2445
700 88(117) 330 PAN 0.1860 0.5460
& E 73 E\ 3
5.1.2 2ZREE 5. 1. 3 $EELLErE
= ~F Y- NERZR: & \,ﬁg Z s A [=i=]
%m%fﬁ/ﬁ@ﬁfﬁﬂﬁﬁmﬁﬁ HE J:Iﬁ%@% iﬁﬂg%}—u%/— {XZE;&%%Z » B CMOS
#EfE(rradiance) » AZUA T (EERIR - 2009): EHI2S PP FIACEIAERA > R T%E CMOS RiIZ
I L g A (5) ARSI TIE 6 ;
4 F (1+ M pppes)
Hr Spectral responsivity curve
0.5
I Ap 5 feim FHU$EEE (Irradiance) 045 L -
x — o 04 + n
F ol 2 e (Fnamben): 50 Bl | 5 O AAAA :
Tornes s g e ok s o e i :
A s 20 (Band width) £oar
<
Mornes  jes 2 sttt R3S g o -
=9 0. l ~—=&— Standard photodiode (A/W)
(PR Mornes 58 0 5 “ 00 _
FHEMAE 2 MRS BRSNS HER 0
400 600 vetengiofhmy 1000
(Reference Irradiance) i fif A% 7 FEAE » i 7 aveleng

BAZR 8 RIS HIRE 1/4 2 BEIR1%E

SIS P E 2 8 -

JiFEdcaEN

INFN

1/3 7 B FIHE S

%= 7 ‘FHE (R, = 1/4 Rs)
Spectral Band R =Mean Rs = Samuation
irradiance irradiance
W/ fm* W/ im?

Bl 0.0318 01193

B2 0.0330 0.1402

B3 0.0319 0.1239

B4 0.0571 0.2445

PAX 0.1430 0.3460

& 6 & HIHE CMOS [EHIZE >~ Srst s

5. 2 SRR KN

FEUHIZS > MTF F3a&ECHIES
MTF, #f%&(dynamic) MTF

MTF - y¢E2

=4y (Liu et al. 2009)

CE R4t L = f MTF 2> 5B A (model) » L5
i S B AE R ALY RS -

ECHIZS MTF: @ Nyquist #H2%:

MTFSenxnr = MTFwindow x MTFdifusion (6)

Sensor Windowing Effect MTF @ Nyquist $H%:
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sin(o )
MTFwindow = 2
o—
( 2)

,0 linear fill factor  (7)

HEBERIRZ MTF ()32 1956 4F
FY O'Neill £, (SHANNON, 1985), FZELEER 2
T FE B B v 0
VIEERE &Sy 5.2.1 B 5.2.2, SSAMRAAHTLER
MTF {J32°% & S BlAH 48 7 757 (Tolerance)

5. 2.1 B

St FE B (F-number) 7 E B2 S 4 MG 2 15
B HERAER/FHER —KiNE, SCEER
INEOEERVERERAT - 1R TSRS 8.0 0 [t
i —SRABRIREOR - FERINEY N - CEE 4.8;
R R e S B M RETH H A SRR - 58 ﬁﬁﬁﬁﬁﬁﬁl
(MTF) > BiZ:"ZH#EIE( Reference Irradiance) » #E[ES
5 SNR -

5. 2. 2 EFRPILNERIER

Cassegrain BURE S 72850 7 00 iR - HA R
E S ms 2 R AT T 5 rEiIsE=ax
SN IR FTSERE MTF (I8 - B 7 gt a1
S IR R S B AR IR. MTF &
4 e (B RHAOR Ry 258281 Matlab Code FfrtH
ZIE) »

3 % (Central Obscurations),

1

5 T T T T
5 ———MTF with eps =052
09r \\ —— — - MTF with no obscuration
5
L A
08 ke
Py

07 i
= L
gDE- \\
o
£ 05} e,
0 T
L
= 04F
s \\\

03 S,

.
02 B
\\
01}t A
R
0 L L L L s
0 02 04 06 08 1

fifc (F=8,1=055um)

& 7 EFFOERR v SRR MTF

Bif&(dynamic) MTF T 57 & R & A1)
R BRI EE, BA K ERm |
2 &S HERIEN U Gitter) 2 5288, HIURHIE R

AET E+N\E

£—H KRB 103F02H

(degradation) A] BE 7 4 7 218 (thermal distortion)
BLER 5 [REIOR R FEUES -

6. FAiREEsEEAtEsR

FHiE cnBase iy H B B HESR A EE I - DUE
DR 4% 7 %ZE/MEET):(JET’-'F)§TJ:J=( EX
&) > R A RIS TR o B mBRss i E I A R
P FASE(CEESER ) KT TKPEB?“‘?H
IBEIESS ﬂaf‘ #r ﬂ?ﬁ*fl%ﬁ*ﬁ%ﬂﬁﬁ Hr

“FEZ (shall)” AV - A PTHE ALY HEEE S
ﬁﬁ%}i%ﬂﬁ(verlﬁca‘uon) m’ Eﬁ 2 (validation) /& HEf
ZIRHVE—IhER S AT 7 B E THE AYER
S MBS -

B 56 LLOHI 54 (Test) » 73 #7 (Analysis) - #% 17
(Inspection) » B & R (Demonstration) <z VUFE 77723
17 DU 7= > (E & 4R (LeveDIYFTA 75K
B e TERE IR

4 B 5% 5t 2F A A Y B E8 DL 93 M7 (Analysis)
F o DUE TG Ry 51 » 222 dhi2 E (distortion) -
FZHEATSER - RO ESHE (S5 (dark signal) 2 885244
B P TIRE LB R A E RS TR H DL AT
T3 AR R T DUE RIS TR 5K - S 4H 4S5 i
1% B I BT AR R ST i 2 B AR (A A 2
(Test)&gi58 > AT 2 BEATIT 2%, ZAREHIERLD
(SNR)EH 245 3 il bR U (MTF) 5

. fcom

7 A AR RORZE o0 B ATELR AR 2 85 f
HE T — MEESZEEE NN 2 58T KRR
¥ ERBUET RF TR A (R ENETE
1T R REFUEZHELT R ER S Haka T
B S o A AEERS e E S &2
BRSRR o Z BT » 29 Rt BE I 5 £ S A
RN B e

2Z Rk
i » SRR BN > 2000 T BREITTAY
CMOS i M % T 5t 3 @ &
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ZLE 4R, $E5T Diffraction Limit MTF Matlab Code
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presentation chart
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The System Engineering Experience of FORMOSAT-5 Remote
Sensing Instrument

Cynthia Liu "~  Michael Tseng®  Jer Ling®  Ho-Pen Chang*

ABSTRACT

Scheduled to be launched in 2015, FORMOSAT-5 (FS5), equipped with 2-m panchromatic and 4-m
multi-spectral imaging sensor, is the Taiwan first self-reliant remote sensing satellite. Instead of using the
traditional CCD sensor, FS5 RSI is equipped with a CMOS image sensor, the world's first commercial remote
sensing CMOS image sensor. There are significant challenges in both performance and manufacturing. This
article records the important RSI systems engineering processes and technical studies according to the basic
systems engineering process (such as the requirement allocation, system analysis, and verification), and the
development experience in FS5. Remote sensing instrument development experience from many domestic and
foreign experts and scholars is being integrated into FS5 program. The systems engineering process example
could become a guideline and basis for developing the future remote sensing payload. The technical part of this
paper mainly focuses on the exploration of the key performance parameters such as system contrast transfer
function (CTF), signal to noise ratio (SNR) etc.

Keywords: FORMOSAT-5, RSI, Systems Engineering
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e 5 & A BN S BNE _EBVFNEAZER S
RIRDHT

RERE

xR

e

B 2

e TSR T VRS —(E R BRIt e R R Rz F0 B EVFRTRZE ] K EfEsRiE 2
AT REEDEEE sy St BB - AT TR BRI B B NN I R T B A A
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Optical Performance Analysis of On-Orbit FORMOSAT-5
Remote Sensing Instrument

Ching-Wei Chen ' Cheng-En Ho?>  Mei-Yi Yang®  Chia-Ray Chen*

ABSTRACT

FORMOSAT-5 is the first space program that National Space Organization (NSPO) takes full responsibility
for the complete satellite system engineering design including payloads. FORMOSAT-5 will operate in a sun
synchronous orbit at 720-km altitude with 98.28-degree inclination angle. The optical Remote Sensing
Instrument (RSI) is a multispectral imager which contains one panchromatic band with 2-m ground sampling
distance (GSD) and four multispectral bands with 4-m GSD. A Cassegrain type of RSI with two reflective
aspheric mirrors and spherical corrector lens is designed. The space thermal environment is one of the important
factors that affect the image quality of a space optical RSI. TRASYS and SINDA model of RSI have been
established for thermal analysis. Both hot and cold cases have been studied. Thermal induced instabilities are
incorporated in optical models (e.g., OSLO) by use of Zernike polynomial coefficients to calculate the system
MTF and WFE. It is investigated that thermal deformation of RSI structure and mirrors will impact the optical
performance. The relationship among temperature distributions, thermal deformations and image degradation of
on-orbit behaviors are discussed.
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JREERS - 8 4 nSEREJTHEEAY CD1 81 CD2 &3 -
RF—(E % 2 B U BEIRAH R B A 2 ik
axE MY AT SERE T BRIED - 1 55— (E 2 B A
Z TSR T SR > RS B L FE RS AT R ]
EEE DA B S Sy DI I wapsl s bin
st -

R=0.942933523 (5 Years)

cD1, [ cp1, TMTC, || cp2, DS, L] Pcou_PD2_MDRP, || Aocs

| RE Router ACS,HK || GPSR(LNA,Ant) || _MAG

Li - | CD1,TMTC, || cp2, DS, || PCDU_PD5_SPARE |+ Aocs
Router ACS, HK || 2, GPSR (LNA, Ant) || _MAG

Partial Cross Cold

Trapping Redundant

Redundant

CD1 cD2
i
DCDC1_M | cDMuU_ ¢
PCDU_ | / DCDC2_M
PD1_CDMUA PCDU_
RLL 1 cobmMu_ | PD1_CDMUA P
DCDC1_R IN/out | CPMU_
RL2
Relay, | PCDC2_R
\_ Switch

Redundant Site use PD6_CDMU B (28V Power)
4 fFrE NS CDMU A SR 78R E

FISERE T BRIEI YT B AR AR T B
B ARG HE R W SERTBE T
EHEFIRERSGT G RNER ST A
FiE o BT DAEHETT m] SR T BRIBIAY 28R » G ERAL
i baeat » LIRS BB I FEE - KT SEE
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Remote Sensing Satellite Reliability Prediction

Tsung-Ping Lee ' Jar-Chen Pong *

ABSTRACT

Remote Sensing satellite shall be provided with complex redundant functions owing to its high reliability
requirement. However, for generating its corresponding reliability block diagrams come from understanding
operational scenarios, dependencies between the electrical circuits in the system and following the circuit’s
characteristics. For a reliability block diagram contained redundant designs, normally the corresponding
mathematical formulas of that reliability can be mapped accordingly. If no proper formula for that design can be
used, the derivation of the fitting equations is necessary. In the reliability block diagram, most of the internal
electrical parts have serial relationships. Hence, a grand total of the failure rates of the electrical parts can
retrieve the failure rate in that block unit. Furthermore, to follow the reliability block diagram can evaluate the
prediction of system reliability. This paper will describe the processes of reliability prediction in the Remote
Sensing satellite system for referring in the future missions or predicting other complex systems.
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FORMOSAT-5 Asynchronous Imaging and Its Simulated Image

Feng-Tai Hwang '~ Cynthia Liu?  Yun-Shan Lee’

ABSTRACT

Scheduled to be launched in 2015, FORMOSAT-5, equipped with 2 m panchromatic and 4 m multi-spectral
imaging sensor, is the Taiwan first self-reliant remote sensing satellite. To increase the efficiency for
FORMOSAT-5 to acquire images on the ground, a function, so called “smart agility” or asynchronous imaging,
is designed in FORMOSAT-5. With the function of asynchronous imaging, FORMOSAT-5 can rotate its body
when it acquires images along a given specific direction on the ground.

To verify the feasibility of smart agility mode for FORMOSAT-5, NSPO conducts a series of verification
processes based on the sequence of satellite imaging. Firstly, the satellite attitude algorithm for asynchronous
imaging mode was derived. Secondly, satellite on-board AOCS algorithm was developed. Lastly, simulated
image was demonstrated. The aim of this article is to introduce some research results for asynchronous imaging
in NSPO, including algorithms to calculate satellite attitude in asynchronous imaging mode, and asynchronous
images simulation.

Keywords: FORMOSAT-5, Smart Agility, Asynchronous Imaging, Simulated Image
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