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ABSTRACT

Since concentration of greenhouse gas increases continuously from human’s fossil fuel use, urbanization, and cultivation, it is
trend that climate change is appearing. In Addition, in 20th century, occurrence of disaster is accidental and huge, and damage
level also increases gradually. Therefore, in order to preserve the territory and to protect people’s life and property against new
type disasters, disaster detection satellite (payloads) development is required urgently. In this paper, we conduct a research and
development for the prompt preemptive action when occurred a disaster, in particularly, about the disaster observation optimized at
Korea’s geographical features for the irregular future disasters. For the payload design which is specialized detect disasters, we
create a tech tree of satellite imagery applications based 10 disaster types, and analyze the satellite sensor technologies referred to
Landsat-8, Worldview-3 and ALOS-2.
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. Detecting volcano of baekdusan at national
meteorological satellite center

Table

DIFSAR(Differential
Soil arching interferometry SAR)
caused change detection + MERIS,

MODIS, COMS MI +
Electro Optical stereo

magma intrusion

VZY;O ERS, MetOp, GOMES, Envisat
Blow of gas, SCIANIACHY, Detection of
Heat anomaly, SO based on Numbus TMOS
A volcanic  |Detection of Heat anomaly
earthequake |based on ASTER, MODIS
image
. IFSAT Phase coherence +
MP Omi. cﬁong 01, f lavaé Multispectrum Image +
stereo DEM
Active Detection of Ash column
volcano i
Detection of st_;ereo based on Mqltl angle
image scanner/radiometer
Ash column

(MISR, AATSR Envisat,
ASTER ERS)

Post— |Damage prediction,| High resolution EO Image
volcano Restore analysis
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1) Drought information in KMA
(http://www.kma.go.kr/weather/lifenindustry/life_jisu.jsp)
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Table 2. Major technical requirement of satellite sensor for
disaster detection

optic| IR | P SAR
spectral | X-band | C-band | L-band
ground
deformation v v v
volcano | v | vV | N4
earthquake | +/ v
landslide | +/ V/ VA
forest fire v |
flood | v/ v
typhoon | v/ |
heavy snow V| Vv
oil spill v v
drought /
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3.2.1 Landsat-8(7] =)
naef Al 20139l #ARSE Landsat-8& AldE
AAA e} AL ASJAFE Fas, Fe/H A

ANE B5 e

o] 333844 OLI(: Operational Land Imager)$} 343}
B BAE A Add A TIRSC
Infrared Sensor)E 443+t OLI®H TIRSAIA 9
gEdolHe st FFEHol AEM F P4
A5G LE s HAGOE AT

33 OLIAA S Ae 8720 ¥ 3% 2t
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E 3. MEX] FAF 2EMMM(EEMEM)e| Ms
QT AR 1-1 : Landsat-8 &t OLI MIA

Table 3. Technical requirement of similar satellite sensor

for disaster detection 1-1 : Landsat-8 optical OLI sensor

Special Band Wavelength | Resolution
Band 1-Coastal/Aerosol |0.433-0.453¢m 30m
Band 2-Blue 0.450-0.515/m 30m
Band 3-Green 0.525-0.600m 30m
Band 4-Red 0.630-0.680¢m 30m
Band 5-Near Infrared |0.845-0.885um 30m
Band 6-SWIR 1.560-1.660m 30m
Band 7-SWIR 2.100-2.300¢m 30m
Band 8-Panchromatic | 0.500-0.680m 15m
Band 9-Cirrus 1.360-1.390¢m 30m

Landsat-89] #¢]4 TIRS AlMe d&9H A%

HAgog

& olgajel OLI AAlA 58 e

[
A 894 (Landsat-8)8 A9
TIRS AA A Q7Z21L & 49 2t}
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T 4 MAEX] FAF 22 (Mo M)e| M5
QTFARRF 1-2 1 Landsat-8 M 2|M TIRS AlA
Table 4. Technical requirement of similar satellite sensor

for disaster detection 1-1 : Landsat-8 infrared OLI
sensor(Optical/Infrared)

Special Band
Band 10-LWIR
Band 11-LWIR

Wavelength
10.30-11.30m
11.50-12.50m

Resolution
100m
100m
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3.2.2 WorldView-3(1] =)

nj=rol| A 20140 #ALEE WorldView-3% Alg
A AN L AR BS5UFE FAET, JE/A
A (WV-3 Imager, SWIRAA)E HF #3a}
of #= AFEy} =rh ®=3 CAVISC Clouds,
Aerosol, Vapors, Ice and Snow)XA S F7l2 23
ste] CAVIS bandE ©]&% +&, HF, sk, &

S T e EH AEEgE #=S Fyddh
WorldView-32] AA= thes AxAdas H83509
3lem¥  E¥(Panchromatic), 1.24m+ A

(Multi-spectral), 3.7m% 2 (SWIR, Short Wave
Infrared), 30m3 CAVISE #=3t},

WorldView-3(38/SWIR/CAVIS)S] AAM¥H AF
QTANSS E 59 2t}

E 5. WorldView-3 | AMIAM(ZSHSWIRICAVIS) 7= AFF
Table 5. Technical requirement of WorldView-3

Panchromatic 450-800 nm

. 400 nm -

- 8 Multispectral 1,040 m
avelength 1,195 nm -
range 8 SWIR 9365 nm
405 nm -

12 CAVIS Bands 9245 nm

3.3 SARAA A% &T7AY A9

A g0l 7be3 SAR(:Synthetic  Aperture
Radar) AlA 219 #5055 st A4 A
A A aFEAE EA5ke] SAR AdEA 944

Aol e LTAE EEET

3.3.1 ALOS-2(¥£)

Ao A 20140 A ALOS-2+= AYEA ¢
ANt AN BE5AFE 8, L-band SAR
A (PALSAR-2 : Phase Array L-band SAR)%} %
AN R gAete] AGRA] fAF E8UATE
o) AdHA FAF 28949 (SAR A14]) ALOS-2
PALSAR-2 4149 A5 23x4e & 63 2tk

oluf, SAR A4 7|9k AFEA] {FAF Z8-$)4 414
ALOS-2 PALSAR-2+= 7 A5 8724S 7IAE
dl, PALSAR-2 A|2=¥12 193 ko] Qteu} A HA|
2=(ANT)Z 714 ZA(ELU : Electric Unit)2] 2
Mo AMBEAAfHOR  FAH 9k ® T2
PALSAR-2 AlA ] F7} 71% Q7 AES vehdith

(Optical/SWIR/CAVIS)

Contents
Space DigitalGlobe
agency
Weight 2,800kg
Orbital 97min
period
lifespan 7.25years

Resolution 0.31m(Pan), 1.24m(MS),
370m(SWIR), 30m(CAVIS)

1210

O 1. SAR MM Z[8F R AEX] RAF 22/ MHMA -
ALOS-2 PALSAR-2 MIAe| +2M
Fig. 1 SAR sensor-based similar satellite sensor for
disaster detection : Composition of ALOS-2 PALSAR-2
sensor



Band,
wavelength

L-band, 229cm

I 6. MHEX| AN 2EIMMMSARS s TFARF: PRF(Pulse
ALOS-2 PALSAR-2 MIA Repetition 1,500 to 3,000z
Table 6. Technical requirement of similar satellite Frequency)
sensor(SAR) for disaster detection : ALOS-2 PALSAR-2 Range of
sensor bandwidths 14, 28, 42, 34\
Stripmap Single, dual, full,
Parameter Spotlight - Scan Polarization compact(compact polarization is
\Mode Ufl_tra ngh_ fine | SAR an experimental mode)
- t
1€ | Senstve Look direction Right or left
1257.5M or 1236.5, :
Frequency | 12575 | 1978 5, selectable poam ST | Blevation'+30°, Amuth£35°
Incidence & to 70° range Antenna width, 99
angle length
Bandwidth | 84Mt | 84Mi | 42Wk | 28Mk | 14Mk Incidence angle 8° to 70°
Range
Ground | 3m(rg) .
resolution | x1m(az) 3m 6m 10m | 100m resglutlon, 3m, 6m, 10m, 100m, 1m, 3m, 6m,
azimuth 10m, 100m
20km(rg) 50km Tkm | 350km resolution
Swath 50km )
x2okm(az) (FP:30km) | (FP-30km) | 5looks 33Kl with 3/5 aperture in
. SP/ | SP, DP, | SP, DP,| SP, Spotlight and Ultra-fine mode
H n sP DP | FP, CP | FP, CP | DP Peak‘ pgwer 6.1kW with full aperture in
’ ’ radiation . .. .
NESZ | -24dB |-24dB| -284B | -26dB | -26dB High-sensitive, Fine and
ScanSAR mode
25dB 25dB
Mass of the
CFP: | CFP: | SAR antenna A7 Tke
X O—pol: 0—pol:
rzl A'e 958 | 25dB| 23dB | 20dB | 25dB Mass of the 199'1;g(ELU Ct‘.’“tmls ZﬂbSAR
g Fp: Fp: SAR ELU signal generations :gl eam
X-pol: | X-pol managemen
15dB 10dB
S/A: SAR AlM 9] A 239 Polarization E49 uta}
azimu.th 20dB | 25dB | 20dB 23dB | 20dB @@= "o Dla}z] IE=w g4 dgolEle AR}
zto]7} W} th4r Polarizationo] 3w #= Ag
T2 =9 4 ok SAR AAM 71w AdERA FA
7. SAR AN JIW ACEX] A EBAGAM : gg oy ax ALOS-2 PALSAR-29] Polarization %
— -2 MA| =7} 7|& QAR
ALCS2 PALSAR2 1A %7} 71% 27412 G ol o] AR SR, 4 wew o
Table 7. SAR sensor-based similar satellite sensor for N 4o 7 28 2o Pol M gz
disaster detection : Additional technical requirement of = Tew &< Polarization “d°s e
ALOS-2 PALSAR-2 sensor < 7Kg
- SP : Single Polarization
. Standard - DP : Dual Polarization
Hadar carrier 12%52%?51’125?%1 : - FP : Full Polarization(#)=)
center requency — clectable - CP : Compact Polarization(23d =)

1211
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Single Palarization H H H d
[HH] 1 | 1
[vv] Transmit
[Hv] | = 5 B P
Dual Polarization H H H H H H H

HHAHV, + A

] 1 1 1 F -

[WVHVH]
H o s R H v Receive

HVY HY HV H
& Ay ¥
L)

Full Polarization

[HH+HV+VV+VH]

High PRF
=snarrow swath

15 1L T S

Recaive

T2 2. SAR MIA| 7|8F THLIEER| RAF 22 QMM
ALOS-2 PALSAR-22| Polarization Mode

Fig. 2 SAR sensor-based similar satellite sensor for
disaster detection : Polarization mode of ALOS-2
PALSAR-2

34 AR YAMEE 9% F8 A s 7=

A &8 949 Landsat-8¥ WorldView-3& E
2 Fs 94 o)A Wl Aderx] A el A
T STANEE olgle} 2ol AHskTh

I 8. MHEX| MM (EEAEeM W) M5 @7 xA
Ho|
Table 8. Performance requirement of satellite sensor for
disaster detection(Optical/Infrared)

Optic sensor IR sensor
optic : PAN(Panchromatic) |  optic :
Sensor . .
optic : MS(Multi-Spectral) | IR(Infrared)
Swath
v 30km 30km
Width
Resolution | Panchromatic : <0.5m Infrared
(optic) Multi Spectral : <2.2m < 55m

E 9. mpEHH SAR MIAMel E4 vl

Table 9. Characteristic comparison of SAR sensor by

Tk ALOS-29] A4 45 8
HE SAR®] AdEA §1AM ] A eSS
ofgiel o] Aofataitt.

SAR AlX & band A4l wel X-band, C-band,
L-band SAR A= 5w, 2} A= i 99 2

o E ) -
2> EAS zeth

1212

wavelength
Characteristic

Wavelength L-band > C-band > X-band

Transmissivity | L-band > C-band > X-band

Accuracy X-band > C-band > L-band
A WA L-bande] 7, shgel Aol Lo} T
g0l 7PF w3, TE, U, UEY WA 52
Faste] ATl wAEL Ee e 5
ol Folgh AAF SAwure] okt & 2
Aol A BEo] sy fEAQ

N o ox foK
r“ié"é_[r1
a_|m
o

~ban

&2 SAR AMA Agsl= 3 ol 7HE 3
do]7b #& X-bande]t}h. X-bande 7ge] zol
& H SellMe 24 3 iR 33 doju] o
ol =, AHF B5 5SS FSA FE, HE
o AHAQ BF0] Jbestal ¥5 FIETt &
(2" 3). =W A =, 7] TAE] &8 9 v
AL bk FF LA ol A8 6
%7} X-band SAR AIME #gsto] 7idd o golrt

C-band

(wave-length: medium)
¥ penetrate through
clouds, rain

v reflected by...

leaves and branches

37 3 T SAR HAe] B SN

Fig. 3 Observational characteristic of SAR sensor by
wavelength



AHAZAAE fI8 94A VEaTx2d 24
E 10, X-band SAR Al R HERX] IMMIML] M ato] AdEAe HAgE JEaTEAS Hoe
QLET Mol th o FeAe FYgH ez dd wE A
Table 10. Performance requirement of X-band SAR sensor "ot d2ke A ojste] YAS o]&3 AugAgls
satellite for disaster detection A4S gAE & QEE uk vlols mE3lth o
Standard A goet AA"E AGEA ] HAsE ¢ YEE A
o1 1) .0 A Folo. 2 ola
High Resolution(Spot)/Standard = SAR 9143 2%%% 7 TZ‘J Kals ZOQ]OE
Operation mode Resolution(Strip)/ Som, 1500kgw TR Al stof a7z %
Wide Resolution(Scan) T35 Attt
High Resolution <0.5m(Swath >5km) A AANEE A F2 Y 7EAS
% 129 2t
Standard <3m(Swath >30km)
Resolution
Wide Resolution <20m(Swath >100km) T 12, MLERR] QMMM Fo sl 97 xA
. Table 12. Major development requirement of satellite
SAR bandwidth =500MHz sensor for disaster detection
e | H il Standard
+ +
— ’ - SAR : High(Spot)/

. Operation mode Standard(Strip)/Wide(Scan)
£ AR s Fapde] 22 Lband A Optic : Pan/MultiSpectral/IR
x| oA o] A= ko ¥ 111 o] A -

%f'xl AN AT LS 3 113 2ol 3 Resolution(Spot) <0.5m(Swath>5km)
elekaiet Resolution
) <3m(Swath>30km)
(Stripmap)
# 1. L-band SARo"j:_FLi;H IT;:%T' FlediMel 85 Resolution(Scan) <20m(Swath>100km)
Table 11. Performance requirement of L-band SAR Resolution(optic) §0.5m(Pan), =2.2m
sensor satellite for disaster detection (Multi Spectral), <5.5m(IR)
rT—— SAR bandwidth >500MHz
TS )Zn a; Ty, Range 20750 degree
1
Operation mode & p‘\));,d tén ar) i SAR Polarization | HH,VV,HV,VH(Single) /
T— 31 f ;;;n) (Single) HH+HV, VV+VH(Dual)
<3m(>
gh Hesoution == Mission time (SAR .
Standard <3/6/10m . . per orbit 1xxsec
Resolution (Swath> 50/50/70km) image acquisition)
. €0 . — SAR : BAQ compressed file
Wide Resolution élOOm(Swath.ZBE)Okm) / CCSDS Source packet
. 84MHz(High), formatting
SAR bandwidth 84/42/ 281\/H{Z(Sjtandard), Digital process Optic/IR : Discrete Wave
14MHz(Wide) Transform, Bit Plane Encoder
Polarization HH, VV, HV, VH(Single) / compressed file / CCSDS
Mode HH+HV, VV+VH(Dual) Source packet formatting

AFErA) QA AA AR =2 wel 9 AEES S

sh7] flete] ohekst AdREs BAEAEE A4)

Data processing

system I/F 4Gbps(1Gbps / channel)
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