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1. Introduction : What is the earth?

» 4,600,000,000 years from the birth.
* Ellipsoid with Ra=6377. and Rb=6356km

+ Land as the 30% of the surface and 70% as the
ocean

* Four spheres for the dynamic earth surface,

geosphere (solid earth), biosphere, cryosphere,
hydrosphere.

* Daily Rotation angle of 360+360/365.25

« 7,00,000,000 human beings on the earth
(2011.10.31).
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Mission definition for the problem solver

. Define the problems

« Capture the images (data) of the earth
(land, ocean, and atmosphere)

* |nvestigate the images (data) and
consolidate to interpret the images for
geophysical parameter estimation

2. What is the remote sensing?
 To obtain (guess) the (geo) physical
information of the target from a distance
» by means of the optical or microwave
radiations

Emitter(Sun,

Radar) Sensor

Geophysical
parameters
Measure the Estimate
response (engine)
X F(x) y i)
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oY —ER Z 75 :Sensor and visibility

o FEEIY—(0PS) : FEREFCH M DERHN B
57, REFEEDE D REED N TR EN S,
%8 8| ARE B B thICIRE &N B, Target
identification is well done under the fine
weather condition. Recent sensor has finer
resolution of under 30cm. The larger obstacle
is the weather.

« & B0 L—4— (Synthetic Aperture Radar:
SAR) :EEEIIEE'C@ EEHXM’% CT2%, P FRREI
FLEEC 453, All (almost) weather and sensor
indispensable of the day/night. Resolution is

lower than the optical sensor in general.
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L—4—E gt R FE GO E:Comparison of SAR and OPS images

ARSI afelsok Yy

JERS-1/SAR

s S LANDSAT/TM .




7Y UEYA 4 E{#(JERS-1 SAR mosaic Amazon)
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3 AILMEICLS#RMA (How to capture the
rotating earth from the space)

+Advantages: effective to cover the earth
surfaces repeatedly within the shorter period.

-Disadvantage: resolution and sensitivity are
less accurate than the ground measurements.

Masanobu Shimada 14
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Capturing the rotating earth and appropreate expression the map
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A [ (5] BA ZE [] | Eh B (Sun—recurrent orbit)

{E8E (B EIEE) - 5 B #Ekm: Lower orbit Some hundreds km)

— IR ECE BRI B CEISE L BE

Adequate orbits to observe the earth surfaces
Masanobu Shimada 17
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ALBEDRSESIE ? (Height of the
orbits)
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(& FEE400km)
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(75 F $936,000km)
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HhBRER A8 2 Hh Bk

(7= FE800km) (& : #96,400km)

Geo-synchronous satellite Eaitir Obgérvation satellite

th Bk £5 81l /81 2 (Earth Observation

satellite)
HIRBBOEIE, B, ERORE. KEOBRLLEENE
TRIAIBE

BRICIGUTHRR BB Y (WAZ) &R
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4. Satellite Operation

* Ground station
* Sensor data
* ALOS-2 satellite system
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5. Satellite Hardware (ALOS)

. EEHK: Satellite structure

o Y —(HA3Z):Sensors

o REVRTE:Attitude determination
» {SiERTE: Position determination
. BEZIR5E:Time determination
JvE1—45—:CPU

3 Launch Date Jan. 24 2006
ALOS Satellite System | toncnvenicie ~ 1aa

Spacecraft Mass about 4,000kg
Generated about 7kW
Elec. Power at EOL
Data Relay ;
Star Tracker Antenna Orbit Sun Synchronous

BAIEAR . ; GPS Antenna Altitude 691.65km
ALSA ‘ i Repeat Cycle 46 days

(Sub-Cycle) (2 days)

Velocity ‘4

Nadir

PRISM : Panchromatic Remote-sensing

Instrument for Stereo Mapping
AVNIR-2: Advanced Visible and Near Infrared Radiometer type 2
PALSAR: Ehgg_ed_l\r;ay type L-band Synthetic Aperture Radar_

2019/10/18
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Determine the ground point from the space

hAZ (Df A0S
SAR EERE(~m) RoF5—EiEE(H)  EERRMENEL
i —75 i F s BEAE— Ky 5k

(P.R,Y) /
/ / BERAEN

ne % Fy7 58

ﬁ{jﬁ Masancbu Shimada /\

Mission Sensors

- 2.5m Resolution
* Three Telescopes for Elevation Data

AVNIR-2

Advanced Visible and Near Infrared Radiometer type-2
- Multi-band Observation (4 bands)
+ Wide range off-nadirs (+-44degrees)
+ 10 meter resolution

PALSAR

Phased Array type L-band Synthetic Aperture Radar

« Active Microwave Radar Sensor
+ All-Weather Observation
* 9 meter resolution{azimuth)

14
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Precise Position and Attitude
determination

Conventional Satellites

Earth Sensor - 0.03 degree + + 370m @ 700km
Star Tracker - 0.003 degree + + 37m @ 700km

ALOS

To meet the requirement of “Mapping without GCPs”,

Dual frequency career phase tracking type GPS receiver
— 1m Position Accuracy

High Accuracy Star tracker
— 2.0x 10%degree * *2.5m @ 700km

Absolute Time Clock

Conventional Satellites

On-Board Crystal Oscillator
Relative Stability + + 105 ~10 order

ALOS’ s GPS Receiver

ALOS

Internal Clock is Completely Synchronized to GPS absolute time

— Absolute Time Accuracy is 1us order

15
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High Stability Attitude Control

In order to minimize geometric distortion of the image...

Attitude Movement stabilized within
2.0 x 104 [ded] per 5 [sec]
(1 pixel distortion within 35km square scene)

ALOS s Star Tracker (ST1)

6. SAR system

16



JERS-1 SAR

Raceiver Signal Processor
(ADC)

ATT0-31d8 od8m
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Antenna Transmitter
Planer Array Solid Amp
generator

Transmitter

SAR model JERS-1 SAR artistic view

Passive antenna representative, JERS-1 SAR

JERS-1/SAR (1992-1998) ALOS/PALSAR(2006-2011)

£
11

I ] Heltma Pl_sAR_L(1998"‘2011)
Pi-SAR-12(2012~)

ALOS-2(2014/5~)
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7. Mission of the ALOS-2

o SEERMA, Disaster Observation
« EL{R=£, Land Observation
- IRIBES R (FFMK, 1518, B,

Environmental Monitoring
o ERESR (BZ), Resources Observation
H 7B %, Technology Development

20144E5A 248 (1) T E(FRIH !

LHJ F& R OL—4 (PALSAR-2)
TR VR A AT RE R EE (2,320km)

o ERBRAME

+ EWOAERE(1-3m)

« BE-RECEEShTRA

« HRME—DL-)TV FSAR

B EERT YT+ o USR0S =% \TFibtE
LSV EARBOL-47YT+ o BRARF(F 20 M LD SRR
ALOS-20FELF H & i

:Main Application Change detecoNg”>

(1)KEGhE- LU BNF(C L5 -tz D2
{t) :Disaster Observation
(2) BIEEE 18 (FF# +:8K) :Environmental Observation

(3) B E 1R (iaff + BUR ) :Ocean Observation y
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SAR measurements

» Amplitude

+ phase

N / V \ / A: Scattering area

surface1 surface2 surface3d
1
b 1 1
Tt---- s :
a-7.7 ] ] :
-8 E \
T !
1 1
I
9 [120Bintenval
Sigma0 } ' A
(dB) ; 1
el i g
: : : o Tapals field data
----- rimm mim ol S me g Model fit to Tapalos data [~ = 1
b & ' bl ¢ Manaufekddaa
' ' ' .
I (R U U TR
: S Y 7
I T T 1] I LI II I T ‘ T LI III ] T L]
"4 2 6 1013 31 100 500

Areal Density of above-ground biomass (tha)
Quantised biomass density retrieval scheme
o0 in L-HH.(after J. R. Baker [97]).

al.,"Tropical Forest Biomass Déinsity Estimation Using JERS-1 SAR: Seasonal”

A.Luckman et
AL (=il JJ_..___L_ 4 e = L3 4000

F Liol .
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Radar Backscatter, ratio of
backscattering signal to
incoming signal, expresses
the forest status and
biomass within a certain

‘ '_ : [ ‘ ‘I‘I ‘ ‘ ‘ Vl ; .--- =} range
H
Fallen trees still remaining.
o
HH: high extremely high low

HV: high lew™* low "
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590y =7 B DFRIMDZ b (Forest Cover Change
in the amazon)

20094F (ALOS/PALSAR) 134 19964 (JERS-1/SAR)
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ZEMELRIDERRE (Issue on the forest observation)

HZMROEIR 2 HDL\OH ? :Observation Target
FAOIZFHF MDA FEPHF MO ZEL (HFE)
FHNATIA

L—HT &3 What radar can do

PALSARIC &% 7 $aE B fE 22 1L O3B B
Tracking the forest cover change in time

Masanobu Shimada 49

2R 10mH R ETTM1D—-2009:Global 10m

Mosaic

©JAXA,MET! analyzed y JAXA

50 Masanobu Shimada
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PALSAR 10m Mosaic 2007
Forest/Non-Forest Map

First Version of the FNF HE7I7HSRE

Masancbu Shimada 51

2007- 2008 Deforestation

B 2008 - 2009 Deforestation
2009-2010 Deforestation
2010 Forest
2010 Non-Forest
Water Masanobu Shimada
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WERRDOEESR IBAMA(1/2)

PALSAR% I\ 7 &IE (RFREE B, 20 0 74 751 ERARERKnY
Annual deforestation at Brazil Faces
Deforestation area : o
19000km2(1996~2005) oy
12000km2(2007/8~2008/7) ﬁ
7000km2(2008/8~2009/7) i I I sevanza )
4000km2(2020 goal) 2 i
Environment Minister “Minc” said that the m & t#.“ {ﬁi‘ &
effective. Total deforetation of south america : ¢ ¢ & @e '\&yﬁ P
Global deforestation:70000km2/year #
TG J(PALSAR)CEDRE RSN /LEARIE | -
(20094E8A ~11R) f - Commi
| Rarw data
|orTS "?‘5/'" i Meplody
i ( a5
| Acquistiond 5
| tvs/day
| 350G8/day
| Eanh Observaton
110M scenes/ Research Corter/ JAXA
s Within 3-5days
5 SCANSAR browse

(TR

¥
¥ 7
| FEEmETT " 3 Masanobu Si .‘."',_'.:‘ BRIERE =

i IBAMA
Tne Brazian insteute of Environment and
| Reneaabie Navsal Resourced

25m PALSAR/PALSAR-2 Global Mosaic

South America
!\‘M‘l PALSAR-2 2014
"=

PALSAR 2007 PALSAR 2010 PALSAR-2:2014
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Indonesia

PALSAR 2007

PALSAR 2007

25m PALSAR/PALSAR-2 Global Mosaic

PALSAR 2010

PALSAR2010 . L

N

PALSAR-2 2014
v

PALSAR-2 2014

PALSAR 2007

'PALSAR 2007

25m PALSAR/PALSAR-2 Global Mosaic

Indonesia Sumatra Is.

PAUSAR 2640 v <l

PALSAR-2 2014
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Surface deformation(Volcano, Earthquake,
Subsidence)

EMLOER (TH17FE8A48) o iﬂﬁﬁ@ﬁﬂb‘fd‘ 3‘{‘[[:7&:\:’\"“)3:

SART# (SAR Interferometry)

ECERITT 228 DSARDEBLEROE S (MHHE) #5tHL. thE0 £ TBCLRE,
Fei2) Yoith i D & RIS ey

Two SAR images flying in close distance detect the surface deformation and DTM.

slave orbit

I E master(4/40/2007)ada slave(2/23/2007) 58
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Bt Rg KM (199564E1 A1
78) DR EM YT :JERS-1
SARICEBESTH
FE{®:1995/2/6

PETEI{§ - 1992/9/9

19964F )
ME R

Surface deformation detected by

=
e ibﬁ}.mwﬁ@"‘h . AL JERS-1 Differential Interferometry o
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-8.5cm Ocm

Temporal variation of the subsidence from
the beginning of the data take (20070106)

46 days -> 0.2 sec

Masanobu Shim

[Master-LoL1.0 | [ stave-LoiL1.0 | I
i W :
| Common-Doppler I = !
RS 100, 2 5000
I SAR imaging-SLC ®
o
[ Master L1.1 [Eave L1 T
A.A....,........H_._..._.... z II‘
> |
 §
I Co-registration-| rrame I 5 _ 2
zZ o
l &
o
Phase measurement
Correclion by orbil data 118 © 5500
Correction by terrain data 7
Further orbit correction 74
Ortho-reclification (10)
Atmospheric correctlion 300
E """"""""" - 900-840
| Deformation ] STRIP mode Interferometry
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SAR processing using the cloud system

sigma SAR cmud Platiorm HR MR 7O- B SICMA SAREI LI

(& B ht/J/¢T~9ﬂﬁ7vvl~7x-—L\
Ammnb-iﬁ— (SAR)- ~ _

SIQma SAR Cloud Plallorm

SSGI’ -

SIGN IN Yo
{ member only ) }

SSCPOR
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bt

SAR processing using the cloud system
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SAR processing using the cloud system

SIGMA-SAR

# Dashboard

Rk T F00HNP752 ; ; 3 J

Masancbu Shin

SAR processing using the cloud system

M Fiwefox 7r¢/i HEE

Zoom level 9

Mouse location (Lat,

Lon) ;

@ interforometric Image

Image opacity

Amplitude image

image opacity
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