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Health Checkup
of the Earth
from Space

The recent expansion of human activity
pursuing a wealthier life has affected the
global environment in many ways, including
global warming and ozone depletion. We must
consider, however, that the true wealth we seek
should not only be short-term prosperity, but
also a sound society and a healthy environment
to be enjoyed by future generations. For this
we need to understand the current state and
mechanisms of the global environment, forecast
the future, and take measures to preserve and
improve the environment.

There exist two ways to monitor the global
environment: one is to directly measure
objects of interest on the ground or in the sea,
and the other is to observe them from space
(remote-sensing) by using satellites through
electromagnetic waves such as visible/infrared
light and microwaves. Although the latter
requires various algorithms and processing to
acquire the necessary information, it is
indispensable to enabling observation of global

phenomena in a short period of time.

JAXA is conducting a project known as
“GCOM (Global Change Observation
Mission)” to observe the global environment,
global water cycle mechanisms, and long
term climate change—a kind of “health
checkup” of the Earth from space.

GCOM-W1 is the first satellite in the GCOM-W
series, whose mission is to observe the water
cycle mechanism of the Earth. It is equipped
with an advanced microwave radiometer 2
(AMSR2) for observing precipitation, water
vapor, sea surface temperature and wind speed,
soil moisture, and snow depth.
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GCOM has two series of observation satellites: the GCOM-W
series for observing the water cycle and the GCOM-C series
for observing climate change. The GCOM-W series is
equipped with microwave scanning radiometers for
observing global water and energy cycles, including the
polar regions. The GCOM-C series has multi-spectrum optical
imagers for long-term observation of global radiation/heat
balance parameters that affect the climate and plant
production parameters related to food production and the
carbon cycle.

By carrying out long-term global observation lasting 10 to
15 years, the GCOM series is expected to elucidate the
mechanisms of the water cycle and climate change.
In order to carry out observations continuously for at least
10 years, six satellites are to be launched in three phases.
The operational phases of two satellites launched
consecutively will also overlap for about a year. This
enables the sensors to be compared and calibrated,
securing the continuity of the observation data.
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The Earth is so large that it is difficult for a single nation to
perform all the observations required to understand the
changes in the global environment. Therefore, a coordinated
international framework called the Global Earth Observation
System of Systems, or GEOSS, has been established, under
which participating nations are administering their space
programs for monitoring the climate and the environment.
As one of the participating nations, Japan has declared that
it will contribute in three fields: global warming/carbon
cycle change, water cycle change/climate change, and
disaster monitoring. GCOM is part of Japan’s contribution to
the GEOSS. GCOM makes an international contribution by
participating in programs inside and outside of the country,
such as the Joint Polar Satellite System (JPSS) of the
National Oceanic and Atmospheric Administration in the
U.S.A. (NOAA).

4 JAXADSKR RIBERDOBESvYaY

The mission of JAXA’s climate and environment observation satellite

®GOSAT: Greenhouse gases Observing SATellite “IBUKI”
This satellite aims to observe the concentration distributions of greenhouse
gases such as carbon dioxide and methane. It was launched in January
2009 and is currently under operation in the orbit.

®CPR/EarthCARE:
Cloud Profiling Radar / Earth Clouds, Aerosols and Radiation Explorer
The mission of this satellite is to carry out global cloud and aerosol
observations and is being developed jointly by Japan and Europe. JAXA is
responsible for the development of the Cloud Profiling Radar (CPR), which
is the sensor on aboard the satellite.

®DPR/GPM:
Dual-frequency Precipitation Radar / Global Precipitation Measurement
JAXA is currently developing a Dual-frequency Precipitation Radar (DPR)
to be mounted on the GPM Core Observatory (developed by NASA).
The GPM mission is an international collaboration.

Global Change Observation Mission 1st - Water
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Geophysical parameter of the Earth observed by GCOM-W1
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Water on Earth plays a significant role in redistributing the
solar energy that reaches the Earth’s surface and is closely
bound to weather phenomena and climate change. Water
on the Earth’s surface—on the ground or in the ocean—is
either liquid or solid. Absorbing solar energy, it evaporates
or sublimes, and moves into the atmosphere from the
Earth’s surface.

Water vapor in the air is eventually cooled down to liquid or
solid to form clouds, precipitation, and so on. In these
phase transitions, the energy of the vapor heats up the
atmosphere and drives various weather phenomena.
On the other hand, water that has transited to liquid or solid
falls to the Earth’s surface in the form of rain or snow again.
The water then either flows into the ocean via rivers or
stays on the ground in the form of soil moisture, deposited
snow, or frozen soil. Water saved in such forms serves as a
“climate memory”, memorizing the conditions of a certain
period of time and is a significant cause, together with the
ocean (which holds an enormous volume of water), of the
mid-to-long-term changes in the complex Earth system.
The water circulating around the globe is indispensable for
our lives. Rain is crucial for maintaining the ecosystem, and
benefits our society as well. However, typhoons and heavy
rains occasionally cause damage to our society and cost
lives. Drought can also damage the ecosystem and directly
harm crops. There is a growing concern about frequent
outbreaks of extreme weather phenomena such as typhoons,
heavy rains, and droughts along with a rise in temperatures.
We need to minimize the damage caused by natural disasters,
but at the same time harness precipitation as a water
resource. It is therefore crucial to monitor the current global
water cycle, to understand the water cycle based on the
collected observation data, and to predict its behavior in
the short, medium, and long term.

GCOM-W1D>—%FIH utiiization of GCOM-W1 Observation Data
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Relationship between the Observation Frequency of AMSR2 and Physical Quantities
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GCOM-W1 makes frequent observations of water in
various forms in the global water cycle by using AMSR2.
Since microwaves are sensitive to water, AMSR2 is able to
acquire information about water through microwaves.
Microwaves radiate from the ground and elements in the
atmosphere, enabling observation even during night time
and of winter polar regions. Different microwave frequency
ranges have different characteristics: High frequency waves
sense clouds and precipitating water, and low frequency
waves penetrate clouds and directly sense the ground
surface. In order to quantitatively observe physical quantities
related to the water cycle by utilizing these characteristics,
GCOM-W1 makes observations using six different frequency
ranges between 7 GHz and 89 GHz. The acquired data is
used in various fields, including quantity mapping of
precipitation and vapor, which are important elements of
the atmospheric condition; areas of the arctic sea covered
in ice, the decrease of which is a matter of concern today;
soil moisture content, data concerning which is expected
to be applied to agriculture and the understanding of
droughts and floods; and all-weather sea temperatures,
which can be used for observing marine phenomena, such
as the Kuroshio (Black Current).

This observation data has become indispensable in practical
fields such as numerical weather prediction and the fishing
industry. Observation data from the Advanced Microwave
Scanning Radiometer for EOS (AMSR-E) mounted on Aqua,
NASA’s Earth observation satellite is regularly used for
weather forecasting, especially for precipitation prediction
in the case of typhoons and heavy rain, and for providing
fishery information to the fishing industry. AMSR2 to be
mounted on GCOM-W1 is the improved successor of
AMSR-E and is expected to obtain more valuable data.

BF LIRS OENRE 2R TR,

AMSR2DERHHZKET, JOYIMGHTHVSNZEREHENENTERY (@FREZDEARMT) .

HAKOIBEBEZR(LICNN T PYIEEZ(LIE%Z1~100GHZ TR . T DRAMBTHRIFELILBD.

Pattern diagram showing the relative sensitivity* of physical quantities measured on the
sea's surface

The frequency band used by AMSR2 is shown in light blue, with the frequency bands
used for product derivation indicated by dots (the black dots indicate the most important
frequency bands).

*The relative sensitivity is determined by calculating the fluctuation of physical quantities in response to a
1K fluctuation in brightness temperature over a frequency range of 1 to 100 GHz, with the values normalized
to the maximum values.

Global Change Observation Mission 1st - Water
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These figures show the global distributions of four
geophysical parameters observed by AMSR-E in April 2004:
sea surface temperature (upper left, average for the month),
accumulated water vapor (upper right, total for the month),
sea surface wind speed (lower left, average for the month),
and precipitation (lower right, total for the month).
April 2004 was a relatively normal month, showing signs of
neither El Nifio nor La Nifa. In normal years, the sea surface
temperature (upper left) near the coast of Peru over the
Eastern Equatorial Pacific is lower than surrounding areas
due to a cold-water upwelling. In this case, a heavy rain belt is
recognized slightly north of the equator in the equatorial
Pacific, as shown in the precipitation field (lower right). This
area is called the Intertropical Convergence Zone (ITCZ),
which corresponds to wind convergence in the lower
atmosphere. A similar convergence zone is also found in
the Southern hemisphere. Furthermore, the accumulated
water vapor field (upper right) shows a similar distribution
to the precipitation field in the tropics. AMSR-E also
observed extremely strong wind speeds around the
Antarctic (lower left). These winds are commonly known as
the “Roaring Forties”, “Furious Fifties”, and “Screaming
Sixties” because they occur mainly at the 40-degree,
50-degree, and 60-degree latitudes.
GCOM-W1 can observe various types of data related to the
global water cycle simultaneously and globally.

©® FAIGI D2 ~JLARIFBIKATH~ Observation Sample 2: Sea ice distribution in Arctic waters

AMSR-E Sea Ice Concentration  ,,/0/08 AMSR-E Sea Ice Concentration

-
4

+FOBRIF. ENSAMSR-ECEAIEN 20024, 20074, 20105
A DI KD T ZERLE T o

2007F9RICIF. ZNKOLRIICR/N\EEZEHERUIC2005F9R
DOEART BICAARTISEHN2. 8D DKHHERL. BIEH AL L
THR/NEBEZELRUE U FEFRITEVWAFTIIEBOS 58
DBKFTHRL. KEF~KAF =SS BB R<HAE
FUlc,

@ HAF 203 ~IT)b=——=3. S5 =———+{ERIDOEAI~

AMSR-E SST

150

60 90 120 150

Time Series of SST Anomalies in NINO3

AMSR-E Sea Ice Concentration

2007/09/08 2010/09/08

These figures show sea ice distribution in the Arctic observed
by AMSR-E in September 2002, 2007, and 2010, from left to
right respectively.

The sea ice extension recorded in September 2007 was the
smallest in the history of satellite observation—smaller by
about 2.8 times the area of the Japan Islands than the
previous smallest record in September 2005. Even sea ice in
the Northern Canadian archipelago, which normally remains
frozen, had disappeared in 2007. As a result, the Arctic
Ocean shipping route, which connects the Pacific and

Atlantic Oceans, was open for longer than in usual years.

Observation Sample 3: Observation of El-Nifo and La-Nina effects

[ Sep 04, 2010-Sep 08, 2010
180 - -120 -90

[0Bep] LSS

180 -150 -120 -90 12

Latest date: sep 8, 2010

Anomaly [deg.C]

-2
07 09 11 01 03 05 07 09 11 01 03 05 07 09 11 01 03 05 07 09 11 01 03 05 07 09 11 01 03 05 07 09 11 01 03 05 07 09 11 01 03 05 07 09 11 01 03 05 07 09 11

2003 2004 2005 2006

+OBRIF. AMSR-EICLDTIL=—=3- 5= — v {EEIDEAIS]
TY . LE&(F.2010F9BVADBHEKED T C I RBHSEE
EDBAKDNIL =D STREISA D TEANEFNTLSHRFH
RENF T, FERIE. LROERMROITIL = —Z 38R BEIC
BT ZBEKEDFFENSDREZRHRIITRLUTVET,
2010598 EREDBEKEIFEFECT. S —ZvEMEIC
HBRIENDNDET,

2007 2008 2009 2010

These figures show AMSR-E sea surface temperature images
during El Nifio and La Nifia events. The upper figure shows
the sea surface temperature distribution in early September
2010, indicating that the deep ocean cold water upwelling off
the coast of Peru was carried westward along the equator.
The lower figure shows anomalies in sea surface temperatures
from normal years for the El Nifio monitoring area, denoted
by a black square in the upper figure. Sea surface temperatures
as of September 2010 show negative anomalies, indicating
the La Nifia status.

Global Change Observation Mission 1st - Water
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In summer 2010, Russia suffered severe droughts, which
seriously damaged crops. The upper figure shows the ratio
of soil moisture content in July 2010 compared to the
normal value in the Russian region. The red dots indicate
locations that show dryer tendencies than normal years.
The lower figure shows a profile of soil moisture content,
observed by AMSR-E from March to August 2010, for the
region indicated by the blue square in the upper figure.
The black line denotes a profile of soil moisture content in
normal years, and the red line denotes the profile in 2010.

@ HAIT—5DEFIA ~RENDFIE~ Practical utilization of the observation data obtained by the satellite: Utilization for the fishing industry
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Image of ocean surface temperature data obtained by AMSR-E between October 19 and 21, 2004, on which positions of fishing

grounds have been plotted
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Accurate data on the ocean environment and fish
distribution patterns is vital for the fishing industry to
operate effectively. One of the most important indicators
used is ocean temperature.

Because fish are sensitive to water temperature, there is an
ideal water temperature range for each species. In terms of
distribution patterns, fish that prefer warm water will be found
in warm ocean currents and fish that prefer cold water will
be found in cold ocean currents.

The figure above is a graph showing an image of the sea
surface temperature data obtained by AMSR-E in the
period of October 19 to 21, 2004, on which the positions of
fishing grounds have been plotted. Because these fishing
grounds are formed in areas in which the water temperature
best suits that particular species of fish, sea surface
temperature data can be used to find fishing grounds.
Satellite sensors that use microwaves such as AMSR2 are
rarely affected by cloud cover, so these sensors can be
used to obtain constant data on sea surface temperatures,
which can then be used for practical applications such as
finding fishing grounds.

Global Change Observation Mission 1st - Water
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GCOM-W1 is equipped with an Advanced Microwave
Scanning Radiometer 2 (AMSR2), the successor of the
AMSR-E.

The satellite has the following reliability and survivability
features to accomplish GCOM-W1 mission success.

Reliability and Survivability

®Most of the on board instruments have redundancy features for
high reliability.

®In case one of the two solar array paddles fails, GCOM-W1 has
a fallback mode that allows the satellite to continue operating
with reduced functions. This mode improves the GCOM-W1
survivability.

®GCOM-W1 is equipped with various autonomous functions that
enable the satellite to automatically handle unforeseeable
anomalies in orbit.

®Highly reliable flight-proven components and parts have been
selected. Cost reductions can be expected because the same bus
architecture is also used in the 1st-generation climate change
observation satellite (GCOM-C1) to be launched after GCOM-W1.

Accessibility and Serviceability

®The satellite bus consists of three modules: the bus module, the
mission module, and the propulsion module, and is configured
so as to allow these modules to be developed and maintained in
parallel.

®Even after being assembled, the propulsion module can be easily
separated from the satellite module, which enables excellent
accessibility and serviceability of bus components.

4GCOM-W1 IS/ EFTIV (FORT S hBE)
GCOM-W1 proto-flight model (under proto-flight test)

3.3m

T

S-ANT1-A X-ANT-A

Pl i

On-orbit satellite configuration

Y X
EIT5E
Flight direction
z

HIRTTE

Earth direction

1 EITERZIRE

Launch Configuration

AMSR2-CU

ESA-A
ESA-B

X-ANT-B

S-ANT1-B

GPS antenna

AMSR2

AMSR2-CU
AMSR2-SU

ESA

S-ANT

STT

X-ANT

4.7m

S-ANT2

BIEREY A IO RS2
Advanced Microwave Scanning Radiometer 2

AMSR?2 #lffl1=wk AMSR2 Control Unit
AMSR2 8 1=whk AMSR2 Sensor Unit

IREY

Earth Sensor Assembly
S N\UR7PVFTF
S-band Antenna
BEEY

Star Tracker
XINNVR7VFTF
X-band Antenna
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AMSR2 observation data
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GCOM-W1Y AR5 LlE.AMSR2.
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The GCOM-W1 system consists of the following: AMSR2, a mission data handling subsystem, telemetry, tracking and
command subsystem, attitude and orbit control subsystem, electrical power subsystem; solar array paddle subsystem,
reaction control subsystem, thermal control subsystem, structure subsystem; and deployment monitor subsystem.
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Mission Data Handling Subsystem Electrical Power Subsystem
MDC SvyavT—IRS{LE BAT A
Mission data coder Battery
X-ANT XINVRFPVTFH BCCU Ny TUFIEFIE=E
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Telemetry, Tracking and Command Subsystem SYS-PIU IZAFLINT—A VI TT—AL =k
DR F—5L3—4 System-power interface unit
Data recorder
DMS FHTR—IRAINIRAT LA PDL AbEEt/ \RILFR
Data management system Solar Array Paddle Subsystem
RTU UE—h-4—=F)L-21=wh PAD Ab5E) \RIL
Remote terminal unit Solar array paddle
S-ANT | S/tRPYFS el JUI R
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S-DIP S INURGALTLOY .
SIS Aes ﬁ’fﬁn Control Subs
ystem
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S-band low pass filter FDV ’_EHF# )
Fill and drain valve
S-band switch Filter
S-band transponder v le
. ; PRE EHEvY
AOCS §§}§JLE$IJM§E Pressure sensor
Attitude and Orbit Control Subsystem TNK s s
AOCE BEYENHETES e
Attitude and orbit control electronics THR AN 2525
ESA Ui echZ) Thruster
Earth sensor assembly
FSSE ARG BT TCS EHITER
Fine sun sensor electronics Thermal Control Subsystem
FSSH AT UAYR HCE E—&HfHEE
Fine sun sensor head Heater control electronics
GPSA GPS 72T
GPS antenna DM EZIAASHR
GPSL GPS O—JA X7 Deployment Monitor Subsystem
GPS low noise amplifier CAM-C IASHIFHER
GPSP GPS ==tk Camera control
GPS Package CAM-H HAASAYR
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MTQ RSN L7) e

Magnetic torquer
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AMSR?2 is the successor of the Advanced Microwave
Scanning Radiometer (AMSR) on board the Advanced
Earth Observing Satellite || (ADEOS-II) and the Advanced
Microwave Scanning Radiometer for EOS Aqua (AMSR-E)
on board Aqua, NASA's Earth observation satellite.

While inheriting the main functions and performance of
AMSR-E, it features improvements such as a larger
deployable antenna that is 2 meters in diameter for improved
spatial resolution, an improved calibration system for more
accurate measurement of brightness temperature, and the
addition of a 7.3 GHz band channel to mitigate the harmful
effects of artificial radio frequency interference.

AMSR2EHI |
AMSR2 observation concept i
< ¥ Rotation (40rpm)

0ff-Nadir Angle: 47.5deg

AMSR2 consists of two units: a sensor unit that is the

rotary scanning part and a fixed control unit. In addition to
Momentum Wheel Assembly-A inside the control unit,
Momentum Wheel Assembly-B is installed on the satellite
mission structure. The antenna of AMSR2 scans conically
once every 1.5 seconds, receiving microwaves emitted from
the Earth’s surface and observing an area approximately
1,450 km wide in one scan. This scanning method allows
the AMSR?2 to observe over 99 percent of the entire Earth’s
surface in two days: once in the afternoon and once at
night. The observation data is acquired in the satellite’s
flight direction within a scanning angle range of +61

BRIEFTDHATHIENTEIRITHAT —Y=ZWEITD
DlF. FmEETAAZRLELCE61 EDEREE T, TN
DEESRCHSV T RIES(FERER. EEBRIER OF—5
ZRRLTCVEY . mERERF. KIB00KICEERIHS NIcER
RUR A AR BRRIERIFRFEZIEO U R TETHD . IN5%
BALTESNST — Y =2 ERAL2RREZTVE T &fc. OE
EEBHHEETIAEHRAEHEZMET DICHIC. E—XY
Y LRA—ILH2ATTREBE CTEHENTHED . BEEEED
EEE(OE T DRIICE—XTY LiRA — )LD EERE D HIE
SN BEVRAT LE2FICREZSZEVKSICEOTVET,

degrees. In the other angle ranges, calibration data (based on
a high-temperature calibration source and a low-temperature
calibration source) is acquired.

The high-temperature calibration source is a radio wave
absorber with the temperature controlled at approximately
300K and the low temperature calibration source is a
reflector oriented toward deep space. Two-point calibration
is performed using the data obtained through the observation
of these two calibration sources. Two redundant momentum
wheel assemblies compensate for the large angular
momentum of the AMSR2 scanning unit, and the rotation
speed of these momentum wheels is controlled so that the
angular momentum of AMSR2 does not affect the satellite

system.

® AMSR2 JOvZK AMSR2 block diagram

Sensor Unit (SU)

Control Unit (CU)

GCOM-Wi1
o
FEED T T i T
6.9GHz
7.3GHz
10.65GHz
18.7GHz Mission data
23.8GHz Time signal
TLM
CMD
MREF 36.56Hz}@
896Hz-Am
SQGHZ-Bm
DEP
______________________ Primary PWR
i % csl
L INT ooiiziiiiiiiiioooaat
Su Ay g Rl OBM | BEFDFAEEEE STRS TP ZyNER
Sensor Unit On-orbit Balancing Mechanism STRucture of Sensor unit
cu HE1=wk CAL | KRIESD MWA-A | E—XU% Lk —)LAZR
Control Unit CALibration assembly Momentum Wheel Assembly-A
MREF | £R5188 CSM | J—ILRRAAA=Z5— MWA-B | E—X>% L1 —JLB%
Main REFlector Cold Sky Mirror Momentum Wheel Assembly-B
DEP | EFIHHEER HTS | BERIER ADE 7T T EREEER
DEPloyment mechanism High Temperature noise Source Antenna Drive Electronics
FEED | —Xiuiss TCP | EMIfE) \RIL SPC Tl L= MESLIRER
Feed Horn Thermal Control Panel Signal Processor for Control unit
RX RS0 ADM | 7VT T ERENE TCC 1 =y ke — S HIfEER
Receiver subsystem Antenna Drive Mechanism Temperature Control for Control unit
LNA | (RXESEES TCS oY1y —SltHER PDUC | flflI=vESIECER
Low Noise Amplifier Temperature Control for Sensor unit Power Distribution Unit for Control unit

DIV papt PDUS | VY I1ZwhESSECER STRC

Divider Power Distribution Unit for Sensor unit

SPS T ZyMESNEE

Signal Processor for Sensor unit

Tl L= NMEE

STRucture of Control unit
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Mission Data Handling Subsystem (MDHS)

The main function of MDHS is to process the
observation data and transmit the data to the ground.
The observation data from AMSR?2 is firstly encoded
digitally by the Mission Data Coder (MDC), then
modulated into X band (8GHz) RF, and finally
transmitted via the X-band antenna to the ground.

FTUXNY-ORVRZR (TT&C)

TUARNY- OV VRR(E M ENSDIER (OVUR) PEE
DIREZTRS T —5 (TLARN) it EEPDERD I D1t
DY TIRT LTY . SINVREREH (2GHZH) D7~
FTFHICKDRELIV VR Z#EZRLC. ZORBZEE
RDEHERIUTATED. TUANVZED TT IS ) VILE L
USBIRICEIRU T SIN\URT VT h Sith E(CEITTEE
LET,

FIe TTSCIFEHEANBTT VAN ZERERL THD.,
BEICERFEENRELUCHE(IC. BENCEEZRE
FREICRITSEHREIBIEOTLIET,

Telemetry, Tracking and Command Subsystem (TT&C)

TT&C is a subsystem used to process commands
from the ground as well as the telemetry data of the
satellite. Commands are received via the S band
(2GHz) antenna, decoded, and executed to control
each component. Telemetry data is collected
from each component, encoded, modulated, and
transmitted via the S band antenna to the ground.
TT&C also monitors the satellite’s condition
continuously so that the satellite can be put in
safe-mode as soon as an anomaly is detected.

AW

SvyavT—Ifr51kEs
MDC (Mission data coder)

XINVRT7VFF
X-ANT (X-band antenna)

e
! L Y !
SINVUR7ZUTF 2
S-ANT2 (S-band antenna 2)

SINVRFZVFF 1
S-ANT1 (S-band antenna 1)

SIN\VURNS VR RS
S-TRP (S-band transponder)

ZEHEHER (AOCS)

ZRHEFIERE BEDEBLEZFHIE LD K5
Bt \RIVDAEFICAL K DICEEESEBMEZLET .
BEDEBL BRI BEEVYDESEBECUTIYaY
A =L CEBEICHIEENET T . LEZEE I DEF .
IR D DESZEEHEICRSRAY TERAZFIFHUED
5. HEHIEADAS XY ZESHULET .
GPSHEDIESZCGPSEEH CRIELC.BIEDMIEZ
REUF T . AbmEM) \RIVICHEEHSNIABRBZ DD
E5%ZERAL T XEEM) =R)L7ZXKE 73S 2
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Attitude and Orbit Control Subsystem (AOCS)

AOCS controls the attitude and orbit of the satellite,
and controls the orientation of the solar array paddles.
The attitude is constantly controlled by the reaction
wheel assembly with a high degree of precision, based
on the data from star trackers. The orbit is controlled
by using thrusters. The attitude control during orbit
maneuvers is also performed by thrusters based on
the data from the Earth sensor assembly. The position
of the satellite is determined by using GPS.

The solar array paddle orientation is controlled by the
paddle drive mechanism (PDM) based on the data
from the coarse sun sensors mounted on the solar
array paddles.

HEESR (RCS)

HERIG BEOZRZFIEROBEHHZITSDIC,
ASRAIDSDEEREBEG [CRDENZRESE DT T
VAT LTY . SFLULDHEICOBSHEREZS VT
([CEFBL AE(CIRUCRASAINMERLE T,

Reaction Control Subsystem (RCS)

RCS is a subsystem used to generate thrust by burning
propellant for attitude and orbit control. It contains
sufficient propellant for more than 5 years, which it

provides to the thrusters as needed.

EBEtVY

STT (Star tracker)

IR EY

ESA (Earth sensor assembly)

U7 o2avikd—Ib

RWA (Reaction wheel assembly)

HERY D
TNK (Propellant tank)
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BR%R (EPS)
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Electrical Power Subsystem (EPS)

In sunlight, EPS distributes the power generated by
the solar array paddle subsystem to each component
on the satellite as well as charges the excess power
to the batteries.

In eclipse, EPS distributes the power from the batteries
to each component. In order to secure high reliability,
GCOM-W1 EPS consists of two independent bus

power systems.

Ak5EM) (F)L%& (PDL)

AEEM RILRIE GECHELEENZEARGLIRIV
FHSRESEI T BB LTE. XEEM/RILD
AEEUEIVEDBCKESAZRLKSIC, ZRHE
HERDSDIES(CHE> T/ \RILEREHEE N EELE T .

Solar Array Paddle Subsystem (PDL)

PDL receives sunlight and generates power for the
satellite. In orbit, the paddle drive mechanism (PDM)
rotates the solar array paddles (PAD) based on AOCS
control signals so that the PAD surfaces covered with
solar cells are always oriented towards the sun.

NyFy
BAT (Battery)

Az (R)L (REIIRRE
Solar array paddle (deployed)

1#i5% (STR)

BRI AMSR2EDH B ZEH T DIy aViEE.
AR ZEET D/ ARG HEERKRZEHTD
RCSHEHFDSEBHEINTVE T /e FTEIFOS YR T
HHH-IAD1666MA PAF (B2 BEER) [CES I Dk
AT ITI—RAEBLTCVET,

Structure Subsystem (STR)

STR consists of three structures: The Mission Module,
which mounts AMSR2 and other components; the
Bus Module, which mounts the bus components; and
the RCS Module, which stores the RCS equipment.
The mechanical interface is compatible with the H-IIA
launcher 1666MA PAF (Payload Attach Fitting).

#dlfEZ (TCS)

AFNERIF T LEIFDSIvYaVETICEDIC.BE
BEDEEZFHIEH T DIchDY TV RAT LT o ZAffH
7RF. MLl OSREFIC K DZHEAFHS LTE—5.
=~ TIC R DRER B ZHAL CWE T . e —F
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Thermal Control Subsystem (TCS)

TCS is a subsystem used to control the temperature
of each part of the satellite within the allowable
temperature ranges, from the launch phase to the
end of mission. TCS utilizes both passive and active
temperature controls. Passive control is executed by
MLI and OSR. Active control is executed by heaters
and heat pipes. Heater on and off control is performed

by heater control electronics.

EZHHXAS5% (DM)

EZIAASRE AR ZELTHD, HERICBWTH
AMSR2&EKBZE M) \RIL DR BiEEGRZiRT T ST
ENTEFXT,

Deployment Monitor Subsystem (DM)
Photographs of the deploying or rotating AMSR2 and

the solar array paddles can be taken by the monitoring
camera even in eclipse by using the floodlight.

-_—
X

L

SwyaviEs
Mission module

E—5Hl{EHEES

HCE (Heater control electronics)

EZIAXS
(Ef: #kas. Bl AAXSAYER)

Monitoring camera
(left: floodlight, right: camera head)
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HbFET,

EE
CasEEI)

Upper part
(housing overseas satellite)

i=E
(GBS EEIT)
Upper part
(housing overseas satellite)

H-IA =7V J U
H-IIA fairing load

GCOM-W1 will be launched by the H-IIA launch vehicle
from the Tanegashima Space Center, southern Japan.
GCOM-W1 will be loaded in the lower part of the rocket
fairing as it is to be launched together with an overseas
satellite.

As it will be loaded inside the fairing, the AMSR2 antenna
will be in a stored position at launch.

Approximately 23 minutes after the launch, GCOM-W1
will separate from the launch vehicle. GCOM-W1 will be
rotating slowly after separation from the H-IIA rocket.
The rate damping control to compensate the rotation,
deployment of the solar array paddles, and the
three-axis attitude control are conducted in sequence
automatically. Upon receiving a command from the
ground, GCOM-W1 orients its solar array paddles to the
sun, deploys the AMSR2 antenna, checks the functions
of components onboard, and adjusts its orbit.

The orbit in which GCOM-W1 operates is a sun-
synchronous sub-recurrent orbit, which circles around
the Earth from north to south. The recurrent period is
set to 16 days (233 revolutions), the same as Aqua, so
that GCOM-W1 can join the A-Train constellation.

TEFY—o2UX

Launch Sequence

FEARVE EAN by SRS LS FEARUS 1 EIFiRaE
Event Time from lift-off Event Time from lift-off
© | GCOM-W1 9B Gcom-w1 separation 2343 23 min @ | RUKEEERE® Sun tracking of solar array paddle | #%1BFRE approx. 1 hour
@ |L—r¥UEVY Rate damping 314 31 min @ | =EBBFET Three-axis attitude control #9185 approx. 1 hour
© | KPSt/ RIVEB Solar array paddie deployment 3623 36 min AMSR27>7FBFi AMSR2 antenna deployment | #1185/ approx. 11 hours
@ | HIRIBIE Earth acquisition 5143 51 min
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20094 12RICA-Trainz gk . (CNES. 20044128 18841 L)

e0CO0-2
PHEZEEL. EBREBENRNIATH 2 _BRIERRDBEEED S
MZEFHZEBHD SEMERRIE CHAIT 2EE.
(NASA, 20 1 3EHHIT LIFFE)
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The Afternoon Constellation, or “A-Train”, is an Earth observation
satellite constellation run by NASA, and consists of multiple satellites
orbiting the Earth in close proximity at an altitude of about 700km,
crossing the equator at around 1:30 p.m. mean solar time.

The orbits of the satellites in the A-Train are strictly controlled so
that the satellites can observe the same locations on Earth within
approximately 10 minutes of each other.

Currently, the A-Train consists of four satellites: Aqua, CloudSat,
CALIPSO, and Aura.

GCOM-W1 is also slated to join the A-Train, with the goal of further
expanding scientific research by using data from AMSR2.

®Aqua
Aqua, Latin for water, named for the large amount of information that
the mission is collecting about the Earth's water cycle, including
evaporation from the oceans, water vapor in the atmosphere, clouds,
precipitation, soil moisture, sea ice,etc. AMSR-E developed by JAXA
is mounted in Aqua. (Launched by NASA on May 4, 2002)

oCloudSat
Cloud Profiling Radar allows for the most detailed study of clouds to
date and should better characterize the role clouds play in regulating
the Earth’s climate. (Launched by NASA on April 28, 2006)

®CALIPSO
Observations from space-borne lidar, combined with passive imagery,
lead to improved understanding of the role aerosols and clouds play in
regulating the Earth’s climate. (Launched by NASA/CNES on April 28, 2006)

®Aura
Aura (Latin for air) studies the Earth’s ozone, air quality, and climate.
It is designed exclusively to conduct research on the composition,
chemistry, and dynamics of the Earth’s atmosphere.
(Launched by NASA on July 15, 2004)

®PARASOL
Polarized light measurements allow better characterization of clouds
and aerosols in the Earth’s atmosphere. Left the A-Train in Decem-
ber 2009. (Launched by CNES on December 18, 2004)

©0CO0-2
Three grating spectrometers will make global, space-based observa-

tions of the column-integrated concentration of CO2, a critical
greenhouse gas. (Will be launched by NASA in early 2013)
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HEGround system

The GCOM-W1 ground system consists mainly of the
following systems installed at the Tsukuba Space Center:
tracking and control system, mission operations system,
and research and analysis system. Telemetry and command
operations and observation data operations are performed
by using these systems.

The satellite's telemetry and command operations

The satellite's telemetry and command operations are basically
performed by using the ground network system (GN stations) of
JAXA. The satellite's telemetry data is stored in the data recorder
(DR) in orbit and is received by the Svalbard station (KSAT) at
every overpass. The data is then sent to the satellite control
system in Tsukuba in order to check the satellite’s condition in
the invisible zone.

Reception, processing, and provision of observation data
Of the observation data obtained by AMSR2, the data in regions
around Japan is received in real time at the Katsuura or Tsukuba
station, while the global observation data is stored in the data
recorder of the satellite and then received at the Svalbard station.
The received data is processed into data products by the Mission
Operation System and the products are provided to researchers
via the Data Providing Subsystem. Near-real-time products are
also provided directly to operational users via the Mission Operation
System.
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Operational Users
[Japan Meteorological Agency,
Japan Fisheries Information Service Center]
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Researchers

L’:f’ ; '__j — 1 1] :;,‘_‘]'
R A A T
ZAINIVIN—RE(KSAT) E5ER TR E#EZ(ER (th#E8)
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(Other agencies)
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APID Sorted Data APIDZBEET —% (BAED)
(Global Data) APID Sorted Data (Around Japan)
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GCOM-W1
Research and Analysis System

L
Y

C

¥

23

Global Change Observation Mission 1st - Water

24



M

e =

7

ajn characteristics /
Developmentschedule :summsxrvan

INAFE Y TV RFT LEEFETT Main characteristics of bus subsystem

.
g : : i
- g
AT LE ain characteristics of GCOM-W1

TEFOsY HAIA CRABE) (R EET R
Launch vehicle Box shape with two solar array paddles

T EF 5115 EFEFHEYY— BEXE #1 2.2mx2.1mx1.8m

Launch Launch site Tanegashima Space Center Satellite body section Approx. 2.2mx2.1mx1.8m

FZIN
Shape
T EIFESER TH23EE ABEM) \RIL # 7.7mx2.1m
Launch timing FY2011 Solar array paddle Approx. 7.7mx2.1m
=y g 1=
AP EEIRHE (T0— X —E ) SURETAIDRBAEL | 4 2.2mxd.omx2.0m
. . FIFS

Sun-synchronous sub-recurrent Orbit (frozen orbit) AMSRR (after deployment) Approx. 2.2mx4.9mx2.0m
A (REL) 609.6km BEHED 5%
Altitude (above the equator) Design life 5 years

g Fin

Orbit Life
HUBERE 08.186° TafrhER T EIF55#.0.8L0 £
Inclination : Probability of survival 0.8 min., 5 years after launch
iﬁjﬁﬁ?ﬁﬁﬁmﬁ%ﬁ 13:30+15min. ﬁi:ﬁjj Eiec LR EORY
at ascending node generated 3,880W min. (End of life)

DN SYZEY
HE F1ESB Il @mEYS (. 7 s AR S CURIRATET2
Weight Launch mass E.SSLZ?nrgﬁe propellant) gﬂc;ﬁis:)%:lent Advanced Microwave Scanning Radiometer 2

FAFEAS Y 21—)l Development schedule of GCOM-W1

H19 (FY2007) H20 (FY2008) H21 (FY2009) H22 (FY2010) H23 (FY2011)
4|5]6|7[8]9f1011[12[1]2]3]4a[5]6[7]8]a]to[11]12[1]2]3]a]5]6[7]8]a]to[11]12[1]2]3]4]5]6[7[8]a]t0[11]12]1]2]3]4]5]6][7[8]9]10[11]12]1]2]3
A A A

NAIWAN=> VAT LPDR VA7 ICDR YATLPQR
Milestones System PDR System CDR System PQR

95 BaFst BB HEFFERE

Design Preliminary design Critical design Follow-up design
VAT | AR EM-STM R{E-5l5R
System Development tests EM, STM manufacture and tests

PEM PFM R{E-5l5% PFM 1570 —232 58k

PFM manufacture and tests PFM integration and tests

E E¥HEERET ereeast

Design Critical design Follow-up design

SEstER/
AMSR2 | BIREER BtfEstsR/ paseitER AVSR2 PFM 5L

Prototype tests / Prototype tests / Development tests AMSR2 PFM handover

DeveloDmem tests { { 1 { { 1 1 4 1 { 4 i { 4 4 { { 4 1 { { 1 1 4 i { 4

PFM &{E-5tiR

BB SPAW/ S NS
F " ol
requency S-Band é\:\)lggé At 288 (RILI5 T
o olar Array Design 2 paddles
ZHREAR Paddle
Modulation PCM(N RZ- L)_PSK/PM Subsystem
FTUANIR | (s RHCP bk TOE—XVFLBR
Telemetry Polarization Design Zero momentum
Subsystem
JUmRIbb—h 29 4ksps IEEREFEE Roll:= 0.035° Pitch:= 0.035°
Symbol rate A REEIE Pointing determination accuracy | Yaw:= 0.090°
SR :
BHFAHFIFIE FFSEE 1/2. R ER: 7bit Attitude fEMHEERE Roll:= 0.10° Pitch:= 0.10°
Convolutional coding Coding rate 1/2, constraint length 7 bits %nd Orlbit Pointing control accuracy Yaw:= 0.30°
ontro
R S JIUR Subsystem | yepooaco Roll:< 0.016° Pitch:< 0.005°
Frequency S-Band Pointing stability (/3sec.) Yaw:= 0.016°
S ZEREH B REEE <
IXVUER Modulation PCM(NRZ-L)-PSK/PM Locatilon determination accuracy | 200m
Tracking and
Stheystom | R e VoS £/IORSUNIO-FIVER
Polarization Design Monopropellant blowdown
JUmRIbb—k N HEESE eRSIY
Symbol rate 4kbps ?EJE% Propellant Hydrazine
Reaction
3 B 1S Control R :
o e e Subsystem 4N ASAZEI1—ILX8E
. requency -ean ASAY Attitude control: 4N thruster x 8
F—5 . . Thruster BuEHIEA:
mgs | T -vmEL—b 10Mbps AN RSRFEI1—ILX4E
Mission Data Data transmission rate Orbit control: 4N thruster x 4
Handli / v o /
Subsystem | F—SBREEE 0.8G /XA MLE AR | o BRI < BB D 4P
Data storage capacity More than 0.8GB 'Srn%;n;::g;’mm' Dasion g&m"{‘rﬁﬂ‘aﬂ e and
X IR 50V FERTE2/ \ZHERL IR 27 IKRIVAR
f/}%;fi | Bus Unregulated dual 50V buses BIER e Bus structure : Shear panel assembly
ectrica Structure h
[Fe NyFU NiCd /51 (50Ahx4E) Subsystem | Design Syyavigk FS LA
S Batteries NiCd batteries (50Ah x 4) Mission structure: Truss assembly
AMSR2ZFZEEETT Main characteristics of AMSR2
BRIERE
Oblserva/tion R eiay [EE 6.925 7.3 10.65 18.7 23.8 36.5 89.0(A) | 89.0(B)
THiE
Band Width [MHZ] 350 350 100 200 400 1000 3000 3000
fRiR
Po?arization HV
RS FERE
!I:mperature Resolution [K] 0.34 0.43 0.7 0.7 0.6 0.7 1.2 1.2
FAFZVoLIY
Dynamic Range [K] 2.7~340
AI7FTA4T A 475
Off-Nadir Angle [deg] .
ERAlE
Swath Width [km] 1450
EBERH
Scan Period [sec] 1.5£1% (40rpm)
E—LAlR
Beam Width [deg] 1.8 1.8 1.2 0.65 0.75 0.35 0.15 0.15
Eﬁﬁﬁ 1) k] 35x62 | 34x58 | 24x42 | 14x22 | 15x26 7x12 3x5 3x5
E—LME
Beam Efficiency [%] >90
9TV SR 10
Sampling Interval [km]
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