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Getting Disaster
Situations Instantly,
In Greater Detall

After completing a master's
program at graduate school,
joined the Ministry of Posts and
Telecommunications Radio Wave
Laboratory (current NICT) in 1983.
Engaged in research in areas of remote radar sensing of snow and

Development Of H Ig h-Pe rfO rmance AI rc raft M ou nted ice and synthetic aperture radar. Doctor of Engineering
Synthetic Aperture Radar

time because of the relatively low altitude.

I Assessing disaster situations
Disaster observation by using imaging radar

When a disaster occurs, obtaining the disaster

situation and its progression as quickly as possible and A type of aircraft mounted 3D-imaging radar
in greater detail is very important for minimizing the called Pi-SAR* was developed in the past at NICT,
human and economic cost due to the disaster. and its effectiveness has been shown with emergency

A very important way to obtain this information for observations at actual volcanic eruption and earthquake
large-scale disasters is through aerial photography taken disaster sites. Using this equipment, areas of over 10 km
from helicopters and other small-scale aircraft. However, wide, vying distances of over 50 km can be observed in
this can be dif cult in poor weather or at night-time, and a single pass from an altitude of 12,000 m. Observations
getting detailed information over wide areas can take show detail to a resolution of 1.5 m. The main bene t of

this equipment is that observations are
not obstructed by cloud or rain, and can
be made during the night.

Use of this radar at disaster sites
was reported about volcanic eruptions
in 2000 (Mt. Usu in Hokkaido and
Miyake Island) in CRL (current NICT)
News No. 290 (May, 2000) and NICT
News No. 331 (Oct. 2003), and about
the 2004 Niigata earthquake in NICT
News No. 345 (Dec. 2004). In all of
these examples, the technology was
useful practically in preventing the
increase of human and property damage,
and as data to aid in recovery. For the
volcanic disasters in particular, periodic
observations of volcanic activity as it
changed from day to day and regardless
of weather or smoke conditions provided
data that was widely used (Figure 1).
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I Instantly, in greater detail

Pi-SAR has the highest resolution
in the world for aircraft mounted
Synthetic Aperture Radar (SAR)
used to observe disaster and global
environmental conditions and has also

Image of Miyake Island in March, 2001
The figure shows the situation on Miyake Island eight months after the large-scale eruption, with produced excellent scholarly results (A
continuing eruption of smoke and volcanic gases. Miyake Island is approximately 9 km in diameter, collection of Pi-SAR results. entitled

with the summit at approximately 700 m in height. The large crater in the center was created by the

eruption, and is approximately 1.5 km in diameter and 400 m deep. “Earth Surface Observer" is avai Iable)'
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Aircraft Equipped with Pi-SAR2
The antennas are mounted beneath the wings in center of the
aircraft.

Part of the Central Japan International Airport Observed by Using Pi-SAR2
Resolution is approximately 30 cm. The shape of a large aircraft parked at the terminal can be seen clearly. The box shows
an aircraft of the same shape observed with Pi-SAR (at 1.5 m resolution).

However, this system does not yet have adequate
performance for practical use on general disasters of
smaller-scale than volcanoes and earthquakes, such
as ground damage from floods. This shortcoming was
apparent in observations of the Niigata earthquake
described above as well.

It was dif cult to interpret small-scale break-up that
often occurred in roads and streams. On the other hand,
residents of the disaster area were able to use the data to
identify disrupted areas in the region.

In order to achieve high performance from Pi-SAR,
the data is processed numerically in the laboratory after
observations are made from the aircraft. This requires
several days before the observations can be made
available.

In order to overcome these shortcomings and to
achieve higher performance for practical application
during disasters, we began to develop new piece of
equipment, Pi-SAR2, in 2006. The objectives of this
new equipment are to improve clarity for interpretation,
to achieve resolution under 1 m, and to perform high-
level processing on the aircraft in semi-real-time, so that
the data can be made available to the site on the ground
while the aircraft is still in the air.

We completed the high-performance radar section and
did its aircraft-mounted testing in 2008 (Figure 2). The
results demonstrated resolving power to 30 cm, and part
of this test data is shown in Figure 3.

I Future initiatives

We plan to develop the on-board, semi-real-time
processing equipment and data transfer components
from scal 2009 to scal 2010, and expect to achieve the
aforementioned objectives.

We are expecting to evaluate this system using
simulated disaster tests. However, in case an actual
large-scale disaster does occur, all of the equipment has
been located near the Nagoya airport where the aircraft
parks and arrangements have been made so that it can be
rapidly deployed at any time for making observations.

Technically, we have further updated the radar to
achieve the highest-performance in the world. The
resolving power is on the order of 10 wavelengths, and
this will require new knowledge relating the imagery
to objects and conditions on the ground. These types of
issues will also be a part of our future objectives.

We have achieved performance that meets the original
objectives in using our synthetic aperture radar for
disaster observation, but considering various aspects of
disaster situations, further study is still required. We are
continuing to refine technical aspects and make efforts
to introduce the technology in actual disaster response
systems, while collaborating with disaster prevention
related facilities and the like.
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Development of Cloud
Pro ling Radar Mounted
on EarthCARE Satellite

Aiming to Reveal Uncertain Factors in Global Warming

I Predicting global warming

The problem of global warming has recently reached
the point that it permeates our daily lives. News and
television commercials often have an ecological focus,
and reduced CO2 emission is frequently a sales point
for new products. People generally claim to be aware
of global warming issues, citing a recent mild winter,
or the so-called "guerrilla rain storms," but in fact they
have only vague images regarding the possible effects
of global warming in 10, 20 or 100 years. In order to
understand what the world will be like in the future,
meteorological research institutes all over the world
are employing super computers and numerical weather
forecasting models to predict global warming.

These weather models agree in their prediction that
global temperatures will rise (if greenhouse materials

Nobuhiro Takahashi

Research Manager
Environment Sensing
and Network Group
Applied Electromagnetic
Research Center

After completing a doctorate, joined the
Communications Research Laboratory,
| 2 ~ Ministry of Posts and Telecommunications
X 4 ;Q‘ \ (current NICT) in 1994,

Visiting researcher at NASA's Goddard
Space Flight Center from 1996 to 1999, transferred to the National Space Development
Agency (NASDA, current JAXA) from 1999 to 2001. Engaged in development of cloud
and rainfall observation radar, including analytical research with the precipitation radar
on the Tropical Rainfall Measuring Mission (TRMM) satellite. Doctor of Science.

such as CO: continue to increase at the current rates), but
predictions of how much it will rise depends heavily on
which model is used (these issues are discussed in reports
such as the evaluation from the Fourth Inter-governmental
Panel on Climate Change (IPCC)). One reason for this
diversity in the values forecast by climate models may
be that the role of clouds in determining weather is still
not well understood and the models do not yet express
it correctly. High altitude clouds (cirrus, etc.) contribute
to warming effects by blocking the escape of heat from
the earth, like a blanket. In contrast, low altitude clouds
(stratocumulus, etc.) have the opposite effect, re ecting
light from the sun and reducing air temperature at
the ground level. As global warming progresses due
to increasing COz, the balance of radiation from the
earth through the clouds changes: Different researchers
make opposing claims that this will either accelerate or
suppress temperature change. It is extremely dif cult to
predict the effects of clouds because they are determined

A Portrayal of EarthCARE Satellite Observation
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by factors like the size, thickness, density and phase
(water or ice) of cloud particles, and each cloud droplet
forms by using atmospheric dust particles called aerosols
as condensation nuclei. It has been pointed out that the
quantity of aerosols in the air changes the characteristics
of cloud and affects global warming.

I The EarthCARE mission

EarthCARE is the abbreviation of "Earth Clouds
Aerosol Radiation Explorer," expressing that the satellite
observes clouds and aerosols above the earth’s surface,
with the objective of revealing the mechanisms which
balance radiation from the surface. The satellite program
is also designed to care for the earth, which is also
suggested by its naming. The program is a joint project
between the European Space Agency (ESA), the Japan
Aerospace Exploration Agency (JAXA) and NICT, and
launch of the satellite is planned in 2013. Figure 1 shows
a portrayal of observation with the EarthCARE satellite.
A major feature of the EarthCARE satellite is that it
is equipped with both 94 GHz cloud profiling radar
(wavelength approx. 3 mm) and laser remote sensor
called Lidar. These will allow the satellite to measure
vertical information of clouds such as cloud altitude,
which will help clarify changes in cloud characteristics
in various regions and seasons and the effect they
have on the radiation balance. A better understanding
of these cloud characteristics and their effects on the
radiation balance will help in comparing global warming
prediction models and identifying their advantages and
disadvantages, thereby making further improvements
possible.

NICT contribution
(development of cloud pro ling radar)

The cloud pro ling radar under development for the
EarthCARE satellite is used for measuring the three
dimensional structure of clouds and also measuring
the speed of vertical movement within the clouds by
using the function of Doppler speed-measurement. The
function of Doppler speed-measurement in EarthCARE
is attracting attention worldwide as the first attempt
of the satellite radar to use the technology to measure
motions in clouds and rainfall.

For the EarthCARE mission, NICT and JAXA will
jointly develop the cloud-profiling radar, and the ESA
will handle development of Lidar and other instruments
as well as launching of the satellite. NICT had experience
developing the cloud radar mounted on an aircraft since
1996, and has used results from that development and
started to develop the cloud-pro ling radar mounted on
a satellite. We began basic studies of key components
of the instrument mounted on the satellite in 2000. The
results from this have already been used, for example,
high power transmitter tube for space of the satellite,
CloudStar which is currently operated by NASA. Since

Overview of the Cloud-profiling Radar Mounted on
EarthCARE Satellite

2007, NICT has begun full-scale design and development
of the cloud-profiling radar in cooperation with JAXA.
Using its previous experience developing cloud radar,
NICT will develop the transmitter/receiver subsystem
and the quasi-optical feed and JAXA will handle the 2.5
m diameter large antenna, signal processing unit, and the
overall radar system. Figure 2 shows an overview of the
cloud-pro ling radar.

The transmitter/receiver subsystem, as functions,
generates 94 GHz electric wave, ampli es and transmits,
receives the scattered wave from the ground, clouds
and other objects, and sends this signal to the signal
processing component. It also provides a Dopplar
measurement function. The quasi-optical feed has a
function to separate the transmitted wave from the radar
and the received scattered wave by using a polarizing
grid. NICT will manufacture the flight models of these
instruments that will be mounted on the actual satellite.
NICT also develops the algorithms to be used for
processing the data from the cloud-pro ling radar.

NICT s instrument development is currently in the
engineering model development phase for the evaluation
of both the design as the spaceborne instrument and
the performance of the instrument. We plan to begin
development of the ight model in the latter half of this

scal year.

These instruments are being developed in cooperation
with manufacturers in Canada and Germany. Language
and cultural barriers, as well as the recent changes in
economic conditions have presented difficulties, but
we continue to work daily towards the success of this
mission. We hope that this report has helped readers
understand our efforts developing EarthCARE at NICT,
as one aspect in response to the problem of global
warming.
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Increasing

Reliability of the
Use of Radio Wave

Project for Radio Propagation Trouble Research

I Initiatives for reliable use of radio waves

There are various initiatives at NICT towards
reliable use of radio waves, namely, development of
networks that can be used during disaster situations, and
communications devices that are resistant to the effects
of external electromagnetic radiation. On the other
hand, what about the effects of natural phenomena on
radio wave use? Many readers may have seen notices on
their television screen indicating that the picture quality
may be disrupted by weather conditions. The Space
Environment Group studies the effects on the use of
radio waves, which are caused by natural phenomena,
and particularly the Sun, and space environments.

I Effects of the sun on the earth

It is generally thought that the void of space is pure
vacuum, with nothing in it, but the void of space near
the earth is always exposed to high-temperature “solar
wind" emitted from the sun. The light and heat of the
sun is generated by the nuclear fusion of hydrogen into
helium. In other words, the sun is an enormous nuclear
furnace oating in space and visible from the earth. Man-
made nuclear reactors are designed to prevent leakage
of radiation, with multiple layers of protective shielding,
but what protects us from the sun?

In fact, it is known that the earth is protected from the
sun by two factors that form a protective layer over it.
These are the earth’s magnetic eld and the atmosphere.

The solar wind perpetuates the magnetic field of
the sun, and due to its high temperature, its constituent
atoms and electrons become separated, forming
"plasma", which carries an electrical charge. Since
plasma is not able to cross a magnetic eld, the magnetic

eld of the earth forms a barrier that prevents the solar
wind from reaching the ground. The atmosphere also
protects the earth from electromagnetic waves such as
X-rays and ultra-violet radiation emitted from the sun,
which are dangerous to life. Plasma is created in the
upper layer of the atmosphere when these dangerous
electromagnetic waves are stopped, forming a region
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Director
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[ (formerly Research
Manager, Space
' Environment Group)

After completing graduate school at
Kyoto University in 1993, joined the
Communications Research Laboratory
(current NICT) in 1994. Engaged in research in upper atmosphere physics, optical
measurement techniques, and radio observation. Specialist member of the Ministry
of Public Management, Home Affairs, Posts and Telecommunications Commission for
Data Communications. Director of the Japan Geoscience Union. Doctor of Science.

called the ionosphere. But, occasionally, the energy of
this solar wind manages to create effects in areas closer
to the surface. A famous example is the aurora which can
be seen in the night sky near the north and south poles.
Another case is that the thickness of the ionosphere can
change, and those can affect radio wave use.

I Effects on satellite positioning

Before the age of satellite communications, the
international communication over long distances was
done with short-wave radio, using the fact that the
waves reflect repeatedly between the ionosphere and
the earth’s surface. At that time, monitoring the state of
the ionosphere was an important national policy. Now,
with the advent of satellite communications and under-
sea cables, short-wave radio communication is no longer
as important as before. Instead of it, effects on satellite
positioning, as used for automobile navigation systems,
have shifted into the focus. Satellite positioning systems
on the earth’s surface receive signals from multiple
artificial satellites, each carrying a highly-accurate
atomic clock, and distances to the satellites can be
calculated, assuming the propagation speed of the waves,
to obtain the position. If any disturbances appear in the
ionosphere, the wave speed can differ signi cantly from
the assumed speed, leading to incorrect distances and
thus positioning errors. These errors can be as large as
several tens of meters, and are the largest source of errors
in satellite positioning (Figure 1).

[ Error in Satellite Position
H Error in Satellite Clock

[ Delay in the lonosphere
[0 Delay in the Troposphere
H Other

Delay in the
lonosphere

38%

Causes of Satellite Positioning Error (from the Ministry of Land,
Infrastructure Transport and Tourism documents)
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