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During the 20th century, human beings acquired the ability to observe the Earth directly from space. These observations expanded and
renewed our appreciation for the beauty of our home planet.
Furthermore, from Earth orbit, we also began to understand better what a complex and fragile system of oceans, landscapes, and natural
processes characterizes our world.

It is surprising that, even today, there are vast areas of the Earth that remain a mystery to us, vast areas for which we have not even simple
maps. In fact, to date, although we have accurate, three-dimensional maps of Venus and Mars, we have no such comparable maps of the Earth.

This coming autumn, | will be aboard the Space Shuttle Endeavour as it collects the data necessary to construct the most precise, three-
dimensional map ever made of the Earth's surface. Using two large radars simultaneously, this short, eleven-day flight will cover 80% of the
Earth's total land mass, home to nearly 95% of the world's population.

Because the Space Shuttle will fly over most of the world's surface (from 57 degrees latitude north to 57 degrees latitude south), our mission
will be able to collect data capable of creating the most complete topographic map ever produced of the Earth.

The knowledge subsequently gained from this Space Shuttle mission should, therefore, revolutionize our understanding of our own world, and
gain for us, in remarkable detail, new insights about the planet on which we live. Already, we anticipate that information collected will enable
scientists throughout the world to be better able to study the dynamic processes which affect human and other ecological life cycles, processes
like flooding, earthquakes, climatic changes, soil erosion, mountain-building, volcanism, desertification, and weather activity.

Consequently, in the fall of 1999, when | board the Space Shuttle, | will depart for a journey into space which will, in a very real sense,
“rediscover" our world. | sincerely hope this "rediscovery" will be regarded as a gift from the 20th century to the 21st century, a gift which will help
us appreciate, far more, the beauty, wonder, and complexity which, for me, will make Earth MAHOROBA™ forever.

*1: A kind of paradise in Japanese mythology.
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Outline of the Mission

STS-99 is a space shuttle mission of the National
Aeronautics and Space Administration (NASA), which is
intended for carrying out Earth Observation.

On this mission, Astronaut Mohri will challenge space flight
for the second time, the first time being his flight in 1992 in
which he was involved in "SPACELAB J" (STS-47).

The main purpose of this mission, called the Shuttle Radar
Topography Mission (SRTM), is to create a detailed, three-
dimensional topographic map of the Earth's surface using a
Synthetic Aperture Radar (SAR).

An educational program called EarthKAM is also
scheduled. In this program, middle school students will
participate in the mission and take photographs of the Earth
from a digital camera mounted on the shuttle. There are also
plans to take images of the Earth using a High-Definition
Television Camera (HDTV).
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STS Mission No.

Launch Date
(estimated)

Launch Site
Mission Duration
Orbiter

Orbit altitude
Orbit inclination

Landing Date
(estimated)

Landing Site (estimated)

STS-99

September 16, 1999 8:47a.m. (EDT)
September 16, 1999 9:47p.m. (JST)

NASA Kennedy Space Center

11 days, 4 hours (2 additional days possible)
Endeavour (14th flight)

233km (126 nautical miles)

57degrees

September 27, 1999 12:52p.m. (EDT)
September 28, 1999 1:52a.m. (JST)

NASA Kennedy Space Center

STS-990 00000 O http://jem.tksc.nasda.go.jp/shuttle/sts99/

NASA/JPL/Caltec
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Shuttle Radar Topogra‘ﬁﬁTMission
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SRTM is the main mission of STS-99 and seeks to acquire
high-resolution, three-dimensional topographic data covering
80% of the Earth's surface during a flight of only 11 days.
Data is acquired by means of two "eyes" consisting of the
main antenna mounted on the space shuttle cargo bay and
the outboard antenna mounted on the end of a mast that
extends 60 m from the shuttle.

At present, topographic maps of the entire Earth have a
resolution of only 1,000 m in the horizontal direction, and
100 m in the vertical direction, hence it is difficult to obtain
an accurate grasp of the Earth's topography. The resolution
of the data obtained during this mission will be 30 m in the
horizontal direction, and 16 m in the vertical direction. This
means that it should be possible to clearly recognize a large
building or a stadium, for example. This data will be analyzed
and used to make the most accurate-to-date, large-scale,
three-dimensional topographic map showing the relief of the
Earth's surface.

Data will be acquired using two types of synthetic aperture
radar, SIR-C developed by NASA's Jet Propulsion Laboratory
(JPL), and X-SAR developed jointly by the German Aerospace
Center (DLR) and the Italian Space Agency. SIR-C/X-SAR is
the third flight in the series following STS-59 (SRL-1) and
STS-68 (SRL-2) which were carried out in 1994 using the
Space Radar Laboratory (SRL) equipment promoted by
NASA.

It will take one year to one year and half after the shuttle
returns to Earth to process the extremely large amount of
data (9.8 terabytes; one CD contains 650 megabytes, so
this amount is equivalent to 15,000 CDs) that will be
acquired.

The high-resolution, digital, three-dimensional topographic
map produced from this data will be disclosed to the general
public in the hope that it will be used in various fields.
Potential applications include regional weather forecasting
that takes account of topography, obtaining an accurate
understanding of the distribution of forests in mountains,
safe navigation of aircraft, and determining line-of-sight
areas in wireless communications.

Transmitted Wave
Received Wave
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Main Equipment of SRTM

The main equipment to be used in SRTM consists of the
main antenna, an outboard antenna, Attitude and Orbit
Determination Avionics (AODA), a mast that extends 60 m
from the shuttle, and a canister for housing the mast.

e Main antenna

This is a 12 m-long, 4 m-wide transmitting and receiving
SIR-C/X-SAR antenna. It is mounted on the support
structure in the shuttle cargo bay.

e Outboard antenna
This is a receiving-only SIR-C/X-SAR antenna and is
mounted 60 m from the port side of the shuttle.

e Attitude & Orbit Determination Avionics (AODA)

In order to perform data processing for creating a high-
resolution, three-dimensional topographic map, it is necessary
to obtain extremely accurate information concerning errors in
the position and attitude of the antenna during measurement.
This information is measured using the AODA system, which
consists of highly accurate sensors including a GPS receiver,
equipment for measuring the distance between the main
antenna and the outboard antenna, and an optical sensor
that uses a light emitting diode. These devices are controlled
and monitored by the crew in the shuttle, using an AODA
processing computer (APC).

e Mast

This mast extends 60 m from the port side of the shuttle
and supports the 300 kg outboard antenna at its end.
During launch and return to Earth, the mast is folded to
about 1/20th of the fully extended length. The mast
comprises some 87 cubic bays, each of which consists of
support columns made of high-strength compound material,
metal wires, joints, and so on.

This mast was developed by the US AEC-Able Engineering
Company Inc., utilizing the technology that it developed for
the mast deploying the solar array wings used in the
International Space Station.

e Canister

The canister houses the mast during launch and return to
Earth. Itis 1.4 m in diameter and 2.9 m long. The mast is
extended and retracted by a motor installed inside the
canister.

e Payload High Rate Recorder (PHRR) and Recorder
Interface Controller (RIC)

The shuttle has six PHRRs, and two RICs that control the
PHRRs on board. Three PHRRs record data during
observation, and remaining three are in reserve. RIC is a
laptop computer: One RIC is always used to control the
PHRRs, and the other is spare.

SRTMO O OO
During a training session with
SRTM flight hardware
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Attitude and Orbit
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GPS Antenna
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0AODALD O X-SAR Outboard ;
GPS Antenna Antenna ) 4
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AEC-Able Engineering Company, Inc. NASA/JPL/Caltec -
L
-
SIR-C/X-SARO O O O O O Major specification of SIR-C/X-SAR 7. >4y
oooo SIR-C X-SAR #,
Item Spaceborne Imaging Radar-C X-band Synthetic Aperture Radar E
ooo 0000000 /Main antenna 12.0mx 3.5m 12.0mx 0.5m
Size 0 00000/0utboard antenna 8.1mx 0.9m 6mx 0.4m
00000 /Frequency 5.3GHz (COODO) 9.6GHz (XOOO)
0 O /Wavelength 5.8cm 3.1cm
0ooo 0 00 O /Horizontal 30m 30m x,-
Resolution [ 00 /vertical 16m 16m <
0000 /Altitude 233km 233km o
0 0 0 /Swath width 225km *2 50km -
0 O /Polarization *1 HH,HV,VH,VV VvV =
0000000 /0ff nadir 230630 *2 520
*10 HH (Horizontal transmit, Horizontal receive) ; D 00000000 *20SIR-CO0000SAROOOODOOOOOOOOOOOOOOOO0O00
HV (Horizontal transmit, Vertical receive) ; 000 00000000000000 SIR-C is designed with Scan SAR. The beam can be electronically steered.

VH (Vertical transmit, Horizontal receive) ; 0 00000 00000000000
VV (Vertical transmit, Vertical receive) ; 000000000
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Synthetic Aperture Radar

A Synthetic Aperture Radar (SAR) is a kind of remote sensing
sensor for observing the surface of the Earth. Itis installed and
used on aircraft and satellites.

Radio waves from the SAR reflect off the same object and are
observed at positions that vary with the motion of the satellite or
aircraft on which the antenna is installed. The acquired
information is then processed. As a result, high accuracy is
possible even when a small antenna is used, just as if the
observations were made using a large antenna. In other words,
this is equivalent to arranging the apertures of a large number of
small antennas (the aperture is the face of the antenna that
transmits and receives radio waves) in a straight line, resulting in
the same effect as if a large antenna were used. This radar thus
behaves as if it had a synthesized aperture and is therefore
called a synthetic aperture radar.
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SAR is an active type radio wave sensor. It transmits radio
waves (microwaves) to Earth at the rate of more than 1,000
pulses per second while moving in a straight line, and receives
the waves reflected from Earth, thus enabling the physical
properties, relief, irregularity, inclination, and so on, of the Earth's
surface to be measured. This is an all-weather sensor which
operates both day and night and is virtually unaffected by clouds,
rain or other weather.

In contrast to a general radar which receives only the intensity
of the reflected waves, a SAR radar receives both the intensity
and the phase of the reflected waves. The intensity of the
reflected waves differs considerably with the object. If this
intensity is expressed as the contrast of an image, the waves
reflected off an extremely smooth surface appear as a very dark
area, and the waves reflected off a rough surface appear as a
bright area. Such an image is quite different from the image that
a person actually sees. In order to convert the image of the
intensity of the reflected waves into an image that a person
actually sees, it is necessary to process the intensity using a
computer.
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SAR uses microwaves mainly in the L-band (15 to 30 cm), C-
band (3.75 to 7.5 cm) and X-band (2.4 to 3.75 cm). The
characteristics of the waves differ according to the wavelength.
Generally, radio waves that have a short wavelength are readily
reflected by the surface of matter, and those that have a long
wavelength penetrate the matter to some extent. If the size of
an object is greater than 1/2 of the wavelength, the waves will
not penetrate the object but will be reflected off it. If the object
is less than 1/4 of the wavelength, the waves will penetrate the
object. If the object is about 1/2 of the wavelength, the waves
will both be reflected off, and also penetrate the object.

Taking a forest as an example, radio waves in the L-band
penetrate the leaves, but are reflected off the tree trunks and the
ground. Waves in the X-band are reflected off the leaves, while
waves in the C-band are reflected off both leaves and branches,
and, depending upon the conditions, they are also reflected off
the tree trunks and the ground. Because of these
characteristics, L-band waves enable determining the distribution
of vegetation and the kind of vegetation in a tropical forest or
northern forest, for example. They also enable detecting the
existence of vegetation, changes such as the shrinking of
forests due to logging or forest fires, or the recovery of forests
due to planting. Research is being carried out on C- and X-band
waves with a view to using them to classify vegetation, including
that on farmland and grassland, by utilizing the difference in the
intensity of the waves reflected off leaves and branches.

The applications of a SAR are not limited to forests, but
embrace a wide range of fields including geology, prevention of
natural disasters, agriculture, detection of snow and ice,
oceanography, and planetary exploration. SARs of wavelengths
matched to these applications are mounted on aircraft and
artificial satellites, and used for observing the entire Earth.

Japan Earth Resources Satellite-1 (JERS-1), which carries a
23.5 cm wavelength L-band SAR, is effective for resource
exploration because of the characteristics of this wavelength.
This satellite was decommissioned in October 10, 1998.
However, the data acquired over its six-years life is still being
utilized in many fields of research and practical applications.
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Shown above are a SAR image (left) and an optical sensor image (right).

The image obtained from the optical sensor shows a cloud band that
obscures the ground beneath it. In contrast, the SAR image shows the
conditions on the ground clearly.
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The figure at left shows superimposed images of the same zone obtained using an optical sensor
(LANDSAT) and a SAR (SIR-A; space shuttle mission).

The part with the oblique band is the image acquired by the SAR, and the yellow area surrounding it is the
image obtained using the optical sensor. The region is now a desert. However, the SAR observation
revealed that there is an ancient riverbed beneath the sand layer.
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In this mission, data is acquired by two "eyes" consisting of
the main antenna mounted in the shuttle cargo bay and the
outboard antenna. The data acquired from these two eyes is
analyzed using a method called interferometry so that three-
dimensional topographical maps can be made.

Interferometry is a technology that sets up interference
between two sets of dissimilar phase SAR signals covering
the same zone in order to obtain the height of the landform
on the Earth. The data is obtained either from two antennas
on an aircraft or satellite, one of which faces the direction of
travel and the other of which faces the direction
perpendicular to it, or from two satellite orbits (generally
parallel orbits). If the distance between the two antennas or
the two orbits is fixed, and the wavelength of the SAR is
short, the accuracy of computing the landform height is high.
Because the main antenna and the outboard antenna used
in SRTM are fixed at a distance of 60 m from each other,
and because the wavelengths used are in the short C-band
(SIR-C) and X-band (X-SAR), it is possible to produce highly
accurate topographic maps.

Until now, data for the same zone was obtained by flying a
satellite, aircraft or space shuttle in two different orbits.
However, this method necessitated accurate
synchronization of the orbits, and required a very long time to
acquire the two sets of data. SRTM will be the first attempt
to use two antennas simultaneously in order to obtain a wide
range of data in a short time.

Creating a three-dimensional topographic map (Mt. Fuji)
The creation of a three-dimensional topographic map is
described below, using as an example the reflected wave

data for Mt. Fuji acquired by JERS-1's SAR on September 7

and October 21, 1995.

(1) The SAR data obtained on both days was subjected to
special data processing, and two-dimensional images
were created (Fig. 1). For each image, the intensity of
the reflected waves of a single wavelength is indicated
as the contrast of the image. The images appear the
same to the eye, but the orbits of the satellite used to
acquire them are about 330 m apart.

(2) The difference in phase between the signals from the
same points on both images is computed. Correction is
made for the distance between the two orbits, then a
two-dimensional phase difference image is created (Fig.
2). The phase difference image is expressed as a striped
pattern that resembles contour lines on a map.

(3) The information of (2) is further analyzed and processed
in order to compute the altitude. The computed altitude
values are applied to the two-dimensional images of (1)
that represent the intensity of the reflected waves, and a
three-dimensional topographic map is created (Fig. 3).
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On SRTM, the shuttle flies with the tail section facing the direction of travel, and
the antenna facing the Earth.
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The attitude of the shuttle used in this mission is very
distinctive.

The main antenna in the shuttle cargo bay is installed
obliquely on the support structure in the cargo bay so that
the antenna face is tilted at an angle of 14 degrees with
respect to the horizontal surface of the cargo bay. The
outboard antenna is oriented to the north, and the shuttle
flies tilted at an angle of 59 degrees with respect to the line
perpendicular to the surface of the Earth. This is to maintain
the orientation of the antenna and the angle of the mast at
45 degrees with respect to the line perpendicular to the
surface of the Earth. This attitude increases the coverage of
the Northern Hemisphere, which contains large areas of land.

The shuttle flies with the tail section facing the direction of
travel, and the cargo bay facing the direction of the Earth to
reduce the risk of space debris colliding with the windows of
the shuttle.
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On SRTM, the shuttle flies with the tail
section facing the direction of travel.
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Scan SAR observation image acquired using the
shuttle

Scan SAR is a technology in which the antenna beam is
scanned in order to increase the coverage. There are two
methods of scanning the beam, one in which each of the
phases transmitted from multiple phase detectors
mounted on the antenna is changed so as to scan the
beam electronically, and one in which the antenna itself is
moved so as to scan the beam mechanically.

In SRTM, SIR-C is using Scan SAR and the beam is
scanned electronically.
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Technical Difficulties Attendant to SRTM

o Deployment and retraction of the mast

The mast is 60 m long. This is the longest articulated
structure to be used in space up to now. During launch and
return to Earth, the mast is folded to about 1/20th of the
fully extended length, and stored in a canister in the cargo
bay. The technology for deploying and retracting the mast
while twisting it in the reverse direction one bay at a time by
means of the motor in the canister was a technical
challenge for the mission. The mast starts to be extended
about 5 hours and 30 minutes after lift-off, and takes 17
minutes to fully extend.

If the mast cannot be extended or retracted due to a
breakdown of the equipment, this work will be done manually
from outside the shuttle (EVA).

o Minimizing changes in attitude due to external
disturbances or vibration

On this mission, the shuttle will travel at a speed of about
7.7 km per second with the mast extended. The main
antenna and outboard antenna will be subjected to external
disturbances due to the effect of gravity *, and to vibration
due to shaking and flexing of the mast as a result of the
daily orbit control (thruster jet) of the shuttle. The alignment
between the main antenna and the outboard antenna must
be within + 0.03 degrees, so highly accurate control is
required.

Attitude control and maneuver, which greatly change the
attitude of the shuttle, are performed above the sea when
observations are not performed. Control is made for the
influence in attitude due to the effect of gravity, by slowly
and continuously releasing jets of nitrogen gas from
thrusters installed at the end of the outboard antenna while
observation is taking place. Misalignment of the outboard
antenna during observation is corrected by the crew at
appropriate intervals.

*1: A spacecraft that has a long axis and travels in a low orbit (orbit altitude of
no more than 1,000 km) tends to assumed an attitude and gravity gradient such
that one end faces the Earth and the other end faces the opposite direction.
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History of the Synthetic Aperture Radar for Use in Space

SAR was conceived immediately after the appearance of
radar technology at the beginning of the Second World War.
Subsequently, the US actively researched SAR from both the
theoretical and empirical aspects. As a result, by the latter
half of the 1950s, six kinds of experimental aircraft SAR
systems had already appeared.

Observations from space using SAR started from the US
oceanographic observation satellite SEASAT in 1978. SAR
observations were subsequently carried out using Japan
Earth Resources Satellite-1 (JERS-1), the European Space
Agency's (ESA) ERS-1 and ERS-2, and Canada's RADARSAT.

SAR missions using the shuttle started from STS-2 in
1981. The first SAR employed was the Spaceborne Imaging
Radar (SIR)-A. Subsequently, an improved version of SIR-A
was used in STS-41G (SIR-B), and a further improved version
called SIR-C was used in STS-59 and STS-68. From STS-
59, a X-SAR synthetic aperture radar that operates in the X-
band was installed together with SIR-C, hence the name of
the Space Radar Laboratory (SRL) was used for the name of
the shuttle mission.
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Features

The moon's surface was measured using the first space SAR in history.
This SAR was called Apollo Lunar Sounder Experiment (ALSE).

The first artificial satellite to carry SAR. Was designed to conduct
oceanographic observation.

Shuttle-mounted SAR.
One of the experiments in the Spacelab mission.
Shuttle-mounted SAR. Improved version of SIR-A.

Venus probe. First SAR designed for planetary exploration. Three-
dimensional map of the surface of Venus was produced.

C-band SAR installed.
L-band SAR installed.
Shuttle-mounted SAR. Improved version of SIR-B and X-SAR installed.
Shuttle-mounted SAR.
C-band SAR installed.
C-band SAR installed.
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Year and month of launch ~ Mission name Y more mission

December 1972 Apollo 17 us

June 1978 SEASAT us

November 1981 STS-2/SIR-A us

November 1983 STS-9/MRSE Germany

October 1984 STS-41G/SIR-B us

May 1989 Magellan us

March 1991 ALMAZ-1 USSR SAR installed.

July 1991 ERS-1 *1 ESA

February 1992 JERS-1 *2 Japan

April 1994 STS-59/SRL-1 us

October 1994 STS-68/SRL-2 us

April 1995 ERS-2 *1 ESA

November 1995 RADARSAT Canada

October 1997 Cassini us

*10 European Remote Sensing Satellite-1, 2

*2[0 Japan Earth Resources Satellite-1

Saturn probe. Ku-band SAR installed. To be used to observe the surface of
Titan, a satellite of Saturn.
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Three-dimensional Topographic Map Applications
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The high-resolution, three-dimensional topographic map
obtained as a result of this mission can conceivably be used
in the following three ways.

i000000o000o00b0o00oo00oo0ooo0o0ooo
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1. A topographic map that was previously expressed by
drawing contour lines on a paper map can be treated as a
digital elevation model. Consequently, it is possible to
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combine satellite image data with various geographical
information and data, such as maps and statistical
information, and create a geographic information system
on a computer. Conceivable applications of such a
system include resource management in agriculture and

oooooobooboobobooobobooobooog
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forestry, understanding the environment, mineral resource
development, conservation of the regional living
environment on a local government scale, town planning
and development, and surveying a disaster situation over
2000 000000D0O0OODO0OODOOODbDObOOOn a wide region.
O00o0o0o0ooOoo0ooboOoooooooooooon 2. Earth observation data that was previously obtained in
0000000000000 O00OO0oo0oo0oooon .two-dimen.sional form can now be obtai_ned as data that
includes differences in topography. This data can be used
pobooooooogooooooobdooooo for regional weather forecasting that takes account of
doooooooooa topography, improving climate models, obtaining an
accurate understanding the distribution of forests in
mountains, and so on.
3. A three-dimensional map can be used in applications that
use a bird's-eye view to express the geographical

300 000000000000 bO0oOo0oOobOobDOoooo
godoobboooobobboooobobboooooo
ooo0o0o0oOo0ooOooOoooooooooooon relationship between points more clearly than a plane map.

‘ Examples include town planning, creation of road traffic

f g - hooooonoonoboonod networks, architecture that takes account of the overall
i landscape, car navigation systems, and determining line-
of-sight areas in wireless communications.
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A more practical example for improving aircraft safety is
described here.

Since the 1970s, aircraft have been fitted with a ground
proximity warning system (GPWS) in order to prevent
collisions into mountains or terrain. This system, which was
based on a radio altimeter, warned the pilot by means of a
voice or a warning lamp that the aircraft was approaching
the ground or another obstacle. Unfortunately, this system
was ineffective if a slope was so steep that a collision could
not be avoided. Most aircraft accidents involving deaths
were cases in which the aircraft approached the ground too
closely, unnoticed by the pilot for some reason or other, and
crashed.

To prevent this, several years ago a functionally enhanced
ground proximity warning system (EGPWS) was introduced.
This system, which contains data representing the
topography of virtually the entire Earth as well as obstacles
near airports throughout the world and positional information
such as the GPS, informs the pilot of an impending collision
with a slope, for example. It is much safer than the previous
GPWS. However, the data used by this system is rough
topographic data that has an accuracy of only 500 m to
1,000 m. If the data obtained during SRTM can be utilized, it
should be possible to realize a more accurate and safer
warning system.

Astronaut Mohri's Duties

Astronaut Mohri will perform work related to operating
SRTM and the space shuttle, as a Mission Specialist (MS).

As part of operating SRTM, Astronaut Mohri will monitor
and correct the position of the mast, and photograph the
Earth from the window of the shuttle. He will also be in
charge of the "Payload High Rate Recorder' (PHRR), which
records observation data, and will check it from time to time
to ensure that the flow of data is not interrupted. In the
event of trouble, he will take appropriate action such as
replacing or repairing the recorder.

In addition to operating SRTM, Astronaut Mohri will operate
the GPS experimental equipment, which is scheduled to be
used in the future shuttle, and will perform evaluation tests
on the heat exchanger unit.

Astronaut Mohri will be responsible for inspecting and
operating Space Shuttle system equipment. Also, during the
reentry, he will sit behind the pilot's seat and inspect the
instruments, and also assist the commander and pilot in
maneuvering the shuttle.

The theme of this flight is observation of the Earth from
the shuttle. Observation of the Earth is one of the main
purposes of the International Space Station (ISS) which is
currently being assembled. It is expected that Astronaut
Mohri's participation in this mission will deepen our
experience in this field. Unlike a satellite, observation of the
Earth from the shuttle and ISS will provide not only raw data
but also information regarding changes in the Earth as seen
by people.
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Earth Knowledge Acquired by Middle School Students

EarthKAMO OO 0O 0O 0O 0O 0O 0O O O Electrophotographs taken by EarthKAM camera

EarthKAM is an educational program under which middle
school students will photograph the Earth using a digital
camera mounted on the Space Shuttle. They will then use
these photographs to carry out research under various
themes in science and social studies. This is a NASA-
sponsored program conducted in cooperation with the
University of California at San Diego (UCSD) and other
organizations.

This mission is a more developed version of similar
missions that were conducted under KidSat during the STS-
76, 81 and 86 shuttle missions. Since STS-89, the
program has been conducted as "EarthKAM".

Each school that participates in the program will study the
method of selecting and using themes on Earth
photography, and will hold discussions with other participant
schools via the Internet. They will also learn about the
principles of operating the shuttle and the orbit through
which it will travel.

In order to avoid a situation in which the photographing
point is covered with clouds, the students will select
candidates for photography based on images obtained from
a meteorological satellite, and send photographing
instructions to the shuttle via the Internet. The
electrophotographs taken this way will be transmitted to the
participating schools on Earth several hours later.

The camera to be used is a digital camera. After the
launch, the crew will install the digital camera on the
overhead window of the aft flight deck at the rear of the
shuttle. Next, they will connect the digital camera to a
personal computer in the shuttle, and set it in such a way
that it can be controlled from Earth.

Apart from the work of installing and stowing the camera
and accessories, the initial pointing of the camera, and
replacement of the lens, the camera will be operated entirely
from Earth without any intervention on the part of the crew.

In EarthKAM projects up to now, more than 2,000
photographs of the Earth have been taken, based on themes
such as the Himalayas, clouds above the Pacific Ocean,
volcanoes, and the large-scale forest fires in Indonesia.

Japan is scheduled to participate in this coming EarthKAM
for the first time.

Past EarthKAM projects

Shuttle mission Number of participating schools ~ Number of photographs taken

STSO 76 3 325
STSO81 17 533
STSO 86 52 670
STSO 89 37 490
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The Mission Operations Center (MOC) is located in the UCSD.
Based on a photographing request from SMOC, the Center
issues photographing commands to the shuttle, and displays
images that are downlinked from the shuttle, on the Internet, for
example. Professor Sally Ride, America's first female astronaut,
is chiefly responsible for performing this work.

Internet
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The Student Mission Operation Center (SMOC) consists of
one to several schools. The students use the Internet to
send photographing requests to MOC, acquire
photographed images, and so on.

UCSD
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STS-99 Crew Members

Commander (CDR)
Kevin R. Kregel

Born in 1956 in New York.

Became an astronaut in 1993. Served as Pilot
on STS-70 (1995) and STS-78 (1996). Flew as
Commander of STS-87 (1997), together with
Astronaut Takao Doi. STS-99 will be his fourth
flight.

Pilot (PLT)
Dominic L. Pudwill. Gorie

Born in 1957 in Louisiana. U.S. Air Force
Lientenant Colonel.

Became an astronaut in 1996. Served as Pilot
on STS-91 (1998). STS-99 will be his second
flight.

Mission Specialist (MS1)
Gerhard P. J. Thiele

Born in 1953 in Germany. ESA Astronaut.
Began basic astronaut training at DLR in 1988.
Alternate PS for STS-55 (1993). In July 1996,
was selected by DLR and the German Space
Agency to participate in the NASA astronaut
candidate training course. Completed training in
April 1998, and qualified as a Mission Specialist.
STS-99 will be his first flight.

Mission Specialist (MS2)
Janet Lynn Kavandi

Born in 1959 in Missouri. PhD in Chemistry.
Became an astronaut in 1996. Flew on STS-91
(1998) as Mission Specialist. STS-99 will be
her second flight.

Mission Specialist (MS3)
Janice Voss

Born in 1956 in Indiana. PhD in Aerospace
Engineering.

Became an astronaut in 1991. Flew as a
Mission Specialist on STS-57 (1993), STS-63
(1995), STS-83 (1997) and STS-94 (1997).
STS-99 will be her fifth flight.
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Mission Specialist (MS4)
Mamoru Mohri, PhD

General Manager, Astronaut Office,
Space Utilization Promotion Department,
Office of Space Utilization Systems,
National Space Development Agency of
Japan (NASDA)

Jan. 1948
March 1972
July 1976

Born in Hokkaido, Japan.

Received Master of Science Degree in Chemistry from Hokkaido University.
Awarded Doctorate in Chemistry from Flinders
University of South Australia.

Associate Professor at the Nuclear Engineering
Department of Hokkaido University.

Selected by NASDA as Payload Specialist (PS)
with Dr. Chiaki Mukai and Dr. Takao Doi; joined
NASDA in Nov. 1985.

Jan. 1982
to Oct. 1985

Aug. 1985

Sep. 1992 Flew aboard the Space Shuttle Endeavour on

STS-47, the first flight for a Japanese astronaut.

Attended the 1996 NASA astronaut candidate
training course.

Qualified as a Mission Specialist (MS).
Assigned as MS for STS-99, his second flight.

Aug. 1996

April 1998
Oct. 1998

“ SPACELAB J"01 STSU 470

In September 1992, Astronaut Mohri, the first Japanese
person to fly on the space shuttle, developed new materials
utilizing the zero-gravity environment in the space laboratory
in the shuttle as a PS. He also performed numerous
experiments to investigate the effect of space on the human
body. During the flight, he also conducted space scientific
experiments for Japanese children, using a spring, a spinning
top, water, and so on, and described the strangeness of
weightlessness and life in space in a readily understandable
way, thus arousing the children's interest in space.
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