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The Tohoku University’s team has been participating in ARLISS since 2002.This year,
for the third time we participated in the “Come-back Competition” using an Open Class
rover. We experimented with a legged type payload as well. This is the first such
attempt in ARLISS. The target in the Rover mission was to reach the goal point by
“Run-Back”. Run-Back is an approach in which the rover separates from a parachute
after landing and makes an autonomous navigation run to the destination using GPS.

Weight reduction and ability improvement were achieved by improvement of
electronic equipment such as GPS, radios etc. and using new material such as CFRP
and urethanes. We conducted an airframe dropping experiment from a balloon and
vibration test on the electric circuit because we had failure in the past. Establishment
of both examination technology technique and a basic examination were done. In the
mission, the parachute did not open and the rover crashed on to the ground at speed
more than 150 km/h. The circuit system did not break, and kept transmitting the GPS

data, control and radio signals. However, the mission ended because the rover was not



able to run any more as a result of the destroyed motors. The effectiveness of the
advance examinations was proven to some degree. It is necessary to conduct further
examination in order to succeed.

The legged type payload did not participate in the “Come-back Competition”. We
assumed the first goal to be walking on the desert. The payload mimics the biological
mechanics, and has a hexahedron main body equipped with PIC,a battery and 4 legs
each consisted of two servo motors. The soft landing was successful and the robot was
able to stand up. Half of the leg sank because the ground where it landed was too soft,
and the robot was not able to advance ahead. Better acquisition of the walking
technology, the establishment of the network technology, and the sensors are scheduled

for future installation.
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We (Nihon University) developed two CanSat for ARLISS 2004 held at Black Rock
desert in Nevada, United States. One is Come Back Competition Model (CBC). It flies
via controlling the parafoil using data of GPS and a magnetic field sensor to approach
the goal. It has two cameras at the bottom of the body for visual sensing, and it controls
the parafoil via detecting the target object on the goal to fly to the destination. In

addition, it can send some data by transmitter.



The other is a model that gets the environmental information, such as temperature
(E-Sat). It has a three-axis acceleration sensor to measure acceleration concerning the
body and absolute pressure sensor to measure air pressure and a thermal sensor to
measure temperature. It can fly to the destination using GPS data in order to make it
easy to find. In addition, it has two cameras at the bottom of the body too. These
cameras can take continuous pictures at high speed during the flight, and transmit
these pictures to the ground station.

Although we were naturally able to learn well about the technical thing through this
CanSat project, we could study about required in order to advance a project, such as

schedule management.
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Our cansat consists of two parts; a caterpillar type rover as a daughter machine
which is to come back to the target, and a mother ship which is to carry the daughter
machine to the ground safely. The mother ship loads camera devises to take pictures
from the upper air.

Released from the rocket, the mother ship opens a big parachute and separates
the rover, which have been inside of the mother ship. The mother ship with parachute,
and the rover, which is connected to the mother ship by a tether, are expected to descend
to the ground slowly. After the landing, the rover cuts the tether, and run to the target
with GPS information, sending signals to the station.

The mother ship and the rover independently have PIC microcomputers and relay
circuits as control systems of their own. We used a camera module on public sale as a

camera devise of the mother ship, and GPS, transceiver, memory devises as the rover



system. We used a fishing rope as the tether between the two machines, Nichrome wire
as a separation mechanism, and micro switches as a separation sensing and a landing
sensing system.

We succeeded to take a series of pictures of desert scenery from the upper sky, even
though the mother ship failed to release the rover. After the landing, we released the
rover from the mother ship manually and tried to continue the experiment, but the
rover could not execute successful separating, running, and communicating.

B4 Team

In our Bujisei-can mission we made an experience of INS (Inertial Navigation
System), which means calculating the can’s position and attitude with high accuracy by
making an analysis with Kalman filter. To attain this goal the can has 12 sensors; 3
gyros and 3 accelerometers as inertial sensors, and 3 magnetic sensors, 2 liner sun
sensors, and GPS as reference sensors. A great amount of the sensor data is
accumulated in ROMs, and after the flight we read the data in the ROMs and make an
analysis with it. The can also sends the GPS data with its radio, which help us to search
the can in the desert.

In the experiment in Black Rock the entire system worked almost properly except two
sun sensors because of the unreadiness of the integration. However because of the
malfunction of the micro switch the can began to accumulate the data before the launch.
As a result we got only about 30 seconds of flight data because the ROMs ran up. GPS
acquired three satellites in the 30 seconds but it was not enough to start the
measurement. The data of the magnetic sensors seemed inappropriate, so we could not
use it for the analysis.

It was a very regrettable result because if only the micro switch had worked properly
we could have got meaningful data throughout the whole flight. However by the
analysis of the data of inertial sensors we succeeded to reproduce the behavior of the
can for 30 seconds after the launch, which is the most dynamic period through the
flight.

M1 Team

The mission of the University of Tokyo M1 team was “Formation Flight” by launching
three CanSats of 350ml can size at the same time. In individual CanSat, it had the
function like the GPS signal reception and the Parafoil control etc. of a basic comeback
can and the Bluetooth module was installed for the intersatellite communication. New
functions of Flash ROM and optical detection CdS element, etc. were packed in small
structure, and everything was put in 270 grams in weight.

In ARLISS, because the Bluetooth module of the Leader CanSat had come off when

having discharged from the rocket, the intersatellite communication was not approved.



Although each CanSat was programmed to come back alone if intersatellite
communication wouldn't work, this failed for the programming bug.

The main cause of the failures should be so packed schedule for us as not to examine
enough functions. It also became a problem using the CdS element that was a new
technology for the most critical bus part of rocket discharge detection.

In this paper, | will introduce the detail of our CanSat’s functions and the cause of

failures. | hope the similar failures we had will not be repeated in the future ARLISS.
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Our OpenClass CanSat named “PELIKAN” is designed for comeback mission.
Additional to comeback mission, “PELIKAN” loaded propeller. This mission is to
obtain information of propeller’s effect to glide ratio and rotation ability by gyro sensor,
and acceleration sensor. Also, “PELIKAN” tried challenging designing to satisfy the
weight regulation. The team of “PELIKAN" used light weight materials to reduce the

total weight regardless of its number of components. This report will describe the



system of “PELIKAN” and its result in ARLISS 2004.

MAEDA (Mechanical & Aerospace Engineer Designed sAtellite) was aimed for
developing and evaluating the key technologies for the next generation satellite
development of the LSS (Laboratory for Space Systems). The missions were 1)
developing high-speed / small OBC (On-Board Computer) system, 2) integrating
real-time on-board attitude determination system, 3) realizing high-speed packet
communication, and 4) taking film pictures of the view from MAEDA using quick-snap
disposable camera (UTSURUN-DESU).

This CanSat (Name: MONSTER) is created by 3 Juniors (B3) of Tokyo Institute of
Technology. MONSTER is composed in size of 350ml can size and its main mission is
ComeBack mission. MONSTER is designed to approach to goal point by using Parafoil,
which MONSTER will approach to goal from sky. We organized this CanSat with
minimum elements, which will be CPU, battery, GPS, and communication device. We
designed MONSTER so it will be simple.

2.5
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In this paper, we explain the experiment result of autonomy rover system based on
PDA that we made to participate in Come Back Competition of ARLISS2004. The
purpose developed based on PDA is an examination of supplementation possibility of
limitation of hardware with software and reduction of development cost and time by
using ready-made goods. The rover we made is so-called “ITOGURUMA” type; it is
composed of two wheels, two motors, a battery and PDA that includes GPS. In the
development process, it has been understood to be able to reduce the time of

development and the verification of software by using (1) screen of PDA for debugging,



(2) integration development environment, and (3) libraries. It ended in failure without
working after a landing with both in two times of launching experiments. Causes of
failure we assume are that insufficient heat radiation design of circuit and trouble of
software by vibration. The supplementation possibility of the limitation of hardware by
software was not able to be examined because the operation experiment cannot have

been done.
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This report describes Test model for out CubeSat. It is one of three CanSat launched
by Soka University.

The purpose of CanSatl is development and demonstration of communication and
electronics subsystems for our CubeSat. Our CubeSat missions are acquisition of the
earth images, and development of anti-radiation FPGA architecture, and optimum
anttena for small satellite.

CanSatl missions are development of system architecture for CubeSat, and
acquisition of images and HK data, and storing of data in ROM, and telemetry
transmission, and alteration of telemetry items by command.

We used a Cyclone EP1C240(Altera) for OBC of CubeSat. CPU as PIC16F877 or
equivalent is installed in FPGA. We changed PIC’architecture. This architecture is for
radiation tolerance. Each register of CPU has majority voter.

OBC worked very well. OBC can store HK data into ROM. We could get telemetry of
the CanSat. However command transmission was failed.

CANSAT?2

This report describes Soka Universtiy CanSat nominated for Come-back Return
Competition, whose mission was to go to the pre-assigned point with complete
autonomous control. It is one of three CanSats launched by Soka University.

This CanSat is supposed to go to the pre-assigned target point using the GPS data.
On jettisoned from the booster in about 4,000 m altitude, GPS data is transmitted to a
ground station via TNC integrated in FPGA where GPS data is converted into AX.25
protocol. An IR sensor on board perceives landing on the ground to burn away nylon
wires attached to a parachute by an electric heater device. On board processor shows
the direction to the target point with the target coordination and its existing
coordination using GPS data. An H bridge circuit in MOSFET controls two motors.
While moving, all data of coordination and PWM control information are stored in
EEPROM.

CANSAT3

This report describes one of three CanSat launched by Soka University.

Its missions are as follows:

1. Shoot the ground images from the high altitude with CMOS camera,

11



2. Transmit the Soka Univesity student song to the ground station,
3. Transmit the GPS data and camera images to the ground station.

A jettison from a rocket is perceived, a voice-recording chip transmits an analog data
of Soka University student song for fifteen (15) seconds. Then, camera images of
30Byte and GPS data of 15Bytes will be transmitted to the ground station every
one-second. The signal is converted into AX.25 protocol by TNC integrated in FPGA.
GPS data are stored in EEPROM. CPU integrated in FPGA executes all device control.

3
3.1
(Cryogenic)
(Ecology) (Economy) (Safety) CEES Engine
550N
CEES
Rocket CEES Rocket 150mm 2170mm
LNz 1.5kg,H20 1.5kg 14kg 3 20 17:30 CEES Rocket
50m

CEES Engine

Recently, students have been going ahead with small rocket and satellite projects in
many universities. We have to be careful to deal with rocket projects because they have
combustion process of propellant. Considering on safety, environment, economy and
potentiality, we started to study on a new conceptual rocket using a cold-gas engine
without combustion process. This engine uses two fluids (LNz for propellant and H20 for
heating source). We named this engine CEES engine from the initials of cryogenic,
environment, economy and safety. We performed exhaust experiments of this engine
many times, and we could obtain a maximum thrust of 550N. Based on this result, we
developed a small rocket with the CEES engine, establishing launching process and
technique. The CEES rocket is 150mm of diameter, 2170mm of length and 14kg of

12



initial mass. We launched the CEES rocket on March.20th, Successfully. The rocket
reached about 50m altitude, and it is shown that CEES engine has enough potential to

launch a small rocket.
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The fourth launch experiment of the CAMUI hybrid rocket has been made in Taiki,
Hokkaido. Starting with the launch at March 21, 2002, we had made three launch
experiments with 100 percent success rate. This year, we tried to throw out a mission
payload up in the air, which is our first trial. Although the basic type of rocket vehicle
is the same as the previous one, 50 kgf thrust and parachute recovery type
(CAMUI-50P), the manufacturing process of the rocket motor and the nose fairing is
improved, resulting in a serious reduction of the manufacturing cost. The mission
payload is a CANSAT (a 500-ml drink can size micro-satellite) Hokkaido Space Union,
which is a student organization in Hokkaido Institute of Technology, developed.
Student Rocket Project, a student organization in Tokai University, provided a
separation mechanism free from explosives, which made the release of the parachute

and the mission payload in the air. The CANSAT has a GPS receiver and a wireless
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communication device, and the mission group made a communication experiment
among three stations, the CANSAT, the ground station at the launch site, and a remote
station in Sapporo through a cell-phone and the Internet, while the CANSAT comes
down on a parachute. The sequential events of the fairing splitting, release of the
CANSAT, the deployment of the parachutes of the CANSAT and the CAMUI rocket,
went very smoothly. The separation mechanism worked steadily. Both of the
CANSAT and the CAMUI rocket were recovered without any injury. The experiment
was successful in both of mission and rocket aspects.

3.3
CanSat
CAMUI
CanSat
CAMUI
CanSat GPS CPU H8
CanSat EEPROM
CanSat 2005 3 CAMUI

The launch plan of Hokkaido satellite "Taiki" is advanced mainly in Hokkaido
Institute of Technology now.

We gathers students who have interest in space development for the purpose of having
students experience the procedure from an early stage to a design, manufacture, and
employment of a satellite, and it will experiment on CanSat.

In this report, the separator style developed by Tokai University is attached in the
CAMUI hybrid rocket developed by Hokkaido University, and the actual proof
experiment which launches CanSat is conducted.

This becomes the first experiment which carried payloads other than measurement
equipment (avionics) for the CAMUI hybrid rocket.

GPS and an atmospheric pressure sensor are carried in CanSat, a CPU board (H8)
performs data processing, and the data is transmitted to a ground station with a
communication machine. Moreover, EEPROM is carried in the inside of CanSat and
data is acquired also after recovery

It is due for us to conduct the experiment which will launch this CanSat system with a
CAMUI hybrid rocket in Hokkaido Taiki town in March, 2005, and acquires data.
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3.4
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Student Rocket Project has started collaboration rocket project with
University of Alaska Fairbanks (UAF) in 1995. We had already succeeded in
two student sounding rockets before now, and we have a plan of third
student sounding rocket launches in 2005. Tokai university team mounts UV
sensor to measure UV strength in the polar region. Moreover, we mount
3-axial fluxgate magnetometer, digital sun sensor to measure rocket attitude
performance. In September 2004, we sent these instruments to UAF, and
completed integration. Payload is taking the ground examination and safety
test, now.

Then, we have a plan of hybrid rocket launches. The purposes of this rocket
are successful launch by our handmade rocket engine, and get the rocket
attitude performance data form telemetry system. Additionally, we mount a
separation system without gunpowder, which made an improvement than
last time. We are going to launch this rocket at Taiki-cho Hokkaido in March
2005.
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USSS 2004 was held at the Waikoloa Beach Marriott Resort on the “Big Island” of
Hawaii from November 13th to 14th, 2004.

6 schools from Japan and 6 schools/organization from U.S. joined this USSS. Total
number of participants was 28, 16 from Japan and 12 from U.S. UNISEC has helped
the travel expense of 11 Japanese students.

On the first day of the symposium, each school reported their activities and proposed
possible collaborative projects. On the next day, we formed international subgroups,
and discussed the selected projects towards the next USSS. Titles of the projects are
“Robotics and Teleoperation”, "Command Generation for Tether Systems”, “CanSat
Finder” and “Design Environments.” Finally, each subgroup gave presentations on
their plans to carry out the projects.

It have been decided that USSS will join JUSTSAP as a regular working group from
2005 without supervision of Small Satellite Working Group.
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The third UNISEC workshop was held at Kyushu University from December 11th to
12th, 2004. The workshop was jointed after a meeting of QPS (KYUshu Piggy-back
Satellite project) so that both organizations could share information and stimulate each
other. 17 groups reported their activities in general sessions from afternoon of the first
day to noon of the second day. They were evaluated by audiences, and then two most
appreciated presentations were prized by UNISON. Students’ discussions focused on
the UNISON's projects were held on the last afternoon. Total number of participants
was 120, 87 students and 33 staffs or general attendees.

After the workshop a CanSat competition was held on December 13th at suburban
rice fields in western Fukuoka. In this competition, CanSats were dropped from an
unmanned balloon of 100m in height, to be judged by accurate landing to a target point.
7 CanSat made by 5 teams were dropped 9 times in total. Some of them flew
successfully, it showed that they had learned after the failure in ARLISS2004 and
improved the CanSat and themselves. The competition was organized by students of
the University of Tokyo and Kyushu University, and had been realized thanks to

farmers who allowed us to use their rice fields.
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