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We have participated in ARLISS project in the "Open-Class" category since 2002 and
have also taken part of the “Run-Back” approach, reflecting our background technology
of robotics for the lunar/planetary exploration. The “Run-Back” approach consists of
the following sequence: 1) descent by parachute without any controls, 2) landing softly
and separate the parachute, 3) travel towards the goal autonomously using GPS

navigation. One of the advantages of the “Run-back” is that the rover can use



unlimited time to navigate itself towards the goal without any disturbances such as
wind.

In order to realize the “Run-back” mission, we have mainly considered how to enhance
an effective locomotion of the rover and how to pack it in the limited allowed volume.
In general, the larger the rover’s wheels become, the more effective its locomotive
performance will be. The obtained solution was a Dual-Wheel rover. The main body of
the rover is made of aluminum and wedged between the wheels. Motors are located
symmetrically in the center of the body. The full size of the rover has a diameter of
about ¢ 146mm X220mm.

We have developed the following electronic components mounted on the rover:
PIC16F877 as MPU, a GPS receiver, an EEPROM to save position data and so on. We
have also developed communication system to get the telemetry data.

This “Run-back” is a very significant challenge to develop a micro rover, which can
withstand a launch, landing impact and then navigate itself towards the goal using
GPS.

This paper describes the mission sequence of the “Run-Back” and the system details of

our rover as the payload.
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The current year, we, Nihon University, developed three CanSat. The overview of
each CanSat is shown below.

The name of the first CanSat is Formation Flight CanSat (FFC). FFC is composed of
FFCO01 and FFC02, after released from the rocket, until landing, for about 20 minutes,
it does a formation flight as in the name. Therefore, FFC01, 02 is the size which
divided Open Class in 2 to be released from the carrier of the same rocket. As for the
mission contents, two CanSat exchange mutual position information each other,
FFCO1 does a 2 dimensional control (the direction control) from the data, FFC02 does a
1 dimensional control ( the altitude control ) and approaches each other. When
approaching each other, it will take a photograph of each other as evidence of the
success of Formation Flight.

The name of the second CanSat is Come Back CanSat (CBC). It has the system that
will return to the destination by the autonomous control after released from the rocket
at altitude 4000m. The conventional autonomous control system was controlling Para
foil only using the GPS data but current year we challenge not to control only using the
GPS data but to control Para foil using both the GPS data and the image data. The
method of controlling by an image data is to recognize a black object which the size of it
is 5m X 5m installed near the destination point using built in camera and obtain
control data by binarization of image data.

In the future, we plan to review the formation flight which used both of the GPS data
and the image data in integrating the system of the first machine and the second
machine.

An ultra small size CMOS camera is installed to Cansat. And the image data is
displayed the real time with PC of the ground station. The data of the COMS camera
is transformed to MPEG-4 data by OBC (MPEG Module). The data that was
transformed is forwarded to the transmitter by OBC (Control Module). Also, OBC

(Control Module) does even the control of each device. The transmitter is possible



that data transmits to the ground station at the speed of 1 to 11Mpbs with the
spectrum dispersion method. This Cansat can do even the role of the ground station.
By making the voltage of all the devices 3.3V the consumption of electric power is

decreased.
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In 2003, as the 5th time entry to ARLISS project, team from the University of Tokyo
is developing two open-class spacecrafts, which will be launched in Black Rock Desert,
Nevada State.

As well as last year, the two spacecrafts will fly in the international competition,
namely "Come-Back Competition". These open-class spacecrafts are designed to fly
back towards the target point autonomously. Our goal is to make the spacecraft
approach the target with a distance less than 10 meters.

To achieve this highly accurate system, which is more precise than GPS, we adopt 2
ways of concepts in developing a control system. One is based on an improved
near-optimal control algorithm using GPS information. The other is based on the
digital image processing, besides the conventional GPS information in controlling the
flight.

We set our open-class spacecraft approximately tallness 200mm, diameter 140mm,
weight 1.3kg. In making this spacecraft members of our team are looking forward to
updating our skill and knowledge in designing spacecrafts but learning know-how of

project managing as well.
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This year, Tokyo Institute of Technology will demonstrate two missions: 1)
simultaneous separation mechanism for membrane deployment and 2) demonstrate
our error correction included original protocol for uplink. The main object of
separation mechanism experiment is to test whether our new separation mechanism
can detach objects simultaneously. We have established two goals for simultaneous
separation mechanism test. One is to run the separating system correctly during the
two-step deployment of parachute and parafoil. Second goal is to simulate
simultaneous separation system for membrane deployment of solar sail that we are
planning for our future satellite project. We will evaluate simultaneous separation
system by using two types sensor. Experiment of error correction protocol uplink is to
proof that it can be use in future satellite operation for large data communication.
Other than above, our juniors will be participate in ARLISS. These are students
who do not know much about satellite development. They will make one CanSat by
using their summer break (two month). They will demonstrate memory writing,
downlink status of can, acquire GPS data, and control the can by using servo-motor

and parafoil. Their main mission is to make the Can to come back to specific place.
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CanSat1

This report reports CanSat aiming at the attainment to the target point by
independence run between two sets of CanSat(s) launched this year.

CanSat uses GPS and aims at the attainment to a target point by the four-flower run
in the ground. After separation detecting from a rocket, GPS data is changed into
AX.25 protocol through TNC inside FPGA which is OBC, and it transmits to a ground
station. If 15cm above ground is detected by an infrared sensor, a heating element will

cut a parachute, data transmission is ended, and a run is started. The position



information on a current position (latitude, longitude, and direction) is deduced from
GPS data, and H bridge circuit by MOSFET performs control of a motor according to
the result as compared with the position information on a target point (latitude and
longitude). In parallel to it, the GPS data and control record which were acquired are

saved at Memory.

CanSat2

This report reports CanSat launched as a test prototype of CubeSat of the two sets of
CanSat(s) launched this year.

After separation detecting from a rocket, HK data, such as temperature data, is
changed into AX.25 protocol through TNC inside FPGA which is OBC, and it transmits
to a ground station for every second. Moreover, it is parallel to it and preservation to
EEPROM is also performed. Satellite time is added to each HK data, and the usual tele
metry transmits the data of real time. A command is transmitted after telemetry
receiving checking on the ground. If the reception check of a command is performed by
the CanSat side, HK data currently accumulated in ROM will be transmitted. The
data of the thermometer of a loading schedule, a gyroscope, and a current voltmeter is
contained in HK data also by CubeSat.

In OBC, FPGA is used, TNC CPU equivalent to PIC16F84 and for - reception for
transmission is included in the inside of FPGA, and one chip-ization of OBC is attained.
Furthermore, the number of IO ports of PIC which originally has only 13 was made to
increase to 32 by correcting the register of Inside CPU. Furthermore, the
EEPROM-related register originally mounted in PIC was deleted, and it succeeded in

effective use-ization of a register.
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Kyushu University develops only one Cansat in ARLISS 2003. KU (Kyushu

University) Cansat has the following two objectives.
1. To win a Come Back Competition.
2. To determine the attitude of Cansat.

The Come Back Competition is the competition of autonomous paraglider control.
KU Cansat acquires data about the position form GPS and controls paraglider using a
servo motor and a microcomputer H8. The objective of attitude determination mission
is to acquire technology and knowledge for future real satellite. Using sun sensor,
magnetic sensor and gyro allows Cansat to determine its attitude. KU Cansat also
loads pressure sensor for altitude measurement and temperature sensor for
monitoring internal temperature of Cansat. KU Cansat system is illustrated in Fig.
2.6-1.
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Fig.2.6-1 Kyushu University Cansat System

Using Carbon Fiber Reinforced Plastics (CFRP), Poly Phenylene Sulfide (PPS), and
polyoxymethylene (POM) as material enables us to reduce Cansat weight. We plan to
test vibration effect. We use Lithium Ion battery for Cansat power source. We develop
a balloon and a drop test equipment for a drop test of Cansat and improve the

reliability of Cansat by doing a drop test.
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7 H 1 BT 4 BRIZiE, HREKFICHE L2 ERRIZE8V T, CubeSat-XI 226 DfE &
AR, BESIER HUEICERASH, EFICHEEL TWD Z LR LI, TD%,
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B 2SI LTI Lz,
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University of Tokyo’s hand-made pico-satellite “CubeSat XI” (1kg, 10cm Cubic)
was launched from Plesetsk military base, Russian Federation, on June 30th, 2003. On
the next day, July 1st, CubeSat XI was successfully deployed into a sun-synchronous
orbit of 824km, together with other 5 Cubesats, including Japanese CUTE-1, the
Canadian Can X-1, the Danish AAU and DTUsat, the US Quakesat. The ROCKOT
launch vehicle also deployed other relative big spacecrafts, Czech MIMOZA and
Canadian MOST, which are 50kg class satellites. These Cubesats are the first ones
which ware launched and deployed into an orbit in the world.

On July 1st, we managed to get a signal from Cubesat-XI approximately at 4 am.
This is the first pass over University of Tokyo. It can be concluded that CubeSat XI was
surely deployed in to the orbit, the antenna was successfully deployed and CubeSat XI
is alive!

After these events, we operated CubeSat-XI more than 4 times a day, everyday
for more than 2 months. We were able to get basic status data of CubeSat XI. (Battery
Voltage, Battery Currency, Solar Cell Currency, Temperature, etc)

In addition to these basic data, CubeSat XI takes photos with its CMOS Camera
in the space and transmits the data to the ground station. We have got some photos
from CubeSat XI and already distributed to many people online. We call this system
Data Distribution System and the number of the member has been already over 1500.

In this report, we report the details of the basic data from the CubeSat, situation

of the operation, photos taken in the space, situation of Data Distribution System.

3.4 HEIXK¥CubeSat CUTE-1 ORKEREESR

R T RAkFsE= (LSS: Laboratory for Space Systems) 1 H KD K% &
THHBEEOO/NUEE T n Y27 K, CubeSat 7r Y =7 MISMLTETEY, 2000
HFF LY CUTE-I (CUbical Titech Engineering satellite) DR 34+dCTx/=. £5
200346 H 30 HIZ CUTE-TIZ, v v 7 fE 7 L& 7 FH ML v, =5~ F ROCKOT
[Z& > TR 820km DO KIGRIGIHPLUE~FTH LiIF bz, T E TS, FREOIEAMKAET
EFICEEL TS Z L 2MRL, TEOIyva v EIAERFEBLTETEY, 27 Hik
STEBEBIERHICEE L T D. AHITIX, CUTE-L O 6 EiF, EARN, S50 7K
RIZOVWTHETD. KT BT =7 b ORFIEBRICOVTIL T AL website ZZ S L7z,
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http://lss.mes.titech.ac.jp/ssp/cubesat/index.html

CubeSat Project is an international, educational and practical program proposed by
Prof. Robert Twiggs of Stanford University, and many universities and companies join
in the project. We, Titech group, have developed a CubeSat “CUTE-I" since 2000.
CUTE-I is a pico-satellite sized of 10cm*10cm*10cm, less than 1kg in weight. CUTE-I
was launched together with other 5 Cubesats, on June 30, 2003 by a Russian rocket,
ROCKOT.

The objectives of Titech CubeSat Project are to design and develop the pico-satellite
under the leadership of university students. Through the project, we will acquire the
fundamental skills on design, development and operation of the small satellite system
in a short period of time. By using commercial off-the-shelf (COTS) components not yet
used in space, we can reduce the total development costs, and make a database of
COTS components for space use. The project is the first launching opportunity for
Japanese student-made-satellites.

We will conduct the following three missions: communications mission, sensing
mission, and deployment mechanism mission.

- Communications mission: The CW-transmitter equipped with the CUTE-I transmits
CW-telemetry including housekeeping data. A FM-transmitter transmits
FM-telemetry including payload data (sensor data etc.) by two different protocols
(Ax.25 and Titech original (SRLL)). We can change the communication protocols by a
command uplink. We will use amateur frequency bands and receive the signals at our
ground station.

- Sensing mission: CUTE-I has some various sensors: thermometers, accelerometers
and gyros, CMOS camera based sun sensor system and so on. Measuring temperature,
acceleration, and angular velocity of the CUTE-I on orbit, we will obtain the satellite
condition data in space environment.

- Deployment mechanism mission: CUTE-I has a deployable solar cell paddle.
Checking the housekeeping data, we will verify whether or not the deployment
mechanism can operate well in the space.

In this report, we report the launch operation, the details of telemetry data, current

status of CUTE-I and situation of the operation.

TITech CubeSat project URL
http://horse.mes.titech.ac.jp/srtlssp/cubesat/index.html
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