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Abstract

Gamma-ray burst (GRB ) observations are required a quick notice from the satellite to the ground in
order to perform the follow-up observations by various telescopes to understand the nature. However, the
GRB alert systems which have been used for a previous and a current GRB satellite is difficult to apply for a
small mission. We focus on commercial communication satellite networks. One is the Iridium’s Short Burst
Data (SBD ) and the other is the Globalstar’s STX-3. Although these satellite communication devices
were used in the space environment, it still needs to verify whether the network can be used as a GRB
alert system. We are currently developing a 1U CubeSat called ARICA (AGU Remote Innovative CubeSat
Alert system ) which contains both SBD and STX-3 to test the real-time alert system. The ARICA has
been selected as the JAXA Innovative Satellite Technology Demonstration-2 project and scheduled to be
launched on fiscal year 2021.
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1. Research background

There are two characteristics on GRBs. The first char-
acteristic is that the duration of radiation is very short.
The second feature is the inability to predict where and
when it will occur.

High Energy Transient Explorer-2 (HETE-2) was de-
veloped by the three countries of Japan, the United
States, and France for the purpose of a multi-wavelength
observation of GRBs, and was launched in 2000 as a dedi-
cated satellite for GRBs. When HETE-2 detects a GRB,
it sends the detection data to the 15 ground stations in-
stalled on the equator. This system is very inexpensive,
because it only requires antennas and computers. But
it is necessary to install many the ground stations along
the satellite orbit.

Swift is a GRB observation satellite developed by
NASA and launched in 2004. This is a fully self-
contained satellite that can automatically perform every-
thing from a detection of a GRB to an attitude change
and a follow-up observation with a narrow-field tele-
scope. The Swift satellite uses the data relay satellite
system called Tracking and Data Relay Satellite (TDRS)
developed by NASA to provide the detection alert of
GRBs to the ground in a few seconds. However, NASA
spends about 100 million dollars annually on the opera-

tion and maintenance of this system. Therefore, in gen-
eral, it is very difficult to use TDRS for missions that
NASA is not actively involved in.

2. Alert system of ARICA

AGU Remote Innovative CubeSat Alert system (AR-
ICA) is designed to demonstrate the real-time GRB alert
using commercial communication satellite networks. In
the case of the Iridium satellite network, the data of AR-
ICA are sent to the Iridium’s transmitter, Short Burst
Data (SBD). The SBD transfers the data to a nearby
Iridium satellite. The data will be relaid through the
satellites, and finally transferred to the ground station.
The data uplink from the ground to the SBD is also
possible (Fig 1). Another alert system is EyeStar-S3,
a communication device similar to SBD, but using the
Globalstar satellite network.

3. ARICA satellite design

ARICA consists of four boards (Fig 2). The front-end
board contains a gamma-ray detector, which consists of
a GAGG scintillation crystal, a MPPC photo device, a
high-voltage supply, and a GPS module. The GPS mod-
ule is a flight qualified GNSS200 of Hyperion Technolo-



Fig. 1. Example of a real-time alert system using the Iridium satellite

network.

gies and its antenna is 35 mm active antenna from Tao-
glas Inc. The GROWTH board (Shimafuji Electronic
Inc.) processes the data of the gamma-ray detector, the
GPS module, the Electrical Power System (EPS) and the
gyroscope sensor. The SBD and the STX3 transmitters
are installed on the communication board and their an-
tennas are attached to the side panel of the spacecraft.
The EPS and solar panel arrays are the flight products
of AAS-Clyde space Inc.

Fig. 2. The schematic about the structure of the ARICA satellite

(top left) and pictures of the components.

4. ARICA gamma-ray detector

Multi-Pixel Photon Counter (MPPC)is a device called
SiPM, which is a multi-pixel Geiger-mode APD photon
counting device. Gadolinium Aluminium Gallium Gar-
net (Ce) (GAGG(Ce)) crystals have the advantage that
they emit large amounts of light, and even in small crys-
tals, they have a good sensitivity in the hard X-ray band.
In addition, it has been rarely used in space. In order

to evaluate the performance of GAGG(Ce) and MPPC,
we tested using the Front end board 2, the GROWTH
board 2 and Raspberry pi3 (Fig 3). We use Raspberry
pi3 to send commands to the GROWTH board 2 and
save the data. The result shows that the energy resolu-
tion of 137Cs (662 keV) is 8.8% ± 1.9%. The linearity
is also acceptable level. We decided to use 6 mm cube
GAGG(Ce) produced by the EPIC Crystal Co., Ltd.

Fig. 3. The experimental setup of the ARICA gamma-ray detector.

5. SBD performance evaluation

We developed a communication test device and con-
ducted the performance evaluation of SBD on the ground
by sending the data from the GPS module of GARMIN
15xL. The success of communication was 95%, and the
average communication delay time was 12 seconds.

6. EyeStar-S3 performance evaluation

The flight communication device developed by the Near
Space Launch Inc (NSL) named EyeStar-S3 installing
the Globalstar STX3 is used. The ground testing of the
EyeStar-S3 is similar to the experimental schematic of
the SBD. The success rates of communication can reach
21.7%. According to the NSL, if the success rates of
communication on the ground reaches 20%, it can reach
90% in space, because of the less sensitive antenna on
the ground environment.

7. Summary

We are constructing the 1U CubeSat, ARICA, to demon-
strate the realtime alert system of transient sources us-
ing the commercial satellite networks. We are developing
and testing the individual boards. The construction of
the flight model of ARICA will start around summer
2020 to be ready for a launch on FY 2021.


