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Currently,  CubeSats  are  showing  explosive  growth  in  terms  of  not  only
numbers launched, but also their technology and application. A constellation
of  CubeSats  enables  mission  that  is  impossible  by  a  single  satellite.  In
addition, a system made of multiple satellites is inherently robust against
failures of individual satellites. Communication time with a ground station,
however,  may  limit  the  application  of  constellation.  Unless  its  orbit  is
carefully  chosen,  which  is  not  easy  for  CubeSats  relying  on  piggy-back
launch, for most of the cases, the total duration of communication time with
the ground station is limited to one hour per day at most. The solutions to
this problem are the following: (1) Distribute ground stations globally, (2)
Increase  the  communication  speed,  (3)  Use  a  relay  satellite.  This  paper
presents  an  effort  underway  to  experiment  operation  of  CubeSat
constellation via a network of globally distributed ground stations.  
Kyushu Institute of Technology (Kyutech) launched JGMNB (Joint Global Multi-
National Birds) project, BIRDS project in short, in 2015. It is a constellation of
five 1U CubeSats. The satellites flight models are now complete and waiting
for the launch to International Space Station in spring 2017. The participants
to the JGMNB project are, All Nations University College in Ghana, National
University of Mongolia in Mongolia, Federal University of Technology Acure in
Nigeria,  Brac  University  in  Bangladesh,  King  Mongkut's  University  of
Technology North Bangkok in Thailand, National Cheng Kung University in
Taiwan. The project is a part of Kyutech’s educational program to assist the
capacity building efforts toward indigenous space programs in emerging and
developing countries.   
In each of the seven countries,  a UHF/VHF ground station is prepared to
operate  the  constellation.  Demonstration  of  network  operation  is  one
mission objective of the project.  The other missions are the Earth image
capture,  outreach  via  vocaloid  synthesizer,  satellite  positioning,  single-
event-latch-up detection and atmospheric  density  measurement.  They all
benefit from the network operation.  
The  five  satellites  are  exactly  the  same  design,  including  their
uplink/downlink frequencies, although the call sign is different. Each ground
station  is  connected  to  an  operation  server  and  receives  the  operation
schedule, the orbit information and the command set to be uplinked. The
data downlinked are transferred to the archive server.  Satellite operation
over a ground station is handed over to the next ground station available. 
If successful, this system demonstrates utility of low-cost UHF/VHF ground
station network to operate CubeSat constellations. The system can be easily
expanded to accommodate other types of satellite constellation. 
The  key  tasks  are  development  of  an  operation  planning  tool  and  a
networking  software,  hardware/software  compatibility  at  each  ground
station,  avoiding  cross-talk  among  the  satellites,  and  verification  of  the



overall  system  before  launch.  At  the  time  of  symposium,  the  result  of
system verification on ground will be presented. 


