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ABSTRACT
Japan launched the spacecraft “Hayabusa2” in
2014 to make a round-trip mission to one of the
small solar system bodies named “Ryugu.” It will
arrive at the target in 2018, get some fragments
from the asteroid, and then bring them back to the
Earth in 2020.
The authors developed a tiny rover package for
Hayabusa2. All the rovers were developed without the oﬃcial budget from the project to seek for
technology-driven challenges on the surface of the
target asteroid.
This paper summarizes the capabilities of the two
rovers developed by the authors, as well as the
readiness of the proximity operation, which is
scheduled at the end of 2018.

Figure 2: Relay component installed inside the
mother spacecraft
rover containers, a relay module and an antenna
to communicate with the rovers. Three rovers are
included in the two containers. Two of them installed together in one container are the responsibilities of the authors (Figure 1). Another one
in the secondary container came from domestic
university members. All the rovers were developed without the oﬃcial budget from the mission
to seek for technology-driven challenges on the
surface of the target asteroid.
This paper summarizes the capabilities of the two
rovers developed by the authors, as well as the
readiness of proximity operation, which is scheduled in 2018.

Figure 1: Twin rovers (Rover-1A, Rover-1B)

1 INTRODUCTION
Japan launched the spacecraft “Hayabusa2” in
2014 in order to make a round-trip mission to one
of the small solar system bodies named “Ryugu.”
It will arrive at the target in 2018, get some fragments from the asteroid, and then bring them back
to the Earth in 2020.
The authors developed a tiny rover package for
Hayabusa2 mission. The package consists of two

2 ROVER SPECFICATIONS AND
CAPABILITIES
Two rovers are almost identical except the thermal
parameters of the body with a mass of approximately 1.1[kg]. The specifications of the rovers
are shown in Table 1.
They are ejected when the mother spacecraft descends to the surface after the arrival at the asteroid. They fall onto the asteroid surface by weak
gravity and then start autonomous explorations.
They have a hopping mobile system fitted for the

Table 1: Specifications of twin rovers
size
mass
onboard computer
actuator
mobile system
power supply
communication
sensor (navigation)
sensor (observation)

diameter: 17[cm], height: 7[cm]
1,151[g] (Rover-1A), 1,129[g] (Rover-1B)
32bit RISC
DC motor × 1
hopping
solar cells generating 2[W] @1.4[AU] from Sun
capacitors (100[F], 2.5[V] × 3)
max 32[kbps] (telemetry link)
photo diodes, thermometers, gyro, accelerometer
camera × 4 (Rover-1A), cameras × 3 (Rover-1B), thermometers, potentiometers

microgravity environment of the asteroid surface.
The obtained data are transmitted to the relay
module (Figure 2 in the mother spacecraft. The
telemetry data obtainded from the rovers are once
stored in the relay module and then transmitted
to the mother spacecraft. The commands to the
rovers are also stored at the relay module and then
sent to the rovers when the radio link between the
relay module and the rovers are established.

2.1 Capabilities
Technical experiments on the evaluation of the
hopping mobile system and demonstration of the
fully autonomous exploration are the main purposes of the rovers.
But we do not forget about the scientific characterization of the asteroid. We have installed tiny sensors into the rovers: two types of cameras, thermometers, potentiometers, accelerometer, gyro,
and photodiodes. Some of them are processed onboard for autonomous navigation, the others are
purely used for scientific observation.
The wide angle camera with a mass of 15 grams
will take the asteroid surface from a distance when
the rover is hopping. It has a field of view of 125
degrees with a combination of eight tiny lenses.
You can get a nearly perfect perspective view with
this camera since the distortion is less than 3% for
all the region.

2.2 Autonomous exploration
When the rover stays on the surface, the measurements by thermometers and potentiometers are
made, as well as the terrain shooting by the another cameras. The stereo pair of normal cameras

is optimized to acquire the precise terrain features.
Thermometers can directly measure the temperature at the contact point on the surface. Potentiometers can obtain the potential diﬀerences between the two contact points.
There is a range measurement capability equipped
with the communication system. The resolution is
not so precise, but the rover relative positions may
be estimated after the deployment of the rovers.

3 PROXIMITY OPERATION
Hayabusa2 will arrive at the asteroid around June
2018 after 3.5 years of interplanetary cruise.
The spacecraft makes remote sensing observations from the distance of 20 kilometers for a couple of months after the arrival. The observation
results are used to make a three-dimensinal shape
model of the asteroid, and to derive the physical
parameters of the asteroid such as gravity, rotational period, and so on.
After the characterization of the asteroid is finished, the spacecraft makes some descent operations including rover deployments and sample
acquisitions. Rover deployment may be done
around September 2018 when the spacecraft descends to the altitude of 50 meters to deploy
rovers.
After the deployment of the rovers, the mother
spacecraft evacuates from the asteroid by making
a upward maneuver to return to the position at the
altitude of 20 kilometers. The relay component installed in the mother spacecraft is being switched
on to get signals from the rovers.
The communication module of the relay component can switch the radiation power to attain a

wide range of communicableness. The radiation
power from both communication modules in the
rovers and the relay module must be switched
from low to high according to the distance between the rovers and the relay component. The
power mode shift is made automonously based on
the incoming power at the commnunication module of the relay component.

4 POST-LAUNCH VERIFICATION
TESTS

The actual operational altitude of the mother
spacecraft above the asteroid is 20 kilometers.
The balloon experiment showed the suﬃcient
communicableness required for the rover operation.

5 CONCLUSION
This paper summarizes the capabilities of the two
rovers developed by the authors. We made several
ground-based experiments needed for the proximity operation.

We made ground-based micro-gravity experiments needed for the proximity operation. The experimental campaign was made at the drop tower
of ZARM, Bremen, Germany in April 2015. This
facility provided 4.7 secconds of microgravity inside the capsule by falling for more than 100 meters from the top of the tower.

Before the arrival at the asteroid, the onboard software of the rovers is to be finallised.

There were two instruments accommodated in one
capsule.

The opportunities of making the microgravity experiments were granted by the agreement between
DLR and JAXA about Hayabusa2 project. The
authors are deeply grateful for the technical and
operational supports from ZARM.

The first one is the deployment mechanism of the
rovers. We used the backup model of the primary
rover container and two aluminum rigid masses
whose weights are identical to the ones of the
flight models of two rovers.
After the start of the fall, the wire to tightly hold
the cover and the rovers were cut, and the two
rovers inside the container were ejected. The behaviors of the rovers and the covers were recorded
by the videos to measure the deployment speed
and direction.
The second instrument included a rover and a simulated asteroid surface. The rover was equipped
with the hoppping mobile system. We used the experimental model of the rover with the same mass
and hopping actuator as the flight model.
After the start of the fall, the rover torquer was
activated and hopped from the simulated asteroid
surface. The behavior of the rover was recorded
by the videos to measure the hopping speed and
direction.
The balloon experiments simulating the deployment of the rovers were also made in Japan in
September 2016. The communication module
used for the rovers was installed as a payload of
rubber balloon and got into the high altitude. The
ground station with the communication module
inside the relay component tracked the balloon
and kept the communicatio link upto 50 kilometers of the slant range.

The software of the relay component was already
updated with an assistant capability of the rover
operation.
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