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Introduction:  The Hayabusa2 spacecraft arrived 

at its destination for exploration asteroid Ryugu on 
June 27, 2018. During the final approach phase from 
early June, the initial observation was carried out by 
onboarded scientific instruments in order to grasp the 
specification of the target asteroid. After the arrival, 
spacecraft maintains its altitude about 20 km (which is 
referred to as Box-A) from the center of asteroid and 
continue the global observation of Ryugu. In order to 
perform the observation from a lower altitude, special 
operation in the area called Box-C at an altitude of 
about 6.5 km was carried out several times. After the 
intensive observations for landing site selection, we 
implemented an operation to measure the gravity of 
asteroids precisely. 

The Hayabusa2 mission adopts a hovering ap-
proach for scientific observation and sampling like 
Hayabusa1 mission [1]. Since the operation method in 
the vicinity of the target body is largely different from 
other small body missions [2]. and the spacecraft is not 
injected into the orbit around the asteroid, the method 
of gravity estimation also adopts unique approach. The 
gravity estimation operation consists of a ballistic de-
scent phase and a ballistic ascent phase at a low alti-
tude. In addition to this specific operation, there were 
several opportunities to move in the low altitude region 
without any propulsion system operations (i.e. ballistic 
flight). We are currently conducting gravity estimation 
analysis that integrates whole valid measurements. 
This paper reports the progress of the analysis. In addi-
tion, we are investigating the target maker (TM) orbit-
ing experiment to improve the accuracy of gravity field 
estimation. The results of the preliminary study are 
also reported. 
Gravity Estimation:  We used a method to simultane-
ously estimate the precise orbit of the spacecraft and 
the gravity of the asteroid by using radiometric, optical, 
and altimeter observables together. One of the most 
important observables is two-way coherent radiometric 
tracking between the earth ground station and the 
Hayabusa2 spacecraft. The Usuda Deep Space Center 
(UDSC) antenna is used as the domestic ground station 
and NASA’s Deep Space Network (DSN) antennas 
and ESA’s European Space Tracking Network 
(ESTRACK) antennas are also used as the overseas 
ground station. In the usual operation, X-band uplink 
and X-band downlink mode is used. The optical meas-

urements acquired by the optical navigation camera, a 
distance between the spacecraft and asteroid surface 
can be measured by laser range instruments are also 
used for the orbit determination. 

Dynamical Environment Evaluation:  Using the 
estimated gravity information and shape model, the 
dynamic environment in the vicinity of asteroid Ryugu 
was evaluated. In this evaluation the constant density 
gravity field is calculated based on the technique by 
Werner and Scheeres [3]. As for the shape model of 
Ryugu, the 49152 facets and 24578 vertices shape 
model is used for this analysis. 

 The surface acceleration varying from 0.109 to 
0.149 mm/s2. The total acceleration becomes maxi-
mum in the polar regions and becomes minimum in the 
equator regions. This trend is due to the relationship 
between the magnitude of gravity and centrifugal force. 
Since its rotation speed is relatively slow, there is not 
large difference in the acceleration distribution of the 
surface.  

As for the geopotential, its minimum is not at equa-
tor region but is at middle latitude region. The maxi-
mum potential is at the polar regions and the equator 
regions is lower than polar regions. A more dynamical-
ly meaningful characterization way of the potential 
difference across the asteroid surface is to calculate the 
amount of speed that a particle would obtain in going 
from the high potential regions to the lower potential 
regions. Following the (Scheeres et al. 2016)[4] meth-
od, we can calculate the speed that can be attained 
from the highest point to the lowest point is 17.1 cm/s. 
From the pole to the equator region the speed obtained 
would be about 11.0 cm/s, and from the equator to the 
middle altitude region would be 7.0 cm/s. 

The slope is calculated over the surface based on 
49K facet shape model as previously mentioned. The 
variation and extremes of slope are expected to change 
for an increasing resolution of shape. At this order of 
resolution, the maximum slope is over 76 deg, alt-
hough 0.3 % of the surface has slope excess of 45 deg. 
The high slope regions occur on the surfaces of boul-
ders mostly, especially in the polar regions. The over-
all average slope at this resolution is 12.9 deg. 

The return speed is computed from the geopotential 
and the equilibrium points. The Roche lobe of the as-
teroid is also related with these values. A particle on 
the surface of Ryugu must have speed greater than this 
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value if it has sufficient energy to pass through the 
lowest energy equilibrium point of the body and enter 
orbit outside of the body. Just having a speed in excess 
of this level of speed does not ensure that its trajectory 
will be able to pass outside of the Roche lobe, however 
a speed less than this value means it cannot. The Roche 
lobe is defined as the 3D surface of the geopotential 
which is same value of minimum equilibrium point. 
Although for the spheroidal, fast spinning asteroids the 
lobe is generally intersect with its body [5], in the case 
of Ryugu, the rotation speed is relatively slow, and the 
Roche lobe does not intersect with its body. The return 
speed of Ryugu vary from 11.5 cm/s in the geopoten-
tial high regions to 20.6 cm/s in geopotential low re-
gions. Here we compare it with Bennu's return speed. 
A particle on the surface in the polar region of Bennu 
can achieve up to 11 cm/s when move to the equator 
region. Although, this value is lower than the escape 
speed, is greater than return speed and it is possible to 
enter the orbit. It is important to note that a particle 
rolling down hill on the Ryugu (e.g., move from the 
pole to middle-latitude, move from equator to middle-
latitude) cannot obtain sufficient energy to escape from 
the Ryugu, and this situation is opposite to the case of 
Bennu. 

The escape speed is also computed across the sur-
face of Ryugu. We follow the definition of this speed 
described in Ref. [6]. The return speed is defined as the 
speed a particle on the asteroid surface would need to 
be launched perpendicular to the surface in order to 
achieve escape from the body. This value relates with 
the geometry (i.e., distance from the COM, direction of 
the surface normal vector) and rotation, the distribution 
this quantity is not as smooth across the asteroid sur-
face. On Ryugu, the maximum escape speed is 42.9 
cm/s in the middle latitude regions (i.e. low potential 
regions) and the minimum is 26.6 cm/s at the equator. 

Orbital Dynamics Environment:  Consider the 
orbital dynamical environment independent of non-
gravitational forces such as solar radiation pressure, in 
other words, the motions described here would apply 
to the objects with small area to mass ratios (A/M) and 
the effect of solar radiation pressure would be smaller 
than that of gravitational forces. 

The Ryugu has 6 equatorial equilibrium points. 
There are 3 center equilibria and 3 saddle equilibria. 
The point E2 has the minimum geopotential value, 
which equal to -5.457874e-02 (m2/s2) and the return 
speed calculated based on this value. Dynamical struc-
tures for Ryugu is investigated in terms of z*, zh*, and 
barrier of potential [7]. 

Target Marker Orbiting Experiment:  In order 
to improve the estimation accuracy of the gravity coef-

ficients of Ryugu, we will carry out the target marker 
orbiting experiment. In this experiment, two TMs will 
be used for gravity estimation. One is inserted into a 
polar orbit and the other is put into an equatorial orbit, 
respectively. The measurements for orbit determina-
tion of TMs are direction information as seen from the 
spacecrafts and which derived from optical navigation 
cameras. According to the preliminary analysis, two 
different orbits provide us the stable and high accuracy 
gravity estimation results. 
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