Astronomical Techniques and Instruments, Vol. 1, January 2024, 4251

Article Open Access

Characteristics and close-range exploration methods of near-

Earth asteroid 2016HO;

He Zhang, Fei Li*, Linzhi Meng, Fuming Zeng, Xiaoyu Jia, Yu’ang Liu

Beijing Institute of Spacecraft System Engineering, Beijing 100094, China

*Correspondence: kuokuolee@]163.com

Received: November 22, 2023; Accepted: December 7, 2023; Published Online: December 20, 2023; https://doi.org/10.

61977/ati2024004

© 2024 Editorial Office of Astronomical Techniques and Instruments, Yunnan Observatories, Chinese Academy of

Sciences. This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/)

Citation: Zhang, H., Li, F., Meng, L. Z., et al. 2024. Characteristics and close-range exploration methods of near-Earth
asteroid 2016HO;. Astronomical Techniques and Instruments, 1(1): 42—51. https://doi.org/10.61977/ati2024004.

Abstract: The characteristics of asteroids are vital parameters for planning asteroid exploration missions. These
characteristics have been explored in close range for some typical asteroids, and are summarized in the article. This
allows estimates of the characteristics of asteroid 2016HOs3, the target of the first Chinese asteroid exploration mission,
Tianwen 2. We obtain 80 characteristic parameters in 9 categories and analyze their impacts on the mission. By
comparing three close-range exploration modes, we provide advantages and disadvantages of each, and propose suitable
methods for the exploration of 2016HO;. Owing to the weak gravity and small size of 2016HO;, a combination of
multiple hovering positions and active orbiting is recommended for scientific exploration.
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Celestial bodies in our solar system are classified into
three categories: planets, dwarf planets, and small solar sys-
tem bodies (SSSB)[!]. SSSB include asteroids, comets, inter-
planetary dust particles, and other interplanetary matter.
Asteroids, also referred to as minor planets, are celestial
bodies that orbit sun. They are smaller than planets and
dwarf planets in size and mass, and are less likely to
release gas and dustl?l. They are sometimes referred to as
"living fossils" in solar system research, because their low
degree of evolution means that the environmental condi-
tions of the solar system’s formation and evolution are pre-
served in them. In addition, asteroids may contain impor-
tant clues to the origin of life and water on Earth, and the
possibility of impact events may have potential effects on
Earth's environment. Consequently, exploring asteroids is
a valuable endeavor. Since the 1990s, asteroid missions
have been increasing as asteroid exploration has become
an important research topic, and fruitful results have been
achieved.

A series of asteroid exploration missions have been
launched, with exploration methods including flyby, such
as Deep Space 1, Stardust, and Rosetta; orbital explo-
ration, such as Near Earth Asteroid Rendezvous (NEAR)
and Dawn; in-situ exploration such as Rosetta; sample
return, such as Stardust, Hayabusa 1, Hayabusa 2, and
OSIRIS-REXx; asteroid impact missions, such as the dual
asteroid redirection test (DART)E].

The Tianwen 2 asteroid exploration mission is a mile-

stone in Chinese planetary exploration, beginning at a
high technical level. Tianwen 2 aims to complete a close-
range exploration and sample return for the near-Earth
asteroid (NEA) 2016HO;, and close-range exploration of
a main belt comet, 311P, in a single mission. The overall
mission is expected to yield breakthroughs in key tech-
nologies, obtain new scientific achievements, enhance
China's space travel technology, and prompt leapfrog devel-
opment of Chinese deep space exploration [41,

The target characteristics of asteroids are important
inputs for designing an asteroid mission. Here, we summa-
rize the characteristics of typical asteroids already
explored, analyze the characteristics of the 2016HO;, and
examine close-range exploration methods for 2016HO;.

Summarizing the characteristics of six asteroids
explored by NEAR, Hayabusa 1, Hayabusa 2, and
OSIRIS-REx (see Table 1 and Fig. 1, 2), we reach the fol-
lowing conclusions:

(1) Structure: Four near-Earth asteroids have “rubble-
pile” structures, and two large main belt asteroids have
melt-differentiation structures. A rubble-pile is an aster-
oid that is not a monolith, consisting instead of numer-
ous pieces of rock that have coalesced under the influ-
ence of gravity. Differentiated asteroids are inferred to be
objects, or fragments of objects, that were once heated to
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Fig. 1. (A) Shapes of the asteroids Eros. (B) Itokawa. (C)
Ryugu. (D) Bennu .

Fig. 2. (A) Surface images of Ryugu and (B)Bennu, showing
size variation of surface rocks!’l.

the point of partial melting, showing geochemical segrega-
tion of their component materials.

(2) Shape: All have irregular and significantly differ-
ent shapes.

(3) Rotation: The rotation period slows down with
increasing diameter, ranging from 4.30 hours to 12.13
hours. The direction of rotation includes both prograde
and retrograde (i.e., where orbital revolution and asteroid
rotation directions are the same and opposite, respec-
tively), and there is significant variation in the alignment
of the rotational axis.

(4) Relation to meteorite types: C-type asteroids
(Ryugu, Bennu, and Ceres) correspond to carbonaceous
chondrites, while S-type asteroids (Eros and Itokawa) corre-
spond to ordinary chondrites.

(5) Mechanical properties: These properties have only
been directly measured for two target asteroids. The sur-
face layer of Ryugu is composed of rubble with weak adhe-
sive strength (<1.3 Pa), and the subsurface layers are com-
posed of smaller particles with higher adhesive strength
(140-670 Pa). The adhesive strength of the surface layer
of Itokawa is approximately 100 Pa. Surface mechanical
properties among different targets vary significantly.

(6) Rock distribution: Rocks on asteroid surfaces are
of varying sizes, including regolith, pebbles, and boulders.
Generally, the greater the gravitational force of an aster-
oid, the smaller the surface particle size is. Itokawa, the
smallest asteroid that has been closely explored, has a
regolith layer of 1 mm sized particles with a thickness of
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about 2.5 m.

(7) Temperature: The surface temperature changes sig-
nificantly on an individual asteroid, from several tens to
hundreds of Kelvin.

(8) Albedo: Asteroids generally have a low albedo.
The albedo of C-type asteroids is lower than that of S-
type.

(9) Surface topography: Asteroids show a combina-
tion of impact craters, boulders, regolith, pebbles, and lin-
ear structures (such as grooves), with complex terrain and
fewer locally flat areas.

The revolution period of the NEA 2016HO; is very
similar to that of Earth, placing it among the 1:1 co-orbit-
ing bodies of Earth. From a geocentric view, this aster-
oid travels along an approximately circular trajectory in a
persistent and stable near-Earth orbit (Fig. 3), hence it is
also known as a quasi-satellite of the Earth. 2016HO; is
the fifth Earth quasi-satellite and currently the closest and
most stable one. 2016HO;5 is the provisional designation,
and 469219 is the catalog number. 2016HO; is also
named Kamo'oalewa, a Hawaiian word that refers to an
oscillating celestial object.

SUN

Fig. 3. Illustration of the orbit of asteroid 2016HO; in Earth's
rotating frame.

The Tianwen 2 mission will complete an approach, ren-
dezvous, close-range exploration, and sampling of
2016HO;. The mission will collect data for a total of 80
parameters in 9 categories for 2016HO;, including orbit,
photometry, spectrum, volume, morphology, rotation, ther-
mal characteristics, surface characteristics, and environ-
ment (refer to satellite, dust). The parameters involved in
each stage of the mission are shown in Table 2.

2016HO; is a dim target, with an apparent magni-
tude varying between 22.5 and 25.5 in ground observa-
tions, so observational information is very limited. The fol-
lowing will explain the main characteristics that have a
significant effect on the mission, such as orbit, photome-
try, spectrum, volume, morphology, rotation, thermal
characteristics, surface characteristics, and environment,
based on limited observation information and inferencel®l.

The revolution period of 2016HO; is approximately



Table 2. Mission requirements for the targeted characteristic parameters of 2016HO;

Categories Parameters Requirements Importance/normal
Orbit Orbital elements Orbit design, target capture strategy design important
Orbital uncertainty Target capture strategy design important
Brightness Target capture, navigation sensor/payload camera in orbit important
Photometry Phase function operating conditions important
. Inferring Spectral types and similar meteorites
Color index : : : normal
Indirect effect on sampling design
Spectrum D e th di . normal
Spectrum Categorize et;rmlne the corresponding meteorlte type normal
b ; Indirect effect on sampling design
Similar meteorite normal
Diameter Close-range exploration {light strategy, relative important
navigation, sampling design
Volume Shape Close-range exploration flight strategy, relative important
navigation, sampling
o Design of control strategies for close-range detection,
Gravitation h normal
descent, and sampling processes
Morphology(rock distribution, . . L . . .
Morphology crater distribution, efc.) Design of relative navigation and sampling strategies important
Rotation period . ) ) important
Rotation Direction of the rotation axis, the Design of cl_ose_—range exploration flight strategy and
direction of rotation, non-principal ~ relative navigation strategy important
axis rotation
Thermal inertia, etc . . . . important
Design of close-range exploration and sampling strategies -
Surface temperature important
Thermal Design of close-range exploration strategy, analysis of
Albedo thermal environment for sampling, adaptive design of important
navigation sensors/payload cameras
Surface mechanical properties Sampling mission design important
Analysis of the communication link between the sampling
Surface process and the ground
characteristics ~ Surface electrical properties The sampling work needs to be completed independently normal
by the detector, and communication during this stage has
little effect on the mission
Nature satellites Design of close-range exploration strategies normal
Environment Sampling . o
Dust Adaptability of mechanisms, navigation sensors/payload normal

cameras, etc.

1 year, with the distance between 2016HO; and the sun
varying between 0.89 AU and 1.10 AU, while its dis-
tance from Earth varies between 16 million km and 44 mil-
lion km(10],

Absolute magnitude represents the brightness of a tar-
get body under unified observation conditions. For
2016HO;, the absolute magnitude is 24.3, corresponding
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to a dim target. The phase function can characterize the
brightness changes of 2016HO; at different phase angles
(observer-2016HO;3-solar angle), using the H-G function
with G = 0.15 [1L121. H corresponds to the mean V-band
magnitude, at a 0° phase angle (i.e., the absolute magni-
tude), and G is the so-called slope parameter, which des-
cribes the shape of the magnitude phase function. The ph-
ase angle and magnitude of 2016HO; are shown in Fig. 4,
and the phase function of 2016HOj is shown in Fig. 5.

26.0

B

Apparent magnitude

2024 2026 2028

Time/year

22.0 .
2020 2022 2030

Fig. 4. (A) Phase angle (solar-asteroid-earth angl) and (B) apparent magnitude of asteroid 2016 HO; between 2020 and 2030.
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According to spectral analysis, 2016HO; is an S-type
asteroid with a density ranging from 1.2 g/cm? to 3.3
g/cm3. According to the maximum envelope, the diame-
ter of 2016HO; varies from 30 m to 100 ml!2 131, The grav-
itational field of 2016HO; is weak, with the gravitational
parameters detailed in Table 3, and can be regarded as a
microgravity environment.

According to the light curve (shown in Fig. 6), the
shape of 2016HO; can be inferred to be elongated. Assum-
ing that 2016HO; is a three-axis ellipsoid with axis

Table 3. 2016HO; volume, mass, and gravity parameters

24.0

g
[N}
H
(9]

250 F
255+
26.0 |
26.5
27.0
0

Photometric/ma,

10 20 30 40 50 60 70
Phase angle/(°)
Fig. 5. Phase function of asteroid 2016HO;.

lengths of a, b, and ¢ (a=b=c), we determine that a/b=
2.1 and b/c=1.

Parameter Formula Result
a
Volume V= §7TR3 V=1.41x10% — 5.24x105 m3
Mass density x volume M=1.7x107 — 1.7x10° kg
. . Ry = M/3Moq
Hill sphere radius M is the mass of 2016HO;, M, is the mass of the sun, Ry=19-89km

q is perihelion distance

Gravitational acceleration

Spherical asteroid g=GM/R?

g=5.0x107 - 4.6x1075 m/s2

Escape speed

v,~(2GM/R)"3

v,=1.2-6.8 cm/s

-0.8
—-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0

Relative magnitude/mag

$LDT

0.0 0.2 0.4 0.6 0.8 1.0
Rotational phase

Fig. 6. Light curve of 2016HO;/14I,

The average rotation period of 2016HO; is deter-
mined using the light curve (Fig. 6) to be approximately
28+0.48 minutes[!3-14]. The direction of the rotational axis
is still unknown(!13.14],

(1) Geometric albedo

Geometric albedo is the ratio of the brightness of an
asteroid to the brightness of a completely diffuse reflec-
tive surface with the same cross-sectional area. As an S-
type asteroid, the geometric albedo range for 2016HO; is
0.1-0.3 51,

(2) Thermal inertia

Thermal inertia can reflect the surface morphology of
asteroids, and larger particle size of the regolith on the sur-
face of a small body causes greater thermal. There is an
approximate relationship between the asteroid diameter
(D) and their thermal inertia (I'): I' =doD%, d, = 300 +
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47 Jm 257 05K 1 &= 0.48+0.04[15],

For an object with a diameter of 30—100 m, the ther-
mal inertia is between 900 and 1600 Jm 2s705K~!. The
larger the thermal inertia, the smaller the temperature fluctu-
ation on the surface of the asteroid, leading to a milder ther-
mal environment. Therefore, the design focuses on the
lower limit of the thermal inertia of 2016HO;. From an
engineering design perspective, because the thermal iner-
tia of the lunar surface is 40 Jm2s70-5K~!, so the lower
limit of thermal inertia for 2016HO; is considered to be
the same.

The surface morphology of asteroids is rich and
diverse, including features such as smooth or rough sur-
faces, steep slopes, millimeter-sized particles to meter-
sized boulders, and impact craters with a wide range of
scales. The size and distribution of rocks, as well as sur-
face topography, are crucial for sampling. Due to limita-
tions in observation capabilities, detailed analysis of sur-
face morphology can only be carried out after obtaining
high-resolution images of the surface through close-range
detection. Based on the results of asteroid exploration mis-
sions, analogical analysis is conducted on the surface mor-
phology of 2016HO;.

(1) Structure

There is still debate over whether 2016HO; is a mono-
lith or a rubble pile.

(2) Surface topography

There are numerous ridges, grooves, and craters dis-
tributed on the surfaces of asteroids, causing their undulat-
ing terrain, and there are significant differences in sur-



face topography between different individuals.

(3) Rock size and distribution

The surface rocks of asteroids are categorized as
regolith and boulders, as shown in Table 4. Due to the

Table 4. Typical rocks on the surface of asteroids!®!

lack of clear size criteria for these categories, this article
defines regolith as a mixture of stones and dust, while boul-
ders are defined as stones with a diameter greater than a
meter.

Image

Category Characteristic
Boulders Structurally intact, with fractures or edges
Regolith A mixture of small stones and dust

Regolith: There is regolith on the surfaces of
Itokawa, Ryugu, Bennu, and Eros, with a thickness of
approximately 2.5 m for Itokawall®l and over 30 m for
Erosl!7l. The regolith layer thickness may range from mil-
limeters to centimeters on the surface of 2016HO3, and it
is highly likely to exist in polar and high-latitude regions.

Boulders: Larger asteroids have correspondingly
larger boulders with a greater number density. The maxi-
mum diameter of Itokawa and Bennu are both on the
order of 500 m, and the largest observed boulder on them
is approximately 50 m in size. The diameters of Ryugu
and Eros are on the order of kilometers, with a maxi-
mum boulder size of around 160 m. The average number
density of boulders with a diameter greater than 20 m in
areas between 70° N and 70° S on Ryugu is 50 km™2,
and the corresponding number of boulders on Itokawa is
only half that of Ryugu.

According to observation data of multiple asteroids,
the power-law distribution can be used to describe the inte-
grated frequency of surface rocks on asteroids, given by

N=AD, )

where N is the expected number of rocks larger than D
per unit area, D is the size of the rock, & is a power expo-
nent, and A4 is a constant related to the asteroid.

The rocks on the surfaces of asteroids are subject to
long-term bombardment by micrometeorites, solar wind,
ion irradiation from cosmic rays, and temperature fluctua-
tions, resulting in changes in their surface structure. Analy-

sis shows that rocks on the surfaces of asteroids are likely
to be rough.

Based on the power-law distribution of stones on
Itokawa and Ryugul!3-14], the number of rocks larger than
5 m on the surface of 2016HO; can be calculated (the esti-
mated diameter of 2016HO; is 30—100 m). Results indi-
cate that there may be a number of boulders larger than
5 m on the surface of 2016HO;, as shown in Table 5.
The surfaces of boulders may be coated in a layer of
regolith due to long-term space weathering.

Table 5. Estimated number of surface stones on 2016HO;

Referenced asteroid Number of rocks larger than 5 m

2.8-314
4.6-51.2

Itokawa
Ryugu

(1) Rock compressive strength

The upper limit of compressive strength for bedrock
with monolith structure or surface rock with a rubble-pile
structure is likely to be less than 200 MPa. According to
the test results of the compressive strength of S-type mete-
orites collected on Earth, the compressive strength of
2016HO; rocks is between 20 MPa and 200 MPa.

(2) Surface strength of 2016HO;

A simulation analysis has been conducted on the rela-
tionship between the adhesive strength and compressive
strength of the surface regolith of 2016HO;, with results
showing that the compressive strength is significantly

Astronomical Techniques and Instruments, 1(1): 4251, 2024 47



affected by the adhesive strength between particles:

o [f the adhesive strength of the surface regolith is 0,
the surface compressive strength is only several tens of
Pa;

e If the cohesive strength of the surface regolith is
30 Pa, the surface compressive strength can reach several
kPall8l,

If 2016HO; has a rubble-pile structure, its rotation
period is only 28 minutes, giving an estimated surface cohe-
sive strength on the order of 30 Pa or above, as shown in
Fig. 7.

Under the worst of circumstances, the surface compres-
sive strength of 2016HO; can reach several tens of Pa,
and it is likely to reach several kPa.

The conclusion of important target characteristics and
their effect on the mission are shown in Table 6.

Japan Aerospace Exploration Agency (JAXA) and
National Aeronautics and Space Administration (NASA)
have advanced steadily in the exploration and modeling
of small bodies. NASA also obtained 111 physical charac-
teristic parameters of Bennu through multiple ground-

Table 6. 2016HO; important target characteristic parameters

0.000 1

0.001 f-..
001 fos
0.1F

1+
10}
100 |
1000

Asteroid spin period/h

10 000 . . L .
0. 0.1 1 10 100
Asteroid diameter/km

001 0.01 1 000

Fig. 7. The relationship between the diameter of asteroids and
their rotational speed. The horizontal axis represents the
asteroid diameter and the vertical axis represents the spin
period. Different curves represent different bonding strengths
between particles!S!.

based radar/optical telescopes and space-based telescopes
before launching OSIRIS-REx. However, Hayabusa 2 and
OSIRIS-REx detected that the abundance of boulders on
the surface of the target small bodies greatly exceeded
expectations, making it difficult to find sampling areas
meeting their requirements. Therefore, detection and
navigation control strategies were adjusted based on in-
orbit modeling results.

For the Tianwen 2 mission, accurate characteristic
parameters of 2016HO; cannot be obtained before launch.

Target Characteristic Reliability Result Mission effect analysis
Orbital Hich The orbit parameters are
Orbit elemgnts & obtained, with a positional Affects the orbit design, probe
Orbital High uncertainty of approximately approach, and rendezvous
uncertainty 120 km (1 o)
Design input of navigation
Photometry Absqlute High 243 sensor for target capture
magnitude - o
capability and indicators
Spin period High About 28 mn_____ Affects the design of close-
Rotation Direction of L . . Unknorylzl,lthe rotation ?1)(1181 18 range detection strategies and
the rofation oW, requires precise more likely to approach the needs to adapt to different
axis measurement in orbit direction pgrpendlcular to the rotation axis directions
orbital plane
. Medium, uncertainty has little . :
Volume Diameter effect on mission:s The diamet.er is 3Q—IOO m, and Sha[()) ?2?(?SZon§efe}?é\t£ig?1gn
Shape Low, requires precise the shape is relatively slender ositions and flieht strategi
measurement in orbit P ght strategies
Surface The surface topography of
topography 2016HO; is complex, and there
may be a regolith of rock
Morphology ) Low, requires precise ranging from millimeters to Affects sampling strategy
Rock size and measurement in orbit centimeters in size. At the same design
distribution time, there may also be
boulders larger than meters with
rough surfaces
Geometric 0.1-0.3 Design input of navigation
Thermal albedo Medium, requires precise T sensor and camera
characteristics Thermal inertia measurement in orbit <40 T2 §-05K-1 Main. inputs for therrpal
environment analysis
Surf: Low, requires precise 2016HO; bedrock (surface Need to be able to attach
urface Rock strength : .
mechanical measurement in orbit rock) strength 20-200 MPa samples to the rock surface
. Surface Low, requires precise =30 P Preventing sinking during the
properties strength measurement in orbit 2 sampling process
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Scientific goals and sampling tasks must be supported by
in-orbit data obtained from close-range exploration, such
as characteristic parameters and feature models.

The close-range exploration of small bodies differs
greatly from the exploration of larger celestial bodies
such as the moon and Mars. The gravitation of large celes-
tial bodies is strong, so that probes can enter a stable
orbit of the celestial body at altitudes of hundreds of kilo-
meters, and payloads are used for remote sensing. Due to
the much weaker gravity of small bodies, the altitude of a
stable orbit is extremely low. Consequently, the altitudes
and types of the close-range exploration orbits can be
changed at the cost of only minor velocity increments.

The design principles for the close-range exploration
of 2016HO; mainly include two aspects. First, flight
safety must be guaranteed. Second, the velocity incre-
ment should be as low as possible. The main modes of
close-range exploration include hovering, active orbiting,
and natural orbiting. Active orbiting and hovering are

Phase Dates Distance
Jul. 29 86 000 km
Cruising
phase
Approach
phase
Gate Sep
Proximity position 10 km.
phase T T
. Oct
position
Descent & Nov

touch down

accomplished through orbital maneuver strategies at the
cost of fuel consumption. Natural orbiting relies on exter-
nal forces such as gravity or solar pressure, which can
reduce the frequency of orbital maintenance and reduce
fuel consumption. The specific instructions for each mode
are as follows.

(1) Hovering

Hovering means that the position of the probe
remains unchanged relative to the orbital coordinate sys-
tem of the target small body, with a relative velocity of
zero. Position maintenance is implemented when the posi-
tion or speed exceeds the expected range.

The Hayabusa 1 and Hayabusa 2 spacecraft used hover-
ing due to the small size of their targets. As shown in
Fig. 8, the hovering altitude of was gradually decreased
from 20 km to 10 km, then to 3 km, and finally to 0 km.
Physical and morphological characteristics can be deter-
mined by observing the rotation of the target.

Events

Ve
<.>

First acquisition
Optical Nav. Start
lon engine thrusters

Check-out of navigations
high altitude observations

Itokawa

Fig. 8. Illustration showing varying hovering altitudes of Hayabusa 1.

Hovering can ensure little change in illumination condi-
tions at the sub-satellite point, providing relatively consis-
tent detection conditions for the sensor, which benefits rela-
tive navigation and autonomous control. Alternatively,
remote sensing images with relatively consistent illumina-
tion conditions can be obtained through the rotation of the
target celestial body. Frequent position maintenance is
required for hovering mode, requiring a specific velocity
increment of approximately 0.1 m/s per day.

(2) Active orbiting

Active orbiting means that the probe orbits near the
small body along a predetermined trajectory. The posi-
tion and velocity relative to the small body are changed
by orbital maneuvers. This was used by the OSIRIS-REx
mission at a relatively long distance (Fig. 9) to determine
physical and morphological characteristics.

Active orbiting is relatively flexible at the cost of a cer-
tain velocity increment of approximately 1 m/s per day.

(3) Natural orbiting

10 AM, 40°N
2 PM, 40°N

North pole

M4D

M2D

MI1D
2 PM, 40°S
10 AM, 40°S

Fig. 9. Illustration showing active orbiting trajectory of
OSIRIS-REXx.
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In natural orbiting, the spacecraft behaves like a satel-
lite of the target celestial body. To be stable, these orbits
use natural forces such as gravitational pull or solar pres-
sure, and active control is not necessary to maintain the
orbit. Consequently, few velocity increments are required.
However, stable natural orbits are more likely to be
dawn-dusk orbits, resulting in poor illumination condi-
tions at the sub-satellite point, which is not conducive to
autonomous navigation or scientific investigation.

The OSIRIS-REx mission used data obtained by
active orbiting at a relatively high altitude to determine
that a natural orbit at an altitude of 1-1.5 km could be
achieved using the gravity of Bennu and solar wind pres-
sure.

The gravity of 2016HO; is weak and the altitude of a
natural orbit is about 50—100 m, which is close to the
radius of 2016HO;, meaning there may be a risk of colli-
sion. Therefore, scientific detection and mapping is best
achieved with a combination of multiple hovering posi-
tions and active orbiting. 2016HO; is a small asteroid
with a fast rotation speed. Accordingly, hovering mode
can easily obtain high overlap images using rotational char-
acteristics, reducing propellant consumption. In summary,
hovering is the preferred mode for the Tianwen 2 mis-
sion, supplemented by active orbiting in areas with poor
navigation conditions.

This article summarizes the characteristics of six aster-
oids obtained by successful asteroid missions, highlight-
ing significant differences between them. For asteroids
that have been sampled (Ryugu and Itokawa), their sur-
face mechanical properties can be inferred, although simi-
lar data are still unknown for other asteroids that have
only been explored through orbital observations.

Analyzing the characteristics of the NEA 2016HO;,
the target of Tianwen 2, important parameters, such as
orbit, luminosity, bulk characteristics, rotation, thermal char-
acteristics, surface morphology, and surface mechanics,
can be explained.

(1) Characteristic parameters such as orbit, luminos-
ity, and rotation period are clarified, which can support
effective mission design.

(2) Characteristic parameters such as size, shape, rota-
tion axis direction, and surface morphology cannot be deter-
mined via ground-based observations, and only the maxi-
mum range is currently available. The exploration strat-
egy needs to be planned to cover the maximum range of
parameters in order to reduce the impact of any uncertain-
ties. Characteristic parameters can be further determined
based on close-range examination from orbit, and corre-
sponding strategies can be developed.

(3) The surface mechanical properties of the target can-
not be determined, and contain a high level of uncer-
tainty, causing a significant impact on planning a sam-
pling mission. The mission design should therefore be car-
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ried out according to the most likely surface mechanical
properties.

Finally, a comparative analysis has been conducted
on the three main modes used for close-range exploration
of asteroids: hovering, active orbiting, and natural orbit-
ing. Owing to the weak gravity of 2016HOs3, the low alti-
tude of its natural orbits carry a risk of collision, so a com-
bination of multiple hovering positions and active orbit-
ing is the most effective strategy to use. From the perspec-
tive of scientific detection and minimizing propellant
usage, hovering is preferred, with supplemental active orbit-
ing best employed in areas with poor navigation condi-
tions. Further research will be conducted to determine hov-
ering positions for close-range exploration in the future.
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