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Abstract: The lunar polar regions are key areas for future exploration due to the long-term continuous
illumination and persistently shadowed regions that can cold trap abundant water and other volatiles.
However, the complex terrain, dynamic lighting, and solar wind-induced electric-field environment
present multiple challenges for polar investigation and sampling missions. China’s Chang’E-7 (CE-7)
will explore the Moon’s south polar region in 2026. One of the scientific goals is to drill samples
in a wide area with a rover for in situ analysis. This study analyzes the engineering constraints of
the polar illumination condition, slopes, and electric field for landing and sampling-site selection.
Then, we create a 3D model of CE-7’s lunar rover in three operating environments by employing the
Spacecraft Plasma Interaction Software, with the rover sampling (i) on a flat surface, (ii) in a shadow,
and (iii) near a meter-scale crater under different solar altitude angles. The results show that the
rover can be charged to different potentials under the combined effects of solar wind incident angles
and surrounding terrains. We find that a favorable traversing and/or sampling site of the rover for
future polar exploration is in the upwind direction of a bulge (positively elevated terrains, such as the
lander or boulders) or crater, which will cause a minimum charging effect on the rover. Our results
have important implications for minimizing the risk of charging effects and guiding the lunar polar
region exploration.

Keywords: lunar south pole; illumination condition; electric-field environment; Chang’E-7;
lunar rover

1. Introduction

The exploration of the lunar polar regions represents a fascinating prospect for fu-
ture endeavors on the Moon due to the presence of abundant water resources and other
volatiles [1–3] and its unique illumination condition [4–6]. Lunar near-surface materials
including minerals, volatiles, and water ice are expected to be crucial for in situ resource
utilization, such as lunar-base construction [7]. The Volatiles Investigation Polar Explo-
ration Rover (VIPER), part of NASA’s Artemis mission, is set to launch in late 2024 to
explore water ice and other potential resources [8,9]. The rover powered by a solar-charged
battery can detect and drill near-surface water ice for scientific analysis and as a resource
for future human missions. The Lunar Polar Exploration Mission (LUPEX) is a joint robotic
mission of the Japan Aerospace Exploration Agency (JAXA) and the Indian Space Research
Organisation (ISRO) to explore the lunar south pole [10]. The rover will be provided by
JAXA to prospect potential water and drill subsurface samples from a 1.5-m depth [11].
As part of the fourth phase of China’s Lunar Exploration Program (CLEP), the Chang’E-7
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(CE-7) mission will explore the Moon’s southern polar region with a set of spacecraft
elements [12]. The lunar rover equipped with a series of payloads and a sampling robotic
arm is designed to investigate the sunlit surface in wide-area and longitudinal multi-point
sampling modes [13].

The relatively small angle (~1.54◦) between the Moon’s equatorial plane and the eclip-
tic plane results in a solar altitude angle of only a few degrees at the lunar polar regions.
Coupled with the rugged highland terrains containing abundant impact craters, extreme
lighting conditions are created near the poles [3,4]. It is worth noting that the electric-field
environment on the lunar surface is closely related to the illumination conditions. For
example, the solar wind-induced electric field becomes complicated because the polar
regions are always near the terminator [14]. Thus, a rover investigation including drilling
samples will inevitably face a complex environment of nearly real-time dynamic illumina-
tion, electric field, and dust levitation during the mission [15]. Especially for the shadowed
area, the surface is negatively charged due to the accumulation of electrons deposited from
the solar wind. As a result, the negatively charged dust particles will be repelled from the
surface that can be adhered to by the rover. This could abrade the optical lens and disable
mechanical movement [16,17], which in turn would signify rover sampling mission failure.

Considering the ubiquitous craters on the Moon and the low solar altitude angle at
the lunar polar regions, an obvious plasma wake structure within craters is formed [18].
Research has shown that the surface potential at the bottom of the Shackleton crater can
reach a negative potential of several hundred volts due to the plasma wake effect [19];
that is, the electron-cloud region enhanced by a plasma dusty environment presents po-
tential hazards for surface exploration within craters, which has been verified by five
dust enhancement events near a twilight crater during the Lunar Atmosphere and Dust
Environment Explorer (LADEE) mission [20]. The effect of the solar storm on the plasma
wake [21] and the characteristics of the recursive mini-wake (“crater-in-a-crater” model)
in the lunar polar crater [22] have been discussed. Furthermore, the boundary conditions
along the plasma expansion front have also been analyzed [23]. Recently, Mishra described
the electric potential distribution of the surface within permanently shadowed craters on
the Moon [24].

However, the charging process in the sunlit area and its influence on the rover in the
polar regions are less studied. The lunar dust detectors in the Chang’E-3 and 5 (CE-3/5)
missions also detected levitated charged dust particles during the missions [25,26]. It is
worth noting that the lunar-dust detectors were installed on the landers at heights of 1.9 m
and 2.0 m, respectively. The landers were charged by solar wind plasma, further interacting
with the surrounding plasma and affecting subsequent electrostatic dust migration. A simi-
lar phenomenon could also happen with rovers. In 2015, the Spacecraft Plasma Interactions
Software (SPIS) developed by the European Space Agency was improved to simulate the
lunar and asteroid dust emission, transport, deposition, and interaction with a spacecraft
on or close to the lunar surface [27]. Using SPIS, Xia et al. (2022) discussed the effect of
the varying solar altitude angle on the spatial distribution of dust and plasma above the
lunar surface near a 5-m crater (in diameter) and verified the dust risk of spacesuits on the
dayside and nightside [28].

Combined with the topography, we numerically simulated the illumination and
electric-field environment in the lunar south polar region to clearly understand the envi-
ronmental challenges faced by the rover. In this study, we first present the engineering
constraints of slope, illumination, and electric field for polar landing-site selection in
Section 2. In Section 3, we introduce the 3D simulation model and setup of parameters. Our
results are given in Section 4, in which we present three situations of lunar rover charging
at different solar altitude angles. In Section 5, we give a discussion of the study. Finally, a
conclusion is given in Section 6.
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2. Engineering Constraints
2.1. Complex Terrain

The polar regions of the Moon are characterized by complex terrains, such as the wide
distributions of impact craters, steep walls, depressions, and ridges. Therefore, selecting
a landing area that meets the constraints of terrain and scientific exploration objectives is
crucial. Figure 1a shows the topography of the lunar south polar region (>87◦) with a spatial
resolution of 20 m/pixel. The potential exploration target, the Shackleton crater, which lies
close to the south pole, is a bowl-shaped crater with a diameter of 21 km and a depth of
4.2 km. Multiple lunar missions have indicated that water ice is exposed and/or buried
within the permanently shadowed crater [2], which is considered a favorable exploration
target of the CE-7 mission [13]. The crater rim and connecting ridges present a prominent
high elevation within this polar region. The surface parameter, the slope, can be derived
from the digital elevation model (DEM) data. The slope is an important parameter for
landing-site selection and also a key factor for the rover’s path planning. Figure 1b shows
that the Shackleton crater presents a relatively steeper wall, with an average slope of 35◦,
but a relatively flat bottom. One prominent area characterized by high elevations but small
slopes has been selected as our study area (dashed box of Figure 1a,b). The statistics of the
histogram (Figure 1c) of the slope map within our study area show that the slope range
is 0–45◦ with an average slope of 17.4◦. In addition, pixels with slopes of less than 25◦

account for a high percentage (~89.8%) of the whole area.
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2.2. Illumination Conditions

The study of water ice and other volatiles is the main scientific goal of the CE-7 mission;
thus, this study takes the Shackleton crater as the potential target. Meanwhile, the strategy
for the continuous operation of the rovers is to autonomously navigate to the sunlit areas
under the constraints of engineering such as slope to ensure appropriate temperature and
sufficient energy supply. A 15 × 15 km area near the south pole including a partial crater
rim and connecting ridge (dashed box of Figure 1a,b) is investigated in detail. Based on
the 20 m/pixel polar DEM data obtained from LRO LOLA, we modeled the real-time
illumination conditions at the study area by employing the SPICE toolkit and horizon
method [4]. Figure 2a shows the time-averaged illumination rate of 2026. Here, the
illumination rate is defined as the ratio between the total illumination time of a place in a
year and the total time of the year. Regions with illumination rates greater than 80% and
slopes smaller than 10◦ are marked by green pixels. These regions are mainly located at the
Shackleton crater rim and connecting ridges, which have a total area of 40,400 m2. Note
that these landing-of-interest regions are partially continuous, which requests a precise
landing-site selection and traversing path planning. Figure 2b shows the histogram of the
illumination rate in the study area. A majority of the pixels within the study area exhibit
an illumination rate below 50%. The number of pixels decreases substantially with the
increasing illumination rate.
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Figure 2. (a) Modeled illumination rate of 2026 within the study area. (b) Histogram of illumination
rate. The green dots in (a) indicate areas with slopes less than 10◦ and illumination rates greater than
80%. Two potential landing sites, PLS 1 (137.14◦ W, 89.44◦ S) and PLS 2 (135.22◦ W, 90.00◦ S), are
labeled by stars. SH denotes the Shackleton crater.

Considering the slope constraint for engineering safety, Figure 3 shows the total
illumination area that varies as a function of the illumination rate under different slope
constraints (≤25◦, ≤20◦, ≤15◦, ≤10◦, ≤5◦). For lower illumination rates of less than 70%,
the constrained potential landing area is dependent upon the slope, especially for slopes
in the range of 5–10◦. For higher illumination rates of greater than 70%, the difference in
the potential landing area constrained by different slopes can be neglected; that is, based
on the 20 m/pixel scale DEM resolution, the selection of the potential landing site in the
future will depend greatly on the lighting condition within this area.
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Figure 3. The total illuminated area varies as a function of the illumination rate under different slope
constraints.

Once landing on the Moon, the local slope will play an important role in the thermal
control system, energy supply, and optical imaging. Figure 4 shows the local solar altitude
angle at two potential landing sites, PLS 1 (137.14◦ W, 89.44◦ S) and PLS 2 (135.22◦ W,
90.00◦ S), which have been marked in Figure 2a. As shown in Figure 4, PLS 2 (blue line)
presents a larger variety of solar altitude angles than those of PLS 1 (red line) in 2026 because
the local slope of PLS 2 (9.93◦) is much larger than that of PLS 1 (1.01◦). The maximum
solar altitude angle at PLS 1 is ~1.98◦, while PLS 2 reaches an angle of ~11.44◦. This will
cause about a 224-watt/m2 difference at a 1-AU distance from the Sun. Additionally, the
local solar altitude angle is larger in the southern summer (light red shade) than in winter
(light blue shade). This will cause a ~23 and ~34 watts/m2 difference for PSL 1 and PSL 2,
respectively. It is worth noting that there are two continuous solar illumination periods
at PSL 1: one from 20 January 2026 to 20 April 2026, and another from 25 October 2026 to
31 December 2026, which last more than 90 and 67 days in 2026, respectively. Thus, a place
such as PLS 1 would be a favorite landing site for long-term polar exploration.
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2.3. Electric-Field Environment

The solar wind-induced electric field also plays an important role in the polar environ-
ment assessment and lunar-surface exploration/operation. Figure 5 shows the effective
solar irradiance and surface potential within the study area. As a result of the nearly
horizontal incidental sunlight, only part of the Shackleton crater rim and the connecting
ridge between the Shackleton and de Gerlache craters are illuminated [29,30], where the
solar irradiance is mainly below 300 watts/m2, as shown in Figure 5a. In comparison, most
of the study area is in the shadowed region.
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study area.

The surface potential of the illuminated area is from −15 to 2.1 V, as shown in Figure 5b.
However, for the shadowed area, the surface is charged to a large range of negative
potentials from −90 to −30 V. Except for the bottom of the Shackleton crater, the surface
potential is concentrated in the range of −70 V to 0. Bounded by the ridge between the
Shackleton crater and the de Gerlache crater, the potential on the upper side is between
−60 and −40 V, while the potential on the lower side can reach −70 V. This is because the
shadowed region on the upper side formed by the shading of the edge of the de Gerlache
crater is further away from the shielding edge.

The unilluminated ridge region between the Shackleton crater and the de Gerlache
crater has a relatively higher potential between −45 and −35 V. Unlike solar energy utiliza-
tion only in the sunlit area, the rover will face an inhomogeneous electric environment in
the study region; that is, the rover interacts with the surrounding plasma and then could be
charged to different states during traversing. Next, we will analyze how the rover changes
the surrounding electric-field environment using SPIS.



Aerospace 2023, 10, 598 6 of 14

3. Simulation Model
3.1. Model Setup of the Lunar Rover

We build a three-dimensional six-wheeled solar-powered lunar rover model with a
length of 1.5 m, a width of 1.2 m, and a height of 1.0 m using SPIS (Figure 6). The rover
body is coated by indium tin oxide (ITO) for thermal control. The upper surface of solar
panel arrays with a unilateral width of 1.3 m is composed of cation-exchange resins (CERs),
while the lower surface and side of the wings are composed of conductive fiber-reinforced
polymer (CFRP). The wheels are designed to be composed of aluminum. The coupling
resistance between the main body of the lunar rover and the solar array is set to 10 kΩ,
the electrical connection is achieved between the wheels and the body, and the coupling
resistance between the rover and the lunar surface is set to 1 kΩ. The simulation domain of
the near-surface environment of the rover exploration is set to a region of 40 × 40 × 80 m
in surface length, width, and height, which is divided by non-uniform grids. In our work,
the stationary rover is charged by the solar wind, thereby the friction charging between the
rover and lunar soil will be not considered. The lunar-surface material (i.e., dust) is set to
be conductive when exposed to solar irradiation but to become non-conductive while in
the shadow. The simulation period is set to 2000 s, ensuring the lunar surface reaches a
quasi-equilibrium of charging.
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3.2. Setup of the Plasma Environment

The Moon revolves around the Earth and the Sun simultaneously. Therefore, it will
encounter different complex plasma environments due to the solar wind and the Earth’s
magnetic field. The solar wind environment includes several types: coronal mass ejections
(CMEs), high-speed streams, and slow solar wind. The Moon spends most of its time in the
last environment. The fluxes of electrons and ions in the slow solar wind are much smaller
than those during coronal mass ejections. Secondly, Earth’s magnetotail extends well
beyond the orbit of the Moon, so that the Moon has to face the magnetic environment, such
as the magnetosheath environment, the high-latitude magnetotail lobe environment, and
the plasma sheet environment, where solar wind plasma and charged dust particles could
be deflected or oscillated by the Earth’s magnetic field. This means that in the magnetic field,
the direction of the plasma particles incident on the lunar surface is uncertain. Meanwhile,
the electron and ion temperatures inside the Earth’s geomagnetic tail are larger than those
in the slow solar wind, while the electron and ion densities inside the geomagnetic tail are
smaller than those in the slow solar wind. Therefore, the surface charging of the lunar rover
inside the geomagnetic tail could be more serious and unpredictable [31], although the
Moon stays in the Earth’s magnetosphere for only about 6 days every month. Furthermore,
due to the small tilt of the spin axis and cratered terrain, the small solar altitude angle in the
polar region will create an extremely complex plasma charging environment, even under
the typical slow solar wind condition. As a result, polar exploration missions such as CE-7
would face a more rigorous challenge. Hence, taking the slow solar wind environment as
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an example, we set the simulated regional plasma environment. The slow solar wind has
solar wind speeds below ~400 km/s and typically is relatively dense. Table 1 shows the
parameter settings of the simulated slow solar wind environment.

Table 1. Environmental parameter setting of the slow solar wind at the Moon’s south pole.

Parameters Values Unit

Solar wind ion density, ni 10 cm−3

Solar wind electron density, ne 10 cm−3

Ion velocity, Vi 400 km·s−1

Electron velocity, Ve 400 km·s−1

Ion temperature, Ti 8.6 eV
Electron temperature, Te 12.1 eV

Photoelectron temperature, Tph 2 eV
Solar altitude angle, θs 1 or 10 ◦ (degree)
Dust mean radius, ravg 10−6 m

The lunar rover is exposed to the dusty plasma environment near the lunar surface.
We suppose that the relevant charging currents at the local surface of the rover include
currents of solar wind electrons (Je), solar wind ions (Ji), photoelectrons (Jph), and secondary
electrons (Jse), as well as charged dust particles (Jd). The surface charging currents are
regulated by the surface potential. When the surface charging reaches an equilibrium, the
sum of all currents coming in equals the sum of all currents going out; that is, the surface
potential makes the sum of all currents zero. Based on the above current-balance theory,
the surface potentials of the rover and the local lunar surface are obtained.

4. Results

As mentioned above, a favorable landing site in polar regions should be constrained
by a high illumination rate but a small slope. The rover’s in situ investigation and sampling
are powered by solar energy while the spacecraft is exposed to the high-incident solar wind.
Considering the complex terrain of polar regions, here, we report and discuss three cases of
simulation results in which the rover interacts with its surrounding environment.

4.1. Lunar Rover Charging on a Flat Surface

On the relatively flat lunar surface without shade from the surroundings, the charging
process of the lunar rover is mainly controlled by the solar wind plasma and its incident
angle, as shown in Figure 7. It can be seen that the solar wind plasma will form low
potential regions on the windward side and the back side of the lunar rover when the
solar altitude angle is 1◦ and 10◦ due to the topography. As shown in Figure 7a, for the
lower solar altitude angle (1◦), the surface potential of the entire area is −25 V. However,
on the windward side of the rover, the surface potential can be as low as −27.6 V due to
the accumulation of solar wind electrons and photoelectrons emitted by the ITO coating of
the rover body. On the leeward side of the lunar rover, a low-potential area in a long-strip
shape but wider than the rover is formed because the sunlight is shaded by the lunar rover
and because the lunar regolith no longer emits photoelectrons. The surface potential of the
solar wing reaches the highest value of −22.5 V, while the other parts of the rover including
the carbon fiber structure of the solar cell array, the main body of the rover, and the wheels
are a little lower at −24 V.
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Figure 7. The charging potential of the lunar surface and the rover when the solar altitude angle is
1◦ (a) and 10◦ (b).

Compared to the 1◦ solar altitude angle, the charging process of the lunar surface at a
10◦ solar altitude angle is eased due to the increase in photoelectron density. As shown in
Figure 7b, the surface potential increases to about −3.42 V. However, on the windward side
of the rover, the surface potential is decreased to −7.0 V due mainly to the accumulation of
photoelectrons emitted by the rover body. On the leeward side of the rover, a near-circular
low-potential area slightly larger than the width of the rover is also formed. This area has
a slightly reduced potential of −7.65 V as a result of the shadowing effect of the rover on
the solar wind and the sunlight. Note that when the solar altitude angle is 1◦ or 10◦, the
shadow length is 57.3 or 5.7 m, respectively. Therefore, for the 10◦ solar altitude angle,
the low-potential area follows the leeward side of the rover and adjoins it. When the
solar altitude angle increases to a higher value, the solar array of the rover receives more
irradiation and solar wind particles, which results in the glass cover of the solar wing and
other conductive parts (carbon-fiber structure of the solar array, the main body of the rover,
and the wheels) reaching a similar value of about −5.0 V.

For the plasma potential distribution in the entire simulation area, the potential at the
upper boundary of the domain with a height of 80 m is zero for the solar altitude angles
1◦ and 10◦ (Figure 8). It is worth noting that the entire near lunar surface (5-m above the
surface) is full of low-potential plasma when the solar altitude is 1◦ (Figure 8a). However,
only relatively low-potential plasma remains around the rover when the solar altitude
angle is 10◦ (Figure 8b).
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4.2. Lunar Rover Charging in a Shadow

Considering the rover investigating and/or sampling near a lunar bulge, such as
perched rocks, the characteristics of the local electric field might be influenced by the
shadowing effect. As a result, this will affect the charging process of the rover. Here,
assuming a 2-m high terrain at 4 m near the windward side of the rover, the charging
potentials of the lunar surface and the rover can be simulated at different solar altitude
angles. Figure 9 shows the simulated surface and rover charging shadowed by the bulge.
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A greater number of electrons are deposited in the tail area to form a typical wake area,
which causes surface charging, especially for the rover. For a lower solar altitude angle of
1◦ (Figure 9a), the surface is charged to a relatively high potential of −26.6 V due to the
photoelectron effect. However, the shadowed area contains only deposited electrons which
causes a lower surface potential with a long strip shape. In particular, the solar arrays
of the rover that are composed of CERS can be charged to a very low potential of −63 V.
Notably, a low potential area in the windward side of the bulge is also formed as a result
of photoelectron deposition. We also simulated the surface charging when increasing the
solar altitude angle to 10◦ (Figure 9b). Assuming the surface irradiated by the solar wind
is a conductive area and the shadowed area is a non-conductive area, it can be seen that
the surface is charged dramatically to a relatively high potential as a result of increased
photoelectron emission. Thus, the surface potential rises to −10.4 V, while the shadowed
area and lunar rover are charged to a lower potential with the highest negative potential of
−45 V.
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Figure 9. Charging potential of lunar rovers in a shadow at the solar altitude angle of 1◦ (a) and
10◦ (b).

For the entire simulated domain, the potential of the upper boundary at 80 m height is
zero under both solar altitude angles, which meets the boundary conditions. As shown
in Figure 10a, the difference is that at a solar altitude angle of 1◦, the plasma potential
distribution near the lunar surface is relatively uniform, with only a small area of low
plasma potential at 7-m downwind of the lunar rover. At a solar altitude angle of 10◦

(Figure 10b), there is a larger decrease in the plasma potential between the lunar rover and
the bulge, which extends to the upper space with a radius of 5 m. It is worth noting that
there appears to be a relatively large potential surrounding the rover.
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of 1◦ (a) and 10◦ (b).

The results of the bulge-shadowing effect can apply to the shielding of the lander and
rover by other positively elevated terrains with similar magnitudes, such as boulders, and
even the shielding of the rover by the lander. It is important to emphasize that the above
bulge-shadowing effect is different from the wake effect of large-scale terrains such as
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mountains and deep large craters. On the windward surface of the large-scale topography,
the solar wind plasma is absorbed, while the plasma voids are formed on the leeward side
of these obstacles. Due to the difference in velocity and deflection angle between electrons
and ions, the electron-rich plasma regions are identified as “electron cloud” areas with
extremely negative potential. However, no “electron cloud” area is formed in the bulge
shadow region, since ions can be deflected and reach this region.

4.3. Lunar Rover Charging near an Impact Crater

On the Moon, the widely distributed craters will also have an impact on the lo-
cal/regional charging environment and the rover. We consider two situations that a rover
explores near a meter-scale crater (hemispherical model with a diameter of 5 m and rim
height of 0.25 m): (i) the rover charging in the upwind direction of the crater, and (ii) the
rover charging in the downwind direction of the crater. Here, the solar altitude angle is
considered as 1◦ for a general situation of the future landing area. Assuming the rover
is investigating and/or sampling 2.5-m away from the crater rim, the simulation domain
is increased to 50 m × 50 m × 80 m. In the first situation, the overall charging potential
of the surface is relatively high with an average value of −24.21 V (Figure 11a). There
is an obvious low potential area near the upwind side of the rover, which is charged to
the minimum value of −29.3 V. Additionally, an apparent low potential area is formed in
the leeward side of the crater due to the shadowing effect of the crater rim. In the second
situation, a similar but lower potential area with a radius of ~4 m is formed near the rover
on the leeward side of the crater (Figure 11b). The lowest potential (−31.6 V) area in this
case occurs on the upwind side of the rover. Comparing the two situations, the rover will
be charged to a lower negative potential when in situ investigating and/or sampling on
the leeward side of the crater.
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Figure 11. Rover charging potentials on the windward (a) and leeward (b) sides of the impact crater
with a solar altitude angle of 1◦.

It is also interesting to compare the plasma potential distribution of the near-surface
space when the rover traverses at different positions around the crater. As shown in
Figure 12a,b, locating the rover in the downwind direction of the crater induces a sig-
nificantly higher altitude of low-potential plasma than locating the rover in the upwind
direction of the crater. In addition, the rover endures a much lower potential of the near-
surface on the downwind side of the crater (Figure 12b). This means that a favorable
traversing and sampling site for lunar polar exploration such as CE-7 would be located
in the upwind direction of the crater, where the solar wind has a minimal impact on the
charging process of the lunar rover.
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5. Discussion

Lunar polar exploration is an interesting and exciting mission that would extend
our knowledge with the first touch of the Moon’s polar region. However, the extreme
dynamic lighting conditions and electric field at the cratered polar regions make landing-
site selection crucial. The rover spends most of its time in the sunlight since the illumination
rate of the selected landing sites within the regions of interest should be maximized to
ensure energy supply.

However, unlike the low latitude regions, the rover could easily be obscured by the
lander or meter-sized boulders because of the extremely low solar altitude angle, and then
a complex plasma environment is formed. In this work, using SPIS, we analyzed how
the rover changes the surrounding electric-field environment. The results confirmed that
the electric-field environment that the rover may face in the lunar polar regions will be
influenced by the illumination conditions, the terrain, and the rover itself. Their influence
on the space plasma can be extended to 15–30-m above the lunar surface. This means that
the detection equipment still could not avoid the impact of the lander, rover, terrain, and
illumination conditions, even if mounted at a height of several meters above the lunar
surface such as 1.9 m (in situ dust detector of CE-3) or 2.0 m (in situ dust detector of CE-5).

In addition, the ubiquitous craters and even the rover itself also have a significant
influence on the plasma environment around the rover, which means that the nearly
dynamic electric field surrounding the rover may increase the risk to the electronic control
system of the rover. Therefore, we propose that rover path planning including in situ
investigation and sample drilling should follow the real-time illumination and electric-field
conditions by combining the real-time Sun–Earth–Moon positions, solar wind plasma
conditions, and the local terrain of the lunar surface. That is, a detailed 3D model of the
rover exploring the target region should be simulated, by SPIS software (Version 5.2.4)
for example, before the launch of the CE-7 and during the mission operation. Therefore,
software capable of robust real-time path planning for the rover [32] can be developed for
designed multipoint wide-area and longitudinal sampling modes.

In summary, the ubiquitous positive (such as the lander or boulders) and negative
(such as craters) terrains in polar regions cause a complex electric field due to variations
of solar-wind incidence. Then, the charged dust particles are raised by the electric field.
Thus, dust particles will adhere to the rover, which is hazardous to the rover during the
sampling mission. In this study, we propose that the rover traversing and/or sampling on
the windward side of the crater and bulge could minimize the risk of the charging effect.
However, the actual terrain could make the situation complex. Therefore, it is necessary to
integrate a real-time charging model into the robust SPIS software (Version 5.2.4) for path
planning.

It is worth noting that the material of the rover also plays an important role in charging
features that are induced by solar radiation and solar-wind implantation. Compared to the
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low/mid-latitude area exploration, the rover’s long-term exposure to the variable solar
radiation and solar wind may result in a continuous charging effect. This may increase the
risk to the rover’s electrical and mechanical systems. Therefore, a detailed simulation of
the interaction between different aerospace materials and the polar environment should
be studied, and the induced electric field and adhered dust should also be characterized.
Furthermore, ground experiments of aerospace materials exposed to the simulated polar
environment would provide more constrained parameters to SPIS simulations.

6. Conclusions

Chang’E-7 will target the lunar south pole in 2026. One of the mission elements, the
rover, will drill lunar samples in sunlit areas for in situ investigation. In this study, we
present detailed engineering constraints of the polar environment in a 15 × 15 km area,
which might be a potential landing area. We found that the complex terrain in terms of
slope affects the local solar altitude angle, which influences the amount of solar energy
received by the rover. The simulation of real-time illumination indicates that high elevations
of the topography such as crater rims and connecting ridges have a higher illumination
rate within the study area. Two potential exploration regions, PLS 1 (137.14◦ W, 89.44◦ S)
and PLS 2 (135.22◦ W, 90.00◦ S), can be continuously illuminated for more than 90 and 67
days in 2026, to give an example. PLS 1 and 2 could be favorable targets for landing-site
selection and rover traversing planning. The electric field in a sunlit area presents a small
potential in absolute value compared to the shadowed areas.

Considering the complex terrain of the exploration area at a meter scale, we created a
3D model of the rover with different material components by employing the Spacecraft
Plasma Interaction Software (Version 5.2.4). The result showed that the rover can be charged
to different magnitudes when traversing and/or sampling on a flat surface, in a shadow,
and near a meter-scale crater. We also find that a favorable traversing and/or sampling site
of the rover for future polar exploration is in the upwind direction of a bulge and crater
which has a minimum charging effect.

Our results help to assess the environmental challenges of the rover for future ex-
plorations on flat surfaces or near positive or negative terrain. In future work, a higher
resolution of the surface terrain will be integrated into the SPIS model. Thus, an improved
3D rover model interacting with the polar environment under real-time illumination and
the electric field will be created. The surface traversing and/or sampling plan for in situ
geological investigation will be guided and constrained by the simulations. This will help
us to increase the utilization of solar energy and to decrease the risks of the hazardous
environment for rover exploration.
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