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colonization of the Moon requires further 
exploration of the lunar surface to better understand 
the origin, the formation and its composition in ever 
more detail. Significant insight has been obtained 
from the orbiting Lunar Reconnaissance Orbiter 
(LRO); however complementary surface missions 
are required to further our insight. Current plans for 
lunar science mission are all relatively ex-pensive as 
they need to account for the cost of launch, upper-
stage and the spacecraft. Use of the Lunar Gateway 
as a launch-pad for lunar flyby, orbit and surface 
mission can significantly cut down costs. The 
miniaturization of spacecraft electronics, sensors 
and actuators and recent demonstration of the 
MarCO Mars CubeSats [2] show that CubeSats 
despite being at their infancy as interplanetary 
explorers could be the ideal platform/vehicles for 
these flyby, orbit and surface missions to the Moon 
[3]. 

Compared to the SLS EM1 mission, the Lunar 
Gateway can play an important role not just a drop-off point but also as a permanent communication relay/hub to the 
CubeSats operating on the Moon. It may even be worthwhile to control and monitor the CubeSats from the Gateway 
rather Earth to ease communication congestion of the DSN. The relatively short distances could enable teleoperation 
of these CubeSats as opposed to fully autonomous operations. This could further simplify operation and minimize 
risks/uncertainties. The Lunar Gateway could also be used to insert an orbiting lunar relay and global positioning 
system to further facilitate exploration of both the far-side and near side of the Moon. Importantly these assets can 
increase localization accuracy to 10s of cm position accuracy and communication from with far-side assets. The relay 
and GPS system could be composed of CubeSats and such mission will further advance miniaturized ADCS systems 
for use in deep space.  

Just as sending CubeSats to Low Earth Orbit (LEO) has become routine, it will be possible to do the same to the 
lunar vicinity. Sending these CubeSats to perform critical science exploration avoids the costs and risks of sending 
humans. The end to end mission costs could be reduced to $20 million and below for 54 kg, 27U CubeSats. 
Secondarily, the CubeSats being disposal can be used to further advance low-cost technology to navigate and precision 
land on the lunar sur-face, while advancing critical technologies like propulsion and communication which remain 
important technological hurdles [4,5,6]. The platform and the location maybe the ideal proving ground to test next-
generation hybrid propulsion technologies that enables the CubeSats to perform sample-return from the lunar surface. 
Once lunar surface missions become routine, it may be possible to tackle Planetary Science Decadal questions 
including assembling telescopes and sensor networks on the far-side of the Moon [7]. In this paper, we present an 
example of lunar CubeSat that could be deployed from the Lunar gateway to perform exciting surface science. The 
mission concept called Arne-II [8,30] will be used to explore the lunar pits such as Mare Tranquilitatis. The lander is 
a 27U and has mass of 54 kg and it is expected to last no longer than 12 days. This avoids the thermal challenges of 
surviving the lunar night and simplifies the spacecraft design. The lander will be self-propelled utilizing green-
monoprop rockets with a maximum delta-v of 2.5 km/s. Arne II requires precision landing and will be required to land 
within 500 meters of Mare Tranquilitatis. Through this mission, significant insight will be learned of lunar geology 
and geo-history and will provide insight into developing a future human base. 

In the following section, we will provide science motivations for the mission concept followed by related work, 
presentation of the spacecraft and concept of operations for the mission. This will be followed by detailed presentation 
of the mission trajectories and discussion, followed by conclusions and future work. 

III. Background: Science Motivations 
Recently discovered lunar mare “pits” are key science and exploration targets. The first three pits were discovered 

within Selene observations and were proposed to represent collapses into extant lava tubes [9,10]. Subsequent Lunar 
Reconnaissance Orbiter Camera (LROC) images revealed 5 new mare pits and showed that the Mare Tranquilitatis 

Fig. 1. Current concepts of the Lunar Gateway (courtesy 
of NASA). 
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V. Spacecraft Design 
The proposed lander is a 27U (34 x 35 x 36 cm) CubeSat (Fig. 3 and 4). The lander will be deployed from the 

Gateway to the Lunar surface. The lander is equipped with four 22N HPGP and four 100 mN HPGP thrusters. The 
High-Performance Green Propulsion (HPGP) provides higher specific impulse and higher propellant density, which 
results in increased performance compared to traditional propulsion. The propellant is based on AND (Ammonium 
DiNitrimide) and is considered less toxic, non-carcinogenic and simpler to handle than hydrazine. The onboard 
Attitude Determination Control System (ADCS) consists of the Blue Canyon Technologies XACT-50. Reaction wheel 
desaturation will be performed using the thrusters. The power system consists of GOMspace NanoPower BPX 
rechargeable lithium ion batteries, MMA eHaWK solar PV and the power electronics from GOMspace NanoPower 
p60 system. The lander will also use 3 S-band antennas and a S-band transceiver. The C&DH will be performed by 
Space Micro CSP (CubeSat Space Processor) which is a compact single board computer designed around Xilinx Zync-
7020. The chassis and the landing legs will be custom built. The instruments in the lander includes a pyrolytic analyzer 
(pyrolysis oven coupled to a mass spectrometer) for vacuum pyrolysis of regolith to identify the presence of water, 
and a camera and a lens system integrated with Xilinx Vertex-5QV FPGA for navigation during landing phase. The 
lander will also carry three spherical hopping robots (SphereX) which will be deployed near the entrance of a lava 
tube. The SphereX robots will hop inside the lava tube for mapping, detecting the presence of water and collecting 
samples. 

 
Fig. 3. Detailed description of the components of the CubeSat Lander (Arne-II). 
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within the water molecule. At lower frequencies (GHz), the orientational polarization of the water molecule itself 
provides a characteristic response. This polarization occurs at ~kHz frequencies for water ice. Water, in particular, 
has a strong dipole associated with the hydrogen-bonding network. An additional interfacial polarization also occurs 
at water/electrode or water/regolith interfaces due to charge balance considerations at these interfaces. The frequency 
dispersion of the AC impedance spectra is caused by relaxation and resonance processes associated with these 
mechanisms and will be studied to determine the presence of water in the regolith.  

 

 
Fig. 8. Internal (Left) and External (Right) view of SphereX. 

D. Mass and Volume Budget 
The overall mass and volume budget of the lander is shown in Table 1.  The budgets include a 15% contingency 

included for each subsystem.  The overall margin for the concept stands at 9% mass and 34% volume margin.  The 
propulsion and the landing system take up the bulk of the mass which will be optimized in the future. 

Table 2. Mass and Volume budget of Arne-II lander. 

Subsystem Mass (kg) Volume (L) 
Avionics 0.13 1.1 
Power 1.1 0.8 
ADCS 0.7 0.5 
Comms 0.2 0.3 
Propulsion 40.2 15 
Structure 2.1 0.4 
Instruments 0.4 0.6 
SphereX 4.4 0.6 
Total 49.2 27.8 
Margin 4.8 15 

VI. Concept of Operations 
Figure 4 shows the first phase of the mission. The CubeSat will be launched on NASA’s deep space rocket, the 

Space Launch System (SLS) where it will be encapsulated, docking with the Lunar Gateway presumed to be located 
at Lagrangian L2 point.  The lander will be stored on the outside of the Gateway logistics module.  The lander will be 
in a hibernated state until its ready for science deployment. When ready the CubeSat will be loaded into a P-Pod and 
launched on its way to the Lunar insertion orbit. The lander has its own propulsion, attitude-determination and control 
system and communication system. The lander has a total delta-v of 2.5 km/s using its High-Performance Green 
Propulsion (HPGP) system. After the lander performs its lunar orbit insertion maneuver, it will perform another 
impulsive burn to target the landing site. On its way to the landing site, at about 25 km from the surface it will prepare 
to land. The onboard camera and lens system will be used to navigate and the propulsion system to perform soft 
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