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Abstract: 
This deliverable falls within the work package 2 and aims to design the scientific mission 

targeted by the SWIPE project. This mission will draw advantage from a wireless sensor 

network to complete scientific measurements and observations. Two overarching themes are 

potentially of interest: planetary science and human exploration. The first part of this report 

will be devoted to highlight potential planets through environments and overall characteristic 

studies and science objectives, as well as through sensor suites filter to define benefits 

drawn from wireless sensor network deployment. In the second part of the document, the 

selected mission for SWIPE will be described. It will be focused on the magnetic anomalies 

on the moon that provides interesting in-situ measurement for planetary science and also 

can protect manned mission from radiations for a human exploration perspective.  
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Executive Summary 

 
Wireless sensor networks (WSN) are widespread on Earth's sensing system owing to its 
spatial and time diversities as well as thanks to its small costs. Various spatial agencies have 
carried out preliminary studies in order to assess the feasibility and benefits of wireless 
communications during space missions. Thus, in a first part, the various uses of WSN are 
described through two overarching themes that may capitalize on WSN: planetary science 
and human exploration.  
 
In a second phase, the mission selection development is described. As the major WSN 
advantages match manned mission objectives, the mission selection will be driven by 
manned mission requirements and constraints. In the Horizon 2020, the main planet target 
remains the Moon, for it is a necessary step to gain experience in manned space journey and 
to aim different destination afterwards.  
 
The third part of this report will be the real mission design itself. Based on current magnetic 
anomalies, our mission will study some enigmatic features, called swirls, through different 
observations focused on human exploration issues. Some secondary missions will also be 
deployed to improve our planetary science knowledge. The mission will be detailed through 
two systems: the wireless sensor network and the orbiter that will provide communication 
between the WSN on the Moon's surface and Earth. 
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List of Acronyms 

Acronym Meaning 
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1 Introduction 

 

1.1 Purpose and scope of the document 
 
This deliverable, produced at month 4 of the SWIPE project, provides the mission definition 
in terms of scientific objectives as well as the design of each SWIPE segment: the satellite 
relay between the Wireless sensor network (WSN) and Earth and the WSN itself.  
The planned timing for the Work Package 2 is the following: 

 T0: the work package has started at the beginning of the project with the kick-off 
meeting. 

 T4: Final deliverable D2.1 
 
This deliverable is the starting point of the project as it defines the mission design that will 
lead the major part of the planned deliverables and work packages. Especially, it will be the 
principal input of the Deliverable D2.2 and D2.3.  
 

1.2 Organization of the Document 
 
This deliverable aims to design a potential and realistic mission for SWIPE where a Wireless 
Sensor Network will be a great asset. Thus, this document will provide an overview of the 
overarching themes and priorities of planetary science and human exploration with a WSN 
filter in order to find out the more appealing mission for SWIPE.  
 
The section 2 describes the priorities and themes of interest for the scientific community 
depending on two major space science sections, planetary science and human exploration, 
for which in-situ measurements become more and more present and appealing.  
 
The section 3 depicts various possibilities in terms of WSN types. The advantages and 
foreseen use of WSN are presented through a science perspective. 
 
Section 4 links the two previous sections in order to direct our mission scenario. Firstly, the 
science objectives will be filtered through WSN constraints and advantages to get a 
preliminary list of potential mission scenarios.  Then, this list will be detailed in order to select 
the most interesting mission for SWIPE project. 
 
In section 5, this selected mission will be detailed. Firstly, precise science goals will be 
described with the overall mission scenario and the presentation of the different sensor 
packages, the specific landing site and the mission timescale and timeline. Then, each 
scientific and environmental requirement will be described for the satellite segment as well as 
those which are related to the WSN segment.  
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2 Planetary science and human exploration 

 
The SWIPE project aims to propose a Wireless Sensor Network that will be deployed on a 
planet or another solar system object. Two mains activities may draw advantage from this 
specific network design:  planetary science and human exploration. Various Space agencies 
differentiate these two space sections ( National Research Council , 2011) (ESA, 2005).  
 
Firstly, planetary science intends to answer to three main questions: 

 How has the solar system formed?  

 How does the solar system work? 

 What are the conditions for the emergence of life?  

These questions are essential for our overall understanding of the solar system; likewise, 
they are worthwhile and sometimes necessary in order to increase our science knowledge 
about the Earth and Life. Indeed, Earth is very complex, and simpler solar system object 
should provide rare and precious information about Earth's history. For instance, the 
greenhouse effect understanding came from studies on the Venus atmosphere. Besides, few 
data remain available to study the beginning of the Earth because of its intense geological 
activity and atmosphere processes. For instance, the Moon is a planetary museum of the 
earliest conditions on Earth because it does not possess any atmosphere. 
 
Secondly, human exploration aims to master long manned missions. Human exploration is 
constantly divided into two phases: robotic missions, which will undoubtedly precede the 
second phase: manned missions. Although, human exploration is based on planetary 
science, it focuses on health, safety and engineering problems. These missions aims to 
support or help planetary science, providing prodigious science data, they also tend to 
extend human frontiers with sustainable human presence in space and finally, they try to 
expand economy into space such as space-based resource exploitation. 
Despite this distinction, planetary science does not preclude human exploration. Both are 
sometimes correlated. For instance, the LRO mission (Lunar Reconnaissance Orbiter) was 
initially built to prepare future robotic and human exploration, but it has also embedded 
planetary science instruments.  
This section encompasses the main planets or solar system objects that are crucial to 
investigate in order to enlighten some dark areas of our knowledge of the solar system. 

2.1 Planetary science 
 
Firstly, this section will detail the three major questions of planetary science. 

2.1.1 Solar system formation 

The understanding of the solar system formation is divided into several subcategories.  
 

Understand the beginning of our solar system, the initial stages, conditions and 
processes.  

 
The primitive bodies of our solar system may still contain records of the beginning of the 
solar system. The main hypothesis defines its formation as the consequence of a nearby 
supernovae explosion which has been upheld by evidence found in meteorite samples. 
Therefore, asteroids, comets, meteorites and Kuiper Belt objects may provide tremendous 
information about the solar system formation. Primitive bodies have recorded early events 
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and processes such as the accretion of the inner planets, the giant planets and the outer 
planets.  
 

How did the giant planets and their satellite system accrete? 
 

The giant planet formation is still shrouded in mystery. Several hypotheses have been 
proposed, however an overall and accurate understanding of the giant planet formation relies 
on new in-situ measurements in order to confirm or infirm various theories. The favoured one 
supposes that giant planet's accretion occurred closer to each other than their current orbit. 
This old location explains the size of these giant planets within a hotter environment, 
especially for Uranus and Neptune. After several hundreds of millions of years, a specific 
orbital resonance between Jupiter and Saturn happened. Because of this, the giant planets 
reached their current orbital position and scattered Kuiper belt objects into the inner solar 
system. This upheaval could explain the late heavy bombardment that has been suggested 
by the analysis of the lunar craters. Besides, the increase number of impacts from Kuiper belt 
objects may have caused the delivery of water and volatiles into the inner rocky planets and 
may be linked to the emergence of life on Earth. Scientific probes should target either the 
moons of these giant planets or the giant planets themselves in order to bring back evidence 
of this theoretical model. 
 

What governed accretion, supply of water, chemistry, and internal differentiation 
between inner planets and their atmosphere? 

 
Based on the previously explained model, many questions remain unanswered. Planetary 
science needs to carry out researches about the evolution of the inner structure of the 
neighbours planets in order to understand the evolution of the inner planets and the Moon. 
Geophysical exploration of Mars and the Moon is one of the most achievable missions that 
should bring important scientific results.  
One of the main issues concerning the solar system formation is linked to water and other 
volatiles abundance. Essentially based on theoretical model techniques, scientists do not 
accurately know what fraction of these elements comes from the planet evolution, thanks to 
accretion, planetary differentiation and volcanism, compared to the delivery of volatiles by the 
Kuiper belt object bombardment during the orbital shuffling of the giant planets. In order to 
solve this problem, chemical signatures can be searched on the surface of Earth’s 
neighbours and in their atmosphere. Venus and Mars studies are significant because their 
orbit brackets the Earth's orbit. Thus, they can provide graduated information depending on 
the orbit diameter.  
 

2.1.2 The workings of the solar system 

The workings of the solar systems section is composed of three subcategories.  
 
How do the giant planets serve as laboratories to understand Earth, the solar system, 

and extra-solar planetary systems? 
 

The investigation of our solar system helps scientist to gather a more complete knowledge of 
exoplanets. Origin, evolution and current processes of the giant planets are particularly 
significant because many exoplanets are ice-giant planets such as Uranus and Neptune. As 
a consequence, measuring isotopic abundances and thermal conditions in the atmosphere of 
Saturn, Uranus and Neptune is fundamental to understand the evolution of the giant planets 
both in our solar system and in extrasolar systems.  
Besides, the rings of the giant planets would contain valuable information to understand the 
accretion of exoplanets as accretion appears to be still on-going on the Saturn’s ring.  
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Thanks to their magnetic field, several planets possess a magnetosphere. The Earth’s 
magnetic field shields its surface and atmosphere against the solar wind, high energetic 
radiations, caused by solar events, and cosmic rays. Giant planets, such as Jupiter, possess 
magnetosphere which contains plasma because of the fast rotation of the planet. Their 
magnetospheres need to be analyzed to understand the giant planets’ working and 
environment.  
 

What solar system bodies endanger the earth biosphere?  
 

The Near Earth Objects (NEOs) are a real danger to Earth. However, the risk of a collision is 
relatively small and it is potentially reduced by the influence of the giant planets. Jupiter may 
act as a protection against asteroids and comets impacts. Indeed, when dangerous objects 
begin to follow an elliptical orbit that would bring them closer and closer to Earth, they are 
often deflected  by the gravitational field of Jupiter and either they follow a safer orbit into the 
inner solar system or it thrusts them out of our planetary system. Although, this topic is 
relatively new in planetary science, it is expanding. Scientific mission is split into two 
objectives: the localization of hazardous objects and the development of various means to 
avoid a large impact on Earth. Consequently, the solar system observation through 
telescopes needs to developed techniques to identify these objects. Besides, the analysis of 
chemical and structural composition of both NEO and comets is mandatory to minimize 
impact effects and to establish impact avoidance techniques.  
 

Understand the role of physics, chemistry, geology, and dynamics of planetary 
atmosphere and climates, particularly to increase our understandings of earth’s 

climates evolution.  
 

The various solar system bodies which have an atmosphere broaden our understandings of 
the numerous elements that participate to their current climate and its evolution. Some 
planets offer a simpler investigation of the atmosphere than on Earth. For instance, Venus, 
Mars and some of giant planets’ moons have atmospheric conditions similar than those on 
Earth, modifying only some parameters such as temperature, pressure, and chemistry. The 
size and density are similar between Venus and the Earth; however, chemical composition is 
radically different. The Venus atmosphere consists in hot dense carbon dioxide atmosphere 
with sulphuric acid clouds that would be explained by active volcanism. Therefore, isotopic 
and noble gas measurements are mandatory to better understand Venus ‘greenhouse 
climate.  
The next closest planet to Earth is Mars. Clues of a similar earlier climate than on Earth have 
been found in Mars polar deposits during a period older than 3.5 billion years old. Some 
climate changes are analogous to glacial age on Earth. Thus, the study of the atmosphere 
through orbiter or surface probes remains a high scientific priority. 
Titan is a moon of Saturn and its atmosphere and surface processes are astoundingly similar 
to those which may be observed on Earth. Both atmospheres are composed by nitrogen 
which is the major elements. As Titan has an ultra-cold atmosphere, methane processes on 
Titan surface and atmosphere is analogous to earth hydrologic cycle but they remain simpler 
on Titan than on Earth.  
Giant planets also are noteworthy in order to study different solar system climates. Similar 
features can be observed such as tornados or hurricanes and should improve our knowledge 
of the interaction between the atmosphere and the inner structure of the giant planets. Giant 
planets and their moons also provide an insight of magnetosphere and solar wind effects on 
their atmosphere.  
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2.1.3 The condition for the emergence of life 

What were the primitive sources of organic matter? 
 

Organic matter is a key element to the emergence of life. These carbon-based molecules are 
widespread across the solar system and represent significant information to trace the origin 
of life on our solar system and on Earth. Scientists have improved their knowledge about the 
organic matter however they lack information about organic and amino acids molecules on 
primitive bodies such as Kuiper belt objects. As a consequence, comets and Trojans are very 
significant bodies to understand the emergence of life in the solar system. Besides, giant 
planet's moons concentrate valuable data because they contain high ratios of organic 
materials such as Enceladus and Triton. For instance, Titan is a marvellous laboratory, since 
organic matter is present on its atmosphere and its surface with methane. Its atmosphere 
composition is dominated by nitrogen. Europe would have an ocean below its icy crust that 
may contain a primitive kind of life. Ganymede is also of high interest because it possesses a 
magnetic field that may have protected life forms against cosmic rays. Organic, isotopic and 
mineralogical analyses have to be performed on asteroids and comets but also on giant 
planets' moons. Considering Mars, previous missions have discovered methane traces in the 
red planet's atmosphere. This type of organic molecule has to be recently produced by Mars, 
thus a question remains unanswered: How this molecule is produced?  
 

Neighbour planets have held life?  
 

Mars and Venus are currently hostile to the emergence of life. However, scientists believe 
that was not the case during the early period of these two planets. Mars is now a cold desert 
with a thin atmosphere, yet, evidence has been found about the presence of liquid water that 
only disappeared 3.5 billion years ago. Besides, magnetic anomalies measured on Mars 
suggest that the red planets had possessed a magnetic field which had protected the thicker 
atmosphere and the supply of water against solar wind erosion. It also may have shielded life 
presence against solar high energetic particles and cosmic rays. As a consequence, high 
expectancies of Martian life may be favoured or eliminated thanks to mars sample mission of 
an old region of mars.  
Similarly to Mars, Venus may have witness the emergence of life. Although, nowadays, 
Venus reaches too high temperatures, its atmosphere had been far cooler than today. Some 
clues, such as hydrogen and oxygen losses at the 2:1 ratio, suggest that water is still being 
lost from Venus. Molecular composition of the lower atmosphere and mineralogical analyses 
may provide an insight in the possible life presence on Venus.  
 

2.2 Robotic and human exploration  

 
The Global Exploration Strategy (Space Agencies, 2007) was elaborated by the major space 
agencies such as NASA, ESA and JAXA and defines the roadmap of robotic and future 
manned mission, focusing on destinations where human may live and work.  
 
The main short-term interest of robotic and human exploration is the invaluable support that 
manned mission may provide in the future. The major breakthroughs on the Moon 
understanding have been achieved thanks to the Apollo’s missions through there inestimable 
rocks and regolith samples or the deployed geophysical network with seismometers and heat 
flow. Decision and adaptation faculties of human are a great asset during space mission, as 
it may more rapidly find and repair a faulty mechanism or rapidly adapt the mission timeline 
depending on mission priorities. However, most of planetary science objectives may be 
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performed by robotic missions, whereas the additional costs to human exploration are 
subsequent. 
 
The other major objective of human exploration is to extend human frontiers with a sustained 
presence of man into space. An outpost on the Moon may be possible thanks to in-situ 
resource utilisation (ISRU), which may provide water near the always dark areas. An outpost 
on the Moon may be a key breakthrough to space travel, since the escape velocity on the 
Moon is largely inferior to Earth. Therefore, propellant may be exploited on the Moon thanks 
to rich oxygen lunar rocks or helium-3 resources. The ISRU perspective may expand also 
economy into space thanks to mining, for instance some regions of the moon yield titanium 
favoured for aerospace applications.   
 
The strategic knowledge to human mission is divided into three main themes: 

 Understand the planet or object potential; this theme aims to map the possible 
resources of the targeted object such as solar illumination and chemical abundance 
(e.g.  Titanium and oxygen). 

 Understand the environment and its effects on human life; Solar event prediction, 
radiation shielding interaction with local environment, understanding biological effects 
and maintaining human health and performance in specific environment fall within this 
section.   

 Understand how to work and live on this solar system object; this theme deals 
with excavation of resources, transport issues, plasma and radiation monitoring and 
management.  
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3 Wireless sensor network and solar system exploration 

 
Breakthroughs on solar system exploration push back our understanding of our planetary 
system. Mars is a perfect example with the tremendous efforts that have been made to carry 
out observation on the red planet which may be an abode of life in its earlier periods. Its 
exploration needs in-situ experiments and sensing to complete our knowledge gained by 
remote observations. Currently, several robotic missions are accomplishing in-situ 
experiments, such as Opportunity and Curiosity (Grotzinger, 2012) rovers and, in the future, 
the planned ExoMars mission (Vago, 2006). The increasing need of in-situ measurements 
brings the Wireless sensor network ahead in order to reuse terrestrial technologies for 
planetary exploration.  
The study of benefits and drawbacks of WSNs as well as their possible space applications 
will drive our mission scenario. 

3.1 Benefits  

3.1.1 Science benefits 

 
The major advantage provided by WSNs is the spatial diversity (Duboisa, 2009). Indeed, the 
deployment of sensors on large areas allows science missions to get multiple observations 
from different locations and improves our scientific knowledge about regional variations. 
Thus, errors induced by specific location measurement are minimized and the sensing 
accuracy is increased. In addition, sensing duration is not limited owing to the mission 
timeline that dictates the rover to move to another place. Thus, a timeline trade-off is no 
longer necessary.  
 
Besides, WSNs are fault tolerant. When one node undergoes a failure, other sensors are not 
impacted since the network topology does not split. However, the sensor network web is 
deployed in order to allow multipath possibilities that prevent such detrimental scenarios.  
 
Its ease of deployment and flexibility are great assets of WSNs. The WSN needs only one 
access point to communicate with the Earth and self-configuration functions allow a rapid 
and automatic deployment.  
Wireless communication does not hinder the sensor nodes in terms of mobility. Such 
attributes may be very attractive in order to observe planets‘ climate or to reach harsh 
places.  
 

3.1.2 Economic benefits 

 
The sensor nodes are wireless devices with low mass, power and volume requirements that 
are fundamental constraints in spacecraft design and mission cost. As SWIPE tends to reuse 
a terrestrial technology, development cost will be reduced.  
 

3.1.3 Drawbacks  

 
Not all sensors can be adapted to wireless sensor nodes. In order to minimize the node cost, 
several requirements are necessary. The complexity of the sensor may be limited due to 
development cost that will jeopardize the mission cost/science return ratio.  
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Considering the spacecraft design, the mass and volume need to be as small as possible. As 
a consequence, miniaturization process may not be realistic or it will increase cost beyond 
acceptable. In addition, due to this requirement, the energy resources will be limited and 
therefore that will affect the sensor choice and design.  
 

3.2 Classification  
 
ESA has studied the potential interest for wireless network in space exploration missions 
(Magness, 2006) and has defined five categories: 

 Microsensor Proximity Networks; this category targets Microsensor lander network 
applications which will perform in-situ sensing driven by planetary science objectives. 
All sensors in this section are fixed nodes. 

 Intra-Spacecraft Proximity Networks; this division encompasses robotic and in-situ 
sensing for spacecraft health or astronaut health monitoring. 

 Inter-Vehicular proximity; robotic and in-situ sensing for planetary exploration 
achieved by mobile nodes is linked to this concept.  

 EVA Proximity Networks; the data delivery for extra-vehicular activity (EVA) is 
included here.  

 Advanced Science Proximity Networks; for instance, mobile atmospheric 
microprobes fall within this category. 

 
The Consultative Committee for Space Data System (CCSDS) has written an informational 
report, a green book (CCSDS, 2010), to provide an overview of wireless network 
communications for space mission operations. The classification slightly differs from that is 
proposed by ESA; for instance the Microsensor Proximity Networks is included in Intra-
Spacecraft Networks and its classification encompasses a wider range of space application 
such as inventory and AIT activities.  
 
One objective of SWIPE is to develop WSN technology for space exploration. Therefore, this 
document will focus on wireless applications that are useful through an ad-hoc WSN 
perspective. Three main categories emerge that can be complementary during an 
exploration mission: 

 Sensor Data retrieval  

 Communication relay  

 Navigation support 
 

3.2.1 Sensor Data Retrieval 

 
The sensor data retrieval is the main application of the sensor network. Each sensor node 
will perform measurement and transmit the results to scientists that dwell on Earth. 
Distinctions of networks into three categories may be done depending on some 
characteristics of the nodes: 

 range  

 mobility  

 environment 
 

3.2.1.1 Range 

Science goals and radio constraints will define the node’s range. In this document, range 
implies two categories: long-range and short-range. Long-range networks are WSN of 
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planetary scale for which each node is far from each other. The direct communication 
between the nodes is not possible because of distance that leads to a non-line of sight, and 
consequently, the radio link is provided by a satellite. This scenario forms a network only 
through a science point of view and not through a radio perspective. However, long-range 
networks have been used with Apollo’s missions. A seismic network has been deployed as 
well as a laser retroreflector network (Heiken, 1991). In addition, various long-range networks 
have been proposed for future mission such as International Lunar Network (ILN) (Cohen, et 
al.), which aims to improve the long-range geophysical network on the Moon, as well, MetNet 
project (Harri, 2007) has defined a network that consists of at least 5 sensor suites to monitor 
the climate on Mars.  
 

3.2.1.2 Mobility  

 
The sensor node may be mobile, thus, fixed nodes and mobile nodes are distinguished. 
Fixed nodes are obviously simpler to deploy and to maintain. Yet, some observations cannot 
be performed at fixed position. For instance, methane cycle of titan, a Saturn’s moon, may 
draw great benefits from mobile sensors. Mostly, node’s mobility allows a larger spatial 
diversity for the WSN. In (Medina, 2010), authors proposed different mobile sensors such as 
jumping and rolling nodes or nodes that use wind energy to move. These techniques aim to 
minimize the energy consumption of nodes. Mobility of nodes is much complex to handle 
because of data routing problems and the possible topology split due to radio failure between 
too distanced nodes. As a consequence, mobile behaviour of nodes needs to be carefully 
monitored and controlled to ensure an uninterrupted communication between all the nodes 
and the access point unless the radio failure and a future reconnection was planned.  
 

3.2.1.3 Environment 

 
The last distinction is driven by the environment of the nodes. Indeed, they can be deployed 
on rocky surface, in the atmosphere or on liquid surface. The first category may be fixed or 
mobile whereas atmospheric-oriented and liquid-oriented nodes are always mobile. In such 
scenarios, specific solution may be used taking advantage from this environment as river 
flow, bouncing on low gravity objects, using balloons with wind resource or just falling with 
gravity and performing measure during the descent. 

3.2.2 Communication relay 

 
A communication relay may be established in order to increase the radio coverage of sensor 
nodes. This feature will not perform any observation but will only repeat the data between 
two sensor nodes. In this case, the access point may be deployed further from the sensor 
network according to the sensor range or the mobile node may move further from the starting 
point. It offers the possibility to avoid radio failure caused by a specific relief such as a small 
crater. For instance, WSN may be deployed next to always dark area on a specific Moon’s 
crater which has never a line of sight with the Earth; thanks to a communication relay next to 
the rim of this crater, the mission does not need an orbiter around the Moon which will 
increase the mission cost and decrease the data rate between mission network and Earth. 

3.2.3 Navigation support 

 
In order to use the spatial diversity, sensors often need to know quite precisely their location 
and the location of neighbour nodes. As a consequence, localisation techniques are 
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necessary. If the WSN is mobile, navigation procedures is combined with localisation 
techniques. For space exploration, the most promising techniques rely on pulsed laser or on 
radio frequency waves. Localisation may be based on the propagation delay of the RF 
signal, on the signal strength or on the RF wave angle, yet these techniques are altered by 
multipath propagation. These techniques are also essential for manned missions based on 
Apollo’s mission feedback. Indeed, astronauts had difficulties to estimate distance on the 
Moon; for instance, in the Figure 1, the distance to the crater B is equal to 590m whereas the 
crater’s rim at A is at 21 km.  
 

 
Figure 1 A mosaic of Surveyor VII on the north of Tycho Crater 
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4 Mission selection 

4.1 WSN interest for planetary science and human exploration  

4.1.1 Planetary science  

Firstly, planets, moons and other solar objects which may provide valuable information about 
the three planetary science overarching themes will be described and the WSN will be 
evaluated. 
 
Near Earth Object (NEO) 
These primitive bodies consist of asteroids and comets which follow orbit paths distanced of 
less than 1.3 AU (Astronomical unit) from Earth. They may provide some high value 
information about the origin of our solar system and the emergence of life. They contain the 
most pristine record in our solar system. Scientists think these bodies have not only 
witnessed the solar system formation but also they have been implicated in its process. 
Therefore, through remote and in-situ measurements, asteroids and comets may provide an 
insight into planet formation through accretion, as well as into the correlation between NEOs 
and the emergence of life through volatiles and organic matter proportion. 
NEO asteroids are low gravity objects, mainly rocky, covered with regolith, whereas comets 
are icy objects. Surface data retrieval is of interest to planetary science, however, other 
application are not possible because of absence of atmosphere or liquid. 
 
Inner planets 
The inner planets are key bodies to understand the conditions that are necessary to the 
emergence of life. As a consequence, missions that target the rocky planets are essential to 
understand the origin of the terrestrial planets, the evolution of these planets, their habitability 
and the process that rules the climate. Three main valuable bodies are Venus, the Moon and 
Mars.  
 
The Moon 
The Moon has preserved records of the early history of the terrestrial planets formation. As a 
consequence, the Moon is very important to understand the differentiation process of the 
rocky planets. For instance its seismic analysis informs scientists of the lunar mantle and 
core state. The discovery of volatile traces in always-dark craters entails new questions 
about the origin of volatiles. Their studies may provide answers about the proportion of 
volatiles between those produced by planets and those which are the consequence of 
meteoric and comets infall. The Moon is the body that is the best known in the solar system, 
but many science issues still need to be tackled. WSN oriented for surface data retrieval may 
investigate several of these issues. For instance, a long range WSN for seismic monitoring is 
already deployed and has to be updated by a new one. Additionally, volatiles should be 
analysed by WSN of short range. 
 
Venus 
Venus climate cannot be an abode of life. As a consequence, this planet is very important to 
understand the impact of the internal process that leads to a noxious environment to the 
emergence of life. The most important feature in Venus is the climate. Its analysis 
encompasses the greenhouse effect and the role of volcanism; this is crucial to understand 
the climate evolution in rocky planets and also to determine if the current Venus atmosphere 
climate cannot be the future of the Earth climate. As a consequence, a meteorological WSN 
may provide high value information of the climate state of Venus. Besides, surface and 
liquid-oriented WSN may be deployed on Venus.  
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Mars 
Mars plays a privileged role among the rocky planets. It is the planet that concentrates the 
uttermost likelihood to have been an abode of life during its history. Therefore, this planet is 
an essential place in planetary science. Three major themes are related to Mars exploration: 
Life, Climate and Geology. Though it seems that it is no longer the case, Mars had liquid 
water on its surface, for current mission reveals much evidence of ancient liquid water traces. 
Therefore, Mars surface may have been habitable and the subsurface may be a shelter to 
life forms which use the geothermal energy. Current and foreseen missions try to determine 
if life is or was present on Mars through the habitability trace and bio-signature. Mars 
atmosphere and climate need to be investigated, especially the understanding of the various 
cycle of water, dust and carbon dioxides. Geologic studies are linked to the two other 
scientific themes. Indeed, understanding of geological processes leads to, for instance, an 
overall comprehension of the sedimentary accumulations inferred by aqueous environments, 
improvement of dating techniques and understanding of climate change. A better knowledge 
of the internal structure and its history may clarify Mars history such as its magnetic field 
history. Similarly to the Moon, Mars is a high priority potential site for WSN deployment. WSN 
may be an asset to the red planet exploration such as seismic networks as well as 
meteorological stations in order to understand the dust impact on weather.  
 

 NEOs Mercury Venus Mars 
The 

Moon 

Science knowledge level 
(1)

 M M M H H 

Interesting sensor environment 
(2)

 S S S/A S/A S 

Escape velocity (km/s) - 4.25 10.36 5.03 2.376 

Orbital period 
(Earth days) 

- 87.97 224.7 1.026 27.322 

Rotation period 
(Earth days) 

- 58.646 −243.018 1.026 27.322 

Semi Major axis 
(km) 

- 57,909,227 108,209,000 227,943,824 384,400 

Atmospheric pressure (Pa) - trace 9.3.10
5
 619 10

-7
-10

-9
 

Temperature (K) (equator) (Min / 
Mean / Max) 

- 
100 / 340/ 

700 
719 / 735 / 

763 
130 / 210 / 

308 
100 / 220 

/ 390 

Gravity 
(m/s

2
) 

- 3.7 8.87 3.71 1.624 

(1)
: L=low, M=Medium, H=High 

(2): S=Surface, A=Atmospheric, L= Liquid-oriented  
Table 2 Inner planets and rocky bodies' characteristics 

 
Giant planets  
The giant gas planets cool when they become older. However, if the scientific model 
matches reality for Jupiter, the thermal evolution is not accurate for Saturn. In fact, Saturn is 
warmer than predicted. As a consequence, atmospheric thermal profile needs to be 
monitored by at least one entry probe. In addition, the chemistry of giant planets should be 
studied to improve our knowledge concerning their formation and evolution through noble 
gas abundance measurement. The internal structure is a mystery and in order to lift the frog, 
precession measurements will constrain the giant planets internal structure. 
The giant gas rings are small systems and their understanding is quite low. Several issues 
need to be tackled such as the accretion process on the ring, information about the solar 
formation and the origin and evolution of the giant planets. The giant planets may be a 
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laboratory for Earth processes. The process scale is uncommon, yet some atmospheric 
features are similar to Earth, the powerful magnetosphere and their interaction with the solar 
wind and the tidal evolution between giant planets and their moons are valuable information 
to learn about these processes that are interesting to understand Earth similarities and also 
observed exoplanets which are currently dominated by giant planets. 
The main interest for WSNs is atmospheric probes that will investigate the chemical 
composition and thermal profile of giant gas. 
 

 Jupiter Saturn Uranus Neptune 

Science knowledge level
(1)

 L L L L 

Interesting sensor environment 
(2)

 A A A A 

Escape velocity (km/s) 60.2 39.09 21.28 23.56 

Orbital period 
(Earth days) 

11.862615 29.447498 84.016846 164.79132 

Rotation period 
(Earth days) 

0.41354 0.444 -0.718 0.671 

Semi Major axis 
(km) 

778,340,821 1,426,666,422 2,870,658,186 4,498,396,441 

Effective Temperature 
(K)  

125 95 57 59 

Gravity 
(m/s

2
) 

24.79 10.4 8.87 11.15 

(1)
: L=low, M=Medium, H=High 

(2): S=Surface, A=Atmospheric, L= Liquid-oriented  
 
Table 3 Giant planets characteristics 

 
Moons of the giants planets 
Scientists can explore a large variety of processes thanks to the moons of the giant planets. 
They have different size, composition and available energy sources. Orbits, sizes and 
masses are well known, but composition and energy sources are just beginning to be 
investigated. For instance, a tidal heating mechanism supplies energy in Enceladus, Io and 
Europa. Some of these moons may provide a habitable subsurface environment thanks to 
water oceans covered in ice. Various processes have been observed such as silicate 
volcanism ice tectonics, impacts atmospheric escape such on Enceladus or magnetospheric 
interactions such on Ganymede. Specific science goals are targeted for the moons giant 
planets, the existence of internal ocean on Europa and Io needs to be probed. One of the 
major goals concerned the largest of Saturn's moons, Titan. This body possesses an 
atmosphere that is composed of nitrogen and organic matter, methane. The methane follows 
a similar cycle than hydrologic cycle that occurs on Earth with clouds, rain falls and lakes.  In 
addition, Io has an unusual atmosphere which undergoes 10 fold variations in atmospheric 
density depending on longitude. 
The interaction between the giant planet magnetosphere and their moons is very interesting, 
and especially, the one with Ganymede which possesses its own magnetosphere should be 
studied. 
All moons of giant planets may draw advantage from surface WSNs; however, few may 
benefit from atmospheric probes such as Titan, Io and only one, Titan, may use liquid-
oriented WSNs. 
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Jupiter’ moons Io Europa Ganymede Callisto 

Science knowledge level
(1)

 L L L L 

Interesting sensor 
environment 

(2)
 

A/S S S S 

Escape velocity (km/s) 2.376 2.03 2.74 2.44 

Orbital period 
(Earth days) 

1.769 3.551 7.155 16.689 

Rotation period 
(Earth days) 

1.769 3.551 7.155 16.689 

Semi Major axis 
(km) 

421,800 671,100 1,070,400 1,882,700 

Atmospheric pressure (Pa) 10
-6

 10
-7

 10
-11

 7.5 10
-12

 

Temperature (K) (equator) 
(Min / Mean / Max) 

80 / 130 / 2000 
(volcanic) 

50 / 102 / 
125 

70 / 110 / 
152 

80 / 134 / 
165 

Gravity 
(m/s

2
) 

1.796 1.315 1.428 1.236 

(1)
: L=low, M=Medium, H=High 

(2): S=Surface, A=Atmospheric, L= Liquid-oriented  
 
Table 4 Characteristics of Jupiter's moons 
 
 

 
Enceladus 

(Saturn) 
Titan 

(Saturn) 
Triton 

(Neptune) 

Science knowledge level
(1)

 L L L 

Interesting sensor environment 
(2)

 S A/S/L A/S 

Escape velocity (km/s) 0.24 2.64 1.4 

Orbital period (Earth days) 1.37 15.95 5.877 

Rotation period (Earth days) 1.37 15.95 5.877 

Semi Major axis (km) 238,037 1,221,865 354,759 

Atmospheric pressure (Pa) - 146,700 ~1.4 

Temperature (K) (equator) 
(Min / Mean / Max) 

32.9 / 75 / 145 93.7  35.6 

Gravity (m/s
2
) 0.113 1.354 0.779 

(1)
: L=low, M=Medium, H=High 

(2): S=Surface, A=Atmospheric, L= Liquid-oriented  
 
Table 5 Characteristics of the Saturn and Neptune's moons 

 
Remote sensing is a most appropriate way of observing a planet whose overall 
characteristics are not well known. Measurements thanks to orbiters or artificial satellites 
seem preferable than using WSNs. Thus, Giant planets and their moons may not be the 
envisaged in our SWIPE project. However, in the future planetary science, the advantage of 
WSNs will increase and they should be deployed. Only the inner rocky bodies remain in our 
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short list and long-range WSNs bring the best science return in a planetary science 
perspective, yet short range may provide tremendous scientific knowledge. 

4.1.2 Human exploration 

 
In human exploration perspectives (Garrick-Bethell, 2011), solar system bodies of interest 
are limited. Indeed, experience in long manned space journeys is relatively low. Except 
Apollo’s missions and ISS in low Earth orbit, manned space missions are virtually non-
existent. As a consequence, only near planets may be targeted. In addition, surface 
conditions must meet some requirements, for instance Venus possesses a too harsh 
environment to be selected. Only three bodies remain: the Moon, a Near Earth Object and 
finally Mars.  
 
Three scenarios are envisaged by the various space exploration programs. The first will 
begin with the return of Man on the Moon, in order to gain experience in the long duration 
journey into space, then an asteroid landing and finally, the human mission to Mars. In the 
second scenario, the lunar and asteroids mission has been inverted whereas in the scenario 
3, the asteroid mission is set aside.  
 

 
Figure 2 Human exploration program 

 
As a consequence, the future manned missions currently planned will target either the Moon 
or the asteroids. Yet, the Moon seems to hold much scientific interest despite a relatively 
new attention to NEOs. 
  
WSNs would provide vital information during the preparation phase for a future planned 
manned mission. The landing site environment must be precisely observed during a 
representative time and over the localised area where the mission should take place. The 
environmental monitoring includes illumination, weather specificities, atmospheric conditions 
and soil characteristics. Therefore, WSNs are key solutions and its specific benefits, spatial 
and time diversity, perfectly match the needs of a preliminary mission for human exploration. 
A surface data retrieval application with short range sensor nodes allows in-situ observation 
over a subsequent landing site in a manned mission perspective.  
 

4.1.3 Shortlist planets selection 

 
Since WSNs advantages provides greater benefits for human exploration, planets selected 
for a manned mission or a preliminary robotic mission defined the short list of SWIPE planet 
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selection. In addition, the three rocky bodies are also of high interest for planetary science 
concepts.  
 

4.2 Environment  

4.2.1 Mars  

 
Mars is geologically split into two sections: the northern hemisphere and the southern 
hemisphere. The southern area is composed of heavily cratered highlands. It is the oldest 
part of Mars. Plains with only few large craters are present in the northern hemisphere. This 
elevation and aspect dichotomy is not precisely explained and only unproved theories are 
proposed.   
Mars contains also specific features such as huge shield volcanoes. The Olympus Mons is 
the highest volcano in the solar system and it reaches more than 22 km altitude. However, 
the slope is rarely steep because its diameter is equal to 648 km.  
Large canyons spread over the highlands such as Valle Marineris which is 4000 km long and 
7km deep. Polar caps are present near the pole and their size changes depending on the 
Mars season. 
 
The surface characteristics vary based on the geologic localisation. Some places are only 
covered by pebbles such as in the phoenix landing site (Figure 3); whereas the Pathfinder 
rover has landed in high frequency boulder distributions (Figure 4). A major element of the 
mars soil is the dust. Indeed, dust may form dunes and rovers had already been trapped by 
sand such as Spirit.  
 

 
 

Figure 3 Mars pebbled surface 

 

 
 

Figure 4 Mars boulders 

 

Mars atmosphere is thin and the average pressure is equal to about 600 Pa. Its composition 
is dominated by carbon dioxide (95%) with a small ratio of nitrogen (3%) and argon (1.6%). 
Temperature varies from 130K (at polar cap) to 310K (at equatorial summer). Owing to its 
inclination, Mars undergoes season changes and dust plays an important role in Mars 
weather through storms that may last months. These storms greatly affect the solar 
irradiance and solar energy is no longer available.  
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4.2.2 Asteroids 

Asteroid environments are not comparable to each other. Only three have been investigated 
through satellite observation: 433 Eros, 25143 Itokawa and 4179 Toutatis. The surface of 
asteroids is dominated by craters and regolith. Due to a feeble gravity, asteroids do not 
possess any atmosphere; besides gravity is not uniform owing to the non-spherical shape. 
4179 Toutatis is a stony asteroid with less than 7 km long. Its formation is allegedly the 
consequence of an impact of two other asteroids. As its rotation results from two motions, it 
looks random. 433 Eros is about 16.8 km long and the major surface features are craters. 
Larger rocks supposedly stem from a unique impact that are supposedly erase smaller crater 
around it due to shockwave. 25143 Itokawa has surprisingly a low number of craters but the 
surface is covered by boulders. Their temperatures vary between 170K and 320 K. 
 

  
Figure 5 433 Eros photography 

 

4.2.3 The Moon 

 
The moon has a synchronous rotation; its rotation period is equal to its orbital period. 
Consequently, Earth-based observer can only see one side of the Moon. The observable one 
is called nearside whereas the other farside. 
The Moon is divided into two major landscapes: highlands and mare. Maria result from 
volcanism activity on the Moon. As their albedo looks darker because lava reflects less solar 
light than highlands, maria were inferred to be ocean, their name remains mare (plural: 
maria). Maria are essentially concentrated on the nearside of the Moon and cover 31%, by 
contrast, their ratio only reaches 2% on the farside.  
Maria are relatively rough and many boulders cover its landscapes as well as small scale 
impact craters which are inferior to 20m diameter. However, the slope is gentle and scarcely 
exceeds 5°. On the contrary, highlands are heavily populated by large craters that reach 
higher altitude. Although their surface is less rough than maria, slopes are steeper (7°- 10°). 
 
Boulder essentially consists of rocks of diameter between 2 to 40 cm. Regolith is the layer of 
rocks and dust on the lunar soil. It is fluffy on the first 10 centimetres but afterwards 
penetration is difficult because of the strong cohesion of dust. Lunar soil is at 95% composed 
of particles whose size is inferior to 1.37 mm and dust, which is composed by particles 
smaller than 50 micrometres in diameter, represents 40% to 50%. 
 
The South Pole Aitken is often set apart from other regions, for it is the consequence of a 
great impact and its crater is the largest one observed on the solar system. It has lower 
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altitude features but maria and highlands are present. Polar crater is often separated from 
the rest because of its specific environment. Indeed, the small inclination of the axial tilt with 
the ecliptic leads to an absence of seasonal change in the sun inclination. Therefore, some 
polar craters may be always dark because no solar rays can reach its centre. In these areas, 
the temperature is very low (about 35K) and forms cold trap. Thus, volatiles can be trapped 
such as water. Due to the same cause, the crater rims may be almost-always lit and solar 
resource availability may exceed 90% with solar incidence about 1.5°. By contrast, in 
equatorial regions, the lunar daylight exposure lasts about 14 days and 6 hours which are 
followed by the same duration of lunar night with temperature comprised between 100K and 
390K. 
The Moon does not possess any atmosphere; the pressure of about 10-7 to 10-10 Pa enables 
better vacuum that any techniques on Earth may achieve. This feeble pressure is due to the 
weak gravity of the Moon that cannot hold back particles that are produced by the solar wind 
and plasma.  
 
The radiation environment is very harsh on the Moon but also on Mars and on asteroids 
owing to the absence of magnetosphere. Indeed, these rocky bodies do not produce a 
magnetic field through a dynamo mechanism like Earth. Therefore, radiations coming from 
the Sun and from the rest of the universe are not deflected. 
 

4.3 Conclusion  
The Moon is the selected solar body for the SWIPE mission, for the human exploration is 
more suitable to the WSN concept and the Moon provides the maximum interest in a 
planetary science perspective. Besides, a lunar mission is feasible from an H2020 point of 
view because of the advanced knowledge about the Moon. The application type of the 
SWIPE WSN will be surface data retrieval over the harsh Moon surface (Figure 6). The 
following section will design the mission and especially the science goals of the SWIPE 
mission. 
 

 
Figure 6 WSN on the Moon surface 
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5 Mission design 

5.1 Scientific mission  

5.1.1 Mission outline 

 
Our mission aims to explore the benefits of Wireless Sensor Networks. The time and spatial 
diversity are the most interesting advantages provided by WSN. The first in-situ 
measurements through sensor networks have been deployed during the Apollo Mission 
through the seismometer networks. However, this network only communicates directly to the 
Earth. The SWIPE mission intends to deploy a distributed network over a local area.  
One of the most interesting local features on the Moon’s surface are swirls. Swirls have a 
high albedo such as the Reiner Gamma swirl (Hood, 2001). This property often implies a 
younger regolith because the optically immatureness of the regolith stems from a shorter 
exposition to the solar wind. However, some analyses reveal no geophysical and age 
difference between high albedo swirl than near less bright areas (See the difference between 
the maps in visible wavelength -Figure 7-, with optical maturity -Figure 8- and with 
topography -Figure 9). The bright looping pattern often contains lanes of darker material. 
These are located in both the mare and highlands and both on the nearside and farside.  
Swirls tend to be associated with magnetic anomalies (Halekas, 2001). Therefore, some 
scientists speculate that they are consequences of different space weathering conditions. 
Indeed, the magnetic anomaly may shield the surface from the solar wind (Blewett, 2011). 
Another hypothesis explains the albedo anomaly thanks to the formation of electrical fields 
due to the shield against the solar wind. The differential penetration of protons and electrons 
owing to the magnetic field create an electrical field that could attract or repel fine lunar dust 
that levitates (Garrick-Bethell, 2011). This results in an albedo modification. Another theory 
describes these anomalies as the result of the collision with the coma of comets or other 
comet-related materials. This event deposes a thin layer that is brighter (Starukhina, 2004).  
 

 
Figure 7 - Reiner Gamma swirl in VIS 
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Figure 8 - Reiner Gamma swirl optical maturity (OMAT) 

 

 
Figure 9 - Reiner Gamma topography 

 
The lunar magnetic anomalies are associated with swirls (Blewett, 2007). Besides, these 
enigmatic features may be explained through the studies of the magnetic field and the 
shielding against solar wind (Hood, 2008). These anomalies are caused by a natural 
remanent magnetization of the lunar crust encircled by a magnetic field. The surrounding 
field may be provided by the interplanetary magnetic field that had been enhanced due to the 
impacts that lead to basins or caused by comets collision. Another theory puts forward that 
the magnetic field stems from an ancient dynamo effect of the lunar core (Hood L. L., 2008) 
(Hood, 2011) (Richmond, 2012). In both cases, the remanent magnetization is due to thermal 
or/and shock crustal response (e.g. Curie temperature). The Lunar Prospector and Apollo 
missions suggest that the strong anomalies tend to be located on the antipodes of the lunar 
basin (Halekas, 2001)  (Richmond, 2005).  
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In order to study these enigmatic features, two sensors suites will be built around a future 
manned mission or outpost: 

 Radiation package  

 Illumination and thermal package 
Two other optional sensor suites will be mainly devoted to planetary science: 

 Dust package 

 Geophysical package 
 
The sensor nodes must meet some constraints. In order to be largely deployed, they must be 
limited in size and mass. As a consequence, in the SWIPE project, the sensor node is 
planned to be a tetrahedron of 20 cm width and less than 2 kg. However, a central node is 
not limited by these requirements as it holds the communication device linked to the orbiter 
or a direct Earth station. As a consequence, some sensor suites may be deployed in this 
central node if they are too complex or heavy to be located in all the sensors and if they do 
not require a distributed deployment. 

5.1.1.1 Radiation package  

 
One of the main problems to human exploration beyond a low earth orbit is the harsh 
radiation environment. Four main radiation types dominate the lunar environment: low energy 
solar wind particles (SWPs), high energy galactic cosmic rays (GCRs), sporadic high energy 
particles (Solar Energetic particles, SEP), produced during solar energetic events such as 
solar flares, and coronal mass ejection (CME). The radiation caused by the interaction of the 
previous radiation sources with the lunar regolith from several microns depth to about a 
meter must also be considered.  
Solar flares are magnetically driven explosions on the solar surface. They produce a 
powerful burst of electromagnetic radiation in the form of X-ray, extreme UV-ray, and gamma 
ray radiation. CME is often related to large solar flares but the correlation between these two 
events is not well defined and each event may occur independently from the other (Clark, 
2007). CME will release vast clouds of seething gas, charged plasma of low to medium 
energy particles with embedded magnetic field that greatly affects the Earth’s 
magnetosphere. Solar flares and CME may cause SPE. The solar wind is the dominant 
source for ionizing radiation whereas the galactic cosmic ray is a smaller source (Table 6). 
The solar energetic particles, also called solar cosmic rays, are rare but briefly intense.  
 
Type Solar Wind Particle Solar energetic 

Particles  
Galactic cosmic rays 

Nuclei energies ~0.3 to 3 keV/nucleon ~1 to >100 MeV/ 
nucleon 

~0.1 to >10 GeV/ 
nucleon 

Electron energies ~1 to 100 eV <0.1 to 1 MeV ~0.1 to >10 GeV 

Fluxes (protons/cm2s) ~3 x 108 ~0 to 106 ** 2 to 4 

Particle ratios***    

electron/proton ~1 ~1 ~0.02 

proton/alpha ~22 ~60 ~7 

L (3 ≤ Z ≤ 5)/alpha n.d. <0.0001 ~0.015 

M (6 ≤ Z ≤ 9)/alpha ~0.03 ~0.03 ~0.06 

LH (10 ≤ Z ≤ 14)/alpha ~0.005 ~0.009 ~0.014 

MH (15 ≤ Z ≤ 19)/alpha ~0.0005 ~0.0006 ~0.002 

VH (20 ≤ Z ≤ 29)/alpha ~0.0012 ~0.0014 ~0.004 

VVH (30 ≤ Z)/alpha n.d. n.d. ~3 x 106 

Lunar penetration depths     

protons & alphas <micrometers centimeters meters 

heavier nuclei <micrometers millimeters centimeters 

Table 6 major forms of ionizing radiation on the moon (Heiken, 1991) 
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Radiation is a major problem for human exploration because there is no long manned 
mission achievement without Earth’s magnetosphere protection. The health impacts are 
undisputable, for instance, solar storms may produce nausea within an hour of radiation 
exposure to death after a few days (Cucinotta, 2009).  
The basic measurement for the radiation monitoring and sensing is the total ionizing dose 
(TID) during the overall mission in order to observe the shielding efficiency of the magnetic 
anomalies. Ionizing radiation needs to be distinguished between the different energy level in 
order to compare the efficiency according to the origin of the radiation, thus SEE (Single 
Event Effect) will be monitored within various intervals: 0-100eV, 100-1MeV, 1MeV-10GeV 
and energy superior to 10GeV. It is supposed that cosmic galactic rays are not or just slightly 
deflected by the magnetic anomaly. In addition, the solar wind radiation needs to be 
monitored on the high albedo swirl forms as well as on darker regions in close location. 
Therefore, the radiation sensor needs to be distributed. This radiation sensing will provide 
high value information about the solar wind process and its correlation with the high albedo 
features. The impact on biological tissue through experimenting should be prioritized; 
however timescales and development of such experiment are not appropriate with the cost 
and time restrictions of the SWIPE project. 
Complementary sensor may be deployed in order to study the magnetic variation during 
specific events such as solar flares, CME or periodic event such as magnetotail crossing, 
terminators. This measurement may be executed thanks to a distributed structure and 
included in each sensor node. This solution provides very accurate information about the 
magnetic field magnitude distribution that can be correlated to location and radiation sensor 
in order to assess hypotheses concerning the swirl formation. To reduce the cost this 
optional magnetometer may be only deployed in the central node in order to observe the 
impact of solar flares and CMEs on the magnetic field (Potentially redundant with the 
geophysical package, see 5.1.6.2.4).  
 

 TID radiation sensor SEE radiation sensor Magnetometer 

Distributed    
Centralized    
Mandatory/o
ptional 

M M O 

Human 
exploration 

High 
(Human health during 

long mission in a 
magnetic anomaly on the 

Moon) 

High 
(Observe various 

radiation in function of 
the energy because it 

implies different effects 
on human health) 

Low 
Magnetic field   

Planetary 
science 

Small interest 
 observe the variation of 

TID according to the 
albedo location 

High  
Correlation between the 
optical maturity and the 
radiation (specifically the 

constant solar wind)  

High 
Correlate the magnetic 

field variation with solar 
events and mini-
magnetosphere 

efficiency 
Table 7 Sensors interest of the radiation package for human exploration and planetary science 
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5.1.1.2 Illumination and thermal package 

 
This package aims to provide accurate measurement of indispensable information to ensure 
the success of long manned missions on the Moon. The illumination is the major source of 
energy during the SWIPE mission. Indeed, to reduce the cost of sensors, the solar energy is 
a necessity. As a consequence, the mission site has to take into account this parameter.  
Firstly, the observation needs to be done on the visible wavelengths to assess an accurate 
illumination pattern and duration that is necessary to future manned missions. The near 
infrared and ultra-violet need also to be monitored. Illumination environment of the mission 
site can also be used to observe some dust levitation glow during the terminator events. In 
addition, the ultraviolet may induce some damaging interactions with regolith.  
The second parameter that needs to be monitored is the thermal variation during the synodic 
period. The Moon has a very harsh environment because of the great temperature variation 
of the regolith. As a consequence some temperature probes need to monitor precisely the 
thermal evolution that will be correlated to the illumination information.  
The wavelengths of interest are 300nm for ultraviolet (UV), 415-650nm (visible spectrum), 
950nm (Near Infrared, NIR), 8000nm (Mid Infrared, MIR) and 20 000nm (High Infrared, HIR, 
thermal behaviour).  
 

 Illumination sensor Thermal sensor 

Distributed   

Centralized   

Mandatory/o
ptional 

M M 

Human 
exploration 

High 
(Get illumination pattern and magnitude 

to tune the future manned mission) 

High 
(done jointly with the illumination 

for the same reason) 

Planetary 
science 

Medium interest 
May provide interesting information 

about the glow during terminator 
because of putative dust levitation 

  

none  

Table 8 Sensors interest of the illumination and thermal package for human exploration and 
planetary science 

 

5.1.1.3 Dust package 

 
Horizon glows have been observed during sunset by the Surveyor 5, 6 and 7 spacecraft. It 
reaches the altitude of 10 to 30 cm and it allegedly comes from electrostatic levitation of dust 
grains with diameters inferior to 10 micrometres. However, this model does not explain the 
observation of the Apollo 17 crew which has reported a bright streamer that reaches 100km 
altitudes. It may be explained by the dynamic dust fountain explains in (Stubbs, 2006) 
Yet, there is no ascertained evidence of levitation and dust mobility on the moon. In 2010, 
the author found that the intensity of reflected light form the laser reflector deployed during 
the Apollo mission has decreased by about an order of magnitude for 40 years. The more 
likely explanation is the gradual deposition of dust because of dust levitation and motion.  
 
In order to assess the dust motion during terminator, a minimal mandatory sensor will 
evaluate the amount of deposited dust. This sensor will not help to confirm a hypothesis or 
build another one. To do that, sensing may include velocities of dust grains measurement 
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when they levitate as well as their trajectories evaluation. As the preferable hypothesis 
includes an electrical field constituent, a dedicated sensor to this measure seems a good 
option.  
 
The dust package may be integrated in each SWIPE nodes in order to draw advantage from 
spatial diversity. However, the complexity and additional cost from dust trajectory and speed 
sensors hinder the distributed deployment. As well, the electric fields sensor can be deployed 
in a centralized manner.  
 

 Deposition sensor Dust trajectory and speed 
sensor  

Electrical fields sensor 

Distributed    
Centralized    
Mandatory/opti
onal 

M O O 

Human 
exploration 

medium 
(the presence of dust 
levitation will affect 

human mission) 

medium 
(idem) 

High 
(electrical fields as 

electrostatic dust may be 
an harsh problem to 

manned mission) 

Planetary 
science 

high interest 
assess the presence of 

dust motion and 
levitation 

High 
Measure accurate 

parameters of the dust 
levitation to assess or 

infer scientific hypothesis 

High 
Levitation dust 

explanation rely on 
electrical fields 

Table 9 Sensors interest of the dust package for human exploration and planetary science 

 

5.1.1.4 Geophysical package 

 
The international lunar network (ILN) is trying to deploy a long-range sensor network with 
seismometers as main sensors. This seismometer network aims to define the inner part of 
the moon and especially try to assess the presence of an inner core which would be liquid or 
solid. This network will provide paramount information about the differentiation history of the 
moon. Although the point of such sensors is inexistent for a preliminary mission that will lead 
to a human exploration mission, a geophysical package reaches a very high priority 
considering planetary science. Therefore, every in-situ mission is highly recommended to 
bring a geophysical package if it does not jeopardize and coerce the primary mission.  
This sensor suite does not need to be distributed in our mission scale because, in order to 
have spatial diversity with such measurements, the minimum spacing distance between two 
sensors is about 2000 kilometer order (ILN CIWG, 2009). As a consequence, our mission 
can carry only one seismometer owing to our WSN coverage with width that cannot exceed 
hundreds kilometers and that is likely inferior to 20km. 
 
The complete geophysical package consists of a seismometer, a heat flow probe, 
electromagnetic sounding sensor and a laser retroreflector.  
Seismometer aims to delineate the interior structure of the Moon. Origin, evolution and 
current structure will be better understood through layer scale and composition variation of 
crust, mantle and inner core. The seismometer will monitor the various wave induced by 
moonquakes and analyses of parameters such as their velocities and magnitudes will imply 
different constraints on the inner structure of the Moon.  
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Heat flow probe will imply a better knowledge about the thermal characteristics of the interior 
of the Moon, as well as its thermal history. The thermal activity on the Moon consists of 
radiation and convection. Thus, the bulk abundance of radiogenic elements can be derived 
from this information and some constraints about the Moon’s core size and thermal state. 
 
Electromagnetic (EM) sounding will complement the seismology and heat flow to improve our 
knowledge of the internal structure and thermal evolution of the Moon. EM sounding tends to 
infer the composition and thermal conductivity through the measure of the electrical 
conductivity to different depths.  
 
A laser retroreflector goal is to improve the accuracy of the already present laser 
retroreflector deployed during the Apollo mission. This network will monitor more precisely 
the subtle modification of the lunar orbit and rotation. The interpretation of this wobbles 
implies constraints in terms of lunar interior structure and behaviour. The retroreflector will 
not be set up because the mission site is on the farside of the Moon (Paragraph 5.1.2).  
  

  Seismometer Heat flow EM sounding Laser retroreflector 

Distributed     
Centralized     
Mandatory
/optional 

O O O O 

Human 
exploration 

Low 
(information about 

frequency and 
magnitude of seism) 

none None none 

Planetary 
science 

High 
Structure and 

composition of the 
interior of the Moon 

High  
Thermal activity 
and radiogenic 

elements 
abundance 

High 
Internal structure 
and composition, 

and thermal 
evolution 

High 
Internal structure of 

the moon 

Table 10 Sensors interest of the geophysical package for human exploration and planetary 
science 

 

5.1.2 Mission site selection 

 
The primary mission will study the magnetic anomalies and the associated enigmatic 
features; swirls. There are many swirls on the moon which are located on both nearside and 
farside of the Moon. The Table 11 contains the main swirls with their location and their 
magnetic anomaly magnitude. Four swirls are associated with strong magnetic anomalies 
which exceed 20 nT, according to the moon environment: the Descartes crater and Reiner 
Gamma swirls on the nearside and the Gerasimovich Crater and Mare Ingenii on the farside. 
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Location 
Approximate 

Lat, Lon 
Setting 

Magnetic Anomaly 
Strength (nT) 

At 30km of altitude 
Swirl Character 

Abel 32°S, 88°E Mare/highland 10 – moderate None recognized 

Airy 18°S, 3.25°E Highland 13 – moderate Loop/dark lane 

Crozier 15°S, 51°E Mare/highland 6 – weak None recognized 

Descartes 10.5°S, 16.5°E Highland 24 – strong Diffuse bright spot 

Firsov 4.7°N, 115°E Highland 11 – moderate Complex 

Gerasimovich 21°S, 123.5°W Highland 28 – strong Loop/dark lane 

Hartwig 9°S, 80°W Highland/mare 12 – moderate None recognized 

Hopmann 48.5°S, 160°E Mare/highland 5 – weak Complex+loop 

Ingenii 33.5°S, 160°E Mare/highland 20 – strong Complex 

Marginis 16°N, 88°E Mare/highland 6 – weak Complex 

Moscoviense 27°N, 145°E Mare 4 – weak Complex 

NW of Apollo 25°S, 162.5°W Highland 12 – moderate Loop/dark lane 

Reiner Gamma 7.5°N, 57.5°W Mare 22 – strong Complex 

Rima Sirsalis 8.5°S, 55.5°W Mare/highland 8 – moderate Loop/dark lane 

Stöfler 37°S, 5°E Highland 10 – moderate None recognized 

Table 11 main Moon’s swirls (Blewett, 2011) 
 

 
Figure 10 - The four swirls location with the strongest magnetic anomalies 

5.1.3 Farside and nearside swirls 

The nearside swirls have been extensively studied with remote observations whereas farside 
swirls are more enigmatic. Actually, the entire farside is less known and understood. The 
main reason is the absence of human exploration mission. All Apollo’s missions have been 
landed on the nearside of the Moon because of the crucial advantage provides by the 
possible direct Moon-Earth communication. However, filling the gap is needed because the 
farside holds outstanding information for planetary science. Concerning the geophysical 
package, the seismometer probe will take advantage from a farside location. Indeed, a 
complete seismic network on the Moon is one of the top-priority missions and a probe on the 
farside on the moon is necessary. Currently, the only deployed seismometers have been set 
up during the Apollo missions. Information provided by such a network is limited. In addition, 
the South Pole-Aitken basin, located on the central southern farside, can address all science 
goals. The South Pole-Aitken basin is the largest impact crater which is identifiable on the 
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Moon’s surface and potentially the oldest structure on the Moon. Although a nearside site 
location provides a great advantage in terms of communication, the science benefits are far 
more attractive, from a scientific point of view, for this mission and the future human 
exploration mission.  
The mission site list is then reduced to the Mare Ingenii and the Gerasimovich crater. 

5.1.4 Science objectives  

The mission site selection must take into account the future scientific endeavours that will be 
carried out by a manned mission. Therefore, our selected swirls must maximize the potential 
science goals achievements for Moon science. Lunar science objectives try to solve and 
study four main issues:  

- The beginning of the Earth/Moon system; the most commonly accepted hypothesis 

is the collision between a proto-earth and a Mars-size object. 

- The evolution of a differentiated planet; this theme relies on the lunar magma 

ocean hypothesis. After the giant impact, the moon accretes and forms an ocean of 

magma that covered the entire moon and reached several hundreds of kilometres in 

depth. The lunar magma ocean has crystallized and undergone other processes to 

differentiate and lead to a multi-layer planet interior with crust, mantle and a core. 

- The solar system impact history is divided into 2 periods. The first one is 

dominated by a heavy bombardment that occurred about 4.0 billion years ago and 

has significant consequences on the rocky planets evolution and on the emergence 

of life and its evolution. The second period undergoes less frequent impacts and 

provides a well-preserved record of bombardment history. 

 

Figure 11 Lunar surface chronology 

 
- The lunar environment; the lunar atmosphere is very tenuous; therefore it’s an 

accessible target to observe various processes. The moon may also provide high 

value information about volatiles processes thank to volatiles in the polar region. 

In (Council, 2007), eight science concepts are described to assess the various hypotheses, 
study and understand the history and evolution of the Moon and its environment. In order to 
evaluate the swirl relevance in the lunar science goals, the lunar science concept will be 
briefly described and the Gerasimovich and Ingenii basin will compete to meet the major part 
of their requirements (Kring, 2012). 
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5.1.4.1 Concept 1: Bombardment history of the Moon 

 
The moon has recorded the bombardment history of the inner solar system which is highly 
linked to the impact history on Earth. The heavily cratered surface of the Moon enables 
scientists to estimate its age through both crater density and radiometric age techniques: 
 

 1a- Test the cataclysm hypothesis; a subsequent bombardment has possibly 
occurred during the pre-nectarian period, more than about 4 billion years ago, 
during the emergence of life on Earth. This hypothesis influences the solar system 
formation theory and need to be assessed. 
Landing sites: 

 Mare Ingenii is a consequence of a pre-nectarian impact above another pre-
nectarian impact the South-Pole Aitken basin that is the oldest and largest of 
the basins on the Moon. 

 

 1b- Determining the age of the oldest lunar basin; the South-Pole Aitken 
Basin. In order to have a precise chronology of the lunar history, isotopic dating 
of the South-Pole Aitken Basin is a major scientific goal, as currently, its age only 
relies on the crater density techniques.  
Landing sites:  

 Idem; Mare Ingenii is located on the North West limb of the SPA basin and 
may contain samples from the SPA impact. 
 

 1c- Establish a precise chronology; there is a lot of debate among the scientific 
community about procedures and techniques used to date the Moon surface. A 
precise lunar chronology is needed and Tycho, Copernicus craters and Orientale 
basin drive the lunar chronology for the Copernican, late Imbrian eons.  
Landing site: 

 Mare Ingenii is located near the O'Day crater that is typically from the 
Copernican eon whereas the Mare Ingenii is typically pre-nectarian. 

 The Gerasimovich crater is representative of the Upper Imbrian period. 
 

 1d Assess the recent impact flux; a discussion affects the recent impact flux 
theory, especially the variation of impact frequency. Some scientists think that 
impact frequency has increased and is linked to mass extinction on Earth. The 
Moon provides inestimable record of the recent impact flux to assess this 
hypothesis. 
Landing sites: 

 The recent O'Day crater is located on the edge of the Mare Ingenii. 
 

 1e Study the role of secondary impact craters; ejecta from a primary crater 
may form secondary craters, this leads to an overestimation of the surface age by 
density crater techniques; thus the understanding of secondary craters formation 
and distribution will improve the date estimation techniques on the Moon, but also 
on other solar system bodies such Mercury. 
Landing sites: No potential mission 
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5.1.4.2 The structure and composition of the lunar interior  

 
The geologic process and differentiation of the Moon is not clear and its deep interior 
contains high value information about its initial composition and its evolution through 
differentiation crustal formation and magmatic history. 

 2a Thickness of the lunar crust; analyses done thanks to Apollo's mission led to a 
allegedly thickness of 60 km, however recent studies conclude to a thinner crust of 
about 30 to 45km. An accurate crust thickness sizing is very important to understand 
the interior of the Moon and understand the crystallisation process after the magma 
ocean. 
Landing sites: 

 The mare Ingenii is located on a region where the crust thickness is 
representative of the SPA region and the lower crust may be exposed on the 
rings of multi-ring craters or basins. 

 

 The Gerasimovich is located on region where the crust thickness is 
representative of the FHT-A region 

 

 2b Chemical and physical stratification in the mantle; the mantle composition is 
not well understood despite the seismic studies performed thanks to Apollo's network. 
One of the major questions affects the lunar interior at 500km depth. Seismic 
velocities profile undergoes a subsequent discontinuity that may possibly define the 
boundary of the magma ocean. 
Landing sites: 

 Mare  Ingenii provides interesting sample thanks to mare basalts presence 
 

 2c characteristics of the lunar core; the core of the Moon seems to be small; less 
than 460 km radius and the composition is unknown. However, these characteristics 
constrain our understanding of the beginning and the evolution of the Moon and may 
validate the proto-Earth and a Mars-sized body collision theory. 
Landing sites: 

 The Gerasimovich and the mare Ingenii are located on the moonquake nest 
antipodes and they are located on region with typical thickness crust. 

 

 2d thermal state of the interior; the thermal interior of the Moon will provide 
information on the Moon interior composition. The thermal history and its energy drive 
the geophysical and geochemical processes.  
Landing sites: 

 sinuous rilles are present in the mare Ingenii 
 

5.1.4.3  Lunar crustal rocks are clues for key planetary processes 

 

 3a extend and composition of the Feldspathic crust, KREEP layer and other 
products of planetary differentiation; the Moon may be divided into three types of 
terrane: Feldspathic Highlands Terrane (FHT), South-Pole Aitken terrane (SPAT) and 
the Procellarum KREEP Terrane (PKT). The SPA basin is the largest observed basin 
on the Moon and it may have reached the lower crust or the mantle. On the nearside, 
where the crust is thinner, some impact basins, such as Imbrium, have excavated 
rocks from the KREEP layer. 
Landing sites: 
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 Ingenii basin may provide important information about KREEP, lower crust 
may have been excavated as well as mantle can be found in its ejecta and 
peak ring  

 

 3b Inventory the variety, age, distribution, and origin of lunar rock types; Apollo 
missions have provided the major knowledge of the lunar rocks through samples. 
However, the landing sites were always located on a PKT region or at the boundaries 
and lack of materials from the FHT and the SPAT is a major drawback. 
Landing sites: 

 Mare Ingenii rocks have not been studied and their specific iron, titanium and 
thorium abundance are not similar to current samples. 
 

 3c Determine the composition of the lower crust and bulk of the moon; the lunar 
magma ocean theory implies constraints on the crust composition and structure. 
Therefore samples from sites where the lower crust have been excavated are keys to 
understand the origin of the Moon. 
Landing sites: 

 The presence of mantle and upper crust is considered in rings of mare Ingenii. 
 

 3d Quantify the local and regional complexity of the current lunar crust; the 
lunar crust thickness and composition is not constant so every geophysical model 
needs to get precise regional characteristics. One of the first discontinuities in the 
lunar crust is difference either in thickness or density between the farside and the 
nearside that leads to an offset between its geodesic centre and its centre of mass. 
Landing sites: 

 Regional variation of the lower crust may be linked to the gravitational 
anomalies on the Moon. Mare Ingenii is a local gravitational anomaly with 
concentric rings of positive and negative anomalies. The presence of the 
O'Day crater a Copernican crater with central peak is also interesting. 

 

 3e extent and composition of the megaregolith; the large impacts which generate 
basins and multi-ring craters have excavated material. These materials have been 
fragmented, melted and compacted and they form the megaregolith. Its study may 
provide information about the crust and its relation with the megaregolith. 
Landing sites: 

 The presence of a recent crater (O'Day) and a pre-nectarian basin (Mare 
Ingenii) is a real asset for this scientific goal. However, Mare Ingenii is not the 
preferred landing site. 

 

5.1.4.4 Concept 4: The lunar poles are special environments that may bear 
witness to the volatile flux over the latter part of solar system history. 

 
The very small obliquity of the Moon infer always-dark region into the pole deep craters. The 
low temperatures (ranging between 35K and 80 K) allow the trapping of volatiles and these 
craters may contain the history of volatiles on the Moon and the solar system. As both the 
Gerasimovich crater and the mare Ingenii are not located on pole. This science goal will not 
be further described. 
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5.1.4.5 Concept 5: Lunar volcanism provides a window into the thermal and 
compositional evolution of the Moon. 

 
As the lunar crust, lunar volcanism cannot be described with simplified models, such as the 
volcanic asymmetry between the farside and the nearside. 
 

 5a origin and variability of lunar basalts; 17 % of the surface of the Moon is 
covered by mare basalts with a major ratio on the nearside. It provides critical 
constraints on the differentiation and thermal evolution of the Moon.  
Landing sites: 

 Mare Ingenii contains volcanic rocks whereas the Gerasimovich crater is 
located on highlands. 

 

 5b age and chronology of the mare basalt; the youngest mare basalt may be as 
young as 1.2 billion year old whereas the oldest mare basalt are not accurately dated 
and pre-mare volcanism are not well understood. 
Landing sites: 

 Idem as 5a 
 

 5c compositional range and extend of lunar pyroclastic deposits; pyroclastic 
volcanism may provide the most direct samples from the mantle as well as a 
tremendous resource for future manned mission and in-situ resource utilisation. 
Landing sites: 

 No pyroclastic deposits on both possible landing sites. 
 

 5d evolution of volcanism through space and time; there is a dearth of 
understanding of the overall volcanism process such as the magma production rate 
and its chemical evolution. Measures should be performed on mare regions. 
Landing sites: 

 Mare Ingenii is a mare on the farside of the Moon however the potential 
benefits of Mare Ingenii cannot be certain. 

5.1.4.6 Study the impact process on planetary scale  

 
The impact process is a major process that shapes the lunar surface. Studying crater 
formation for simple craters, complex craters and multi-ring basins provides an invaluable 
help to many science concepts and particularly for sampling in order to model the origin of 
the rock excavated by the impact.  
 

 6a Characterize the existence and extent of melt sheet differentiation; the shock 
leads to rock melting due to the huge amounts of kinetic energy. Samples are 
dominated by this type of rocks. Some impacts may undergo a slow cooling that 
allows the differentiation to be visible.   
Landing sites: 

 Mare Ingenii is a preferable site because, there is a possible existence of melt 
sheet differentiation and the recent O’Day crater may act as a natural probe to 
observe this process. 

 

 6b Determine the structure of multi-ring basins; multi-ring basins are the largest 
impact features on the Moon. They may reach more than 400km diameter. Their 
definition is not really precise and an accurate model is necessary as multi-ring 
basins may provide the deepest samples.  
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Landing sites: 

 Mare Ingenii is a multi-ring crater that has 3 or more rings with a peak ring and 
an outer ring, yet it is not well preserved. 

 

 6c Quantify the effects of planetary characteristics on crater formation and 
morphology; this study allows a more complete understanding of the impact 
process. This is necessary in order to interpret the impact mechanism on other planet 
such the Earth.  
Landing sites: 

 None 
 

 6d Measure the extent of lateral and vertical mixing of local and ejecta material; 
finding out the origin of lunar rocks is very complex due to the high number of 
potential cause. Modelling the extent of ejecta material is a key element. 
Landing sites: 

 None 

5.1.4.7 Concept 7: The Moon is a natural laboratory for regolith processes and 
weathering on anhydrous airless bodies. 

 
The regolith processes are mainly composed of impact process as well as the solar wind and 
interstellar radiation processes that will reshape the surface of the anhydrous body.  
 

 7a Search and characterize the old regolith; the ancient regolith contains 
paramount information about the pristine time of the Moon and solar system. The 
different layers of lava in maria may contain old regolith preserved from recent 
radiation and impact processes. This regolith records the radiation at specific times, 
specific ejecta material as well as the composition of the various impactors. 
Landing sites: 

 Mare Ingenii may have ancient regolith and the O’Day crater may have 
excavated it. 

 

 7b Determine the physical properties of the regolith at diverse locations; 
regolith is the main resource for future manned mission. Iron, oxygen and valuable 
components may be found on the regolith. In addition, their physical property analysis 
is essential to a long duration human exploration and basic activity such as drilling, 
building, transport. 
Landing sites: 

 The properties of the regolith are interesting everywhere on the Moon and 
especially on future human exploration mission landing site 

 

 7c Understand regolith modification processes; Space weathering affects the 
regolith. Its impact on remote sensing interpretation is subsequent for the Moon or 
other anhydrous. Its study should be performed through investigations of various 
samples. 
Landing sites: 

 Both potential landing sites are localized on strong magnetic anomalies. 
 

 7d Separate and study rare materials in the lunar regolith; large impact on Earth 
may produce ejecta that reach the Moon. Therefore, it is theoretically possible to find 
rocks on the Moon that stem from the pristine Earth and provide new information 
about the early history of our planet. 
Landing sites: 
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 Meteorite from earth or from other rocky planets may be more easily 
discerned into ancient regolith excavated by recent crater. The O'Day crater is 
one of them. 

 

5.1.4.8 Concept 8: Processes involved with the atmosphere and dust 
environment of the Moon are accessible for scientific study while the 
environment remains in a pristine state. 

 
This concept wants to study the thin atmosphere of the Moon and its dust environment 
before robotic and manned mission with landers destroy or affect too much this environment. 
As a consequence, this concept is in contradiction with our mission. LADEE NASA mission 
will answer to many issues that are described in this concept. 
 

Categories /Sub-Categories Ingenii basin Gerasimovich Crater 

1-Bombardment history 

1a  3 0 

1b 2 0 

1c 3 2 

1d 2 0 

total 10 2 

    

2-Lunar interior 

2a 3 3 

2b 2 0 

2c 3 3 

2d 2 1 

total 10 7 

    

3-Lunar Cristal Rocks 

3a 3 0 

3b 3 1 

3c 3 1 

3d 3 0 

3e 1 0 

total 13 2 

    

4-Lunar poles and  
volatiles 

 0 0 

    

5-Lunar Volcanism 

5a 3 0 

5b 2 0 

5c 0 0 

5d 0 0 

total 5 0 

    

6-Impact process 

6a 3 0 

6b 3 0 

6c 0 0 

6d 0 0 

total 6 0 
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Categories /Sub-Categories Ingenii basin Gerasimovich Crater 

7-Regolith processes  
and weathering 

7a 3 1 

7b   

7c 3 3 

7d 2 0 

total 8 4 

    

8 lunar atmosphere 8 0 0 

    

Total  52 15 
Table 12 Comparison of Gerasimovich crater and Mare Ingenii through site potential fulfilment 
of lunar science  

 
Mare Ingenii is the landing site that gathers the most interesting characteristics in a science 
point of view. The Gerasimovich crater is located on farside highlands whereas Mare Ingenii 
is located in one of the most attractive basins on the Moon: the South-Pole Aitken basin. In 
addition the Mare Ingenii is a volcanism feature and the proximity of the O’Day crater, which 
is recent, is a real asset to this landing site. However, the advantageous science feature on 
Mare Ingenii may be far from each other because its crater diameter is equal to 560 km and 
its main rim is 315 km large (Figure 12). Besides, O’Day crater is located on the north-west 
from Mare Ingenii and may be difficult to reach from the mare basalt, because of the distance 
and the elevation variation. Yet, Ingenii basin remains the most attractive landing site from a 
science point of view.  
 

 
Figure 12 Mare Ingenii and O’Day crater  

5.1.5 Illumination resource 

 
This mission aims to find a shelter from radiations for future human exploration missions. 
One of the most significant resources to human activity is the solar irradiance. Indeed, the 
solar energy is a fundamental resource to our mission and also to future human mission or 
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human outpost. Besides, the illumination will be the main driver to human activity and human 
mission timeline due to the visibility necessity to carry out experiments on the Moon.  
 
The Gerasimovich crater is located at latitude 21°S and longitude 123.5°W. Its latitude does 
not highly constraints the insolation duration. However the crater is not very large with about 
75 km diameter and the relief is important. As a consequence, the crater rim may occult a 
large part of the solar rays during the lunar day and thus, decrease the available energy for 
sensors and the potential future human activity. The figure shows the sun occultation by the 
crater rim on the crater centre.  
 
The Ingenii basin is larger than the Gerasimovich crater and its gentle slopes are an 
advantage over the previous one even if it is located on southern latitude (33.5°S, 163°E).  
The choice of the landing site in the Ingenii basin may take into account the solar insolation 
duration. One of the most valuable forms of swirl is located next to the basin centre than 
prevents this site from rim drawbacks. However, the Thompson crater that is located in the 
Ingenii basin has generated a rim next to this location; the influence on the solar insolation 
duration may be negligible and occurs only at sunrise. 
 

5.1.6 Mission timeline 

5.1.6.1 Overall mission duration  

 
The total mission duration is manly driven by the primary mission performed by the radiation 
package. The duration should comprise the high variation undergone by the magnetic field 
and consequently by the radiation environment. The basic and strongest variations occur 
during the orbit revolution period of the moon. The solar wind is responsible for the magnetic 
evolution through the incidence of the solar wind and the sensor network. However, the 
maximal variation happens when the Moon crosses the Earth’s magnetotail. The Moon 
enters in the Earth’s magnetotail 3 days before the full moon and she comes out 3 days later. 
Therefore, the minimum mission duration is defined by the synodic period (a moon day) 
which is 29.53 Earth-days. 
However, this timescale does not encompass all variations and especially those of high 
energetic particle radiations. Indeed, the solar flares and coronal mass ejections follow the 
solar cycle and it cannot be accurately monitored during a synodic period. A peak in the solar 
activity is reached every 11 years. This cycle is related to the period between two magnetic 
polarity reversals. During a solar maximum, solar flares and CME may occur several times a 
day and decrease to less than one per week at the solar minimum where high magnitude 
CMEs are much scarce. The optimal mission duration is 11 years, a 6 years mission will be 
sufficient to observe the radiation during a solar maximum and minimum. However this 
timescale are complex. As a consequence, the mission has to last at minimum several 
months in order to observe several CMEs and solar flares during a solar maximum.  
 
The illumination and thermal package is not a high priority constraint to the mission duration 
as illumination and thermal magnitudes only undergo strong variation during a moon-day.  
 
The dust package will monitor the dust motion and levitation during the terminator period as 
a consequence the minimal mission duration will be a synodic cycle to observe at least one 
sunset and one sunrise. However, scientific experience will require several observations as a 
consequence the mission duration that is preferred will be equal to around 8 synodic cycles. 
Besides, the hypothesis to explain levitation relies on solar radiation of UV wavelength and 
on plasma interaction during the magnetotail crossing, thus the dust mission duration will be 
optimal according to the solar cycle. 
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The geophysical package mission timescale is defined in (ILN CIWG, 2009).  Strong shallow 
moonquakes are infrequent: only four per years have been recorded by the Apollo’s 
seismometers and only one moonquake has exceeded the magnitude of 5. Thus, the 
minimal mission duration is 2 years in order to increase the probability to observe a strong 
moonquake and an optimal duration will be 6 years.  
 

Sensor package Minimal Preferable Optimal 

Radiation 1 synodic cycle 8 synodic cycle 5-6 years 

Illumination and 
thermal 

1 synodic cycle 6 synodic cycle 1 year 

Dust 1 synodic cycle 8 synodic cycle 5-6 years 

Geophysical 1 year 2 years 6 years 
Table 13 Overall timescale needs for each sensor package  

 
The mission duration choice for the sensor node network is driven by the harsh environment 
on the moon as a consequence the primary mission duration is 8 synodic cycles (around 8 
months) and the possibility to extend it to several years will be considered.  
  

5.1.6.2 Measurement timeline 

5.1.6.2.1 Radiation package  

The radiation measurements will undergo high variation during solar particle events (SPEs). 
These events may occur several times per Earth-day during the solar maximum and less that 
one during the solar minimum. The SPEs can be observed by observation satellite such as 
SOHO (Domingo, 1995), and the sensor can monitor after the SPEs observation. However, 
the velocities of the particles need to be taken into account. The solar energetic particles 
reach the moon in less than 1 day, but their velocities vary depending on the particle type 
and their energy level. Thus, electrons with energies between about 0.5 to 1MeV reach the 
Moon after tens of minutes to tens of hours, whereas proton with energy between 20 to 80 
MeV arrive within few to around 10 hours and high energetic protons can travel only during 
20 minutes (Table 14). Besides, some electrons and nuclei can be accelerated to relativistic 
speed. Considering these velocities, the WSN can be informed of some of SPEs before solar 
particles reach the Moon’s surface, yet high energetic particles with high velocities may not 
be notified at the appropriate time because of their high speed and communication 
infrastructure that cannot compete. Indeed, a satellite in orbit around the Moon is necessary 
because of the WSN farside location, and the warning may not be received in time. Solar 
flares predictions are complex and not accurate; they will only define the probabilities for 
occurrence of solar flares within 24 or 48 hours.  
 

 Arrival time Effect duration 

Solar flares Instantaneous 1-2 hours 

CME 
From half-day to tens of days 

(3.5 days on average) 
Days 

SPE 

Electron (0.5 
to 1MeV) 

Tens of minutes to tens of  
hours 

Days 

Proton 20 to 

80 MeV) 
Few hours to 10 hours Days 

Proton > 
100MeV 

Few minutes to tens of minutes Days 

Table 14 Time propriety of solar activity.  



 

D2.1 – Mission Design Report 
SWIPE 

 
 

312826-SWIPE-D2.1-MissionDesignReport  Page 45 of 69 

 
A periodic measure needs to be performed in order to report and detect SPEs. The periodic 
time will be optimal every 5 minutes during solar maximum and may be increased to 1 hour. 
This period may be modulate according to the solar activity, a predicted solar event or if 
necessary according to the lunar night or day. However, the terminators are key events and 
several frequent measures need to be performed when they occur. As well, the magnetotail 
crossing is of high interest and during the ingress phase, the mid-phase and the egress 
phase in the magnetotail the measures are high priority actions.  
The magnetometer measurement will follow the same pattern than the radiation sensor to 
conjointly study radiations and magnetic field variations. 
 

 High frequency 
Minimal 

frequency 
Terminators 

Magnetotail ingress, 
mid, egress 

Periodicity 5 min 1 hour 5 min during 1 hour 5 min during 1 hour 
Table 15 Radiation package timeline 

5.1.6.2.2 Illumination and thermal package 

The illumination sensors are only activated during the lunar day. However, the observation 
can last from an hour to 3 hours more after sunset in order to observe the dust levitation 
effect on illumination, if the observed glow event happens. In order to obtain accurate 
illumination duration and pattern during the entire mission, a periodic measure performed 
every 10 minutes. If the frequency of illumination measures needs to be decreased due to 
energy saving, the period between two measures may be reduced. The illumination and 
temperature profile should not undergo strong variations between two lunar days, therefore a 
precise measurement during one lunar day is mandatory, then a less frequent measurement 
or even its interruption are possible. However, the measurement will be carried out with the 
same frequency during terminators in order to gather a minimal amount of information.  
 
The thermal measurement periodicity will be the same but remains constant during the lunar 
night during one synodic period at minimum. After that, the temperature probes may become 
useless or the measurement periodicity may be increased. It may even be stopped three 
days after sunset, because after this, temperatures stay almost constant until the next 
sunrise. As well as the illumination sensors, thermal probe will be activated during the 
terminators in order to observe the effect of levitation dust on the temperature.  
 

 Illumination sensor Thermal sensor 

During a complete lunar day 
Periodicity 

10 min  10 min 

During terminator 
(3hours before and after sunset and sunrise) 

10 min 10 min 

Table 16 Illumination and thermal package timeline 

5.1.6.2.3 Dust package 

The dust package will be activated during the terminators. These events seem to begin 3 
hours before the sunset or sunrise and 3 hours after. The deposition sensors will perform 
measurement before the beginning and just after the end.  
The centralized sensor that monitors the velocity and dust trajectory will be activated 
continuously during the terminator events.  
The electrical field sensor will also monitor the terminator periods but a periodic sensing is 
necessary in order to observe the evolution of the electrical field during the lunar day and the 
lunar night with a period between 15 min and an hour depending on the energy resource 
level. 
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 Deposition sensor 
Velocity and 

trajectory 
Electrical field 

sensor 

During a complete lunar day 
Periodicity 

- - 1 hour 

During terminator 
(3 hours before and after sunset and 

sunrise) 

Two measures 
before and after 

terminator 
Constant to 5min Constant to 5min 

Table 17 Dust package timeline 

5.1.6.2.4 Geophysical package 

The geophysical package is defined in (ILN CIWG, 2009). The measure will be continuously 
performed for two sensors: seismometer, EM sounding. Seismometer is a passive sensor 
that will continuously record the moonquake activity, at various frequencies:  superior to 1Hz, 
between 0.1 and 1 Hz and between 0.001 and 0.1 Hz. The requirement in terms of amount of 
data that need to be transmitted to the Earth is estimated to 100Mb/earth-day. The EM 
sounding will generate measure data during 1 year with data rate which vary from 10 to 100 
Mb/earth-day. The last element, heat flow probe, will periodically measure the temperature at 
different depths during, at least, one lunar day with a period between 10 and 100 kb/s and 10 
Mb/s during the probe deployment such as drilling.  
 

 Seismometer EM sounding Heat flow 

During a complete lunar day 
Periodicity 

Continuous Continuous 6 to 12 hours 

Early end - 1 year 1 synodic period 

Table 18 Geophysical package timeline 

5.2 Requirement and constraints 

5.2.1 Wireless sensor network  

5.2.1.1 Coverage  

 
Mare Ingenii has been selected as our preferable landing site. The first objective targets its 
magnetic anomalies and this mission aims to assess or not if this specific feature can provide 
a shelter from space radiations for future manned missions. The swirls are widespread on 
the Ingenii basin and a high variation of albedo needs to find out to observe the origin of its 
high optical maturity and its various shapes.  
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Figure 13 Optical maturity (OMAT) of Mare Ingenii 

 
The Figure 13 shows the region of swirl in Mare Ingenii. The preferable swirl is located near 
the rim of the Thompson crater for its albedo variation. The high albedo feature is located 
near a surface with less albedo magnitude and with the same geological propriety. These 
specificities are important and will allow the sensor network to be less widespread and may 
be denser. In addition, the curling shape of this feature is a characteristic of many swirls and 
it is not already explained. Therefore, the sensor network will be localised around this feature 
(33.4°S, 163.2°E). 
Depending on the deployment and launcher type, the WSN may cover a more or less wide 
area. As a consequence, this mission design will propose three network sizes: minimal, 
normal and extended. The minimal network is 5 km long in order to reach the darkest and 
brightest area. The normal coverall is a square with dimension of 5 km in order to 
encompass several albedo variations whereas the extended coverage will include a specific 
curling shape of the swirl and will be about 7km large and 10 km long. These WSNs are 
drawn on the following picture (Figure 14, Figure 15 Figure 16 ). 
 

 
Figure 14 WSN minimal coverage 

 
Figure 15 WSN normal coverage  
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Figure 16 WSN extended coverage 

 

5.2.1.2 Radio constraints 

 
The major constraint to find out the coverage is the radio line of sight. Unlike Earth, the radio 
line of sight on the Moon is not superior to the visual line of sight, for the radio waves are not 
reflected by the atmospheric layers. Besides, the Moon curvature is superior to Earth 
because its diameter is smaller. The following equation calculates the maximum distance 
between two nodes with a line of sight. It is based on an approximation supposing that the 
distance between the nodes remains much smaller than the Moon radius which is the case 
between two sensor nodes because of their small height.   
 

 
 

(1)  

In this equation, R stands for the Moon’s radius and h1 and h2 the height of the two objects. 
This constraint does not allow two sensors nodes that are 20 cm tall to communicate beyond 
1665 m. This result is only valid in the surface is perfectly plain. The Moon surface is covered 
by boulders and small craters that will be obstacles to radio communication. Besides, the 
lunar regolith is fluffy until depth of 10cm, therefore the height of the node may be reduced 
and then its range (1178 m).  
 
 Considering the small height of the sensor, its position must be carefully chosen depending 
on the communication possibilities with other sensors. Otherwise, an increase of their 
number is needed to reach a complete communication network in the same coverage in 
order to decrease the average distance between each sensor and the spatial diversity. 
Another potential solution envisages the deployment of specific node as communication relay 
with a more elevated antenna that will increase the distance range of this equipment. It may 
be also a sensor or only a communication relay.  
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5.2.1.3 WSN topology  

 
The WSN topology will greatly depend on the deployment scenario; it will be described in the 
deliverable D2.3. However in this paragraph, the various topologies will be investigated so 
that they may match the scenarios requirements.  
 
The requirement, in a scientific perspective, is set up to spacing inferior to 500m considering 
the variation of albedo on the swirl pattern. Considering the radio constraint, the minimal 
distance between each node must be less than about 1000 m without local relief and 
roughness consideration. With boulders less than 18 cm the node range exceeds 500m. An 
accurate deployment will lead to a minimization of the number of sensor nodes as the node 
line of sight will be taken into account in the localisation of each node. Thus, the distance 
between them will approximately be equal to 500m.  
 
The Figure 17 depicts the node topology for the minimal coverage and a precise node 
placement. This topology accepts some node failure, resiliency is higher than a unique lander 
but it is still limited. The total number of nodes, necessary to fulfil the mission goals, reaches 
20. If the roughness and small crater distribution is not known during the deployment phase 
then the average distance between nodes may be two fold less in order to ensure a complete 
connectivity in case a node is deployed in a deep crater. 

 
Figure 17 WSN topology with the minimal coverage configuration and precise deployment 

 
If an erratic deployment mechanism is selected then the number of nodes has to be 
increased. The small impact craters less than 20m are not rare on Maria Ingenii such as 
boulders. Thus, a topology connectivity failure has to be prevented and the number of nodes 
should be multiplied by 4 at minimum. Table 19 gathers the number of nodes that are 
necessary to deploy in order to establish a WSN that will achieve the science objectives.  
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 Minimal coverage Preferable coverage Extended coverage 

Low 
resiliency 

High 
resiliency 

Low 
resiliency 

High 
resiliency 

Low 
resiliency 

High 
resiliency 

Surface (km
2
) 2.5 (5 x 0.5) 25 (5 x 5) 70 (10 x 7) 

Nb of nodes 
(accurate 

positioning) 
20 40 100 200 280 560 

Nb of nodes 
(erratic 

positioning) 

(1) 
80 

(1) 
400 

(1) 
1200 

(1)
 Erratic deployment is based on a high resiliency of nodes to prevent topologic failure owing to 

relief and roughness 
 

Table 19 Number of nodes necessary to fulfil the mission goals depending on the coverage and 
resiliency 

 

5.2.1.4 Energetic resource 

 
Resource energy available on the Moon is limited. The only one that is currently used is solar 
energy however the slow rotation period implies long period of night and day which is equal 
to about 14.25 earth-days on equator. The maximum solar flux ° is equal to 1426W/m2 
whereas the minimum reaches 1315W/m2 depending on the Earth and Moon positions. 
 
Generating electricity based on radioactive decay such as a radioisotope thermoelectric 
generator (RTG) or an Advanced Stirling Radioisotope Generator (ASRG) is precluded owing 
to the high cost and mass for too numerous sensor nodes. In addition, the energy 
consumption does not compel this technology selection. 

 

5.2.1.5 Environmental constraints 

 
In this paragraph, the major environmental constraints that sensor nodes are subjected to 
are described. They encompass temperature, various types of radiation and illumination 
resource variations.  

5.2.1.5.1 Temperature  

The temperature limits are extreme because of the absence of atmosphere. The maximal 
temperature may reach about 110°C (383 K) during the lunar day and -180 °C (93 K) during 
the lunar night. The average temperature on mid-latitude is between 220K and 255 K with 
high variation of about 110K. The lunar farside receives 1% more solar energy because the 
Moon is closer to the sun during lunar day on farside. The high temperatures during the lunar 
day lead to high infra-red flux from the lunar surface. This IR flux needs to be taken into 
account during the sensor suite design.  
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Figure 18 Temperature variation during a lunar day 

5.2.1.5.2 Radiation 

The radiation environment is very harsh because the Moon is not protected by a 
magnetosphere. Although our WSN is located on a magnetic anomaly, the radiation 
protection and resilience must not be minimized because our mission aims to define the 
protection level that magnetic anomalies can provide for future manned missions. Besides, 
magnetic field magnitudes are low and gamma cosmic rays seem to not be affected by the 
feeble magnetic field. As a consequence, the sensor nodes need to be resilient to every 
spatial radiation from cosmic rays to solar wind and also to the solar event radiations (see 
Table 6).  

5.2.1.5.3 Illumination 

The illumination will be the major and may be the only resource for the sensors. As a 
consequence, this parameter needs to be carefully estimated. The figure shows the sun 
elevation during a lunar day.  The solar irradiance and solar panel depends on the solar 
incidence and illumination duration. The figure shows the sun elevation during a lunar day.  

 
Figure 19 Solar elevation (red) and azimuth (blue) during the lunar day 
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The maximum of the sun incidence does not exceed 60°; therefore the sun insolation is lower 
than the insolation at the equator. The swirl selected in Mare Ingenii is closed to the rim of 
the Thompson crater. This relief may block the light and diminish the insolation duration 
during the day. The Thompson crater is localized on the East. From our mission site, the sun 
occultation occurs during the sunrise. The most prominent feature on this rim is its end to the 
north east from our WSN. Unfortunately, the highest point is also the closest from sensors 
and has higher probabilities to delay the sunrise. The azimuth direction of this point is equal 
to about 70°. Since the sun azimuth angle does not exceed 60°, the relief does not occult any 
light. The border of Mare Ingenii and even the rim of the crater cannot be seen from the WSN 
localization.  

5.2.1.5.4 Surface characteristics 

 
The mission site is located in Mare Ingenii. Maria surface characteristics are depicted as 
numerous small craters but few large craters and a rock frequency distribution higher than on 
highlands. For instance, in the surveyor 7 landing site, which is one of the rockiest surface 
that had been observed by a lander, the number of rocks superior to 10 cm height is around 
100 per 100m2 and the number of rocks taller than 50 cm reaches 10 per 100m2. For the 
frequency distributions for same rock size with other surveyor mission are respectively about 
10 per 100m2 and inferior to 1 per 100m2. Surveyor 7 site was rockier because it was located 
on the rim of the Tycho crater and rocks are more frequent near fresh craters.  
 
Crater frequencies on nearside maria have been collected thanks to mission of surveyor I 
and III and Apollo 11 and 12. Crater larger than 10cm is very frequent and can be found at a 
ratio of 10/m2. Then, the frequency of crater above 100cm reaches 10 per 100m2, and above 
one meter decreases to 0.1 per 100m2. Table 20 describes the crater frequency but also the 
ratio between the crater diameter and their depth. Crater less than 100cm diameters may 
decrease the line of sight of the sensor nodes, however they may communicate with their 
closest neighbours. By contrast, crater with depth superior to 20 cm may be completely 
isolated from other nodes in terms of communication.  
 

D (cm) >10 10 50 >100 100 500 >1000 1000 

Freq (per100m2) 1000 - - 10 - - 0.1 - 

Depth(cm) - 2.3-2.5 11.5-12.5 - 23-25 115-125 - 230-250 

Table 20 Crater frequencies and the ratio diameter/depth 

5.2.2 Satellite link design  

5.2.2.1 Orbit design 

 
The lunar gravity field also has large variations. These gravitational anomalies are called 
mascons (Muller, 1968); NASA GRAIL mission (Roncoli, 2010) has provided a very accurate 
map of the gravitational field of the Moon. The anomalies are different between the farside 
and the nearside. Those on the nearside are only positive anomalies whereas those on the 
farside are concentric rings of positive and negative deviation. The low orbit satellite, less 
than 100 km, are very sensitive to these mascons, for they will deviate the satellite from its 
nominal orbit and either the satellite needs to consume more propellant and its life will be 
reduced or it will rapidly impact the Moon. However some specific orbital inclinations have 
been found out, they preserve the satellite orbit and it does not theoretically need orbital 
adaptation before two years. These specific orbits are called the frozen orbits at 27°, 50°, 76° 
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and 86° of inclination (Folta, 2006). There is no synchronous orbit on the Moon because of 
the Earth presence and the low rotation speed of the Moon.   
 
In this paragraph, different orbital inclinations are analysed in order to define the most 
favourable condition for the satellite/Moon link. Two frozen orbits have been selected: 27° 
and 86° and the equatorial orbit is also integrated in this study because the planned altitudes 
are above 200km and at those, mascon effect are limited. Figure 20, Figure 21 and Figure 22 
depict the different orbit inclinations.  
 

 
Figure 20 Orbit with 27° inclination and 200km altitude 

 

 
Figure 21 Orbit with 86° inclination and 200km altitude 
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Figure 22 Orbit with 0° inclination and 500km altitude 

5.2.2.1.1 Orbital inclination: 86° 

 
The orbital inclination of 86° is a quasi-polar orbit. The main advantage of this inclination is 
the possibility to provide connectivity to other mission set up in the North Pole and the South 
Pole. These areas remain with the swirls of high interest; for some crater rims offer almost 
continuous solar illumination and always dark crater centres should hold water volatiles.  
Table 21 shows statistics about line of sight and non-light of sight duration. The average 
duration of the line of sight is equal to around 27 minutes. However, the maximum of non-line 
of sight duration reaches more than 6 and half days. This long duration of no connectivity 
between the orbiter and the WSN is precluded. 
 

 Line of sight duration Non- line of sight duration 

Max 2061 (34min 21s) 567003 (6 days 13h  30min 3s) 

Min 75 (1min 15s) 7438  (2h 3min 58s) 

Mean 1632 (27min 12s) 15893 (4h 24min 53s) 
Table 21 Statistical information of line of sight duration with an orbit of 86° inclination and 
500km altitude 

 
The Figure 23 and Figure 24 depict respectively the distribution of the time duration of line 
sight and non-line of sight between the orbiter and the WSN. The line of sight duration is 
principally (45%) between 1090s and 2090s (33min and 34min), yet, over a year, there are 
20 long durations of non-line of sight with the orbiter, superior to 6 days that is too 
detrimental for the SWIPE mission. 
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Figure 23 Line of sight duration distribution over a year with orbiter at 86° inclination and 
500km altitude. 

 

 
Figure 24 non-line of sight duration distribution over a year with orbiter at 86° inclination and 
500km altitude. 

 
The Figure 25 and Figure 26 show the elevation and azimuth angle of the satellite during 2 
days and 2 hours. The most interesting features of these graphs are the elevation and 
azimuth overall shapes. During the azimuth between 70° and 160° the Thompson rims 
should occult the orbiter during low elevation line of sight. (<3°). As a consequence, the 
duration of line of sight will be reduced and some completely discarded. The overall shape of 
elevation angle is concentrated into low elevation. The distance between the orbiter and 
WSN is depicted in the Figure 27 with a maximum of about 1400km. 
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Figure 25 Elevation angle during 2days and 2hours of line of sight (non-line of sight are erased) 
with 86° inclination  

 

 
Figure 26 Azimuth angle during 2days and 2hours of line of sight (non-line of sight are erased) 
with 86° inclination 
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Figure 27 Range during 2days and 2hours of line of sight (non-line of sight are erased) with 86° 
inclination 

 

5.2.2.1.2 Orbital inclination: 27° 

 
The orbital inclination 27° will be studied through two altitudes 200km and 400 km. The 27° 
inclination is a frozen orbit and it is close to the latitude value of Mare Ingenii (~33°).  
 

5.2.2.1.2.1 200 km altitude 

Firstly, this section investigates the 200km altitude in order to minimize the complexity and 
the power necessary to the WSN nodes to communicate with the orbiter. Because of the low 
orbit of the satellite, the average duration is low but acceptable, yet the maximum duration of 
the non-line of sight is too high to fulfill the mission requirement. 
 

 Line of sight duration Non- line of sight duration 

Max 1100 (18min 20s) 1205353 (13 days 22h 49min 13s) 

Min 12 6570 (1h 49min 30s) 

Mean 926 (15min 26s) 15285  (4h 14min 45s) 

Table 22 Statistical information of line of sight duration with an orbit of 27° inclination and 
200km altitude 

 
Small duration of line of sight represents only a small ratio (Figure 28) and non-line of sight 
exceeding 13 days and 18 hours cannot be accepted, even if there ratio is low (14 
occurrences).  
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Figure 28 Line of sight duration distribution over a year with orbiter at 27° inclination and 
200km altitude. 

 

 
Figure 29 Non-line of sight duration distribution over a year with orbiter at 27° inclination and 
200km altitude. 

The azimuth angle scarcely exceeds 70° (Figure 31) and the elevation angle is almost 
always superior to 3° (Figure 30) as a consequence the influence of the Thompson rims is 
trifling. The distance between the WSN and the orbiter is depicted in the Figure 32 with a 
maximum of about 850 km. 
 



 

D2.1 – Mission Design Report 
SWIPE 

 
 

312826-SWIPE-D2.1-MissionDesignReport  Page 59 of 69 

 
Figure 30 Elevation angle during 2 days and 18 hours of line of sight (non-line of sight are 
erased) with 27° inclination and 200km altitude 

 

 
Figure 31 Azimuth angle during 2 days and 18 hours of line of sight (non-line of sight are 
erased) with 27° inclination and 200km altitude 

 

 
Figure 32 Range during 2 days and 18 hours of line of sight (non-line of sight are erased) with 
27° inclination and 200km altitude 

 

5.2.2.1.2.2 400km altitude 

The average duration of a line of sight is equal to 24 minutes and 32 seconds; however the 
maximum duration of a non-line of sight is still too large; it reaches more than 11 days. The 
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distribution of the line of sight and non-line of sight duration are more appealing (Figure 33 
Figure 34), but the maximum of non-line of sight are too high to be considered as a good 
solution. The line of sight duration does not suffer from Thompson crater rim because the 
azimuth angle scarcely exceeds 70° (Figure 35 and Figure 36). The distance between WSN 
and the satellite will be limited to about 1250 km. 

 

 Line of sight duration Non- line of sight duration 

Max 1745 (29 min 05s) 961745 (11days 3h 9min 5s) 

Min 94 (1 min 34s) 7148 (1h 59 min 08s) 

Mean 1472 (24min 32s) 13905 (3h 51min 45s) 
Table 23 Statistical information of line of sight duration with an orbit of 27° inclination and 
400km altitude 

 

 
Figure 33 Line of sight duration distribution over a year with orbiter at 27° inclination and 
400km altitude. 
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Figure 34 non-line of sight duration distribution over a year with orbiter at 27° inclination and 
400km altitude. 

 

 
Figure 35 Elevation angle during 3 days and 11 hours of line of sight (non-line of sight are 
erased) with 27° inclination and 400km altitude 

 

 
Figure 36 Azimuth angle during 3 days and 11 hours of line of sight (non-line of sight are 
erased) with 27° inclination and 400km altitude 
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Figure 37 Range during 3 days and 11 hours of line of sight (non-line of sight are erased) with 
27° inclination and 400km altitude 

 

5.2.2.1.3 Orbital inclination 0° 

 
The 0° inclination is attractive due to the quasi constant pattern during a month caused by 
the rotation period of the moon that does not influence the line of sight between the satellite 
and the WSN. In order to have an inclination angle and and acceptable line of sight duration 
for the mission, an altitude of 500 km is required. All the line of sight and non-line of sight 
duration are comprised within intervals of around 2 minutes and are approximately equal to 
19 min repeated every 2 hours and 20 min.  
 

 Line of sight duration Non- line of sight duration 

Max 1184.529 (19min44s) 8449 (2h 20min 49s) 
Min 1083 (18min03s) 8346 (2h 19min 06s) 

 

Mean 1134.25356 (18min54s) 8397  (2h 19min 57s) 
 

Table 24 Statistical information of line of sight duration with an orbit of 0° inclination and 
500km altitude 

 
The azimuth and elevation angle follow the same pattern, so only one line of sight period is 
shown in the Figure 38. In that case the angle of the orbiter is very low and does not exceed 
7°. The Thompson rim may potentially be a drawback for this solution. However, the azimuth 
angle is between -35° and 35°; therefore there is no occultation of the satellite. The low 
elevation angle implies also an increase of the distance between the satellite and the WSN 
but it is inferior to 1450 km (Figure 39) 
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Figure 38 Orbiter elevation and azimuth with 0° inclination and 500km altitude 

 
 

 
Figure 39 - Orbiter range with 0° inclination and 500km altitude 

 
To limit the mission costs, the number of satellite to be deployed is limited to one. Therefore 
there are no possibilities to provide a continuous connectivity. Besides, the limited distance 
between the satellite and the WSN is a requirement to minimize the power resource 
consumption for the transmitter. Quasi polar orbit (86°) and low inclined orbit (27°) are not 
viable because the interruption of connection may last too long, which would jeopardize the 
SWIPE mission. As a consequence, an equatorial orbit is the selected orbit in order to 
maximize the line of sight duration but also to avoid too long non-connectivity between the 
orbiter and the WSN. 
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5.2.2.2 Launch design 

 
To launch a lander or a satellite to the Moon, various Earth-Moon transfer trajectories are 
possible. Three main trajectory profiles are presented (Loucks, 2011):  

 Direct transfer trajectory (Figure 40) 

 Phasing loop transfer trajectory (Figure 41) 

 Weak stability boundary (WSB) trajectory (Figure 42) 
 

 
Figure 40 Direct transfer trajectory in Earth-Moon 

Rotating Coordinates 

 

 
Figure 41 Phasing Loop Transfer in Sun-

Earth Rotating Coordinates 

 

  

 
Figure 42 WSB in Sun-Earth Rotating Coordinates 

 
Direct transfer trajectory is the most direct path to the Moon. If the apogee of the orbit 
transfer is equal to Earth-moon distance, the duration of the transfer is of 5 days. More direct 
trajectories may shorten the duration of the transfer but it requires higher lunar transfer 
injection and lunar orbit injection because their apogee is further than the Moon.  
The phasing loops trajectories use several times elliptical loops around Earth to expand the 
launch time window The WSB transfer trajectory go far from the Earth with an apogee of 
about 1.5x106 km and thanks to Sun’s perturbations, the spacecraft will orbit around the earth 
with the Moon and no lunar orbit manoeuvre is necessary. However, this trajectory is 
unstable and an extended control is mandatory. 
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 WSB trajectory is too complex with high requirement about the control precision of flight 
path. Phasing loop approach is simple and well-proven solution that provides enhanced 
performance with additional fuel and operational complexity. It allows expanding the launch 
window. The direct path is also simple and well proven and it provides appropriate 
performance at lowest cost and risk.  
 
The launcher design is not feasible without an explicit deployment design. Those potentially 
used in SWIPE will be described in the deliverables D2.3. However, in order to get an idea, 
one lander and one orbiter mission is assumed. 
The performance necessary to launch an orbiter and a lander induces the selection of the 
phasing loop trajectory with a near-Earth parking orbit and 2 other intermediate orbits. The 
Soyuz-2/1b launcher with the Fregat upper stage seems viable, with a spacecraft mass 
about 3000kg divided into an orbiter around 1660 kg and a lander of 1260 kg. The mass of 
scientific equipment on the lander will be equals to 50kg. In WSN perspectives, the number 
of nodes may exceed 20 nodes of 2kg which is the baseline for the minimal WSN coverage. 
In order to increase the number of nodes, a more powerful launcher should be used.  
The launch window for a moon landing is not a great constraint because of the relatively 
short period between launch possibilities. Indeed, the maximum is approximately a synodic 
period (about 30 earth-days) and several possibilities may occur several times for 3 or 4 
following days. The launch window calculation will take into account the launch azimuth, the 
lighting condition on the landing sites, the landing site location, the spacecraft and launch 
vehicle performance and the daylight launch. The launch windows for Apollo’s missions were 
about 3 or 4 hours, thanks to the parking orbit whereas the durations of surveyor launch 
window were about 60 to 70 minutes.  
 
 

Launch example 

Transfer Phase looping 

Launcher Soyuz-2/1b 

Spacecraft 
mass 

~3000 kg 

Orbiter mass ~1660 

Lander Mass ~1260 

Number of 
nodes 

~20 

Table 25 Launch characteristics 

 

Lunar satellite orbit example 

Inclination 0° 

altitude 500km 

Line of sight 
duration 

~19min 

Line of sight per day 2h 51min 

Line of sight 
elevation (max) 

6.637° 

Line of sight 
azimuth (min / max) 

-35.34 °/ 35.34° 

Table 26 Satellite orbit characteristics 
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6 Conclusion 

 
This deliverable reports the mission scenario definition and the mission design. It will be used 
as guidelines for future deliverables; essentially for the deliverable D2.2 and D2.3. The 
design of the mission may change during the system architecture such as the orbit choice 
depending on new trade-offs, or a deployment selection that induces new constraints.  
 
In order to draw benefits to the maximum extent from the WSN architecture, this deliverable 
proposes to carry out sensing on the magnetic anomalies of the Moon. Especially, enigmatic 
features with high albedo, called swirl, are local and may shield a future manned mission 
against the solar wind and potentially against other ionizing radiation. To complete the 
scientific mission, various sensors are potentially added either to improve the site knowledge 
for a future outpost or human spacecraft landing, or to perform high value measurements 
such as seismologic probing.  
Depending on both planetary science and human exploration perspectives, Mare Ingenii has 
been selected as the high priority landing site. Considering constraints of the harsh 
environment on the moon, several WSN topologies have been proposed, however the 
minimal mission coverage seems to provide the maximum cost and science return ratio.  
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