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Abstract: 
 
SWIPE aims to study the interest and feasibility of a Wireless Sensor Network on the Moon. 

The deployment of the nodes may be tricky because of their spatial diversity. Various 

strategies can be used to deploy the SWIPE nodes on the Moon. This document evaluates 

and compares the different options through various criteria; such as scientific requirements to 

tailor the strategies to scientific requirements of the mission. Besides, the main driver of this 

choice is the maximum number of nodes that can be deployed with these strategies. A 

comparison of these parameters is carried out in order to select the best option.  
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Executive Summary 

The SWIPE project aims to bring Wireless Sensor Networks (WSNs), based on MANET 
terrestrial technology, into space. Therefore, it focuses on the sensor design as well as its 
communication capabilities. The deliverable D2.1, “Mission design”  (Crosnier et al, 2013), 
has selected the moon as the best opportunity to draw advantage from the WSN capabilities; 
the mission definition has also been defined in the same report. Although the deployment 
mechanism is not the main goal of the project, it greatly affects the mission for a moon 
deployment because it is a complex task. For instance, the Moon does not possess any 
atmosphere that can slow a lander down. As a consequence, a soft landing induces great 
requirements in terms of propellants that reduce the scientific instrument mass ratio. In order 
to avoid this detrimental scenario, hard landing or semi-soft landing may be envisaged.  
In the first section, the main characteristics of the mission are described based on the 
deliverable D2.1 (Crosnier et al, 2013).  
The second part of the document aims to describe the various possibilities for the landing 
phase. Each one belongs to one of the three families: soft, semi soft, hard landing. The 
comparison is based on several criteria: the technology readiness level of the solution, its 
consistency with the scientific objectives of SWIPE and the maximum number of nodes 
allowed by this method.  
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List of Acronyms 

Acronym Meaning 

ATHLETE All-Terrain Hex-Legged Extra-Terrestrial Explorer 

EM Electro-Magnetic  

ESA European Space Agency 

ISRO Indian Space Research Organisation 

ISRU In-Situ Resource Utilisation 

JAXA Japan Aerospace Exploration Agency 

JPL Jet Propulsion Laboratory 

LCROSS Lunar Crater Observation and Sensing Satellite 

LLO Low-Lunar Orbit 

LRV Lunar Roving Vehicle 

MIP Moon Impact Probe 

NASA National Aeronautics and Space Administration 

RF-WIPE RF Wireless for Planetary Exploration 

SEE Single Event Effect 

SWIPE Space WIreless sensor networks for Planetary Exploration 

TID Total Ionizing Dose 

TLI Trans-Lunar Injection 

TRL Technology Readiness Level 

WSN Wireless Sensor Network 

Table 1 – List of acronyms. 

http://en.wikipedia.org/wiki/Jet_Propulsion_Laboratory
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1 Introduction 

 

1.1 Purpose and scope of the document 
 
This document compares several deployment strategies of the Wireless Sensor Network on 
the Moon surface. It is split into two phases: the landing approach called descent and the 
landing phase itself.  
 
This deliverable presents an overview of the different deployment strategies that can be 
foreseen for a future SWIPE mission. The main input for this document is the previous 
deliverable D2.1, “Mission design report”. 
 

1.2 Organization of the Document 
 
Since the deployment strategies comparison is mainly based on the mission definition and 
design, the first section of this document is a reminder of the mission defined in the 
deliverable D2.1 as well as a recall of the main constraints due to the sensor package.  
 
As the landing phase is the most challenging part of the deployment, the second section 
focuses on the various WSN deployment strategies during the landing phase. A comparison 
has been made through different criteria and mission choices.  

2 Scientific mission 

 
The deployment strategy is driven by the characteristics of the scientific mission, and 
consequently a set of criteria has to be taken into account. These criteria will be the bedrock 
of the deployment strategies comparison. Therefore, a short description of the selected 
mission is necessary before introducing a deployment strategy.  
 

2.1 Presentation  

2.1.1 Landing site 

 
The location of the WSN site has been selected in the deliverable D2.1 (Crosnier  et al, 
2013). In this report, the comparison between the four most subsequent magnetic anomalies 
with swirls has resulted in the selection of mare Ingenii as the best site for the SWIPE 
mission (33.4°S, 163.2°E) (Figure 1). These coordinates are one of the main drivers to the 
selection of the descent phase parameters. 
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Figure 1 – Mare Ingenii location 

 

2.1.2 Landing site extent 

 
Three different WSN areas have been defined during the definition of the mission: minimal, 
normal, extended coverage (Figure 2, Figure 3 and Figure 4). The deployment area is a key 
characteristic for the landing phase. For instance, the number of nodes is dependent on this 
characteristic. This will also drive the deployment duration of the WSN.  
 

 
Figure 2 – Minimal coverage 

 
Figure 3 – Normal coverage 

 
 



 

D2.3-Deployment Strategies tailoring to SWIPE 
scenarios  

 
 

312826-SWIPE-D2.3-DeploymentStrategies  Page 9 of 30 

 
Figure 4 – Extended coverage 

 
Because of radio and science constraints, the number of nodes that needs to be deployed 
varies. The Table 2 approximately takes into account these constraints and the size of the 
area to define the number of nodes that is necessary for the mission. The minimum resiliency 
required for the network is to withstand a minimum of one node failure for these estimations. 
If a better resiliency is mandatory, then the number of nodes shall be increased.  
 
 Minimal coverage Normal 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 2 – Number of nodes necessary to fulfil the mission goals depending on the coverage 
and resiliency 

 
The baseline scenario that has been selected in the deliverable D2.1 is the one with the 
minimal coverage and an accurate positioning of the nodes. Basically, 20 nodes, precisely 
deployed, will be sufficient from a scientific perspective. However, a higher number will be 
beneficial to increase the sensing accuracy and the spatial variation range.   
 

2.1.3 Landing surface 

 
The mare Ingenii surface type is an important parameter for the landing phase. Indeed, the 
number of craters and their depth may jeopardize the mission because they hinder 
communications between nodes. Besides, rocks may be a hazard for communications and 
for node or lander stability. Table 3 defines the crater distribution which has to be taken into 
account for the deployment of the WSN 
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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 3 – Crater occurrences and the ratio of diameter versus depth 

2.1.4 Sensor constraints 

 
Two types of nodes in the SWIPE mission have an impact on the deployment strategy: the 
exit point node (centralized node) and the SWIPE nodes (distributed nodes). The first one 
has communication capabilities with the orbiter. It may also contain sensors that do not need 
to be distributed, such as the geophysical package. In the baseline scientific scenario, the 
exit point will not carry any of these specific sensors. These sensors are anyway optional and 
are not planned to be studied in further work packages of the SWIPE project. Therefore their 
specific constraints will not be or only partially taken into account in this document. 
 
Decentralised sensors embody the main objective of SWIPE. They are carried by 
decentralised nodes that are called SWIPE nodes. The exit point is a SWIPE node equipped 
with satellite communication capabilities. All these nodes have the same sensors packages 
and are distributed over the selected area on mare Ingenii.  
 
Scientific requirements 
From a science perspective, the distributed sensors have few specific constraints on the 
sensor location. The main objective is to monitor radiation variation over areas of various 
levels of optical maturity on the swirl. Some secondary sensors such as illumination, thermal 
and dust deposition sensors do not induce any restriction.  
The centralized sensors are not considered in the SWIPE project. However a preliminary and 
partial review of their constraints is carried out in case a future project would include the 
optional sensors in the SWIPE framework.  
No spatial constraints result from the sensors of the dust package i.e. the Dust 
trajectory/speed sensor and an electrical field sensor.  
The geophysical package deployment has no relevant spatial requirements. This type of 
sensor is deployed once in the SWIPE mission and consequently the only constraint should 
be to avoid the deployment of these sensors near a similar concurrent mission. The minimum 
distance span must be in the order of one hundred kilometres. Moreover, these sensors must 
be isolated from other sensors to avoid interference, particularly for electromagnetic 
sounding. This requirement has to be taken into account in case the mission includes 
geophysical measurements. 
  
Communications requirements 
In term of communication capabilities, the location requirements may slightly differ between 
the exit point and distributed SWIPE nodes. The distributed sensors need a complete 
connectivity with all the WSN. As a consequence, the spacing between nodes has to be 
carefully limited during the deployment phase due to surface roughness that may prevent a 
clear line of sight between neighbour nodes. The exit point has the same constraint, plus a 
requirement related to the line of sight with the orbiter. Table 4 summarizes the various 
sensors and the identified constraints. 
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type Sensor package 

Sensor 
Scientific 

requirements 
Communication 

requirements 

SWIPE 
nodes 

Radiation 
package 

TID radiation 

Deployed in area with 
various optical maturity 
level 

Line of sight 
between 

neighbour nodes 

SEE radiation 

Magnetometer 

Illumination and 
thermal package 

Illumination 

No scientific 
requirements  

Thermal sensor 

Dust package 
 

Dust deposition 

Specificity 
of the exit 

point 
(potential 

centralized 
sensors) 

Dust trajectory and 
speed sensor 

Line of sight 
between 

neighbour nodes 
and the orbiter 

Electrical field 

Geophysical 
package 

 

Seismometer 

Requirements  
> 100km 

Heat flow 

EM sounding 

Table 4 – Sensor constraints 

 

3 Deployment phases 

 
 
A lunar mission deployment is divided into several phases. Three are shared by all the lunar 
missions:  

 Launch: According to the D2.1 (Crosnier et al, 2013), a Soyuz rocket is privileged for 
the SWIPE mission. The paragraph 4.1.3 provides further information about the 
rocket selection.  

 Lunar transfer Orbit: The lunar transfer orbit has been discussed in the D2.1 and two 
solutions are suitable for SWIPE: a direct transfer trajectory or a phasing loop transfer 
with a preference for the second one.  

 Lunar Orbit: After the lunar orbit insertion, the spacecraft orbit will be modified to 
match the planned orbit.   

 
After these steps, the evolution will differ depending on the spacecraft. If it is an orbiter, the 
deployment phase is brought to an end whereas if it is a landing spacecraft, two more stages 
are necessary: 

 Descent; the spacecraft reduces its altitude.  

 Landing: the main trade-off is related to this phase. Several strategies is proposed in 
this document:  

o Option 1: Penetrators 
o Option 2: Each sensor is precisely dropt by a rover  
o Option 3: Each sensor is thrown by a rover  
o Option 4: Each sensor is thrown by a lander  
o Option 5: Each sensor is thrown thanks to a quasi-lander 
o Option 6: Each sensor get is own lander 
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Since the three initial lunar mission stages have been discussed in the deliverable D2.1, this 
document focuses on the descent and the landing strategies in more detail.  
 

3.1 Descent phase 
 
The lunar descent is the period when the spacecraft is still orbiting the Moon, though 
progressively decreasing its altitude and its speed. The descent phase is common for all the 
landing strategies except with full velocity penetrators with a hard landing. In this 
configuration the penetrators are dropt from the lunar orbit directly.  
Figure 5 describes the outline of the descent and landing phase. The velocity and altitude 
come from (Fisackerly, et al., 2011) and these values are provided to give an order of 
magnitude. They may change depending on the selected strategy. 
The first action during the descent is the coasting. The spacecraft will reduce its velocity and 
its altitude. For instance, in the MoonLite mission, a British National Space Centre project, 
the altitude after coasting is equal to 40 km (Gao, et al., 2007) whereas in (Fisackerly, et al., 
2011) and Figure 5 it reaches 15 km.  
 
The second phase is the braking (Figure 5). For a penetrator option the braking phase is not 
performed or it is done independently by each penetrator.  
The next phase is the impact or the soft landing.  
 
 

 
Figure 5 – Lunar descent and landing 

 
 

3.2 Landing phase 
 
The landing phase is the last stage of the SWIPE deployment. The landing strategy is greatly 
linked to the sensor deployment. Using a wireless sensor network for lunar scientific 
experiments is a relatively new idea and few studies tackle the deployment challenge. As a 
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consequence, a wide wireless deployment trade-off is necessary. This constitutes the major 
work of the overall document and as a consequence an entire chapter is dedicated to sensor 
deployments and landing strategies (Chapter 4). 
 

4 Landing strategies and WSN deployment 

This section contains the comparison between various potential strategies to deploy the 
nodes of the SWIPE WSN. In the first section, the different criteria are described. Then the 
potential solutions are depicted and their compatibility and suitability levels are estimated 
against these criteria.  
 

4.1 Criteria  
Three criteria drive the comparison of the deployment strategies: 

 Technology readiness level (TRL) 

 Strategy consistency with the SWIPE mission 

 Maximum number of nodes allowed by the strategy 
They are described in the next subsections. 

4.1.1 Technology readiness level 

The first criterion is the technology readiness level (TRL). This measure is used to assess 
the maturity of a technology. In this document, the NASA and ESA definitions are used. They 
are defined in (Mankins, 1995) and (ref :European Space Agency) and reproduced in Table 
5. 
 

TRL Level description 

1 Basic principles observed and reported 

2 Technology concept and/or application formulated 

3 Analytical & experimental critical function and/or characteristic proof-of-concept 

4 Component and/or breadboard validation in laboratory environment 

5 Component and/or breadboard validation in relevant environment 

6 
System/subsystem model or prototype demonstration in a relevant environment (ground or 
space) 

7 System prototype demonstration in a space environment 

8 
Actual system completed and "Flight qualified" through test and demonstration (ground or 
space) 

9 Actual system "Flight proven" through successful mission operations 

Table 5 – NASA and ESA definition of TRL 

 

4.1.2 Consistency with SWIPE mission 

 
The “consistency” criterion verifies if the deployment strategy is compliant with the SWIPE 
mission. It encompasses several requirements:  
 

- Ensure communication capabilities between one node which acts as a gateway (exit 
point) and the orbiter. The main issue is the line of sight between the gateway and 
the satellite. 
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- Ensure communication capabilities between neighbouring nodes, i.e. ensure a line of 
sight between a node and its neighbours.  
 

- Ensure a complete connectivity of the WSN. The deployment must ensure that each 
node may exchange information with the gateway.  
 

As mentioned in the deliverable D2.1 and reminded in Table 2, the connectivity between the 
SWIPE nodes depends on the maximum line of sight which is possible (around 1200 m) and 
depends on the relief of the Moon surface craters and rock distribution. In the baseline, the 
distance between each node is set up to 500m to have enough margins for communication 
and to provide high scientific value information. In this first document a preliminary baseline 
for the strategy deployment has been selected based on Lunar-Resurs project. The baseline 
landing strategy was based on a lander but the sensor dissemination was not thoroughly 
studied. However, an accurate deployment phase was privileged since an imprecise landing 
phase may result in a higher number of nodes required to bypass some surface hindrances 
and to ensure a complete connectivity when some of the nodes fail. 
 
However, this document aims to refine the baseline strategy of the D2.1 document and to 
widen the potential strategies trade-off. As a consequence, even imprecise deployment 
strategies are taken into consideration during comparison; in case they fulfil all the criteria. 
 

4.1.3 Number of nodes that may be carried by the spacecraft through 
mass analysis 

 
Finally, the number of sensors that may be sent to the Moon surface during the SWIPE 
mission is the final criterion. It is one of the most important contributors to the mass budget in 
such a mission. This figure is directly linked to the launch scenario selected for this mission. 
Firstly the choice of the launch spacecraft will drive the maximum mass that can be carried 
on the lunar transfer orbit. After that, the total possible mass is divided between the orbiter 
and the landing spacecraft. The landing spacecraft encompasses all the elements of the 
mission that are necessary to the deployment of the sensors. The trade-off in this document 
(Section Error! Reference source not found.) is especially related to the landing 
spacecraft.  
 
In order to provide figures for the comparison and perform the trade-off for the landing 
spacecraft, the launch spacecraft and the mass of the orbiter have to be known. Therefore 
the selected baseline launch scenario is depicted in paragraph 4.1.3.1. This scenario has 
been chosen during the D2.1 document. The paragraph 4.1.3.2 proposes alternative 
solutions to potentially tackle mass budget issues. 

4.1.3.1 Baseline launch scenario 

 
The baseline scenario selected in the deliverable D2.1 considers a launch by a Soyuz-2/1b 
launcher (see Table 6). This choice is driven by several studies such as lunar lander, lunar-
Glob and Lunar-Resurs. Soyuz-2/1b seems to be the less expensive launcher that can be 
used for a lunar deployment of the SWIPE project. Two transfer orbits may be used: direct 
transfer and phasing loop transfer. The second one is privileged. The separation between the 
launcher and the spacecraft occurs in a high elliptical orbit; as a consequence, the spacecraft 
needs to activate propulsion mechanisms at each loop in order to finally escape from Earth. 
The information in Table 6 has been obtained from the Lunar-Resurs mission and updated 
based on (Zak, 2013).  
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Launch example 

Transfer Phasing loop 

Launcher Soyuz-2/1b 

Spacecraft 
mass 

~2600 kg 

Orbiter mass ~1400 

Landing 
spacecraft 

~1200 

Table 6 – Baseline launch scenario 

 
The total mass launch to the first high elliptical orbit by the Soyuz will be approximately 2.6 
tons. The orbiter mass is estimated to 1400 kg based on the Lunar Resurs project. As a 
consequence the Landing spacecraft cannot exceed 1200 kg. These figures are static in the 
trade-off section. 
 
Regarding the scientific payload, a mass estimation has been derived from Lunar Resurs 
mission and Lunar Lander project in the D2.1 in which it is equal to 50 kg (Zak, 2013). These 
projects consider a lander solution; therefore this estimation will be modified according to the 
deployment strategies in the trade-off section.  

4.1.3.2 Alternative launch scenarios 

 
Alternative solutions are proposed in this section to broaden the perspective of the SWIPE 
project concerning the mass budget. Two solutions are described to increase the sensor 
packages mass:  

 Increase the launcher capability; the paragraph 4.1.3.2.1 describes the heavy 
launcher characteristics of current and in development rockets.  

 Re-use an already in orbit lunar satellite to gain the orbiter mass in the budget 
(4.1.3.2.2) 

4.1.3.2.1 Launcher possibility 

The Soyuz 2/1b vehicle limits the total mass to 2600kg to a high elliptical orbit. Should more 
scientific payload on the Moon be required and a more powerful launcher has to be used. 
Table 7 presents several launchers and their characteristics. These figures are estimations, 
and for instance, the prices of Soyuz 2-1B and Proton M seem lower in the table than in 
reality, particularly for space agencies‟ missions. Table 7 compares the spacecraft mass at 
TLI (Trans-Lunar Injection) and as a consequence for a direct launch and no longer for the 
phasing loop method.  
 

Launch 
example 

Soyuz 2-1B Proton M Ariane 5ECA 
Ariane 
5ME(6) 

Falcon  
heavy(6) 

Spacecraft 
mass TLI  

1700 kg(1) 5400 kg(2) 7800 kg(3) 9700 kg(3) 13500 kg(4) 

Typical price $65M(5) $85M(5) $220M(5) - $135M(4) 

(1) 
Mass estimation from (arianespace, 2012) and with V∞ = 3000 km/s or C

3
 = 9000 km/s 

(2) 
Mass estimation from (ILS, 2009) and with V∞ = 3000 km/s or C

3
 = 9000 km/s 
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(3) 
Mass estimation from (Fisackerly, et al., 2011) 

(4) 
Mass and price communicate by space X (Space X)  

(5) 
Mass and price estimation from (Federal Aviation Administration, 2009),  (Federal Aviation Administration, 

2010),  (Federal Aviation Administration, 2010a) and  (Federal Aviation Administration, 2011) 
(6) 

In development  

Table 7 – Comparison of basic launcher characteristics 

 
In order to send the SWIPE nodes on the Moon, a Soyuz rocket has been selected for a 
minimal WSN configuration, but more powerful vehicles are able to bring more nodes on the 
Moon and increase the scientific return of the SWIPE mission. The spacecraft mass at the 
trans-lunar injection (TLI) may be doubled thanks to Ariane 5 ECA. In addition, heavier 
spacecraft can be launched thanks to future developments, such as Ariane ME or Falcon 
heavy.  
The final rocket selection will be driven by the cost of the landing solutions. If a minimal 
coverage may be achieved thanks to a Soyuz launch, this rocket will be probably chosen. A 
secondary driver is the targeted coverage between minimal, normal and extended, however 
due to cost reduction in space agencies, these criteria should be carefully considered.  

4.1.3.2.2 Orbiter re-use 

In order to increase the mass available for the SWIPE nodes, re-using a lunar satellite 
already in orbit may be an interesting solution to increase the landing spacecraft of 1200 kg 
in the baseline scenario. The orbiter communication capabilities will be shared by its first 
mission and the SWIPE project. 
The opportunity to couple the SWIPE mission with already planned or scheduled Moon 
missions has been checked. Two alternatives have been identified: 

 Chandrayaan-2 is the first appropriate, yet the orbiter has a polar orbit as a 
consequence it does not meet the SWIPE mission requirements as described in 
D2.1.  

 a long term satellite network around the Moon has been studied by NASA.  They 
proposed a constellation of three satellites in elliptical orbit (Bhasin, et al., 2006). 
However, this project has not yet been approved.  

As a consequence, the possibility to take benefit of an existing mission with a Moon orbiter 
has not been retained so far.  
 

4.2 Description of potential deployment strategies 
 
This section depicts various potential deployment strategies for the SWIPE WSN. Six options 
have been analysed: 

 Option 1: Penetrators 

 Option 2: Each sensor is precisely placed by a rover  

 Option 3: Each sensor is thrown by a rover  

 Option 4: Each sensor is thrown by a lander  

 Option 5: Each sensor is thrown by a quasi-lander 

 Option 6: Each sensor gets its own lander 
 
These options are detailed in the next chapters and a final comparison is provided in the 
conclusions.  
 

4.2.1 Option 1: Penetrators 
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Option 1 is about the concept of penetrators. The nodes are dropped by the spacecraft, 
reaching the Moon surface at high velocity and penetrating into the regolith. Several 
concepts have been developed by the different space agencies for this strategy.  
NASA has elaborated the Deep Space 2 mission (Smrekar S, et al., 1999). It consists of two 
space probes which were sent to Mars in January 1999. This mission was designed to Mars 
which has a quite different environment than the Moon. Indeed, the Moon does not possess 
any atmosphere and their surface characteristics are not similar. The probes weighed 2.4 kg 
each and were released by the Mars Polar Lander spacecraft above the South Pole. They 
were protected by an aeroshell. The probes hit Mars „surface at over 644 km/h. They had two 
distinct parts: an upper stage that had to remain above Mars surface whereas the lower 
stage had to penetrate as far as 0.6m into the soil (Figure 6). This mission failed because the 
communication was never established after the impact. The crash review put forward three 
hypotheses: the crash might be due to a radio equipment failure due to this impact, the 
surface was too rocky and the entire probe could not handle the impact or the batteries 
where exhausted because of the long journey to reach Mars (Jet Propulsion Laboratory, 
2000).  
 

 
Figure 6 – Deep Space 2 probe (Credit JPL) 

 
Penetrators have not been used in other missions except as impactors. They are destroyed 
by the collision, which induces plumes. The scientific return provided by the materials 
resulting from the crash is significant, since they provide information about the surface 
composition. For instance, the Moon Impact probe (MIP) (Sridharan, et al., 2010) was 
released by the Chandrayaan-1 Indian orbiter on 2008 in the Shackleton crater and LCROSS 
(Colaprete, et al., 2010), a US spacecraft, was launched to assess the presence of water in 
permanently dark craters around the poles. 
 
No current mission uses penetrators, as several projects supported by national space 
agencies have been planned but they were postponed or cancelled. The Japan space 
agency, JAXA, has developed a mission called LUNAR-A (Mizutani, et al, 2003). It is 
composed by two penetrators that should impact the regolith from 250 m/s to 300 m/s and 
enter 1 to 3 meters inside the surface. A geophysical sensor suite is embedded into the 
penetrators in order to get tremendous information about lunar core and mantle as well as 
their physical properties through seismic sensors. In addition, this mission had to monitor 
thermal propriety of the regolith. Unfortunately, it has been cancelled by JAXA.  
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The Russian space agency has proposed a mission that used penetrators to full velocity in 
the Luna-glob project (Galimov, 2005). Its objectives were to assess a new model of the 
Earth-Moon formation and seismic sensors should provide essential data in this perspective. 
Two types of penetrators had been planned: high speed penetrators and a semi hard lander-
penetrator. Although this was the signature of the project, the idea was abandoned around 
2010 because of the technical risks involved. The tests confirmed that scientific instruments 
were able to survive a shock with a speed of 1500 m/s whereas a speed of 2500 m/s was 
expected (Russian space agency).  
UK space agency with NASA collaboration has proposed the MoonLITE mission (NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION BRITISH NATIONAL SPACE CENTRE, 
2007) which aims at sending four penetrators to the Moon (Figure 7). The main objectives of 
MoonLITE are: 

 To improve our understanding of the differentiation process, the internal structure and 
the early geological evolution of the Moon.  

 To deepen our knowledge about the origin of volatiles in the Earth-Moon system; 

 To collect in situ data in a manned mission perspective.  
 
This mission is not currently being funded (Markets & Wealth Creation An Innovation and 
Growth Team reference document from Working Group One, 2009). The orbiter would follow 
an orbit of 40km altitude, dropping one penetrator above each predefined site. The four sites 
are far from each other to create an extended seismic network. Some propulsion allows the 
penetrators to reach the Moon surface vertically at 300 m/s.  
 

 
Figure 7 – MoonLITE impact scheme (Credit NASA) 

 
 
Technology readiness level: 
This technique has never been employed during a real space mission. Deep Space 2 was 
the only try and it has been a failure. However the concept seems promising because 
scientific projects have developed the concept and the technology through space agencies 
programs, despite the fact that they were stopped owing to economic choice. The technical 
realisation is still challenging. The current technical readiness does not exceed the level 4 
since no successful test has been performed in a relevant environment. Besides, the sensors 
also need to survive the collision with the moon surface. As a consequence, all sensors have 
to be designed to cope with the huge shock requirements if this strategy is selected.  
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Suitability to SWIPE mission 
The penetrator technique has two main problems considering the SWIPE mission. The first 
one is related to the deployment accuracy. This method cannot be considered as sufficiently 
precise in the SWIPE project. As a consequence, it is necessary to spread out several tens 
(to hundreds in the extended case) of nodes on a small area with a span of about 500m. In 
addition, the position of nodes will follow the trajectory of the orbiter. Therefore it is difficult to 
deploy nodes on a rectangular surface without extra propellant for which a propulsion engine 
will be necessary. Since a short span between nodes is necessary several revolutions of the 
orbiter must be performed to deploy several tens of nodes that will increase the complexity of 
the mission and the duration of the deployment phase. 
 
The second problem is due to the penetration of the probe into the regolith. The depth is 
estimated from 2 to 6 meters for a probe of 75cm length. As a consequence, the probe has 
no line of sight with other SWIPE nodes, a mechanism to evacuate the probe or a deployable 
antenna is necessary to allow communication between sensors. This entails mechanisms 
development that reduces the TRL of this strategy, increase the cost of the mission and 
reduce the scientific mass ratio of the mission. 
 
Number of nodes  
 
The number of nodes is based on the mass of the lander and the mass of the penetrators 
calculated in the MoonLITE mission design. In this study, the penetrators mass is equal to 
36kg. In this configuration, each penetrator may carry a payload of 3kg. As a consequence, 
the maximum number of units deployed using this strategy is 35 nodes.  
 
This strategy allows the deployment of 35 nodes. However, the technology readiness level is 
too low to consider this solution mature enough to be used in the SWIPE project. A 
technological development plan may be prepared to reach the right TRL. Yet its main 
problem lies in the fact that it is not tailored to the SWIPE mission because this strategy 
buries the nodes into the regolith, which hinders the communication between nodes and 
penetrators are a risky solution due to the shock.  
 

4.2.2 Option 2: Each sensor is precisely deployed by a rover  

 
 
In this option, the lander carries a moon rover that will go across the planned deployment site 
in order to softly and accurately drop each sensor onto its predefined position.   
 



 

D2.3-Deployment Strategies tailoring to SWIPE 
scenarios  

 
 

312826-SWIPE-D2.3-DeploymentStrategies  Page 20 of 30 

 
Figure 8 – Option 2 scheme 

 
Although no recent mission aimed to deploy a WSN, several space missions rely on rover 
technologies. The first ones were Lunokhod 1 and 2. These lunar rovers have landed on the 
Moon thanks to a Soviet Union program. Lunokhod 1 was launched in 1970 and weighed 
756 kg (Figure 9). Its mission lasted 10 months and 20 days. Lunokhod 2 landed on the 
Moon in 1973 to perform a 37 km mission during 4 months.  
 

 
Figure 9 – Lunokhod 1 

 

  
Figure 10 – Lunar Roving Vehicle 
(Credit Lunar and Planetary Institute)

 
The next rover on the Moon was the Lunar Roving Vehicle (LRV) (Figure 10). It was used 
during the three last Apollo missions: Apollo 15, 16 and 17. LRV was specifically designed to 
carry astronauts and their soil samples that will be brought back to Earth. After these 
missions that allowed a tremendous breakthrough in the Moon and Solar System 
understanding, lunar rovers were no longer used. However, rovers are widely used to 
explore Mars environment such as Spirit, Opportunity and the last one Curiosity (Figure 11) 
and the future ExoMars. As Mars may have been an abode of life, scientific investigations 
were focused on the red planet. 
 

http://en.wikipedia.org/wiki/Lunokhod_1
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Figure 11 – Curiosity rover (Credit: NASA/JPL-Caltech/MSSS) 

 
 However the resurgence of the Moon interest induces new development of lunar rover by 
the space agencies. This is mainly related to the preparation of manned missions in Mars. 
Indeed, the Moon seems to be a necessary step to reach this final goal. In addition, the in-
situ resource utilisation (ISRU) plays a significant role in this interest. As a consequence, 
several planned lunar missions include rovers. For instance, Chang‟e 3, a Chinese project, 
has just arrived at the Moon. Their rover is a six-wheeled rover and its payload weights 20kg. 
The lunar rover mission will last 3 months and it can travel 10km at maximum. The lander 
has a mass of 1200 kg in addition of the rover.  
 
The next Indian lunar mission, named Chandrayaan-2 includes a rover which weights 30 to 
100kg (Indian Space Research Organisation, 2010). The rover is designed by the Russian 
federal space agencies (Roscosmos) and built by the Indian Space Research Organisation 
(ISRO). This mission is planned to be launched in 2017 and it will last one year. The science 
objectives encompass discovery of hydroxyl and water molecules and monitoring the 
radiation environment (Goswami & Annadurai, 2011).  
 
Jet Propulsion Laboratory is developing lunar rovers such as ATHLETE (All-Terrain Hex-
Legged Extra-Terrestrial Explorer) (Heverly, 2007). This is a six-legged rover that is much 
larger than previous systems; it has a diameter of 4 meters and is able to carry a payload of 
450 kg. ATHLETE can reach a speed of 10 km/h; however its mass is of about 850kg. 
 

 
Figure 12 – ATHLETE rover (Credit: JPL/NASA) 

http://en.wikipedia.org/wiki/Jet_Propulsion_Laboratory
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Technology readiness level 
Considering the subsequent knowledge of previous missions, the technology readiness level 
is high. The system to drop the nodes on the Moon surface is not a technological challenge. 
However the design of the rover may be complex due to the SWIPE mission requirements. 
The payload mass needs to be carefully estimated to enable the deployment of scientific 
sensors adapted to the mission. The TRL varies from 5 to 7 depending on the design 
challenges.  
 
Suitability to SWIPE mission  
Building a rover tailored to the SWIPE mission is challenging. The rover needs to travel 
through about 10 kilometres to deploy the nodes of the SWIPE mission scenario. By 
comparison with the Mars rovers such as Curiosity and Opportunity, the SWIPE deployment 
phase will take more than 5 days without interruption (75m/h with boulder avoidance 
techniques). On the contrary, the rover from Chang‟e 3 mission has a maximum travelling 
distance of 10 kilometres during the three months mission. As a consequence to cover the 
minimal area with the same requirement as Chang‟e 3, a long deployment phase would be 
necessary (around three months).  
Great attention needs to be paid to the rover because the nodes deployment must be 
completed during a lunar day, especially when the sun elevation is at its maximum to use 
solar energy. Consequently the rover needs to be designed to avoid a deployment phase 
that exceeds 10 days with mandatory margins.  
This strategy of deployment allows an accurate positioning of the nodes and the rover can 
drop the node only when the communication capabilities with the active nodes are confirmed.  
 
 
 
 
Number of nodes  
 
The number of nodes is really difficult to estimate. If Chang‟e 3 is used as reference, the 
rover may carry a payload equal to 20kg. In order to reach the 20 nodes, the rover needs to 
be tailored to the SWIPE mission and a development phase is necessary. This strategy is not 
adaptable to large WSNs. The mass budget will be too limited and the deployment too long 
to complete.  
 
 

4.2.3 Option 3: Each sensor is thrown by a rover  

 
Option 3 uses a lunar rover that throws the nodes into their planned locations. It derives from 
option 2.  
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Figure 13 – Option 3 scheme 

 
Although rover experience is an asset for this option as described in the previous paragraph, 
mechanisms that throw sensors are not commonly studied. An ESA project, RF-WIPE (Sanz 
D., et al, 2010), has defined a small robotic launcher in order to throw sensors on Mars. In 
that case, the deployment engine may throw a node to 30m with a precision of 0.5m. The 
lunar rover mission described in option 2 may be used in this option.  
 

 
Figure 14 – RF-WIPE rover with launch mechanism  

 
 
Technology readiness level 
This technology is not mature enough to be used on the Moon although the lunar rover 
technology is well developed. The engine that fires the nodes is only experimental and 
tailored to the Mars environment. The technology readiness level is 3. 
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Suitability to SWIPE mission  
The node launcher associated with a rover may be an interesting combination to reduce the 
travelling distance of the nodes compared to option 2. However, the range needs to exceed 
400m to significantly reduce the deployment duration. Considering the baseline scenario and 
a straight path through the deployment area, the maximum distance is then reduced to 4 to 
5km. This strategy is not as accurate as the option 2. For instance, the communication 
capabilities cannot be verified before launching the nodes, and the node orientation cannot 
be assessed.  
 
Number of nodes  
 
The number of nodes that can be deployed with this option is similar to the option 2. It may 
decrease proportionally to the mass of the launcher engine.  
 

4.2.4 Option 4: Each sensor is thrown by a lander  

 
In option 4, the strategy consists of an orbiter and a lander where the lander is in charge of 
the node deployment. After the soft landing on mare Ingenii, the lander throws the different 
sensors to their final position.  
 
 

 
Figure 15 – Option 4 scheme 

 
This strategy has no equivalent in current and future planned space missions. The RF-WIFE 
study, supported by ESA, proposed a launcher engine, however its range is very limited. 
Considering the SWIPE requirements, the range of this mechanism would have to reach 2.5 
km.  
 
Technology readiness level 
The technology is not mature and the TRL does not exceed 2.  
  
Suitability to SWIPE mission  
This solution seems difficult to adapt to the SWIPE mission since the required range is an 
important scientific requirement. This strategy may increase the shock constraints. In 
addition, the accuracy of the positioning is complex to ensure. 
 
Number of nodes  
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The number of nodes cannot be estimated since the sensor launcher mass is not designed.  
 
 

4.2.5 Option 5: Each sensor is thrown by a quasi-lander  

 
Sensors are deployed by a spacecraft which slows down its speed during the descent and 
the nodes are fired before the landing phase. This technique has not been studied yet. 
However, it may provide benefits compare to the previous option considering the necessary 
energy to deploy the nodes.  
 

 
Figure 16 – Option 5 scheme 

 
Technology readiness level 
This technology is not mature (TRL: 2). 
  
Suitability to SWIPE mission  
This strategy may be an interesting solution to send plenty of nodes on the Moon surface. 
However, it is not a precise deployment and the number of nodes needs to be increased 
compared to the baseline mission as defined in Table 2. The shock requirements are more 
critical for this strategy, when compared to options 2, 3 or 4. 
 
Number of nodes  
The number of nodes cannot be estimated because of the immatureness of this technology.  
 

4.2.6 Option 6: Each sensor has its own lander  

 
In order to deploy several nodes, one of the simplest solutions would be one lander for each 
sensor. However, this solution is not acceptable because of the absence of atmosphere a 
soft landing would require large quantities of propellant. That limits the number of nodes to a 
couple of nodes.  
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Technology readiness level 
This strategy has a high TRL that reach 9. 
 
Suitability to SWIPE mission  
This solution has similar issues that the penetrator strategy with the possible complexity to 
deploy numerous nodes on a small area. In addition the limited number of nodes precludes 
this choice.  
 
Number of nodes  
The maximum number of nodes is equal to 2. 
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5 Landing trade-off  

 

5.1  Minimal coverage scenario (with Soyuz 2-1B) 
 
The Table 8 illustrates the comparison between the different strategies analysed for the 
deployment of the sensor network of SWIPE.  
 

Option # TRL 
# of 

nodes 
Suitability 

Penetrators 1 4 36 

 Inaccurate 

 Deployment of numerous nodes in 
a small area is complex  

 Nodes are burrowed and hinder 
inter-nodes communication 

 Complex shock requirements 

Each sensor is precisely 
deployed by a rover 

2 5-7 10-20 
 Long deployment phase 

 Accurate 

Each sensor is thrown 
by a rover 

3 3 10-20 

 Reduces the deployment duration 
compared to option 2 

 Less accurate 

 Needs a development of node 
launcher with a range of 400m. 

Each sensor is thrown 
by a lander 

4 2 ? 
 Inaccurate  

 Needs a complex node launch 
mechanism of 2.5km range 

Each sensor is thrown 
by a quasi-lander 

5 2 ? 
 Inaccurate  

 Complex shock requirements 

Each sensor has its own 
lander 

6 9 2 
 Limited number of nodes  

 Deployment of several nodes over 
a small area is complex  

Table 8 – Comparison of deployment strategies or SWIPE project 

 
Option 4 and 5 are discarded for the baseline scenario as their TRL is too low. Option 6 
cannot deploy enough nodes to be considered as a feasible solution. The actual competition 
is between the three first options. Option 1 does not provide a satisfying deployment because 
all nodes are buried into the regolith, which will compromise the communication between 
nodes. The difference between options 2 and 3 is on the need of a small engine that 
launches the nodes in order to decrease the deployment duration. The current development 
status of the engine decreases the overall TRL of the solution and may reduce the number of 
nodes that the SWIPE spacecraft can carry. Moreover, this solution is less accurate than 
option 2. As a consequence, option 2 (each sensor is precisely deployed by a rover) is 
selected as the most suitable deployment strategy for SWIPE, in a minimal coverage 
configuration. 
 

5.2 Normal and extended coverage 
 
If the normal or the extended coverage is selected, option 2 is no longer the best strategy. 
Indeed the distance that needs to be covered is five to ten times higher than in the minimal 
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coverage and as a consequence the duration of the deployment may be longer than a lunar 
day. Option 5 (each sensor is thrown by a quasi-lander) may be an interesting alternative to 
deploy a large number of nodes over a wider area. However a technical challenge must be 
tackled considering the TRL of this solution. Furthermore, this solution is only interesting if a 
large number of nodes can be deployed and therefore further feasibility studies are 
mandatory. 

6 Conclusions  

 
Considering the baseline launch scenario with a Soyuz 2-1B rocket and a minimal coverage 
scenario, the best strategy is option 2; the rover accurately deploying all the nodes. It is one 
of the less risky solutions and it meets the requirements of the baseline SWIPE mission.  
 
Considering the normal and extended coverage, the mass requirements cannot be fulfilled by 
Soyuz 2 1-B rocket. An alternative solution is necessary. Due to the European context of this 
study and to its large capacity, the appropriate choice is an Ariane 5 ECA. The landing 
spacecraft mass is approximately multiplied by four (6140kg). 
 
Another problem of the rover is the deployment duration. For instance, a deployment of one 
hundred nodes in the extended coverage scenario may take months. As a consequence the 
rover option (option 2) is no longer the best strategy and as suggested in Section 5.2, a 
quasi-lander strategy (option 5) may be a better solution. However, the TRL is very low and 
its development will be costly and time-consuming.  
 
An intermediate solution is the use of several rovers to reduce the duration of the deployment 
phase; however, the number of nodes should hardly exceed one hundred due to the mass 
budget. This solution also increases the complexity of satellite-to-exit point link design since 
several exit points will be located in the rover and they could communicate at the same time. 
The TRL of this deployment strategy is relatively high.  
 
Table 9 summarises the shortlisted options and compares them for each coverage 
considered in the SWIPE mission.  
 
 Minimal coverage Normal coverage Extended coverage 

Launcher Soyuz 2-1B Ariane 5 ECA Ariane 5 ECA 

Option N° 2 
2 

(but several rovers) 
5 

Option 
name 

Each sensor is 
precisely dropt by a 

rover 

Each sensor is precisely 
dropt by several rovers 

Each sensor is thrown 
thanks to a quasi-lander 

Number of 
nodes 

10-20 50-100 ?(>100) 

Comments 

The rover must be 
precisely designed to 
limit the deployment  

duration 

The rover must be precisely 
designed to limit the 
deployment duration.  

Higher complexity for the 
rovers-to-earth 
communication 

TRL very low and a 
development of a new 

technology is costly and time 
consuming 

Table 9  – Deployment selection in function of the coverage of the mission 
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