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Abstract—The goal of the JAXA's Martian Moons Exploration 

(MMX) mission is to explore the two moons of Mars, Phobos 

and Deimos, and return samples from the surface of Phobos. 

Honeybee Robotics is designing and fabricating a NASA-

provided Pneumatic Sampler, or P-Sampler, that would capture 

surface material from Phobos using a pneumatic sampling 

approach. The P-Sampler will be mounted along a leg of the 

MMX lander. The sampling head of the P-sampler utilizes two 

sets of sampling nozzles: one set of nozzles pointed directly at 

the surface to kick-up and loft material into the sampling head, 

and a second set of nozzles to direct the oncoming material into 

the sample return canister further up the lander leg. A robotic 

arm mounted underneath the lander will then remove the 

sample canister and place it inside the sample return capsule. 

Several iterations of the P-Sampler have been designed and 

tested inside a vacuum chamber with Phobos analog material. 

In all tests, the P-Sampler successfully acquired sample, even in 

an extreme scenario where the sampling head was mounted 10 

cm above the surface covered with gravel. 
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1. INTRODUCTION 

The goal of the Martian Moons eXploration (MMX) mission, 

led by the Japanese Aerospace Exploration Agency (JAXA), 

is to make remote sensing and in-situ observations of Phobos 

and Deimos as well as return with samples from Phobos [1]. 

Based on current missions schedules, MMX will bring to 

Earth the first samples from the Mars system. Since Phobos 

might be covered by Martian material, MMX may be the first 

mailto:zacny@honeybeerobotics.com
mailto:lmthomas@honeybeerobotics.com
mailto:GLPaulsen@honeybeerobotics.com
mailto:sabahidara@gmail.com
mailto:PTNg@honeybeerobotics.com
mailto:satoh.yasutaka2@jaxa.jp
mailto:kato.hiroki@jaxa.jp
mailto:sawada.hirotaka@jaxa.jp
mailto:usui.tomohiro@jaxa.jp
mailto:fujimoto.masaki@jaxa.jp
mailto:rob.mueller@nasa.gov
mailto:michael.e.zolensky@nasa.gov
mailto:thomas.s.statler@nasa.gov
mailto:leonard.dudzinski@nasa.gov


2 

 

sample return mission to bring Martian material back to 

Earth. The science goals of MMX are to determine the origin 

of the Martian moons and to observe processes in the 

environment of Mars. The knowledge from the remote, in-

situ, and sample analysis will allow new insights into how 

water and organics were delivered to the inner rocky planets, 

including Earth. MMX would also fulfill strategic knowledge 

gaps related to the future human exploration of Phobos and 

Mars. 

To increase science return objectives related to sample return 

and to provide mission level redundancy, MMX employs a 

dual sampling approach (Figure 1). The coring sampler, also 

known as the C-sampler, captures material from the surface 

to more than 2 centimeters deep in the regolith, providing 

access to the un-space-weathered composition of the Martian 

moons. The C-sampler is essentially a push tube deployed by 

a robotic arm. The P-sampler, on the other hand, uses a burst 

of compressed gas to selectively sample the surface veneer 

and in turn provides reference of surface component captured 

by the C-sampler.  

Properties of the Phobos surface and its near subsurface are 

unknown to both MMX sampling systems. Therefore, using 

two sampling approaches with vastly different sample 

acquisition architectures is critical to the mission’s success.  

This paper focuses on the development and testing of the P-

Sampler. The development and testing of the C-Sampler is 

covered by Kawakatsu et al., 2019 [2]. It should be noted that 

the MMX mission is currently in the development phase. As 

such, it is expected that some changes will be made to the P-

Sampler during detailed designs and implementation phases. 

 

Figure 1. C-Sampler and P-Sampler will target different 

regions on the Phobos surface [1, 2]. 

The P-Sampler is required to capture Phobos material, in any 

amount up to the capacity of the container, from a distance of 

up to 10 cm above the surface. Additionally, the P-Sampler 

should be able to perform sampling operations as soon as 5 

seconds after landing and up to 30 seconds before liftoff. The 

overarching goal of the P-Sampler is to be very simple to use, 

with no ground in the loop control required. 

The Mars-to-Earth leg of the MMX mission has been 

categorized as “Unrestricted Earth Return” by COSPAR, 

which will significantly simplify sample handling and 

curation procedures. Nevertheless, the P Sampler will be 

cleaned and this cleanliness verified using stringent 

procedures utilized for JAXA’s Hayabusa2 Spacecraft, to 

maximize the science return from the precious Phobos 

regolith samples. 

2. DESIGN OF THE P-SAMPLER 

The P-Sampler uses a high pressure N2 gas to excavate and 

loft surface material into a sample return canister. As such, 

the gas acts as a sweeping element (e.g. brush) so that there 

are no mechanisms directly in contact with the sample. This 

makes the sampling architecture extremely simple and 

robust. Since the gas is ultra-pure, there is little danger of 

contamination, which otherwise might be present in 

mechanical sampling systems. 

Pneumatic sampling has been in development at Honeybee 

Robotics since 2002, where the technology’s robustness has 

been demonstrated for various sample acquisition [3], drilling 

[4, 5], and sample delivery applications [6]. The latest 

iterations of these pneumatic sampling systems are also being 

implemented as PlanetVac for lunar missions [7], and 

pneumatic conveyance for the Dragonfly mission to Titan [8].  

As shown in Figure 2 and Figure 3, the P-Sampler is 

integrated onto one of the two fixed struts of the landing gear. 

The lower end of the P-Sampler has the Sampling Head, 

while the upper end has the Control Box that contains all the 

plumbing (tanks, valves etc.) and the sample canister. The 

two elements are connected via two tubes – one for the gas 

(Gas Delivery Tube) and one for the sample and carrier gas – 

Sample Transfer Tube.  

 

Figure 2. P-Sampler on a landing gear in Stowed (L) and 

Landed (R) configuration (lander legs at low angle).  

 

Figure 3. P-Sampler consists of three elements: Control 

Box, Tubes, and Sampling Head.  
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The P-Sampler geometry and location resulted from a 

compromise driven by several requirements. The P-Sampler 

was initially intended to be placed on the footpad of the 

lander leg. However, the lander leg design was updated to be 

very long to increase stability when landing on Phobos’ 

surface in its extremely small gravity well. This would have 

caused the robotic arm to become very long and unwieldy, 

which would in turn make it more difficult to deploy C-

Sampler and dock with the Sample Return Capsule (SRC) on 

the spacecraft. Hence the robotic arm drove location of the 

sample canister in the P-Sampler. To better support sampling 

operations, it was decided to position the Sampling Head as 

close to the surface as possible, next to the lander foot. 

Several earlier iterations of the design were created wherein 

the distance between the sampling head and the surface was 

50 cm or greater. However, this required high gas pressures 

and made it more difficult to successfully capture sample. 

Adding the two tubes to carry the gas and sample was an 

obvious solution to connect the two systems. In the resulting 

assembly, the sample flows in a straight line between the 

Sampling Head and the Sample Canister (Figure 4). 

Once it was determined that the P-Sampler would be attached 

to the lander leg strut, it was decided to prioritize more mass 

closer to the center of mass of the spacecraft, minimizing the 

additional moment of inertia imparted by the P-Sampler.  As 

such, the Control Box (Figure 5) was created to contain the 

Sample Container and its Hold Release (HR) Mechanism 

(actuated by a pin-puller), Pneumatic System (valves, tank), 

Sample verification subsystem (Bream Breaker) and other 

thermal elements.  

 

Figure 4. Path the sample takes from the Sample Head is 

more or less a straight line.  

 

Figure 5. Details of the Control Box.  

The Sampling Head (see Figure 6) has three sets of nozzle 

pairs. The Excavation Nozzles are pointed down – the 

purpose of these is to kick-up surface material – some of this 

surface material will no doubt be scattered around the local 

space and impact some parts of the spacecraft, while some 

will enter the Sampling Head. The material that enters the 

Sampling Head will then be motivated by compressed gas 

from the two Transport Nozzles, which transfers the material 

through the Sample Transfer Tube and into the Sample 

Container. There are also two Retro-Nozzles – these were 

added to negate the impulse created by the sampling nozzles 

which would otherwise affect the attitude of the spacecraft. 

The Retro-Nozzles are pointed directly opposite the sampling 

nozzles and are sized to equally distribute the gas flow.  

Particles lofted, but not captured, by the P-sampler will be 

moving at speeds on the order of 1 m/s, making the 

environment around the spacecraft quite dusty. Further 

potential sources of lofted material include landing (free fall 

from several meters), lift-off, and powered ascent. As a result, 

it is expected that significant amounts of regolith may be 

redistributed onto the spacecraft itself. Some of MMX's 

science instruments may have covers to protect them from 

excessive dust. If the MMX Project deems that dust generated 

by the P-Sampler needs to be contained, dust shields may be 

implemented. 

 

Figure 6. Details of the Sampling Head.  

Sampling steps 

The pneumatic system will be charged with ultra-pure 

nitrogen before launch via the Fill/Drain Valve and stored in 

the Pressure Tank during launch and transit to Phobos. A 

Pressure Transducer will monitor the pressure levels during 

transit and sampling operations.  

The gas handling subsystem includes an Isolation Valve, 

which provides extremely low leak rates needed for long 

transit to Mars. The Isolation Valve is actuated (opened) 

while MMX is in orbit and before the surface operations. 

There are also two Solenoid Valves downstream of the 

Isolation Valve that are actuated to release gas to the 

Sampling Head during the sampling sequence. The gas can 

flow through either one Solenoid Valve or both; the latter 

option is used if it’s deemed the sampling operation would 

need a higher flow rate, which could be determined based on 

close up observations of the Phobos surface from orbit.  
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Upon the two second (nominal) sampling sequence, the 

sample and gas enter the Sample Transfer Tube followed by 

an internal tube within the Control Box. As sample passes 

through, it triggers two sets of Beam Breakers (comprised of 

an IR LED directly opposing a phototransistor) that are used 

for sample verification. Directly downstream from the Beam 

Breakers the tube has a set of vents to separate the gas from 

the sample. The two vents allow gas to escape in opposing 

directions (to provide force neutral operation). Once the 

sample reaches the Sample Canister, it is trapped inside it by 

a set of labyrinths.  

Beam breaker data may be used to inform subsequent 

sampling attempts, if available.  

After sampling and once the spacecraft reaches orbit, the 

Sample Canister is transferred into the SRC via the robotic 

arm. The robotic arm grabs onto the grapple of the Sample 

Canister and the pin puller that retains the canister is actuated. 

As a result, the spring-loaded lid opens, releasing the 

constraints on the canister. A set of redundant microswitches 

detect the lifting of the lid and provide a go signal for the 

robotic arm to extract the Sample Canister.  

3. PRELIMINARY TESTING OF THE P-

SAMPLER 

During the preliminary development phase, over 50 tests 

were conducted inside a vacuum chamber to determine the 

parameters affecting successful sample collection. The test 

parameters included simulant, gas flow rate, pulse (gas flow) 

duration, and sampler height above the surface. All tests were 

conducted with air (78% N2/21% O2) and at 7 Torr vacuum. 

Test setup 

The test setup shown in Figure 7 included the P-Sampler 

prototype mounted onto a Force/Torque sensor to determine 

forces during sampling events. The sampling head was placed 

above the soil bin; the height was adjusted for different tests.  

 

Figure 7. Test setup inside a vacuum chamber.  

During a sampling event, two high pressure nozzles pointed 

at the simulant underneath would excavate and eject the 

sample in all directions, including up.  Two transport nozzles 

mounted inside the sampling head and pointed towards the 

transport tube would then motivate the oncoming sample 

through the transport tube and into the sample canister. The 

sample canister itself had various features to retain the sample 

inside it; it should be noted that these are preliminary features 

and the work continues refining the exact geometry and 

placement of these.  

Videos and pictures were taken during each test [see 

https://www.youtube.com/watch?v=-4a3IAZLUbo&t=11s]. 

The mass of gas used as well as the mass of sample captured 

were recorded after each test.  

Phobos simulant 

Three different simulant materials were used: medium grain 

quartz sand, coarse aircrete and fine aircrete. Aircrete (or 

aerated concrete) is a type of concrete with high porosity. As 

such, its bulk density is significantly lower than a bulk 

density of quartz. The aircrete used for the tests had a density 

of approximately 0.6 grams per cubic centimeter. This helped 

to simulate lower gravity on Phobos. Since particle size 

distribution is not known on the surface of Phobos, two 

blends of aircrete simulants were used: Coarse Aircrete 

containing 90% coarse material and 10% fines, and Fine 

Aircrete containing 10%coarse material and 90% fines (see 

Figure 8).  

 
 

 

Figure 8. Aircrete Phobos simulants. Coarse Aircrete 

simulant (top) and Fine Aircrete simulant (bottom). 

Test results 

Table 1 summarizes test data from several sampling tests 

where the only parameter varied was the height of the 

Sampling Head above the surface. In particular, three heights 

were selected: 10 cm, 5 cm, and 2.5 cm. The 10 cm represents 

the worst-case scenario; it is expected that the surface of 

Phobos is relatively “fluffy” [1] and as such the spacecraft 

https://www.youtube.com/watch?v=-4a3IAZLUbo&t=11s
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footpads could sink upon landing (as opposed to stay on top 

of the regolith surface).  

The other parameters such as gas pressure (5 psig), the flow 

rate (40 Standard Liters Per Minute or SLPM), sampling 

duration (2 sec), and simulant type (Fine Aircrete) were kept 

constant. Retro-Nozzles were not used during these tests.  

The data clearly shows a dependence of the sampling 

efficiency (i.e. mass of sample captured) as a function of 

sampling height. This is expected since at shorter distances 

the ejected regolith by the excavation nozzles is more likely 

to hit the Sampling Head. In fact, the mass of sample 

delivered to the sampling head should be somewhat 

proportional to 1/H2, where the H is the distance to the surface 

(this is similar to the solar power density as a function of a 

distance from the Sun).  

It should be noted that the test data for the same height of 10 

cm (with everything else being the same) varies from 1.1 g to 

2.2 g. The large standard deviation of 0.5 g can be attributed 

to surface properties since no two granular surfaces directly 

underneath the P-Sampler were exactly the same. 

Nonetheless, even at the extreme case of 10 cm, significant 

amount of sample was being captured.  

Table 1. Effect of P-Sampler height above the surface. 

Height [cm] Sample Mass [g] 

10 1.7 

10 2.2 

10 2.2 

10 1.1 

10 1.1 

5 8.8 

2.5 10.0 

 

Table 2 shows the test data where the gas flow rate was 

varied. All other parameters were kept constant. It can be 

seen that the mass of sample captured increases with the flow 

rate for most of the data points. The three data points for the 

flow rate of 35, 36 and 41 produce relatively the same sample 

mass – this is attributed to the changes in experimental setup 

and random errors.  

Table 2. Effect of gas flow rate. 

Flow Rate [SLPM] Sample Mass [g] 

32 0.02 

36 0.80 

35 0.82 

41 0.81 

57 1.87 

 

Table 3 shows the effect of pulse duration on the sample 

mass. All other parameters such as the Sample Head height 

above the surface (10 cm), gas pressure (5 psig), and gas flow 

rate (40 SLPM) were kept constant between the tests. During 

these tests the Retro-Nozzles were not used.  

It can be seen that the mass of sample captured increases as 

the pulse duration increases.  

The table also shows excavation efficiency defined as mass 

of sample captured divided by the mass of gas used. Hence 

the higher the number the more efficient system is. It can be 

seen that the system is most efficient for longer pulse duration 

and least efficient for shorter pulse durations.  

Table 3. Effect of sampling duration. 

Duration [sec] Sample Mass [g] 
Excavation 

Efficiency [g/g] 

2 1.71 No data 

2 2.19 No data 

2 2.22 1.2 

2 1.06 0.6 

2 1.11 No data 

1 0.65 0.7 

1 0.61 0.7 

1 0.35 0.4 

1 0.38 0.4 

0.5 0.04 0.1 

0.5 0.11 0.3 

 

Table 4 lists the trade study data where particle sizes of 

simulants were the test parameter. In particular, the test used 

Coarse and Fine Aircrete. The other parameters such as the 

Sample Head height above the surface (10 cm), gas pressure 

(5 psig), gas flow rate (45 SLPM), sampling duration (2 sec) 

were kept constant between the tests. During these tests Retro 

Nozzles were not used.  

It was found (as expected) that P-Sampler captures higher 

mass of sample if sample particles are smaller. It’s very likely 

that jets of gas from excavation nozzles push the coarse 

material aside and sample finer material. As such, the gas 

energy is ‘wasted’ in moving the coarse material aside.  

Table 4. Effect of particle sizes. 

Simulant Sample Mass [g] Average [g] 

Aircrete (90% 

coarse, 10% fines) 

1.10 

1.33  1.55 

Aircrete (90% fines, 

10% coarse) 

 

 

  

1.71 

1.66 

 

  

2.19 

2.22 

1.06 

1.11 
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Table 5 shows data from tests where particle density was the 

main variable. All other parameters such as the sampling 

height (10 cm), gas pressure (5 psig), flow rate (45 SLPM), 

and pulse duration (2 sec) were kept constant. During these 

tests the Retro-Nozzles were not used. 

The data shows that the P-sampler captures more material (in 

terms of mass, not volume) if the material is of lower density.  

 

Table 5. Effect of particle density. 

Density [g/cc] Sample Mass [g] Average [g] 

sand 

1.87 

1.43  0.99 

 

 

aircrete  

1.71 

1.66 

  

2.19 

2.22 

1.06 

1.11 

 

Table 6 shows the test data when the retro nozzles were being 

used. It should be recalled that the gas flow is split equally 

between the Excavation and Retro Nozzles – this guarantees 

force neutral operation of the P-Sampler.   

As expected, when the gas flow was split between the two 

types of nozzles, the mass of sample captured dropped by 

50%. This conclusion confirms other findings related to mass 

of sample captured as a function of mass of gas used (see 

Table 2 and Table 3. 

Table 6. With and without retro thruster. 

Retro Nozzles Sample Mass [g] Average [g] 

n 1.71 

2.04  

n 2.19 

n 2.22 

y 1.23 

1.10 y 0.97 

 

Table 7 was compiled to determine whether the data was 

repeatable. There are two data sets, each captured under the 

same test parameters. In the first set, the average mass of 1.66 

g with standard deviation of 0.56 g and in the second set the 

average was 0.62 g with a standard deviation of 0.15 g.  

These standard deviations for systems where parameters are 

kept the same (e.g. purely mechanical systems) would be 

considered quite high. However, for geotechnical operations, 

they are considered normal. For example, coefficient of 

variation (the ratio of standard deviation to the mean) for 

shear strength of soil is 20 to 40%. Coefficient of variation 

was calculated for the 1st and the 2nd set of P-Sampler data in 

Table 7 and it was 32% and 28%, respectively, which fits well 

with other measurements of soil properties (e.g. shear 

strength). Since P-Sampler performance is affected by soil 

properties and it’s very difficult to prepare the soil to have 

exactly the same properties underneath the P-Sample every 

time, a higher standard deviation of the sample mass is 

anticipated.  

Table 7. Repeatability.  

Sample Mass [g] Average [g] Std Dev [g] 

1.71 

1.66 

 

  

0.56 

 

  

2.19 

2.22 

1.06 

1.11 

0.65 

0.62 

  

0.15 

  

0.61 

0.35 

0.38 

 

Extreme case sampling test 

In addition to nominal tests, various extreme cases were 

tested, including a thick layer of gravel covering fine material 

(Figure 9). During this test it was found that high pressure gas 

effectively moved the coarse material aside to reach fines 

underneath. A mass of 0.68 gram was acquired during the 2 

second pulse duration.  

 

Figure 9. Extreme case: large pebbles covering fine 

material. During this test 0.68 gram of sample was 

captured. 

4. BEAM BREAKER 

As mentioned earlier, the purpose of the Beam Breaker is to 

verify that the sample has been excavated and moved to the 

sample canister. In principle, real time verification could 

allow modification of sampling parameters (e.g. flow rate via 

two solenoid valves, pressure via heat, number of pulses and 

pulse duration) in case of no sample collection. As such, 

subsequent sampling could be done almost ‘immediately’ 

since data processing is very fast.  

The system consists of a phototransistor mounted opposite of 

an infrared (IR) LED (Figure 10). The LED and 

Phototransistor are isolated from sample flow via quartz 

windows. The P-Sample includes two pairs of Beam 
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Breakers to provide redundancy; these two pairs could also 

be used to calculate sample transfer velocity, if data 

acquisition is done at high enough frequency.  

 
Figure 10. Beam breaker experimental setup.  

Figure 11 shows the raw voltage data from the two Beam 

Breakers. These plots were generated for several experiments 

and the data was used to plot Figure 12 which shows 

Phototransistor response delta (in V) as a function of sample 

collected (grams). It can be seen that the Beam Breaker data 

(once calibrated) could be used to determine the mass of 

captured sample.   

 

Figure 11. Raw data from the Beam breaker.  

 

 

Figure 12. Beam breaker data can be used to determine 

the mass of sample captured.  

 5. SUMMARY  

This paper presents the application of pneumatics in sample 

acquisition and delivery for the Phobos sample return 

mission. The main advantage of pneumatic sampling is its 

simplicity and robustness to varying surface conditions as 

well as its ability to capture sample without being in contact 

with the surface. Samples of different Phobos analog 

materials were captured from a 10 cm height and with a layer 

of rocklets covering the fines; this demonstrated the 

robustness of this sampling architecture.  

The P-sampler will be entering Phase B in 2020 and the 

MMX spacecraft is scheduled to be launched to Phobos in 

2024. The Phobos material and possibly the Martian material 

would be returned in 2029.  
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Lisa Thomas is the Director of 

Program Management at 

Honeybee Robotics Exploration 

Technology Group. Ms. Thomas 

runs a team of program 

managers providing leadership 

for sample acquisition, sample 

handling, and ISRU flight 

projects. She has extensive 

experience in design, systems 

engineering, flight operations support, and project 

management for spaceflight missions, earning a NASA JSC 

Group Achievement Award in 2016 as Deputy Program 

Manager for the BEAM technology demonstration on the 

International Space Station. Ms. Thomas received her B.S. 

and M.S. in Mechanical engineering from Arizona State 

University and University of Canterbury, New Zealand 

respectively. 

Gale Paulsen is a Honeybee 

Robotics Sr. Systems Engineer and 

Deputy Director. He has been 

employed by Honeybee Robotics for 

over 15 years where he has 

performed multiple field 

demonstrations and tests of robotic 

drilling and sample handling 

systems in challenging environments 

that include the Canadian High 

Arctic, Greenland, Pilbara in Western Australia, Mojave 

Desert, Atacama Desert, and Antarctica. Mr. Paulsen has 

also been involved in a variety of engineering and 

management rolls in numerous projects. Some higher 

profile projects have included a core caging mechanism 

for the Mars 2020 mission; Lunar Resource Prospecting 

Drill; Sample Manipulation System for the 2011 Mars 

Science Lab; Icy Soil Acquisition Device on the 2007 Mars 

Phoenix Lander; Rock Abrasion Tool on the Mars 

Exploration Rovers; and SAM instrument on MSL.  

http://dx.doi.org/10.1016/j.pss.2013.09.005
http://dx.doi.org/10.1016/j.pss.2012.07.025
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Dylan Van Dyne is Manager of 

Flight Manufacturing and Testing 

in the Exploration Technology 

Group at Honeybee Robotics.  His 

interests include satellite 

mechanisms, space mission 

design, and extraterrestrial 

sample acquisition.  In the past, he 

has designed flight-proven low-

cost satellite actuators, provided testing support for launch 

vehicle control systems, and developed analysis for large 

deployable structures in space.  He received his MS in 

Astronautical Engineering from the Air Force Institute of 

Technology.   

Sherman Lam is a Mechanical 

Engineer in the Exploration 

Technology Group at Honeybee 

Robotics. He began his career in 

the space industry as an intern at 

the NASA Jet Propulsion 

Laboratory, working on microspine 

technology. His interests include 

extraterrestrial sample acquisition, 

space mission design, and robotic 

mobility in extreme terrains. He holds a B.S. in 

Engineering from Harvey Mudd College and a M.S. in 

Robotics from Carnegie Mellon University. 

Hunter Williams is a mechanical 

design engineer in the Exploration 

Technology Group at Honeybee 

Robotics. Hunter is a former NASA 

space technology research fellow at 

the Colorado School of Mines, 

where he received his MS in space 

resources. His interests include 

lunar volatile collection, 

concentrated solar mining, 

microgravity regolith transport, and molten regolith 

technology development. 
Philip Ng is flight software engineer in the 

Exploration Technology Group at Honeybee 

Robotics. Prior to joining Honeybee, he 

worked on automatic takeoff and landing 

algorithms for UAVs. His interests are in 

motor controls and automation systems for 

space systems.  He holds a BS in electrical 

engineering from Cal Poly San Luis Obispo. 

Dara Sabahi is a Fellow at 

Honeybee Robotics. He was a 

Systems Engineer and Chief 

Engineer at NASA JPL since 

1989 till his retirement in 

early 2018. He was 

responsible for major 

subsystems on all Mars landed missions. Mars Science 

Laboratory Rover (Curiosity Rover) Project System 

Engineer – Landed in 2012 and Operational. Phoenix 

Project Chief Engineer– Landed in 2008 and completed 

surface mission. Mars Exploration Rovers Project (Spirit 

& Opportunity) Mechanical System Architect – Landed in 

‘03 and operational. Mars Pathfinder Project Mechanical 

System Engineer – Landed in 2007 and completed surface 

mission. He holds BS in Civil Engineering from University 

of California, Los Angeles.   

Yasutaka Satou is an assistant professor 

in Dept. of Space Flight Systems, 

ISAS/JAXA (Institute of Space and 

Astronautical Science, Japan Aerospace 

Exploration Agency). He received his 

doctors in engineering from Dept. of Built 

Environment, Tokyo Institute of 

Technology in 2012. Currently, he is engaged in research 

for space structures and mechanisms, such as Gossamer 

space structures, sampling systems, sample return capsule, 

and space telescopes. 
Hiroki Kato joined the DARPA Grand 

Challenge (2003-2005) at Carnegie 

Mellon University. He belongs to the 

Research and Development Division of 

the Japan Aerospace Exploration 

Agency (present) and is engaged in 

research and development of space 

robots such as development of space 

debris capture and robotic arm probe 

of the Martian Moon exploration satellite. Research 

interests: robot navigation and control systems. 
Tomohiro Usui is a professor at 

Department of Solar System 

Sciences, ISAS/JAXA (Institute of 

Space and Astronautical Science, 

Japan Aerospace Exploration 

Agency). He received a diploma in 

Geology from the Tokyo Institute of 

Technology and finished Ph.D. 

(Geochemistry) at the Institute for 

Study of the Earth’s Interior (ISEI), 

Okayama University in 2004. After 

that, he worked as a post-doctoral research fellow at the 

University of Tennessee and NASA Johnson Space Center. 

He was an assistant and associate professor at the 

Department of Earth and Planetary Sciences and an 

Associate-PI at Earth-Life Institute at the Tokyo Institute 

of Technology in 2012-2018. In 2018 he joined ISAS/JAXA 

as a faculty member. His current research interest includes 

the historical evolution of climate, oceans/lakes, and 

habitability on Mars. He is a PI of Sample Analysis 

Working Team and an organizer of Science Board of 

MMX. 
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Masaki Fujimoto is a 

Deputy  Director  General of 

the Institute of Space and  

Astronautical  Science, 

JAXA. He is also Professor 

at   Department of Solar 

System Sciences, Institute   of 

Space and Astronautical 

Science, Japan Aerospace 

Exploration Agency 

(ISAS/JAXA), and has been appointed as Director,  

Department of Solar System Sciences,  ISAS/JAXA and 

Director for  International  Strategy and  Coordination, 

ISAS/JAXA. He  also serves as Vice  Chair,  Commision  B,  

COSPAR  and  Vice  Chair, International Relation Office, 

Japan Geophysical Union. He was an Editor for Journal 

of Geophysical Research, Space  Physics Scientific. His  

interests  are  in  space  plasma physics, planetary-system 

formation process, and planetary exploration. 

Rob Mueller is a senior technologist 

for Advanced Products Development 

in the Exploration Research and 

Technology Programs Directorate at 

NASA's Kennedy Space Center in 

Florida. He is the co-founder of the 

NASA Swamp Works innovation labs 

and the Kennedy Granular 

Mechanics & Regolith Operations 

(GMRO) Lab. He is also Kennedy's lead for Autonomous-

Robotic Systems involved with In-Situ Resource Utilization 

(ISRU). 

He was awarded a Bachelor of Science in mechanical 

engineering from the University of Miami in 1988 and a 

Master (MSSE) of International Space Systems 

Engineering from the Technical University of Delft in the 

Netherlands in 2006, as well as a Master of Business 

Administration (MBA) from the Florida Institute of 

Technology in 1994. Mueller has 28 years of engineering 

and management experience in the space industry and has 

been the recipient of numerous NASA awards, including 

the astronaut's personal achievement "Silver Snoopy" 

award, a NASA Silver Achievement Medal and the NASA 

Exceptional Achievement Medal. He has been awarded 

four U.S. patents for new technology inventions. 

Mike Zolensky is the Associate 

Curator of the comet and 

asteroid samples returned to 

earth by the Stardust and 

Hayabusa missions. His research 

over three decades has focused 

on the origin and evolution of 

water in the early Solar System, 

the mineralogy of comets and 

primitive asteroids, and 

characterization of carbon-rich 

astromaterials and their interactions with the terrestrial 

planets. He is Past-President of the Meteoritical Society, 

is the namesake of Asteroid 6030 Zolensky, and 2020 

recipient of the Leonard Medal of the Meteoritical Society 

Thomas Statler is a Program 

Scientist in the Planetary 

Science Division of the Science 

Mission Directorate at NASA 

Headquarters. His current 

responsibilities include NASA's 

participation in the MMX 

mission, as well as the DART 

planetary defense demonstration 

mission and the Lucy mission to 

the Trojan asteroids. 

Dr. Statler holds a bachelor’s 

degree in physics and astronomy 

from the University of California at Berkeley and a Ph.D. 

in astrophysics from Princeton University. 

Before joining NASA in 2014, Dr. Statler spent nearly 20 

years on the faculty of Ohio University, where he led the 

creation of its astrophysics research program. From 2009 

to 2013, he was a program director at the National Science 

Foundation. 

Dr. Statler is a past chair of the American Astronomical 

Society’s Division on Dynamical Astronomy. Asteroid 

9536 Statler is named in his honor.  

Len Dudzinski is a Chief 

Technologist and Program 

Executive at NASA 

Headquarters, Planetary 

Science Division. He is 

responisble for identifying 

technology priorities and 

develop investment 

strategies to acquire needed 

new capabilities for 

planetary exploration. 

Len is also executive for Radioisotope Power Systems 

Program, overseeing sustainment of NASA's deep space 

power capabilities and development of new power systems 

based on Plutonium-238. 

Len received BS in Aerospace Engineering from The Ohio 

State University. 

Justin Spring is an Engineering 

Manager at Honeybee Robotics 

and worked on early phases of 

the MMX pneumatic sampler. 

Justin has worked for Honeybee 

for over 7 years, starting as an 

intern, and working on various 

projects through the years 

including various pneumatics 

systems for sample collection 

and manipulation. Justin is also a part of the Honeybee 

flight operations team, serving as a Payload Uplink 

engineer for the Sample Analysis at Mars (SAM) 

instrument on the MSL curiosity rover, and formerly the 

Rock Abrasion Tool (RAT) on the now ended MER 

Opportunity rover. Justin received his BS ad MS in 

Mechanical and Aerospace Engineering from the 

University of California at Irvine. 
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Philip Chu is a Sr Systems 

Engineer at Honeybee Robotics. 

He has served as lead engineer 

on numerous mechanical and 

electromechanical systems, and 

his interests include pneumatic 

and percussive drilling systems, 

robotic manipulators, sample 

handling and sealing systems, 

and planetary sample acquisition systems. He lead the 

development of the Phoenix Lander’s Icy Soil Acquisition 

Device, as well as dozens of prototype sampling, sealing, 

and sample handling systems for planetary exploration. 

Most recently, he lead the development of a pneumatic 

sampling and sealing system for the Comet Astrobiology 

Exploration Sample Return (CAESAR) mission proposal 

for the New Frontiers program.  Mr. Chu has a BS and an 

MS in Mechanical Engineering from Cornell University. 

 

 

 


