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Introduction: The development of an optimal strategy 
for the exploration of the subsurface of Mars requires 
insight into consideration of recent and ongoing tech-
nological advances in subsurface exploration plat-
forms.   Honeybee Robotics is a leading NASA sup-
ported developer of electromechanical subsurface ex-
ploration systems.  The depth accessible through tech-
nologies under development at Honeybee extends from 
5 mm to over 100 meters below the Martian surface.   
The types of subsurface exploration systems that cover 
the depths in between the extremes of that range are 
extensive and is representative in principle to systems 
also being developed at other institutions here in the 
US and around the world. Systems under development 
are not just limited to the sampling of the subsurface. 
Novel approaches to comprehensive borehole science 
access are also under development.  An overview of 
the range of subsurface exploration approaches is of-
fered as a potential vertical infrastructure that can as-
sist in the design of future in-situ science and sample 
return missions to Mars.  Interaction with experts at 
subsurface access, mission planners and science users 
is expected to produce an optimized subsurface explo-
ration strategy. 

Near-Term Sampling Systems: The search for life, 
extinct or extant, and insight into the evolution of the 
solar system are top science goals of current and future 
planetary exploration missions, as identified by the 
National Research Council’s Planetary Science De-
cadal Survey [1]. These goals can be achieved by, 
among other methods, analysis of planet, comet and 
asteroid surface and subsurface samples, which will 
provide insight into the geologic composition and his-
tory of those bodies. The near and longer-term sam-
pling systems developed by Honeybee Robotics will 
allow access to those samples on Mars as well as other 
planetary bodies. 

Several methods of sample acquisition have been 
developed by Honeybee under NASA funding (Figure 
1). From the surface to greater than 10 meters depth, 
stratigrapghy-maintained powder and core samples 
may be acquired and transferred to onboard instru-
ments or a storage cache. We have developed balloon- 
and rover-based systems, as well as sample handling 
and storage systems. Most notably, the Rock Abrasion 
Tool (RAT) and Mini-Corer are at the forefront of 
planetary drilling and sample acquisition technology.  

RAT.  NASA’s twin 2003 Mars Exploration Rov-

Figure 1: Honeybee Robotics Drill Heritage
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ers will be equipped with the RAT. The Rovers will be 
launched separately and will explore the Gusev Crater 
and Meridiani Planum regions on Mars. Each rover 
has a life span of 90 days and can traverse up to 1 
kilometer [2]. The RAT is a robotically controlled sci-
ence instrument weighing less than 700 g (7 cm diame-
ter, 10 cm long) and will be carried by the rover’s me-
chanical arm. The primary purpose of the RAT is to 
remove dirt and rind from Mars surface targets (to 5 
mm depth, 45 mm diameter) to reveal the underlying 
fresh rock features (Figures 1 & 2). A combination of 
low force and high speed cutting will be used to com-
ply with limited power and stability available from the 
rover. All operations of the RAT are performed 
autonomously. 

 

Figure 2: RAT-abraded rock surface 

Mini-Corer. The Miniature Rock Coring and Rock 
Core Acquisition and Transfer System (Mini-Corer) 
was a portion of the Mars Sample Return Athena Pay-
load, originally scheduled for launch in 2003.  Its ma-
jor objective was to acquire rock cores for in situ ex-
amination by other instruments of the Athena instru-
ment suite, and to provide for a precision caching of 
the acquired cores for purposes of sample return. The 
Mini-Corer is a highly developed robotic drill capable 
of obtaining two 25 mm long and 8 mm diameter cores 
from the same hole from very strong rocks (Figures 1 
& 3). The compact (approximate volume: 15 cm x 10 
cm x 30 cm), low mass (2.7 kg), low power Mini-
Corer can readily drill 25 mm into strong basalt in less 
than six minutes while consuming under 10 watt-hours 
of power.  The cutting teeth on the tip of the Mini-
Corer are designed to cut into strong rock with a mini-
mum of torque, which consumes most of the power. 

A breakthrough feature of the Mini-Corer is its 
unique ability to break off and retain the core from the 
base rock (Figure 4).  The Mini-Corer drills until a 
desired core length has been reached. At this point, the 
core break-off tube begins to rotate relative to the core 
tube to the break-off position.  This action shears the 
core off from the base rock.  The relative position of 
the tubes creates a lip that provides for a positive 
retention inside the core tube of the broken-off core.  
The Mini-Corer can be mounted on positional axes to 

position the tip of the Mini-Corer to a core storage 
location (cache) or in a convenient position for exami-
nation of the core tip.  Once lined up with the core 
storage location, the break-off tube is commanded to 
rotate to its original position and a pushrod internal to 
the core tube then moves to the core ejection position, 
precisely ejecting the core out of the core tube. The 
Mini-Corer also employs a quick-change subsystem 
for changing drill bits.  This subsystem utilizes the 
pushrod and drill drive train for its operation; no addi-
tional actuators are required.  Also, with the autono-
mous acquisition of a specialized end-effector, the 
Mini-Corer can acquire and transfer unconsolidated 
soil to the return cache. 

 
Figure 3: Mini-Corer Sample Acquisition 

 
Figure 4: Mini-Corer Core Break-Off Sequence 

Longer-Term Sampling Systems 
Touch & Go Surface Sampler: The Touch & Go 

surface sampler, currently at TRL 5, is a new class of 
sample acquisition tool. In its basic configuration, the 
Touch & Go consists of a high speed sampling head 
attached to the end of a flexible shaft.  While sam-
pling, the sampling head rotates its counter rotating 
cutters at speeds of 5,000 to 8,000 RPM and consume 
between 20 W and 30 W of power.  The flexible shaft 
attached to the sampling head allows the sampler to 
conform to the planet, comet or asteroid surface; an 
ideal mechanism for sampling from unknown or high-
risk surface regions.  Unconsolidated samples of up to 
30 cm3 can be acquired. Penetration rate varies with 
soil composition. The system is reusable and samples 
can be analyzed by in situ instruments during a mis-
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sion, with the possibility of sample return. The Touch 
& Go system is designed to be deployed from a bal-
loon-based craft, therefore avoiding the complexity 
and costs associated with a landed mission (Figure 1 & 
5). 

 
Figure 5: Touch & Go Descent Sequence 

Image Courtesy of JPL 

10-20 Meter Robotic Deep Drill: Honeybee Robot-
ics has developed a deep drill for exploring the Mar-
tian subsurface to depths of 10 to 20 meters by means 
of low-power, low-thrust dry drilling, with the ability 
to acquire stratigraphy-maintained core samples in 
both solid and unconsolidated material at selectable 
depths. The development of the Deep Drill has 
stemmed from work on a 1-meter Sample Acquisition 
and Transfer Mechanism (SATM) developed to TRL 
6. Originally, a SATM prototype was developed and 
successfully tested at Honeybee Robotics to demon-
strate the performance requirements necessary to meet 
the ST4/ Champollion mission goals. SATM is de-
signed to drill through solid phase material with very 
high compressive strengths and acquire and transport 
powder samples (up to 1.0 cc) from 1.5 meters below a 
planetary surface without cross contamination. Since 
the ST4 cancellation, JPL has supported the rework of 
SATM to meet Mars drilling and sample acquisition 
goals.  

In order to optimize the volumetric packaging of 
the 10- to 20-meter drill, multiple 1-meter long drill 
strings are automatically fed and mated to reach the 
desired depth. Power is transferred across the drill 
string interfaces by spring-loaded electrical contacts 
(Figure 6). This allows power to be delivered to bore-
hole science instruments and a core break-off system 
(similar to that of the Mini-Corer) located in the lead 
drill string.  The drill will then have the ability to 
transfer collected samples to both in-situ instrumenta-
tion and a cache for sample return, as well as conduct 
borehole science analyses. 

Field Test.  Separate field tests were conducted in 
Arizona in December 2002 and February 2003.  Be-
tween these tests, several modifications were made to 

the Deep Drill design to improve its performance, in-
creasing available drilling torque, preventing the drill 
head from rotating during drilling, preventing the drill 
string connections from loosening, and reducing fric-
tion with the borehole. Changes were also made to the 
drilling algorithm, which greatly enhanced the removal 
of cuttings from the hole, leading to a drilled depth of 
8.3 meters after six days of drilling as compared to 3.2 
meters achieved during the first field test. 

 
Figure 6: Drill String Interface (Left) 

 Hardware Field-Tested to 8.3 Meters (Right) 
 

Inchworm Deep Subsurface Platform:  The Inch-
worm Deep Drilling System (IDDS) is a compact, 
novel access technology capable of accessing regions 
deep below the surface of multiple planetary bodies 
including those of Mars and Europa. The IDDS is a 
semi-autonomous robotic device that moves (like an 
inchworm) and drills very deep through soil, ice and 
rocks while requiring only a modest amount of power. 
The absence of a cutting fluid will help significantly 
ease the serious planetary protection concerns associ-
ated with many drilling technologies.  Tether manage-
ment for a subsurface probe that travels to depths be-
low a kilometer may be an insurmountable engineering 
problem.  This may especially be so in a planetary ex-
ploration setting.  The IDDS gets around the problems 
posed by tethers or umbilicals through the employment 
of drilling techniques that require no more power than 
that offered by a Sterling Power System (SPS). There-
fore, the IDDS requires no tether or umbilical of any 
kind.  In a mission scheme, the IDDS requires only 
modest support hardware since it is so small (approxi-
mately 15 centimeters in diameter and 2 meters long), 
robust, and self-sufficient. Extensive drilling tests, 
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previously conducted by Honeybee Robotics, indicate 
a very high plausibility that a customized diamond drill 
head in the 10 to 15 centimeter range will be able to 
readily penetrate very strong rocks and draw no more 
power than 500 to 1000 watts, the expected output of a 
future SPS [3]. Funding of over $1 Million for three 
years has commenced under NASA’s PIDDP and 
ASTEP awards. The main focus of the efforts will be 
to demonstrate the inchworm locomotion as well as 
develop methods of drilling and chip removal, which 
are major tall poles for autonomous planetary deep 
drilling. 

 

Figure 7: IDDS Schematic 

Inchworm Motion. The IDDS reacts the torque and 
thrust needed for drilling into the borehole wall (Fig-
ure 7).  Shoes extend from the aft section of the inch-
worm to secure the IDDS to the borehole wall.  The 
forward section of the IDDS is connected to the aft 
section via a linear actuator, which provides thrust for 
the forward end of the IDDS, which carries the drilling 
head. The thrust and drilling torque are reacted 
through the shoes into the borehole wall.  When the 
linear actuator has extended as far as it can go, the 
shoes of the forward section of the IDDS make secure 
contact with the borehole wall.   Then, the shoes of the 
aft section are retracted and the linear actuator pulls 
the aft section forward toward the front half of the 
IDDS.  This is how the IDDS walks down the bore-
hole. This method of walking is independent of gravity 
and allows for the IDDS to drill back up to the surface 
to remove chips.  The feet of the IDDS are large and 

create a “snowshoe” effect for stability when the IDDS 
encounters very soft or unconsolidated material. 

Comprehensive and Flexible Borehole Science 
Architecture:  An entirely novel approach has been 
developed through JPL-support that allows for the 
development of instrumental drill strings for insertion 
into the 10 to 20 meter drill system (Figure 8). This 
approach allows mixing and matching of drill strings 
and the development of an end-to-end automated ro-
botic system for in situ analysis. Instrumented drill 
strings allow direct contact with the stratigraphy-
maintained borehole wall, either eliminating the need 
for a sample acquisition and handling system alto-
gether, or working in conjunction with such a system 
to maximize in situ analysis.  

 

Figure 8: Imbedded Instrument Options [4,5,6] 

The drill string architecture allows for integration 
of instruments into the non-rotating interior of the au-
ger shaft cavity. Instruments are brought to deep sub-
surface depths by using the segmented drill strings 
employed by the Deep Drill. Currently, we are looking 
at several possible instruments to integrate into our 
drill strings for field testing, including a side-looking 
microscopic imager [4], LIBS/Raman Spectrometer 
[5], Neutron Spectrometer [6], temperature sensor, and 
a water sensor. Borehole science instruments will play 
a major role in future Mars missions by maximizing 
the science goals and minimizing mission complexity. 
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