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ABSTRACT

This paper presents an overview of the Canadian Space
Agency’s (CSA) Mars Sample Return Analogue Deploy-
ment (MSRAD) that took place in the desert of Utah in
fall 2016. MSRAD was conducted with CSA’s Mars Ex-
ploration Science Rover (MESR) that was remotely con-
trolled over a satellite link from the CSA headquarters in
Canada. The first part of MSRAD 2016 was a science-
driven sample caching phase based on a scenario from
the upcoming Mars 2020 NASA mission. That part of
MSRAD was a direct continuation of an 11-day/sol ana-
logue mission conducted in 2015 at the same site, under a
similar framework. The second part of the analogue mis-
sion was a Fetch rover technology demonstration that fo-
cused on the sample automatic capture, manipulation and
transport technology that was designed based on require-
ments provided by NASA/JPL team. Over the 16 days of
remote operation, the rover autonomously traveled 929 m
during which neither field emergency-stop nor unrecov-
erable errors occurred. During the Fetch phase, the oper-
ators retrieved 6 samples from the ground and transferred
them to a Mars Ascent Vehicle (MAV) mock-up.
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1. INTRODUCTION

One of the highest priority for the international planetary
science community is the return of samples from known
locations on Mars [11]. The current Mars Sample Return
(MSR) campaign architecture is composed of three mis-
sions [13]. The first is a Sample Caching Rover (SCR)
mission that will focus on the selection, acquisition and
caching of scientifically interesting samples. The NASA
Mars 2020 mission represents such first caching mission.
The second mission involves another rover, namely the
Fetch rover, that would retrieve the sample tubes laying
on the ground and load them into a Mars Ascent Vehicle
(MAV). The MAV would then put the samples in Martian
orbit. The follow-on third mission would send a space-
craft to retrieve the samples from orbit and transport them
back to Earth. In order to advance technology, science

and operational readiness in preparation for an eventual
MSR campaign, an analogue mission was designed and
executed based on some of the concepts and requirements
derived from the current MSR mission architecture. The
CSA’s MSRAD analogue mission focused on emulating
portions of the MSR mission: the sample caching and the
Fetch rover phases. Most technologies that supported the
MSRAD sample caching have been previously reported
by Dupuis et al.[5]. This paper presents an overview of
the entire MSRAD mission, with an emphasize on the
Fetch phase, a topic for which, in the context of a real-
istic analogue mission, very few publications exist. The
main contribution of the work presented in this paper lies
in the execution of an end-to-end analogue mission that
demonstrated working concepts for a future Fetch rover
mission on Mars. This paper is organized as follows. Sec-
tion 2 proposes a mission overview. Section 3 details the
analogue site. Section 4 and 5 present respectively the
sample caching and Fetch rover phases, covering the in-
tegrated robotic systems used as well as the results ob-
tained from this analogue mission.

2. MISSION OVERVIEW

The analogue mission presented in this paper was con-
ducted to fulfill the following objectives.

• Test the concepts of operation and selected technolo-
gies under realistic conditions to stress the systems
and identify their advantages and limitations;

• Bring engineers, operators and scientists together in
the context of a realistic mission so they can learn
and better understand each others requirements and
constraints;

• Demonstrate the maturity of the rover’s embedded
autonomous navigation capability, as well as the re-
mote ground station (using CSA’s Apogy tool) inte-
grating all robotic elements;

• Demonstrate a rover-mounted automatic sample re-
trieval and manipulation system designed to meet re-
quirements provided by NASA/JPL.



Figure 1. Part of the rover workspace showing a remnant
portion of an inverted channel rising approximately 30 m
above its surroundings. The SCR part started on the right
side of the inverted channel and ended on the left side of
it while the Fetch rover part took place only on the right
side.

To accomplish these aforementioned objectives, a two-
year MSR analogue mission was designed. In 2015, the
rover was deployed at a remote site whose exact location
was not disclosed a priori to the science team. Prior to
“landing”, the science team was provided with a variety
of datasets similar to those that would be available for a
landed Mars mission (e.g., high resolution imagery, mul-
tispectral remote sensing data). This dataset was used
to perform a regional geological interpretation and to de-
velop notional traverse plans to meet the stated scientific
objectives. The initial part of the SCR analogue mis-
sion was then conducted. Dupuis et al. [5] presented
an overview of this 2015 SCR portion of MSRAD. Sub-
sequently, the 2016 SCR portion was a direct continua-
tion of the 11-day/sol mission conducted in 2015, on the
same site, under a similar framework. Timewise, under
the MSRAD scenario, one day corresponds to one mar-
tian sol.

The robotic sample caching phase ended after the com-
pletion of a total of 21 sols. At that point, the field sci-
entists pursued the exploration and caching without the
rover in the loop. This team kept receiving commands
from the science backroom and was able to extend the
caching phase for 6 more sols. Parallel to that activity,
the fetch rover mission phase took place. This phase was
a 6 sols technology demonstration using the same rover
as for the caching phase, but featuring a different payload
configuration.

Over the entire MSRAD mission, the rover was con-
trolled from an operation centre located at the CSA’s
headquarters in Saint-Hubert, Canada. For the SCR mis-
sion, the science backroom team was located at Western
University (London, Canada). Time, energy and band-
width limits were imposed to the science team to keep
the scenario as realistic as possible. A satellite link in the
field enabled communication between the rover and the
remote operation centre. For this analogue mission, the
network communication link was not constrained to re-
flect typical Earth-Mars delays and communication win-
dows. However, the operations were conducted with a
significant level of embedded autonomy and automation,
as well as daily command cycles from the science back-
room. As such, the concept of operation was nearly inde-

pendent on the communication link, keeping the scenario
aligned with typical Mars mission constraints.

3. SITE SELECTION

Determining an appropriate field site required balancing
scientific and engineering test objectives while ensuring
that the terrain was logistically accessible for a robotics
deployment. Based on the results from a literature survey,
analysis of remote data, a field visit, and subsequent ve-
rification by CSA, a site approximately 10 km northwest
of Hanksville, Utah, USA was ultimately selected. The
analogue site was mainly selected based on its science
relevance to an MSR mission. As discussed by Hipkin
et al. [10], the site is analogous to an ancient Mars sub-
aqueous environment. It is composed predominantly of
sedimentary soil and rocks, with inverted channels (i.e.,
fossilized riverbeds), which preserve the geological his-
tory of the area [5]. The site features various types of
terrain topology and soil properties, thus making that site
a unique location to accomplish both science and engi-
neering objectives of MSRAD. For a detailed description
of the site geology, the reader is referred to Caudill et
al. [4]. Figure 1 shows a part of the mission workspace
where the inverted channel was one of the geologic fea-
tures of interest driving the science operations.

4. SAMPLE CACHE MISSION

4.1. Concept of Operation

Similar to a real Mars scenario, the science team received
telemetry once per sol, every evening in this case. The
team had the night to prepare next day’s science plan,
which was then forwarded to the operations team in the
morning. A daily teleconference between the two teams
was held to validate the plan before its execution. A de-
scription of the science strategic planning cycle can be
found in [7, 14].

For the MSRAD mission, communication with the rover
only dealt with the short time delays naturally present
through the satellite link. The emulation of Mars-like
time delays and communication windows with the rover
would have exceeded the scope of this project. Opera-
tions were conducted by two operators: a rover driver
and a navigator. Both of them used several sensors to
build their situational awareness. They had access to vi-
sual imagery from a stereo camera mounted on the sen-
sor head. They also had access to three belly cameras
used to assess obstacles sizes and a zoom camera to ob-
tain high resolution images of scientific targets from a
distance. Additionally, a LIDAR sensor was available to
build three-dimensional (3D) world models that could be
manipulated from the operator interface.

During the 2015 SCR part, the rover driver operated
the rover using a hand-controller, sending direct velocity



commands to the rover. This operation paradigm was not
realistic, considering Mars communication delays, and
was replaced in 2016 as the embedded rover autonomy
reached a level of maturity high enough to support such
analogue mission. Thus, for MSRAD 2016, all rover mo-
tions were performed using high-level goto (waypoints)
type of commands, which is more representative of an
actual Mars mission.

The placement of the instruments at the end of the arm
was conducted in a two-click sequence using the Auto-
matic Instrument Placement Tool (AIPT). The operator
would pick the instrument placement location in the 3D
rover environment model, a triangular mesh generated
from the LIDAR scan. The first command would position
the instrument in hover mode at a location automatically
calculated above the target, while the second command
would bring the instrument in contact with the target. To
simplify operations, the AIPT assessed the reachability
area of the target surface. The inverse kinematics of the
robotic arm was used to predict this area. It then used the
surface geometry to compute the robotic arm end-effector
(EE) pose that would put the instrument in contact with
the target at a normal angle with respect to (w.r.t.) the sur-
face. The operator interface showed the target reachabi-
lity using a color-coded overlay projected onto the target
surface.

4.2. Integrated Robotic System

The Mars Exploration Science Rover (MESR) was used
to execute the sample caching mission. It was equipped
with the Small Manipulator Arm (SMA), used to position
the Three Dimensional Exploration Multispectral Micro-
scopic Imager (TEMMI) and a Mini-Corer. This inte-
grated system was controlled by the team of operators
using CSA’s Apogy remote control station [1]. Apogy
was also used to collect the instruments telemetry, some
of the science data, and to provide a Geographic Informa-
tion System (GIS) that maintained spatial and temporal
context information.

MESR is a 6-wheeled rover featuring all-wheel drive.
The four corner wheels are independently steerable. The
passive walking beam suspension provides platform sta-
bility and obstacle climbing capability. The MESR is
equipped with a sensor mast featuring a pan-tilt unit
(PTU) that can orient the sensor head. The sensor
head, sitting about 1.7 m above ground, provides a
stereo-camera and a zoom camera, used for high resolu-
tion imaging. The pan axis also sports a line-scanning
LIDAR. This arrangement allows 360° imaging of the
rover surroundings in 3D and provides panorama imaging
capability. Additional information regarding the MESR
vehicle can be found in Langley et al. [12]. MESR
can navigate autonomously from its current location to
an operator-specified destination lying beyond the sens-
ing horizon of the rover. To do so, the embedded auton-
omy system plans a global path from the current rover
position to the commanded destination, either working

with or without a low resolution (e.g., 1 m) global map.
The global path is then segmented successively using lo-
cally collected LIDAR scans. Refined collision-free lo-
cal paths are planned through those local scans. The
rovers path-tracking system controls the vehicle veloc-
ity to get the rover to accurately follow the local paths
toward the next waypoints. The rover self-localization
relies on either dead-reckoning or visual odometry ap-
proaches. Bakambu et al. [3, 2] outlined the field tri-
als carried-out over the last decade to enable the reli-
able long-range autonomous navigation technology that
is now onboard MESR.

The Small Manipulator Arm is a 6-joint manipulator. For
the SCR configuration, SMA is used to deploy TEMMI
and the Mini-Corer to the ground or on rock faces close
to the rover. TEMMI is a microscope imager while the
Mini-Corer is a rock coring drill that can acquire rock
cores (10 mm diameter x 50 mm length) and soft soil
samples. It can also be used to abrade rocks in order to
expose surfaces for inspection by TEMMI or other sci-
ence instruments.

4.3. Results

The SCR mission, initially started in 2015, resumed on
October 31st 2016 (Sol 12) with MESR located where
it paused in 2015. Figure 3 depicts an overview of the
SCR mission. From Sol 12 to Sol 21, the science back-
room team decided to explore the southern area of the
inverted channel shown in Figure 1. During that period,
the rover was requested to collect many high resolution
zoom images, panoramic photos, and dense LIDAR scans
in order to feed the science team’s planning and deci-
sion process. Field scientists collected many measure-
ments using hand-held spectrometers (i.e., X-ray fluores-
cence (XRF), laser-induced breakdown (LIBS), Raman
and visible-infrared (VISIR)) in order to emulate the in-
strument sensor suite that would be available on the up-
coming NASA’s Mars 2020 rover.

The only robotic arm operation took place on Sol 17. The
science team demanded a rock abrasion to clean a rock
outcrop surface to be analyzed by the hand-held spec-
trometers. To perform the Mini-corer placement, opera-
tors used the AIPT. Figure 2 shows the Apogy 3D render
with the target reachability as computed by the AIPT. For
this specific case of a target outcrop featuring a signif-
icantly steep surface, the level of effort needed to com-
plete the task turned out higher than expected. It took
about 4 hours to bring the Mini-corer in contact with
the surface. Prior to the analogue mission, the AIPT
had mostly been verified on target rocks showing sur-
face angles closer to level. While attempting to position
the Mini-corer on a predicted reachable zone, the SMA
reached joint limits several times, meaning that the AIPT
was likely using inverse kinematics that was not accu-
rately reflecting the hardware capabilities.

Over the 2016 SCR mission, the rover traveled au-
tonomously a total distance of 316 m using the embedded



Figure 2. Apogy 3D render showing the Mini-corer ap-
proaching the outcrop to be cleaned by the abrasion tool.
The color-coded overlay represents the reachability as
computed by the AIPT: green is reachable, red is not.
Note how narrow the reachable zone is, it may explain
why the operators struggled to position the Mini-corer.

Table 1. List of data product acquired and delivered to
the scientists. The instruments in parentheses are those
not integrated on the rover (hand-held)

Instrument Nb of data product acquired
LIDAR scan 7
Belly cam image 4
Panoramic image 4
Zoom image 15
TEMMI image 0 (not used by scientists)
(Raman measurement) 60
(LIBS measurement) 60
(VISIR measurement) 52
(Remote Micro Imager) 39
(WATSON image) 17
(PIXL X-Ray observation) 3

GN&C technology outlined in Section 4.2. For those tra-
verses, no emergency stop command was ever issued by
the field safety personnel. This is a good indication that
the rover carried-out safe maneuvers. The robotic ope-
rations lasted 44 hours over 10 days. The infrastructure
and the integrated robotic setup outlined in Section 4.2
successfully supported the SCR part of MSRAD 2016.
One of the objectives of the mission was to validate the
operator assistance tools developed in the Apogy ground
station for driving the rover, placing the arm/instruments
and interpreting the science data. The remote scientists
used Apogy to plan the daily activity sequences and to
gather all the data in a common reference context. Ta-
ble 1 lists all data product collected by the rover and de-
livered to the scientists during the mission. More infor-
mation regarding the hand-held science instruments used
for MSRAD can be found in [9, 4].

5. FETCH ROVER MISSION

The MSRAD Fetch rover part was conducted to demon-
strate and validate concepts for sample automatic capture,
manipulation, transport and delivery that could be appli-
cable to a MSR mission. Therefore, no inputs from the
scientists were required for this phase: it was purely an
engineering exercise. As mentioned in Section 2, the sci-
ence team (backroom and field) pursued the SCR phase in
parallel to the Fetch rover phase. In order to not interfere
with the science team, the Fetch rover phase took place
on the northern side of the inverted channel (shown in
Figure 1). This limited any line-of-sight between the two
parallel activities that could have jeopardized each other’s
operations. The sample tubes retrieved by the Fetch rover
were 3D printed in plastics based on a 3D model of the
Mars 2020’s Returnable Sample Tube Assembly (RSTA)
that was provided to the CSA team by NASA/JPL. These
RSTA mockups featured an internal ballast so total mass
would range from 100 g to 150 g. This is representa-
tive of an RSTA made in titanium and filled with 15 g
of Martian material. The Fetch rover scenario was de-
rived from the current MSR architecture incorporating
the adaptive caching strategy [6]. This scenario is built
under the assumption that a caching rover like Mars 2020
would have deposited directly on the Martian surface sev-
eral RSTAs (e.g., 50 units) containing rock and regolith
samples to be retrieved by the Fetch rover. The locations
where the RSTAs would be deposited are called “cache
depots”. Every cache depot would hold several RSTAs
(e.g., up to 10) spread on the ground in a yet to be deter-
mined pattern. It was assumed that the cache depots are
likely to be located on benign terrain, e.g., on fairly flat
areas.

5.1. Concept of Operation

Autonomous navigation is a key requirement for an MSR
Fetch rover which might have to travel long distances
(i.e., several kilometers). Thus, the concept of opera-
tion implemented for the MSRAD Fetch rover phase was
heavily relying on long range autonomous navigation and
automated sample tube retrievals in order to minimize the
amount of command cycles required. Similar to the SCR
phase, the Fetch rover operators used the Apogy ground
station to control all robotic systems and to put in con-
text the telemetry and data received from the rover and
its systems. The locations of the caching depots were dis-
played into the Apogy 3D world, allowing the operators
to pick-and-click a destination a few meters away from a
cache depot. Once the rover autonomously drove to the
operator-specified destination, the first step was to take a
zoom image of the cache depot and to superimpose this
image onto the terrain Digital Elevation Map (DEM) in
Apogy. The operators were then able to locate the RSTAs
w.r.t. the rover. Operators had to analyze the zoom im-
age in order to read the RSTA identification number (ID)
that was labeled on each RSTA as a binary coded number
shown using black and white stripes on the tube’s body.
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Figure 3. Overview of the sample cache rover mission. The map is color-coded by elevation. The orange line represent
the rover GPS ground truth log for the 2015 part and the red line is the GPS log for the 2016 SCR part. The white dots
crossing these lines represent the locations where the rover ended at the end of each day/sol.

Once the operators had located the RSTA to be captured,
a set of simple rover commands (e.g., move-by-distance,
move-by-angle) brought the target RSTA within the cap-
ture zone. To estimate the RSTA 3D pose, the opera-
tors manually aligned a RSTA 3D model with the RSTA
photo projected on the virtual ground. Once the align-
ment of the two RSTAs was completed, the command
to initiate the automated capture of the target RSTA was
sent. The Tube Intermediate Container (TIC), attached
to the rover, was the storage fixture used to temporary
store and transport the RSTAs. Depending on the mis-
sion plan, the operators captured and loaded into the TIC
the requested RSTA(s) from that cache depot and then
drove the rover back to the MAV in autonomous naviga-
tion mode. The MAV mockup included a Tube Orbiting
Container (TOC) which was the RSTA definitive storage
fixture. Once again, the operators used a set of simple
rover maneuvers to get the TOC within the robotic arm
workspace. The TOC prototype used for MSRAD 2016
was fully passive. It was composed of a series of identi-
cal contiguous cylinders shaped to hold the RSTAs. The
top plate of the TOC was populated with fiducial markers
[8] to allow the system to automatically align and insert
the RSTAs into the TOC by using visual servoing tech-
niques. This automated RSTA transition from the TIC to
the TOC meant the operators only had to specify a TOC
cylinder ID to receive the RSTA. Typical Fetch rover sce-
nario implies the rover would repeat the back and forth
drive several times from the MAV to the cache depots.

5.2. Mechanical RSTA Acquisition Tool

MSRAD Fetch rover was the MESR, featuring a slightly
different configuration than for the SCR phase. Science
instruments, i.e. Mini-corer and TEMMI, were removed
from the SMA end-effector and replaced by the Mechani-
cal RSTA Acquisition Tool (MecRAT). MecRAT is a cus-
tom made dual gripper unit. The coarse gripper is used
to capture RSTAs lying on the ground. This gripper con-
ducts a cylindrical capture of the sample tube by its Body
grip area. Once an RSTA has been picked-up from the
ground, a change of grip is done via a compressive fun-
nel mechanism. The RSTA held by the coarse gripper is
dropped into the funnel, which passively aligns and posi-
tions the RSTA at a precisely known position and orien-
tation on the rover. The fine gripper side of the MecRAT,
also dubbed the “chuck”, is then used to re-capture in
pinch grip the RSTA by its End grip area. Figure 4 shows
the location of the two principal grip areas on the RSTA.
When the RSTA is held by the fine gripper, its position
and orientation relative to the rover is well known. It can
therefore precisely be moved and inserted for storage into
the TIC.

MecRAT is designed to remain as simple as possible,
while fulfilling the complex RSTA manipulation tasks
imposed by the associated requirements. A single lin-
ear actuator is used to drive both grippers simultaneously
and a minimal set of sensors (i.e., potentiometer, end-of-
travel limit switch, current sensor) is necessary for proper
operation. The coarse gripper is composed of seven fin-



Figure 4. RSTA grip definition. Note the RSTA 3D model
has been simplified to reflect the level of detail that is
publicly available at the moment of writing this paper

gers. This gripper has a wide opening span of about
14 cm in order to maximize the capture envelope when
reaching for RSTA on the ground, which helps reduce
the RSTA localization and arm positioning accuracy re-
quirements. The various links lengths and joints config-
uration of the coarse gripper are designed specifically for
the tips of the fingers to follow, as much as possible, a
straight “horizontal” trajectory when closing up to the
point where the opposite fingers “meet”. This design pre-
vents the fingers from attempting to penetrate deeper into
the ground as the gripper closes, therefore minimizing the
otherwise undesirable forces on the system and avoiding
the challenges of compensating with arm displacements.
The MecRAT fine and long fingers easily penetrate and
rake soft soil, allowing to pick-up RSTAs that would have
been buried partially or completely. Orthogonally located
from the coarse gripper is the fine gripper. This fine grip-
per is composed of two opposed semi-circular jaws de-
signed to tightly “pinch” the RSTA from its End grip area.
When an RSTA is captured by the fine gripper, it is held
by the MecRAT at a well know position, providing the
accuracy required to conduct the insertion and extraction
tasks on-board the rover and with the MAV. MecRAT in-
corporates a camera with an illuminator. Its main pur-
pose is to image the TOC’s fiducial markers to feed the
visual servoing algorithms used to align the RSTA held
by the fine gripper for RSTA delivery. The dual-gripper
mechanism is supported by a Remote Center Compli-
ance Device (RCCD) that was designed specifically for
MecRAT. The RCCD benefits the operations of both grip-
pers. First, it provides radial compliance to the fine grip-
per. This helps reduce the RSTA alignment accuracy re-
quired when performing insertion/extraction tasks, a typi-
cal peg-in-hole problem. Second, the plane in which this
compliance exists gives the coarse gripper up/down and
sideways compliance. In addition, the rotational compli-
ance of the RCCD around its center axis allows rocking
of the coarse gripper in the plane of the fingers’ move-
ment. When closing the gripper while the fingertips are
in contact with the ground, this enables the coarse gripper
to passively react and adjust to the rough surface, typi-
cally preventing the fingers from getting stuck by asperi-
ties. Hard stops limit the excursion range of the RCCD on
some axes, to prevent breakage from over-displacement.
Figure 5 depicts the MecRAT principal components and
shows both grippers in fully opened and closed configu-
ration.

Figure 5. MecRAT 3D model showing its opened and
closed configuration. RCCD is blue, linear actuator is
orange, fine gripper is green and the camera enclosure is
red. The contact points between MecRAT and the funnel
are shown in yellow. The components in dark gray are
rigidly attached to the robotic arm. The passive com-
pliance provided by the RCCD allows the grippers to
slightly translate in the xy plan and rotate w.r.t. z axis.

5.3. Results

Figure 6 shows an overview of the Fetch rover phase.
From Sol 22 to Sol 27, the operators were able to retrieve
and deliver to the MAV a total of six RSTAs. The most
effective sol occurred on Sol 22 where the rover success-
fully 1) egressed from its lander mockup, 2) traveled au-
tonomously about 27 m to reach the closest cache depot,
3) captured and stored one RSTA, 4) droved another 27 m
to get back to the lander, 5) inserted the retrieved RSTA
into the MAV. A depicted summary of Sol 22 is shown in
Fig. 7. The worst sol took place on Sol 25 where a slight
unexpected misalignment of the funnel w.r.t. the rover
likely prevented the operators from successfully extract-
ing an RSTA from the funnel using the MecRAT’s fine
gripper. While the gripper was able to capture the RSTA
End grip, an interference between the RSTA tip and its
holder in the funnel occured while the RSTA was ex-
tracted from the funnel. That interference was significant
enough for the RSTA to be pulled out of the fine grip-
per and fall back into the funnel holder. Extraction was
re-attempted, but after three unsuccessful attempts, this
extraction step was “green carded”, the RSTA was man-
ually inserted into the fine gripper and the nominal ope-
rations resumed. Over the entire MSRAD Fetch phase,
the rover traveled a total of 613 m in autonomous navi-
gation mode. No emergency stop was triggered from the
field safety officer. Fetch operations lasted 47 hours dis-
tributed over 6 sols. As a result, a simple and efficient
concept of rover-mounted automatic sample retrieval and
manipulation system was successfully validated. More-
over, mature rover embedded autonomous navigation ca-
pabilities were demonstrated.
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6. CONCLUSIONS

The CSA conducted a second analogue mission in the
Utah desert in fall 2016. The 2016 MSRAD SCR part
was conducted by more than 60 people from 11 organiza-
tions (government, academia, industry). SCR was a cul-
mination of a set of yearly science driven rover deploy-
ments led by CSA in close collaboration with Western
University (Ontario, Canada) that began in 2013. These
deployments allowed engineers, scientists and robot op-
erators to work closely and learn from each other in a
context directly relevant to a Mars mission. The MSRAD
Fetch rover phase was a unique opportunity to demon-
strate and validate, under a realistic framework, concepts
that could be applicable to an MSR mission. To meet
the requirements imposed for the capture and manipu-
lation of Mars 2020 samples, CSA developed a custom
dual gripper prototype that demonstrated promising re-
sults. Future work could include a new iteration of the
MecRAT prototype as well as the development of an au-
tomatic RSTA detection and pose estimation using com-
puter vision techniques, both of which would simplify the
operations even further.

REFERENCES

[1] https://bitbucket.org/apogy/ca.gc.
asc_csa.apogy. Accessed: 2017-03-31.

[2] J.N. Bakambu, C. Langley, K.L. Chiang,
R. Mukherji, and T.D. Barfoot. Maturing canadian
autonomous guidance, navigation, and control of
planetary rovers. In Proceedings of International
Symposium on Artificial Intelligence Robotics and
Automation in Space, 2016.

[3] J.N. Bakambu, C. Langley, R. Mukherji, and P. Ful-
ford. Autonomous vehicle gn&c for space and ter-

restrial applications. In Proceedings of 65th Inter-
national Astronautical Congress, 2014.

[4] C. M. Caudill, G. R. Osinski, L. L. Tornabene,
T. Haltigin, V. Hipkin, M. Battler, S. Duff, and
J. O’Callaghan. CanMars 2016 MSR Analogue
Mission Science Overview. In Abstract of the 48th
Lunar and Planetary Science Conference, Lunar
and Planetary Science Conference, 2017.

[5] E. Dupuis, M. Picard, T. Haltigin, T. Lamarche,
S. Rocheleau, and D. Gingras. Results from the
csa’s 2015 mars analogue mission in the desert of
utah. In Proceedings of International Symposium
on Artificial Intelligence, Robotics and Automation
in Space, 2016.

[6] K.A. Farley and K.H. Williford. Scientific rationale
for depot caching on mars 2020. In Abstract of the
Second 2020 Mars Rover Landing Site Workshop,
2015.

[7] R. Francis, G. Cross, M.C. Kerrigan, and G.R. Os-
inski. Exploration and Decision Making Rules and
Resources for the 2015 CanMars MSR Analogue
Mission. In Abstract of the 47th Lunar and Plan-
etary Science Conference, Lunar and Planetary Sci-
ence Conference, 2016.
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Fig. 7(a) MecRAT approaching
RSTA for capture

Fig. 7(e) RSTA held by fine-
gripper leaving funnel

Fig. 7(f) MecRAT inserting
RSTA into TIC

Fig. 7(b) RSTA captured by coarse-gripper Fig. 7(g) RSTA in hover position approaching TOC

Fig. 7(c) RSTA dropped into funnel Fig. 7(h) Insertion of RSTA into TOC

Fig. 7(d) Funnel fully compressed allowing
MecRAT fine-gripper to reach RSTA end-grip

Fig. 7(i) MecRAT pushing on RSTA until locking
mechanism is engaged

Figure 7. Fetch rover RSTA capture, manipulation and delivery carried out on Sol 22


