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Introduction:  The Mars 2020 rover mission has 

ambitious exploration goals, including an intent to col-
lect 20 drilled rock samples in perhaps as little as one 
Martian year [1], and the consequent need to also drive 
significant distances during the prime mission as well 
[2].  As early as the Science Definition Team report, it 
was recognized that advanced capabilities for autono-
mous science would be of value to the mission, given 
these challenging aims [1]. ‘Science autonomy’ is used 
here to mean capabilities whereby the rover itself de-
cides which data to collect, or which to return to Earth. 

The CanMars 2016 Mars Sample Return Analogue 
Deployment was a three-week field simulation in the 
remote Utah desert, testing strategies, tools, and tech-
niques for a sample-caching mission of the type 
planned for M2020 [3].  The scenario made use of the 
Canadian Space Agency’s (CSA) Mars Exploration 
Science Rover (MESR) built by MacDonald, Dettwiler 
and Associates Ltd. (MDA). The analogue mission was 
carried out in partnership between CSA and the Centre 
for Planetary Science and Exploration (CPSX) at the 
University of Western Ontario, as part of the NSERC 
CREATE project “Technologies and Techniques for 
Earth and Space Exploration” (create.uwo.ca). We 
describe below the advanced science autonomy exper-
iments included in the simulation. 

Modeling key elements of M2020:  In addition to 
using MESR, a rover of comparable scale to that 
planned for M2020, the mission included key science 
tools to ensure science team decision-making was 
similar to the real mission. These included mast- and 
arm-mounted cameras (standing in for the MastCam-Z 
and WATSON instruments on M2020), arm-mounted 
Raman and X-ray Fluorescence instruments (for 
SHERLOC and PIXL) and simulated remote spec-
trometers and imagers (for SuperCam). 

Daily operations planning cycles were carried out, 
and for the third week of the simulation, a communica-
tions-constrained scenario was simulated in which rov-
er commanding was only possible every third Martian 
solar day (sol). 

Autonomy capabilities in play:  Several different 
capabilities were assumed, based on current and near-
future technologies: 

Blind targeting. Remote-sensing instruments could 
be targeted at specific angles (geographic or rover-
relative), even after a drive.  Although it would not be 
known at sequencing time what occupied the targeted 
site, a measurement of some Mars surface material 

would be made.  ChemCam has made significant use 
of blind targeting on Mars [4]. 

Visual Target Tracking (VTT). Visual target track-
ing allows the rover to track, with its instruments, a 
visible object over the course of a drive. This allows 
the rover to drive towards an object, or to target it with 
a narrow-field instrument after a drive. Both MER [5] 
and MSL have VTT capability. 

Precise return. The rover was assumed to be able 
to autonomously return with centimeter precision to 
any place it had previously occupied. This capability is 
based on previous analogue tests [6] of a visual naviga-
tion system with this performance [7]. Precise return 
allows the rover to target objects on return to a previ-
ous position without waiting for new images-for-
targeting to be relayed to Earth. It was assumed to be 
accurate enough for remote-sensing measurements, but 
not for safe placement of contact instruments. 

Autonomous geological classification and target-
ing. A capability to autonomously classify geological 
scenes, prioritize portions thereof, and target remote-
sensing instruments in response was simulated. The 
capability emulated the AEGIS system used for auton-
omous ChemCam targeting on MSL [8], using the 
TextureCam scene classification system [9] as the tar-
get-finding layer. The system was trained to recognize 
geological units in rover images of the field site, and 
could be used to find those units again in new images 
and immediately target remote-sensing instruments 
according to specified logic [10]. This allowed auton-
omous measurements, post-drive, of specific rock units 
without Earth-in-the-loop. For logistical reasons, the 
capability was only available on 8 of 16 plan cycles. 

Autonomous pointing refinement. Errors in remote-
sensing instrument pointing were ignored, assuming 
vision-based pointing refinement to correct small er-
rors.  Such a capability exists on MSL with AEGIS [8], 
and further developments (such as achieved in [11]) 
are expected to be implemented for M2020. 

Contingency sequencing. The science team was 
permitted to include a ‘contingency list’ of activities, 
to be executed in the event that the rover plan was 
completed faster than expected, with power margin 
remaining.  This allowed ‘bonus science’ in the event 
of overmodelng of time & power resources.  If the 
contingency science resulted in exceeding the daily 
data budget, certain contingency data products might 
have been delivered late, with data budget penalties on 
subsequent planning cycles. 
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Conditional sequencing. The science team was 
permitted to include decision points in the activity 
plan, where the rover might choose between different 
suites of activities conditional on some measurement. 
Such conditions included, for example, particular ele-
mental chemistry results from remote sensing or detec-
tion of a particular geological unit by the autonomous 
classifier. 

Use of autonomy in science operations: The sci-
ence team, in building daily activity plans to achieve 
their goals, made considerable use of the science au-
tonomy capabilities available.  Three typical applica-
tions were notable:  

Tactical use. This typically occurred where auton-
omy could save ground-in-the-loop cycles.  Blind tar-
geting and VTT were mainly used here.  The former 
allowed immediate post-drive measurements without 
waiting for targeting images to be downlinked, and 
was most useful where some pointing uncertainty was 
allowable, or where autonomous geological classifica-
tion was not available for logistical reasons. The latter 
was used when a specific feature was desired, but be-
yond instrument range without a drive. 

Strategically-planned sols. The team experimented 
with the use of pre-drafted plans which required mini-
mal tactical modification, with an aim to speed plan-
ning and free the team to focus on scientific analysis 
and interpretation [12].   These plans made significant 
use of science autonomy – especially mid-drive and 
post-drive autonomous geological classification and 
targeting.  The intent was a nearly-standard template of 
a drive through areas with known materials, and au-
tonomous remote instrument measurements of the 
rocks along the route or at the post-drive location. 

Multi-sol plans: Six consecutive 3-sol plans were 
developed in the third week of the simulation.  The 
team, treating ground-in-the-loop cycles as the limiting 
resource, made extensive use of autonomy techniques 
to allow complex, productive science plans despite 
limited communications.  The team chose a region 
about 1 day’s drive across with numerous locations of 
interest, and explored it using a progressive walkabout 
strategy [12, 13] which involved repeated return to 
chosen locations. 

Autonomous classification and targeting supported 
this strategy, since materials, and even individual loca-
tions, seen early in the walkabout could be used to 
train and refine the scene classifier(s) for later revisits. 
In six plans, 14 runs of the system measured 28 targets, 
often informing subsequent plans. 

The precise return capability also lent itself to sup-
porting the walkabout strategy; the team could readily 
command a return to a previous location, knowing 
which objects and materials would be in the field-of-

view post-drive.  This increased the likelihood of suc-
cess in autonomous scene classification at each of sev-
eral stops over 3 sols. It also meant that the plan could 
end with a return to a candidate sampling site, and de-
livery of images to assess sampling readiness and suit-
ability along with remote chemistry measurements of 
the materials to be sampled, in time for an immediate 
sampling decision. 

 Blind targeting turned out to have an unexpected 
use in this phase – targeting areas disturbed by the rov-
er’s wheels, since the location of the tracks relative to 
the rover can be readily guessed.  

Contingency sequences were planned in several 
cases, most often in response to anticipated failures or 
successes of the rover’s engineering systems.  Activi-
ties were planned in case a drive was significantly 
shorter than expected, for example, but generally these 
were never executed. 

Experiments with conditional planning included re-
sponses to potential failures – such as a sampling oper-
ation gone wrong.  The most significant case, however, 
occurred in the sol 34 plan, where the route and desti-
nation of the plan’s final drive was conditional on re-
sults of remote chemistry measurements of several 
targets. Specifically, the team commanded a drive to 
closely inspect a particular outcrop on condition that 
measurements of any of several materials in the out-
crop showed signatures for kerogen (indicative of bio-
genic organic carbon. Detection meant driving to part 
of that outcrop and performing autonomous remote 
science on it; non-detection (the eventual result) meant 
driving to a different outcrop with autonomous science 
using a different scene profile. 

Conclusion: A diverse suite of autonomy capabili-
ties sped the progress of a robotic Mars analogue field 
investigation, while also increasing the complexity of 
the planning. Further tests of capabilities and strategies 
will inform the best approaches for future missions. 
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