
DOCUMENTATION OF SCIENCE AND PLANNING TEAM ACTIVITIES FOR THE 2016 CANMARS 
SAMPLE RETURN ANALOGUE MISSION. J.E Hawkswell1, D.A. King2, M.M Battler1,2, and G. R. Osinski2,3. 
1Department of Earth Sciences, Western University, London, ON, Canada, N6A 3K7, jhawkswe@uwo.ca 2Centre for 
Planetary Science and Exploration (CPSX), Western University, London, ON, Canada, N6A 3K7, dking63@uwo.ca. 
3Dept. of Physics and Astronomy, Western University, London ON, Canada. !

Introduction: The CanMars Sample Return Ana-
logue Mission was a simulation that took place at the 
Western University in November 2016. The analogue 
mission was carried out in partnership between the 
Canadian Space Agency (CSA) and the Centre for 
Planetary Science and Exploration (CPSX) at Western 
University (WU), as part of the NSERC CREATE 
project “Technologies and Techniques for Earth and 
Space Exploration” (create.uwo.ca). The mission uti-
lized a Mars Exploration Science Rover (MESR) built 
by MacDonald, Dettwiler and Associates Ltd. (MDA) 
to conduct rover operations daily sequenced by the 
mission control team. The overall mission goals were 
to identify signs of extinct life, which included taking 
samples that would contain carbon or other bio-signa-
tures [1,2].  

The mission control team was comprised of over 
40 participants from Western University, York Univer-
sity, McGill University, the University of British Co-
lumbia and the University of Winnipeg who were then 
divided into three teams: Science team, Planning team, 
and Field team [3]. The mission consisted of two parts: 
rover operations and a Fast Motion Field Test (FMFT)
[4]. Regular rover operations included the mission con-
trol team making sequences of tasks for the rover to do 
over the course of one sol (a single rotation of Mars) 
while the FMFT would plan 3 sols at one time (or a 
solblock) and the Field team would carry out the se-
quences in one day in the place of the rover. 

Team Structure: Two teams, Science and Plan-
ning, worked on operations to conduct remote science 
at the field site. The role of the Documentarians on 
each team was to record key points of Scientific Dis-
cussion, including pivotal moments in decision mak-
ing, and to note rational behind decisions made. The 
Science Team was led by a Science Lead who oversaw 
6 different instrument and interpretation teams: LIBS, 
VisIR, Raman, PIXEL, Imaging, and GIS [3]. The con-
tributions of these teams would affect decisions regard-
ing the rover’s traverse to features of interest (FOIs), 
and the extent of studying said features for future sols. 
Planning team, led by the Planing Lead, was responsi-
ble for creating the sequence of rover commands that 
would be sent to the CSA rover team each morning 
based on goals provided by Science Team, while stay-
ing within the given budget for time, energy and data. 
Planning also interpreted LiDAR images, managed the 
autonomous capabilities of the rover and used Apogy 
software to plan the rover traverses (Fig 1). The Field 
team consisted of members from the CSA and WU 
who were in Utah at the analogue field site and would 

supervise the rover actions and carry out any supple-
mentary field tasks. Communication with the field 
team consisted mainly of satellite phone calls and mes-
saging as well as limited email. 

Figure 1. Rover traverse planned in Apogy highlighting 
waypoints and driving distances from sol 22. !

Team Communications: The CanMars team uti-
lized many communication platforms such as email, 
Slack, and WebEx. While the Science Team and Plan-
ning Team were in direct contact each day, they were 
situated in separate rooms due to size limitations of the 
mission control room. Despite best efforts using mi-
crophone systems, this setup made for some complica-
tions in the communications between the teams. Re-
mote participants joined mission operations using We-
bEx which required the use of microphones and screen 
sharing for ideal communications. The Slack App was 
used for uploading sequencing documents, messaging, 
and file and idea sharing. 

Decision Making Process: Data were received 
from the rover each evening. The LIBS, VisIR, Raman, 
PIXEL, and Imaging Teams would analyze the new 
data for the first hour or so. Afterwards, presentation 
and discussion on the observations from the 5 teams, 
along with products from the GIS team, would be dis-
cussed. If there was an FOI that was promising to sam-
ple, the 5 teams would provide data that would support 
sampling or not. Any data related to the primary goal 
of the mission, to bring back a high-carbon sample [2], 
would support sampling. Examples of this include evi-
dence of bio-signatures and carbon. If a lack of bio-
signatures and/or carbon are seen, then this sample 
would likely not be worth sampling. The conversation 
would last for half an hour to an hour, and would lead 
into a discussion on what to do next in the mission, at 
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which point, the Planning Team would get involved. 
Planning Team would receive the tentative plan and 
attempt to turn it into a reality. Planning Team would 
have to relay issues with the plan back to Science 
Team. These issues could include accessibility of an 
FOI, energy and time budget limitations, and instru-
ment restrictions. This could go back and forth multi-
ple times until there was a plan that Science Team was 
happy with and Planning Team could execute. Overall, 
the mission control team primarily used group discus-
sion of instrument results along with guidance from 
team leads and visiting professionals to make critical 
decisions about where to drive and what to sample. 
The mission control team utilized rover autonomy [5] 
within the FMFT and within two Strategic Traverse [6] 
days during the regular rover operations which allowed 
for conditional sequences to be created during planning 
and in a way, forced decisions. During the Strategic 
Traverse days, the Science and Planning teams would 
plan a rover sequence consisting of mostly driving 
with observations of the surroundings in order to col-
lect a large amount of images and data to then work 
through to make specific science goals from. 

Autonomy: A mandatory strategic traverse was 
pre-planned for sol 15 and sol 20 of the mission [6]. 
The rover would sample different spots in an image it 
would take based off classification of units from im-
ages already taken. These strategic traverses allowed 
for easier Science planning, however, there were issues 
that arose as well. For example, the strategic traverse 
on sol 15 caused Mission Control to do science on a 
rock that would not have been done otherwise. Keep-
ing to the schedule with the Strategic Traverse on sol 
20 made it impossible to sample tailings of a drill core 
from the first sample, ‘Hans’. 

Limitations: The most common limitations were 
in communications between Science and Planning 
teams as well as communications between mission 
control and the CSA / Field Team. At times the results 
would be off due to a slight miscommunication or error 
in the sequencing documents. These mistakes were 
quickly identified and careful review of the sequences 
occurred thereafter. Some of the instruments were not 
working properly which made for some frustration 
within the instrument teams and ultimately limited the 
team making the most educated decisions possible.  

Scale and perspective issues occurred in some im-
age interpretations, such as FOI ‘Gorm’ being too 
small to sample, which directly influenced decision 
making regarding where the rover should drive next 
and what FOIs to engage with. Minor issues also oc-
curred during the second Strategic Traverse when the 
Planning team had to make last minute changes to the 
sequence and did not have time to involve the Science 
team. Overall, the teams did very well in focusing on 
mission goals to guide decisions but encouragement 
and reminders to keep an open mind and avoid obses-
sion on minor details was needed. 

Potato Fever: On sol 5 of the 2015 mission, an 
image was captured that contained a rock unit that was 
very different from shales and clays seen up to that 
point. On sol 14, an activity was done to annotate past 
imagery to aid with future targeting. A “lens” of rocks 
was highlighted which where referred to potatoes from 
then on as they resembled the root vegetable (Fig 2). 
The origin of the potatoes was uncertain, but it was 
believed that these rocks could be evaporitic concre-
tions. Concretions would have a chance at hosting car-
bon-rich material, and would therefore be a good indi-
cator for past life. The team became convinced these 
rocks were important to study and sample, and this 
started to infringe upon sampling other material, such 
as the shales. At one point, a panorama was analyzed 
on sol 21. Several spots were selected because they 
looked like they could be potatoes for further science. 
This intense focus on one small part of the landscape, 
while not totally hindering, did perhaps take away 
from other details that may also have been crucial to 
finding a high-carbon sample. When some of the team 
went to the field site, it was determined that the pota-
toes were not concretions, but were in fact tuff. These 
potatoes were a little hotter than the team was hoping 
for. 

Figure 2. "Potatoes" seen at Outcrop (sol 25): The first 
found reachable potatoes at outcrop Sigurd. !

Suggestions for Future Missions: While the mis-
sion control team worked well together, some changes 
would make for even smoother future projects. For 
example, the ongoing frustration with Science to Plan-
ning communication needs to be addressed, perhaps by 
offsetting Planning team operation by one hour to al-
low Science to solidify plans. Team structure was well 
organized, however a team member dedicated specifi-
cally to LiDAR would be very useful, especially with 
regards to getting accurate scales of outcrops. 
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