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Introduction: The CanMars 2016 analogue mis-

sion was a partnership between the Canadian Space 

Agency (CSA) and the Centre for Planetary Science 

and Exploration (CPSX) at Western as part of the 

NSERC CREATE project “Technologies and Tech-

niques for Earth and Space Exploration” 

(http://create.uwo.ca) [1]. 

This year’s three-week high fidelity deployment 

was divided into two parts. Daily planning command 

cycles during part 1 comprised 10 one-sol plans includ-

ing two modified command cycles called Strategic 

Traverse Days [2]. The CSA’s Mars Exploration Sci-

ence Rover (MESR) was only used during part 1. Part 

2 of the mission employed a new strategy called the 

Fast Motion Field Test (FMFT) where daily command 

cycles contained three sols’ worth of activity [2] (18 

sols in 6 cycles). This allowed more in-sim operations 

time during the limited duration of the fieldwork. In 

addition to new planning strategies, the 2016 mission 

also had an expanded instrument suite to better reflect 

the capabilities of the Mars 2020 rover [3].  

Command Cycle Planning: Sequencing daily 

command cycles was accomplished through the use of 

a macro-enabled MS Excel spreadsheet. This spread-

sheet was an essential planning tool that quickly pre-

sented the proportion of budget totals available and 

used based on the activities planned. Daily budget to-

tals for 2016 were the same as 2015 with a maximum 

duration of 360 minutes, 64000 kB of data and 400 Wh 

of energy available. Each possible mission activity had 

a pre-defined consumption value for time, data and 

energy [e.g. 4] that could not be modified. To improve 

efficiency, MS Excel templates were created for vari-

ous science activity sequences such as targeted science 

measurements, sample acquisition and rover traverses. 

These were useful to have on hand when the Science 

Team was compiling the list of activities they wanted 

to accomplish during a given sol, since the resource 

budget was the limiting factor regarding what could be 

sequenced for that sol. 

The 2015 mission had 10 science instruments that 

acquired measurements [1] and in 2016, 15 of 16 pos-

sible instruments were used at least once during part 1 

or 2 (Table 1). The TEMMI instrument was not uti-

lized in 2016 which is attributed to its narrow deploy-

ment constraints and high consumption of data and 

time budgets [5]. Table 1 presents an overview of the 

instruments used during part 1 and 2 of the mission and 

the number of times they were sequenced.  

 

Table 1: 2016 Instrument Utilization Totals. 

Activity Part 1 Part 2 

Belly Image Acquisition 4 3 

Panorama Acquisition 4 4 

Zoom Image Acquisition 15 38 

Lidar Scan 7 9 

SuperCam Raman Measurement 57 149 

SuperCam LIBS Measurement 60 142 

SuperCam VISIR Measurement 52 125 

SuperCam RMI Image Acquisition 39 54 

SHERLOC Raman Obs. (3x3 grid) 3 4 

WATSON Image Acquisition 17 19 

PIXL X-Ray Observation (3x3 grid) 3 4 

Context Camera Image Acquisition 3 4 

Rock Abrasion 2 0 

Solid Core Sampling 1 0 

Loose Soil Sampling 0 3 

TEMMI 0 0 

 

Operational Efficiency: The expanded instrument 

suite available in 2016 increased the need for diligent 

activity planning within a command cycle. Sequencing 

command cycles for part 1 and 2 of the mission had 

slightly different strategies, outlined below. 

Part 1: One-Sol Planning. The first two weeks 

were operating on a one sol per day plan. Planning for 

a given sol involved incorporating as many of the high-

est priority activities requested by the Science Team as 

possible while not breaking the budget for any one of 

the resources. Once the priority activities were set, any 

budget remaining was filled to maximize the availabil-

ity of resources. The most common limiting resource 

was time followed by data then energy. The amount of 

each resource budget consumed by sol are listed in 

Table 2. During Sol 12 through 21, at least one of the 

resources (time, data, or energy) was consumed by at 

least 99% or greater, and on several occasions at least 

two resources were consumed by 97% or more. These 

values demonstrate the Planning Team’s efficiency in 

sequencing activities in order to maximize the activities 

that could be performed. Maximizing resource budgets 
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ensures the best scientific return for the duration of the 

mission. Since time was the resource most often ex-

hausted during the mission, this shows that entire sols 

were used and the rover was rarely idle. The two stra-

tegic traverse days [6] provided the Science Team a 

break from command cycle sequencing but the Plan-

ning Team essentially continued on as if these days 

were just another one-sol plan. 

 

Table 2: Percentage of Total Budget Consumed. 

Sol Time 

(360 min) 

Data 

(64000 kB) 

Energy 

(400 Wh) 

12 99.7 97.5 90.5 

13 99.2 66.0 80.5 

14 99.2 93.1 97.3 

15 99.9 92.8 71.8 

16 99.6 99.2 58.0 

17 97.4 99.9 88.0 

18 100.0 88.9 72.8 

19 73.6 99.7 97.5 

20 99.9 97.5 76.0 

21* 99.6 88.7 96.0 

*Half day of operations so budget totals were halved. 

 

Part 2: Three-Sol Planning. Week three was simi-

lar to the first two weeks except that sequencing the 

daily plans became more complex by planning blocks 

of activities three sols at a time. Each block contained 

three sols’ worth of activities so the resource budgets 

were tripled compared to their week one and two totals. 

One provision afforded the Planning Team during 

these three-sol blocks was that the amount of data and 

energy available could be readjusted slightly among the 

three sols as long as the total value was not exceeded. 

Time reallocation was not permitted between sols. 

Overall the consumption of resources was comparable 

to the first two weeks where at least one resource was 

almost completely consumed (Table 3).  

 

Table 3: Percentage of Total Budget Consumed. 

Sol Time 

(1080 min) 

Data 

(192000 kB) 

Energy 

(1200 Wh) 

22-24 99.6 98.2 64.3 

25-27 99.9 99.0 71.6 

28-30 97.9 91.5 77.6 

31-33 99.1 98.5 74.4 

34-36 98.8 93.4 77.7 

37-39 90.9 97.0 74.9 

 

Conditional sequencing was another method ap-

plied to account for failures during sampling or to 

make decisions based on specific measurement values 

acquired during sampling. Autonomous data collection 

[7] utilized during three-sol plans also contributed to 

the higher instrument totals during part 2 (Table 1). 

Sequencing three sols at a time did present some 

limitations. Initially it was difficult to fill an entire 

block with activities, but was achieved (Table 3) usual-

ly by increasing the amount of science measurements. 

The sequencing also had to be more strategically 

planned. For example, if a specific site wanted to be 

sampled, the rover had to be positioned at the correct 

location at the end of the previous three-sol block. Pre-

cise positioning was required for any sampling so this 

was something that could not be sequenced mid-block. 

Recommendations: Since the Planning Team’s 

work follows from the Science Team’s requests, the 

start time for the Science Team and Planning Team 

could be offset by one hour. Often the first hour in the 

evening was quiet for the Planning Team while science 

discussions were taking place to decide which activities 

to perform the following sol. Protracted science discus-

sions and debates often ran long, leaving less time for 

the Planning Team to complete or identify alternatives 

for the Science Team. This modification would help to 

reduce the need for the Planning Team to work beyond 

three hours. Finalizing the Science Team’s sequencing 

documents with ID numbers would be done during the 

following morning session. 

Conclusions: Given the budget constraints and the 

instruments available during the CanMars 2016 MSR 

Analogue Mission, resources were efficiently utilized 

based on the percentage of budgets that were con-

sumed. The result of implementing three-sol plans dur-

ing the FMFT increased the amount of data that was 

returned while maintaining comparable consumption 

values as the one-sol plans. 
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