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How we communicate with Mars surface craft 

Earth’s Rotation: 24 hour day 

Mars’ Rotation: 24.65 hour Sol 

USA 
Spain 

AUS 

Deep Space Network 
70m (230 foot) antenna 

Diagrams not to scale 

MRO, Mars Odyssey, MEX 

Curiosity 



6pm Mars local time 2am Mars local time 

Rover Awake 

Create the uplink – 10 to 16 hours 

Rover Asleep 
10am 

08:38 pm 08:04pm  Pacific 04:17am 12:30am 

Rover Awake 

What the heck takes so long? 

Downlink – understand rover condition & surroundings 
 Is the rover still healthy? How much power do we have?  
 Where did we end up yesterday?  Generate a 3d model of the terrain. 
 
Planning – what should the rover do next? 
 100 scientists and engineers, 100 great ideas, 1 rover 
 Pack in activities given the time and power limits the rover will have. 
 
Sequencing – how is the rover going to do it? 
 Write command sequences for the new plan. Before the uplink deadline please 
 
Modeling & Validation – is it achievable and safe? 
 Do not break* the rover.  Do not drain the battery too low.  
 Do not fire the laser at the arm or look at the sun too long. 

Data 
Commands for 
1 to 3 Sols 



Downlink Processing  

Quick animation from hazcams 
3d computed from stereo navcams 

 Downlink processing software 
- Reassembles data from the rover 
- Tracks what data was received 
- Indexes and distributes it  
- Produces derived data 

- Telemetry analysis/trending 
- Engineering products 
- 3d models 
- Image mosaics 

 

Users worldwide 

Commercial Cloud Storage 

JPL  
Services 



Engineering Downlink Analysis 



Science image browsing and targeting 

Scientists world wide use MSLICE to browse images and share targets to mark areas of interest 



Creating science activities 

Science groups create activities to meet Sol’s science goals – image a target,  fire LIBS laser, …   
Engineering activities not considered yet – CPU on/off, communication, .. 
Complex activities worked in advance – where to drive next, sample scoop/deliver/SAM process 



Bringing the activity plan together 

Rapid analysis tools allow scientists and engineers to negotiate options for the Sol’s activities. 
Activities from different science groups and engineering teams are merged together. 
Activities are adjusted to meet constraints on power, data downlink, safety, image shadows…. 



Modeling the integrated activity plan 

We end with an integrated plan that’s used to check power use, data downlink, basic safety rules 
To do this MSLICE communicates with engineering analysis software, plan storage system, … 



Sequencing - from activity to rover commands 

Activities specify what the rover should do, but we need commands to make the rover do it 
Some command sequences are written by hand, others are generated from the activity 
Rover motion and arm sequences are created with specialized 3d visualization tools 



Sequencing and validating rover motion 

Path projected on 2d images 
Path projected on orbital image 

Drive simulated on 3d terrain model using flight software 

RSVP program used to 
- Specify desired rover motion 
- Explore different ways to get there 
- Write commands to safely achieve it 
- Simulate execution at current locale 
- Check safety rules and limits 

- E.g. pitch, sun angle to camera 



Sequencing and validating arm motion 

Targets projected onto 
3d terrain model 

Simulation               placing instruments on 3d terrain 
RSVP is used to 
- Specify instrument targets in detail 
- Explore different placements 
- Write commands to safely achieve it 
- Simulate interaction with the surface 
- Check safety rules and limits 

- E.g. clearance, drill pressure 

Camera view projected into 3d terrain model 



Preparing the sequences for uplink to Mars 

All sequences integrated into a single package 

Deep Space Network control room 

Once all sequences are ready we 
- Integrate them together 
- Create a ‘master’ sequence to run them all 
- Run the final sequence safety checks 
- Fully review the sequences and reports 
- Sign it over to DSN for uplink to Mars 
- Wait for the uplink window to begin 

One of many sequence validation reports 



Result – rover safely executes our plan on Mars 

Note:   This image is ridiculous and completely imaginary, though awesome.  



Result – rover safely executes our plan, adding 
to the story of Mars’ past or future habitability 

NASA/JPL-Caltech/LANL/CNES/IRAP/LPGN/CNRS 
Before After 

Target: Beechey (Sol 19) 
Shots per point: 50 

8 cm(3”) 



“Sheepbed” rocks contain 1 to 5-mm fractures filled 
with calcium sulfate minerals that precipitated from 
fluids at low to moderate temperatures 

NASA/JPL-
Caltech/LANL/CNES/IRAP/LPGNantes/C
NRS/LGLyon/Planet-Terre 

ChemCam spectra from sol 125 
“Crest” and 135 “Rapitan” 

ChemCam Remote 
Micro-Imager 



“Shaler” rocks just outside Yellowknife Bay show 
inclined, fine layers that indicate sediment transport 

NASA/JPL-Caltech/MSSS 



Curiosity’s ultimate goal is to explore the 
lower reaches of the 5-km high Mount Sharp 

NASA/JPL-Caltech/Univ. of Arizona 
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