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Curiosity Mars Rover





TODO:
insert panoramas
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The Task

While using the official mission tool or a 
prototype immersive system, produce an 
overhead map showing the locations of six 
objects in the vicinity of the Curiosity Mars rover.



0

13

25

38

50

Traditional Immersive

Average accumulated 
distance error in meters

t(17) =2.91, p < 0.02**

scientists estimated distances
more than twice as well
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Average accumulated 
angular error in degrees

t(17) = 3.27, p = 0.01**

scientists estimated angles 
more than three times as well

Using the immersive system...
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Enable scientists to work on Mars
from their offices.





Menu system



Rover path



Rover path



Ruler



Multiuser



Back to Earth: Lessons Learned



In VR, the user interface is 3D



NASA World Wind

Heads Up Display



All UI is 3D



Break out of the screen!





Break out of the screen



Break out of the screen



Performance matters!



Performance matters!

• Bad frame rate can cause nausea

• Demo on best hardware possible

• Aim for 60+ FPS for AR, 90+ FPS for VR



Be careful with navigation



Navigation

Camera motion that doesn’t match head motion can cause nausea

Teleport Interactive pan



Strengths of VR/AR

• Immersion

• Sense of scale

• See data in true 3D

• Intuitive camera control: “Just move your head”

• Shared spatial context between users



Challenges of VR/AR

• Motion sickness - watch frame rate

• Controllers are not standard

• Visualization and UI standards still emerging

• New technology – adoption challenges

These are solvable!



Thank you!

Parker Abercrombie
parker.abercrombie@jpl.nasa.gov

Jet Propulsion Laboratory, California Institute of Technology



Why VR/AR?

• Spatial data in true 3D

• Render at 1:1 scale

• Shared spatial context

• Explore the way humans are meant to explore





Correct map

Maps produced by the last 
three participants when using 
the official mission tool.

Subject 1 Subject 2 Subject 3



Correct map

Maps produced by the same 
three participants when using 
the prototype immersive system.

Subject 1 Subject 2 Subject 3

spherical distortion due to immersive system rendering, not visible to participants



Official Mission Tool Prototype Immersive System

8 out of 17 participants thought they had performed equally well with both systems.

Correct locations marked with X

Scientist’s estimates in matching colors



hello@jpl.nasa.gov
youtube.com/OpsLabJPL





Microsoft HoloLens


