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LCAM

VCE

LVS Hardware 
operated nominally 
during EDL.

Vision Compute Element (VCE) built by JPL
• RAD750 general purpose processor

• VCE flight sofware
• Power conditioning card 
• Computer Vision Accelerator Card (CVAC)

• RTAX2000 housekeeping FPGA
• reprogrammable Virtex5 FPGA

• up to 7000 MIPS image processing
• heat strap for thermal management
• flash memory for maps and data products

LVS Camera (LCAM)
• 1024x1024 pixels
• global shutter
• 90˚x90˚ FOV
• 100ms latency
• 200us exposure
• built by Malin Space

Science Systems

Honeywell MIMUs
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Reduced Position Error 
40m 99%tile
at 6 seconds 
(95% of time)

operate until
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Nominal Position Error 
40m 99%tile
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off nadir angle < 45˚ & angular rates < 50˚/s
horizontal velocity < 70 m/s & vertical velocity between 60 and 115 m/s

slope < 15˚
terrain relief < 150m 

appearance entropy > 4

sun elevation between 25˚ & 55˚
sun azimuth between 240˚ & 310˚ 
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☐ ☐ correct landmark matches (inliers)
☐ ☐ ☐ ☐ incorrect landmark matches (outliers)
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Field Test
• EM Hardware 
• Real surface and Illumination
• Representative dynamics
• Used for model validation & 

retiring "worry beads"

HWIL Testbeds
• Flight and EM Hardware
• Low-level testing and debugging
• Complete EDL profiles
• Tests with M2020 avionics

Simulations
• High fidelity models & FSW
• Cover operational envelope
• Sensitivity studies and stress testing
• Monte Carlo EDL system sim
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☐ ☐ correct landmark matches (inliers)
☐ ☐ ☐ ☐ incorrect landmark matches (outliers)
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Example State Estimates from Field Test


