Investigation of Minimum Frame Rate for Low-Latency Planetary Surface Teleoperations
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The Global Exploration Roadmap indicates the need for increased human exploration 1 The Single-Sample Test  for

of under-sampled regions of our solar system. The high costs and dangers of landing
humans on planetary bodies in our solar system necessitates the use of
human-robotic partnerships. Low-latency planetary surface teleoperation is an
example of a human-robotic partnership that provides an exciting option for effective,
low-cost scientific discovery. Initially this partnership will be utilized at the Deep Space
Gateway In cislunar space, and will play a significant role in the first human Mars
missions. However, low-latency telerobotic exploration needs to be tested for its limits
and effectiveness. Our research focused on a human operator's ability to identify
exploration targets in an unfamiliar environment using low-latency telerobotics under
various frame rate (FPS) conditions.
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Our results show a threshold for exploration discovery occurs at 5 FPS. Moving to a
lower FPS causes a large jump in MTD. There are many variables that determine the
exact placement and shape of the MTD curve. These variables include: FPS,
resolution, colorscale, task performed, force-feedback, etc. Our data fit the trend that
many other frame rate experiments produced and shows that exploring unfamiliar
/i environments given our resolution, colorscale, and operation speed requires a
minimum of 5 FPS. Therefore, as the available bandwidth between the rover and the
command station drops due to variable line-of-sight, it is imperative not to operate
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