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Introduction: Recent years have seen signifi-
cant advancements in robotics, which is causing a
proliferation of robotics across numerous indus-
tries historically not open to automation. While au-
tomotive and welding are fields with extensive in-
vestment in robotics for decades, the last few years
have seen increased investments in robotics for in-
dustrial applications such as blending, excess ma-
terial removal, and assembly [1].

These advances are making automation
cheaper and more agile. Requiring less program-
ming for setup allows end users to integrate robot-
ics into their processes without the expense of a
dedicated robotics department for installation and
maintenance. Additionally, recent development in
image processing and machine vision are making
a number of industrial processes easier and more
efficient. Improved automated vehicles imaging
techniques are bringing efficiency and speed to
machine vision for industrial robotics.

With such a wide range of highly advanced ro-
botics capabilities available to industrial processes
on Earth, the next frontier is robotics in space. Au-
tonomy in space will enable more complex mis-
sions farther from Earth and will make space mis-
sions cheaper and more accessible.

Industrial Robotics Capabilities for Space: A
few capabilities are particularly valuable to the cur-
rent and future needs of the space industry. Scan-
n-Plan™ identifies 3D geometries and plan paths
for various industrial processes. Event-based cam-
eras provide high-speed sparse data sets that are
well suited to the limited processing power availa-
ble on FPGAs.

Scan-n-Plan™

Scan-n-Plan™ technologies are a suite of soft-
ware tools that are developed by SwRI under the
Robot Operating System (ROS) development en-
vironment for industrial applications over the last
decade.

The major components include:

*  Automated calibration tools

. Scan acquisition software

*  Automated tool path planning tools

. Process coverage simulation tools

*  Automated robot path planning tools

. Image classification tools
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These tools are deployed in numerous robotics
systems, including sanding, grit blasting, chemical
de-paint, power-wash, grinding, and painting.

Event-based Cameras

Event-based, or neuromorphic, cameras are a
recent maturation in camera technology that pro-
duce “events” that are changes in lighting intensity
on a per-pixel basis (Figure 1), at the sensor level.
The events create a sparse representation of
changes in an image, resulting in a much sparser
representation of the environment, reducing band-
width and processing requirements.
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Figure 1. Event-based camera image processed to
show edges (left); equivalent image from normal cam-
era (right).

Effectively, an event-based camera com-
presses the information in the environment to only
the changing elements at the sensor level, allowing
computer vision algorithms to operate only on rel-
evant portions of an image, as opposed to a tradi-
tional camera pipeline, where a computer must first
process full resolution camera images to isolate re-
gions of interest in an image. Additionally, because
the event-based camera detects both increases
and decreases in light intensity, it can detect por-
tions of an object occluding a light source, as well
as light reflecting from a target object. This in-
creases its versatility and allows it to operate in a
wider variety of lighting conditions. Moreover,
event-based cameras have an extremely high dy-
namic range, often above 110dB, which allows
them to operate in rapidly changing lighting condi-
tions.

Conclusion: Robotics capabilities developed
for Earth-based industrial processes can be used
for space to enable missions farther away from
Earth and make spaceflight less expensive.
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