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Image Recognition Techniques Enabling Precise Understanding for Robots
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With the rapid progress of artificial intelligence (Al) and deep learning, the advancement and dissemination of robots have been accelerating.
Therange of robot applications has also been expanding, from the handling of repetitious work at manufacturing sites to various industrial spheres
including production, logistics, and physical distribution systemsin orderto address socialissues that have arisenin Japan dueto the laborshortage
accompanying the aging of society and declining birthrate in recent years. Techniques corresponding to human vision that make it possible to
precisely understand operating conditions play a critical role in the sophistication of robots.

The Toshiba Group is engaged in the development of robots equipped with a variety of functions including piece picking, loading and unloading,
autonomous mobile, and spot-welding validation robots. In order to enhance the sophistication of these robots, we have developed the following image
recognition techniques: (1) an instance segmentation technique that is independent of the type of object, (2) a three-dimensional (3D) posture estima-
tion technique that responds to various shapes of objects, (3) a self-localization technique that achieves an identification accuracy of within 1°in rotation

error and within 10 cm in translation error, and (4) an ultrasonic sensing technique that makes it possible to evaluate spot welds nondestructively.
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Example of generic instance segmentation technique
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Outline of generic and newly developed instance segmentation
techniques
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Results of experiments on instance segmentation using generic and
newly developed techniques
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Flow of processes for 3D object posture estimation
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Self-localization using images for autonomous mobile robot
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Estimation of inclination of welded part acquired through 3D volume j( @(
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