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Using Rubik's cube to improve and evaluate
robot manipulation

March 21 2022, by Ingrid Fadelli

Fig. 1: Rubik’s cube manipulation can be used to benchmark robot manipula-
tion across a wide array of algorithmic approaches and robot platforms, such
as the PR2 and HERB.

Credit: Yang et al.
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Researchers at University of Washington have recently developed a new
protocol to train robots and test their performance on tasks that involve
object manipulation. This protocol, presented in a paper published in
IEEE Robotics and Automation Letters, 1s based on the Rubik's Cube, the
well-known 3D combination puzzle invented by the Hungarian sculpture
and architect Ern6 Rubik.

In one of their previous studies, the team closely examined how robots
acquire sequential manipulation skills, such as those required to handle
Rubik's cube. In their experiments, they observed a mismatch between
what humans and robots find challenging, when completing the 3D
combination puzzle.

"For us humans, it is challenging to decide what moves to make to
complete Rubik's cube, yet it is quite easy for us to physically
manipulate and twist the cube as desired," Boling Yang, one of the
researchers who carried out the study, told TechXplore. "For robots, it is
the other way around. Robots only need a few seconds to execute a
search-based algorithm that can determine a sequence of moves that will
solve the cube. However, executing the individual manipulations in the
real world requires sub-centimeter positioning accuracy."

Learning to manipulate Rubik's cube can be very challenging for robots,
as it involves a series of sequential movements. This means that the
individual errors that a robot makes can accumulate, affecting its overall
performance on the task.

Yang and his colleagues believe that the accumulation of errors is a key
issue impacting the performance of robots in sequential manipulation
tasks. As Rubik's cube involves sequential manipulation, they propose
the use of the puzzle to evaluate the manipulation skills of robots and
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compare them to those of other robotic systems.

Fig. 2: The robot must precisely position its grippers to rotate the left column of the Rubik’s cube while constraining the middle and right columns in place.
Top Row: The robot correctly positions its grippers: it is constraining the two right columns of the cube. The yellow box highlights the position of the
constraining gripper. Middle Row: The robot only touches one column of the Rubik’s cube and therefore fails to constrain its middle column. Bottom Row:
The right gripper is touching all three columns of the cube; this prevents the left gripper from rotating the left column of the cube.

Credit: Yang et al.

"Rubik's cube manipulation requires a sufficient amount of precision,
especially over long sequences of manipulations," Yang said. "Therefore,
a robot being able to correctly and rapidly manipulate a Rubik's cube is
indicative of high manipulation performance. In our protocol, the robot
is required to perform a sequence of Rubik's cube manipulations as

3/5



Tech?$plore

quickly as possible."

The protocol developed by Yang and his colleagues assesses both a
robot's speed and accuracy in completing Rubik's cube. As part of their
study, the researchers demonstrated its potential and applicability in a
series of tests.

In the first test, they used it to evaluate two baseline algorithmic
techniques for improving a robot's manipulation skills, using PR2, a
robotic platform designed by Willow Garage. Subsequently, the team
outlined a series of steps that would allow another renowned robot,
called Herb, to complete Rubik's cube. This confirmed that their
protocol can be applied to a variety of robotic platforms.

"Robots can score highly on our protocol by successfully completing a
large number of manipulations and/or minimizing the time required to
perform manipulations,” Yang explained. "Our protocol thus establishes
a baseline to which other researchers can compare their systems."

In the future, the protocol devised by Yang and his colleagues could be
used to evaluate different computational methods to enable robot
manipulation and compare their speed, accuracy, and overall
effectiveness. In addition, the team's initial findings suggest that the
protocol generalizes well across a variety of robotic platforms.

"We believe that having such a standard will allow robotics researchers
to more clearly identify directions for progress in robot manipulation,”
Yang added. "With respect to a more general audience, Rubik's cube is
understandable and even enjoyable to watch by almost everyone, thus it
could serve as a gateway for students to be introduced to robotics. We
are now interested in inviting researchers specialized in different areas,
such as sensing, planning, and manipulator design, to try our benchmark
and use it to advance robot manipulation in terms of accuracy and
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speed."

More information: Boling Yang et al, Benchmarking Robot
Manipulation With the Rubik's Cube, IEEE Robotics and Automation
Letters (2020). DOI: 10.1109/.LRA.2020.2969912 . On Arxiv:
arxiv.org/abs/2202.07074

Boling Yang et al, Pre-touch sensing for sequential manipulation, 2017
IEEE International Conference on Robotics and Automation (ICRA)
(2017). DOI: 10.1109/ICRA.2017.7989594
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