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Mr. James English
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Dear Mr. English:
Re: G97159 - “Measuring and Reducing the Euclidean-Space Effects of Robotic Joint Failures”

The review of your paper is now complete. Based on the three reviews obtained, please Revise and
Re-submit your paper for an additional round of reviews.

The reviewers made numerous comments. Firstly, all the reviewers share the concern as to how
physically meaningful the failure situations considered might be in practice. Reviewer #1 questions how
one would know which joint was going to fail (the paper presents algorithms to optimize configurations
for the failure of a particular joint). Therefore, the reviewer expresses concerns about the usefulness of
the approach in general, if one needs to know which joint would fail for the approach to be used.
Reviewer #4, while emphasizing the rigor of the analysis, raises serious concern about whether the
premise of the paper (the type of joint failures in the problem statement) is realistic and whether these
types of failures are likely to really occur in a practical system. The reviewer provides practical
examples to support his objection. He also suggests that the paper would be more worthy of publication
if you could provide practical evidence of the existence of the types of failures the analysis considers.

The revised version of the paper should be sent to me within two months from the day you receive this
letter. The revision must be accompanied by a statement in reply to the reviewers’ comments
(specifically the concerns of Reviewer #4, regarding the practical existence of sensor faults of the type
considered in the paper) that will indicate clearly, in point form, how each of the comments has been
addressed. If you can not complete the revision within the time allocated, you may submit the revised
paper to the Editor-in-Chief (7 copies) as a new submission indicating the previous number of the paper.
The revised paper will be assigned a new number for anew cycle of reviews.
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Dr. Andrew Goldenberg
Editor
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Should you have any related concern, do not hesitate to contact me.

Sincerely,

S copy: Dr. Richard Volz, Editor-in-Chief
Associate Editor
encl. 3 reviews
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Title Measuring and Reducing the Euclldean-Space Effects of
Robotic Joint Failures

Paper: GB71J9

Title: Measuring and Reducing the Euclidean- Spac“ Effects of Raobotic
Joint Failures

Authors: English and Maciejewski

The authors present a Euclidean distance measure betwsen two manipulator
configurations, and propose to use this measure to minimize the possible
damage due to joint failures.

comments:

- The authors spend a large amount of effort explaining how one .
can analytically compute the derivatives of the measure they introduced.
However, in the examples, they do not indicate in any way why this
derivative information is needed. Is it used to optimize the manipulator
configuration using some kind of gradient descent method? If so,

how does one deal with the local minima that exist?

- The authors suggest that one can optimize the configuration of a
redundant manipulator to minimize the chance for damage after a joint
failure cccurs. However, they only provide examples in which the
configuration is optimized for a failure in a *particular* joint.
This seams to be an unlikely scenario; in general, one does not know
in advance which joint is going to fail, so that one cannot optimize
the cqnflguration for a failure in the unknown joint either.

This raises some concern about the usefulness of the Dropa ed
approach. Can one globally optimize the configuration of the
manipulator for arbitrary joint failures? That is, can one determine
a configuration for which the post-failure configuration deviates
minimally from the pre-~failure configuration regardless of which joint
fails? If s0, bow good is the performance under global oprimization,
i.e. how much deviation should one expect between the manipulator
configuration before and after an arbitrary failure (worst case and
average)? If not, is the proposed measure still useful then? (why
would I want to coptimize the failure tolerance of a particular joint
1f it is really detrimental to the failure tolerance of all the other
joints?). I feel that this is a very ilmportant issue that is currently
not addressed in the paper.

minor comments:

- define the convention of DH parameters before it jus first uned on page I

- - .

- Could the authors please give us an estimate of the compurarvional cost
of the proposed method?
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Paper number: G97159

Titley“Meusuring and Reducing the Euclidean-Space Ettfects of Robotics Joint Failures”
Authors: English and Maciejewski

" Comments 10 Authors (referee code 4)

This presentation appears to be a rigorous analysis, consistent with the high quality work I
expect from Maciejewski. The presentation looks fine (though I will not clairmn to have
verified the derivations) and the graphics are illustrative and attractive. Unfortunately
the premise is not'credible. The paper focuses on accommodating failures of the form
~where a joint-angle sensor has lost its "home" position but otherwise continues to
function. [ believe the analysis presented does follow from the assumption, hut I have
trouble with the assumption. It seems too much like a problem asserted for the sake of
the math that applies to it, rather than motivated by a reality.

Personally, I've never seen this type of failure and it is hard to imagine how it could
occur. In aresolver, positioning is absolute; if onc had a broken wire, one would get
complete failure of the sensor, not merely a home-angle displacement. For an encoder,
position measurements are relative. If counts get missed. they will continue to be missed,
resulting in a continually drifting apparent home angle—not a permanent offset. For a
transmission to slip by a significant amount, it would have to shear off gear teeth,

en

resulting in joint lock-up.

While 1 have difficulty with the assumption (a pure joint-sensor offset), even if such a
situation somehow occurred, it would make sense to identify the offset(s) and update the
robot kinematics, rather than continue to operate with the uncertainty. There are many
methods for doing so without having to remove the robot from its operational ’
environment. It would certainly be more dangerous to continue to operate the robot with
a known kinematic error than to pause and reset the joint offsets.

If the authors can include any documented evidence of their proposed type of failure for
realistic (e.g., industrial) robot designs and the conditions under which it would make
sense to utilize their approach, I would be more supportive of publication. As the paper
stands. it seems to be merely an exercise in curiosity and mathematical manipulation.







