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Figure 2.1
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A E Author: Sumon Nandi, Steven Maschke, IE'J’“'“E Farago
Peter J. Evans, et al Western University
Publication: HAND

Publisher: SAGE Publications
Date: 12/01/2009
Copyright @ 2005, ® SAGE Publications

Gratis Reuse

Permission is granted at no cost for use of content in a Master's Thesis and/or Doctoral Dissertation.
If you intend to distribute or sell your Master's Thesis/Doctoral Dissertation to the general public
through print or website publication, please return to the previous page and select 'Republish in a
Book/Journal' or 'Post on intranet/password-protected website' to complete your request.

BACK CLOSE WINDOW

Comments? We would like to hear from you. E-mail us at customercare@copyright.com

Yesterday, 3:12 PM

Emma Jessie Farago ¥

Hello Emma,

Thank you for your request. | am happy to report that you can consider this email as permission to use the material from
the article as detailed below in your upcoming thesis and archiving within your institution’s repository. Please note that
this permission does not cover any 3rd party material that may be found within the work. include a full academic citation
credit the original source, SAGE Publications, Inc.

Please contact us for any further usage of the material and good luck on your thesis!
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Figure 2.2
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PERMISSION LICENSE: EDUCATIONAL PRINT AND ELECTRONIC USE
Request ID/Invoice Number: EMM621475430-1
Date: June 29, 2018

To: Emma Farago

McGraw-Hill Education Material

Author: Barrett, et al.

Title: Ganong's Review of Medical Physiology

ISBN: 9780071825108

Edition: 25

Description of material: Figure 5-2 B-C on Page 101 (1 Figure ONLY)

Fee: “Waived”
Purpose of Reproduction

Purpose of use: For use in a master’s thesis titled “Development of an EMG-based muscle health
model for elbow trauma patients" School: Western University

Professor: Dr. Ana Luisa Trejos

Number of Copies/Number of Users: 3

Semester: 2018

Format: Print and Electronic (Electronic- open access website) Distribution:

One-time educational use for the above purposes only.

Permission for the use described above is granted under the following terms and conditions:

1. McGraw-Hill Education hereby grants Licensee the non-exclusive right to use the
McGraw-Hill Education Material as outlined and to reproduce and distribute the
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McGraw-Hill Education Material as outlined on condition that the related textbook is
the required text for the course identified above. The McGraw-Hill Education Material
may be used only as outlined. All use of the McGraw-Hill Education Material is subject
to the terms and conditions of this Agreement. This permission will automatically
terminate at such time as the related textbook is no longer required.

2. No changes may be made to the McGraw-Hill Education Material without the prior
written consent of McGraw-Hill Education.

3. Licensee will provide to McGraw-Hill Education the URL and password for the web
site in which the McGraw-Hill Education Material appears (if applicable).

4. McGraw-Hill Education makes no representations or warranties as to the accuracy of
any information contained in the McGraw-Hill Education Material, including any
warranties of merchantability or fitness for a particular purpose. In no event shall
McGraw-Hill Education have any liability to any party for special, incidental, tort, or
consequential damages arising out of or in connection with the McGraw-Hill Education
Material, even if McGraw-Hill Education has been advised of the possibility of such
damages. All persons provided with the McGraw-Hill Education Material must be
provided with written notice of this disclaimer and limitation liability, either in an end-
user license and/or with an on-screen notice that is visible each time the end-user
initiates access to the McGraw-Hill Education Material.

5. A credit to McGraw-Hill Education shall be visible each time the end-user initiates
access to any screen or page containing any of the McGraw-Hill Education Material.
Such credit shall include the title and author of the work and a copyright notice in the
name of McGraw-Hill Education.

6. A SIGNED CcOPY OF THIS AGREEMENT should be sent to | ENEGEGTzNG
|

7. This permission does not cover the use of any third-party copyrighted material,
including but not limited to photographs and other illustrations, which appears in the
McGraw-Hill Education Material with a credit to other sources. Written permission to
use such material must be obtained from the cited source.

8. McGraw-Hill Education shall have the right to terminate this Agreement immediately
upon written notice to Licensee if Licensee is in material breach of this Agreement.

9. Licensee shall indemnify McGraw-Hill Education from any damages, lawsuits, claims,
liabilities, costs, charges, and expenses, including attorney's fees, relating to its use of
the McGraw-Hill Education Material.
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10.  This Agreement incorporates the parties' entire agreement with respect to its subject
matter. This Agreement may be amended only in writing and signed by both parties and
shall be governed by the laws of New York. Licensee may not assign this Agreement or
any rights granted hereunder to any third party.

Please sign and return one copy to the address as outlined in Clause 6 of this agreement.
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Figure 2.3

7/3/2018 RightsLink Printable License

JOHN WILEY AND SONS LICENSE TERMS AND CONDITIONS
Jul 03, 2018

This Agreement between Western University -- Emma Farago ("You") and John Wiley and
Sons ("John Wiley and Sons") consists of your license details and the terms and conditions
provided by John Wiley and Sons and Copyright Clearance Center.

License Number
License date

Licensed Content Publisher

4377150051609
Jun 27, 2018
John Wiley and Sons

Licensed Content Publication Wiley Books

Licensed Content Title
Licensed Content Author

Licensed Content Date
Licensed Content Pages
Type of use

Requestor type

Format

Portion

Number of figures/tables

Original Wiley figure/table
number(s)

Will you be translating?

Title of your thesis /
dissertation

Expected completion date

Expected size (number of
pages)
Requestor Location

Publisher Tax ID
Total

Terms and Conditions

Basic Physiology and Biophysics of EMG Signal Generation
T. Moritani, D. Stegeman, R. Merletti

Jan 28, 2005

25
Dissertation/Thesis
University/Academic
Print and electronic
Figure/table

1

Figure 1.1

No

Development of an EMG-based muscle health model for
elbow trauma patients

Aug 2018

180
]
|
]
I

Attn: Emma Farago
EU826007151

0.00 CAD

TERMS AND CONDITIONS

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or
one of its group companies (each a"Wiley Company") or handled on behalf of a society with
which a Wiley Company has exclusive publishing rights in relation to a particular work
(collectively "WILEY"). By clicking "accept" in connection with completing this licensing
transaction, you agree that the following terms and conditions apply to this transaction
(along with the billing and payment terms and conditions established by the Copyright
Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at the time that

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=4a634c24-abc1-45e2-a0b4-5b96b19alde3 1/5
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7/3/2018 RightsLink Printable License

you opened your RightsLink account (these are available at any time at
http://myaccount.copyright.com).

Terms and Conditions

«The materials you have requested permission to reproduce or reuse (the "Wiley
Materials") are protected by copyright.

«You are hereby granted a personal, non-exclusive, non-sub licensable (on a standalone
basis), non-transferable, worldwide, limited license to reproduce the Wiley Materials
for the purpose specified in the licensing_process. This license, and any CONTENT
(PDF or image file) purchased as part of your order, is for a one-time use only and
limited to any maximum distribution number specified in the license. The first
instance of republication or reuse granted by this license must be completed within
two years of the date of the grant of this license (although copies prepared before the
end date may be distributed thereafter). The Wiley Materials shall not be used in any
other manner or for any other purpose, beyond what is granted in the license.
Permission is granted subject to an appropriate acknowledgement given to the author,
title of the material/book/journal and the publisher. You shall also duplicate the
copyright notice that appears in the Wiley publication in your use of the Wiley
Material. Permission is also granted on the understanding that nowhere in the text is a
previously published source acknowledged for all or part of this Wiley Material. Any
third party content is expressly excluded from this permission.

«With respect to the Wiley Materials, all rights are reserved. Except as expressly granted
by the terms of the license, no part of the Wiley Materials may be copied, modified,
adapted (except for minor reformatting required by the new Publication), translated,
reproduced, transferred or distributed, in any form or by any means, and no derivative
works may be made based on the Wiley Materials without the prior permission of the
respective copyright owner.For STM Signatory Publishers clearing permission
under the terms of the STM Permissions Guidelines only, the terms of the license
are extended to include subsequent editions and for editions in other languages,
provided such editions are for the work as a whole in situ and does not involve
the separate exploitation of the permitted figures or extracts, You may not alter,
remove or suppress in any manner any copyright, trademark or other notices displayed
by the Wiley Materials. You may not license, rent, sell, loan, lease, pledge, offer as
security, transfer or assign the Wiley Materials on a stand-alone basis, or any of the
rights granted to you hereunder to any other person.

«The Wiley Materials and all of the intellectual property rights therein shall at all times
remain the exclusive property of John Wiley & Sons Inc, the Wiley Companies, or
their respective licensors, and your interest therein is only that of having possession of
and the right to reproduce the Wiley Materials pursuant to Section 2 herein during the
continuance of this Agreement. You agree that you own no right, title or interest in or
to the Wiley Materials or any of the intellectual property rights therein. You shall have
no rights hereunder other than the license as provided for above in Section 2. No right,
license or interest to any trademark, trade name, service mark or other branding
("Marks") of WILEY or its licensors is granted hereunder, and you agree that you
shall not assert any such right, license or interest with respect thereto

«NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY,

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=4a634c24-abc1-45e2-a0b4-5b96b19alde3 2/5
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EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS
OR THE ACCURACY OF ANY INFORMATION CONTAINED IN THE
MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY,
INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES
ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED
BY YOU.

«WILEY shall have the right to terminate this Agreement immediately upon breach of
this Agreement by you.

«You shall indemnify, defend and hold harmless WILEY, its Licensors and their
respective directors, officers, agents and employees, from and against any actual or
threatened claims, demands, causes of action or proceedings arising from any breach
of this Agreement by you.

«[N NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR
ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY
SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN
CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR
USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION,
WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY, TORT,
NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT
LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, USE,
BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND
WHETHER
OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY
FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED
HEREIN.

«Should any provision of this Agreement be held by a court of competent jurisdiction to
be illegal, invalid, or unenforceable, that provision shall be deemed amended to
achieve as nearly as possible the same economic effect as the original provision, and
the legality, validity and enforceability of the remaining provisions of this
Agreement shall not be affected or impaired thereby.

«The failure of either party to enforce any term or condition of this Agreement shall not

constitute a waiver of either party's right to enforce each and every term and condition

of this Agreement. No breach under this agreement shall be deemed waived or

excused by either party unless such waiver or consent is in writing signed by the party

granting such waiver or consent. The waiver by or consent of a party to a breach of
any provision of this Agreement shall not operate or be construed as a waiver of or
consent to any other or subsequent breach by such other party.

«This Agreement may not be assigned (including by operation of law or otherwise) by
you without WILEY's prior written consent.

+Any fee required for this permission shall be non-refundable after thirty (30) days from

receipt by the CCC.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=4a634c24-abc1-45e2-a0b4-5b96b19alde3

3/5
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«These terms and conditions together with CCC's Billing and Payment terms and
conditions (which are incorporated herein) form the entire agreement between you and
WILEY concerning this licensing transaction and (in the absence of fraud) supersedes
all prior agreements and representations of the parties, oral or written. This Agreement
may not be amended except in writing signed by both parties. This Agreement shall be
binding upon and inure to the benefit of the parties' successors, legal representatives,
and authorized assigns.

«In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC's Billing and Payment terms and
conditions, these terms and conditions shall prevail.

«WILEY expressly reserves all rights not specifically granted in the combination of (i)
the license details provided by you and accepted in the course of this licensing
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment terms
and conditions.

«This Agreement will be void if the Type of Use, Format, Circulation, or Requestor Type
was misrepresented during the licensing process.

«This Agreement shall be governed by and construed in accordance with the laws of the
State of New York, USA, without regards to such state's conflict of law rules. Any
legal action, suit or proceeding arising out of or relating to these Terms and
Conditions or the breach thereof shall be instituted in a court of competent jurisdiction
in New York County in the State of New York in the United States of America and
each party hereby consents and submits to the personal jurisdiction of such court,
waives any objection to venue in such court and consents to service of process by
registered or certified mail, return receipt requested, at the last known address of such
party.

WILEY OPEN ACCESS TERMS AND CONDITIONS

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription
journals offering Online Open. Although most of the fully Open Access journals publish
open access articles under the terms of the Creative Commons Attribution (CC BY) License
only, the subscription journals and a few of the Open Access Journals offer a choice of
Creative Commons Licenses. The license type is clearly identified on the article.

The Creative Commons Attribution License

The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and
transmit an article, adapt the article and make commercial use of the article. The CC-BY
license permits commercial and non-

Creative Commons Attribution Non-Commercial License

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use,
distribution and reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.(see below)

Creative Commons Attribution-Non-Commercial-NoDerivs License

The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND)
permits use, distribution and reproduction in any medium, provided the original work is
properly cited, is not used for commercial purposes and no modifications or adaptations are
made. (see below)

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=4a634c24-abc1-45e2-a0b4-5b96b19alde3 4/5
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Use by commercial "*for-profit" organizations

Use of Wiley Open Access articles for commercial, promotional, or marketing
purposes requires further explicit permission from Wiley and will be subject to a fee.
Further details can be found on Wiley Online Library
http://olabout.wiley.com/WileyCDA/Section/id-410895.html

Other Terms and Conditions:

v1.10 Last updated September 2015
Question ]I
|

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=4a634c24-abc1-45e2-a0b4-5b96b19alde3 5/5
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Figure 2.4

7/3/2018 RightsLink Printable License

JOHN WILEY AND SONS LICENSE TERMS AND CONDITIONS
Jul 03, 2018

This Agreement between Western University -- Emma Farago ("You") and John Wiley and
Sons ("John Wiley and Sons") consists of your license details and the terms and conditions
provided by John Wiley and Sons and Copyright Clearance Center.

License Number
License date

Licensed Content Publisher

4377141360992
Jun 27, 2018
John Wiley and Sons

Licensed Content Publication Muscle and Nerve

Licensed Content Title
Licensed Content Author

Licensed Content Date
Licensed Content Volume
Licensed Content Issue
Licensed Content Pages
Type of use

Requestor type

Format

Portion

Number of figures/tables

Original Wiley figure/table
number(s)

Will you be translating?

Title of your thesis /
dissertation

Expected completion date

Expected size (number of
pages)
Requestor Location

Publisher Tax ID
Total

Terms and Conditions

Physiologic basis of potentials recorded in electromyography
Daniel Dumitru

Oct 23, 2000

23

11

19
Dissertation/Thesis
University/Academic
Print and electronic
Figure/table

1

Figure 1D

No

Development of an EMG-based muscle health model for
elbow trauma patients

Aug 2018
180

Attn: Emma Farago
EU826007151

0.00 CAD

TERMS AND CONDITIONS

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or
one of its group companies (each a"Wiley Company") or handled on behalf of a society with
which a Wiley Company has exclusive publishing rights in relation to a particular work
(collectively "WILEY"). By clicking "accept" in connection with completing this licensing
transaction, you agree that the following terms and conditions apply to this transaction

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=3c914b3e-edb3-4298-9290-abddb64f3126 1/5
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(along with the billing and payment terms and conditions established by the Copyright
Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at the time that
you opened your RightsLink account (these are available at any time at
http://myaccount.copyright.com).

Terms and Conditions

«The materials you have requested permission to reproduce or reuse (the "Wiley
Materials") are protected by copyright.

«You are hereby granted a personal, non-exclusive, non-sub licensable (on a standalone
basis), non-transferable, worldwide, limited license to reproduce the Wiley Materials
for the purpose specified in the licensing process. This license, and any CONTENT
(PDF or image file) purchased as part of your order, is for a one-time use only and
limited to any maximum distribution number specified in the license. The first
instance of republication or reuse granted by this license must be completed within
two years of the date of the grant of this license (although copies prepared before the
end date may be distributed thereafter). The Wiley Materials shall not be used in any
other manner or for any other purpose, beyond what is granted in the license.
Permission is granted subject to an appropriate acknowledgement given to the author,
title of the material/book/journal and the publisher. You shall also duplicate the
copyright notice that appears in the Wiley publication in your use of the Wiley
Material. Permission is also granted on the understanding that nowhere in the text is a
previously published source acknowledged for all or part of this Wiley Material. Any
third party content is expressly excluded from this permission.

«With respect to the Wiley Materials, all rights are reserved. Except as expressly granted
by the terms of the license, no part of the Wiley Materials may be copied, modified,
adapted (except for minor reformatting required by the new Publication), translated,
reproduced, transferred or distributed, in any form or by any means, and no derivative
works may be made based on the Wiley Materials without the prior permission of the
respective copyright owner.For STM Signatory Publishers clearing permission
under the terms of the STM Permissions Guidelines only, the terms of the license
are extended to include subsequent editions and for editions in other languages,
provided such editions are for the work as a whole in situ and does not involve
the separate exploitation of the permitted figures or extracts, You may not alter,
remove or suppress in any manner any copyright, trademark or other notices displayed
by the Wiley Materials. You may not license, rent, sell, loan, lease, pledge, offer as
security, transfer or assign the Wiley Materials on a stand-alone basis, or any of the
rights granted to you hereunder to any other person.

«The Wiley Materials and all of the intellectual property rights therein shall at all times
remain the exclusive property of John Wiley & Sons Inc, the Wiley Companies, or
their respective licensors, and your interest therein is only that of having possession of
and the right to reproduce the Wiley Materials pursuant to Section 2 herein during the
continuance of this Agreement. You agree that you own no right, title or interest in or
to the Wiley Materials or any of the intellectual property rights therein. You shall have
no rights hereunder other than the license as provided for above in Section 2. No right,
license or interest to any trademark, trade name, service mark or other branding
("Marks") of WILEY or its licensors is granted hereunder, and you agree that you shall

not assert any such right, license or interest with respect thereto

«NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=3c914b3e-edb3-4298-9290-abddb64f3126 2/5
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REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY,
EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS
OR THE ACCURACY OF ANY INFORMATION CONTAINED IN THE
MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY,
INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES
ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED
BY YOU.

«WILEY shall have the right to terminate this Agreement immediately upon breach of
this Agreement by you.

«You shall indemnify, defend and hold harmless WILEY, its Licensors and their
respective directors, officers, agents and employees, from and against any actual or
threatened claims, demands, causes of action or proceedings arising from any breach
of this Agreement by you.

«[N NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR
ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY
SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN
CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR
USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION,
WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY, TORT,
NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT
LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, USE,
BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND
WHETHER
OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY
FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED
HEREIN.

«Should any provision of this Agreement be held by a court of competent jurisdiction to
be illegal, invalid, or unenforceable, that provision shall be deemed amended to
achieve as nearly as possible the same economic effect as the original provision, and
the legality, validity and enforceability of the remaining provisions of this
Agreement shall not be affected or impaired thereby.

«The failure of either party to enforce any term or condition of this Agreement shall not

constitute a waiver of either party's right to enforce each and every term and condition

of this Agreement. No breach under this agreement shall be deemed waived or

excused by either party unless such waiver or consent is in writing signed by the party

granting such waiver or consent. The waiver by or consent of a party to a breach of
any provision of this Agreement shall not operate or be construed as a waiver of or
consent to any other or subsequent breach by such other party.

«This Agreement may not be assigned (including by operation of law or otherwise) by
you without WILEY's prior written consent.

+Any fee required for this permission shall be non-refundable after thirty (30) days from
receipt by the CCC.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=3c914b3e-edb3-4298-9290-abddb64f3126

3/5
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«These terms and conditions together with CCC's Billing and Payment terms and
conditions (which are incorporated herein) form the entire agreement between you and
WILEY concerning this licensing transaction and (in the absence of fraud) supersedes
all prior agreements and representations of the parties, oral or written. This Agreement
may not be amended except in writing signed by both parties. This Agreement shall be
binding upon and inure to the benefit of the parties' successors, legal representatives,
and authorized assigns.

«In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC's Billing and Payment terms and
conditions, these terms and conditions shall prevail.

«WILEY expressly reserves all rights not specifically granted in the combination of (i)
the license details provided by you and accepted in the course of this licensing
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment terms
and conditions.

«This Agreement will be void if the Type of Use, Format, Circulation, or Requestor Type
was misrepresented during the licensing process.

«This Agreement shall be governed by and construed in accordance with the laws of the
State of New York, USA, without regards to such state's conflict of law rules. Any
legal action, suit or proceeding arising out of or relating to these Terms and
Conditions or the breach thereof shall be instituted in a court of competent jurisdiction
in New York County in the State of New York in the United States of America and
each party hereby consents and submits to the personal jurisdiction of such court,
waives any objection to venue in such court and consents to service of process by
registered or certified mail, return receipt requested, at the last known address of such
party.

WILEY OPEN ACCESS TERMS AND CONDITIONS

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription
journals offering Online Open. Although most of the fully Open Access journals publish
open access articles under the terms of the Creative Commons Attribution (CC BY) License
only, the subscription journals and a few of the Open Access Journals offer a choice of
Creative Commons Licenses. The license type is clearly identified on the article.

The Creative Commons Attribution License

The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and
transmit an article, adapt the article and make commercial use of the article. The CC-BY
license permits commercial and non-

Creative Commons Attribution Non-Commercial License

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use,
distribution and reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.(see below)

Creative Commons Attribution-Non-Commercial-NoDerivs License

The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND)
permits use, distribution and reproduction in any medium, provided the original work is
properly cited, is not used for commercial purposes and no modifications or adaptations are
made. (see below)

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=3c914b3e-edb3-4298-9290-abddb64f3126 4/5
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Use by commercial "*for-profit" organizations

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes
requires further explicit permission from Wiley and will be subject to a fee.

Further details can be found on Wiley Online Library
http://olabout.wiley.com/WileyCDA/Section/id-410895.html

Other Terms and Conditions:

v1.10 Last updated September 2015
Questions? |
|

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=3c914b3e-edb3-4298-9290-abddb64f3126 5/5
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Figure 2.6
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Thesis / Dissertation Reuse

The IEEE does not require individuals working on a thesis to obtain a formal reuse license, however,
you may print out this statement to be used as a permission grant:

Requirements to be followed when using any portion (e.g., figure, graph, table, or textual material) of an IEEE
copyrighted paper in a thesis:

1) In the case of textual material (2.g., using short quotes or referring to the work within these papers) users
must give full credit to the original source (author, paper, publication) followed by the IEEE copyright line ©
2011 IEEE.

2) In the case of illustrations or tabular material, we require that the copyright line @ [Year of original
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Appendix B

MATLAB Code

This appendix includes the MATLAB codes used to conduct the EMG feature extraction and
analysis work presented in this thesis. The appendix is divided into sections describing the codes
used for segmentation (Section B.1), feature functions (Section B.2), feature extraction (Section

B.3), classification (Section B.4), and majority vote classification (Section B.5).

B.1 Segmentation Codes

The first step of EMG analysis was to segment the EMG data into meaningful regions of muscle
activation. This section describes the codes used to divide the data into segments representing

each motion.

Teager Kaiser Energy Operator (TKEO) Function

The emgprocessTKEO function was developed to condition the signals with the Teager Kaiser
Energy Operator (TKEO) in order to provide a clearer observation of the onset and offset of muscle

contractions during motion.

function TKEO = emgprocessTKEO(rawsignal, fs)
%set EMG baseline to zero

y = rawsignal - mean(rawsignal);

[1, w] = size(y);

%apply TKEO operator to the data

167
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TKEOop = zeros(l,w);
for i = 2:1-1
for j = 1:w
TKEOop (i,j) = y(i,j) 2 - y(i+1,j)*y(i-1,j);
end
end
%hrectification
rect = abs(TKEQOop);
%apply a 50Hz LPF to the data for threshold analysis
fc = 50;
[a,b] = butter (2,fc/(£fs/2));
TKEO = filtfilt(a,b,rect);

end

Automatic Segmentation

The emgprocessTKEOQO function was implemented in the codes used for data segmentation. The
automatic segmentation code is shown below.

p = [331 49 1164 948];
set (0, 'DefaultFigurePosition', p)

£fs=1925.93; % sampling frequency Hz

motions = {'EFE', 'PS', 'WFE', 'URD', 'HOC'};

muscles = {'bb', "tbl', "tb2', 'pt', 'brd', 'ecu', 'fcu'l};
%VARIABLES

file_output_motion = 'WF'; Ymotion to identify

health = 1; J%health = 0 -> injured, health = 1 -> healthy
subjects = {'S137'}; Ysubject list
musc = 1; %muscle of interest

mot= 1; Y%motion of interest

for s = 1:numel(subjects)
filename = strcat('C:\Users\Emma\Documents\Data\"',
subjects{s},'\',subjects{s},motions{mot},'.csv');
rawdata = xlsread(filename) ;
% IMPORT EMG DATA
rawemgdata=zeros (length(rawdata) ,7);

count = 1;
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if health =

[
o

cols = 2:8:50;
else
cols = 66:8:114;
end
for i = cols
rawemgdata (:,count)=rawdata(:,i);
count = count+1;

end

% CONDITION EMG DATA WITH TKEO

[",filt] = emgprocessTKEO (rawemgdata,fs);

% PLOT EMG SIGNAL
figure (1)

hold off

plot (£ilt (:,musc))
title(filename)

legend (muscles{musc})

% SELECT BASELINE REGION

[x_values ,”] = ginput;
x_values = floor(x_values);
baseline = filt(x_values(1):x_values (2) ,musc);

% FIND THRESHOLDS
h = 15;

T1

mean (baseline)+h*std(baseline) ;
t2 = 25; Ystarting threshold

t3=200; %ending threshold

%DETERMINE ONSET AND OFFSET

divisions = zeros(3,2);

start=2;

for i = 1:3
count = 0;
% FIND POINT WHEN T2 CONSECUTIVE SAMPLES EXCEED T1
while count <t2

if filt(start,musc)>T1 && filt(start-1,musc)>T1
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count = count+1;
else

count

]
o

end

start=start+1;

end
divisions(i,1) = start;
count = 0;

% FIND POINT WHEN T3 CONSECUTIVE SAMPLES ARE BELOW T1
while count <t3
if filt(start,musc)<T1 && filt(start-1,musc)<T1
count = count+1;
else
count = 0;
end
start=start+1;
end
divisions(i,2) = start;

end

% VALIDATE WITH GRAPH

figure

plot (£ilt (: ,musc))

hold on

scatter (divisions(:,1) ,[0,0,0], 'g')
scatter (divisions(:,2),[0,0,0], 'r')

title (strcat('validation', subjects{s}))

% SAVE DATA TO FILE
if health ==0
name = 'Injured';
else
name = 'Healthy';
end
for i = 1:3
savefilename = strcat('C:\Users\Emma\Documents\Reps',...
"\',name,'\',subjects{s},...
file_output_motion, '_R',num2str(i),'.csv');
A = rawemgdata(divisions(i,1):divisions(i,2),:);
csvwrite (savefilename ,A)

end
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end

Manual Segmentation

Each segmentation was observed visually in order to determine if the segmentation appeared to be
correct based on motion activation. If the segmentation was not conducted appropriately by the
automatic method, the segmentation was performed by manually indicating the desired regions to
segment using the SEMG voltage vs. time plot. The manual segmentation is shown below.

p = [331 49 1164 948]1;
set (0, 'DefaultFigurePosition', p)

£s=1925.93; 7 sampling frequency Hz

motions = {'EFE', 'PS', 'WFE', 'URD', 'HOC'};

muscles = {'bb', 'tbl', "'tb2', 'pt', 'brd', 'ecu', 'fcu'};
%VARIABLES

file_output_motion = 'WF'; Ymotion to identify

health = 1; %health = 0 -> injured, health = 1 -> healthy
subjects = {'S137'}; Jsubject list
musc = 1; %muscle of interest

mot= 1; %motion of interest

for s = 1l:numel(subjects)
filename = strcat('C:\Users\Emma\Documents\Data\"',
subjects{s},'\',subjects{s},motions{mot},"'.csv');
rawdata = xlsread(filename);

% IMPORT EMG DATA

rawvemgdata=zeros (length(rawdata) ,7);
count = 1;

if health ==0

cols = 2:8:50;

else

cols = 66:8:114;
end
for i = cols

rawemgdata (:,count)=rawdata(:,1i);
count = count+1;

end

% CONDITION EMG DATA WITH TKEO



B.1 Segmentation Codes 172

[7,filt] = emgprocessTKEO(rawemgdata,fs);

% PLOT DATA

figure (1)

hold off

plot (£ilt (:,musc))
title(filename)

legend (muscles{musc})

% DEFINE FILE NAME
if health ==0

name = 'Injured’;
else

name = 'Healthy';

end

%SELECT SEGMENTS MANUALLY AND SAVE
[x_values,”] = ginput;
x_values = floor(x_values);
for i = 1:3
savefilename = strcat('C:\Users\Emma\Documents\Reps',...
name, '\',subjects{s},...
file_output_motion, '_R',num2str(i),’'.csv');
A = rawemgdata(x_values(i*2-1):x_values(i*2),:);
csvwrite(savefilename ,A)
end

end
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B.2 Feature Function Codes

Functions were developed to calculate each EMG feature. Window size and increment could
be implemented, if necessary. If window size and increment were not specified in the function
inputs, the feature was calculated for the entire EMG signal. This section provides the codes to
generate each of the features implemented in this thesis. The feature function codes were developed
with assistance from Julian Saldarriaga, and by referring to the Myoelectric Control Development
Toolbox [122]. Feature functions for the ApEn and HFD features were developed after referring
to codes available on MATLAB Central File Exchange [123,124].

EMG Feature Function Template

The feature functions are all very similar to each other. The functions first develop data windows
based on the window size and increment specified by the user. Features are then extracted from
each window segment. The following code is the full feature function code for the MAV feature.
This code demonstrates the basic template for the feature functions. Other feature functions were
implemented by changing the “feature calculation” region indicated in the MAV function code to
the required code for each feature.

%Mean Amplitude Value (MAV)
function feat = mavfeat(X,winsize,wininc)
if nargin < 3
if nargin < 2
winsize = size(X,1);
end
wininc = winsize;

end

datasize = size(X,1);

Nsignals = size(X,2);

datawin = ones(winsize,1);

numwin = floor((datasize - winsize)/wininc)+1;
feat = zeros(numwin,Nsignals);

st = 1;

en = winsize;
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for i = 1:numwin
curwin = X(st:en,:).*repmat(datawin,1,Nsignals);
%feature calculation
Dbk bttt hTotototohhTolotohothhehoTo %o %%l T To To
feat(i,:) = mean(abs(curwin));
TRt T T to Tt hehToTo Tt el ho To %o %t heTo To %o
st = st + wininc;
en = en + wininc;

end

The “feature calculation” regions for the other feature functions are shown below:

Time Domain: Energy

MMAV1:
temp = 0;
for j = 1l:winsize

if (0.25*winsize) <= j && j <= (0.75*winsize)
w_i = 1;
else

w_i = 0.5;

end
temp = temp + w_ixabs(curwin(j,:));
end
feat(i,:) = temp/winsize;
MMAV2:
temp = 0;
for j = l:winsize
if ((0.25*winsize) <= j) && (j <= (0.75*winsize))
w_i = 1;
elseif j < (0.25*winsize)
w_i = 4%j/winsize;
else
w_i = 4*(j-winsize)/winsize;
end
temp = temp + w_ixabs(curwin(j,:));
end
feat(i,:) = temp/winsize;

IEMG:
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feat(i,:) = sum((abs(curwin)));
SSI:
temp = 0;
for j = 1l:winsize
temp = temp + curwin(j,:)."2;
end
feat(i,:) = temp/winsize;
VAR:
temp = 0;
for j = 1l:winsize
temp = temp + curwin(j,:)."2;
end

feat(i,:) = temp/(winsize-1);

RMS:
temp = 0;
for j = l:winsize
temp = temp + curwin(j,:)."2;
end
feat(i,:) = sqrt(temp/winsize);

LOG:

temp = 0;
for j = l:winsize

temp = temp + logl0(abs(curwin(j,:)));
end

feat(i,:) = exp(temp/winsize);

Time Domain: Information

WL:
temp = 0;
for j = 1l:winsize-1
temp = temp + abs(curwin(j+1,:)-curwin(j,:));
end

feat(i,:) = temp;

AAC:
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temp = 0;
for j = 1l:winsize-1
temp = temp + abs(curwin(j+1,:)-curwin(j,:));
end
feat(i,:) = temp/winsize;
DASDV:
temp = 0;
for j = 1l:winsize-1
temp = temp + abs((curwin(j+1,:)-curwin(j,:))."~2);
end
feat(i,:) = sqrt(temp/(winsize-1));

Time Domain: Frequency

The time domain features that were related to the frequency also required an optional threshold
value to be set. The preliminary part of the feature function was therefore modified for the time
domain: frequency features as follows:

function feat = zcfeat(X,winsize,wininc,threshold)
if nargin < 4
if nargin < 3
if nargin < 2
winsize = size(X,1);
end
wininc = winsize;
end
threshold = 0;

end
The feature calculation codes are as follows:

ZC:

for k = 1:Nsignals
temp = 0;

for j = 1:winsize-1

[
|
[

if sign(curwin(j,k)*curwin(j+1,k)) =
sgn = 1;
else

sgn = 0;
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end

if abs(curwin(j,k)-curwin(j+1,k)) >=threshold

check = 1;
else
check = 0;
end
if sgn == 1 && check == 1

temp = temp + 1;
end
end
feat(i,k) = temp;

end

SSC:

for k = 1:Nsignals
temp = 0;
for j = 2:winsize-1
if (curwin(j,k)- curwin(j-1,k)) > threshold
f1 = 1;
else

f1

0;

end

if (curwin(j,k)- curwin(j+1,k)) > threshold
£2 = 1;

else

£2

]
o

end

temp = temp + f1x*f2;
end
feat(i,k) = temp;

end

WAMP:

for k = 1:Nsignals
temp = 03
for j = 1:winsize-1
if abs(curwin(j,k)-curwin(j+1,k)) >=threshold
temp = temp + 1;

else

temp = temp + O;

end
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end

feat(i,k) = temp;

end
MYOP:
temp = 0;

for k = 1:Nsignals

for j

if curwin(j,k)>=threshold

end

end

feat(i,k) = temp/winsize;

end

Time Domain: Multiple Features

l:winsize

temp = temp + 1;

The MAVS function calculates the MAV function for a series of consecutive windows. The feature

outputs are the differences between the features.

MAVS:

function feat = mavsfeat (X,winsize,wininc,k)

if nargin <4

if nargin < 3

if nargin < 2

end

wininc = winsize;

end

end
datasize

Nsignals

datawin = ones(winsize,1);

numwin = floor ((datasize

feat = zeros(numwin,Nsignals*(k-1));
st = 1;

winsize =

size(X,1);

size (X,2);

en = winsize;

winsize)/wininc) +1;
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for i = 1:numwin
curwin = X(st:en,:).*repmat(datawin,1,Nsignals);
winsize_k = floor(winsize/k);
mav = zeros(k,Nsignals);
st2 = 1;
en2 = winsize_k;

for w = 1:k
curwin_k = curwin(st2:en2,:);

%feature calculation

/g g
mav(w,:) = mean(abs(curwin_k));
i
st2 = st2 + winsize_k;

en2 = en2 + winsize_k;

end
for i2 = 1:k-1

feat(i,i2) = mav(i2+1,:)-mav(i2);

end
st = st + wininc;
en = en + wininc;
end
MHW:

%create 3 hamming windows with 30% overlap
L = length(curwin);
%length hamming
LH = floor (5/12%L);
w = hamming (LH) ;
for k = 1:Nsignals
featl = sum((curwin(1:LH,k) .*w) . 2);
feat2 = sum((curwin(floor (LH*.7) :floor (LH*.7)+LH-1,k) .*w) . 2);
feat3 = sum((curwin(L-LH+1:L,k).*w)."2);
feat (i,(k-1)*3+1:k*3) = [featl, feat2, feat3];

end

MTW:

%create 3 trapezoidal windows with 30% overlap
L = length(curwin);
%length of window
LH = floor (5/12xL);

w = trapmf (1:LH,[1 LH/4 LH*3/4 LH]);
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for k = 1:Nsignals

featl =
feat2 =
feat3 =
feat (i,

end

sum ((curwin(1:LH,k) '.*xw) . 2);

sum ((curwin (floor (LH*.7) : floor (LH*.7)+LH-1,k) '.*w) ."2);

sum ((curwin (L-LH+1:L,k) '.*xw) ."~2);

(k-1) *3+1:k*3) = [featl, feat2,

Prediction Model Coefficients

feat3];

The prediction model coefficient codes for AR and CC features are shown in full. Both codes were

designed to be used for any order, but the default order is 4.

AR:

function feat =
if nargin <4

if nargin <

ARfeat ( X, winsize,wininc, order)

3

if nargin < 2

wins
end
wininc =
end
order = 4;

end

ize = size(X,1);

winsize;

datasize = size(X,1);

Nsignals

size (X,2);

datawin = ones(winsize,1);

numwin = floor ((

datasize - winsize)/wininc)+1;

feat = zeros(numwin,Nsignals,order);

st = 1;
en = winsize;

for i = 1:numwin

curwin = X(st:en,:).*repmat(datawin,1,Nsignals);

for k = 1:Ns

%feature cal

temp =

ignals

culation

-aryule (curwin(:,k) ,order);

feat (i,k,l:order) = temp(2:order+1);
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st = st + wininc;
en = en + wininc;
end
CCa4:
function feat = ccfeat( X,

if nargin <4
if nargin < 3

if nargin < 2

winsize = size(X,1);
end
wininc = winsize;
end
order = 4;
end
datasize = size(X,1);

Nsignals = size(X,2);

datawin = ones(winsize,1);
numwin = floor ((datasize - winsize)/wininc)+1;
feat = zeros(numwin,Nsignals*order);
st = 1;
en = winsize;
for i = 1:numwin
curwin = X(st:en,:).*repmat(datawin,1l,Nsignals);

%feature calculation

temp = -aryule(curwin(

c = zeros(1,order);

c(1) = -temp(2);

for p = 2:order
temp2 = 0;

for 1 = 1:p-1

temp2 = temp2+(1-1/p)*temp(p+1)*c(p-1);

end

c(p) = -temp(p+1)-temp2;

winsize ,wininc,

:,k),order);
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end
feat (i,(k-1)*order+1:k*order) = c;
end
end
% _________________________________________________
st = st + wininc;
en = en + wininc;
end

Frequency Domain Features

MNF:

fs = 1925.93; YSampling frequency (Hz)

feat(i,:) = meanfreq(curwin)*£fs/2/pi;

MDF:

fs = 1925.93;

feat(i,:) = medfreq(curwin)x*fs/2/pi;

PKF:

%Peak frequency (PKF) feature calculation
fs = 1925.93;
for k = 1:Nsignals

xdft = fft(curwin(:,k));

if mod(winsize ,2) == 0

xdft = xdft(l:winsize/2+1); ‘even window size

else

xdft = xdft(1:(winsize+1)/2); %odd window size

end

%compute power spectral density (PSD)
psdx = (1/(2*pi*winsize)) * abs(xdft)."2;
psdx(2:end-1) = 2xpsdx(2:end-1);

freq = 0:fs/winsize:fs/2;

[*,b] = max(psdx);

feat (i,k) = freq(b);

end

MNP:

fs = 1925.93;

xdft = fft(curwin);
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if mod(winsize ,2) == 0

xdft = xdft(1:winsize/2+1); Jeven window size
else

xdft = xdft(1:(winsize+1)/2); %odd window size
end
%compute power spectral density (PSD)
psdx = (1/(2*pi*winsize)) * abs(xdft)."2;
psdx(2:end-1) = 2*psdx(2:end-1);

feat (i,:) = sum(psdx)/winsize;

TTP:

fs = 1925.93;
xdft = fft(curwin);
if mod(winsize ,2) == 0

xdft = xdft(l:winsize/2+1); Jeven window size
else

xdft = xdft(1:(winsize+1)/2); %odd window size
end
%compute power spectral density (PSD)
psdx = (1/(2*pi*winsize)) * abs(xdft)."2;
psdx(2:end-1) = 2xpsdx(2:end-1);

feat (i,:) = sum(psdx);

SM1-3:

fs = 1925.93;
xdft = fft(curwin);
if mod(winsize ,2) == 0

xdft

xdft (1:winsize/2+1); Y%even window size
else

xdft = xdft(1:(winsize+1)/2); %odd window size
end
%compute power spectral density (PSD)
psdx = (1/(2*pi*winsize)) * abs(xdft)."2;
psdx(2:end-1) = 2*psdx(2:end-1);
freq = O:fs/winsize:fs/2;
smifeat (i,:) = freq*psdx;

sm2feat (i,:) = freq. 2*psdx;

sm3feat (i,:) freq. 3*psdx;

VCF:

fs = 1925.93;
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xdft = fft(curwin);
if mod(winsize ,2) == 0
xdft = xdft(1l:winsize/2+1); Jeven window size
else
xdft = xdft(1:(winsize+1)/2); %odd window size
end
%compute power spectral density (PSD)
psdx = (1/(2*pi*winsize)) * abs(xdft)."2;
psdx(2:end-1) = 2xpsdx(2:end-1);
freq = 0:fs/winsize:fs/2;
M1 = freq*psdx;
MO = sum(psdx);
M2 = freq. 2*psdx;

feat (i,:) = M2/MO-(M1/MO) "2;

FR:

fs = 1925.93;
%Low Frequency Band

LLC

15;
ULC = 45;
%High Frequency Band
LHC = 95;

UHC 500;

xdft = fft(curwin);

if mod(winsize ,2) == 0

xdft = xdft(l:winsize/2+1); Jeven window size
else

xdft = xdft(1:(winsize+1)/2); %odd window size

end

%compute power spectral density (PSD)
psdx = (1/(2*pi*winsize)) * abs(xdft)."2;
psdx(2:end-1) = 2x*psdx(2:end-1);

freq = 0:fs/winsize:fs/2;

%find index

%Low Frequency Band

[, LLC_il= min(abs(freq-LLC));

[, ULC_il= min(abs(freq-ULC));

%High Frequency Band

[, LHC_il= min(abs(freq-LHC));

[, UHC_il= min(abs(freq-UHC));

lower_band = sum(psdx(LLC_i:ULC_1i));
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upper_band = sum(psdx(LHC_i:UHC_i));

feat (i,:) lower_band/upper_band;

PSR:

fs = 1925.93;
n=20;
for k = 1:Nsignals
xdft = fft(curwin(:,k));
if mod(winsize ,2) == 0
xdft = xdft(l:winsize/2+1); %even window size
else
xdft = xdft(1:(winsize+1)/2); %odd window size
end
%compute power spectral density (PSD)
psdx = (1/(2*pi*winsize)) * abs(xdft)."2;
psdx(2:end-1) = 2xpsdx(2:end-1);

freq = O:fs/winsize:fs/2;

%find fO
[*,b] = max(psdx);

£f0 = freq(b);

%Frequency Bands
[, LC_il= min(abs(freq-10));

[*, UC_il= min(abs(freq-500));

[, LC2_il= min(abs(freq-(£f0-n)));
[, UC2_il= min(abs(freq-(£f0+n)));
P = sum(psdx(LC_i:UC_1i));

PO = sum(psdx(LC2_1i:UC2_1i));

feat (i,k) = PO/P;

end

Entropy Features

The full codes for the entropy features are shown below.
ApEn:

function feat = ApEnfeat(X,winsize,wininc,ml,r)

if nargin <5
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if nargin <4
if nargin < 3

if nargin < 2

winsize = size(X,1);
end
wininc = winsize;
end
ml = 2;

end
r = 0.2%xstd(X);
end

m = ml;

datasize = size(X,1);

Nsignals = size(X,2);

datawin = ones(winsize,1);
numwin = floor ((datasize - winsize)/wininc)+1;
feat = zeros(numwin,Nsignals);
st = 1;
en = winsize;
for i = 1:numwin
curwinl = X(st:en,:).*repmat(datawin,1,Nsignals);

for j = 1:Nsignals
curwin = curwinl (:,j);
Phi_m = zeros(1,2);

%feature calculation

m = m+k-1;
count = zeros(1l,winsize-m+1);

%make the correlation dimension matrix (i.e. matrix of u_i)

corr_dim = zeros (m,winsize-m+1);
for i2 = 1:m

corr_dim(i2,:) = curwin(i2:winsize-m+i2);
end

%calculate Cm

for i3 = 1l:winsize-m+1
tempMat = abs(corr_dim - repmat(corr_dim(:,i3),1,winsize-m+1));
boolMat = any(tempMat > r);
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count (i3) = sum(~“boolMat)/(winsize-m+1);
end
%calculate Phi_m
Phi_m(k) = sum(log(count))/(winsize-m+1);
end

feat(i,j) = Phi_m(1)- Phi_m(2);

m=ml ;
end
R
st = st + wininc;
en = en + wininc;
end
SampleEn:
function feat = SampleEnfeat(X,winsize,wininc,ml,r)

if nargin <5
if nargin <4
if nargin < 3

if nargin < 2

winsize = size(X,1);
end
wininc = winsize;
end
ml = 2;

end

r = 0.2xstd(X);

end
m = ml;
datasize = size(X,1);
Nsignals = size(X,2);
datawin = ones(winsize,1);
numwin = floor((datasize - winsize)/wininc)+1;
feat = zeros(numwin,Nsignals);
st = 1;
en = winsize;
for i = 1:numwin
curwinl = X(st:en,:).*repmat(datawin,1,Nsignals);

for j = 1:Nsignals

curwin = curwinl(:,j);
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Phi_m = zeros(1,2);

%feature calculation

/S
for k = 1:2

m = m+k-1;

count = zeros(l,winsize-m+1);

Jmake the correlation dimension matrix (i.e. matrix of u_i)

corr_dim = zeros (m,winsize-m+1);
for i2 = 1:m

corr_dim(i2,:) = curwin(i2:winsize-m+i2);
end

%calculate Cm

for i3 = 1l:winsize-m+1
tempMat = abs(corr_dim - repmat(corr_dim(:,i3),1,winsize-m+1));
boolMat = any(tempMat > r);
count (i3) = (sum(~boolMat)-1)/(winsize-m+1);

end

%calculate Phi_m

Phi_m(k) = sum(count)/(winsize-m);

end

feat(i,j) = -log(Phi_m(2)/Phi_m(1));

m=ml;
end
% ________________________________________________
st = st + wininc;
en = en + wininc;

end

Fractal Dimension Features

The codes for the feature calculations of the fractal features are shown below.

MFL:
temp = 0;
for j = 1l:winsize-1
temp = temp + (curwin(j+1,:)-curwin(j,:))"2;
end

feat(i,:) = loglO(temp);

HFD:
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%get time series

kmax = 128;

X2 = zeros (kmax,kmax,winsize);

for k = 1:kmax

for m = 1:k
limit = floor ((winsize-m)/k);
ji=1
for i2 = m:k:(m + (limitx*k))
X2(k,m,j) = curwin(i2);
=i+
end
end
end
L = zeros (1, kmax);

for k = 1:kmax

L_m = zeros(1,k);

for m =

R =

aux

for

end

1:k

(winsize - 1)/(floor ((winsize

= squeeze (X2(k,m,logical ("isnan(X2(k,m,:)))));

the NalNs.

i2 = 1:(length(aux) - 1)

- m)/k) * k);

L.m(m) = L_m(m) + abs(aux(i2+1) -

L_m(m) = (L_m(m) * R)/k;

end

L(k) = sum(L_m)/k;

end

%Compute the HFD:

x = 1./(1:kmax);

aux = polyfit(log(x),log(L),1);

feat(i,n) =

DFA:

%Detrended Fluctuation Analysis

aux (1) ;

for j = 1:Nsignals

curwin = curwinl (:,j);
%Step 1: Integrate
y = zeros(1l,winsize);

t= 1:1:winsize;

for k =

y (k)

1:winsize

= sum(curwin(1:k));

(DFA) feature

aux (i2));

calculation

%We get the sub-serie without
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end

%Step 2: Calculate Box Sizes
boxsize = 4;
nmax = winsize/10;
while boxsize (end)<nmax
boxsize (end+1)=boxsize (end) *2;

end

%#Step 3: Fit Each Box to Quadratic Least Squares
for n = 1:length(boxsize)
temp = 0;

p = zeros(1,3);

pv = zeros(l,winsize);
m = boxsize(n);
for i2 = 1:m:winsize-m+1

temp = temp+1l;
p(temp,:)=polyfit(t(i2:i2+m-1),y(i2:i2+m-1) ,2);

pv(i2:i2+m-1) = polyval(p(temp,:),t(i2:i2+m-1));

end
%Step 4: Calculate RMS
F(n)= sqrt((1/winsize)*sum(y-pv) "2);

end

%Step 5: Calculate self-similarity parameter, alpha (i.e. the feature)
fit = polyfit(log(boxsize),logl0(F) ,1);
feat(i,j) = fit(1);

end

Higher Order Features

The codes for the feature calculations of the higher order features are shown below.
SKEW:

sigma = std (curwin);
mu = mean(curwin) ;
temp = 0;
for j = 1l:winsize
temp = temp + ((curwin(j,:)-mu)/sigma)."3;

end
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temp = temp + ((curwin(j,:)-mu)/sigma)."4;

feat(i,:) = temp/winsize ;
KURT:

sigma = std (curwin);

mu = mean(curwin);

temp = 0;

for j = 1l:winsize

end

feat(i,:) = (temp/winsize) -3;

Spike Shape Analysis Features

The full code to generate all five of the major spike shape analysis features is shown below.

function feat = spikefeat( X,

if nargin <4
if nargin < 3

if nargin < 2

winsize = size(X,1);
end
wininc = winsize;
end
th = 0;
end
datasize = size(X,1);

Nsignals = size(X,2);

datawin = ones(winsize,1);

numwin = floor((datasize - winsize)/wininc)+1;
feat = zeros(numwin,Nsignalsx*5);

st = 1;

en = winsize;

for i = 1:numwin

curwin = X(st:en,:).*repmat(datawin,1,Nsignals);

for k = 1:Nsignals

%feature calculation

%subtract 3 to get O for a normal distribution

winsize ,wininc,
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time_dur = 5.1923e-04*length(curwin);

data_10 = curwin(:,k);

[pks,locs] = findpeaks(data_10,'MinPeakHeight',th);

[btm,locbtm]= findpeaks(-data_10, 'MinPeakHeight',th);

btm

= -btm;

peak_no = length(pks);

%how to find spikes

spike_no = 0;

Ax
Ay
Bx
By

Cy
Cx

for

[1;
[1;
[1;
[1;
[1;
[1;

j = 2:length(pks)-1

btml = max(find(locbtm<locs(j)));
btmlv = locbtm(btml);

btmh = min(find(locbtm>locs(j)));

btmhv = locbtm(btmh);

if isempty(btmlv) == 0 && isempty(btmhv)==
if btmlv> locs(j-1) && btmhv < locs(j+1)

Ax (end+1)

btmlv;
Ay (end+1) = btm(btml);
Bx(end+1) = locs(j);
By (end+1) = pks(j);
Cy(end+1) = btm(btmh);
Cx(end+1) = btmhv;
spike_no = spike_no+1;
else
peaks_index = find(locs>btmlv & locs<btmhv);

test = btmlv;

if isempty(Ax) == 0
if test “= Ax(end)
[By(end+1) ,ind] = max (pks(peaks_index));

Bx(end+1) = locs(peaks_index(ind));
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Ax (end+1) = btmlv;
Ay (end+1) = btm(btml);
Cy(end+1) = btm(btmh);
Cx(end+1)= btmhv;
spike_no = spike_no+1;
end
else

[By (end+1) ,ind] = max (pks(peaks_index));

Bx (end+1) locs (peaks_index (ind));
Ax (end+1) = btmlv;
Ay (end+1) = btm(btml);
Cy(end+1) = btm(btmh);
Cx(end+1)= btmhv;
spike_no = spike_no+1;
end
end

end

end

%calculate single spike amplitudes (SA) and spike slopes

SA = zeros(l,spike_no);

SS = SA;

SD = SA;

for j = 1:spike_no
SA(j) = (By(j)-Ay(j)) + (By(j)-Cy(j))/2;
$8(j) = (By(j)-Ay(j))/(Bx(j)-Ax(j));
SD(j) = Cx(j)-Ax(j);

end

%% FEATURES %%

%MSA (Mean Spike Amplitude)

MSA = mean(SA);

%MSF (Mean Spike Frequency)

MSF = (spike_no+2)/time_dur;

%MSS (Mean Spike Slope)

MSS = mean(SS)/5.1923e-04;

(ss)
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%MNPPS (Mean Number of Peaks per Spike)

MNPPS = peak_no/spike_no;

%#MSD (Mean Spike Duration)

MSD = mean(SD)*5.1923e-04;

temp = [MSA, MSF, MSS, MNPPS, MSDI];

feat (i, (k-1)*5+1:k*5) = temp;

Y e m -
st = st + wininc;

en = en + wininc;

end

end
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B.3 Feature Generation Codes

The sEMG feature functions described in the previous section were implemented within the feature
generation codes to extract feature vectors. In addition to the SEMG feature functions, a function,
emgprocess_trigno () was developed to filter the EMG signals with a 20-400 Hz bandpass

filter and a 60 Hz notch filter as follows:

function f2 = emgprocess_trigno(rawsignal)

£s=1925.93; %Sample frequency

%Centre on x-axis

m = rawsignal - mean(rawsignal);

%Bandpass filter 20 - 400 Hz
[b,al=butter (2,[20/(£fs/2) ,400/(£s/2)1);

f1 = filtfilt(b,a,m);

%Notch filter 60 Hz

wo = 60/(fs/2);

bw = wo/10;

[b,a]l] = iirnotch(wo,bw);
f2 = filtfilt(b,a,fl);

end
Feature generation codes for extracting features were developed for both single and multiple win-

dows. Features were extracted for each segment of data, and saved in separate files for each feature

and motion type.

Single Window Feature Generation

The following code extracts features for one window segment of the data.

%Basic Feature Generation Code

number_of_channels = 7;

feature_list = {'mflfeat', 'myopfeat'};

health = {'Healthy','Injured'};

motion_sets = {'EF', 'EE','P','S','WF','WE','UD','RD"','HC', "HO"};

number_of_features = length(feature_list);
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%GENERATE FEATURES

for h =

1:numel (health)

for k=1:numel(motion_sets)

end

if strcmp(health{h}, 'Injured') == 1
%Injured Subjects
subjects = {'S84"',"'S85"','S86"',...
'S137'};
else
%Healthy Subjects

subjects = {'S84','S85','S86",...

subjects{s},motion_sets{k},

'_R

'S137'};
end
for f = 1:numel(feature_list)
B = zeros(length(subjects) ,number_of_channels);
for s = l:numel(subjects)
A = zeros(3,number_of_channels*(number_of_features));
for r = 1:3
%Import EMG data
input_data_file = strcat('C:\Users\Emma\Documents\Data\Repetition Data
',motion_sets{k},'\',health{h}, "'\,
',num2str(r), '.csv');
emg_data = xlsread(input_data_file);
%Filter EMG data
emg_data = emgprocess_trigno(emg_data);
%Extract features
st = 1;
for ch = 1:number_of_channels
feature_function = str2func(feature_list{f});
%Feature array for all repetitions for one subject
A(r,st) = feature_function(emg_data(:,ch));
st = st+1;
end
end
B((s-1)*3+1:s*3,:) = A; JFeature array for all subjects
end

%Save array

savefilename = strcat('C:\Users\Emma\Documents\Data\Feature Data\',health{h}, '\

',motion_sets{k},feature_list,'.xlsx');
xlswrite (savefilename ,B);

end
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end

Multi-window Feature Generation

The following code is similar to the first feature generation code, but is developed for multiple
windows. The subject number for each window is saved within the feature set to allow patients to
be identifiable during the next step of leave-one-patient-out cross-validation.

%Generate Multi-window Features
number_of_channels = 7;

feature_list = {'mflfeat’','myopfeat'};
health = {'Healthy','Injured'};

motion_sets = {'EF', 'EE','P','S','WF','WE','UD','RD"','HC"', "HO'};

%Window Sizes
window_size = 500;
increment_size = 250;

number_of_features = numel (feature_list);

for f = 1:numel(feature_list)
%Develop list of subjects
for h = 1:numel (health)
for k=1:numel(motion_sets)
if strcmp(health{h}, 'Injured') == 1
%#Injured Subjects
subjects = {'S84','S85','S86",...
'S137'};
else
%Healthy Subjects

subjects = {'S84','S85"',"'S86"',...

'S137'};
end
B = [];
for s = 1:numel(subjects)
R = [1;
for r = 1:3
A = [1;

%Import EMG data
input_data_file = strcat('C:\Users\Emma\Documents\Data\Repetition Data

',motion_sets{k},'\',health{h},'\', subjects{s},motion_sets{k}, '_R
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,num2str (r), .csv');
emg_data = xlsread(input_data_file);
%Filter EMG data

emg_data = emgprocess_trigno(emg_data);

%Calculate number of windows
datasize = length(emg_data);
numwin = floor ((datasize - window_size)/increment_size)+1;

%Develop feature array

st = 1;
for ch = 1:number_of_channels
feature_function = str2func(feature_list{f});
A = [A,feature_function(emg_data(:,ch),window_size,increment_size)
1;
end

R = [R;A]; %Array of all repetitions for each subject

end
R = [R,ones(size(R,1) ,1)*s]; %Save subject numbers
B = [B;R]; %Feature array of all subjects

end
%Save array
savefilename = strcat('C:\Users\Emma\Documents\Data\Feature Data\',health{h},'\
' ,motion_sets{k},feature_list{f},'.xlsx"');
xlswrite(savefilename ,B);
end
end

end
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B.4 Classification

Following feature extraction, classification models for individual features or for feature sets were
developed and evaluated. The classification model code imports the feature data from the indi-
vidual excel files for each feature. The classification model options are linear discriminant analysis
(LDA), support vector machines (SVM), or random forest (RF). The accuracy of classification
using leave-one-patient out is determined for each individual motion. Classification model codes
were developed to categorize between two classes (healthy or injured) and between three classes

(healthy, early stages of rehabilitation, late stages of rehabilitation).

Healthy or Injured classification

The following code categorizes between the healthy and injured limbs of the patients.

%Basic Classification
feature_list = {'mflfeat', 'myopfeat'};
model_type = 'LDA'; J%LDA, SVM, or RF

motion_sets = {'EF','EE', 'P','S' 'WYF','WE','UD','RD','HC"', 'HO"'};

A = zeros(l,numel (motion_sets));

for k = l:numel(motion_sets)
healthy = [];

[1;

%Import feature sets

injured

for f = 1:length(feature_list)

%Healthy features

healthy_name = strcat('C:\Users\Emma\Documents\Data\Feature Data\Healthy\'
motion_sets{k},feature_list{f},'.xlsx');

healthytemp= xlsread(healthy_name);

healthy = [healthy,healthytempl];

%Injured features

injured_name = strcat('C:\Users\Emma\Documents\Data\Feature Datal\Injured\',
motion_sets{k},feature_list{f},'.xlsx"');

injuredtemp = xlsread(injured_name);

injured = [injured,injuredtempl];

end

%Feature Set Arrays
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full

[healthy;injured];

type = [ones(size(healthy,1),1);zeros(size(injured,1) ,1)];

match = 0; %Number of correct classifications
%Number of data sets
N = size(full,1);

nds = size(healthy,1);

for i = 1:3:nds
%Assign training data sets and test data sets
%Assign one subject to the test data set
train_data = full;
train_data([i:i+2,nds+i:nds+i+2],:)= [];
train_type = type;
train_type ([i:i+2,nds+i:nds+i+2],:)= [];

test_data = full([i:i+2,nds+i:nds+i+2],:);

test_type = type([i:i+2,nds+i:nds+i+2],:);

%Train model

switch model_type

case 'LDA’
Mdl = fitcdiscr(train_data,train_type);
case 'SVM'

Mdl = fitcecoc(train_data,train_type);
case 'RF'
Mdl = TreeBagger (200, train_data,train_type);
end
label = predict(Mdl,test_data);
if strcmp(model_type, 'RF') == 1

label = str2num(cell2mat (label));

end
test_result = sum(eq(label,test_type));
match = match + test_result;

end
accuracy = match/N*100 ;
A(k) = accuracy;

end

T = array2table (A, 'VariableNames',{'EF', 'EE','P','S','WF','WE','UD','RD"',"HC','HO'})
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Three levels of health classification

The following code implements classifiers for three levels of health. The training data sets are
developed using 12 data sets randomly from each group in order to balance the number of train-
ing sets representative of each of the three categories. The evaluation is repeated 10 times and
the average of the classification accuracies is determined in order to obtain an estimate of the
classification accuracy.

%Three Levels of Health Classification

feature_list = {'mflfeat', 'myopfeat'};

model_type = 'LDA'; %LDA, SVM, or RF

motion_sets = {'EF','EE', 'P','S' 'WF','WE','UD','RD','HC', 'HO"'};
A = zeros(1,numel (data_sets));

for k = 1:numel(data_sets)
healthy = [1;
injured = [];
%Import feature sets
for f = 1:length(feature_list)
%healthy features
healthy_name = strcat('C:\Users\Emma\Documents\Data\Feature Data\Healthy\',
motion_sets{k},feature_list{f},'.xlsx');
healthytemp= xlsread(healthy_name);
healthy = [healthy,healthytemp];
%injured features
injured_name = strcat('C:\Users\Emma\Documents\Data\Feature Data\Injured\',
motion_sets{k},feature_list{f},'.xlsx');
injuredtemp = xlsread(injured_name) ;
injured = [injured,injuredtempl;

end

%Hard Coded Groups of Early and Late Stage Patients
early = injured([1:3,7:9, 10:12, 13:15, 25:42,49:51,58:60, 73:75],:);

late = injured ([4:6,16:24,43:48, 52:57,61:72, 76:81],:);

match = 0;

%Repeat Classifications 10 times

for r = 1:10

%Assign training data sets and test data sets
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%Assign 13 random patients from each health group

%to the training data set

%Healthy
dataset=randperm(27,13);
msize=numel (dataset) ;
test=dataset (randperm(msize,1));
testn = (1+(test-1)*3):(1+(test-1)*3+2);
train=dataset (find (dataset “=test));
for n = 1:length(train)
trainn (1+(n-1) *3:3+(n-1)*3) = (1+(train(n)-1)*3) :(1+(train(n)-1) *3+2);
end
healthy_train = healthy(trainn,:);

healthy_test = healthy(testn,:);

%Early
dataset=randperm (13,13);
msize=numel (dataset);
test=dataset (randperm(msize,1));
testn = (1+(test-1)*3):(1+(test-1)*3+2);
train=dataset (find (dataset~“=test));
for n = 1:length(train)
trainn (1+(n-1) *3:3+(n-1)*3) = (1+(train(n)-1)*3):(1+(train(n)-1) *3+2);
end
early_train = early(trainn,:);

early_test = early(testn,:);

%Late
dataset=randperm(14,13);
msize=numel (dataset) ;
test=dataset (randperm(msize,1));
testn = (1+(test-1)*3):(1+(test-1)*3+2);
train=dataset (find(dataset~"=test));
for n = 1:length(train)
trainn (1+(n-1) *3:3+(n-1)*3) = (1+(train(n)-1)*3):(1+(train(n)-1)*3+2);
end
late_train = late(trainn,:);

late_test = late(testn,:);

%Training Data Set

train_data = [healthy_train; early_train; late_train];
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end

train_type = [ones (12%3,1);(ones (12%3,1)+2); (ones(12%3,1)+1)];

%Test Data Set
test_data = [healthy_test; early_test; late_test];

test_type = [ones(3,1);o0ones(3,1)+2; ones(3,1)+1];

%Train models

switch model_type

case 'LDA’

Mdl = fitcdiscr(train_data,train_type);
case 'SVM'

Mdl = fitcecoc(train_data,train_type);

case 'RF'

Mdl

TreeBagger (200, train_data, train_type) ;

end
label = predict(Mdl,test_data);

if strcmp(model_type, 'RF') == 1

label = str2num(cell2mat (label));

end
test_result = sum(eq(round(label) ,test_type));

match = match + test_result;

A(k)=match/(9*r)*100;

end

T = array2table(A, 'VariableNames',{'EF', 'EE','P','S','WF','WE','UD','RD','HC','HO"'})

B.5 Majority Vote

The majority vote code implements a separate classification for each of the motions in each data

set. The final classification result is the mode of the outputs of the individual motion models. The

weighted majority vote result is determined as the highest sum of the weights. A majority vote

can also be implemented using only the top data sets.

%Majority Vote

feature_list = {'mflfeat', 'myopfeat'};

model_type

vote_type

= 'LDA'; %LDA, SVM, or RF

= 'TOP'; %ALL, WEIGHT, TOP

switch vote_type

case {'ALL','WEIGHT'}
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case

motion_sets = {'EF','EE','P','S','WF','WE','UD','RD','HC', 'HO'};

'TOP!'

motion_sets = {'EF','EE','P','S','§F','UD', 'HC'};

end
number_of_subjects = 27;
nds = number_of_subjects#*3; JNumber of data sets
N= nds*2;
A = zeros(l,numel (motion_sets));
match = 0; %Number of correct classifications
for i = 1:3:nds
final_label = zeros (6, numel (motion_sets));
for k = 1:numel(motion_sets)

healthy = [];

injured = [];

%Import feature sets

for f = 1:length(feature_list)

%Healthy features

healthy_name = strcat('C:\Users\Emma\Documents\Data\Feature Data\Healthy\',

motion_sets{k},feature_list{f},'.xlsx"');
healthytemp= xlsread(healthy_name);
healthy = [healthy,healthytemp];

%Injured features

injured_name = strcat('C:\Users\Emma\Documents\Data\Feature Data\Injured\',

motion_sets{k},feature_list{f},'.xlsx');
injuredtemp = xlsread(injured_name);
injured = [injured,injuredtemp];
end
%Feature Set Arrays

full = [healthy;injured];

type = [ones(nds,1);zeros(nds,1)];

%Assign training data sets and test data sets
%Assign one subject to the test data set
train_data = full;
train_data([i:i+2,nds+i:nds+i+2],:)= [];
train_type = type;

train_type ([i:i+2,nds+i:nds+i+2],:)= [];

test_data = full([i:i+2,nds+i:nds+i+2],:);

test_type = type([i:i+2,nds+i:nds+i+2],:);

%Train Model
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switch model_type
case 'LDA’
Mdl = fitcdiscr(train_data,train_type);
case 'SVM'
Mdl = fitcecoc(train_data,train_type);
case 'RF'

Mdl

TreeBagger (200, train_data ,train_type);
end
label = predict(Mdl,test_data);
if strcmp(model_type,'RF') == 1
label = str2num(cell2mat (label));
end
final_label(:,k) = label;
end
%Majority Vote
switch vote_type
case {'ALL','TOP'}
vote = mode(final_label')';
case 'WEIGHT'
%Assign weights based on previous results
weights = [71 72.8 67.9 67.9 69.1 63 64.8 67.3 67.3 60.5];
healthy_sum = sum(final_label.*weights ,2);
injured_sum = sum(abs(final_label-1) .*weights ,2);
vote = healthy_sum>injured_sum;
end
test_result = sum(eq(round(vote),test_type));
match = match + test_result;
end

accuracy = match/N*100
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