SCMS SCHOOL OF ENGINEERING AND TECHNOLOGY,KARUKUTTY

endowments in the institution during 2020-2021

Grants received from Government and non-governmental agencies for research projects /

SL NO: |Faculty Name Department Sanctioned by Sanctioned for iz::)clﬂlotned Current Status

1 Vinoj P G ECE GYTI- BIRAC SRISTI Research work 1500000 Completed
National Physical and

2 R.Ajith Kumar ME oceanography laboratory Research work 928000 Completed

TOTAL SANCTIONED AMOUNT SANCTIONED FOR RESEARCH WORK BY

GOVERNMENT AND NON-GOVERNMENT AGENCIES 2020-2021 2428000

PRINCIPAL
SCMS SCHOOL OF ENGINEERING & TECHNOLOGY
VIDYANAGAR, PALLISSERY, KARUKUTTY
ERNAKULAM, KERALA-583 576



A Voice of Creative Grassroots Innovators and Traditional Knowledge Holders \

Society for Research & Initiatives for

Sustainable Technologies & Institutions

Ref. No. BIRAC SRISTI PMU - 2020/007 December 31, 2020

Subject: Sanction Letter of SITARE GYTI Award

To,

Awardee: Vinoj P.G
Supervisor Dr. Sunil Jacob
Institute Name: SCMS School of Engineering & Technology, Kerala

You have been granted a sum of Rs. 15,00,000/- to further work on Project “Artificial Deep
Learning Brain Actuated Lower Limb Exoskeleton For Paralysed”.

You need to sign an agreement called Grant Award Letter Agreement (GALA) which must
contain the relevant Annexures for Specific objective, Plan of work (Activities, Time Period &
Milestones) and Output. The GALA had already been sent to you. The budget utilization in all
phases must be as per the signed GALA and in all cases GALA guidelines will be followed.

Project Period: 2 Years (3 Semester; 1 Semester = 8 months)
Release of The Grant: In three instalments
vii.  33% (Rs. 5,00. 000/-) after the signing of GALA

viil. ~ Next 67% (Rs. 10, 00, 000/-) in other two instalments of around 33% each after every
eight months on completion of at least 80% of that semester’s work as per milestones.

You are required to submit the following:
xiii.  Progress Report after every eight months.
xiv.  Audited Expenses Report (Utilization Certificate - UC & Statement of Expenditure -

SOE) after every eight months and at the end of the project period.

xv.  Compiled Project Report along with compiled UC of all phases at the end of the project
period.

xvi.  The next phase will be released after the approval of review committee meeting.

You are also required to return the unutilized grant at the end of the project period. The budget
utilization will be done under GALA guidelines.

On successful completion of the project work, you will be issued a Project Completion
Certificate from SRISTI.

Thanking you

Bl

BIRAC SRISTI PMU

AES Boys Hostel Campus,
Near Gujarat University Library & SBI bank,
Navrangpura, Ahmedabad - 380 009

Yl

SRISTI A ollun Lleid Juud,

: isti isti isti.org
Ph No: 079-2791 3293, 2791 2792, web: www.sristi.org, Email: info@sristi.org, honeybee@sris
"SRISTI" Trust Regd.No. F/3538/AHMEDABAD (BOMBAY PUBLIC TRUST ACT1950)
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GRANT AWARD LETTER AGREEMENT

THIS AGREEMENT made on this ..4th..... day of DECEMBER......... 2020 at SCMS
SCHOOL OF ENGINEERING AND TECHNOLOGY,KARUKU'ITY,KERALA
Society for Research and Initiatives for

(TIME:11:30 AM)....by and between...
Sustainable Technologies and Institutions (SRISTI)... hereinafter called as

SITARE Partner (which expression shall wherever the context so admits include its
successors and assignees), a non-profit organization having its office at ...AES Boys
Hostel Campus, Near Gujarat University Library & SBI, Navrangpura, Ahmedabad-

380009, Gujarat, India of the First Part

Shri._- VINOJP G S/D/o _PPGEORGE____ resident of
_ERNAKULAM,KERALA ,studying at __

SCMS SCHOOL OF ENGINEERING ANDTECHNOLOGY,KARUKUTTY, KERALA
(Institute/ University)and having the Project:” Artificial Deep Learning Brain Actuated
Lower Limb Exoskeleton For Paralyzed”;hereinafter called AWARDEE of the Second

Part:

WHEREAS all the parts are hereinafter referred to as “Parties”;

Whereas,SITARE Partner is an organization set up with the objective
ofstrengthening the capacity of grassroots and student, inventors, innovators and
ecopreneurs in the area of conserving biodiversity and developing eco-friendly
solution to local problems; is engaged inter alia in the area search, documentation,
experimentation, development, diffusion of sustainable technologies and Techpedia,
a Sristi initiative aims at putting the problems of micro, small and medium
enterprises, informal sector, grassroots innovators and other social sectors on the
agenda of the young technology students across the country. '

WHEREAS, BIRAC has entrusted the SITARE Partner with implementation of the

SITARE Scheme including necessary processing of the proposals, organizing various

meetings and training programs, execution of the decisions taken, disbursement of

funds, monitoring the physical and financial progress of the Project and to obtain

rAeportg and returns and clarifications as required from time to time from the
wardee.

Whereas - to promotfe and encourage young students for embracing translational
research to develop innovative products and technologies addressing unmet needs
SITARE Partner under the SITARE Scheme has established two components of thé
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tech Innovation Ignition School (BIIS)

d Residentialworkshops called as Bio
o i e . Unit at SII'ARE Partner.

administered through the Project Management

RE-Gandhian Young Technological
led “Artificial Deep Learning Brain
r referred to as PROJECT

WHEREAS Awardee has been selected for SITA
Innovation Award for the research Project entit
Actuated Lower Limb Exoskeleton For Paralyzed” , hereinafte

and Appended herein as Annexure-1

WHEREAS all the Annexures to this Agreement shall be read as integral part of the
Agreement.

NOW THEREFORE the Parties on valid cohsic_leratidﬁ and mutual covenants enter
into this GRANT AWARD LETTER AGREEMENT, hereinafter referred to as
“GALA" as provided hereunder:

1. RESPONSIBILITIES OF THE AWARDEE
(@) The Awardee shall:

i. Carry out the activities of the Project and confirm to the specified objectives,
outputs, milestones, and targets;

ii. Meet the resources on the Project activities to the extent as agreed to, as per
details given in Annexure 1;

jii. Submit a utilization certificate and statement of accounts duly audited and/or
certified by a chartered accountant for the expenditure incurred on the Project
for the half year, ending 30t September and 31%t March, to SITARE Partner,
within a month of 30th September and 31st March for respective half year, in
the format provided by SITARE Partner;

iv. Submit a milestones progress report to SITARE Partner as per the timeline
and participate in the meetings organized by SITARE Partner to review the
progress of the Project, as and when called for; - -

v.Obtain all the necessary requisite approvals, clearance certificates,
permissions and licenses from the Government/local authorities for
conducting its operations in connection with the Project;

vi. Keep the drawls from the grant assistance ina separate no-lien account in the
name of the Awardeewith a scheduled bank, the payments from which
account shall be subject to verification by SITARE Partner. It shall also obtain
and furnish to SITARE Partner a letter from the said bank toregoing the right
of set off or lien in respect of such account. ' ;



vii. Utilize the amounts sanctioned by SITARE Partner for the Project only for Fhe
purposes as specified in the Project and shall not entrust the implementation
of the Project to another agency or divert the grant-in-aid assistance;

viii. Abide by the decision of SITARE Partner to modify the objectives, outpuf:s,
milestones, targets, funding as also the foreclosure of the Project or of its
components after mutual discussion;

ix. Acknowledge the assistance of Scheme of BIRAC while publishing or
presenting in any manner the details of the Project, its progress or its success.

x. In the case of any ambiguity or conflict or inconsistency between this
Agreement and any other associated agreement(s) entered into between
Awardee and SITARE Partner on the same subject matter, the provisions of
this Agreement shall take precedence.

(b) The Awardee warrants that:

i. It shall obtain prior consent of SITARE Partner in writing before entering into
any agreement or arrangement with any other party, national or international,
on the Project having overlapping objectives or having impact on Intellectual
Propertyfor the Project duration;

ii. It is under no contractual restrictions or legal disqualifications or other
obligations which will prohibit the Awardee from entering into this
agreement or which will interfere with the execution of this agreement; and

iii. Each and every one of the statement and particulars herein contained in this

agreement and in the relevant and supporting documents to this agreement
are correct; .

(c) The Awardee acknowledges and agrees that:

i. The duties, responsibilities and functions assigned or entrusted to it as
specified in the Project document shall be deemed to be the duties,
responsibilities and functions assigned and entrusted under this
Agreement and unless for reasons beyond control under normal
circumstances any undue delay, failure or default in performance of the
duties, responsibilities and functions as specified in the Project shall be
deemed to be a default under this Agreement;



ii. It shall, at all times, indemnify and k

V.

iv.

cep indemnified SITARE Partner against
any claims or suits in respect of any losscs, damages or compensation paya?le
ath or injury sustained by any other third

in consequences of any accident, de .
nission or operation conducted by or on

party resulting from or by any act, ot
its behalf;

iii. 1t shall, at all times, indemnify and keep indemnified SITARE Partner against

all claims/damages ctc. by any infringement of any Intellectual Property
Rights (IPR) while -undertaking its responsibilities/ work under the Project
and this Agreement; and

It shall notify SITARE Partner of any material change in its status and/or
shareholding, in particular where such change would have an impact on
performance of the obligations under the Project and this Agreement. SITARE
Partner shall reserve the right to reconsider further funding assistance in such

circumstances of change of control.

FINANCIAL ARRANGEMENTS

The financial arrangements under this Agreement are as here under

The total fund approved by BIRAC and granted by SITARE Partner on behalf

of BIRAC towards the Projectis Rs. __15___ lakhs (Rupees _Fifteen lakhs
only___) only on the terms and conditions detailed in this Agreement.

The detailed breakup of the financial assistance is given in Annexure 2.

. All financial assistance by SITARE Partner will be released as grant award.

SITARE Partner shall release the first instalment after signing of the
Agreement and subject to the fulfilment of the terms and conditions for such
release. Further release of funds shall be subject to satisfactory progress
against the objectives, outputs, milestones and targets specified in the Project
as determined by SITARE Partner and on submission of statement of
accounts/ audited statement of accounts and utilization certificates

The Awardee shall ensure that the funds of the Project are actually utilized
only for the Project and as expressly provided in this Agreement. Re-
appropriation of funds from one budget head to another shall not be effected
without the specific wrilten approval of SITARE Partner;

. The Awardee shall refund immediately any funds out of grant disbursed to it

for the Project remaining unutilized with it on completion of the Project to
SITARE PARTNER along with detailed accounts of funds received, utilized
and unutilized;



vi. The capital assets acquired for the Project through SITARE Partner’s grant

shall not be disposed of without the specific prior written permission of the

SITARE Partner. The Awardee shall take adequate care towards custody,
safekeeping, and insurance and utilization access of such property at its own

cost.

vii. The Methods of controlling the disposal/ granting access/resuming
possession of such capital assets acquired for the Project will be at the
discretion of the SITARE Partner in the event of completion, foreclosure or

termination; and

viii. The manpower engaged in the Project are not the employees of SITARE
partner and provision of grant-in-aid does not create any liability, explicit or
implicit, on SITARE Partner in respect of the manpower engaged in the
Project.

3. SITARE STEERING COMMITTEE (S5C)

SITARE Partner will constitute a SITARE STEERING COMMITTEE (SSC)
comprising of eminent expert(s) from the relevant field based on specific
aspects of the Project. SSC will assess the progress of the Project in conformity
with the outputs, milestones, targets and objectives as contained in the
Agreement will make recommendations accordingly and will provide
mentorship and handholding services.

4. RESULTS OF THE PROJECT

i The deliverables from the Project are defined and are included in the
Project details at Annexure 1.

ii. Intellectual Property (IP) shall be the property of the Awardee. It is the
responsibility of the Awardee to protect any IP generated during the conduct
of t1.1e Project. It shall bear the expenditure involved in protecting such IP
During the Project Duration, the Awardee shall not assign or transfer the IP tc;

any third party directly or indirectly without pri .
SITARE Partner. 4 ut prior written consent from

5. PROJECT DURATION |

The Awardee shall complete the Project within the stipulated period
of 24 'months after the date of execution of this Agreement or as per the
corresponding order(s) issued by SITARE Partner from time to time



6. CONFIDENTIALITY

During the tenure of the Agreement, both the Parties, undertake to maintain
strict confidentiality and refrain from disclosure thereof, of all or any part c?f
the information and data exchanged/generated from the Project under this
Agreement for any purpose other than in accordance with this Agreement. It
shall be the responsibility of both the Parties to ensure maintenance of such
confidentiality in respect of their behalf and on behalf of their employees,
representatives and associates involved in the Project.

ii.  The Parties shall not have any obligation of confidentiality with respect to any

information that:

a. is in the public domain by use and/or publication at the time of its
disclosure by the disclosing party; or

b. was already in possession of the recipient prior to receipt from the
disclosing party; or

c. is properly obtained by the recipient from a third party with a valid right
to disclose such information and such third party is not under
confidentiality obligation to the disclosing party; or '

d. was disclosed to any third party on a non-confidential basis prior to
commencement of the Project; or

e. isrequired by public authority, by law or decree.

7. FORECLOSURE AND TERMINATION

i In case, during the tenure of the Project, it is found that the Project or any
Project component is not likely to lead to successful completion, SITARE
Partner may decide to foreclose the Project or the Project component as
warranted. The decision of the SITARE Partner shall be final in all respects.
TheGrantee shall immediately refund any funds unutilized out of SITARE
Partners disbursements, after deducting the legally committed expenses to
third party vendors, to SITARE Partner, along with detailed accounts of funds
received, utilized and unutilized. The entire outstanding amount as on the
date of foreclosure will become due and payable immediately.

ii. The Granteemay, before the completion of the Project, terminate this
Agreement by giving three months’ notice in writing to SITARE Partner.
SITARE Partnermay also terminate this Agreement by written notice for
committing breach of any term of this Agreement and either not rectifying it
to the satisfaction of SITARE Partner or not satisfying SITARE Partner about
its inevitability within a reasonable period. In the event of termination of the
Agreement, no further disbursement shall be made by SITARE Partner and
the Awardeeshall be liable to return immediately the amount of grantalready
availed of from SITARE Partner with simple interest at the rate of 12 (twelve)
per cent per annum within 30 (thirty) days of termination of the Agreement.
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10.

In case of failure to repay, without prejudice. to any other rigl;lts unsz]r1 at}k)\;z
agreement, the amount can be recovered Dy initiating any procedure a

in Law.

FORCE MAJEURE

The Parties shall not be held responsible for non-fulfillment of their respective
obligations in successful completion of the Project under this Agreement due
to the exigency of one or more of the force majeure events such as but not
limited to acts of God, war, flood, earthquakes, strikes not confined to the
premises of the Party, lockouts beyond the control of the Party clainEng force
majeure, epidemics, riots, civil commotion etc. lying beyond the reasonable
control of and not brought about at the instance of the Party claiming to be
affected by such event and which has caused the non-performance or delay in
performance; provided on the occurrence and cessation of any such event the
Party affected has given a notice in writing to the other Party within one
month of such occurrence or cessation. If the force majeure conditions continue
beyond six months, the Parties shall jointly decide about the future course of
action on the Project. The validity of the claim of force majeureshall be
determined by SITARE Partner after due enquiry and the decision in this
regard shall be final. : , : -

DISPUTE RESOLUTION

In the event of any dispute or difference between the Parties hereto upon or in
relation to or in connection with this Agreement, such dispute or difference
shall be resolved amicably by mutual consultation. If the dispute is not
resolved, then shall be referred to (Please insert the standard Arbitration
clause of SITARE Partner as applicable)

EFFECTIVE DATE AND TENURE OF THE AGREEMENT

- The Agreement shall be effective from the date of its signing by both the

Parties. The Agreement shall be valid for il 24 months or till full
utilization/refund of the Grant award, whichever is later. It can be
extended if agreed to by both the Partes. '

- Two copies of the Agreement shall be signed by both the Parties and one copy

each shall remain in the custody of each Party.

iii. Any failure or delay on the part of SITARE Partner to exercise the right or

power under the Agreement shall not Operate as waiver thereof.



11. AMENDMENTS TO THE AGREEMENT

12,

13.

14.

No amendment or modifiéation of this Agreement shall be va.lid unless. the
e in writing by both the Parties or their authorized

same is mad -
n amendment of this

representatives and specifically stating the same to be a
Agreement. The modifications / changes shall be effective from the date on

which they are made / executed unless otherwise agreed to.

SEVERABILITY

In case any one or more of the provisions or parts of a provision contained in
this Agreement shall, for any reason, be held to be invalid, illegal or
unenforceable in any respect, such invalidity, illegality or unenforceability
shall not affect any other provision or part of a provision of this Agreement;
and this Agreement shall, to the fullest extent lawful, be reformed and
construed as if such invalid or illegal or unenforceable provision, or part of a

provision, had never been contained herein.
NOTICES AND JURISDICTION

All notices and other communications required to be served on the SITARE
PARTNERincluding for violation of the terms of this Agreement shall be
considered to be duly served if the same shall have been delivered by
registered mail at its address as below.

Similarly, any notice to be given to Awardee shall be considered as duly
served if the same shall have been delivered by registered mail at its address
as below: :

Subject to the provisions of Clause 10 hereof, the Courts at shall have

exclusive jurisdiction in all matters concerning this Agreement including any
matter arising therein. ‘

NO JOINT VENTURE

Nothing contained in this Agreement will be construed as creating a joint
venture, agency, partnership or employment relationship between the Parties
hereto, nor will any party have the right, power or authority to create any
obligation or duty, express or implied, on behalf of the other Party.



15. GOVERNING LAW

This Agreement shall be governed and interpreted

laws of India.

IN WITNESS WHEREOF the Parties hereto through its
representatives have signed this Agreement on the day,

mentioned hereinbefore.

in accordance with the

duly authorized
month and year

Parties
For and on behalf of the SITARE PARTNER
Signature
Name:
Designation:
Seal
Witnesses
Signature Signature
Place Place
Date Date
Name Name
Address Adiass

9



For and on behalf of “Awardee”

Signature W }

Name V)NOJT P G
Designation R e ¢eaveh Sehn \ay, Sems ScH ook of

ENGINCERING, ANDTECHNOLO G Y, KARUKUTTY, ANGAMALY

Witnesses
Signature Signature
\ e
]
Place: \Lp((k\f KN € ’V“’ Place: k ARu KU s 4

4L—-|2-20626

Date:

“H\\L‘%M Date:

Name 'B\[ ?&WEE‘JJM« (;J NameD'Y SUV\“KIEC@L

Address n
DR. PRAVEENSAL C.J. Address |)1vee

1%
PRINCIPAL o gavng Cenbre J_W
605 SO0k OF ENGHERRIG RS TECRIOU! 0 1y X jes 4-
SeMS  Scheol ¢
Elgineenng 4 = ea\ma)ﬂﬁ
Seal of the Institute with Name | Seal




A AALLIEG /N WAL W -

Complete Project document after amendments (as mutually agreed between
BIRAC, SITARE PARTNER and Awardee) including work programme,
milestones, timelines and corresponding budget shall have to be specifically

mentioned.

(This document should be bound as part of the Agreement and labeled as
Annexure 1 bearing continuous pagination and should not be submitted as a

separate document.)

Key Milestones:

. Completion of Design of EEG sensor , Muscle stimulation Unit, Mechanical and

Electronic prototyping activities
. Completion of Phase 1 BCLLE working Prototype,Mechanical,Electronic prototyping and

integration activities
. Completion of Phase 2 AMIDL Prototype, Deep-learning Model development, Electronic

prototyping and integration activities
. Usability Testing of the integrated prototype device on paralyzed patients

Work Program:

1. Milestohe 1:

1. Design of Mechanical structure of the EEG sensor and the placement of
electrodes in the structure

2. Testing and signal analysis of the designed sensor

3. Muscle stimulation unit design using Multichannel TENS device

4. Integrating medical electrodes with the stimulation unit and its testing

5. Integrated Prototype testing on the Upper limb '

2. Milestone 2:

1.- Design of mechanical structure of exoskeleton and integrating electronic
components

2. Establishing communication between EEG Sensors and the exoskeleton

Closed loop controller design for different Muscle movements

4. Integrated system testing on Lower Limb

W
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3. Milestone 3:

EMG sensor design and Data recording

.
2. Real time EEG data acquisition

3, Deep learning model development and Training
4

5

Integrating electronic and mechanical subsystems and testing the model
y testing and incorporating aesthetics and

System stability and accurac
ergonomics to the device

4. Milestone 4:

1. Usability test on 10 different paralyzed patients
2. Incorporating user and Medical Practitioner feedback
3. Product compliance with India’s medical device regulations

Timeline:
1. Milestone 1 (5 monfhs):
® 1-5 months
2. Milestone 2 (7 months):
® 6-12 months ‘
' 3. Milestone 3 (7 months):
- e 13-20 months
4. Milestone 4 (5 months):

® 21-24 months

Artificial Deep Learning Brain Actuated Lower Limb Exoskeleton For Paralyzed - Project Plan
f L I P i | i T =

Plan Start Plan Duration
Activity (months) (months) Period in Months

1234’567 8] 9] 10] 11{12] 13[ 14{ 15[ 16] 17 18] 19] 20

Milestone 1:
Completion of Design of EEG sensor , 1 5
Muscle stimulation Unit, Mechanical and

Hectronic _ prototyping activities
Milestone 2:

Completion of Phase 1 BCLLE
svorking 6 7
Prototype, Mechanical, Hectronic

_ |prototyping and integration activitles
Milestone 3: .

Completion of Phase 2 AMIDL

Prototype,Deep-leaming Model 13 7

development, Electronic prototyping

and imegration activities

Milestone 4:

Usability Testng of the integrated 20 5

|prototype device on paralyzed patients

12




Annexure 2

BUDGET DETAILS

Budgct Heads:
Head Amount (in lakhs)
Development of Prototype (including \ 5
outsourcing activity)
Travel 2
Incubator Rentals 2.20
Manpower 2.16
Consumables 2
Training and conferences 1.14
Contingency 0.50

Budget Justification:

1. Development of Prototype (including outsourcing activity) : 5 Lakhs

® EEG/EMG, Pressure, Accelerometer and gyroscope sensors,cables,Controller
boards,shields, Actuators,Motors and Other electronic Components: 3 Lakhs
® Design and Manufacture of Exoskeleton,EEG headset,PCB fabrication: 2 Lakhs

2. Travel, Total: 2 Lakhs

® Travel Budget will be utilized for meeting doctors, patients and subject experts

3. Incubator Rentals: 2.20 Lakhs

® Incubator rental for SSET, Karukutty: 5000 Rupees per month for 24

Months:1.20 lakhs

® Utilization of Fab Lab at SSET, Karukutty for facilities like 3D printer, CNC
machine, Laser cutter, Electronics Test bench: 1 lakh

4. Manpower: 2.16 Lakhs

® The manpower budget is utilized by recruiting Technical assistant, having
proficiency in hardware and software design and prototyping. Salary for the
technical assistant(18,000 Rupees per month for 12 months =2.16 Lakhs)

13
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5. Consumables: 2 Lakhs

® Medical grade Components like EEG-EMG electrode pads, skin preparation spray,
silicon rubber: 1 lakh
@ carbon fiber,3D printing material, Acrylic sheets,batteries,Drill bits etc.: 1 lakh

6. Training and Conferences: 1.14 Lakhs

® Training and Conferences budget will be utilized for attending Training and
Conferences related to Biomedical Assistive Technologies

\

1 Contingeﬁcy: 0.50 Lakhs

® Contingency Fund is utilized for patent filing, medical committee approval, to cover
unforeseen risks during patient usability testing.

Total: 15 Lakhs

S
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Abstract: Dueto partial or full paralysis due to stroke, the majority of patients are compelled to rely
upon parental figures and caregiversin residua life. With post-stroke rehabilitation, different types of
assistive technologies have been proposed to offer developments to the influenced body parts of the
incapacitated. In alarge portion of these devices, the clients neither have control over the tasks nor can
get feedback concerning the status of the exoskeleton. Additionally, there is no arrangement to detect
user movements or accidental fall. Rehabilitation is the natural remedy for recovering from paralysis
and enhancing the quality of life. Brain Computer Interface (BCI) controlled assistive technology isthe
new paradigm, providing assistance and rehabilitation for the paralysed. But, most of these devices are
error prone and also hard to get continuous control because of the dynamic nature of the brain signals.
Moreover, existing devices like exoskel etons bring additional burden on the patient and the caregivers
and also resultsin mental fatigue and frustration. In Phasel the proposed framework tackles theseissues
utilizing aBrain-Controlled lower limb exoskel eton (BCLLE) in which the exoskeleton movements are
controlled based on user intentions. An adaptive mechanism based on sensory feedback isintegrated to
reduce the system false rate. The BCLLE uses aflexible design which can be customized according to
the degree of disability. The exoskeleton is modelled according to the human body anatomy, which
makes it a perfect fit for the affected body part. The BCLLE system also automatically identifies the
status of the paralyzed person and transmits information securely using Novel-T Symmetric Encryption
Algorithm NTSA to caregiversin case of emergencies. The exoskeleton isfitted with motors which are
controlled by the brain waves of the user with an el ectroencephalogram EEG headset. The EEG headset
captures the human intentions based on the signals acquired from the brain. The brain-computer
interface converts these signalsinto digital data and isinterfaced with the motors via a microcontroller.
The micracontroller controls the high torque motors connected to the exoskel eton joints based on user
intentions. Classification accuracy of morethan 80 is obtained with our proposed method whichismuch
higher compared with all existing solutions. In phase 2 of our work we created Artificial Muscle
Intelligence with Deep Learning (AMIDL) system. AMIDL integrates user intentions with artificia
muscle movements in an efficient way to improve the performance. Human thoughts captured using
Electroencephal ogram EEG sensors are transformed into body movements, by utilising microcontroller
and Transcutaneous Electrical Nerve Stimulation (TENS) device. EEG signals are subjected to pre-
processing, feature extraction and classification, before being passed on to the affected body part. The
received EEG signal is correlated with the recorded artificial muscle movements. If the captured EEG
signal falls below the desired level, the affected body part will be stimulated by the recorded artificia
muscle movements. The system also provides afeature for communicating human intentions as an aert
message to caregivers, in case of emergency situations. Thisis achieved by offline training of specific
gesture and online gesture recognition algorithm. The recognised gesture is transformed into speech,
thus enabling the paralysed to express their feelings to relatives or friends. Experiments were carried
out with the aid of healthy and paralysed subjects. The AMIDL system helped to reduce mental fatigue,
miss-operation, frustration, and provided continuous control. The thrust of lifting the exoskeleton is
also reduced by using lightweight wireless electrodes. The proposed system will be a great
communication aid for the paralysed to express their thoughts and feelings with dear and near ones,
thereby enhancing the quality of life.

INDEX TERMS Artificial Muscle Intelligence, Assistive technologies, BCI, EEG, Exoskeleton,
Healthcare, Intelligent solutions, Deep Learning System, Paralyzed, Stroke.



1. Introduction

The recent survey by reeve foundation revealed the impact of paralysis on world population,
affecting approximately 5.4 million people[1, 2]. The survey also identified stroke (33.7%) as
the major cause for paralysis. Paralysis is the increasing interest and involvement in the field
of post stroke rehabilitation. Exoskeleton-assisted technologies have emerged as a reliable
means for rehabilitation of the affected upper and lower limbs [3]. Exoskeleton movements
were controlled using sensors like gyroscopes, accelerometers, and potentiometers. Recently
the focus is on controlling exoskeleton using Brain Computer Interface (BCI) [4]. Javier et al.
demonstrated upper limb movement of the paralyzed using EEG signals [5]. A closed loop is
established between human thought and movement of paral yzed limbs using non-invasive BCI
[6]. Android feedback based BCI training is employed to enhance brain rhythms during motor
imagery task. The realistic feedback is realized in training sessions using humanoid robots[7].
Humanoid robot is navigated in a real-time indoor environment based on human intentions.
The asynchronous BCI system was designed using two level classifiers [8]. Co-operation and
coordination of dual robotic arm is demonstrated using an EEG based system. SSVEP (Steady-
State Visual Evoked Potentials) are utilized to improve the user concentration level [9].
Electromyography (EMG) sensors are aso used to control exoskeleton movements, EMG
returns the information regarding human muscular activity [10]. The motor adaptability of the
upper limb is predicted using resting state functional connectivity. The system could identify
effectiveness of robotic upper limb rehabilitation in different patients [11]. However, the
system does not investigate real time human behaviours and thoughts. The clinical trials to
investigate the effectiveness of BCI training sessions on stroke patients with upper limb
paralysis are carried out. The results of the tria indicate that BCI based assistive devices are
effective for post stroke rehabilitation [12]. Human intentions measured through cortical
potentials were used to control upper-limb exoskeleton movements. The BMI system
eliminated the need for recalibration but resulted in large fal se positive rates [ 13]. The Grasping
feature isincorporated into the assistive device for amputees using non-invasive EEG control.
The participants were able to grasp the objects, but resulted in low success rate without
sufficient training [14]. Brain activity is modul ated to control robotic arm with multiple degrees
of freedom. The system demonstrated the effective control of robotic arm with few training
sessions, but increased the latency periods during certain operations [15]. Hybrid BMI system
based on sensorimotor cortical desynchronization (ERD) and electromyography (EMG)
activity was designed to control upper limb movements. The integration of BMI, NMES and



exoskeleton improved the system accuracy, but increased the system complexity [16]. The
linear control of upper limb is demonstrated using motor imagery based BCI and Functional
Electrical Stimulation (FES), support is provided to the arm using passive exoskeleton. The
generated limb movement is evaluated to identify the precise positioning [17]. The self-induced
EEG variations based on ERD/ERS is utilized for controlling upper limb movements.
Distinguishable patterns are obtained for left and right-hand movements in both motor imagery
and motor execution experiments[18]. Online robot control using motor imagery based BCI is
designed with high classification accuracy. The mental imagination of hand movement is
detected for controlling the robot movements [19]. An integrated platform consisting of BCI
controlled exoskeleton, functional electrical stimulation (FES) with proprioceptive feedback is
developed. Goal directed motor task is used for training and subjects could compl ete the task
with minimum latency period [20]. In our previous works [21-23], we have demonstrated an
aternative technology to exoskeletons using non-invasive brain signals. Also, exoskeletons
with feedback mechanisms have aso been implemented by us[22]. The paralyzed body part is
stimulated using Transcutaneous Electrical Nerve Stimulation (TENS) device and
Microcontroller [24]. Because of the dynamic and uncertain nature of brain signals, most of
the BCI systems result in miss-operation, mental fatigue and it is hard to produce continuous

control. The proposed system is designed to address the above gaps in research.

In the phase 1 of the proposed work, we use a gyroscope in the BCI headset to control the
directions along with only two mental commands. This reduces the load on the system and
increases the speed of the exoskeleton. The exoskeleton interfaced with the brain is controlled
based on the decoded brain signals. In correspondence to the mental commands recognized,
the high torque motors connected to the joints of the exoskeleton are activated. The exoskeleton
is made using carbon fibre which makes it light and hence user-friendly. The exoskeleton
replicates the movement of a healthy functioning leg using all the joints. Sensory feedback is
introduced to reduce the system falserate. The user intentions given to the system are converted
to motor actions. If the produced motor action is not sufficient to trigger the actua limb
movement, an adaptive algorithm is used to make the corrective action. The status of the
paralyzed and emergency rescue information is transmitted wirelessly to the corresponding
caregivers. NTSA encryption and decryption algorithm is used to transmit the information
securely to the intended user without interference. Walsh— Hadamard transform is used for
feature extraction of brain signals. The extracted features along with Hadamard coefficientsare

transmitted wirelessly from brain to the lower limb via Bluetooth. At the receiver side using



the Hadamard coefficients, the original brain signals are reconstructed. The feature extraction
and reconstruction is implemented for al five different user intentions. The Brain-Controlled
Lower Limb Exoskeleton (BCLLE) analyses the human thoughts and transforms it into
different movements on a unique lower limb structure. The contributions of our phasel

research are,

> A Brain-Controlled Lower-Limb Exoskeleton (BCLLE) in which the exoskeleton
movements are controlled based on user intentions.

> An adaptive mechanism based on sensory feedback integrated with the exoskeleton to
reduce the system false rate.

> A flexible design for the exoskeleton which can be customized according to the degree
of disability.
> Artificia skinincorporated with sensorswhich can provide asense of touch to the body

parts of users.

> Automatic identification of the status of the paralyzed person and secure transmission

of information to caregiversin case of emergencies

In the phase2 of the research, AMIDL is designed to reduce miss-operation, user fatigue and
to enhance user capabilities. In the proposed work, human intentions are monitored in real -time
employing 16 channel EEG sensors. TENS machine is integrated with Muscle Inspired
Algorithm (MIA) to produce movements on the upper limb. Subjects are relieved from the task
of carrying exoskeleton structure. The system is designed to perform six different movements
on the affected upper limb. The different hand postures used to trigger the rehabilitation process
are Release, Grasp, Rollup, Roll down, Rollup Release and Rollup grab. In the offline phase,
Artificial Muscle movements corresponding to each posture are recorded to create the database.
The decoded EEG signals are transformed into muscle activation signals in a rea-time
environment. The captured EEG signal is converted into frequency domain using Walsh
Hadamard Transform (WHT) for feature extraction. The extracted features aong with WHT
coefficients are utilized for the classification of different limb movements. The activation
signal is then correlated with the recorded muscle movements. The signal with superior
characteristics is passed on to the upper limb electrodes for inducing motion. In case of
ambiguity or inadequate EEG signal, the periodic activation of the affected body part will be
taken care of by the artificial muscle movements. If the activation is executed by brain signal,

the produced gesture is recognized and passed on to the caregiver as voice command. Thus,



AMIDL transforms human thoughts into different movements on the unique upper limb
structure. The EEG activated movements are utilized for communicating paralyzed person’s

emergency needsto the caregivers. The contributions of our research are,

* An Artificial Muscle Intelligence with Deep Learning (AMIDL) system without exoskeleton

structure, in which movements of paralyzed body parts are controlled based on user intentions.

* An adaptive mechanism based on recorded muscle movements is integrated with the system

to enhance continuous control and facilitate rehabilitation.
* Designed flexible assembly, which can be customized according to the degree of disability.
» Communication aid is incorporated in the system using gesture recognition

* The subject concentration isimproved by using multimedia feedback

2. Literature Survey

In this section, we discuss a few existing devices controlled by Brain-Computer Interface
designed specifically for paralyzed people. But the problem with most of them is that the users
are unableto get continuous control over the device. The usersarerequired to have ahigh level
of concentration to get sufficient control on the device, which results in mental fatigue and
frustration. Additionaly, there is no arrangement to take care of the miss-operations. The
subjects are also burdened with the task of carrying the load of exoskeleton on the affected
body parts. Our research focuses on overcoming these major problems and provides an efficient
and flexible solution, which can enhance the post stroke recovery process. Our system also
provides a communication aid for the parayzed to express their feelings. The assistive
rehabilitation devices and its EEG control techniques are systematically reviewed and the
major gaps are identified [25]. Three-dimensional robotic assistance using motor imagery task
for upper limb rehabilitation is demonstrated with multi-joint exoskel eton. Desynchronization
of sensorimotor oscillations in the B-band is measured to control the different robotic hand
movements[26]. Different upper limb exoskeletonslike Track hold [27] and Armeospring [28]
are employed to track upper limb movements. Both these devices have integrated passive
robots with virtua reality environmentsto help patients carry out their daily routine activities.
Control of assistive robots are improved by integrating electroencephalography (EEG) and
electrooculography (EOG). This hybrid approach called brain/neural-computer interaction
(BNCI) is adopted to control grasping movements of a hand exoskeleton [29]. Multimodal



signal approach isfurther used to enhance the control system for external devices connected to
the upper limb. EEG and EMG signals are integrated to improve the classification accuracy
and to reduce the false positive rate [30]. Upper limb robotic orthosis, FES, and wireless BCI
are combined in an efficient way on account of EEG signals. EMOTIV EEG device is
employed to measure EEG signal, which is used to control grasp/release of an object [31]. An
integrated passive robotic system is devel oped for assisting the parayzed. The system employs
a robotic device which compensates gravitational effects to allow exercise, virtual engines to
facilitate interaction and EEG to monitor brain activities. The three components are coordinated
in real-timeto enhance the rehabilitation process[32]. The effects of BCI therapy on post stroke
rehabilitation is analysed based on motor imagery tasks. The anaysis is performed by
measuring coherence of EEG in different regions of the brain and the best result for motor
recovery is obtained for the activation of lesion hemisphere [33]. The online BCI coupled with
hand exoskeleton is employed to address the issues related to proprioceptive feedback on the
regulation of cortical oscillations. The results show an enhancement in SMR desynchronization
with proprioceptive feedback during flexing and extending fingers of the exoskeleton [34].
Multimodal architecture based on BCI, exoskeleton and an active vision system is proposed to
enhance BCI control and rehabilitation process. The VR environment coupled with
biofeedback helps to reduce mental fatigue and improve user interactions [35]. Few studies
have also been conducted in related areas recently [36-42] Feng et al proposed another
interesting system using optimal haptic communications [43]. Baoguo Xu et al. [44] proposed
a three-dimensional animation to guide upper limb movements using EEG signals. Feature
extraction is carried out by Harmonic Wavelet Transform (HWT) and linear discriminant
analysis (LDA) classifier was utilized to classify the patterns for controlling the upper limb
movements. MR-compatible robotic glove operates pneumatically and doesn’t cause any
disturbance to functiona Magnetic Resonance imaging (FMRI) images during rehabilitation
process [45]. The resistance to mechanically actuated movements in an exoskeleton robot is
measured based on spasticity. The relevant guidelines for practical neuro-rehabilitation robot
design based on degree of spasticity and resistance is established [46]. In most of the design it
is hard to get continuous control on the exoskeleton due to the nonstationary nature of the EEG
signal. Moreover, the subjects experience metal fatigue and frustration due to lack of superior
control. None of the devices in the literature focused on providing communication aid for the
paralyzed. Our research focuses on solving these issues in an efficient manner using the
AMIDL system proposed in this paper. Table 1 shows the comparisons between AMIDL and

existing systemsin the literature
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Table 1. Proposed system comparisons with existing system (Sorted by successrate)

3. Methodology
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FIGURE1.  System architecture for Brain Actuated Multidimensional Exoskeleton

The architecture of the proposed system is presented in figure 1. The system design comprises
an exoskeleton that replicates alower limb, which is made using carbon fiber. The exoskeleton
has total six degrees of freedom including both legs, one on each side of the pelvic bone, one
on each knee and one on each ankle. Thus three degrees of freedom on each leg making it tota
of six degrees of freedom on the entire exoskeleton. Each joint of the lower limb is actuated
using high torque motors. The movement of the exoskeleton is facilitated by controlling the
degree of rotation of the motors. This exoskeleton is strapped onto the abdomen as well asfoot
region for improving the stability and balance of the person. Support is also provided on the

back side of the ankle region. The angle sensors are placed on the joints to provide feedback



regarding the status of exoskeleton. This sensor is also used to validate whether the applied
force is sufficient to stabilize the exoskeleton. The fall detection mechanism is implemented
by placing an accelerometer on the back side of the lower limb to measure the tilt. If the
measured sensor value crosses the threshold, a message will be given to the caregivers for
emergency rescue. The exoskeleton is controlled through human intentions.
Electroencephalograph (EEG) sensors use non-invasive methods to collect the brain signals
from the scalp of the person. EEG sensor has 16 electrodes incorporated in structure, where
two electrodes act as the reference for measurement. The conductivity of the electrodes is
improved by using gold plating. The signals collected are amplified using ahigh gain amplifier
and aband passfilter is used for filtering high-frequency noise. In the signal processing stage,
the signal undergoes further pre-processing and filtering. The suitable pattern based on the
mental command is selected by using windowing technique. The signal is converted into digital
datawhich is given asinput to the microcontroller. The microcontroller does the classification
of each mental command based on the feature extraction. In the training phase, users will be
trained for five basic commands (sitting, standing, forward movement, right turn, left turn).
Therecorded patterns during the training phase will be used by the microcontroller for decision
making. The recognized thought patterns will be mapped to five different commands. During
the testing phase, the controller makes use of machine learning to recognize and match patterns
in the input data along with the training data that is aready stored in the system to make the
necessary decision regarding the action to be performed. The activation command to the
exoskeleton is given by the controller through the Bluetooth module. At the receiver side the
microcontroller converts this command into motor action which in turn movesthe desired parts
of the exoskeleton. Using a three-level sensing mechanism, feedback is given to the
microcontroller regarding the status of the exoskeleton. Based on this feedback the
microcontroller makes the desired corrections on the activation signals. The sensory feedback
gives more stability to the system, and moreover rescue messaging systems are aso
implemented in case of emergencies.

The secured communication between the paralyzed person and caregiver is achieved using
Novel-T symmetric algorithm (NTSA). This algorithm ensures that the data is securely
transmitted to the intended caregiver. NTSA is a symmetric algorithm that uses a single 128-
bit symmetric key that is agreed upon by sender and receiver for performing encryption and
decryption. The 128-bit key is divided into four partial keys kO, k1, k2 and k3. There are 64
rounds with partial keys kO, k1 applied for odd rounds and k2, k3 applied for even rounds.
Multiple XOR and shift operations are performed in each round of encryption. The message



from the paralyzed person is encrypted using NTSA encryption algorithm to produce
ciphertext. The cipher text istransmitted to the caregiver either through the internet or wireless
module. The NTSA decryption algorithm decrypts the cipher text using the key and the original
message is retrieved at the receiver-end by the caregiver. The NTSA algorithm introduces key
confusionsin each round of encryption that makes the algorithm safe and secure from possible

attacks. This algorithm uses minimum system memory and provides faster response.
3.1 system architecture of AMIDL
AMIDL EEG Acquisition Module

The system architecture is designed using a modular approach, it consists of three main
modules. They are 1) EEG Acquisition Module, 2) Muscle Stimulation Module and 3) Gesture
to Voice Conversion Module. Figure 1 indicates the two main modules of the system. The
system captures brain signals using an EEG sensor module, which has 14 electrodes to make
measurement and two acts as reference. The acquired signal undergoes pre-processing, feature
extraction and classification. The low amplitude EEG signal is amplified using a high gain
instrumentation amplifier with a gain of approximately 1000-2000 db. The signa is band
limited by employing a band pass filter having a pass band frequency of 5-50Hz.Windowing
and pattern selection is utilized for getting finite response. Feature coefficients of the signal are
extracted using Walsh Hadamard Transform (WHT). These extracted features are used to
classify the thoughts into six different movements. The actual brain pattern is reconstructed
using the transmitter Hadamard coefficients. The decoded brain pattern is given to the TENS
device, which transforms the thought into muscular actions. The muscle inspired algorithm
stored in the controller facilitates the process of conversion. In the offline phase, muscle
movements corresponding to the six different predefined hand postures are recorded to create
the database. The hand postures are recorded using 7 Electromyography (EMG) sensors on the
different hand muscles. Five EMG electrodes are placed on the finger musclesto record finger
activity. Two electrodes are placed on either side of the elbow to identify roll movements. In
the online phase, brain signals based on human thought are acquired and transformed into
muscle movement. This transformed muscle movement is then correlated with the recorded
muscle movements. The signal with superior characteristics is selected by the controller for
producing movements on the affected body part. If the brain signal fails to provide sufficient

activation, periodic movementsin the upper limb will be triggered by artificial muscle.
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Figure2. AMIDL EEG Acquisition and Muscle Stimulation M odules

AMIDL Gesture to Voice Conversion Module

If the brain signal with superior features activate the upper limb, the created gesture will be
captured. Flex sensors placed on each finger is used for acquiring the gesture. The captured



gesture will be recognized by the algorithm and transforms it into voice commands for the care
givers. Figure 3 depicts the AMIDL gesture to voice conversion module. This module is used

to give emergency alert messages to the caregivers or relatives.

| Gesture Data Design Speech

Reception == Gesture = Identification
Database

|

Speaker o Arduino o

!

LCD Display

Figure3. AMIDL Gestureto Voice Conversion

4. Results and I mplementations

4.1 Sensor Design

In the initial stages, brain signals are monitored using Emotive EPOC mobile EEG headset.
Emotive uses 14 channels to access the raw EEG data and the analysis of acquired data is
carried out using integrated software tools. Figure 4 exhibits the Emotive EEG headset
deployed in brain signal monitoring. In the latter stages of experimentation Emotive headset is
replaced by the designed EEG Sensor. The EEG sensor is manufactured using 3D printer
Technology. It has atotal of 16 electrodes in which 14 are used for tapping the brain signals

and two electrodes act as reference. Figure 5 shows the designed EEG sensor and its electrodes



Figure 4. Emotive EPOC mobile EEG headset



Figure5. Designed EEG Sensor with electrodes

4.2 Exoskeleton Design

The Lower limb exoskeleton is designed matching the characteristics of the human anatomy.
Figure 6 depicts the complete lower body exoskeleton designed using 3D software. The
important parts of the exoskeleton are |abelled as below

A Gluteal Region
B Hipjoint

C Thigh Region
D KneeJoint

E Leg Region
H Ankle Joint

G Foot Region



Figure 6: Complete Lower body part exoskeleton

These parts are flexible and allow easy attachment and detachment. For the fully paralyzed,
the compl ete exoskeleton will be used. In case of partial paraysis, we can detach the
complete assembly into separate parts. The carbon fiber material is used for the construction
of exoskeleton. This provides the exoskeleton, easier mobility and light weight. To get better
adhesion to the exoskel eton two supports are designed: one over the foot region and other on
the back side of the ankle joint

4.3 Artificial Skin Preparation

The sensor circuit is incorporated in the artificial skin to get the sense of touch or feeling for
the exoskeleton. The skin will be placed over the designed exoskeleton model with all the
essential circuits. This gives the exoskeleton the functionality and aesthetics similar to the
human body parts. Silicon rubber is the material used for constructing the artificial skin. The
artificial skin acts as a protective coating and binds together the entire exoskeleton structure.
Figure 7 illustrates the developed artificial skin along with its SMD components. ATtiny45
microcontroller is used for capturing vibrations and sense of touch using different sensors
integrated into the circuit. The PCB design of the circuit is done using Fritzing software which



isan open sourcetool for PCB design. The design is optimized for compactness by appropriate

placement of components and reducing the line width.
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FIGURE 7. Artificial Skin along with processor and sensor circuit

4.4 Mechanical structure and hardware design of Exoskeleton

The mechanical structure of the exoskeleton is designed using high torque motors with geared
mechanisms. Figure 8 shows the subject controlling the internal part of the exoskeleton using
his thoughts. This part of the exoskeleton will be encapsulated inside the designed 3D model.
The 3D model along with artificial skin gives the exoskeleton the aesthetics and functionality
similar to the human body part. Figure 9 displays the PCB of the control unit and associated
circuitswhich control all the movements of exoskel eton. Driver circuits are designed to provide
enough current to activate the high torque motors and actuators. The output of the sensors
integrated in the artificial skin is connected to the control unit. The PCB of the control unit,



driver circuits and sensor circuit will be embedded inside the exoskeleton module. After
powering up, the microcontroller waits for human command, based on the detected posture,
the microcontroller activates the corresponding motor rotations. Then the microcontroller scans
the sensor value to validate if the applied activation signal is sufficient to make the exoskeleton
stable. According to the sensor value, aterations will be made on the excitation signal. Thus
using an adaptive mechanism, the system improves the stability and reduces the errors. The
sensorsare also utilized for providing asense of touch. The pressure sensors accept the external
force on the skin surface, converting it into vibrations with the aid of a control unit. The
vibrations produced on the affected body part are proportional to the applied force. These
vibrations or sense of touch also assist in the rehabilitation process. Testing and validation of
the hardware design are done using different human controlled movements in the online and

offline phase.

FIGURE 8.Controlling the outer structure of exoskeleton using EEG headset



FIGURE 9.PCB of microcontroller and its associated driver

4.4 Results of EEG patternsusing Realistic Head models

EEG analysis is carried out using realistic Head models to identify the unique EEG signa
features and to validate the brain network connectivity. EEG signal isacquired by 16 electrodes
placed in the frontal and parietal regions of the Brain. Figure 10 indicates the electrode
placement scheme followed in the experimentation. The electrodes E12, E5, E13, E6, and E7
are placed in the parietal region and remaining in the frontal region, as shown in Figure 10.
The power spectral analysis is carried out for each electrode used in the signal acquisition,
Figure 11 indicates the brain patterns variations at different frequencies based on power
spectral density. The brain signal analysisusing realistic head modelsis carried out for different
human intentions and on avariety of healthy and unhealthy subjects with repeated trials. Figure
12 depicts the realistic head models with active and non-active region variations
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FIGURE 10. Location of 16 different electrodes
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FIGURE 11. Brain pattern variations at different frequencies
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FIGURE 12. Realistic head model with active region

4.5 AMIDL Acquisition and stimulation process

The muscle stimulation module receives the data using a wireless module. The received data
is converted into muscle movements or stimulation using muscle inspired algorithms stored in
Arduino along with the TENS device interfaced to it. The output of the TENS is connected to
the EMG electrode through EMG shield to activate the affected upper limb movements. The
EMG shield helps to customize the stimuli produced by the TENS device. The entire assembly
used for acquisition and stimulation is depicted in figure 13. Signal undergoes further pre-
processing and filtering to reduce the high frequency noise. Frequency domain conversion of
the signal is done by using WHT transform and a finite sample is selected using window
technique. The design uses amicrocontroller in the acquisition and muscle stimulation module.
The microcontrollers communicate with each other using Bluetooth technology. Bluetooth is



selected because the short distance between modules and data rate required is less than 1mbps.
EEG sensors and other electronic circuits are interfaced to the microcontroller to design the

PCB. Figure 14 shows the electronic assembly used in our experimentation.
PO ,

Figure 13. Acquisition and stimulation process

Figure 4. PCB designed for the experimentation
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7. Conclusions/Pr oject Status

As per the timeline of the project,we have completed the implementation of BCCLE.Online
and offline testing of the BCLLE on six different subjects was carried out. WH Transform is
utilized for feature extraction and reconstruction. The results obtained indicate that it produces
good classification accuracy. The SSVEP method is incorporated using a visual interface,
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which improves human concentration. The healthy and paralyzed subjects were able to control
the exoskeleton for different movements such as backward movement, forward movement,
Sitting, Standing, Turn Left and Turn Right. The sensory feedback was implemented using
angle sensors and rescue assistance is provided using accel erometers. The adaptive mechanism
used helped to reduce the fase rate of the system. The secure message transmission is
established using NTSA encryption, which helps the caregiver to know the status of the
paralyzed. In phase 2 of the work we will be integrating artificial muscle intelligence to the
system. The timeline of the project implementations are listed in the Gantt chart below

Gnatt Chart for Project time line

5-85ep-2019 7-Jan-2020 6-May-2020 3-5ep-2020 1-Jan-2021 1-May-
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Literature Survey [BE22— 9-Sep-2019
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\
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EMG and EEG dataaguisition ZI-Apra2020° B )
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Phase 2 AMIDL Implementation and Testing 26°AUE-2020
Phase 3 System Integration and Testing 10-Ga-2020
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Final PCB Design and Manufacturing [ =pEC=20Z00e

Final Product Assembly and Packaging 28-1En-2021

=
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1 SCMS SCHOOL OF
ENGINEERING & TECHNOLOGY

Accroditod by MAAL, Alialod 1o AP AWl Kolom Toclmedagical Unbearaity, Kesnls and Approved by ARCTE, Govl ol India
Ao QDO 200 5 Coatillisd s titition

CARPUS VIES A NAGAR, KARLIELTETY, FRMARTILA N S5 Tn 1001 4 HA- IR 2900, 2450330
15 manl: ssciirscimspinmumg « Wihsile: w'nl.'l.'i.:-.l,'|:|1|!n:|u||.1|r|.-'_-'_11a|_'|

ql\ -I'li'l_ ‘Hil' ,I +

Project Title: "Artificial Deep Learning Brain Actuated Lower Limb Exoskeleton For
paralysed™

Name of Institution: SCMS School of Engineering & Technology, Karukutty, Kerala

Heeeipts Amount Payments iy
T (1 [ fne [ i Flﬂ
. SO0000.- velopment o BO4E3
Amaount sanctioned from Protot yf:e r}
BIRAC SRISTI
2 | Interest Eo3s T | Travel 12620
3 | Others T T | Incubator Kentals Eo000
4| Man Power NIL
2 | Consumables 24166
& [ Contingencies 18832
Total 305101 Total 051010
Five Lakh Five Five Lakh Five
Thousand One Thousand One
Hundred and undred and
One) o)

Cenified that | have exercised all kinds of checks to see that the grant has been utilized for the
purpase for which it was sanctioned by BIRAC SRIS ef. No. BIRAC SRISTI PMU -

20200007).
NinoT PG ‘ﬂlw/ UDIN:222074TIAGQASASTI9
MName & Sinature Name & Signature Name & Sipnature of
Accounts Officer!
of the Awardee of Head of the Institution Chartered Accountant
pra P.K. THOMAS,FCA,DISA (IC/ .
DR. PRAVEENSALC. )10 =, CHARTERED ACCOUNTANT
PRINCIPAL'C~ 0y SOUTH JUNGTION
SCHS SCHOOL of IIII]IHE[EiIHE-It['iEFH[IﬂH-\_' A CHALAKUDY - TCR « GBO Ju7
| Dffcg Seal - MNO: 207419, Ph:0480-2707989
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fracinw

Zrfrzror s (I7) Union Bark

Statement of Account

VINOJP G Union Bank of India
PARAMBALOTH HOUSE
KARTHEDOM MALIPURAM P O Branch PALISSERY
Customer Id 212635093
City ERNAKULAM Account No 588802010007430
State KERALA Account Currency INR
Country INDIA Account Type Saving Account
Zip 682511 MICR Code 683026004
Mobile No 919446276238 IFSC Code UBIN0558885
E-mail vinojpg@yahoo.co.in
Statement Date : 11/01/2023 14:02 i

Statement Period From -01/04/2022 To 31/12/2022
Records from 1 to 8. No more records available.

Date | Remarks  Tranld UTR Number Instr.ID | Withdrawals Deposits | Balance
o - o - - -
o - o - - -
o - o - - -

Page No1

For any queries, please get in touch with us on our 24 x 7 customer service help line no.1800 2222 44 #. Customers outside India need to dial +91 80 2530 2510.
This is a system generated output and requires no signature. Customers are requested to immediately notify the Bank of any discrepancy in the statement

TO AVAIL OUR LOAN PRODUCTS GIVE MISSED CALL AT 9619333333 OR SMS <ULOAN> TO 56161
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fracinw

Zrfrzror s (I7) Union Bark

Statement of Account

VINOJ P G Union Bank of India
PARAMBALOTH HOUSE
KARTHEDOM MALIPURAM P O Branch PALISSERY
Customer Id 212635093
City ERNAKULAM Account No 588802010007430
State KERALA Account Currency INR
Country INDIA Account Type Saving Account
Zip 682511 MICR Code
Mobile No 919446276238 IFSC Code UBIN0558885
E-mail vinojpg@yahoo.co.in
Statement Date : 07/02/2022 19:39 i
Statement Period From -25/01/2021 To 07/01/2022
Records from 1 to 17. No more records available.

Date | Remarks  Tranld UTR Number Instr.ID | Withdrawals Deposits | Balance
o - o - - -
o - o - - -
el B =
o - o - - -
o - o - - -
o - o - - -
o - o - - -
o - o - - -

Page No1

For any queries, please get in touch with us on our 24 x 7 customer service help line no.1800 2222 44 #. Customers outside India need to dial +91 80 2530 2510.
This is a system generated output and requires no signature. Customers are requested to immediately notify the Bank of any discrepancy in the statement

TO AVAIL OUR LOAN PRODUCTS GIVE MISSED CALL AT 9619333333 OR SMS <ULOAN> TO 56161
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| e L inucﬂm:mm of Indie, Ministry of Defence

SR Phone P OAR4-25 7 0o T"-TT_JrriiFﬂr-T I g

PP 04842024855 ﬁmmmmmhwm& mempmm Vi g

qﬂ &;w'fl&ﬂﬁmm—l ._1%;%;\[113-‘?-"*-1-'-5"“"" Naval Physi I::Tr aborate
o F T T al Physica eanographic I,

L WA ‘ FEnTaE, wifa - ea2 021, W ] 2

FAX MESSAGE Thrikknknra, Kochi -682 021, India

\J.Fn.l o I'-'I .-|I }.'I 4
1..

The Prine ipal

l1i'~.1'n:‘1 Attn: Dr P Venu, Head, Mechanical Fngineering Department)
SCMS sehool of Engineering and Technology,
Emakulam

Sub: Development of hyvdrodynamic depressor for NI'OL project

Maval Physical and Oceanographic Laboratory (NPOL), Kochi is an establishment under Defence
Research and Development Organization. Ministry of Defence, Government of india and 5
involved with the development of sonar systems for the Indian Navy. In one of the ship towed
sonar projects, it is proposed to develop hydrodynamic depressor for the purpose of improving the
depth performance of the towed system.

It is noted that Department of Mechanical Engincering, SCMS School of Engineering and
Technology has done research work in the area of hydrodynamic depressors (Ref: *Analvsis of
Hydrodynamic Depressor for High Speed Naval Applications™ by Sri.R Ajithkumar, ICTCEES,
70207 and also in related areas such as hvdrodynamics of underwater vehicles. With this
background, it is proposed to initiate a project with Department of Mechanical Engineering, SCMS
School of Engineering and Technology with 5ri, R, Ajithkumar as the Principal Investigator under
the Contract for Acquisition of Research Services (CARS) scheme of DR

Rrief scope of work envisaged under the project is attached. Request 10 forward a pﬁjﬁ:t proposal

an the same. L \
Rﬂgﬂﬂig. — d:l___._ =
.-"";r:: Vinod z
Scientist-G
Group Director (Engineermg)
Fosr Piregtor
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NAVAL PHYSICAL & QCEANOGRAFPHIC LABORATORY, KOCHI-21.
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NAVAL PHYSICAL & OCEANOGRAPHIC LABORATORY, KOCHI-21.
%1 fa& | coNTRACTOR'S BILL
'hﬂmﬂ:ﬂummmwﬁ'&fﬁmﬁﬁﬂ? iten ate, 0 ‘,"'I TN o AT Dalhery date.. .
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NAVAL PHYSICAL & OCEANOGRAPHIC LABORATORY, KOCHI-21.
@1 f4d /| CONTRACTOR'S BILL
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GET INYOICE
FOMS SCHOOL OF ENGINEERING AND TECHNOLOGY
Frathep Foundatinn ForEducation And Training
Karukonty, Fraskulem, Kerala - 553576

GETTH: TTAADCPI G0 2V

Taw is payabie on severse charge: Ha
Tdwires Serial Humbers: SCMGETHI

_frvodes Chate: 2441 122021 _

Detaibs of Receiver | Billed Ta)

| Toctaily of Consignes (irelivered To)

Hame; Derector MECIL
Adelrew: Maval Plysicsd el Qnesscgraphic Labormary, Kochi

| ame; Dinctor WPOL
Address: Miresd Fhysical and Ceemnographic Labarasory, Kochi

Thaikkakars (PO} 62001
irte: Kensla w:m-ﬁmn
- : Kerals
mc-ata s Siee Cods 32
|m"“' i GETIN: Uiregitere]
HENEAL T —
SMo. | Deseription of Geods Services Code | Oty UOM | Rate | Toest |unmu|! Taubl | CGST | CGST | SGST | .Scsy |'5"T tGaY
i {C3T) Vilw | [ Amoumt | K| Amosmt | M | Amomt
nitiaf paryTment fior Prijet qaE] i Pos | TF4000 | FT400 | GO0 THIE R0 | 20s000 | W o
|"D¢l8!_t.n-l.n-d Anabysis of Hyd rodyreme | [H 206000 | oG | 0.0
Depresser™ DA RS Project Mo |
NP ICRONOT dabed 12023021
m— I. . —
| T i
Rzpee Ton lak seventy-six thousamd i feemy ook

_[hbun:.-.'ﬁmmhnd Dvelepment Services

Far 50745 School of Crginesring and Techaoliy

Ow PRAVE
PRIMCIPAL

iranory

SCWG: FCRO0Y OF EWEIVEERNG L THG DG Y



GST INVOICE

SCMS SCHOOL OF ENGINEERING AND TECHNOLOGY

Frathap Foundation For Educatmn asd Training
Karukistty, Emaknlam, Kerala - 633576

Jrs= GETIN: T2AADCPIGEdB L2V == ———
Tam is paryahle o reverse cherge: No
Inveice Serigl Mamber SCMLGS TG
- s invoice Date: 24/ 021 = ===
Diaiis ol Beceiver | L) Dedwils of Consiznee {Ieliversd Tok
| 2:111: Eiﬁtq{:il?ﬂ];“md i ik ‘Mame: Direcior MPOL
| Address: Meval Phys Creandgrapic Lubamiey, Ko Address: Mewal Physical and Ocesmographic Laboratory, Bochi
| Thrikkakara (P -£5200 | Thrikakara (PO} 082021
| St Kerala State Merals '
' State Code 132 State Cods 132
| I:}i'l'l'l:«i_:ﬂrngjnued GETIN: Unezgioered
Hiphwi  Tamsk | CGST| COST | SGST | SGST | 1GST | IGST
BN Descripeion of Goods!' Services
ription ry Cade My, LM | Hace | Totsd | Disenunt Valup u A i % | A " " KROAT
| First hilestone payment for Project S WAl [T | Hos | 238000 234000 | D00 | 238000 900 | 2106000 | 000 | 2006000 | 00 | 000
“Dhexign and Analysis of Hydrodymamie |
Drepressor” CARS Projecs So |
HPOL2 I CROMIT dxed 12.02.2001
4
- B i Tosal . Ta120
Rupees Tun hkh sevenmyesis thowssd and reesty paly
I Mm:ﬁmnhm&mm&m

A

For SCME School of Enginesriag mre_ir'.'.::ﬁ':.'

/

4
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GET INVOICE
SCME SCHOOL OF ENGEINEERING AND TECHMOLOGY
Frathmp Foundwstion For Education 4nd Trassmg
Foarekuny, Emakulam, Kerala - (3578

 GETINIAADCFTESERTZN
Tax |5 payable oo revesse change: Mo
[repice Serial Mumber: SCMGSTEI
o M Gt Tmenice Dale: 2471 172621 |
| etalty of Roouiver (Hiled To) | hetwils of Coasignee {Delivered Ta)
HMume: Direcior RPOL | Wame: Direoior NPGL
Ackdress: baval Physical ard Oeessographic Leboratory, Kook - A Mawald Physical snd Oceanograpkic Labonery, Kochi
- Thrikiakar (PO -6E2021 | Theikdakura {FO) GR2021
Stzpe: Kerala | St Kerale |
Seae Codde ;11 Seate Code 12
GETIM. Ureeginersi GETIN: Lnteginiened
| |
% N i | | Towble | CGST | CGST | SGST | scsT | (GsT | bast |
n ardsl Services Coid « DA | Ra
i s lﬂﬂ'lr'l- |W v o Tt | v Y o | Amewsl | % | Amount | % | Amount |
|1 | Bewond Miestone payment far Projec OEAL [T e | 350000 | 23000 | 0.00 130000 | 000 | ZEOGGON | oG | 2loe000 | ool | oon |
“Desigs md Analyiin of Hydnphmamic |
| Depressor” CARY Project Mo
i MPOALZ R0 darted 120225021
|
1 |
Total | TR
Hapeds | Twen faich seventy-sic thowasd ind twenty oaly :
|

Category ¢ Research and Dewvelopment Services

For SCMS Schoal of Engineering and Technology
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