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No. KTU/RESEARCH 2/4643/2020 Dated: 02.09.2021

From
The DEAN (Research)
To
The Principal
SCMS School of Engineering and Technology

Sir,

Sub:- APJAKTU - CERD - Research Seed Money Scheme - Projects Selected for
funding - reg:-

| am glad to inform you that the project proposals as listed in Annexure | are provisionally
selected for funding under Research Seed Money (RSM) scheme of KTU.

The expenditure should be incurred as per the sanctioned budget heads and in accordance
with terms and conditions given in Annexure Il. Format of MOU to be furnished by the
college is given as Annexure lll.

The Principal Investigators may please be directed to forward request (in Annexure II) for
releasing the fund with Bank Account details. The fund will be released only after settling
pending accounts of the principal investigator in CERD, if any. Any request received after
three months from the date of this letter will not be considered.

Yours faithfully
Dr. Shalij P.R *
DEAN (Research)

Copy To
1. Vinoj P. G, Assistant Professor in ECE.
2. Y. K. Remya, Assistant Professor in Civil Engineering.
3. Susmi Jacob, Assistant Professor in Computer Science.

* This is a computer system (Digital File) generated letter. Hence there is no need for a physical

signature.




Anmpexure T

ARJ AEI;JUL EKALAM TECHNOLOGICAL UNIVERSITY
Cenire for Englueering Research and Development

Request for releasing TLSM grant,

Tile af Peoject:
Date of gantion:
Aattonnl saReU e

Accoont Mo and bank deaits:

Terma % Conditions for Research Seed Mooey Scheme

1. The amount sancrinned far the project shall be deposited in 2 separate folm Ade of Proneipal
Investigator and Head of the instition where the Principal In?emgatnr wokhs, (Nae of Ale: CERD
Research Seed Money - File Mo,

2. The maximum duration of the project will he three years from the date of start
of the praject

2, The amaount hes to be utllized as per Ludget pravision under each head, 1t is the dlscretlon of e
University (o settle amouni towards the purchase of those irems not clearly mendoned, 1 any, W e
Project proposal.

4. The purchase of equipments shall be In accordance with the store purchase
rules. All equipment purchased will be the property of CERD and the stock entry of
the items purchased shall be maintained in the College slgned by the Investigator,
Lab In charge and Principal. Purchase of computersfperipherals is not allowed
unless specifically mentioned in the sancticn order.

5. For Private self financing Colleges, 50% of the actual Equipment cost subjected
to the maximem of sanctioned amaunt will be reimbursed by KTU if and anly if the
proot of remittance of other 5% is produced by the college.

B. The swock entdes of comswuablus purchased shall also ba done Ln the consumables sioch mewister of
College. Purchese of statfonery slall be fur project pecpaose ondy.

7. Books and literanore pr.m:haqrd should be taken into the Stock Register of Central Tihracy or
Depertment library aud then dlsmibued to the imvestigators.




8. The interest accrued wlll alsp be accounted In the project.

I
49 On completion Df the project, detailed report of the research work [han:l and
salt copies], audlted statement of accodnts and Utilizetion Certificate in the
prescribad format duly attested by the head of the Institution shall be submitted
within one rmonth nnl complation of the praject for settlement of accounts.

10, If the project Is nnt completed within the time limit, the grant amount should
be relmbursed along with the Interest ace rued.

11. The CERD reserves the right to terminate the project at any stage If it is
convinced that the grant has not been propery utilized or appropriate progress is
net being made. In addition, the CERD may designabe Scientlst/Specfalist of an
Expert Panel to periodically review the work done. The Princlpal Investigater has
Lo appear for the periodlc review mestings.

12. If the Pl ta whom the project has been sanchioned, leaves the Institution, the
Head of Insttution/Pl shall inform the.same o the CERD and in consultation with
the CERD, evolve steps te ensure successful completion of the project, before
relieving the Pl

13, Investigators must acknowledge the CERD In reports and technical/scientific
papers publiched based on the recearch work done under the project.
Investigators are regquested to publish some of the rescarch papers emerging out
ol the project work in leading Journals.

14. If the results of research are to be legally protected by way of patent/copy
rights etc. the results should not be published without action being taken to
secure leqal protection for the research results.

15. The knowledge generated from the project will be the propercty of the CERD
and should be praperly ackrowledged. Transfer of technology generated shall be
tdone In consuitatlon with the CERD.

We agree to the terms and conditigns stated above. Pleass transfer the amount
to the above bank acoount,

Siguamte af Prindpal Investigator:
WName:

Dhesignation:

Sipnarure of Read of Insttion:




CHice Address
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Arnnexure [

\ {Stamp paper Rs 200)
MEMORANDUM OF UNDERSTANDING [(MDU]
BETWEEN

-Hame nf Self Financing Engineering College-
| AND
AP) aAbdul Kalam Technological University (KTU),
THIRUVANANTHAPURAM

This Memorandum of Understanding is entered into at Thiruvananthapuram
oh this --- Day of Month Year

BETWEEN

-Name of Self Financing Engineering Collage- affiliated to AP] Abdul
Kalam Technological University (hereln after referred to as
COLLEGE) which expresslan shafl unless it be repugnant to the
context or meaning thereof to be deemed to mean and include its
successors and assignhs, represented by The Principal, ---Name of
onllage- place of college -, of the ONE PART.

AND

AP] Abdul Kalam Technological University, CET campus,
Thiruvananthapuram-695016 (herein after referred ta as KTU) which
expression shall, unless it ba repugnant to or inconsistent with
subject or context thereof, include and be deemed ta include their
helrs, successors and asslgns, represented by The Dean (Research},
AP] Abdul Kalam Technological University, Thiruvananthapuram
695016 of the OTHER PART.

1. TERME OF UNDERSTANDING

1.1. This memorandum of understanding lists out the terms of releasing
and utilization of CERD research seed money fund sanctioned to a
faculty of COLLEGE for the year - . .

1.2, The scheme Is constituted for the purpose of providing assmtance in
the farm of grants to initiate research work in Englneenng and
Technology with particular relevance to thoe State of Kerala in the
economic and industtial development.




1.3,

1.4

1.5

1.6
1.7

1.8,

1.9.

1.14,

1. 11

1.12.

1.13.

1.14.

1.15.

Grant will be released to the principal investigator of the project
through the Head of the [nstltution.

The maximum duration of the praject will be three years from the date
of start of the project

on camplflztmn of the preject, one copy of the final project report on the
wWark dnne chauld be sent to the CERD along with the utllization
certifcate'! UC) and statement of expenditure [SE).

The institute will maintain separate audited accounts for the project.

The inctitute will not entrust the Implementation of the work far which
the grant is being sancticned to another institution nor will it divert the
grant receipts to other institute as assistance.

The CERD raserves the right to terminate the project at any stage if it
is convinced that the grant has not been properly utilized ar
appropriate progress 5 not belng made. 1o addition, the CERD may
designate 3 ScientistySpecialist ar an Expert Panel to review the woark
done.

If the Pl te whom the project has been sanctioned [eaves the
insotution, the Head of Institution/Pl will inform the same to tha CERD
and in consultation with the CERD, evolve steps to ensure successful
cormnpletion of the project, before relieving the P,

myestigators  must acknowledge the CERD [a reports  and
technlcaliscientific papers pubhshed based on the research work done
under the project. Investigaetors are requested to publish some of the
research papers ermerging out of the project work In leadlng journals.

If the results of research .are to be jegally protected by way af
patentfcopy rights =tc. the resalts should not be published without
action being taken to secure legal protection for the research.results.

The knowledge generated from the project wlll be the property of the
CERD and should be properdy acknowledoed. Transfer of kechnology
generated shall be done in cansultation with the CERE,

For Private self Anancing Colleges, 50% of the actual Equipment cost
subjected to the maximum of sanctioned amgunt will e reimbursed by
KTU if and only If the proof of remittance of other 50% is produced by
the COLLEGE.

The equipment details must he entered in the stock register of the
college and signed by the Investigator, Lab in charge and Principal.

The cailege should submit annually the status and detzils of earlier
grants recalved from ETU with pending statement If any




1.16. The grarllt amount should be deposited in a separate bank account in
the name |r::f the Principal investigator and Head of [nstitution jointly.

1.17. The interest accrued shall also be accounted in the project,

1.18. If the project |5 not compieted within the time limit, the grant amgunt
shauld be | reimbursed along with interest accrued. :
|
We agrea to the terms and conditions stated above.

2. SCOPE OF MOU

Mothing In thls Memerandum is intcnded to or shall be deemed to establish
an exclusive relationshlp between the parlles or to restrict any activities that
eithor party would otherwise he able to undertake. Nothing In this
Memorandum is intended to or shall be deemed bto establish any partnership
ar jeint wenture between the parties or constitute any actlvities that either
party would otherwise be able to undertake.

3. FERIOD

This MU shall be perpetual. This agreement will be amended or medified by
tha University at any tme.

4. DISPUTE RESOLUTION AND ARBITRATION

Thils tnemorandum of understanding shall be governed by the laws of Unlon
of India and State of Kerala. Any disputz arislng with this MOU shall be
brought to the notice of the Vice-chancellors of the parties who shall try to
resolve them, failing which [egal reasaoning be taken In the jurisdiction of
court in Thiruvananthapuram.

The lerms and conditions of this memorandum of uﬁders.tand]ng shall not be
disclesed to any third parties by any party af this memaorandum of
understanding without the prior written consent of both parties.

5. FORCE MAJELIRE

Without prejudice to accrucd liabilities and rlghts, no party shall have any
liahility whatsoever o the other Party or be deamed to be in default by
reason of delay or failure in performance under thls memoeorandurm of
understanding to the extent that such delay or fallure is caused by or arises
from acks gr circpmsl:ance or events bavond the reasonable control of that
party, including but not limited ta acts of god, acts or regulations of any
qgovemmental authority, war or natianal emergency, accident, fire, rot,

strikes, lock-outs, industrial disputes, natural catastrophes or epldemics.
3




Each Party shall|bear its own |losses arising from such force maleure event(s),
if any. :

6. lHTELLECTUl.ﬂL PROPERTY

All prior Information, design and data existing with either party before the
signing of this - Mol) {(pre-existing P} shall be the scle property of the
concerned party. All Intellectual Property including design information,
designs, source codes and data generated through the collaboration under
this MOU shall be a5 mutually agreed in wrlting and alsa as per the guide line
af the funding agency, if such an agency is invelved. Any PR arising
specifically out of thls collaboration will be swned by both parties, except
when mutually agreed in wriking obthernwyise,

IN WITNESS WHEREQF, the parties herete have caused this memorandum
of understanding to be executed in duplicatc, through their representatives
at Thiruvananthapuram in the day and year first above writtern:

Mow the memorandum of understanding wltnesses as follows.

Principal Dean {Resaarch)

Name of College AP] Abdul Kalam Tech nnlngi:al
Unlversity

Flace Thiruvananthapuram a25016
Witness: 1 Witnass: 1

Signature Signature

Mame : Name

Witness: 2 Withess: 2

Signature - Slgnature




SCMS School of Engineering and Technology

SI.No Name of Principal Branch Title of the Project Amount |First Second Consumab|Equipmen [Travel Contingen

Investigator sanctione [Installmen|installmen|les ts cy
d t t

1 VINOJP G ECE Brain Actuated Assistive 75,000 50,000 25,000 15,000 40,000 10,000 10,000
Assistant Professor Technology for the paralyzed

2 Y K Remya Civil Geometric design consistency {1,20,000 |[60,000 60,000 55,000 5000 60,000
Assistant Professor evaluation criteria for two

lane rural combined curves
3 Susmi Jacob CSE ContextAuth — An implicit 75,000 55,000 20,000 20,000 50,000 5,000

Assistant Professor

Authentication system for
Smartphones




Sm:iety for Re-search & Initiatives for
Suﬁtﬂil‘lablf Tecl'm-:}lcrgies & Institutinns

Ref. No. BIRAC SRIST] 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 gruied a sum of Rs. 15,00,000/- to further work on Project "Artificial Deep
Learning Brain Actuated Lower Limb Exoskeleton For Paralysed”,

¥ou need to sign an agreement called Grant Award Letter Agreement [GALAY which must
contain the relevant Annexures for Specific objective, Flan of work (Activites, Time Period &
Milestones) and Qutput. The GALA had already heen sent to vou. The budget utilization in all
phases must be as perthe signed GALA and in all cases GALA guidelines will be followed,

Project Period: 2 Years (3 Semester: 1 Somoster = B manths)
Release of The Grant: [n three instalments

Wit 33% [Rs. 5.00.000/-) after the signing of GALA
Vil Next 679 {Rs, 10, 00, 000/-) in ather two instalimients of around 33% each after EVETY
eight months on completion-of at least 809% ol that semester's work as per milestones.

You are required to submit the following:

ilil.  Progress Report atber every gight months.

kv, Audited Expenses Report (Utilization Certificate - UC & Statement of Expenditure -
SOE) after every eight months and at the-end of the project period,

W, {:uml,:l;]-:d Project Report along with compiled UG of all phases at the end of the project
period.

xvl.  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 projes T
: : ject period. The bugdoet
utllization will be done under GALA guidelines E - .

On successful completion of the pro i i i i
ject work, vou will be issued a Project Complet
Certificate from SRISTL : e

Thanking your

a

BIRAC SRESTI PML

=
f ==
o
e
=
=
=5
By
=
e
=
=
=
4
"=
=
-
~
o5
T
[ N
-
=
£
o
—_
(=]
=
==
=)
=
=
L)
sl
=
L=
f
e
L=y
o
L=
(==
£
i
-
L]
b
E
]
R
=
a
i
=
-
=T

SRISTI BRSRU. . .. I
AES Boys Hostel Campus, P Sula ol e SRauMi
Maar Gujarst University Library & SBI bank, . Al yalidl aseldl we S8l ok @y

Mavrangpura, Ahmedabad - 380 009 ﬁl-'l'.l_!”;';?l"l-' A9 TAY L, WHEIAE-IE0 Do

Ph Mo OT9-2799 1203, 3791 3702, weh: watesrisll.oeg, Emell: infofEasist.on, horaytesgisdsh ong
“SRIETI" Trusl Regd Na. FEEIRAHMEDABAD {BOMEAY FUBLIGC TRUST ACT1860)



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

CANPUS: VIEWA MAGAE, KARLIELTETY, FRNARTILA K G T0 PR B - IR 2900, 2450330

15 manl: ssciirscimspinmumg « Wihsile: 1.l¢"|'¢"|'l.!-|I_'I!|'|i|!|'|:IIJ|I|1Im-';|ilil'|

ql\i i'l_ ‘Hil' ,I +

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

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

Heeeipts Amount Payments sipuuy
(its) ¥ Fm
T : 500000 [T Developmeniof 189483
Amaount sanctioned from Prototype
BIRALC SRISTI
2 | Interest kn3a 2 | Travel 12620
3 [ Others B T | Incubator Rentals oo
4 | Man Power MNIL
2 | Consumables 24166
& [ Contingencies 18832
Tatal 05101 Total 505101
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),
VINOT PG ‘ﬂ‘w/ UDIN:222074TIAGQASASTIS
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 IHEIHE[EiIHE-It['iEFH[I{IH-\_' A CHALAKUDY - TCR « GBO Ju7
| Dffcg Seal - MND: 207419, Ph:0430-27( 7989

CORFORATE OFFICE: SCMS CAMPUS, FRATIAT MAGAR, MUTTOM, ALUVA, COCHIRS
Phote: 91-484-2628000 + E-mail: scms@lserms group, org
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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.
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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
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5 Bﬂmﬂhi. and literature ‘purchased ghould be taku.:n fite the Stock: Reglster
ment library and then distributed to the imrgsuga:urs.
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6. INTELLECTUAL PROPERTY

; he signing of this Mol (pr.
her party before | . pre
i - d data existing wilh cit At
AN pricr information. deSign SE R K cnncarned parly. All Intellectual ETOPErE FELCM desin
Sanihg T o br?:-tliﬁ::c Enrt?:s nd data generated through the ?ﬂl'zi: st shiall
I:-‘*I;D{-Il:‘:::l:z;'lll: i:greéd n weiting and alsa as per the guide I'zﬁ E:: t:':?l l;' I: uwae 5] by both parties, “Hr;my
is Involved. Any IPR arising specifically _uut of this collaboralio
when mutually agreed in writing olhemwise.

i
IN WITNESS WHEREQF, the parties herelo have caused this memorandum of understanding fo ke

: i ay and year
executed in duplicate, through their representatives at Thiruvananthapuram in the day year firs{
above wnien:

Mow Ihe memarandum of understanding withesses as follows.

Principal Dwan [Resoarch)

BCMSE Sehool of Enginoering and Technology

AR Abdul Kalam Techaologleal Unlivors]
APJ ﬁ?ﬁhﬁﬁﬁﬁfﬁf"w“w Thiruvananthiapuram 5%51:15
FRINCIPAL

SCMS SCHOOL OF ENGHEERING & TECHROLOGY

Witness: 4 W o a2 ;
i Witnosa: 4
Signalure M

Signature:
Name: "D, Awirans 0 H’Pu.un s
Wilness: 2-:_ b ot a3
Signeture: i"p'ﬁ’n] el Vilnesg: 2
Nama: [ 2 | : Signature;
DA M1 ToM Narme:
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Annexure 13

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY

Centre for Engineering Research and Development

i easing RSM gran E
' " R D R YL
r:,n'-'L :{]i‘ﬂ.u_HL: E Aa 'hWhP E;j—*-ft ﬂufmmﬁ«. ::.4_£_u..'-,-t:1,_. ‘E}‘- .
ecl:
gile of 20

=’ & LrH-L_.cLF._.EI._iij[IaLDFL?_fE
¥ E.G’{*lqll':'nﬂ1
D of sanction:

omsclone 15,000 /-

Lr
accourt Mo and bank details: G RERO 2010207 LEC Unlton BANE &t NDth AL UE
 AFsSc codle © UBINOEBEEREES

ﬁ’[L' P LY

CERD BEscARCH SEED mMobEy 24b4PIssco
Terms & Conditiops for Research Seed Money Scheme

1. The amount sanctioned for the project shall be deposited in a separate Joint Afe of Principal
tsesigator and Head of the institution where the Principal Investigator works. (Name of A/c: CERD
Rezeirch Seed Money - File No)

i

2. The maximum duration of the project will be three years from the date of start
ef the project

%Ttu: amount has (o be wiilized as per budget provision under each head. It is the discretion of the
psﬁgw amount towards the purchase of those items rot clearly mentioned, if any, in the

“-J"‘IE purchase of equipments shall be in accordance with
ies. All equipment

hased will he th f CERD e i
urchased wi e property o an
te items PUFCT'IEEEGP et

. d the stock entry of
Lab iy shall be maintalned In the College signed by the Investigator,
. chagge and Principal., Purchase of eomputers/peripherals is not allowed
2 SPecifically mentioned in the sanction order.
51!: : = =i - =
ko thu: E’nﬂﬁte self financing Colleges, 50% of the actual Equi pment cost subjected
PgE of Mmum of sanctioned amount will be reimbursed by KTU if and only if the
fEmittance of other 50% is produced by the cullege,
B, The
E"“*E&-ﬂ?hﬂz:;ﬂﬁ of consumables purchased shall also be done in the consumables stock register of
of stationery shall be for project purpose only.
?1 Hﬁﬂ'k:
U%Emmﬂrﬂm purchased should be taken Into the Stock. Register of Central Library or
Firy and thent distributad 1o the investigators.
H J.l'_-{l:l_ Thurs e
H o) "-'HIHF 1
|::‘:." |-'.,\.‘r L-' !I‘!t‘lﬁ_l' i
(e
4. -




COMPUTER SCIENCE & ENGINEERING

SI.No [Name of Principal Title of the Project Name of College Amount First Second Consumables |Equipments [Travel Contingency
Investigator Sanctioned Installment [Installment
1 Poorna BR Healthcare recommender system [Mar Baselios College of 100,000 75,000 25,000 20,000 70,000 10,000
Assistant Professor using hybrid filtering technique Engineering and Technology
Trivandrum
2 Vidya KR Development of an Advanced Saintgits college of Engineering,|90,000 70,000 20,000 15,000 70,000 5,000
Assistant Professor Image Forgery Detection System Kottayam.
for supporting Cyber Forensics in
Kerala
3 Jestin Joy Investigating the effectiveness of [Federal Institute of Science And|80,000 55,000 25,000 15,000 50,000 5,000 10,000
Assistant Professor gesture based learning framework |Technology (FISAT)
for deaf students
4 Susmi Jacob ContextAuth — An implicit SCMS School of Engineering & |75,000 55,000 20,000 20,000 50,000 5,000
Assistant Professor Authentication system for Technology
Smartphones
5 Dr. Deepika M P Two in One System for Baby Diaper |Adi Shankara Institute of 95,000 70,000 25,000 30,000 46,000 4,000 15,000
Associate Professor and Sanitary Napkin Disposal. Engineering and Technology
6 Dr.Lizy Abraham WESAT - Development of a Payload|LBS Institute of Technology for |200,000 150,000 50,000 30,000 150,000 10,000 10,000
Assistant Professor for the Comparison of Solar Women
Irradiance and UV Index
Measurements at Space with
respect to the Monitoring Station
at LBSITW Campus in
Thiruvananthapuram City
7 Rakhee M Blockchain Based Framework for  |Muthoot Institute of 50,000 30,000 20,000 8,000 30,000 4,000 8,000

Assistant Professor

Enhancing Trust During Various
Phases of Research Publication

Technology and Science,




19 ABDUL KALAM TECHNOLOGICAL UNIVERSITY

CET campus, Thiruvananthapuram - 695 016
ph: 04T1 2598122; Fax: 2598522 wrww, Ktueduin Emaik university@kiu.eduin

NG muiHEEEﬁﬂGH 2146432020 Daled: 02.09.2021

From
The DEAN (Rese archy)

To
The principal
SCMS gchool of Engineering and Technology

sub:- APIAKTU - CERD - Research seed Money Scheme - Projects selected for
funding - reg--

|-am glad 10 inform you that the project pmpusals as listed in Annexure | are pmwisiunally
ealocted for funding under Research geed Money (RSM) scheme of KTU.

The expenditure should be incurred as per e sanctioned budget heads and in accordance
with terms and conditions given i Annexure il Format of sou 1o be furpished by the
college is given as Annexure 1.

The Principal Investigators may please be directed 10 tarward request (in annesure I} Tor
releasing the fund with Bank account details. The fund will be raleased only after settling
pending accounts of the principal vestigator in CERD. i any. Any request received aftel
threa months from the date of this letter will not be considered.
Yours faithfully
pr. Shali PR*
DEAN (Research)

Cﬂw To

1, Vinoj P. G, Assistant professor in ECE:
2.%. K. Remya, Assistant professor i Civil
1. Susmi Jacab, Assistant professor in €M

gte is Ne peed for 8 prysical




Research Seed Money - CERD

w1s, Susmi Jacom, pssistant Professor, Department of CSE, SSET, has been awarded CERD RSM
H'-EI cearch seed wmoney) fund of 75.000/- rupees for the project titled "ContextAuth — An implicit
guthentication system for smartphones”.

Ahstract :

A context-aware implicit and continuous multimodal authentication system is proposed to identify
and validate 3 user. Differant modalities include touch gestures and typing behaviour that leverages
different bullt-in smartphone sensors while typing a password, head movements while user making

calls or Interacting with smartphone through voice and, finally different volee modalities which
ulizes unique audio features of the user.

progress of work

The fund was approved on July 2021, And first instalment of rupees 55,000/~ was released on March
3022, Withdrawal of rupees 45,000/- was requested and canctioned in June 2022. Account
statement till February 2023 is attached herewith.

Purchase details
The equipment purchased for the ongaing work include:

1. Adafryit Playground Blusfruit — Bluetooth Low Energy
2. MPU-5050 3-axis Accelerometer and Gyro Sensor
Total Purchase cost — 3188/~ (from ROBLLIN)

3. Kodenshi IR sensor = Infrared sensor
4. MNordicSemi Embedded Al Dev board
Total purchase cost — 3700/-

T

;I'J‘
Head of Départment T"'\ ﬂ’;l'ul""? principal Investigator qn'j VQ\
(YDE\(WE’ Ciemi ja.:::::j;:

4 ol e ol )
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R CHD- Fpr T w | e w6 R TR ﬂﬁ:ﬁfﬁﬂ EE

articulars S0L ; DEBIT . ’ ;

i = | e CREDIT BALANCE ;

i rEniot Jf Treasurigs atgount 14TIRE ££303, Saks

e ". “;5[-::|1|:|:I|:|!ﬁ.$:|Imﬂﬂzl:'il-'u'l':f':: 31 'UE'F';':E 121,51 g5} 27 nolr
S S e 144495 4506810 2197 00Ce
- mmmmn:m.m:m-m-zuﬂ to 30-06-2022 331,00 10458, 00CT
it umT&ﬁﬁ:Int,Fd:ﬂL*ﬂ?vIDEE to Jo-09-2022 77.00 16530, 00CF
13.00 10403.00Cr

pd:01-10-2042 to 3|-12-2022




File Samwe: © BETY PROMECTS & COmsL EASNE Y

[Eetention Pernsd ¥ e

; File Mo P14
SCMS SCHOOL OF ENGINEERING & TECHNOLOGY
VIIYA NAGAR. KARLUKUTTY, ERMAKLLAM - 681 582
DEPARTMENT OF MECHANICAL ENGINEERING

I_ File oo ik-14 irpches B P L] SRETANAASRES 14 R I

R and D delails AY 2020-2021

; Name Topic of : Amount | Status of the
R;:' Research with F:j:,_.ﬂg project
SLEMITLETY
Development of Design
Hydrodvnamic hydrodynamic
Depressor for depressor ﬁ:IhT National
Towed System improving the Phyvsical and On goin
| depth achieved | ooy, | 900000 o
by the Laboretory
undetaater
towed system,

O

HOD



raghavgr@scmsgroup.org
Free Hand Highlight

raghavgr@scmsgroup.org
Free Hand Highlight

raghavgr@scmsgroup.org
Free Hand Highlight

raghavgr@scmsgroup.org
Free Hand Highlight


Biror v wr

| 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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