e\ = PIEEE
INSTRUIVIENTATION M= £

& MEASUREMENT
[VIV I 1P SOCIETY

2018 ANNUAL MEETING OF THE SPAIN IEEE IMS CHAPTER,
University of Oviedo, Spain, January 19, 2018

Smart Sensors and Tallored Environments for
Neuro-Motor Rehabilitation Monitoring in lo'T

Era

|IEEE SM Octavian Postolache

IEEE IMS Distinguished Lecturer
IEEE IMS TC-13 Chair, IEEE 1&M Portugal Chapter Chair

Instituto Universitario de Lisboa, Portugal
Instituto de Telecomunicacdes, Lisboa, Portugal

Instrumentation &
Measurement Society
WWWw.ieee-ims.org




|EEE.org | IEEE Xplore Digital Library | IEEE 5tandards | IEEE Spectrum | More Sites

JEEE_ 7~ 4
INSTRUMENTATION
& MEASUREMENT

[treprrrptr it SOCIETY

Home About IMS Awards Conferences | Membership Publications Technical Committees

HOME ; EDUCATION /s DISTINGUISHED LECTURER PROGRAM [ DISTINGUISHED LECTURER PROGRAM

Search IMS
Distinguished Lecturer Program Q

The 18M Society Distinguished Lecturer Program (DLP) is one of the most exciting programs offered to our chapters,

|8M members, and IEEE members. It provides 1&M chapters around the world with talks by experts on topics of

interest and importance to the 1&M community. It, along with our cenferences and publications, is the way we use to Seconda ry Links
disseminate knowledge in the 1&M field. Our lecturers are among the most qualified experts in their own field, and we o
) ) ) . . ) y Distinguished Lecturer
offer our members a first-hand chance to interact with these experts during their lectures. The 1&M Society aids Program

chaplers fingndiglly su that tigy might use tis progrdm. Graduate Fellowship Award

All distinguished lecturers are gutstanding in their fields of specialty. Collectively, the Distinguished Lecturers possess Faculty Course Development
a broad range of expertise within the area of I1&M. Thus, the chapters are encouraged to use this program as 3 means Award

to make their local 1&M community aware of the most recent scientific and technological trends and to enhance their 1&M Video Tutorials

member benefits. Although lectures are mainly organized to benefit existing members and Chapters, they can also be I2MTC Tutorials

effective in generating membership and encouraging new chapter formation. Interested parties are encouraged to Education Committee
contact the 1&M DLP Chair regarding this type of activity.




BN  IEEEIMS

INSTRUMENTATIO
& MEASUREMENT

DL Program

Now: Active 9 IEEE IMS DL

— Kristen Donnell

( AdCom (2016-2019);
Yy — Distinguished Lecturer Program Chair

- http://ieee-ims.org/education/distinguished-
lecturers-program

1/23/2018 8:10 AM


http://ieee-ims.org/contacts/kristen-donnell

:El'%ETRUMENTATlgm\ Outline

& MEASUREMENT
[*1H ] SOCIETY

Physical Therapy Today : Facts, Motivation,
Technologies and Challenges

Objects & Technologies in Tailored Environments:

Instrumented Walking Aids

Smart Insole

Serious Games for Physical Therapy

Objective Evaluation of Physiotherapy sessions by Thermography

Conclusions
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g Stroke Facts

The number stroke patients recovering In
rehabilitation clinics increase.

15 million people suffer stroke
worldwide each year (WHO).
5 million having to work for their motor and
cognitive recovery
* 5 million die
5 million are permanently disabled

« What about solutions ?
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Physical Therapy
Cerebral Palsy Facts

Affects movement and posture
17 million people worldwide

2 In 1000 Europeans suffer this motor
disorder

Especially applied for children and
young people

What about solutions ?
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TOday i 7

‘i A o 0 f It takes a lot of time.
=- " The trouble It requires lots of therapists.
_ A It’s often painful & boring,
S ¢ with P hYSlC&]. _leading to poor compliance.
therapy is...

e —
\ m‘

Tomorrow

* Provide objective evaluation of the patient performances

* Increase the patient motivation through appropriate feedback
« Reduce the rehabilitation period

- What about methods and systems?




B \ Physical Therapy
e Today evaluation

UNIVERSAL PAIN ASSESSMENT TOOL '
This pale asessment tnel is intended 1o help pations providers assess pain sarding oo individual pasiowt needs
Exploin and sae 010 Scale for pations seli-ascemsmsnr. Use the faces or bebaviornl obsarvations 0o inssrpont

oy

Subjective Basic tools no

evaluation based on datc_"i record, no
scales, manually patient
data record feedback, no

loT
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—

— Exclusively Usage of Mechanical Devices by the
physiotherapists in Regular Clinics

- No Feedback for user or physiotherapists
- No Data Records or/end Internet Connectivity
How about loT compatibility for tomorrow?
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L Technologies for Today and Tomorrow

— Develop smart sensing device with
loT Compat|b|||ty’ > THE INTERNET OFTHIGS P

— Develop appropriate training plan
and adapted environment

VR or AR are coming
— Perform data record for each session

— Develop and calculate metrics that
characterize the physical training
effectiveness

26 billion devices connected to the Internet by the year 2020->
some 10™ of millions related healthcare assessment (Forbes)
What about loT Today and Tomorrow Technologies?
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RFID

' |IEEE802.11,
"5.Vory Important To Bring Valve ~ *4 ~ *3  #2 #1. Not AtAll Important To Bring Value IE EE802 . 15 : 1,

Barcodes 18%
Real time location tracking ) lEEE802154

WieFi

g B — 3G UMTS, 4G L

GPS tracking . e 5G

Security sensors

Passive RFID — » ‘ | BarCOde e QR CO

Condition sensors

Near Field Communications (NFC) 3% ! Se NSOrs an d S ma '
COMA/GPRS/AG W% |

Grid sensors ] Sensors
Mesh Networks : i ‘

" e Mobile Devi
Base: 646 Global enterprise IT decision makers
Cloud Corr

echnologies in Physical Rehabilitati



Walking Aids Network for Gal

Smart walk
walkers and
provide dynam
kinematic Info
during the rehab
process

loT
(smart phc
or client F
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standardW 2wheelsW 4wheelsW

O.Postolache et. al., IEEE, ICST 2011, NZ, O. Postolache et. Al., IEEE MeMeA 2015, Turin, Italy
O. Postolache IEEE EHB 2015, lasi, Romania

Instrumentation & Measurement Society
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O. Postolache et Al. IMEKO
TC-4, Conf. 2017

Walking Aids Net Nodes
standard\W prototype

» Risk index (un)balance:
d
1;(%) = 100 XB X a

o.. weighting factor

Conditioning
circuits

Load cell

Instrumentation & Measurement Society
1/23/2018 8:10 ANVWW. I€€ee-ims.org

COF: Center of Forces
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Late
Stance

0: Waiting for the walker to /\
lift off; J

1: Walker is flying;
2. \Waliting for the injured
foot to move forward,;

3: Injured foot is movmg
forward,;

4: \Maiting for the healthy
foot to move forward,;

5: Healthy foot i1s moving
forward.

step >

classified “correct” step =2 if the user completes all states from 0 to 5
The incoordination index 12 is calculated. -




Coordination

0: Wainting for the walker to lift off .

1: Walker is flying.

2: Watting for the injured foot to move forward.
3: Injured foot is moving forward.

4: Watting for the healthy foot to move forward.
5: Healthy foot is moving forward.

Total number of steps: 12

MNumber of good steps:
40

. Total: 7 Inside the window: & ]
a0
20
. Total: Inside the window: 4
10
0

Window length (steps): [10 [2] | Clear Window |

| 3738 mV (medium) B>




Smart Walker
> 0 0 |0 e Indexes and state machine evolution

Wainting for the walker to lift off.
Walker is flying.

Watting for the injured foot to move forward.
Injured foot is moving forward.

Waiting for the healthy foot to move forward.

Healthy foot is moving forwand.

N G P —

Total number of steps: 12
Number of good steps:

Total: 7 Inside the window:

Total: Inside the window:

Window length (steps): |10 = Clear Window

85 Spy Walker : Stream Data

N N N N N N N N N N N N AV AV AV AV AV AV AN

Balance

Center of Forces

Step completed: quality = BAD; failure = STEP T 3792 mV (medium) X
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 Wearable Gz
Smart Insole

LN A Gait Assessment | LEI | ] El §| ﬁir'
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VFI1, VFr1, FI3, Fr3(V)

K=
o [,
] 1

-0,5- T T T T T T T T T T T T T T T T T T T
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Time(s)

voltage signals norma

Romania metatarsal calcane
IEEE IMS Seminar, TCS Innovation
Kolkata, Augus
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Point of force

5. (Courtesy of FBGS int.)

Operating Principle deviation

i I [} I I ] ] ] ] ] N I I I [ i I I [}
0 20 40 60 80 100 130 140 160 180 2UU 22U Z!i[l Zﬁ[l 20 3UU 32U 34U 36U 3|0 400 20 40 450 480 SO0 520
Pixel fio,

gavea _en o
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» The Fiber Bragg Gratings Architecture

remote server

Power Bank

+5v/2000mAh l l
PCI/USB

optical” Ly Girculator F—»] 1-MON {—{ miniPC BT data

Source Issi
. | trasmission -force distribuion

-gait classific p
FBG Sensors Optical source
Database 5

]
piezo-resistive | y : Power ban
/ Sensors ||
Android App Internet i

smart insole

A
Piezosresistivel i & L
analog circuit + W d|

» Insole Fiber Bragg Grating (FGB) Network
prototype
— Wereused5to 6 FBGs

— Force measurement using PRS Tekscan
A201

[-MON 80D




Wearable Gait Rehabilitation
Smart Insole based on FBG array
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Smart Insole Comparative Results
piezo-resistive sensors with FBGs sensor network

Piezo-resistive sensors for 7 gaits

FBG sensors deviation during 7 gaits

FBG fixed platform

FBGS FBG4| FBG3 FBG2 FBG1

i i

DOMINGUES, M.F, Postolache, Journal of
Biomedical Optics, v. 22(9), pp. 1-8, 2017.

£-7 | | | | | | | | | | ' | |
158 1530 1532 1530 1536 1538 1540 1542 15440 1546 IS8 1550 1552 1554 155 1558 1560 1562
Frequency




Remote sensing and loT for smart
IIRIESETRUMENTATION\ physiotherapy

& MEASUREMENT
Kinect Computation Architecture

[rPrrprrrprrr it SOCIETY
Physiotherapy ~ Middle
Cllnn: Server Database

.'! House Home PC

Therapist PC 2
Kinect Q 0
Sensorf

&/ @ Therapist
Kinect
Supervising Session Unsuperwsed

: Sensor
Supervisied Patient

Patient

Kinect Serious Games on the client side are
GRANTED

1/23/2018 8:10 AM
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IR Emitter Color Sensor
IR Depth Sensor

Tilt Motor
Body Joints

IR speckle pattern 20 body joints SDK Depth estimation
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Serious Games concept refers to £
the use of computer games AR
without the main purpose of Therasoup
providing pure entertainment, BTl

Serious games based therapy /prplekiarvesting
(TheraGames) Is currently

gaining a lot of interest by the
healthcare community.

JustPhysioKidding
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time: ©6:22:0860

nz2
84

56
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Kinect Serious Games
For Rehabilitation
Therasoup v2.0

3D
technologies were used to
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Pain scale game GUI

Training outputs

a barra seguinte de acordo com a dor que sentiu durante o jogo.

y & 4
{7 Por favor movimente os bragos de acordo com as instrugdes para preencher

INDOLOR DOLOROSO Aempo de jogo: 01:00:002 ESCALA DE DOR:

:' Pontuagdo atingida: 79
l _ Aaximo &ngulo brogo esquero: 137 grous
INSTRUCOES Waximo 8ngulo brago direito: 146 grous

Para alterar a posigiio da barra movimento
o brago esquerdo/direito de acordo com
as imagens.

PARA PROGSSEGUIR COLOQUE AMBOS OS
BRACOS COM A AMPLITUDE DESCRITA NASl f

IMAGENS. A

/1
&N
m;m
| |

*Map esquerda
Mao direita
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Patient Analysis.

Patient Personal Info: Rehabilitation Sesseion Parameters

Until 120 degrees ¥

Maximum left arm abduction

Until 120 degrees ¥
Save Changes

Session Data

Choose Session

12/08/2014 17.64:54 ¥

Pain And Score History Over The Previous Sessions
W G=rm= Scor= [l Pain Soors

Game Score
Pain Score

08Ms/2014

08192014 D&M9/2014
7.44:26 7:45:2 17:53:17

174426 17:45:20

Sessions

Log off

Maximum right arm abduction  Maximum right arm extension
egrees

Microsoft®

NET

web based: game configurator
game score and pain assessment




Sma
Taitlored
Kinect & Force

ENR Physio
“Mf g‘t'b. "

Internet \ g

Supmiud i d : J miniPC
Patient a "’
Therapist ))
\ / Unsupervised

Force ‘ ) Patiant
Platform 9 ))) iy ‘

Platform

ough Internet connectivity of the Kinect Client
et. al:MeMeA 2016
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subject | metrics [-R  game

(mm) Amplitudes

A-P amp - 28.82 A-P antero posterior
M-L medio-lateral

M-L amp : 19.11
A-P amp : 39.27
35.54

-15,0-
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Mobile
Client

L KX
e iKinecT I <& unity

fcrr ﬁ) Windows

Kinect Client

Computation architecture _
Based on API Implemented VR game scenario




Kinect Serious Gaiﬁes
Objective Eva
on AF

Numb apples last 5 session

Manuel Santos
manuelsantos@gmail.com

problema no joelho esquerdo

Green Apples: 2
Red Apples: 6

Total Apples: 8

Points: 700




r : Kinect Serious Game for Rehabilitation

R CENTATION Tailoring “Apple Harvesting ™

A

Bom trabalho!

Conseguiu 2700 pontos.
Apanhou 40 magas.
Macés verdes: 26

Magcés vermelhas: 14

Conseguiu apanhar magés nestes
éngulos:
; s 70 graus: Esq. 0 (0 0) | Dir. 7 (4 3)
=== 85 graus: Esq. 21 (15 6) | Dir. 8 (6 2)
100 graus: Esq. 4 (1 3) | Dir. 0 (0 0)
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Kinect Serious Gan

Rehabilita
Cerebral Pa

JustPhysioKidding
Gaming Scenarios
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Results GUI
Plan and Motion
Reconstruction

Kinect Serious Games
Rehabilitation

JustPhysioKidding
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Leap Motion Controller

_ _ 3D stereoscopic Image
- two cameras track infrared light provides>Gesture  and

produced by three infrared position tracking with sub-
LEDs. millimeter accuracy i




N Serious Game for Physical

INSTRUMENTATION

I socien Rehabilitation
Leap Motion -Serious Game Platform

Select games and introduces Send the settings The DB sends the data required
the configuration parameters to the DataBase. for the program configuration. \
{) R —> Qunlty
- ()

. Executes movements — Game / Activities Control

|

|

|

|

|

|

|

|

|

I .

1 (o) )
| : LEAP Motion
| :
|

|

|

|

|

|

|

|

|

|

........................................................................................................................................................

View lesl.llts

[ Rehabilit litation
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N Serious Game for Physical

Leap Motion -Serious Game Platform

Rotation
[Yaw, Pitch, Roll]

palm
: position
Fingers XY 7]

position ,
Pinch
Strength

position
XY, Z]

Palm Position

Wrist Position

« Extended Adaptation of the Game to the Cognitive Rehabilitation
Needs are considered
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* The user hands are selected according with: male, female, children

(robo) - to increase the player motivation .
» The physiotherapist can chose the training plan for particular hand
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« CUBES
« THEME: OBJECTS —

Score: 2

« Extended Adaptation of the Game to the Cognitive Rehabilitation
Needs are considered
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Games Enhanced Physica
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> Game: Collect Cube

Male1
1/ 1 repeticoes

« Motor and cognitive rehabilitation together
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Applications

hysio
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Games Enhanced physical Re ehabilita

e W @ 252
& Informagdes - Filipe Da Costa E3carTAo  [GGERAR RELATORIO Lista de Treinos - Filipe Da Costa
T T Ver Todos v
Treino n°: 2 @ Treino Active
¥ 8. Treinon®: 7 PEEACTIVAR TRERG
Filipe Da Costa VER RESULTADOS

Fisioterapeuta: Filipe Lourengo

6. — [ Este paciente nao possui treinos activos! | 1D Nome: Treino nimero 2

Nome do Paclente: Filipe Da Costa

VER DADOS

Fisioterapeuta Responsavel: Filipe Lourengo

Data nicial: 2017-09-13

VER TREINOS
Data Final: 2017-09-20

Nome do Joge: PickaBal
VER OBSERVAGOES
Tema do Jogo: FORMAS

Duragdo do Jogo: 3minutos € 0 segundos

VER LOGINS

Tempo de descango: 10 segundos

Nimero de Repetigdes por treino: 1
5 Maos a utilizar: AMBAS
) —
Dificuldade do Jogo: MEDIO

] N o] a

user and training plan
records
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< Resultados

SELECIONAR DADOS DESMARCAR TODOS

Lista de Selecionados

ESQUERDA | Palma | Posigdo | X |

Score and joint position - |

an

A
by date :
\ . ,' \ / \ r
y S . /. '\/J\J \A\./F\//\v’ \ | /\

%N / \\/\\/4 “

e
€ Lista de Resultados /\\//_\
Nome do Ficheiro: 2_Tracking_20170805_193636
[0] Ver Todos
'VER COORDENADAS DAS MAOS
[1] TOTAL -

[3] 2017-08-04 17:30:33 NG e e e R BT E
[4] 2017-08-02 11:28:31
[5]2017-08-02 11:24:41
[6] 2017-07-29 17:08:49
[7] 2017-07-29 17:06:47
8] 2017-07-21 15:46:13
[9] 2017-07-20 00:10:12
[10] 2017-07-20 00:09:23
[11] 2017-07-16 18:49:01

[12] 2017-07-16 18:48:13

Paciente
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Infrared Thermography: Every object whose surface
temperature Is above absolute zero (-273 °C) radiates energy at a
wavelength (short wave 3-5um and long wave 7-9um) corresponding

to Its surface temperature.

To obtain Thermographic Image highly sensitive (0.05°C) infrared
camera (e.g. FLIR E60) capture thermal radiated energy with good
accuracy (error 2% of reading).

FLIR Tools+ and Thermonitor™ software applied - to extract
specific temperatures (min, max, avg).




Infrared Thermography for Physical Therapy
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Thermographic images provides patient
cutaneous temperature in non-intrusive
mode -—>the intensity of muscular
activity is revealed.

Temperature Iincrease caused Dby
Increased blood flow during the physical
therapy sessions

Flir Tools+ is used to extract the
temperature  values In  different
cutaneous regions




VR versus Real Scenario Serious game

fﬁ%ﬁnumemmﬁh Training Effectiveness Tests & Results
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How about real training versus virtual training using “Cubes”?
4 volunteers, 4 tests (0.5min, 1 min, 1.5 min, 2min
= Thermographic images

Max 32,5 OC

Min 29,2
Average 3()_,9

Max 30,9

Min 20,3
Average 30,2




frared Thermograp
Unobtrusive sensing of

LeftHb
RightHb
LeftHa

RightHa

(°C)

(ame Score

A K]
s
=
=
]
|
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=
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[
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1 2

1 1,5
volunteers ID

training time {minj

perature evolution of  geore Evolution
perature before and training du
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Thermography for Knee Recovery Assessment

Thermal images provided by the FLIR E6O clearly
Indicate inflammation of the knee and can be used to

visualize the knee recovery in time.
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o\ Conclusions

» Smart Physiotherapy expressed by tailored environments
expressed by virtual reality and smart objects and wearable
devices assures an increased quality of services =>reduced
rehabilitation time

Personalized serious games with natural user interfaces data
storage and analysis associated with smart physiotherapy
loT compatible = increase the patient motivation and
physical therapy effectiveness.

Remote sensing technologies expressed by Kinect and Leap
Motion Sensors and Thermography play an important role

In objective evaluation - physical therapy outcomes.
52
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