IEEE N e
INSTRUMENTATION COLUMBIA

& MEASUREMENT
[ VIV I 1P SOCIETY

August 10, 2017, IEEE Seminar, IEEE Circuits and Systems Society Joint Chapter
of the VVancouver/Victoria, Simon Fraser University and University of British of
Columbia, Canada

Unobtrusive Smart Sensing and

Pervasive Computing for HealthCare

Cardio-Respiratory and Motor Activity Assessment

|IEEE SM Octavian Postolache

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

Instituto Universitario de Lisboa, Portugal

Instituto de Telecomunicacoes, Lisboa, Portugal

Instrumentation &
Measurement Society
Www.ieee-ims.org




IEEE

INSTRUMENTATION
& MEASUREMENT
[rreprrrprrr it SOCIETY

Home About IMS Awards Conferences ducaf Membership Publications Technical Committees

HOME ; EDUCATION ; DISTINGUISHED LECTURER PROGRAM  DISTINGUISHED LECTURER PROGRAM

Search IMS

Distinguished Lecturer Program

Q
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1&M 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 conferences and publications, is the way we use fo Seconda ry Links
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All distinguished lecturers are outstanding in their fields of specialty. Collectively, the Distinguished Lecturers possess Faculty Course Development
a broad range of expertize within the area of I&M. Thus, the chapters are encouraged to use this program as a means Award
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- Population ageing phenomena: Facts and Motivation

- Assistive Environments for Healthcare
- Daily used object with sensing and computation
capabilities
- Modular wearable smart sensing solutions

- Objective Physical Rehabilitation based on Kinect Sensor
and Thermography

- Conclusions
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World
Population Ageing
1950-2050

:
{1

Ageing
Facts

— Elderly people are the fastest growing
segment of the population;

— According with UN the population
over 60 years old will increase
worldwide from11% now to 22% In

2050:;

The healthcare system Is under
pressure

Instrumentation & Measurement Society
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Develop new  assistive
environments for healthcare
for higher:

- QoS
- Efficiency

Increase the usability and
the acceptance by Elderly
of new healthcare devices

Instrumentation & Measurement Society
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smart sensors = combination of sensor, signal conditioning,
embedded algorithms and communication interface

Standards: IEEE 21451.X

Sensing Signal Signal Network Digital or

Smart Sensor

E. Song. K. Lee, et al, ICEMI 2011,
R. Morelo , O. Postolache , Guest Editor, Advanced, IEEE Sensors Journal, 2015
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.. Assistive Environments for Healthcare
h Pervasive Computing

Pervasive (ubigquitous) computing
—> embedding microprocessors in
everyday used objects so they can
communicate information

ey <2
Multi-moadal Activity Detection
Machine percelved " o Behavior Modeling
Implicaly controlied ' Need Prediction

Healthcare Beyond ..
pervasive sensing & computing?

Mark Weiser, “The Computer for the 21st Century”, Scientific American. 1991
Mark Weiser- - father of ubiquitous computing, PARC Xerox company
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Display Interface ﬂ @

LAN, WAN

Ly

LAN, WAN

Application Core

LN INFC))
Tracking

Ambient Layer

Pro-active obiects
0-active object : B PEIOAPT P
' b Active Interaction

& a6~

User layer Implemented
Sensing and Computing Healthcare ecosystem- Ecosystem

O.Postolache , ”Pervasive Sensing and M-Health”, Springer 2012
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s Objectives

To perform vital signs and motor activity assessment
In non-intrusive way,

To provide accuracy and reliability based on
unobtrusive smart sensing and pervasive computing
assoclated with daily used objects;

Real-time processing and multi-user monitoring.
smart wheelchair,

smart walker;

smart clothes and accessories.

Instrumentation & Measurement Society
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BCG today
BCG yesterday ,

o'=x=|

Fiaed 4 3
e i Cardio-respiratory monitor
To g based on EMFIT and MEMS

, , accelerometer
Isaac Starr — 50’ cardiac

monitoring fashion 811712017 7:52 AM 11
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 BCG captures pressure oscillations due to heart
activity
» (Cardiac output through HR, HRV Is assessed

BCG wheelchair seat

BCG wheelchair backrest
Instrumentation & Measurement Society
8/17/2017 7:52 AMVW\W. 1e€e-ims.org 12
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\ Smart Wheelchair
N

Cardiac output through
CWT Scallogram of
BCG energy

10 2,0 30 40 5.0 6,0
Time (s)

HR extraction based on
peak detection of a
selected scale and
threshold=0).

Time(s)

IEEE EMBC 2013, Osaka, Japan

Instrumentation & Measurement Society
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Capacitive Coupled Electrocardiogram (ccECG)

Interactive
madule !

Rbias |_—:l> [:j D '

751 Amp Filter ~ Amp
Rhias %Z'”
g :
| |
v
| INAT16

2 copper electrodes (33.75 cm? ) at 20 cm distance , embedded within the wheelchair
packseat cover., 1 cooper plane of 550 cm?

IIEEE 2MTC 2013, Mineapolis, USA

Instrumentation & Measurement Society 1 5
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removal and denoising
T and SWT (Doubechies mw) |
irical Mode Decomposition (with PCA-EMD optin

Qriginal ECG

i

5 2 15 i
Time 51

OWT Db4 recomposed ECG

L

E 10 13 i
Tirmae 3]

, Measurement, Vol. 45, No. 2, pp.




IEEE \ Smart Wheelchair
INSTRUMENTATION
D rBCG

Ballistocardiography-seismography monitoring system
based on 24GHz FMCW Doppler radar

Transmit
Coupler antenna

Web HealthCare IS

Receive
antenna

MotorRad

|IEEE EMBC2011, Boston, USA

Instrumentation & Measurement Society
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RadarSignal - CardioResp
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&\ FMCW Doppler radar output signals  balistocardiography (BCG)
signals include information about cardiac and respiration activity,

= - -
[y s
2, T T BT |

I N I N R B |

YBGE(Y),ECE] lat
=

IEEE EMBC2011, Boston, USA

Instrumentation & Measurement Society
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EMFIT BCG and Radar BCG signals

_ - 3" order
u} 5 10 15 20 25 i3eDs 3 40 45 S0 55 40 DWT
- decompo

- sition

0,97 -

db4

@ 0,95

mother

0,93 -

0 wavelet
"0 5 10 15 20 25 M 35 40 45 50 55 60 -
fnets) respS=

EMFI BCG sensor approxl
MeMeA 2011, Bari, ltaly

radar BCG sensor

Instrumentation & Measurement Society 1 9
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Reflective photo - plethysmography embedded in the
wheelchair arms Electrocardiogram (rPPG)

Robust measurement on arm/hand/wrist HR and SpO2 was obtained

I2MTC 2013

Instrumentation & Measurement Society
8/17/2017 7:52 ANMVWW. eee-ims.org
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Processing BCG, PPG and ccECG In DSP
platform
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Vital signals simultaneously acquired at the wheelchair

Simultaneously / -
acquired signals S
based on DSP '
platform

| \ “41

4
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BCG
IR left

Data ‘ Wheelchair results ‘ R left

Wheelchair .
user
heart monitor

Senrer address
Action to take d
192168120
Send 2Ch Tl \) -
Start 4Ch 1kHz mode -k \\"v,[. W
Start 16Ch 200Hz mode

(| + Send 2Ch 200Hz waves

Read string

2/-5085P22943/-5099P21 714/-4789P20434/-3880P19150/ - 2282P1 7857/ £
-0P16566,/2722P15309/5670P14060/8528P1 2846/11063P11647/13100P10487/  ©
1454NDA351/15355PA2A4 A1 5ANFDTINA SUTORIAT AARTI PSS A3RT4PAANS  ~

Signals

IR right
R right
ccECG

Normalized and shifted amplg

Select ccECG wave ation
Select Rright wave
Select IRIeft wave Zhytes
Select Rright wave =6
Select Rleft wave
Eror  Select BCG wave 14 | | | | i
)P 281802 282000 282200 282400 282600 282825
Select Seathcc wave 5

Select BackAcc wave

Select MedlabECG wave

See 1st-4th chan data (ECG)
See 5th-8th chan data (PPG)
See 13th-16th chan data (REF)
Send Heart Rate

Send Sp02 and PTT

Iase: serids -

Instrumentation & Measurement Society
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Increase Interoperability of the smart objects through the
IEEE21451.4 implementation

Plug and Play Analog Signal

Digital (TEDS)

7~

N
Mixed-Mode :
Interface
{analog and digital)

Standard Overview Implemented architecture
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9-15VvDC
o ( MCU power
Module ) N
_) Smart
UARTL —| Sensor
Network
\ —»| UART2 0
RFID
PIC24FJ128GA010 SD card
MCU interface
\_

T

Buttons LEDS

Instrumentation & Measurement Society 2 3
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r
| ANALOG
|TRANSDUCER

_‘e_J

control

+5V
+3.3V
Analog
1-Wire

Ground

PIC24FJ128GA010

MCU

Smart Wheelchalir
|IEEE21451.4 nodes and interfacing

5V
3.3V

Analo
Signa

Dlgltal
Data

Ground

ONO O NY ALC+ ASe

SIM
Extension

1451.4 Smart Sensor
Interface Board

6210LA

Smart Sensor Network

P1 PO GND AN #3.3V +5V

5V
3.3V

Analog
Signa

Ground
PIOO
PIO 1

Biomedical
Sensor
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R o IEEE21451.4 implemented prototype

Embedded System
enclosure

Smart Sensors Network
S8 Relative
PPG  Gonductance (BCG ~ Temperature REHS Accelerometer .
E-textile

Humidity
] PPG
M M M M M M g:g Sensor

EMFi

Sensor
Connectors

MCU
Board NCC

RFID Reader SIM

and -
Battery iy Extension Board

Smart Wheelchair
Embedded System

Temperature

. — J= v .
Relative ~ i Accelerometer __ 4
Humidity Conductance y connector

Instrumentation & Measurement Society
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Physiotherapy Assessment
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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
WWW.ieee-ims.org
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Single y
Doppler - /’\
Radar <"
Force D) B9 1
Sensor '

3D
accelerometer
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O. Postolache, et. al. IEEE, MeMeA, 2015, Torino,
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k]
m-health

N | =

() | WiFi




o -- EHR & Smart Walker
'”STR“MENT"T'Oh Cardiac and Motor Activity Monitoring
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% . = )
(= Gyver. s Supersonic I

Login; Patient registration interface;

(
SN Y, & cardiac information
) O g
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Architecture, SIC

AT R I Gait Assessment

S

= i}

-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 nor

R0mania metatarsal calcane
Instrumentation & Measurement Society
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Spectrog
normal and

Abnormal gait

Spectrogram Fr3




odular and interoperable;
1buted computation

module one task: SoraRictER

module

SSM: Sensing, auto-calibration,
Jata fusion, Digital
M: data communication, data IRSrCee




Wireless
PC, smartphone, Connection

embedded system

node board includes: configurable smart sensing (gk de

munication (gk module) boards

poard non-volatile memory allows to store configura

2en power cycles




gk net

addr=0003

USB :
Etf\}\?irFr;et Z'CgABﬁe addr=0002

Jumper )
Push Button Power Source  [csp Expansion
(External/USB) Header
2 LEDs
1L

UART1 - Expansion e & i Res%tu?%dngser
(USB) Header UsB 2 r e

QkConnector
(revl)

UART3 WiFi Module LS 2 o :
(WiFi) > UART2 Header - sia ‘ 2 LEDs
(Qk Connector) = =

Supercapacitor (VBAT
>

UART4 Ethernet Module

Header —— k. pasE
(Ethernet) : BATEMWAY

Wribelroistutl.pt

Y = £
cro -
. < > ICSP microSD socket 32.768kHz
(microSD) Crystal (RTC)
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8 MEASUREMENT gk node and gk network

|I||||||||||||||cnr||--r\l

smart sensor module (gk
device) : GPurpose IMU,
PPG

communication module

gk gateway implementation (gk module): Bluetooth,

Z1gBee
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IEEE jh gk platform

> Wireless network
communication:

> ZigBee
> Bluetooth

Instrumentation & Measurement Society
8/17/2017 7:52 AMVWW. ieee-ims.org




gk device: gene

Switch
Power Source Prog.Int  QkConnector
(USB/QkModule)

supply Voltage S & L L - - Power
Selector - e L [ ' QkModule

BAS
DesItes Cont[o

.'.‘fl;

6158191 H1201 BIOABSBEB7--BATE 3.2

Digital and Reset and
Analog Pins Power Pins
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Applications: gait analysis

3D Accelerometer
+ 12C Microcontroller

3D Magnetometer

PIC24F32KA302
LSM303DLHC

3D Gyroscope

1L3G4200D

Gait test 9 Degree of Freedom (DOF) Inertial
Measurement Unit (IMU)




VTR
RAD
RA1
R3O
RE1
Ra2
RB3
ves L
RAZ
RA3
R84
Al
Voo
RAS

microcontroller
High brightness LED

GND
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InterfaceMod _‘
NetCoordinator

‘FFFI%O).I 5.4
NetDevice 2
ey
» : -

l

Instrumentation & Measurement Society
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Wear
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Unobtrusive sensing of physical

rehabilitation
Kinect Sensing Technology

Provide natural user interface - the body is the control,

Measures range, angle and velocities during the physiotherap
Sessions;

Kinect Serious Games increase the motivation of the patient reducing
the rehabilitation period.



http://www.google.pt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://mashable.com/2013/05/22/xbox-one-kinect-heartbeat/&ei=3SP2VIviLoG9UpK7hMAP&psig=AFQjCNG-D9Qos6N4WSX-cFv5pzgVdyh78w&ust=1425503380644169
http://www.google.pt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://mashable.com/2013/05/22/xbox-one-kinect-heartbeat/&ei=3SP2VIviLoG9UpK7hMAP&psig=AFQjCNG-D9Qos6N4WSX-cFv5pzgVdyh78w&ust=1425503380644169

r , Unobtrusive sensing of physical
A .. L
INSTRUMENTATIO \ rehabilitation

& MEASUREMENT -
[HEEEE T SOCIETY Kinect sensor

IR Emitter Color Sensor

IR Depth Sensor f IR Laser
Tilt Motor )ijmmr .




__ Unobtrusive sensing of physical
Rermumenmanon \ rehabilitation
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LI SOCIETY Kinect sensor and Microsoft SDK

e Materializes a natural
user interface - the body
IS the control

* Provide 3D coordinates
for the 20 joints

e Unobtrusive monitoring
for 3D rehab serious
game Is provided
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- ;\ Body sensing for objective evaluation
e of physical rehabilitation
Kinect Serious games

Serious Games concept refers to the use of computer games
without the main purpose of providing pure entertainment,

Physical Therapy based serious games (TheraGames) a
solution for fast physical rehabilitation process with high
acceptance by healthcare community.
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Kinect Serious Games

Therasoup

AppleHarvesting
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Physiotherapy =~ Middle
Cllnu: Server Database

.'! House Home PC

Therapist PC 2
Kinect m 0
Sensorf

&/ @ Therapist
Kinect
Supervising Session Unsuperwsed

: Sensor
Supervisied Patient

Patient

Kinect Serious Games on the client side are
GRANTED
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Kinect Serious Games

IIﬁESETRUMENTATION\ For Rehabilitation
& MEASUREMENT
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JIY

Unity 3D and C# technologies were used to develop the
game




Kinect Serious Games
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“Thérasoup” under test In Bja Rehab Center and TechDays,
Aveiro, September, 2015




“Therasoup “ Kinect Serious Games

INSTRUMENTATIO \ training metrics and pain scale
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Pain scale game GUI

Training outputs

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

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

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

:’ Pontuagdo atingida: 79
' Adximo &ngulo brago esquero: 137 grous
INSTRUGCOES #éximo dngulo brogo 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 NAS‘ f’;

IMAGENS. I A
[ .00
| | | ‘l_jA

_“Map esgquerda
Mao direita




“Therasoup “ Kinect Serious Games

INSTRUMENTATION web based: game configurator

& MEASUREMENT game score and pain assessment
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Patient Analysis.

Patient Personal Info: Rehabilitation Sesseion Parameters

Check patients EHR Maximum right arm abduction Maximum right arm extension
Until 120 degrees ¥ Until &0 degrees ¥

Maximum left arm abduction Maximum left arm extension

Francisco Cary Until 120 degrees ¥ Until 150 degrees ¥

Session Data

Choose Session
12/08/2014 17:54:54 ¥

Pain And Score History Over The Previous Sessions

Game Score
Pain Score

081192014 08Ms/2014
174813 175317

Sessions




oulder amplitudes Arm velocities

*  Left arm sample
© Left arm pick

* Right arm sample
@ Right arm pick

»  Left hand sample
© Left hand pick

* Right hand sample
@ Right hand pick

o~

)

[0}

©

-

o

7]

O

Sl )

2} ~—~

2 £

> »

= o

et =
(8]

g k<]
)

h >

©

°

>

O

o

w

. x
"o o’
x%

*x x" oxx x* E *

RExRRR X xx, a® xXx HpX ® ® A% 2

%

%
*
L T T RS gx.x,‘

1 1 1

. Time (seconds)
Time (seconds)




IEEE 1‘Apple Harvesting” Kinect Serious Game
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& MEASUREMENT Upper limb rehabilitation
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Mobile
Client

W KX
. iKinecT [ < unity

ferr @ Windows

[
[/

Kinect Client

Computation architecture 2 'flmplemented VR gamé“
Based on API scenario




KinectﬁSer ¢
R

Pervasive comg
Apple Har

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




“Apple Harvesting” Kinect Serious Game
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IBeE SCApple Harvesting” Kinect Serious Game
Objective evaluation
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Bom trabalho!

Conseguiu 2700 pontos.
Apanhou 40 magas.
Macés verdes: 26
Magés vermelhas: 14

Conseguiu apanhar magés nestes
éngulos:
70 graus: Esq. 0 (0 0) | Dir. 7 (4 3)
=== g5 graus: Esq. 21 (15 6) | Dir. 8 (6 2)
. 100 graus: Esq. 4 (1 3) | Dir. 0 (0 0)

Bom trabalho!

Conseguiu 2700 pontos.
Apanhou 40 macis.
Magés verdes: 26
Macés vermelhas: 14

Conseguiu apanhar macgés nestes
~ angulos:
\ssimss 70 graus: Esq. 0 (0 0) | Dir. 7 (4 3)
=4=== 85 graus: Esq. 21 (15 6) | Dir. 8 (6 2)
. 100 graus: Esq. 4 (1 3) | Dir. 0 (0 0)
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- two cameras track infrared
light produced by three
Infrared LEDs—> 3D
stereoscopic image

Unobtrusive sensing of physical

rehabilitation

Leap Motion Controller

—>Gesture and position
tracking with sub-
millimeter accuracy are

ided
provide -




Select games and introduces Send the settings
the conﬁguratlon parameters. to the DataBase.

Android APP

LEAP Motion

Game

s Enhanced Phys:c

al Rehabt atl

|,’\

|
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IEEE /“ Leap Motion Serious Game

* The physiotherapist can configure which level of difficulty of the

game — (EASY, MEDIUM, HARD).
 Personalized for user in order to increase the motivation
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Infrared Thermography Principles: 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.

Highly sensitive infrared cameras capture this radiated
energy In a thermal image of the object being surveyed.
Thermal images are processed using FLIR Tools+ and

Thermonitor™ software to extract appropriate metrics.
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LT T SOCIETY Applled Therm()graphy

 Thermography camera provides unobtrusive procedure to
measure the temperature without physical contact with the

patient.
« Temperature increase caused by increased blood flow
before and after physical therapy sessions are carried out.
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Min 333 e o 30,04
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Average 33 6;;';
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Ard Max ‘

Min 308
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.'.E\.ESETRUMENTM.\N Physical Rehabilitation Evaluation
e Knee Recovery Assessment

Thermal images provided by the FLIR EGO clearly
Indicate inflammation of the knee.
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Thermal images provided by the FLIR E60 indicates
the temperature of the hand cutaneous tissue -
training session efficiency indication
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Development of assistive environments based on non-

Intrusive smart sensors and pervasive computing designed
for vital signs and physical therapy interventions supports:

Preventive medicine;

Personalized medicine;
Participative medicine;

Smart environments = useful solutions for in-home and
remote rehabilitation services.

NUI Serious Games and Thermography new challenge
regarding usability and acceptance
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