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Ambient J'm'dﬁge'm't'
A Mirvel Paroudigom

* Ambie
* amb onsive to the
presenc ronics,
telecommur Os by Eli Zelkha and

his team at Pal

In an ambient intellic .plle in carrying out their

everyday life qc’riviﬁe, tas Ay using information and intelligence

that is hidden in the network connecting thes s (Internet of Things).

As these devices are smaller, more connected and more integrated into our environment, the

technology disappears into our surroundings until only the user interface remains perceivable by usérs.
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@
O AN
®* The a ous
compt gn and is
charact Aarts,
Harwig &

* embedd Tasks

(Person
Orientated)

integrated

Skills

context aware:
and your situational ¢ - Ortntated)

personalized: they can be tailored to your needs

adaptive: they can change in response to you

anticipatory: they can anticipate your desires

INNOSOC VALENCIA 2017 WORKSHOP May 2017 4 ?



O A '

Basic tech

* EFmbedde

® Communic

® Sensors

* Artificial Intellic

* Future of IT characterize

® Disappearing computer
Ubiquitous computing
Pervasive computing
Post-PC era

Cyber-physical systems
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Human
Computer
Interaction

Sensors

» lnnoSoc

Artificial
Intelligence

Pervasive-
Ubiquitous
Computing )
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S.—

° A
(ACTIVE AND ASSISTED LIVING)
[ ] .i -
* Wearable

* Assistive robc
® Activity recognition

® Case studies
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® In 37% 20% _-n' ratio

bet >e a huge

demo | Figure 10. Proportion of population

aged 60 or over: world and development
o By 203( regions, 1950-2050
L4 ) 40~
Avera ] . S
o By 2040: ‘ 2 trillion a4  mMore developed reg.mns
— = _ _ © Lass developed regions

-
i

1050 10978 anoa 2025 2050

1950 1960 1970 1980 1990 2000 2010 y{oy]) 2030

UN Report, Department of Economic and Social Affairs, Population Division , 2001
http://www.un.org/esa/population/publications/worldageing19502050/ 4 ?
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® 8.5 million
* 80%
_ 69
Costs $18,500-$36,000
$70,000-80,000
| $33 billion g family care givers

Caregiver gap ! 120,000 -1,* 159,300 (YT N PIP L

* Understaffe 9N%

* Family cqregiver; inUS:  of households

of caregivers care for someone over age 50

Statistics from http://www.hoaloharobotics.com/
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* Perce
* Visior
« Cognitive
*  Memory, paralle _
* Chronic age related diseases
* Alzheimer’s Disease (AD)
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nment, and
ve robots.
l_ingo
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Wearab

Assistive robc
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Mobile
Applications
Autonomic
Computing Assistive
Technologies | | Wearable | Assistive
_ Robotics
Smart Environmen
Information Mﬂthema_ltical Activity/
Visualisation & Modelling Behaviour |
Management Recognition

J

May 2017
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Examples (ambient, wireless)
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Examples (wearable)

Metria™ Informed Health Inside clothes
3-auis accel , Galvanic Skin Response, Self-tracking Haptic Feedback
2 temperature sensors (body, skin) Steps, calories, sleep, distance, ... Movement capture

\4

May 2017 12 ?
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IES
smart home _'.ic and

cases
and

lligent assistive technologies on technologies
that allow

In this way the _7 h centered, because it is
designed to meet t nd caregivers.

U

* Assisted Living + Ambieln"r' Intelligence

* Gerontology + Technology
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& InnoSoc

S|

OA
* AAL

ient systems
* Wearable

* Assistive robot:
® Activity recognition

® Case studies
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Ambient Sensing

S

* Senso
* Am olf
* PIR (Pa: &
 RFID ‘
Ultrasonic \
Pressure sensors ( >
Contact switch sensors
Gas sensors

* Knowledge acquisition about inhabitant
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A

(G - CASAS, WSU

(MIT) b
Asia .
Welfare Techno

Europe

iDorm (University of Essex), HIS (France)
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MNumber of Examples per Class

Activity Subject 1 Subject 2
. 77 in home 1 : | g ' Preparing dinner o 1{_1
e ' _ Gittica FPreparing lunch 17 20
N - 84 |n home 2 e - | _ L;i:::t,u.:ning tD. 1‘111_1‘::'-:'“:. - 18
SO | ' Taking medication - 14
Toileting 55 40
FPreparing brealkfast 14 15
Washing dishes i 21
Preparing a snack 14 16

Watching TV -
i Bathing 1=
E,:: Going out to work 12
*d Diressing 24
: Groocming a7
FPreparing a beverage 15
Doing laundry 19
cleaning b

INNOSOC VALENCIA 2017 WORKSHOP
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http://ailab.wsu.edu/casas/hh/shib011/profile/page-1.html

1 SHiB server (This is the mini-computer that store and communicate sensor data.)

3 Relay

24 | Infrared sensor (Front and back door; Bedroom A/B/C Bed/Door/Area; Kitchen Sink, Stove, Refrigerator; etc.)
2 Temperature sensor

Magnetic door sensor

10000
5000

Date
# Relax # Hygiene ¥ Leave # Enter Sleep
& Cook # Eat @ Dishes # BedToilet ® Work & Other Sep 15 Oct 15 Nov 15 Decl:;i Jan 16 Feb 16 Mar 16 Apr 16
ate

2015/09/08 22:00: Relax:0 Hygiene:0 Leave:0 Enter:0 Cook:117.5 Eat:0
Dishes:0 BedToilet:0 Work:0 Other:300 57

R N WWASHINGTON STATE
Activity occurrences EF Univois iy

Adirld Class. Fece to Face.

Snapshot Activity Level Activity Types Staius MNighttime Behavior F

o

25000

et Average over #honurs

(1]

5 20000

=4

o 15000
w

Activity Level

Sep 15 Oectl5 Novl1s Decls Janl6 Febl6 Mar 16 Apr 16
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° AAL
o Amb'll
ble systems

* Assistive robot:
® Activity recognition

® Case studies
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Blooc

Heart rc
ECG dev

EMG device
* EEG device
* Pulse Oximeter

* Movement (activity, falling ec

* 9 (6) DOF IMU
* Accelerometer (3 axes)
* Gyroscope (3 axes)
* Magnetometer (3 axes)

INNOSOC VALENCIA 2017 WORKSHOP

InnoSoc

e-Health Sensor Platform V2.0 by Cooking-Hacks

Airflow Sensor
Patient Pasition Sensor (Breathing)

Electrocardiogram

{(Accelerometer)
Sensor (ECG)
Blood pressure sensor —,
(Sphygmomanometer) @

f/f »\ Electromyography

O ﬁ’ Sensor (EMG)

Pul dO en | A -
Bfozzaslnsoxrﬁg;glz‘; - e-Health Sensor Shield for
i =T Arduino and Rasberry Pi

Galvanic Skin Response

Body Temperatiire Sensor Sensor (GSR - Sweating)

May 2017




GPS, commumnication
TV display

Solar Cell

' o : Fall sensor
* Close to the _‘ o I Accelerometer

* Biomedical | ] PRI (22— Keyboard
' i Data logger
* In pocket or small bc : ; Light effect,

I Color effect
* Data acquisition - Actimetry _ Optical fiber
* Processing Deug Delivery ‘ Radar

. ) ) Skin Potential ! Electricity converter
Communication Conduction and ‘ Heat flow

Temperature

« Thermal Bra »

Energy Recovery
System

*A. Dittmar; R. Meffre; F. De Oliveira; C. Gehin; G. Delhomme; , "Wearable Medical Devices Using Textile and Flexible Technologies
for Ambulatory Monitoring," Engineering in Medicine and Biology Society, 2005. IEEE-EMBS 2005. , vol., no., pp.7161-7164, 2005

INNOSOC VALENCIA 2017 WORKSHOP May 2017 21 ?



Data hub

S
ensors (Handheld device)

Sensors on body
communicate data

Bluetooth (LE) |
ZigBee T—

Proprietary protocols (Bluerobin, SimplyciTl, etc.)

WIFI
3G/GPRS

INNOSOC VALENCIA 2017 WORKSHOP
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S|

oA‘

* AAL
o Amb'll
- WeqraISI _

® Activity recognition

® Case studies
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Robots and
robotic devices

Personal A

Industrial robots Non industrial robots

istance
assistanc e

robots | ? /\

Assistive robots Non assistive
robots
1

Non social assistive robots Assistive
social robots

Persons witk
Students, children

Everyday life support |
Assess functional capacity
exercise for function development

Assessing acceptance of assistive social

Communication support ; :
robots by aging adults - Author M. Heerink

Education

INNOSOC VALENCIA 2017 WORKSHOP May 2017 24 ?




Georgia Tech — Cody ro
Carnegie Mellon Universit
Fraunhofer Institute - Care-O-
Yale, University of Southern C
~) MIT - Socially Assistive Robotics proje
+ CIR and KAIST (Korea) - own developed robot. -

Almost all
life, includi

INNOSOC VALENCIA 2017 WORKSHOP
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From Left: AnyBots OB, RoboDwnamics TIiLRL, Gostai Jazz Connect, Mantaro's Mantaro Bot, and VGo

BEort:

()]

TiLK

Tazz Connect

tlantaro Bot

WIoo

belanutactirer:

A nyBots

KoboD wnatmics

(Sostal

lartaro

WSO

Sywrai lability
Date:

blarch 2471

Surmmer 2008

Tanuary 24011

Belarch 20771

MMovermber 20740

Frice Tapg & Fer
tlonth Charges
if any

315 LD F T4

F 140 DD FEAD-
I 100 o user

T, 0040 S A

I3, 5000 D

15,505 ¢ BI040

Height S
Wreight:

Heipht Adjusts:
E0-747
35 lbs

427 andag”
&0l bs

A0 F 18Ibs

=3" f 40 |bs
1557 x15.57
footprint

A8 tall, 13157
footprint F 12
Ibs

5.15 feetfsec

3 5 feetfsec

3 65 feetfsec

2 .05 feetfsec

May 2017 25
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RP-Robots - iRobot and InTouch Health common developments
! ' = sk

SEE,

- = v

iRobotAva  RP-VITA RP-LITE RP-VENTAGE RP-XPRESS
Beam Remote Presence System (RPS)
Willow Garage

Suitable Technologies division of
Willow Garage research labs

INNOSOC VALENCIA 2017 WORKSHOP May 2017
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Remote user site: Robot site:

2

-—'ﬁf‘ ; iRobot Create /Pioneer
- - PVC pipes/Aluminum frames
¥ hold up a Tablet {iPad, Xoom,
menitor)
Fitpe2/Fitpc2i
Hokuyo Rangefinder
USB Logitech QuickCam/Q24

The Xoom:

= Dual-core NVIDIA
Tegra 2 processor
802.11n wireless
10.1", 1280x800
display

An Open Platform Telepresence Robot with No Interface,
Laboratory for Advanced Sensing, Computation and Control , School
of Electrical and Computer Engineering, Oklahoma State University

INNOSOC VALENCIA 2017 WORKSHOP May 2017 27 ?
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T
Xili

Linu>

6 ultras

3 axis digit

Wifi module

RFID reader

USB camera

Bluetooth module

Accumulator

DC-DC converter

Android smartphone for video stream

INNOSOC VALENCIA 2017 WORKSHOP May 2017
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Gene
. Ve\.
* Patie
* Daily «
* Monitorin

Monitoring ._

list
er forecast

genda
‘Games
Medication remainder

LOKARRIA &

Dashboard Admini: ti

. ester Video Susari § ; . |
F T * Robot navigation

[7] Local and remote application interfaces DOMEQO project A. Lago, DOMEO, Domestic Robot For
Elderly Assistance. First Results and Perspectives, AAL Forum 2011, Lecce, Italy
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platform for robots
Microsoft® F
ROS (Robot Ope
RobuBOX - Software De
Urbi Open Source - Urbi new innovative, easy to use, powerful, universal robotic
software platform
Gostai Suite - complete IDE

INNOSOC VALENCIA 2017 WORKSHOP May 2017 30 ?



C

James oject -
has co

A RoboE: ing to
develop "W about things,
ambient and ta y

el
RobhoeEearth @ CLOUD PLATFORM MOBILE i
DEVICES

Object Environment Action
Databases Databases Databases
- ; CLOUD ENABLED
Action Action [ Data Encoding ] \ ROBOT
and Situation Execution
Recognition — —

and Labeling

Environment
Modeling
Obi Master —_—
Ciect Control _—
Recognition Learning

sjuauodwon
Juisuag

Hardware Absuraction Layer Hardware Abslraclion Layer
(Drivers, Motion Primitives) (Drivers, Motion Primitives)

XN
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* is a sof
* the capc ntial rate
* the most

* Amazon A

* Google Assisi

*  Microsoft Cortan

* Apple's Siri.
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HC

Virtual

* Into c _

* In instar . Facebook's M
(virtual a 4 'I
Built info a mc 1 iOS devices, or into
a desktop OS suc
Built into a smartphor 3 isung Bixby on the Samsung
Galaxy S8, and Goognl istant on the Goo Pixel.
On other mobile apps such as Googlé Allo
On smartwatches, In appliances, cars, and Android Wear clothing.

INNOSOC VALENCIA 2017 WORKSHOP May 2017 33 ?
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What can you do?

Service
* Prov

facts vork?
McDonald's?
lean?
- apple?
as Spo’rify and F C s in a burrito from Cafe Rio?

stations; read audiok ' game2
= S&P 500 doing?

Play videos, TV shows or mov How is GoPro's stock?

televisions, streaming from e.g. Ne’rfllx 15. Spell Pterodactyl

16. How do | say “More Please” in Spanish?
17. Whatis 10 x 102

18. How many species of tiger are there?
19. Where is the nearest pharmacy?

20. What is their phone number? May 2017 | |34 ?

an alarm
Play music fr

Buy items from e.g. Amazon

INNOSOC VALENCIA 2017 WORKSHOP
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is

Sto
follov
2017.

Google Hom
services through

Assistant. |

Assistant is able to engagk sers

Google Home includes home automati I abling owners to
use it as a central hub to control smart dewces Examples of supported
devices include the Chromecast digital media player, and products from
Nest, SmartThings, Philips Hue, and Logitech Harmony

INNOSOC VALENCIA 2017 WORKSHOP
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Volume ring

Reflex port
Enhances the woofer's output for
deeper sounds without distortion

) 3 2.5 inch woofer
m I @ Delivers deep bass response

- T h e 0o )
. " ‘ i.r{:s:l;hhiﬂ\:elf:rmgh notes
assistan

83.5 mm

Light ring

Action button

7-microphone amray

Microphone off button

INNOSOC VALENCIA 2017 WORKSHOP =
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He me Vs Amazon Echo Review
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S|

oA‘

* AAL
o Amb'll
- WeqraISI _

* Assistive robots _

® Case studies
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A SIG ITION

* Acti

. d=(xy,2)
at 60 HZ

[ d ol
d[1..60]
prep corresponding to 1
second

feature

* minimunr E= 100,
N f_max=2 HZ

entropy

feature selection __ e Select some
features

recognition of current activity (wi el etwork)
_— 0.7 Walking

® Sensorial data fusion: 0.3 Cycling

®* combine different sensorial information in order to identify the state

of a patient (temperature, acceleration, ECG, heart rate)
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Data
Types 4
| y
Time lmage) :

‘ Accelerometer C ' PIR
y & . Gyroope | thermography RFID

Sensors (e.g. ECG)
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SEN

® Accele

®* Can b Regular walking

® runni

walking,

seating,

standing,

falling,

etc.
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Raw sampled acceleration

& InnoSoc

Filtered signal

}

J

100

INNOSOC VALENCIA 2017 WORKSHOP

500

400

300

200

100

0

200

Samplesﬂ

v

(=3
O
Frequency Samples

(o]e]

FFT transform

0

Wil

100
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C )

The us

An orig
Generato
We have d

Summing Activation
junction function

—.y

Data Memory

Control Logic Activation Function

y(x)=fla-0)=f (ZWXi - 49) Weight Memory

McCulloch-Pitts modell
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S|

° A i
° AAL
o Amb'll
< WeqraISI _

* Assistive robots _

® Activity recognition
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Fig

ra 7.6 Manusa SDT- Data Glove §

INNOSOC VALENCIA 2017 WORKSHOP

interface box
opto-electronics

ribbon cable
lycra glove
tilt sensor®

interface cable

& InnoSoc

@

T
|

.
i
2l

EF‘
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* two level architecture
* Preprocessing FF NN
 Gesture classifying NN

Implemented function _ f'WIIMM’INMM lU mw l|| m“
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o@L ooy -=.=

Prone Left Lateral Recumbent

Supine Right Lateral Recumbent

yostures

T T T T
sitting rone  Supine Left lateral recumbent

L L L L L L L L L
Samples - 100 200 300 200 500 600 700 800 900 7000

INNOSOC VALENCIA 2017 WORKSHOP May 2017 48 ?



120

» lnnoSoc

100

T T T T
Hearth rate during test period

A

Wal

Runni

Running -100L
Seating

1
2
3
4
5
6.
7
8
9
1

o

body position

L
f‘ A0 S000 SO00

change period

o

u|III

L
1000

L
2000

L
2000

Serial ChipKit Max32

a

1000

Android
phone

Command module

o

000
T

2000

L
3000
T

L
2000

L
2000

Communication module

000

2060

o
L oa0@mao0ma

|
3000
T

000
T

2000
T

o

(acceleration sensor)

1
536 =
Ll [T T 1T

Chronos watch / Ch tch iver ( ) \
[ ]d-Simp]jciTi-P[ ronos vjﬁ"l: recetver Bluetooth module
J

& Bl

L
000

L
2060

L
3000

o

|
000
T

|
2000
T

N Ve ~
Chronos watch T Chronos watch receiver
'4- mpliciTi }i
[ (acceleration sensor) Si e AP2 ) L SD card module )

o

000

2000

o

L
1000
T

L
2000
T

G40 04000 4

S o o e o °o—— o @

N ( N
BM chest belt BlueRobin- BM heart rate RTC module
(heart rate sensor) \\ chest belt receiver ) L /
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i

Query

SQLite database

INNOSOC VALENCIA 2017 WORKSHOP
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MotionMonitor MotionMonitor

CONNECT TO ALL

Connect
Disconnect

Disconnect from all

56

MotionMonitor Dashboard

Filter for sensordata:

2016-12-01 19:13:41 = 2016-12-3121:02:31 =

Show Sensordata

MOTION DATA IN THE SELECTED INTERVAL

May 2017
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i |l'\[!\|!|¥l_,l.lu_u_lulh_m!. .

e

acceleration (g)

samples

Spaciral entropy
oL

Spectral energy
SN

:

Spﬁtliral sentod
-

3
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OTl

g capability and adaptive behavior * Assistive robotics
ecoghnition
* Featu
* Feature * Legal & Ethical Challenges
* Classificat

for malpractice?
Big brother " Jrsement
Stigmatization entiality

* Technology
* Power harvesting - ~ Device interoperability
* Size * Integration of robots, smart home,
wearable /mobile, sensors, e-textile
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R

. Va oduction,
p.

. Pete sical Systems;
Sprin i

. Steve

. Parisa | .;

. Patel et ! on. Journal of
NeuroEngih 4 '

. Ha M. Do, Craic g, An Open Platform
Telepresence Robot stomation, Control and
Intelligent Systems (C rence, 2013

. A. Lago, DOMEQ, Domes’rl K sults and Perspectives, AAL Forum 2011,
26-28th Sept 2011, Lecce, I’rqu :

Gerontechnology Journal: International |ournql on 'rhe fundqmentdl aspects of technology to serve the
ageing society http://www.gerontechnology.info /Journal /

. Assistive Technology: Journal of Assistive Technologies
http:/ /www.emeraldinsight.com /journals.htm2issn=1754-9450
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10.

11.

12.1 !- activity

rec ronic Packaging

(Sl i

13. G. Se et of Things, 2014
IEEE Inte th edition (AQTR
2014),C r

14. S. Oniga, P. orid Neural Networks to
Support Indepen al Intelligent Systems: 8th
International Confere e Notes in Computer Science,
Springer-Verlag, 2013, pp. 4

15. Récker, C. (2011). Designi Ambi _ ations: An Overview of State-of-the-Art
Implementation Concepts. In: Modeling, Simulation and Control, International Conference on Informati
and Digital Engineering (ICIDE 201 1), Singapore, pp. 167 — 172.

16. hitp:/ /www.eecs.berkeley.edu/~yang /software /WAR /index.html

17. http:/ /courses.media.mit.edu/2004fall /mas622j/04.projects /home /
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