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Smart Environments

What is a smart environment?

A Smart Environment is a place that has been
enriched with technology (Smart Objects).

Smart (virtual and/or physical) Objects are objects
that provides new/additional services and ways of
interacting with people and other smart objects.
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Smart Environments

A wristband counts your steps and notifies that
you have achieved 50% of your daily target, is
this “smart”?
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Smart Environments

A wristband counts your steps and notifies that
you have achieved 50% of your daily target, is
this “smart”?

NO!

A smart system would count your steps, verifies that you
achieved 50% of your daily target but that you still have 4
hours in the afternoon to accomplish your goal, the weather
outside is bad so it suggests you to train at home with an
exergame and it estimates for how long you need to train in
order to burn the same amount of calories!
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Where are most of these results
coming from?

 FARSEEING (EU FP7, http://farseeingresearch.eu/)

aims to promote better prediction, prevention
and support of older persons, by long-term
analysis of behavioural and physiological data
collected using Smartphones, wearable and
environmental sensors: leading to self-adaptive
responses. The FARSEEING repository is the
world’s largest fall repository (inertial sensor-

based)
t IFFIRSEE"'IG
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Where are most of these results
coming from?

e CuPiD (EU FP7, http://www.cupid-project.eu/ )
project has a focus on people with Parkinson’s
Disease (PD) specifically on motor learning and
rehabilitation principles. ICT-enabled systems
have been developed to provide, in the home
setting, personalized treatment. Motor
rehabilitation programs include: i) exergaming, ii)
training of walking and iii) training for preventing
Freezing of Gait episodes i

Qpid
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Smart Environments

Possible ingredients for such an original recipe:

* Home control and automation systems

* Wearable systems

* Portable/mobile devices
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Home Control and Automation

* Home Control and Automation (HCA)
systems are often modular and offer the
flexibility and dependability to make life

easler.
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Home Control and Automation

* HCA systems can integrate
a variety of environmental
sensors that allow early
detection and warning of
equipment failures or
conditions that exceed
user-defined limits.

Legend |

User [1]

Warning [2]
Camera [3]

Speaker [4]

%) | Movement Sensor [5]

Gas/Smoke Sensor [6]

Door Sensor [7]

Lights [8]
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Home Control and Automation

* Every aspect of the home
environment can be
monitored and controlled
both indoor and remotely
through remote controls, |
touch screen panels,
personal computers,
tablets, or even
smartphones.
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Wearable/Portable systems

 Wearable sensor systems for
health monitoring are an
emerging trend and are
expected to enable proactive
personal health
management and better
treatment of various medical
conditions.
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Smarthome?

Contrary to visions that consider home automation and
personal health systems as a mean to replace or to
simplify the subject control and actions, in the
FARSEEING and CUPID approach smartphones,
wearable sensors, and home based technology are
used to stimulate the user by making life mentally and
physically more challenging but without losing comfort.

f';'fnnseema @;'E
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The Smarthome

e A smarthome system in FARSEEING is equipped with a
“Scenario Programmer”. It is possible to define and
compose a set of conditional rules defining “what”,
“when”, and “if” perform specific actions

e The execution of a scenario can be triggered by the
user but also by external events like the opening of a
door, a detected movement, a temperature change, or
a detected fall.
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The FARSEEING Smartbox

The Smartbox is basically a PC—based platform running

multiple software modules in parallel:

 an FTP server used for remotely retrieving
information/reports about the user

 sending commands to the home automation system
in order to activate specific scenarios

* monitoring and logging of the status of all the
peripherals including any interaction between the
user and the system

e generating reports about indoor and outdoor
mobility of the user
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Wall-mounted
Touchscreen

Movement Sensor
plus a power socket
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The Smarthome User Interface

farseeing
- Esercizi
Meteo Mettiti alla Passeggiata e Gioco
prova (Consigli)
i J \_ _J
4 0
Obiettivi Aiuto
. J
Commenti:
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The Smartphone

 Smartphones in FARSEEING are
used for:

1. continuously monitor the user’s
physical activity

2. real-time fall detection which is
synchronized with a remote
server for alarm management

3. interacting with the home
automation system

Waist case belt used for
wearning the smartphone
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The Smartphone User Interface

35%gh 10:58 35% g 10:58 \Ejl ol 15:25

@ FallMonitor@Home

Fall Detection Settings

H E " ) Fa" MOI'IITOI' Info Your Personal Goals has been
aveyou rallen : updated, check your progress on the
wall Mounted Touch Screan

It was a false Alarm!

Calling Automatically in 5sec...
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Scenarios: Exercise

tcmno

Mentre guardi la televisione:

Mettiti seduto sulla sedia con la
Balance | . zzmgzglzen appoggiata allo
Alza lentamente una gamba fino a
tenderla

Lascia molle il ginocchio Image supplied by the COC

farseeing farseeing

uesto esercizio ti auitera' a tenere I 1 .
l?equilibrio. ; Ripetere 5 volte.

Inoltre ti ajuta nelle Faccende Questo esercizio migliora l'equilibrio
quotidiane. e la forza nei polpacci.

£
<

Image supplied by the CDC Image supplied by the CDC
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Scenarios: Exergame-based Exercise

R
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Scenarios: Walking

Daily
Day 1 Percentage
'“f’_;" 2%
44% / '\'-‘
Lyin
. yine J 48%
Sedentary 0 5 10 15 ‘
Hour of the Day Daily
Day 2 Percentage
Gait 3% 1%
: A
Active A
40%

55%

10 15 20
Hour of the Day
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Scenarios: Fall Detection

* Fall detection: when a fall is detected by the smartphone a
message is sent to the home automation system which also
activates the wall mounted touchscreen.

/ Fall detected. Has someone fallen? \

[ Yes — call for immediate assistance! ]

[ Yes — | am ok but need assistance today ]

S | No. I am ok ] y
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Scenarios: rehabilitation at home

* Biofeedback's working principle is based on information from
the body coded into an appropriate signal and provided back to

the user in real time.
Mobile phone with Headphones
ABF applqﬁf:atlon ~ for auditory feedback

Increase Step
Length

Increase
Speed

Good
Performance

Training results report
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Personal Goals

e The wall mounted touchscreen also shows the status/progress of
the personal goals of the user. Feedback messages are delivered
in the form of a growing garden with specific elements being
awarded on the basis of the task completed on a daily basis.

4 )
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Passeggiata Esercizi Gioco Totale

[Commenti:

-

| tuoi progressi ] Ok —“/
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Complete Architecture

Telemedical Service
CuPiD Telemedical
Service (daily reports)
Smart-Home

BUS SCS

FARSEEING MY HOME=
Repository bhicino
[ Ethernet TYTITTIL
Internet b r lén
Smartbox
Passive
~~~~~ — __ RFID
p 2 ( . D yTees
18 ™ R —
A L
\\“\\ sl’\/
\\‘ \ N Ethernet

Gait Training/Rehabilitation
Freezing of Gait Prediction/
Detection (auditory cueing)

Wearable Unit

3 Exergame\\\
\ (Camera Based) .
v =

Q@

Wearable Unit Docking

\
Exergame (Wearable sensors- baSed)

Up’n’Down.



Scenarios
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Scenarios

YOUR FRTHER MRY BE N
TROUBLE, PRESS X TO RCCESS
THE RERREST CRAMERRA! OR

PRESS ¥ TO TRLL HIMY

Hello Charles, Yes | just ™
fell but | am fine and up off
the floor uninjured.

are you
all right?
\_..’/
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Scenarios
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Scenarios

e ——

2~

/ FARSEEING ™ <

~Mr. Brown, canf speaking. Mr Brown Y R
/SOS recelved

you hear me? needs help...
| noonei
. - b answerin

| am opemng
_ the front door '

N6
going in!
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What we can get out of this
architecture?

¢ Activity Monitoring

<1%

¢ Not Wearing Time: 810 min
¢ Lying Time: 0 min

¢ Sedentary Time: 0 min

e Active Time: 0 min
L]
L[]
L]

. Not Worn
. Lying

Sedentary
. Walking Time: 0 min
Active Number of Steps: 0
Gait Mean Cadence: 0 steps/min

¢ Cadence Range: [0-0] steps/min

0 5 10 15 20
Hour of the Day

¢ Room Occupancy

* Movement Sensor

36%

Living room

18%

10 15 20
Hour of the Day
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What we can get out of this
architecture?

e Room Occupancy

Outdoor

49%

0 5 10 15 20
Hour of the Day
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What we can get out
of this architecture?

W Movement Sensor

Living room

*

¢ Room Occupancy

<1% 5/
0
..I I. — 30%

‘ I‘ OD
L) % 40

-‘ Hl | ‘ l | )
3%

20

Hour of the Day



. Not Worn
. Lying

Sedentary
Active
Gait

What we can get out of this
architecture?

e Activity Monitoring

e Not Wearing Time: 287 min
® Lying Time: 7 min
e Sedentary Time: 452 min
e Active Time: 111 min
¢ Walking Time: 60 min
e Number of Steps: 4407
* Mean Cadence: 66 steps/min
¢ Cadence Range: [41-110] steps/min
10 15

0 5 20

Hour of the Day

Guest room

e Room Occupancy

* Movement Sensor

10 ' 15 20

Hour of the Day
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What we can get out of this
architecture?
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When a model is well defined...

Wearable sensors
> & Stimuli
Smartphone
A G
monitoring
METRICS l
Self-Adaptive Physical

Persuasw.e& (ELI’--@QQ&Q’ Health Evaluation €| Fall Risk Profile |[€¢——
Stimulation e Compiexity

Technology
T l monitoring

1

5| Home Technology

Stimuli
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When a model is well defined...

Gait speed

%change -:r' aaaaaaaa p) S

Intra-session

Inter-session
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What do we

do now?

Fall Collection: Information-Type-Based Fall Collection: Indication-Based
Inertial Sensor e Elderly living in the

Vital Signs community
Enviromental Sensors

Questionaries
Clinical Exams
Checkup

* Elderly at high-risk
of falling

Standardisation _ & % &5 ' _ Fall Risk
Process Y . ? " Assesment

Fall Assessment ICT FALL \
Eorri & | Classification REPOSITORY Algorithms | Fall Prediction

Automated
Classification

Fall Detection

Database
Structure

Knowledge
FALL RISK MODEL

Movernant
Hean

. Proassure
. Respiration
. Bohivvlour
. Medications ‘
. Exorcise R
. Histoe:
Evana RISK

| FALL RISK PROFILE |

Person & Lifestyle) Environment




Man and Woman

What do we
do now? "

65 years old Time
-
Functional Decline
= A
Risk Screening

(

Prevent! | (eun2o20)

e Balance
e Strength

¢ Physical Activity

¥

£

|
t {

A

\
/
* Activity Monitoring\ ("o Self test 1
A B
RS
- J - 4)
Level 3
Level 2
Level 1

T




What do we do now?

e DATA OF SINGLE USERS
PROCESSED FOR PERSONALISING/
UPDATING FEEDBACK/STIMULI
RULES AND STRATEGIES

/

ﬁe&entlf

RISK SCREENING

TooL

CLOUD-BASED
SERVICE

¢ DATA OF ALL THE USERS
PROCESSED/AGGREGATED
FOR REPORTS AND
STATISTICS AND FOR
GENERATING GROUP-
BASED FEEDBACKS AND
STATEGIES
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Data Mining

* The nontrivial extraction of implicit,
previously unknown and potentially useful
information from data [Frawley, 1992]

* Data mining is the process of selecting,
exploring and modeling large amount of data
in order to discover unknown patterns or
relationships which provide a clear and useful
result to the data analyst [Giudici, 2003]
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PROCESSED SIGNAL

RAW SIGNAL :ﬂ \[A\/’gﬂ&[\/ /\Wn /\“ J”M

* W >
TIME [s)

 (mos)

- " £}
TIME [s]

Knowledge




Data Mining: Various Techniques

Classification |
. Supervised
Regression
Clustering .
Unsupervised

Anomaly detection
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Feature Extraction: The Instrumented

z;) Sit-to-Stand i
b) Stand-to-Sit
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Feature Extraction: The Instrumented
Timed Up and Go Test

AP Acceleration [m/s®]

CTRL

Processing (filtering, segmentation. ..

4

Extraction of Descriptive Features
from the signals
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Feature Extraction: The Instrumented
Timed Up and Go Test

O  Feature

———— — — — — — — — — . —

S S S B B SN BN BN B B S B B B B S —

Sit-to-Stan C Gait p)

NStand-to-S |
Degrees
Duration Turning Speed
Root Mean Square Duration . .
Gait Duration
Mean Value Sten d . L vaciabili
, .. Step duration: mean and variability
Standard Deviation P ’

) . , Phase: Step Duration / Gait Cycle
Normalized Jerk Score I o M
Phase Coordination Index : Gait ssmmetr
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Coordination/Simmetry?

AN LN

360° |

@ 0=360° steptlme_
gait cycle duration

Phase Coordination Index (PCI). PCI measures gait coordination
(i.e., the accuracy and consistency of the phase generation).

1 N o
| =180 |

PCI = Phase CV +100 - N1
180°

*Plotnik et al, 2007
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Coordination/Simmetry?

Step and Stride Regularity
can be assessed by means of
signal autocorrelation.

The ratio between Step
Regularity (Adl) and Stride
Regularity (Ad2) is used as a
measure of simmetry

*Moe-Nilssen et al, 2004
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What typically happens...

Poslural Postural
Tremor Measures Measures
Measures (acceleration) (displacement)

T —— R —

T . =SOSR
| ! !

Raw acesleration Tremor-free acesleration Tremor-free displacement
[mimys?] [mmis?] [mm]
200 200 200
g
\ e M =
" 1 AT . Y PV Y
N - S
20 200 20
o . 30 o . 30 o . 30 [ Tremsor M Damaln Iseseription Directons
Time [$] Time [5] Time IS] | Powor HE Froguonay Froction of porser of the signal for high frequencios Ohrteven £ and 7 Hiz) %] AF. ML
[a) [h ) (e} Peak HF Fregquemiy Frequency of the L“'TT ﬂr.ulhrlsu for hig frequen:ies AF. ML
RHL Freguency Power ko of the Ili#m(.‘r;‘-n-[r\lli[:[;;l :‘:1:;':.-;1 15 = 2.5 Hz) frequency AP ML
QS ConpITIoNs | Pl Measurs | o, ——
i Frequency 1% power frequency: frequency comaining S0 of the ol power [Hz) AF_ ML
[ P Frigimiy S powes Imsjuersery: [wusney comlainsg 95% of e 1ol power [Hz] AP, ML
J“ - D l i Pcrt“rbcld wStuMI CF Freguency | Centrosdal Pregeency: the fregeency u which specirel mass s concentrebad | Hz| AP ML
Acronym escription -
suh.sjstm Fregquescy Dispersion: & unithess messure of the varkabiliy of the PSD frequency
N Fragiency cumem dzeen for pane sinusn ki, inceersass with specarsl bandwidih o oo} AF_ M
. Eyes Open on a rigid funillcys}
EO None
SUl'EHL‘E Ersropmy Frequency Power specinm enrog of scceleraiion (usitkess| AP ML
. Cy Jewk Baale: & Munetion of the Time dedvalive af he l|.\~=|n_=|li|||| i ey .
1_,'(_‘ ]—:}Ics Clﬂlﬁﬂd on a ﬂgld V' l n Tine wiewrl a5 on incex of smocthness [mm'"] AP ML
e surface 15ua [ NIF Time Marmlized Jerk e 1] o5 nommalized by dividing it by 5P [ 15] AP, ML
Eyes Open with Dual e PeserSptinn
EODT ! - .oy " f"ll.“entiﬂ'ﬂ [ [XT5) Time Mean Distance from center of CoM trajectony [mm) AP, ML
Task on a rlgld surface [ RME Time Feruod Mizan Sepeare distance from center of Cold smiestory Jmm) AF, ML
Kange Time Ranpe of Cob] diplucemem [mm| AF. ML
]:'.Dl'" E},"CS Dpﬂ‘tl ona SU“]alK}-bL’ﬂS{}r}" s Tume Sireay Path; soul Cobl trajectiory kength [mm ] AF. ML
Foam-rubber support WY Tims \1.-:: Welocity uf the CoM computedas the medsm valie of the ibsnhne value af AT ML
| the time serics obimned thmoagh the dermvativg of the displacemost [mm®]
ECE Eyes Closed on a Somato-sensory + sA Time Swny Area: area included is CoM displacermat per unitof time ] plarar
. y ) . [ CEA Time Confidenee Ellipse Arca: arcaof Vo7 confidene ¢llipse [mm’| plrar
Foam-rubber -‘\UPPUﬁ Visual | mECEA Time Minor Semizxis of CEA [mm] pilmar

Many sensor axis and Hundreds of Variables!!!
conditions...




Dimensionality Reduction

There are many possible approaches:
* Correlation Analysis

* Principal Component Analysis (PCA)
* Backward Feature Elimination
* Etc.
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Dimensionality Reduction and Human
Interpretable Information

* Factor analysis: it can be used in order to
reduce the large number of variables in the
dataset and for underlining the structure in
the relationships between features
(unobserved variables)
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Dimensionality Reduction and Human

Interpretable Information

feature E.V. factor ADL IADL CESD FEAR PA FALL HG PR TMT SPPB
FACTOR ANALYSIS OF THE EXTREME VALUES OF THE FEATURES
o Sedentary time % Activit
e  Active time % 0.13 L Iy -0.13 -0.13 -0.16 -0.15 028 013 -009 017 0.03 0.21
o Walking time % eve
. Mean turning velocity (95) Turning i i i i i i
. Peak turning velocity (95) 0.12 Velocity 0.13 -0.14 -001 -011 0.26 006 016 0.12 0.20 0.48
. St. Dev. step duration (5) Gait _ _ i _ i
. CV step duration (5) 0.11 Variability 0.10 -0.05 0.03 0.08 0.04 0.03 -0.03 0.02 005 0.00
o AP Harmonic Ratio (95) Gait
e AP step regularity (95) 0.10 Reaularit -0.09 -011 -0.08 -0.02 007 001 018 015 0.03 0.19
o V step regularity (95) egufarity
. ML Harmonic Ratio (95) ML Gait i i i i
. ML step regularity (95) 0.09 Regularity -0.07 -0.13 0.07 0.03 0.07 -0.09 0.01 0.15 0.06 0.02
. . Turning
. Mean turning duration (5) 0.07 . 002 -007 001 o001 -006 -009 -001 -0.08 010 0.02
Duration
o oEp el () 0.06 Sprint 003 011 006 009 -003 006 -009 005 000 001
o Coordination Index (5)
. Cadence (95) 0.04 Cadence 003 005 008 -004 003 -010 -008 -0.16 0.11 -0.16

1ST CONNECTED HEALTH "SUMMER SCHOOL" - 28/06/2016



[Live Demo]

Thanks for your attention
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