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The Tweifth
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The Tweifth i C
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Why Ambient Assessment?

Ambient Assessment of Vital Signs

Respiration

Circulation/Heart

Other measures
Ambient Sensing of Wellbeing
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Future Directions
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Why Ambient Assessment?

Critical to support the independence of the aging
population

Ongoing assessment of aging adults can provide
the needed information to care partners, family
and supporting health professionals

Ongoing assessment must not intrude into the
lives of the aging adult and require them to do
new or different behaviours

Challenge: Is the correct person being assessed?
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Ambient Assessment
of Vital Signs
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Respiration

Assessments to consider
Respiration Rate
Sleep Apnea
Cough
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Pressure Sensitive Mat Sensors

Arrays of pressure sensors
force sensitive resistors
vibration/sound sensors
piezoelectric film sensors
fibre optic
infrared proximity

Can be placed in many locations
Under bed mattress
Under seat cushion

On grab bars
On floor
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Respiration Rate L

Pressure sensitive mat | ?1%
deployed under the mattress —

i - i
Can detect pressure changes
associated with chest and

abdomen motion associated J o ]
with breathing EE .
Note in some positions, S r
chest and abdomen changes AR lf NI
are 1s opposite direction. AU T
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Sleep Apnea

a) Actual C5A
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Sleep Apnea is a cessation of
breathing of 10 or more
seconds.
Central Sleep Apnea — no 0 10 20 30 0 50 5
chest motion.
With the ability to measure . | ,
respiration, Machine S IV VA R T IR AR
Learning algorithms have ' , ' ot e
been developed to allow 0 10 0 30 % 50 60
detection of central sleep
apnea events.
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The Tweifth

Video Magnification

Before Eulerian Magnification

Signal processing
technique to identify
minute changes in video

Used With thermal and Inhale ) Exhale | Inhale o
CO]OUI' VideO After Eulerian Magnification
Technique

Pick region of interest

Detect and enhance

small differences inthe | e |1 vt 40 ronae
frame to frame image
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Respiration Rate - Thermal Video

Inhaled air is at room S '
temperature while E Z:W
exhaled air is at body o —
temperature. g o0 T e
Detect the warm/cool air ~ * \ \
flow events around the g ¥ 7
noise and/or mouth N
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Cough - Audio

Coughs are described
clinically as wet, dry,
whooping, wheezmg
Assessment of frequency
and type
Wet and Dry coughs have
very different spectrograms
Current work focused on
distinguishing

the 4 cough types

exploration of the “COVID”
cough
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Circulation/Heart

Assessments to consider
Heart Rate

Blood Flow
Blood Pressure
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Heart Rate

Heart Rate assessment concepts
Heart Rate (HR) — average rate (typically beats/min)
HR can be assessed as an average or
Each beat can be identified in the time sequence
HR Variability — small variations in beat to beat timing

(Simall levels of HRV are normal but it can also be indicative of illness or
isease

Derived from beat to beat time sequence
Pulse Transit Time

Time delay between heart compression and pulse wave occurrence within
artery

Depends on distance from heart (vessel anatomy) and
Blood Pressure (speed of flow)

PTT can be measured through heart rate assessment at two locations
Changes in PTT correlate to changes in blood pressure

—
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Heart Rate - Colour Video

Pulse causes
Skin motion where arte
located close to skin surface
(wrist)
Skin colour shift through the
Hulse wave as capillaries have
owing blood and then empty

Video magnification (a) System Input
Can enhance skin motion to -
allow it detection leading to
beat detection
Can enhance colour shift
through pulse wave

Typically best shown within
reen colour band. It is visible
ut less prevalent in red.

(b) System Output
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The Tweifth

Heart Rate - Thermal Video

Video magnification can
also be applied to thermal
video to also detect the beat
level events

Advantage

Does not require light to
work!

Is not affected by skin tone
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Heart Rate - Thermal vs

Extracted Pulse Rates

Colour

Visible-Light Signal

A MJU Thermal Signal
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Blood Flow -

Lewvel Set

Thermal Video > waonhe

- Focused
assessment of
blood flow -
showing flow ' >
stopping in artery o Watershes
below a pressure
cuff occluding
flow

Normal

Occluded Flow

SOINS CONTINUS
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Blood Pressure -

Video Magnification

If HR assessed at two
locations, PTT can be
derived
Head and hands are two
potential locations
From these two locations
the relative delay between
peak in the pulse wave
provides PTT measure

PTT changes provide

indication of relative Blood
Pressure Change

Lower PTT - higher BP
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Others

Assessments to consider
Fluid Retention
Temperature

The Tweifth Intermational & o et Telemedicine; and S0k BWS]| ooy r‘q > b
., sEEeom © Wallace 2020 W : == s Carlet()n Bl’uyel’e

UNIVERSITY




Fluid Retention

Fluid retention is a
symptom associated with
Congestive Heart Failure
and Kidney (Dialysis)
Fluids will gravitate
towards feet during day
(because of gravity and
standing).

Fluids will return to torso
while lying in bed at night.
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The Tweifth

Temperature -
Thermal Camera

Body temperature is a
direct indication of
1llness and infection

It can also be indication
of circulation issues
such as associated with
sustained pressure

Limbs with limited/no
mobility

November 21, 2020
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Figure 3. Contour plots of the patient heels.
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Healthy Adult Right Foot

Figure 4. Contour plots of the patient heels.
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Ambient Sensing of
Wellbeing
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Mobility

Assessments to consider
Posture/Sway
Gait
Sit to Stand
Restlessness / Pressure Ulcer
Bed occupancy
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Posture/Sway - Pressure Sensors

Floor based pressure
mats and signal
processing to assess
center of pressure

Allows assessment of
stability and changes

in stability
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The Tweifth

Gait

Gait (walking speed)
provides a measure of
physical well being.

Sequence of ceiling
mounted motion
sensors provide means
to measure each time
an occupant walks

down the hallway.
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Sit to Stand - Pressure mats

The morning bed exit
provides a daily sit to
stand transition
Changes in mobility can
include

Speed

Failed exits

Bouncing/Rocking ~

Increased use of hands . Hip and hand pressure regions

Asymmetry |
Video analytics of
pressure sequence video
allows daily assessment

Hip pressure region

Hand pressure regions

C=w=
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Restlessness / Pressure Ulcer -
Pressure mats

Restless sleep can be
indicative of anxiety,
pain or many other
causes.

A lack of motion can
lead to pressure ulcers

Motion assessment
through pressure sensor
under mattress array.

© Wallace 2020
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Bed occupancy

Time in bed is a proxy
measure for time asleep
Frequent overnight bed
exits can indicate a
number of conditions
Urinary Tract Infection
Nocturia
Disorientation for time

© Wallace 2020
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. S’Fart End Mean St. Dev.
Nights Time Time N S
Sensor Time in Time in
(count) Error Error Bed (min) | Bed (min)
(count) (count)

Log 75 na na 562.4 39.6
W 75 7 9 550.9 44.2
E 75 19 580.2 36.9
B 54 0 1 566.2 39.4

Exits Exits EXFra
Actual . Exits
Sensor . Detected | Missed
Exits (n) Reported
(TP) (FN) (FP)
w 92 89 3 3
E 92 30 62 0
B bed 73 73 0 0
B motion 73 71 2 0
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Cognition

Assessments to consider
Games/Computer Use
Driving
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Games/Computer Use

Whack-a-Mole:
Tablet-based

Some memory?
Fair game as kid

Speed of processing &
Inhibition
Mole = Collect points
Bunnies = Lose points

Game levels — advance if

over 80%
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Games/Computer Use

« Participants learn the game
« Weekly: Are able to progress to higher levels
« Week-to-week: Improve over first 3-5 weeks then

more stable play

Participant 1 - Weeks1to 5
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Games/Computer Use

10 Sessions

0.90
.‘é’ 0.85
8 0.80 —MMSE 12
ﬁ 0.75
® 0.70 -==Group
£ 0.65 Average
- .
:.3
8 0.55
o 0.50
>
Z 0.45

0.40

1 2 3 4 5 6 7 8 9 10
Session
The Tweirth c on eHeaith, jcine; and Social ;6EWEII N e ". et
= © Wallace 2020 22on @ Carleton Bruyere &




Driving

= Driving Measures
= Velocity, Acceleration, Jerk
= GPS
= Time of Day
= Weather

Health Status Driving Fitness
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The Tweifth

Driving - Driving Signature

Gaussian Fit Ridge Lines for Mean and Minimum Events

Work has identified that
drivers have unique driving
behaviours such as TR
acceleration

and deceleration etc.

Allows drivers to be
distinguished

Change in these behaviours
can also be assessed.
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Driving - Behaviour Change

Coefficient of variation
measures of behaviours
during specific driving
events

Drivers with decline show
lower levels of variation

= Highway vs Urban Driving

= Turns vs Straight Dnvmg ]
o Eaasn—“—’ - —

for

14, = Specific Events
N Z Gi = Change in speed limit, changing lanes, intersection
CoV= 1 [\i1:1 x100% = Merging, turns at intersection
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Driving - Behaviour Change

Trip complexity
measures

Number of
destinations

Distance from
home

Frequency
Diversity of
destinations

© Wallace 2020

Frequency of travel to destinations at
,___yar'Lous distances from home
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travel radius
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Activities of Daily Living

Assessments to consider
Kitchen use and appliance use

Odour
Wandering
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Appliance Use - The Fridge

Simple contact SENSOors CH1986 Trimodal Pattern
applied to the fridge door |
to detect opening events

Associate with alarm to
alert when left open.
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[ I | |
Smart Home technology 2 2 2 g
allows this to be spoken 3 8 8 8

Hour of Day
message thought-out the
house.
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Appliance Use - Power Use

Appliances have differing
power consumption
properties

Transients when turned

on/off

Total power usage

Reactive power
Monitoring of power at
common point enables
appliance use analysis.

Ci on eHealth, licine, and ial
Medicine
o s © Wallace 2020

Load Devices Real Reactive
’ Power (Watt) Power (VAR)
1 Microwave 802.1 = 21.81 21414+ 8.08
2 Electric kettle T85.66+5.82 8459+ 1.19
3 Coffee maker 602.02 = 4,57 65.56 £0.92
3 Laptop charger 6595+ 0.64 84.69 £ 2.01
5 Incandescent lamp 5844+ 039 9.09 £0.12
6 Computer LLD 2871 £0.38 36.04 £ 051
monitor
7 Fluorescent lamp 1847+ 1.44 26 +2.81
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Thermal Camera

Historically have been extremely high cost
devices that limited their use

New low cost (smart phone add-on) cameras are
readily available.
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Appliance Use - Thermal Camera

Safety — provides options
for alerting
Stove left on
Pot boiled dry
Advance analysis of
nutrition
Meal complexity
Cooking behaviours
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Temperature Sensors

These sensors are readily available and extremely
small in size and at extremely low costs.

Sensor substitution is a concept where they are
used to measure something else.
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Water Use - Temperature Sensor

Temperature sensors on supply and drain lines
for sink

Easily applied to pipe externally vs adding some
form of flow meter.

Temperatures of 3 water pipes during usage

- Lukewarm Hﬂ—. ﬂlﬂ led pige-Dirain
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Fridge access - Temperature Sensor

Temperature Sensor located within the fridge.

Temperature data inside fridge

14 * *
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Fridge access - Temperature Sensor

Temperature Sensor located under the fridge.

Temperature data under fridge: Door opan events
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Yogurt at Day 1 v
08} vYs2 w—p : Milk Spoilage Trajectory
: Individual Milk Sample
urt Spoilage Trajectory
ample

Vv4
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Milk at Day 7

E-Nose technology
(e.g. AlphaMOS FOX 3000)

This is an emerging _
technology area with 2§y
products introduced and

in some cases removed from market.

Application to food spoilage has been shown

vy,

1"
. "
'Y12'\\D

Use cases:
Cognition — is person able to manage food quality?
Wellness — Quality of nutrition

;;,E‘L";‘,;'S{;':,:;,:h 2L © Wallace 2020 ‘65\’/\/5‘“ - r&’ Carleton B ruyére b

UNIVERSITY




Standing-Up/Sitting-Down - Wi-Fi

Hygiene is an important ADL
for assessment.

Washroom is not ideal for
many Sensors

Video vs privacy
Humidity/Safety
Wi-Fi is a low cost wireless
Slgnal 0 500 . 1000 1500
7 Still 2411 50 65
?“; Sitting-down 7 2516 0
3 =]
Ear}i{ results show potential E standingup o . _
for differing movements to be —— |
di Stin gui Sh e d Still Sitting-down  Standing-up
Predicted Class
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Wandering

PLWD:
77 y.0. Alzheimer since 2010

CG: wife 69 y.o.
Live together in 2 storey home

Wandering for 12 months
2-3 X night
Bathroom, kitchen, living room, door
2 exits from the home in the evening
No falls

Spouse: severe problem
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N
Wandering

Hello Peter, it is
still nighttime,
please come back to

bed.

Alarm: the front
door has been
opened!!
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Wandering

PLWD
Got up every night
Bathroom: 5-60 minutes
Went to kitchen: ONCE
No falls / injuries, no elopement

CG

Depression score improved from 13 to 7

New concept — UI between home and PLWD
S2o= @ Garleton Bruyere &

UNIVERSITY
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Bringing Everything
Together
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Bringing Everything Together

Assessments to consider
Privacy vs Autonomy
Episodic Data Model
Role of the Cloud
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Privacy vs Autonomy

Desire for autonomy is a driving factor of
positive view towards home monitoring IEEE Xplore PubMed

Many examples of older adults 20 artdes 149 aricles
circumventing the use of medical devices. ————
iminating duplicates

Understanding what makes them obtrusive »
167 articles

can increase user acceptance. !
Reading fitles and abstracts

Review highlights the overall positive |
attitude of older adults towards unobtrusive 2 arficles included
sensor technologies in smart homes when Reading full papers
they perceive the need and when they allow '

an older adult to age-in-place.

18 articles included

—
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The Tweifth

Episodic Data

Most sensor sources
provide insight into only a
small aspect

Most measures are
discontinuous and is some
cases occur somewhat
randomly

Combination of the
measures through sensor
fusion and deep learning /
Al is required to build a
holistic model

i c alth, licine, a
N r2|.zoz:x:ELEMEDmZ:mrvm i © Wa”ace 2020

Fusion
&
Data
Analytics

Reporting
& Alerts

Patient
Family/Friends
Care Providers
Clinician
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Role of the Cloud

In Residence Services
Sensor Failure Detection
Sensor Data Filter
Privacy/Anonymity

Internet Services
Network Connection Health
Fail safe mode

Services:
Priority Events
Local Autonomy and Alerts
Data Buffering and Caching

The Tweifth i C on eHeaith, licine, and Social
Medicine
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Security

Compression Encryption
Bundling Privacy

Reliable Delivery

Building level services

Common Services
Data Integrity
Data Flow

ents

Y
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Looking Forward

Most of these techniques are emerging and still
require work to be usable on a wide scale basis in a
general population deployment.

Need to improve specific assessments

guilding the bigger picture from the combined
ata.

User interface as aging adults are interacting with
increasingly supportive technology.

—

e o oo AGE-WELL National Innovation Hub

The Tweifth ional Ct on eHealth, icine, and Social Aé:W:“ Contre national d'innovation dAGEWE
and Analyh

o STELEMED 220 © Wallace 2020 r‘g Carleton Bruyére b

UNIVERSITY




Questions

Acknowledgements

This tutorial includes the works of many students that have studied with Dr. Rafik
Goubran, Dr. Frank Knoefel and myself over many years and our many other
collaborators from Carleton University, University of Ottawa, Bruyere Continuing
Care and many other organizations.

- 8 Carleton Briiére

UNIVERSITY

i c alth, licine, a
N r2|.zoz:x:ELEMEDmZ:mrvm i © Wa”ace 2020



References

Respiration

[1] X. He, R. A. Goubran, and X. P. Liu, “Wrist pulse measurement and analysis using Eulerian video magnification,”
in 2016 IEEE-EMBS International Conference on Biomedical and Health Informatics (BHI), Las Vegas, NV, USA,
Feb. 2016, pp. 41-44.

[2] S. L. Bennett and F. Knoefel, “Adaptive eulerian video magnification methods to extract heart rate from thermal
video,” in In 2016 IEEE International Symposium on Medical Measurements and Applications (MeMeA), 2016,
p. 5.

[3] S. L. Bennett, R. Goubran, and F. Knoefel, “The detection of breathing behavior using Eulerian-enhanced thermal

video,” in 2015 37th Annual International Conference of the IEEE Engineering in Medicine and Biology Society
(EMBC), Milan, Aug. 2015, pp. 7474—7477.

(4] H. Azimi, S. Soleimani Gilakjani, M. Bouchard, S. Bennett, R. A. Goubran, and F. Knoefel, “Breathing signal
combining for respiration rate estimation in smart beds,” in 2017 IEEE International Symposium on Medical
Measurements and Applications (MeMeA), Rochester, MN, USA, May 2017, pp. 303—307.

[5] S. S. Gilakjani, H. Azimi, M. Bouchard, R. A. Goubran, and F. Knoefel, “Improved sensor selection method during
movement for breathing rate estimation with unobtrusive pressure sensor arrays,” in 2018 IEEE Sensors
Applications Symposium (SAS), Mar. 2018, pp. 1-6.

[6] S. L. Bennett, R. Goubran, and F. Knoefel, “Comparison of motion-based analysis to thermal-based analysis of
thermal video in the extraction of respiration patterns,” in 2017 39th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC), Seogwipo, Jul. 2017, pp. 3835-38309.

[7] A. Arcelus, M. Holtzman, R. Goubran, H. Sveistrup, P. Guitard, and F. Knoefel, “Analysis of commode grab bar
usage for the monitoring of older adults in the smart home environment,” in 2009 Annual International
Conference of the IEEE Engineering in Medicine and Biology Society, Sep. 2009, pp. 6155—6158.

[8] M. Holtzman, R. Goubran, and F. Knoefel, “Robust Coherent Sensor Combining With Decision Directed Reversal
Correction,” IEEE Trans. Instrum. Meas., vol. 63, no. 12, pp. 3119—3126, Dec. 2014.

& Carleton Briyere &

UNIVERSITY

The Tweifth C on eHealth, icine, and Social AéEWE“ o
Medicine

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain




References

Respiration

[9] M. Holtzman and F. Knoefel, “Ambient context in breathing signal fusion,” in 2014 IEEE International
Symposium on Medical Measurements and Applications (MeMeA), Lisboa, Portugal, Jun. 2014, pp. 1-5.

[10] H. Azimi, M. Bouchard, R. A. Goubran, and F. Knoefel, “Apnea Event Detection Methodology using Pressure
Sensors,” in 2019 IEEE International Symposium on Medical Measurements and Applications (MeMeA),
Istanbul, Turkey, Jun. 2019, pp. 1-6.

[11] H. Azimi, S. S. Gilakjani, M. Bouchard, R. A. Goubran, and F. Knoefel, “Automatic apnea-hypopnea events
detection using an alternative sensor,” in 2018 IEEE Sensors Applications Symposium (SAS), Seoul, Mar. 2018,
pp. 1-5, Accessed: Jan. 24, 2020.

[12] H. Azimi et al., “Cloud Processing of Bed Pressure Sensor Data to Detect Sleep Apnea Events,” in 2020 IEEE
International Symposium on Medical Measurements and Applications (MeMeA), Bari, Italy, 2020, p. 5.

[13] H. Azimi, M. Bouchard, R. Goubran, and F. Knoefel, “Unobtrusive Screening of Central Sleep Apnea From
Pressure Sensors Measurements: A Patient-Specific Longitudinal Study,” IEEE Transactions on Instrumentation
and Measurement, vol. 69, no. 6, pp. 3282-3296, Jun. 2020.

[14] H. Chatrzarrin, A. Arcelus, R. Goubran, and F. Knoefel, “Feature Extraction for the Differentiation of Dry and Wet
Cough Sounds,” in 2011 IEEE International Symposium on Medical Measurements and Applications, 2011, p. 5.

[15] H. Chatrzarrin, A. Arcelus, R. Goubran, and F. Knoefel, “Feature Extraction for the Differentiation of Dry and Wet
Cough Sounds,” in In 2011 IEEE International Symposium on Medical Measurements and Applications, 2011, p.
5.

[16] M. Cohen-McFarlane, R. Goubran, and F. Knoefel, “Comparison of Silence Removal Methods for the Identification
of Audio Cough Events,” in 2019 41st Annual International Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC), Berlin, Germany, Jul. 2019, pp. 1263—1268.

[17] M. Cohen-McFarlane, R. Goubran, and F. Knoefel, “Novel Coronavirus (2019) Cough Database: NoCoCoDa,” IEEE
Access, pp. 1-1, 2020.

The Tweifth C on eHealth, icine, and Social AéEWE“ o
Medicine

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain

& Carleton Briyere &

UNIVERSITY



References

Respiration

[18] P. Moradshahi, H. Chatrzarrin, and R. Goubran, “Cough sound discrimination in noisy environments using
microphone array,” in 2013 IEEE International Instrumentation and Measurement Technology Conference
(I2MTC), Minneapolis, MN, USA, May 2013, pp- 431—-434.

Heart Rate/Circulation

[19] X. He, R. A. Goubran, and X. P. Liu, “Secondary Peak Detection of PPG Signal for Continuous Cuffless Arterial
Blood Pressure Measurement,” IEEE Trans. Instrum. Meas., vol. 63, no. 6, pp. 1431—1439, Jun. 2014.

[20] S. L. Bennett, R. Goubran, and F. Knoefel, “Examining changes in image segmented arteries in response to blood
occlusion,” in 2017 IEEE International Symposium on Medical Measurements and Applications (MeMeA),
Rochester, MN, USA, May 2017, pp. 397—401.

[21] S. L. Bennett, R. A. Goubran, B. Bennett, and F. Knoefel, “The use of a thermal camera and Eulerian enhancement
in the examination of pedal pulse and microvascular health,” in In 2016 38th Annual International Conference of
the IEEE Engineering in Medicine and Biology Society (EMBC), 2016, p. 4.

[22] X. He, R. A. Goubran, and X. P. Liu, “Using Eulerian video magnification framework to measure pulse transit
time,” in 2014 IEEE International Symposium on Medical Measurements and Applications (MeMeA), Lisboa,
Portugal, Jun. 2014, pp. 1—4.

[23] Xiaochuan He, R. A. Goubran, and X. P. Liu, “Evaluation of the correlation between blood pressure and pulse
transit time,” in 2013 IEEE International Symposium on Medical Measurements and Applications (MeMeA),
Gatineau, QC, May 2013, pp. 17—20.

The Tweifth C on eHeaith, licine, and Social
Medicine

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain

8 Carleton Brijyre

UNIVERSITY




References

Other Fluids

[24] M. Cohen-McFarlane, J. R. Green, F. Knoefel, and R. Goubran, “Smart monitoring of fluid intake and bladder
voiding using pressure sensitive mats,” in 2016 38th Annual International Conference of the IEEE Engineering in
Medicine and Biology Society (EMBC), Orlando, FL, USA, Aug. 2016, pp. 4921—4924.

[25] M. Cohen-McFarlane, J. Green, R. Goubran, and F. Knoefel, “Monitoring congestive heart failure using pressure-
sensitive mats,” in 2016 IEEE International Symposium on Medical Measurements and Applications (MeMeA),
May 2016, pp. 1-6.

[26] M. Cohen-McFarlane, J. Green, R. Goubran, and F. Knoefel, “Characterization of measurements from pressure
sensitive mats using an anthropomorphic body model,” in 2016 IEEE International Instrumentation and
Measurement Technology Conference Proceedings, Taipei, Taiwan, May 2016, pp. 1—4.

Mobility

[27] L. Ault, R. B. Wallace, R. Goubran, S. Fraser, E. Stroulia, and F. Knoefel, “Preliminary Results from Longitudinal
Balance Assessment for Older Adults with Cognitive Decline,” in 2019 IEEE International Symposium on Medical
Measurements and Applications (MeMeA), Istanbul, Turkey, Jun. 2019, pp. 1-6.

[28] V. Joshi, F. Knoefel, R. Goubran, and M. El-Tanany, “Measurement of spontaneous body sway during quiet stand
using UWB sensor,” in 2017 IEEE EMBS International Conference on Biomedical & Health Informatics (BHI),
Orland, FL, USA, 2017, pp. 281—284.

[209] L. Russell, R. Goubran, and F. Kwamena, “Posture sensing using a low-cost temperature sensor array,” in 2017
IEEE International Symposium on Medical Measurements and Applications (MeMeA), Rochester, MN, USA,
May 2017, pp. 443—447.

[30] N. Foubert, A. M. McKee, R. A. Goubran, and F. Knoefel, “Lying and sitting posture recognition and transition
detection using a pressure sensor array,” in 2012 IEEE International Symposium on Medical Measurements and
Applications Proceedings, Budapest, Hungary, May 2012, pp. 1—6.

[31] M. Taylor, “Image processing algorithms for patient mobility monitoring using pressure sensitive bed and floor
arrays,” Master of Applied Science, Carleton University, Ottawa, Ontario, 2012.

& Carleton Briyere &

UNIVERSITY

The Tweifth C on eHealth, icine, and Social AéEWE“ o
Medicine

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain




References

Mobility

[32] L. Russell, A. L. Steele, and R. Goubran, “Stride time estimation: Realtime peak detection implemented on an 8-
bit, portable microcontroller,” in 2012 IEEE International Symposium on Medical Measurements and
Applications Proceedings, Budapest, Hungary, May 2012, pp. 1-5.

[33] I. O. Joudeh et al., “WiFi Channel State Information-Based Recognition of Sitting-Down and Standing-Up
Activities,” in 2019 IEEE International Symposium on Medical Measurements and Applications (MeMeA),
Istanbul, Turkey, Jun. 2019, pp. 1—6.

[34] M. J. Kennedy, A. Arcelus, P. Guitard, R. A. Goubran, and H. Sveistrup, “Toilet Grab-Bar Preference and Center of
Pressure Deviation During Toilet Transfers in Healthy Seniors, Seniors With Hip Replacements, and Seniors
Having Suffered a Stroke,” Assistive Technology, vol. 27, no. 2, pp. 78—87, Apr. 2015.

[35] Zhaofen Ren et al., “Analyzing center of pressure progression during bed exits,” in 2014 36th Annual International
Conference of the IEEE Engineering in Medicine and Biology Society, Chicago, IL, Aug. 2014, pp. 1786-1789,
Accessed: Jan. 27, 2020.

[36] T. Grant et al., “Measuring sit-to-stand timing variability over time using under mattress pressure sensor
technology,” in 2014 IEEE International Symposium on Medical Measurements and Applications (MeMeA),
Lisboa, Portugal, Jun. 2014, pp. 1-5.

[37] T. L. Grant et al., “Sit-To-Stand (STS) timing among older adults in their homes: Two measurement approaches,”
Gerontechnology, vol. 12, no. 3, pp. 153—158, Jun. 2014.

[38] S. L. Bennett, R. Goubran, K. Rockwood, and F. Knoefel, “Distinguishing between stable and unstable sit-to-stand
transfers using pressure sensors,” in 2014 IEEE International Symposium on Medical Measurements and
Applications (MeMeA), Lisboa, Portugal, Jun. 2014, pp. 1—4.

[39] S. L. Bennett, R. Goubran, A. Arcelus, K. Rockwood, and F. Knoefel, “Pressure signal feature extraction for the
differentiation of clinical mobility assessments,” in 2012 IEEE International Symposium on Medical
Measurements and Applications Proceedings, May 2012, pp. 1-5.

The Tweifth C on eHealth, icine, and Social AéEWE“ o
Medicine

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain

& Carleton Briyere &

UNIVERSITY



References

Mobility

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

The Tweifth

M. Pouliot, V. Joshi, J. Chauvin, R. Goubran, and F. Knoefel, “Differentiating assisted and unassisted bed exits
using ultrasonic sensor,” in 2012 IEEE International Instrumentation and Measurement Technology Conference
Proceedings, Graz, Austria, May 2012, pp. 1104—1108.

D. I. Townsend, R. Goubran, M. Frize, and F. Knoefel, “Preliminary results on the effect of sensor position on
unobtrusive rollover detection for sleep monitoring in smart homes,” in 2009 Annual International Conference of
the IEEE Engineering in Medicine and Biology Society, Minneapolis, MN, Sep. 2009, pp. 6135—6138.

A. Arcelus, C. L. Herry, R. A. Goubran, F. Knoefel, H. Sveistrup, and M. Bilodeau, “Determination of Sit-to-Stand
Transfer Duration Using Bed and Floor Pressure Sequences,” IEEE Trans. Biomed. Eng., vol. 56, no. 10, pp. 2485—
2492, Oct. 2009, doi: 10.1109/TBME.2009.2026733.

I. Veledar, A. Arcelus, R. Goubran, F. Knoefel, H. Sveistrup, and M. Bilodeau, “Sit-to-stand timing measurements
using pressure sensitive technology,” in 2010 IEEE Instrumentation & Measurement Technology Conference
Proceedings, Austin, TX, USA, 2010, pp. 1337—1340.

A. Arcelus, I. Veledar, R. Goubran, F. Knoefel, H. Sveistrup, and M. Bilodeau, “Measurements of Sit-to-Stand
Timing and Symmetry From Bed Pressure Sensors,” IEEE Trans. Instrum. Meas., vol. 60, no. 5, pp. 1732—1740,
May 2011.

D. I. Townsend, M. Holtzman, R. Goubran, M. Frize, and F. Knoefel, “Measurement of Torso Movement With
Delay Mapping Using an Unobtrusive Pressure-Sensor Array,” IEEE Trans. Instrum. Meas., vol. 60, no. 5, pp.
1751—1760, May 2011.

A. Arcelus, R. Goubran, F. Knoefel, H. Sveistrup, and M. Bilodeau, “Detection of bouncing during sit-to-stand
transfers with sequential pressure images,” in 2011 IEEE International Symposium on Medical Measurements
and Applications, Bari, Italy, May 2011, pp. 158—-161.

M. H. Jones, R. Goubran, and F. Knoefel, “Identifying Movement Onset Times for a Bed-Based Pressure Sensor
Array,” in IEEE International Workshop on Medical Measurement and Applications, 2006. MeMea 2006.,

—
on eHealth, icine, and Social Aé:W:“ ¢

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain

Medicine

Benevento, Italy, 2006, pp. 111-114.
@ Carleton Briiyere &

Y UNIVERSITY



References

Mobility

[48]

[49]

[50]

[51]

[52]

[53]

[54]

The Tweifth

S. L. Bennett, R. Goubran, and F. Knoefel, “Long term monitoring of a pressure ulcer risk patient using thermal
images,” in 2017 39th Annual International Conference of the IEEE Engineering in Medicine and Biology Society
(EMBC), Jul. 2017, pp. 1461—1464.

S. Soleimani Gilakjani, S. Bennett, R. A. Goubran, H. Azimi, M. Bouchard, and F. Knoefel, “Movement detection
with adaptive window length for unobtrusive bed-based pressure-sensor array,” in 2017 IEEE International
Symposium on Medical Measurements and Applications (MeMeA), Rochester, MN, USA, May 2017, pp. 355—360.
S. L. Bennett, R. Goubran, and F. Knoefel, “Measurement and comparison of thermal and in-bed pressure data
towards the prevention of pressure ulcers,” in 2016 IEEE-EMBS International Conference on Biomedical and
Health Informatics (BHI), Las Vegas, NV, USA, Feb. 2016, pp. 62-65.

S. L. Bennett, R. Goubran, and F. Knoefel, “Measurements of change in thermal images due to applied pressure,”
in 2015 IEEE International Symposium on Medical Measurements and Applications (MeMeA) Proceedings,
Torino, Italy, May 2015, pp. 30—35.

S. Bennett, R. Goubran, K. Rockwood, and F. Knoefel, “Automated assessment of mobility in bedridden patients,”
in 2013 35th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC),
Osaka, Jul. 2013, pp. 4271—4274.

M. Taylor, T. Grant, F. Knoefel, and R. Goubran, “Bed occupancy measurements using under mattress pressure
sensors for long term monitoring of community-dwelling older adults,” in 2013 IEEE International Symposium on
Medical Measurements and Applications (MeMeA), Gatineau, QC, May 2013, pp. 130—134.

B. Wallace, F. Knoefel, R. Goubran, J. Kaye, and N. Thomas, “Comparison of Bed-Sensors for Nocturnal Behaviour
Assessment,” in The Twelfth International Conference on eHealth, Telemedicine, and Social Medicine
(eTELEMED 2020), 2020, p. 7.

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain

on eHeaith, licine, and Social
Medicine

8 Carleton Brijyere &

Y UNIVERSITY




References

Cognition
[55] B. Wallace et al., “Detecting Cognitive Ability Changes in Patients With Moderate Dementia Using a Modified
‘Whack-a-Mole’ Game,” IEEE Transactions on Instrumentation and Measurement, vol. 67, no. 7, pp. 1521—-1534,

Jul. 2018.

[56] F. Knoefel et al., “Implementation of a brain training pilot study for people with mild cognitive impairment,”
Canadian Geriatrics Journal, vol. 21, no. 3, pp. 264—268, 2018.

[57] B. Wallace et al., “Monitoring cognitive ability in patients with moderate dementia using a modified ‘whack-a-
mole,”” in 2017 IEEE International Symposium on Medical Measurements and Applications (MeMeA), Rochester,

MN, USA, May 2017, pp. 292—297.

[58] V. Joshi, B. Wallace, A. Shaddy, F. Knoefel, R. Goubran, and C. Lord, “Metrics to monitor performance of patients
with mild cognitive impairment using computer based games,” in 2016 IEEE-EMBS International Conference on
Biomedical and Health Informatics (BHI), Las Vegas, NV, Feb. 2016, pp. 521—-524.

[59] B. Wallace, R. Goubran, F. Knoefel, M. Petriu, and A. McAvoy, “Design of games for measurement of cognitive
impairment,” in IEEE-EMBS International Conference on Biomedical and Health Informatics (BHI), Valencia,
Spain, Jun. 2014, pp. 117—120.

[60] B. Wallace, R. Goubran, and F. Knoefel, “Cognitive change measurement through driving navigation ability
sensing and analysis,” in 2013 IEEE International Symposium on Medical Measurements and Applications
(MeMeA), Gatineau, QC, May 2013, pp. 164—169.

[61] M. Rockwood, B. Wallace, R. Goubran, F. Knoefel, and S. Marshall, “Adaptive drift calibration of accelerometers
with direct velocity measurements,” in 2015 IEEE International Instrumentation and Measurement Technology
Conference (I2MTC) Proceedings, Pisa, Italy, May 2015, pp. 240—244.

[62] J. Howcroft, B. Wallace, R. Goubran, S. Marshall, M. M. Porter, and F. Knoefel, “Variation in acceleration driving
patterns as a measure of older adult health status,” in 2017 IEEE International Symposium on Medical
Measurements and Applications (MeMeA), Rochester, MN, USA, May 2017, pp. 208—302.

& Carleton Briyere &

UNIVERSITY

The Tweifth C on eHealth, icine, and Social AéEWE“ o
Medicine

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain




References

Cognition

[63] J. Howcroft, F. Knoefel, B. Wallace, R. Goubran, M. M. Porter, and S. Marshall, “Impact of health differences and
longitudinal changes on deceleration driving patterns in older adult drivers,” Transportation Research Part F:
Traffic Psychology and Behaviour, vol. 60, pp. 137—146, Jan. 2019.

[64] J. Howcroft, B. Wallace, R. Goubran, S. Marshall, M. M. Porter, and F. Knoefel, “Trip-Based Measures of
Naturalistic Driving: Considerations and Connections With Cognitive Status in Older Adult Drivers,” IEEE
Transactions on Instrumentation and Measurement, vol. 68, no. 7, pp. 2451—-2459, Jul. 2019.

[65] J. Howcroft, B. Wallace, R. Goubran, S. Marshall, M. M. Porter, and F. Knoefel, “Driving Destination Measures in
Older Adult Drivers with Differing Health Statuses,” in 2018 IEEE International Symposium on Medical
Measurements and Applications (MeMeA), Rome, Italy, Jun. 2018, pp. 1-5.

[66] M.Y. Yuan, J. Green, and R. Goubran, “Thermal Imaging for Assisted Living at Home: Improving Kitchen Safety,”
J. Med. Biol. Eng., vol. 33, no. 4, pp. 380—387, 2013.

Activities of Daily Living

[67] M. Y. Yuan, J. R. Green, and R. Goubran, “Stove top thermal monitoring for assisted living at home,” in CMBES
Proceedings 31, 2008, p. 4.

[68] S. Rahimi, A. Chan, and R. A. Goubran, “Usage Monitoring of Electrical Devices in a Smart Home,” in In 2011
Annual International Conference of the IEEE Engineering in Medicine and Biology Society, 2011, p. 4.
[69] S. Rahimi, A. D. C. Chan, and R. A. Goubran, “Nonintrusive load monitoring of electrical devices in health smart

homes,” in 2012 IEEE International Instrumentation and Measurement Technology Conference Proceedings,
Graz, Austria, May 2012, pp. 2313—2316.

[70] L. Russell, R. Goubran, F. Kwamena, and F. Knoefel, “Sensor modality shifting in IoT deployment: Measuring non-
temperature data using temperature sensors,” in 2017 IEEE Sensors Applications Symposium (SAS), Glassboro,
NJ, USA, 2017, pp. 1-6.

—
The Tweifth C on eHealth, icine, and Social A6:W - | e
Medicine

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain

8 Carleton Brijyere &

Y UNIVERSITY



References

Activities of Daily Living

[71] L. Russell, R. Goubran, and F. Kwamena, “Personalization Using Sensors for Preliminary Human Detection in an
IoT Environment,” in 2015 International Conference on Distributed Computing in Sensor Systems, Fortaleza,
Brazil, Jun. 2015, pp. 236—241.

[72] G. C. Green, A. Chan, and R. A. Goubran, “Identification of food spoilage in the smart home based on neural and
fuzzy processing of odour sensor responses,” in 2009 Annual International Conference of the IEEE Engineering
in Medicine and Biology Society, Minneapolis, MN, Sep. 2009, pp. 2625—2628.

[73] G. C. Green, A. D. C. Chan, and R. A. Goubran, “Tracking food spoilage in the smart home using odour
monitoring,” in 2011 IEEE International Symposium on Medical Measurements and Applications, Bari, Italy,
May 2011, pp. 284—287.

[74] G. C. Green, A. D. C. Chan, and M. Lin, “Robust identification of bacteria based on repeated odor measurements
from individual bacteria colonies,” Sensors and Actuators B: Chemical, vol. 190, pp. 16—24, Jan. 2014.

[75] L. Ault, R. Goubran, B. Wallace, H. Lowden, and F. Knoefel, “Smart Home Technology Solution for Nighttime
Wandering in Persons with Dementia,” Journal of Rehabilitation and Assistive Technologies Engineering, vol.
accepted, 2020.

[76] B. Wallace, T. N. E. Harake, R. Goubran, N. Valech, and F. Knoefel, “Preliminary results for measurement and
classification of overnight wandering by dementia patient using multi-sensors,” in 2018 IEEE International
Instrumentation and Measurement Technology Conference (I2MTC), Houston, TX, May 2018, pp. 1-6.

The Tweifth C on eHeaith, licine, and Social
Medicine

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain

8 Carleton Brijyre

UNIVERSITY




References

Bringing Everything Together

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

The Tweifth

B. Wallace, R. Goubran, and F. Knoefel, “Cognition assessment: A framework for episodic measurement,” in 2016
IEEE International Symposium on Medical Measurements and Applications (MeMeA), Benevento, Italy, May
2016, pp. 1-6.

O. Salehi-Abari, F. Alaca, J. R. Green, and R. Goubran, “Application of Sensor Networks in a Smart Apartment,” in
CMBES Proceedings, 2010, p. 4.

A. Arcelus, R. Goubran, H. Sveistrup, M. Bilodeau, and F. Knoefel, “Context-aware smart home monitoring
through pressure measurement sequences,” in 2010 IEEE International Workshop on Medical Measurements and
Applications, Ottawa, ON, Canada, Apr. 2010, pp. 32—37.

A. Arcelus, M. H. Jones, R. Goubran, and F. Knoefel, “Integration of Smart Home Technologies in a Health
Monitoring System for the Elderly,” in 21st International Conference on Advanced Information Networking and
Applications Workshops (AINAW’07), Niagara Falls, ON, Canada, 2007, pp. 820-825.

F. Knoefel, R. B. Wallace, F. Horsfall, R. Goubran, and A. El-Haraki, “Will Internet Services Support Cloud Al for
Health Sensors Networks?,” in In ISPIM Conference Proceedings, pp. 1-12. The International Society for
Professional Innovation Management (ISPIM), p. 1.

R. B. Wallace, F. Horsfall, R. Goubran, A. El-Haraki, and F. Knoefel, “The Challenges of Connecting Smart Home
Health Sensors to Cloud Analytics,” in 2019 IEEE Sensors Applications Symposium (SAS), Sophia Antipolis,
France, Mar. 2019, pp. 1-5.

D. Townsend, F. Knoefel, and R. Goubran, “Privacy versus autonomy: A tradeoff model for smart home monitoring
technologies,” in 2011 Annual International Conference of the IEEE Engineering in Medicine and Biology
Society, Boston, MA, Aug. 2011, pp. 4749—4752.

S. Knappe, B. Wallace, L. Ault, R. Goubran, N. Thomas, and F. Knoefel, “User Experience Design for Persons
Living With Dementia- Current Methods and Experimental Experience,” in The Twelfth International Conference
on eHealth, Telemedicine, and Social Medicine (eTELEMED 2020), 2020, p. 6.

—
on eHealth, icine, and Social A6:W - Il

¢ TELEMED 2020 © Wallace 2020

November 21, 2020 to November 25, 2020 - Valencia. Spain

Medicine

8 Carleton Brijyere &

Y UNIVERSITY




