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We generate data

WEARABLE AND SMARTPHONE SENSORS

—
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Wearable sensors

Empatica E4

Accelerometer

Screen

Skin

Gyroscope
conductance

imec chillband+
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Smartphone (virtual) sensors

Movement
® accelerometer
®  gyroscope

Location
Y ® magnetometer

@ ® lat, long., alt.

Loudness -
&

ooo
Keyboard usage

w Phone behavior
< > ® app usage
' I notifications

T Cellular connectivity
mmec IDLab ENrEI\cT'ERSITEIT ﬁ



We input data

DYNAMIC QUESTIONNAIRES

—
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Dynamic questionnaires

BNeL52%E

gie @ M N ®.453%@ 38 @ M M D W4 30%0

X Stress mispredictie X QOchtendvragenlijst X Avondvragenlijst

Op dit moment voel ik mij:

Wat zijn volgens jou de Hoe vaak voelde je vandaag

mogelijke corzaken van deze

mispredictie?
1 6
moe wakker
[0 Kamme handen
1 2 7 0 3 4
O  Gezweet [ ] ®
vol energie zonder energie nooit zeer vaak
(0  Blozen, warm hebben
1 2 7 dat je jouw persoonlijke problemen
0 Onaangenaam gevoel in P { aankon?
miln lichaam tevreden ontevreden
" o 2 4
0 Fysieke activiteit - veel 3 & ®
Wwegin
beweging @ nooit zeer vaak
onrustig rustig
0 Fysieke activiteit - weinig °
beweging : . - dat dingen gingen zoals jij dat wilde?
2
[0 Positieve emoties ® ontspannen gespannen
0 3 4
O Geen van bovenstaande : . nooit ze0r vaak
) onwel/ziek goed/gezond
Anders: (tik tekstveld om te typen) Aot meailicheden zich 70 hooa
& L < -

—

I
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Even if we speak, we generate data

SPEECH

—
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By combining and analysing data, it becomes valuable

_ SPATIO-TEMPORAL
‘mec IDLab  smmner £} BEHAVIORAL MARKERS



By combining and analysing data, it becomes valuable
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By combining and analysing data, it becomes valuable

1000 —— [RIACC x ~Is

—— [RIACC y-1s

AL —— [RIACC_z-1s

2000 —— [R] ecg ~1s

<Aoo ® ECG_R_Peaks ECG_neurokit
—— ECG_R_Peaks ECG_neuroki_threshold

® ECG_R_Peaks_ECG_scipy_100Hz_cleaned_biosppy_neurokit
—— [R] ECG_scipy_100Hz_cleaned _biosppy - 15
10k
-~ ECG_R_Peaks ECG_seipy_100Hz_cleaned biosppy_neurokit threshold
Sk ® ECG_R Peaks ECG_scipy_100Hz_neurokit
—— [R] ECG_scipy_100Hz -15
- ECG_R_Peaks ECG_scipy_100Hz_neurokit_threshold
® ECG R Peaks processed

—— [R] ECG_cleaned_biosppy 15

—e— [R] r_peak_agreement -15
~— [F1] GARMIN hr -15
~——— [R] ECG -> HR ~15

©  [R]HRV_ms -Is

—— [R] polar-aigo: HR - 15

L 10:52 10:54 10:56 10:58 11:.00 1102 1104 106 1108
Feb 28, 2023

_ SPATIO-TEMPORAL
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By combining and analysing data, it becomes valuable

1000

-1000 1W .

-3000

10k

5k

1000

800

600

10:52 10:54 10:56 10:58 11:.00
Feb 28, 2023

—
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1108

—— [RIACC x ~Is

—— [R]ACC_y~1s /
—— [R]ACC_z~Is ﬂ
—— [R] ecg ~1s
@ ECG R Peaks ECG_neurokit ﬁ

~—— ECG_R_Peaks ECG_neurokit_threshold

® ECG_R_Peaks_ECG_scipy_100Hz_cleaned_biosppy_neurokit
—— [R] ECG_scipy_100Hz_cleaned_biosppy -1

ECG_R_Peaks ECG_scipy_100Hz_cleaned_biosppy_neurokit_threshold

o

® ECG_R Peaks ECG_scipy_100Hz_neurokit
—— [R] ECG_scipy_100Hz -15

- ECG_R_Peaks_ECG_scipy_100Hz_neurokit_threshold
® ECG_R_Peaks_processed
—— [R] ECG_cleaned_biosppy 15 _
1 e [R] r_peak_agreement 15
—— [R] GARMIN hr -15
05 —— [R]ECG ->HR ~1s
[R] HRV_ms ~15

—— [R] polar-aigo: HR - 15

SPATIO-TEMPORAL
BEHAVIORAL MARKERS
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MODEL EXPLAINABILITY

@_m 1

High_m1l
Low_m1
Open_ml
High_m2
Low_m2
Close_m2
Volume_m1l
Velume_m2

Open_m2

- Py =§. .ﬂ*ﬂ
im e ez
—2=0bes of flmi
-

-600 -400 —200 0 200
SHAP value (impact on model output)

High

Feature value

g
 ~)\
EXPLAINABLE
HYBRID l

Al /

CORRELATIOLI DERIVATION

N

‘unec

E.g., feature importance
T

IDLab  uwwersimen
INTERMET & SATA LAT GEN‘I’

E.g., migraine triggers

17

CAUSAL Al

-

~

J

E.g., treatment effect



Activity recognition -

Sedentary Dynamic
-0 ,0
& /e
o O
A2\
= % 5
Extra context info:

e |ocation & route
e speed & cadence

—
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Sleep detection —

1-Al

‘unec

100

Google sleep
API

Activity index (Al) +
segmentation

075
050
025 4

000 1

n\'ﬂ'&

IDLab

—
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Sleep

Awake



Stress detection g
-
Added value of context
Model Accuracy Cohen Weighted :jolrzl)ll)ared—
odqe (Std) Kappa (Std) F1 (Std) (0] umiIny
(std)
Baseline - ‘ _ -
(Physio) | 0-57 (3.48) | 7.80 (1.98) 42.11 (3.08) | 6.31 (2.53)
Baseline + _
Activity | 2309 (067) ) 9.75 (0.09) 4447 (0.44) | 8.68 (0.11)
Baseline + _ -
Sleep 42.47 (0.72) | 9.51 (0.12) 43.88 (0.59) | 8.09 (0.03)
Baseline +
Activity + | 45.52 (2.58) | 11.19 (1.58) | 46.03 (2.12)| | 10.23 (2.68)
Sleep

‘unec

IDLab

—

NIVERSITEIT
GENT

/

Incorporating activity, sleep or both into
baseline model improves stress level
classification (accuracy increase, but also
std dev decrease)

Incorporating both = best model
—> context matters

- currently further extending
towards spatiotemporal context



Trigger detection

Finding correlations between a headache and previous events

Bad Lunch Walk Mlifela(l:(lge Stress Headache
Sleep
\.5;® : »\“7"; "-:-
| | | | | |
| | | | | | >

Time

L T2 T3 T4 5 T6
\ correlation?

—

I
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Trigger detection _

Time-based Apriori = Semantic rule mining
via ML rule mining '

e roperten EXPLAINABLE y @ 3-month Longitudinal
Bad sleep 0.6l HYBRID l Data
Al
Medication 0.6l /
Current 0.50

menstruation

Abno.rmal 039
sleeping
Abnormal low 028
stress
[ ask-specific Rule mining
Commuting 0.28
Abnormal high 022

stress

Rule specific for Patient X:
. m Headache triggered when
mmec [DLab  imvesmer ﬁ Sleep has ActivityDuration<=5h

GENT



RWE app for patients




Activities

IDLab

‘unec

1730 @
1654 @

2055 @
1714 @

1714 @

ReB .441%0

17 May 2022

DETAILED

Sedentary

Activity Index: low

| ARSI ‘—".“—'—L‘_l —
Lgith=e . It o
Ceniryat =T 0t5tragy -_‘:f—‘g
| Station .
(Perrbn } e
| o 12 16 ®
#2) . i
|8 Ceptraal 13 Apotheek
" Station
¥ (Perron
(ot " %
g 0 oningin

| |24/ “Elisabethza

¥ Headache

* Medicine

127 @ ™M O

BRed:

16 Oct 2021 2

NORMAAL GEDETAILLEERD

23137 .

Sedentair v
dichtbii Appartement

Louise

ossz @
ossz @

& Wandelen

Snelheid: 513 km/u
Cadans: 114 stappen per minuut
Activiteitsindex: medium

oaoz @
ot @

<

Sedentair

LLe] .

128 @ ™ Q@

*

= < 16 Oct 2021
2 S % y
[I‘.OR?-M—“»’-‘-I ] GEDETAILLEERD

23:38" .

ores @

orer @
orzs @

os0s @
oace @

em | ggen v
dichtbi Appartement 5
Louise .
Sedentair v
dichtbif Appartement .
Louise :
kem [ iggen v
dichtbi Appartament 5
Louise :
& Zitten o
dichtbij Appartement

Louise
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= Timeline

&

23377 @

o700 @
03 @

0855 @
0000 @

0910 @

09:02 @

1158 @
11:00 @

1130 @

4 Jun 2020

A <l |

>

e Sleeping v
& Walking :
 Stress v o
& Sitting v

€ Moderately stressed

15:09 *an
=  Sleep
< 4 Jun 2020 2>

2337 @
(1] ® 7:23 v i
o700 @
1703 @

© 0:24 :
1727 @
2234 @

©833 ©87% v i
707 @
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09:16 = _E B

5
~

-

& 14:30

® 14:30

® 1445

® 14:45

® 14:50

Events for 7 juni 2023

6 ° 8 9 10 11
14:00
& Walking £
> Homelab 15m &
@ Sedentary w}
T Stress e

0917 =

Data Collector

5 ®

2 14:457/6
N Stress 14:507/6

This event was originally predicted as
"Stress”, between 14:45 7/6 and 14:50 7/6

Do you have time to complete this

questionnaire?
Yes

This event felt
3.0

What do you think is the possible
cause of this event?
Work related

During this event | felt:
7.0

Did you experience what appears to
be a physical stress response?
Sweaty hands



14:.03

= Timeline
User can add (and label) events
< 4 Jun 2020 >
&  Add Headache
2337 @
Intensity .
Choose the intensity of a headache e Sleeping \/ H

B N ®.428%0

i CHOOSE INTENSITY
¢ AddMedicine T oo @

Chosen intensities: Severe 08:30
i . = .
Time A Walking :
Chaoose the time of a medicine intake Time
Select the time of the headache- 08:55
Time 14 Apr 2022 13:57
Start time 20 Oct 2020 10:30 os00 @
.
Medicine End time 20 Jun 2020 12:00  Stress v o
Choose the medicine taken w0 @ - M — S— S S

CHOOSE MEDICINE "
[ eeeses ] Locstion v @

Choose the location of the headache %
Medicine chosen: Paracetamol 500mg (oral) & Sitting v

CHOOSE LOCATION

Location chosen:

11:58

Temporal Right Parietal Right 11:00 .

* Moderately stressed

My headache is unilateral

@ Yoe ® 130 @
tmec [DLab  wwesier ﬁ
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D v o/ label dict = {

patient_id ‘ MBRAIN21-025 VW}
tstart | 2022 10.28 v . .
e . In-house designed labeling dashboard

Run Interact

E4: skin temperature, skin conductance, IBI

15
35 ”f"-/\ \ g
30 .
e M el | s
20

0
E4: ACC
2
1
0
-1
=2
Phone: apps & keyboard 4
be.telenet.tv
com.adobe.reader
com.google.android.projection.gearhead 2
com.kbc.mobile.android.oob 2 L ' owe <
com.google.android.apps.photos : 4
NULL package name " S = 0
com.samsung.android.biometrics.app.setting
Phone: screen state & light .
nan 4 tem wilhesd dee o dioddomme e 0 edlhl 4ol 0w oetd e ot lle il dehe s dmin e do o0 dobe amll | eomom doe w0 @
Unlocked NN  SHMNIGBY OB ¢ O 6 SRe e o — OO HD OO SN S L S 8 R W D e L ® 10
Locked - smia owm me 4o l» ¢ - e € sen sems o o ompe mseomn ¢ Gape - o w o5 sesmen s o o
off GRS *UEIbecENG s & (6 S6o e @i s s sk i e smene e o Sunl s Be semied e ®e B 5
on @ O W URTEDG UESD U5 8 U3 O Gan an o e e U W @ D D dmm O L= FEIAMLED ) CEAMD W @R ) (T IEMRE ) ERL) G o o

Phone: accelerometer-x & manual labels

0 I .

12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00

Nov g, 2022 Nov 10, 2022 Nov 11, 2022 Mov 12, 2022 Nov 13, 2022

[R] e4_EDA ~5m
— [R] ed_TMP
——— [R] e4_IBI ~5m
e4_BvP
e [R] 84_ACC_y ~
—— [R]ed_ACC_z -5n
—— [R] e4_ACC_x ~5m
[R] app_name ~5m
® screen_state
[R] keyboard ~5m
[R] lux ~5m
—— [R] % ~6m




Automatically detecting wearable non-wear

~~EDA == EDA_SQI (i) Skin Conductance
4
3 L_—\W
Q.
1
0
o TMP == TMP_SQI (i) Skin Temperature
35 —] — :l
/—M
9 i \—\(
25
ACC_x SD === ACC-SD SQI (i) ACC_x-SD (w=1s)
| (L nn
|
205 {8t AR O l
L | i H"1‘||H 10
0 | LU IS ‘ il \ I
~ ACC_x ACC_y  ACC_z === Wrist_SQI (iv) Raw ACC & smoothened Wrist SQI
2
1
o 0 it W
-1
-2

08:30 I 08:40 08:50 09:00 09:10 09:20 09:30 09:40



RWE app for patients

20:44 € - 2044 © 0 - [ il g41%

18 april 2023
Events for P Events for 18 april 2023

08:00

Do you have time to complete this
questionnaire?

sm &
o 0850

@ Headache

7’

@® Yes
O No

® 08:35

T
‘imec IDLab  uwversimem

INTERYET & BA A 131 GENT




RWE dashboard for clinicians
DYNAMIC CLINICIAN DASHBOARDS

‘imec IDLab  uwesier )



RWE dashboard for clinicians
DYNAMIC CLINICIAN DASHBOARDS

From

mBrain [Demo] 1/1/2020,17:5224 X @ To

Primary dashboard

Headaches (on COPIMACO11) == Medicine (on COPIMACO11) Headaches with Medication (on COPIMACO11)

Hone: Cataflam Somg

‘Sweaty forehead and face

otase
\

Smaler pupil size 2 2

Lacrimasion tustery eye] A

routine physical activity u

‘Sumasrgtan 100mg

Activities (on COPIMAC011)

‘imec |IDLab UNNERSITET .

it ENT



Semantic description of sensors and services

— — BN GET https://obelisk.ilabt.imec.be/api/vl/scopes/smm.demos/things/BBB5

Request

Web API
|

Sensor

Semantiek

Response

__»

—

NIVERSITEIT

HTTP/1.1 200 OK
Content-Type: text/plain; charset=utf-8
Content-Length: 528

<https://obelisk.ilabt.imec.be/api/vl/scopes/smm.demos/thi

ngs/BBB5> a sosa:Sensor ;

dashb:scope "smm.demos" ;

rdfs:label "BBB5" ;

dcterms:identifier "BBB5" ;

sosa:observes
<https://obelisk.ilabt.imec.be/api/vl/scopes/smm.demos/thi

ngs/BBB5/metrics/acc.BDF> .

<https://obelisk.ilabt.imec.be/api/vl/scopes/smm.demos/thi

ngs/BBB5/metrics/acc.BDF> a
m3lite:AccelerationInstantaneous,
sosa:0bservableProperty ;
rdfs:label "Accelerations BDF" ;
dcterms:identifier "acc.BDF" ;
dashb:produces metrics:acceleration ;
dashb:dimension time:Instant .

"mec IDLab

(o}

GENT


https://obelisk.ilabt.imec.be/api/v1/scopes/smm.demos/things/BBB5
https://obelisk.ilabt.imec.be/api/v1/scopes/smm.demos/things/BBB5
https://obelisk.ilabt.imec.be/api/v1/scopes/smm.demos/things/BBB5
https://obelisk.ilabt.imec.be/api/v1/scopes/smm.demos/things/BBB5/metrics/acc.BDF
https://obelisk.ilabt.imec.be/api/v1/scopes/smm.demos/things/BBB5/metrics/acc.BDF
https://obelisk.ilabt.imec.be/api/v1/scopes/smm.demos/things/BBB5/metrics/acc.BDF
https://obelisk.ilabt.imec.be/api/v1/scopes/smm.demos/things/BBB5/metrics/acc.BDF

Semantically describing all (virtual) sensors

Body Sensors Environment Sensors
4+ Smartwatch 4+ Presence Detection
+ GPS + Temperature Sensors
+ Heart Rate + CO2 Sensors
+ -

+ Body Temperature
+ GlucoMeter
+

And similar for all visualization widgets...

—

tmec [DLab  wwesier

GENT

Virtual Sensors

+

+
+
+
+

Human Labeling
+ Migraine Attacks

Stress Detection
Activity Recognition
Sleep Detection
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Semantic description of sensors and services

~
Web API E N\ =
|

Web API
! I
Sensor l| Visualization
1
Semantics \‘

Semantics

—

iDLab UNIVERSITEIT ﬁ
INTERYST & BaA LA GENT

Web API

Virtual Sensor

Semantics


http://dashboard.elis.ugent.be/v1/dashboard

CLINICIAN DASHBOARDS

Dynamic dashboard Dashboards

From

Migraine Make public 2/28/2022,10:00:25 X ol

To
5/15/2022, 10:00:38 X E

Hide events

MBRAIN21-027 » @ MBRAIN21-029 »* @ Interactionrate »* DEMO » B§ +

No events detected.

Headaches Stress Events

Fetch historical event alerts since:

Orbital
Right

emporal
Right

Occipital
Left

Frontal
Right

4

Orbital

Frontal
Mid

Tempor:
Left

Frontal
Left

Left

Highcharts.com

SHAP report (on Report generator)

PreviousHeadaches

IDLab

‘unec

UNIVERSITEIT
GENT

“~

22/04
24/04
26/04
28/04
30/04
02/05
04/05
06/05
08/05
10/05
12/05

08:00

10:00

11:00

12:00 13:00

Values

14:00

15:00

Rule report (on Report generator)

17:00

Highcharts.com

“~

Sisplluity  — —e—t—— e 2 r
e —Pp——— o=
DailyQuestionaire *_.... PR ——— > R
SleepQuakty - .* .
Foodintake ._.’_ H < ‘
oot ' g - Low Sleep
] - High Stress - Vigraine Evert
ActiveTriggers + 3 "
Activityindex -

Choose 'from'-date... [}



AMIC CLINICIAN DASHBOARDS

mBrain [Demo]
Primary dashboard

Headaches (on COPIMACO11)

Hene of mose Lowered eyetu
Sweary forehead and face \ - iocdshoteye white pan)

o é!y -

Pain increase during

ot phyeica actviy ‘l -
Rustiosaness or agitation Swollen eysiid
Fypersensitiaty 1o bght ’ Nausen
Hypersensitivity 1o oders T munny nese
Hypersensitivity 1 (loud) naise Hymersensitivty to movement
Activities (on COPIMACO011)

IDLab

‘unec

I
UNIVERSITEIT
GENT

m'.ll

IO-[:N

Medicine (on COPIMACO11)

Apranax 850mg

Activities (on COPIMACO11)

Catalam somg

U

121
vty
181

2

2

211

Headaches with Medication (on COPIMACO11)

11172020, 17:5224 X @ To

Values

Oebieal Left




Dynamic spatial visualisation

<--> SOTA geospatial only

GARAGE
STAIRS
HALLWAY
STORAGE
CAREROOM
(SMALL)
KITCHEN
TOILET
HALLWAY
(MAIN)
LIVING
CAREROOM BATHROOM STAIRS
(LARGE)
-
0 10 20 30

)

I
tmec [DLab  wwesier ﬁ

of sensor data

Headache pain

GARAGE
HALLWAY STAIRS
CAREROOM STORAGE
(SMALL)
TOILET
HALLWAY
(MAIN)
CAREROOM
(LARGE) BATHROOM STAIRS
Detected stress
B ]
5 10 15

Highcharts.com



Towards Dynamic Visualization using Semantic Web Technologies

Capturing Domain Knowledge

<homelab> a ssn:System, ex:Building ;
ssn:hasSubSystem <groundfloor> .

<groundfloor> a ssn:System, ex:Floor ;
ssn:hasSubSystem <kitchen> .

<kitchen> a ssn:System, ex:Room .

—

I
tmec [DLab  wwesier ﬁ



Towards Dynamic Visualization using Semantic Web Technologies

Capturing Domain Knowledge

ex:Head rdfs:subClassOf ssn:System ;
ssn:hasSubSystem

ex:RightFrontalLobe,

ex:LeftFrontalLobe,

ex:RightOrbitalLobe,

—

I
tmec [DLab  wwesier ﬁ



Towards Dynamic Visualization using Semantic Web Technologies
Sensor Mapping

<kitchen> a ssn:System, ex:Room ;
ssn:hasSubSystem <dhtl [.19243> .

<dhtl 1.19243> a ssn:Sensor ;
sosa:observes <dht! I.19243.humidity> ;

sosa:observes <dhtl I.19243.temp> .

<dhtl |.19243.temp> a sosa:ObservableProperty .

—

I
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Towards Dynamic Visualization using Semantic Web Technologies
Visualization Mapping

Ontology
<groundfloor.floorplan> a dashb:Visualization ;
dashb:hasComponent [ GARAGE
dashb:visualizedSystem <kitchen>
GeoJSON
{ AN

"type": "FeatureCollection",

"name": "groundfloor.floorplan”,

“features”: [ L BATHROOM STAIRS
"type": "Feature",
"properties™: { "id": 6, "name": "kitchen", "floor": 0 },

"seometry": { "type": "MultiPolygon", "coordinates": [] }

—

I
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Spatio-Temporal Visualizations beyond Healthcare
Examples

Manufacturing and Industrial loT

Air quality / Building Management

FFFFF
FT

ssssssssss

‘imec IDLab  uwesier ﬁ
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Make clinicians sharper and visualize what they couldn’t see before

tmec [DLab  wwesier )



@ ® _.
Empowering
= = W L) ®
clinicians, pharma,
coaches, ...



_

-

HYBRID fEXPLAINABLE |

/

—
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GENT

CAUSAL

INTERVENTION

. EE R & 017%

15:55 donderdag 27 apr. ®

1L S

°E|®“%-%P
o

[0 DataCollecto* nu

** Stress can trigger a migraine attack!
Plan a quiet evening as a precaution

Stille meldingen

[ Data Collector + 55m

Verzamelen van data

Locatie, schermstatus, notificaties, applicatie...-




Y . Also
Empowering empowering
clinicians, pharma,” == patients, care
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Designing Al-driven spatiotemporal behavioral markers
and collecting RWE to improve our health and quality of life
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Questions?

Sofie Van Hoecke
Sofie.VanHoecke@UGent.be
+32 486 56 96 09

http://predict.idlab.ugent.be

https://idlab.technology/
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