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Harnessing the power of hybrid AI for designing spatiotemporal 

behavioral markers for health and their dynamic visualization
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Intermittent, subjective self-reporting





We generate data
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WEARABLE AND SMARTPHONE SENSORS



Empatica E4
Accelerometer 

Skin temperature

Heart rate 

Screen

Skin 

conductance
Gyroscope 

imec chillband+

Wearable sensors



Movement

● accelerometer

● gyroscope

Location

● magnetometer

● lat., long., alt.

Keyboard usage

Phone behavior

● app usage

● notifications

Cellular connectivity

Barometer

Light intensity

Loudness

Smartphone (virtual) sensors



We input data
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DYNAMIC QUESTIONNAIRES



Dynamic questionnaires
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Even if we speak, we generate data
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SPEECH



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

BEHAVIORAL MARKERS



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

BEHAVIORAL MARKERS



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

BEHAVIORAL MARKERS



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

BEHAVIORAL MARKERS

EXPLAINABLE

HYBRID 

AI
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CORRELATION DERIVATION
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MODEL EXPLAINABILITY CAUSAL AI

EXPLAINABLE

HYBRID 

AI

E.g., migraine triggers E.g., treatment effectE.g., feature importance

EXPLAINABLE

HYBRID

AI



Activity recognition

EXPLAINABLE

HYBRID 

AI

Sedentary Dynamic

Extra context info:

● location & route

● speed & cadence



Sleep detection

EXPLAINABLE

HYBRID 

AI

Activity index (AI) + 

segmentation

Sleep

Awake

1
 -

A
I

Google sleep 

API



Stress detection

EXPLAINABLE

HYBRID 

AI

Added value of context
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



Finding correlations between a headache and previous events

Time

Headache

T1

Stress
Medicine

Intake
WalkBad 

Sleep

Lunch

T2 T3 T4 T5 T6

correlation?

Trigger detection



Trigger detection

Trigger Proportion

Bad sleep 0.61

Medication 0.61

Current 

menstruation
0.50

Abnormal 

sleeping
0.39

Abnormal low 

stress
0.28

Commuting 0.28

Abnormal high 

stress
0.22

Time-based Apriori 

via ML rule mining

INKINK

Task-specific Rule mining

Rule specific for Patient X:
Headache triggered when

Sleep has ActivityDuration<=5h

3-month Longitudinal

Data

KG

Semantic rule mining

EXPLAINABLE

HYBRID 

AI

EXPLAINABLE

HYBRID

AI



RWE app for patients



Activities



Sleep



Stress



User can add (and label) events



In-house designed labeling dashboard



Automatically detecting wearable non-wear



RWE app for patients
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DYNAMIC CLINICIAN DASHBOARDS

RWE dashboard for clinicians
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DYNAMIC CLINICIAN DASHBOARDS

RWE dashboard for clinicians



Semantic description of sensors and services
GET https://obelisk.ilabt.imec.be/api/v1/scopes/smm.demos/things/BBB5

HTTP/1.1 200 OK

Content-Type: text/plain; charset=utf-8

Content-Length: 528

<https://obelisk.ilabt.imec.be/api/v1/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/v1/scopes/smm.demos/thi
ngs/BBB5/metrics/acc.BDF> .

<https://obelisk.ilabt.imec.be/api/v1/scopes/smm.demos/thi
ngs/BBB5/metrics/acc.BDF> a 
m3lite:AccelerationInstantaneous,

sosa:ObservableProperty ;
rdfs:label "Accelerations BDF" ;
dcterms:identifier "acc.BDF" ;
dashb:produces metrics:acceleration ;
dashb:dimension time:Instant .

Request

Response

Semantiek

Sensor

Web API

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

 Smartwatch 
 GPS

 Heart Rate

 …

 Body Temperature

 GlucoMeter

 …

Environment Sensors

 Presence Detection

 Temperature Sensors

 CO2 Sensors

 …

Virtual Sensors

 Human Labeling
 Migraine Attacks

 Stress Detection

 Activity Recognition

 Sleep Detection

 …

And similar for all visualization widgets…



Semantic description of sensors and services

Semantics

Sensor

Web API

Semantics

Virtual Sensor

Web API

Semantics

Visualization

Web API

http://dashboard.elis.ugent.be/v1/dashboard
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DYNAMIC CLINICIAN DASHBOARDS
DYNAMIC CLINICIAN DASHBOARDS
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DYNAMIC CLINICIAN DASHBOARDS



Dynamic spatial visualisation of sensor data
<--> SOTA geospatial only

Temperature

Detected stress

Headache pain



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 .



Towards Dynamic Visualization using Semantic Web Technologies
Capturing Domain Knowledge

ex:Head rdfs:subClassOf ssn:System ;

ssn:hasSubSystem 

ex:RightFrontalLobe,

ex:LeftFrontalLobe,

ex:RightOrbitalLobe,

…



Towards Dynamic Visualization using Semantic Web Technologies
Sensor Mapping

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

ssn:hasSubSystem <dht11.19243> .

<dht11.19243> a ssn:Sensor ;

sosa:observes <dht11.19243.humidity> ;

sosa:observes <dht11.19243.temp> .

<dht11.19243.temp> a sosa:ObservableProperty .



Towards Dynamic Visualization using Semantic Web Technologies
Visualization Mapping

Ontology
<groundfloor.floorplan> a dashb:Visualization ;

dashb:hasComponent [

dashb:visualizedSystem <kitchen>

]

GeoJSON
{

"type": "FeatureCollection",

"name": "groundfloor.floorplan",

“features”: [

{ 

"type": "Feature", 

"properties": { "id": 6, "name": "kitchen", "floor": 0 }, 

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

}

]

}



Spatio-Temporal Visualizations beyond Healthcare
Examples

Manufacturing and Industrial IoT Air quality / Building Management



Framework with monitoring app, 
behavioral markers and dashboards for 
continuous, objective health monitoring
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Make clinicians sharper and visualize what they couldn’t see before
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Empowering 

clinicians, pharma, 

coaches, …



HYBRID

INTERVENTION

EXPLAINABLE CAUSALCAUSAL
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Empowering 

clinicians, pharma, 

coaches, …

Also 

empowering 

patients, care 

providers, …



Title only
With subtitle



Designing AI-driven spatiotemporal behavioral markers 

and collecting RWE to improve our health and quality of life



Questions?

Sofie Van Hoecke

Sofie.VanHoecke@UGent.be

+32 486 56 96 09

http://predict.idlab.ugent.be

https://idlab.technology/

http://predict.idlab.ugent.be
https://idlab.technology/
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