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Obesity Is a threat for health and economy

2002 2007 2015
' Obese 356 million | 523 milion | 704 million
- Overweight 1.4 billion 1.5 billion 2.3 billion
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Overweight, body mass index (BMI) 225 kg/m?; obese, BMI >28 kg/m? (Asian) or >30 kg/m?.
James WP. J Intern Med. 2008;263(4):336-352,
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Obesity Is a threat for health and economy

A 2.8 million deaths per year in the EU result from causes associated
with overweight and obesity

(Source: European Association for the Study of Obesity, easo.org)
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Current Public health actions

PROMOTE INTAKE OF
HEALTHY FOODS

A Are not tailored to the needs of monr |, ZRowore
local communities “

A Are limited to single-element g

strategies ENDING
CHILDHOOD

OBESITY

Y

PRECONCEPTION AND
PREGNANCY CARE

HEALTH, NUTRITION
AND PHYSICAL
ACTIVITY FOR SCHOOL-
AGE CHILDREN

EARLY CHILDHOOD
DIET AND PHYSICAL
ACTIVITY
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BigO Big Data Agains Childhood Obesity

2 S7A/d
Ki, MANDO,
<3, IEGS, NFA
l

N

A H2020 funding
- 2016-2020

A 13 organizations
—>Universities
—>Schools
—Obesity clinics
—Technical companies
—Telecommunications provider
—Public Health Authorities

A 5 countries
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Big’O ) Big Data Agains Childhood Obesity

A Allow evidence based, pre-assessed, more effective policy choices,
all the way from the prevention front to the point-of-care level for
already obese individuals

A Teach young European citizens about the principles of Voluntarism,
Citizen Science and Public Participation

A Increasing the awareness about healthy living, introducing students
to the health-in-all-things mentality
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Need of multlevel approaches

A Obesity risk depends on: B oo scumnounn
- The way we eat satus g
- What we eat rien : BEHAVIOURAL

RISK FACTORS

- How we move
— The way we sleep

A These decompose into a long
list of personal behavioral
patterns

A Highly correlated, in a causal
way, with the conditions of local
urban, social, regulatory and
econ 0 m |C e nVl ro n m e nt Based on Davison KK, Birch LL. Childhood overweight: a contextual model and

recommendations for future research. Obesity reviews. 2001 Aug 1;2(3):159-71
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Causality hierarchy

| BigO policy planner l\‘Policies\, < D

| BigO policy advisor

PERSONAL BEHAVIOURAL
PATTERNS

BEHAVIOURAL
RISK FACTORS

BigO clinical advisor

Anastasios Delopoulos

Local Extrinsic Conditions
(LECs) = The environment
T Urban
1 Social
I Financial
I Regulatory

Personal Behavioural
Patterns
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Causality hierarchy

- Personal Behavioural
| BigO policy planner l\‘Pt)licies\' - Patterns - our hab|t3
o saea I The multiplicity of them

PERSONAL BEHAVIOURAL
PATTERNS

BEHAVIOURAL
RISK FACTORS

Behavioural Risk Factors

BigO clinical advisor
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Causality hierarchy

| BigO policy planner l\‘Policies\, < D

| BigO policy advisor

PERSONAL BEHAVIOURAL
PATTERNS

BEHAVIOURAL
RISK FACTORS

BigO clinical advisor

Anastasios Delopoulos

Behavioural Risk Factors =

A structured profile
I How one eats
I What one eats
I How one sleeps
I How one moves

Child BMI
or

Obesity Prevalence
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BigO = extract evidence, locally !

A Aetiology
—Why bad habits are being adopted
—>Not in general! Here, at a local level

APrediction

—>What is the effect of an adopted policy
3 Estimate it before it is adopted
3 Quantitatively
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Aetiology t he “ Pol i cy Adyv

AWhat makes the population of a Local Extrinsic Conditions
specific neighborhood of Athens (LECs) = The environment
scarcely use public means of I Urban
transportation? i Social

~An easy one I Financial
AWhat makes the population of a I Regulatory

specific neighborhood of Dublin
exercise less than average?
—>More interesting

AWhy students at IEGS eat their lunch
too fast?

Personal Behavioural
Patterns
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Predi ctil on: t he “ Pol |

A What is the effect of adding a bus Local Extrinsic Conditions
line to the use of public means of (LECs) = The environment
transportation from the I Urban
population of a specific I Social
neighborhood of Athens? I Financial

—>Not that easy to quantify I Regulatory

A What is the effect of reducing the
availability of high sugar
sweetened beverages in metro

stations to the calorie intake of
students? Personal Behavioural

Patterns
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Big Data Is the key!

A Large-scale data
— behavioural patterns
— local environment variables

A Statistically significant associations
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Which big data

AThousands of children

—Schools
—Clinics

BigO is built around the
“citizen-scientist” model,

which relies on individuals
sharing their behavioral data

ABehavioural data
—Personal Behavioural Patterns
—Behavioural Risk Factors

AlLocal Environment Conditions from relevant areas

Anastasios Delopoulos DGINS 2018 Bucharest, RO Oct 10-11, 2018



Multimedia Understanding Group, Aristotle University of Thessaloniki, Greece

BigO Community

Reaching out to more than
23.000 school children to
become BigO citizen scientists
and share their behavioural

data

Engage ~7.000

Engaging more than 2.000
children at 3 obesity clinics
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BigO Data collection

>

Location — GPS

~

Physical Activity

CHILDHOOD OBESITY

Barcode Scanning — Food

Self-reporting
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The BigO System

i ': Public Health
‘ Officials

Children . Healthcare
BIgO Cloud professionals
Storage +
Analytics
Platform

s=| BigO community
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Measuring behavior: Devices + Apps

Use smartphones/smartwatches to measure accelerometry + position
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Measures of behavior:

Activity Counts & Steps

~

A Measure activity per minute
— Activity counts
— Steps

A 3D Accelerometer recordings at
10 up to 100 Hz

A Smartphone or Smartwatch

A Use signal processing
algorithms

Phase 1

Phase 2

Phase 3

Motion State

Classifier
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I Based on Peaks

( Basic Feature Calculation and Buffer '
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Measures of behavior: Activity Counts

I
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Measures of behavior:
Activity Type Classification

A Decide Activity Type per minute
—>Walking, running, bicycling, sitting, standing, etc

A 3D Accelerometer recordings at 10 up to 100 Hz
A Smartphone or Smartwatch

A Signal processing + machine learning

Anastasios Delopoulos DGINS 2018 Bucharest, RO
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Measures of behavior:
Det er nlfaspactg

~

A Determine Points of Interest
visited
—>Home
—Frequently visited locations
—>Public POls

AGPS recordings per minute
ASmartphone or Smartwatch

ACluster locations
—>DBSCAN

A
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Measures of behavior:
Det er mufaspacgyr a'p h”

A Derive the graph of lifespace
—Places visited

—>How and when ones moves from
node-to-node

A Add labels to places

—>Restaurant/Fast food/Bus
station/School/Gym/....

—Access Google/Foursquare for this
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Measures of behavior:
Food type and quantity

A Determine the type of food

A Quantify food
—>Volume
—>Main ingredients

A Pictures

A 3D computer vision
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Measures of behavior:
Analyze meal microstructure

A Detect bites during meals
Aln the wild

ASmartwatch captures ‘
accelerometry + gyroscope data

ASignal Processing + Deep
Learning

Anastasios Delopoulos DGINS 2018 Bucharest, RO Oct 10-11, 2018



Multimedia Understanding Group, Aristotle University of Thessaloniki, Greece

Measures of behavior:
Analyze meal microstructure

Inertial Data Convolutional Network Recurrent Network Eating Events
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Measures of behavior:
Analyze sleep

A Sleep Duration, Fragmentation,
Efficiency, ...

A Smartwatch

A 3D accelerometer + HRV sensor

A In the wild

A Signal Processing + Deep
Learning
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Eating activityndicators (indicative)

Eatingfast food /outside

Fastfood eating frequency

Eatingdinner outside of the home?

Eatingat home

Foodtype

Meal type (breakfast,lunch, dinner, snack)

Meal frequency(e.g., breakfast)

Sodaor fizzydrinks (sugaradded)

Diet soda/Juice/water/milk

Eatingoccurrences

Eating/snackingrequency

Eatinglate at night

Eatingscheduleadherence

Anastasios Delopoulos

Occurrence

Times/week
Occurrence
Occurrence

Categorical
Categorical

Occurrence
Occurrence
Occurrence
Occurrence
times/day
Times/week
sec (std)

DGINS 2018 Bucharest, RO

Sensorsnvolved

(I_ocation, Accelerometer,
Photo, User answers,
M andometer)
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Physical activitySleep indicators (indicative)

Frequencyof 10 min bouts of consecutive mod-vigorus g SAVEE A
activity
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MeasuringenvironmentExternalSources

~

A Maps
—Incl. Google, Foursquare

A Statistical Authorities
— Finest spatial scale
— Microdata (?)
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Measuring Environmenbeep Learning

A Example: Image processing +
deep learning on Google Street
View: infer unemployment from
car images

A Deep Multiple Instance learning |
— Inexpensive
— Good accuracy

— Uses statistics of coarse spatial
resolution during learning

— Yields fine spatial resolution
predictions
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Estimates of local conditions:
unemployment

(a) Acquisition (b) Car detection (c) Multiple instance learning (d) Surrogate variable
& estimation of
Google Street View r ‘ local unemployment rate
- ‘ 3 ‘
Upper left X '.l - \ - s
| J I Faster RCNN i
ESONETEER Inception V3 i [
S Parked car images Top-20% = 3
P = z R bt o surrogate g ; :
s 31 )
B - B e SR S T -h:il:il:i"ﬁ'ﬁ"'
: S e e
: = = o . Kool
o Lower right ~

Diou, C.; Lelekas, P.; Delopoulos, A. Im&gesed Surrogates of Soeio
Economic Status in Urban Neighborhoods Using Deep Multiple Instance
Learning. Preprints 2018, 2018080154 (doi:
10.20944/preprints201808.0154.v1)
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Estimates of local conditions:
unemployment

&
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(a) Pylaia (b) Panorama

Diou, C.; Lelekas, P.; Delopoulos, A. Im&gesed Surrogates of Soeio
Economic Status in Urban Neighborhoods Using Deep Multiple Instance
Learning. Preprints 2018, 2018080154 (doi:
10.20944/preprints201808.0154.v1)
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Privacy preservation
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6 digit geohashes in central Stockholm
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Challenges

A Engagement

~

A Privacy

A Discreet operation
A Scalability
A Accuracy

A Validity
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Thank you
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