LjhoPPer

Crowd-Sensing: an Internet of
Things Approach

lacopo Carreras
U-Hopper

Advanced School on Service Oriented Computing
July, 2013, Hersonissos Crete Greece

SEVEFE\I RRRRRRRRRRR




Organization of the Talk

® Crowd-sensing: the why and the how
- What is crowd-sensing

- Motivating scenarios / Startups
Architecture and challenges

Internet of Things

COMPOSE

Conclusions
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The Context
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The Context
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bluetooth
ambient light
microphone

pression

GPS
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societal scale ubiquitous sensing infrastructure
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CROWD-SENSING:

HOW TO LEVERAGE SUCH A
PERVASIVE SENSING
INFRASTRUCTURE?
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Motivating Scenarios
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Motivating Scenarios

4,000

Creek Watch
users

EwaveScript ,
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Motivating Scenarios

® Monitoring Urban Spaces oo tr | oy S | P G
: ) Sl 1=
- traffic congestion, =Y :
- parking availability — el
- road conditions MIT Pothole

® Personal Sensing

s
- Bike Net = %
P XY
- Sense g @
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Pothole Detection

——————————— -

® Objectives
- measure presence of potholes from geo-localized
accelerometers traces

® Challenges
- Loosely labeled training data
- Anomalies similar to potholes (e.g., curbs, manholes)
- False positives

3 Jul 2013, Hersonissos, Crete 7 wuwwJ.U-hopper.com

Monday, 8 July, 13



NoiseMap

® Obijectives
- Mmeasure noise pollution

® Challenges

- Incentives

- Microphone data quality

- Calibration

- Combination of heterogeneous sources
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BikeNet

® Obijectives:
- share cycling experience
- Mmonitor urban environment

® Challenges
- privacy
- data delivery
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Mobile Territorial Lab

Exploit smartphones' sensing capabilities to:
* infer individual and social dynamics
* improve personal awareness and self-knowledge,
* empower communities through citizens data (mobility, spending, mood and

stress etc.),
* advance knowledge on a given territory
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http://www.mobileterritoriallab.eu
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Environmental Monitoring

Potholes Tl’affi C
Health Monitoring

Biking

Urban rhythms Air qual ity

Emotional State

Noise Pollution
Stress

Diet
Garbage Urban sensing
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WHAT ABOUT
STARTUPS?
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Sense” Networks

1. MacroSense® Behavioral Profiles Impressions

. Tra_n Sfo rm S raw Shopping Behavior m via mobile ad exchanges
location data into o Mot Ad
actionable intelligence - et

- from opt-in locations + Wesve
- extract behavioral e
attributes &

- build anonymous profiles
® Example of applications
- ad-targeting
- recommend “hot” spots
in the city

Real time model

* Machine Learned

* Based on patented
technology
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SenseNetworks in Action
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behavio finf

Open Sensing Framework

%

location

Y

cene
movement

Many More and
3rd Party API Support

\ —7

1 B ppllc;no s
“gu 28 J .

social proximity reports & studies

An open source, reusable set of functionalities, enabling the collection, uploading,
and configuration of a wide range of data signals accessible via mobile phones.
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Backend
server for
aggregation

Architecture

Privacy
4
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Localized
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Challenges

® Understanding and interpreting the sensed data
- from incomplete and sparse data

® Privacy

® Energy efficiency

® |ncentive mechanisms

® Program human-based computations/tasks
- recruitment, incentives, reliability
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WHY

INTERNET OF THINGS?
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Internet of Things
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PROGRAMME . . ¢
® Project Fact-sheet: = Fraunhofer
. —— ¢ FOKUS
- Integrated Project O

- Obijective: .2 (Internet of Services)

= Number of partners: |12
® (Coordinator: IBM Haifa

® ) SMEs,W3C, 4 Research centers, | Telco,

m» S , abertis
2 Universities, | Business Dev. company i

- Duration: 3 years @@=
® Started Nov.2012 N
- Total Cost: 7.4M Euros ogqrral |
e EC contribution: 5.35M CREATE- N {
- Web site: www.compose-project.eu UhoPPer
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COMPOSE Objectives

® ObjeCtiveS: Open Marketplace
- Design and implement an ) o
. i buy \\U‘“o“S ‘ Envireamenta
open and scalable service @ e B R e G
Market Place to easily and 4 P .
Business 0 ol
securely develop, deploy, H .
. . ° cell - v .j;f. o ,
share and maintain services “ L 9 o2
based on Internet- N Pi—s
connected smart objects '
R “ deploy

- Cover the whole service

lifecycle

- Become the Appstore/Google
Play for Smart Objects
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Approach

Devices 1. Device 2. COMPOSE 2. Client
Connectors Platform Applications
(gateways) : :

________ > WO | /( Client )

1. raw : 2. raw/filtered

1.raw 3. processed

\( Client )

various native
transmission protocols

@Copyright:Vlad Trifa, Evrythng
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Technical Approach

® Web-based architecture %
Composite Service
o o ’—| :—' — Composite Smart Object
® Objects service management:  end-users s B pone
- object and interaction RN Lo [
virtualization, discovery o o o
. ervices 1:7 | "' | “ 'g
- accounting “ Z
- events stream processing | » ggJ
. . . 7 ~
® Service design and execution : 5
. .. Service Objects , ; , 5
- discovery, composition, B 3
orchestration
- runtime Objects 3 B 3

® Marketplace support
- SDK/GUI for developers
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Use-Case Driven
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Use-Case Driven

.Smart Space

Augmented shopping
experience

3 Jul 2013, Hersonissos, Crete 24 wuwwJ.U-hopper.com

Monday, 8 July, 13



Use-Case Driven

mart City

ay citizen experience

pace

ed shopping
nce
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Use-Case Driven

art Territory

distributed objects &
services
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Issues

® Scalability

- at the Object level (# of objects generating data)
- at the Application level (# of app consuming data)

® Dynamic system behavior
- programmable real-time stream processing
- unreliable data streams

® Service modeling
® Privacy and security

® Heterogeneity
- Of devices
- of data streams
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10 CONCLUDE
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Take-Away Messages

® Smartphones are becoming a primary source of
data pertaining to users daily patterns and the

surrounding environment
- can be considered as Internet connected (sensing) Objects

® |t’s “for free”
- ho infrastructural costs
- (Big) data is there
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Questions!?

lacopo Carreras
Email: iacopo.carreras@u-hopper.com
skype: i_carreras
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Back-up
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MATADOR: server side

Server Side

* Create and configure crowd-sensing tasks
* Visualize and analyze data

Visualize Tasks

24 Tasks

=y
1 +2+3 Avanti»
Description

Task: lacopo task 9
Education
31.07.2012 2322

2 Mmnet Acministrator

# lacopo task 8

Task: lacopo task 8
Education
31.07.201223:21

2 Mmnet Acministrator

# lacopo task B

B

Radius (meters)

500

500

Satalite |
% Mon

Pergine
Valsugana

[sozzs]
ST

8518}

@ - Termini ¢ condizioni d'use

Actions
§ Viewaw
respond

¥ sdmnstrae

% Viewad

respond

¥ sdmnstrae
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>

Text search

] Choose category

Mobility and
transportation

Education

I Commerce and shops
I Pollutions

-

[ Choose district

[ Choose status

[ Choose create date

e Task |
e Task2

eTask N

Task Response

<

30

<task id="taskiD">

<litle>Task at Villazzano</ title>
<description>
Take photo of the bus stop in Villazzano
</description>
<context>
<space>
<circle>
<center>46.04552 11.13852</center>
<radius units="m">50</radius>
<lcircle>
</space>
<time>
<validity format="DD.MM. YYYY" >
<from>01.07.2012</from>
<to>31.07.2012</to>
</validity>
</lime>
</context>
<action>
<request id="requestID™ type="photo”>
Please take a photo of the bus stop
</request>
<l action>

</ task>

wuwuw.u-hopper.com
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MATADOR: mobile app

Mobile application

*  Synchronizes tasks

 Trigger tasks to users

* Deliver results to web
application
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@® QG % il B 5:44

3

Context Settings

Settings

(-184) Garbage on the street
Task radius is 463m

Collect multimedia witnesses of garbage thrown on the
streets of Martignano

(2713) Agritour photo
Task radius is 65m
Make an agritour photo

Garbag on the
street

Collect multimedia witnesses of garbage thrown on the streets

of Martignano

(2842) Check WiFi of Create-Net
Task radius is 95m
Check wifi

®,
- - 2
(3315) Pizzeria Ora Stube Yy Y%,
Task radius is 112m Gq @4
Malk \ a0 \ | < T. -~ r -
Make a video /ela fyd {9/? avernaro Croi
S :\i A /\9’73,\
(3665) Traffic lights broken 0
Task radius is 112m 4 Spre
Make a photo if traffic lights are broken '~ <
7
(4181) No durstbin at Bus sto
Task radius is 500m P Trento ;Jl')'v'f)
The bus stop at Degasperi Anna Franka has no bin, and so Sardagna Trient £
the place is littered with rubbish. » i »
(4187) Vandalism in sport camp
Task radius is 166m N 4
Make a photo of reported vandalism happened in the S§S12)

sport camp

(4317) Is Bus 4 at Degasperi Big Centre
-1 1 =

- - A j‘,\
Ta dius is 1000m L
We want to determine if this bus is always later. s

(4440) Bus 4 at Fermi la Clarina is always
Fask-radits'is 500m

@ @ O @ @ @ @ 0 O

e ;
avina
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Context-Aware Crowd-

Crowd-Sensing Task User Context
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Problem Formulation

Desigh a context sampling algorithm which is able

|. Minimize mobile devices’ energy consumption
e Temporal
e User activity
 User profile

2. Maximize the # of detected tasks
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The Algorithm

Time
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The Algorithm

Time
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The Algorithm

: >
to Time
T8 User
* position <lat, Ing, acc>
* speed
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The Algorithm

: >
G Time Closest Task
i@ User e Spatial vaIidiFy.
° pOSitiOI’l <|at, |ng, Acc> ° Temporal val|d|ty
* speed e Other features
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The Algorithm

d task

: >
to Time
T8 User
* position <lat, Ing, acc>
* speed
3 Jul 2013, Hersonissos, Crete 34

Closest Task
e Spatial validity
* Temporal validity
e Other features
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The Algorithm

Algorithm 1 User context sampling function fsumpiing

1: Atyin = 10s; > Minimum sampling interval
20 Atpar = 120s; > Maximum regular sampling
3 A =d%“t = 1.5 km; > Task detection threshold .
Next sampling
d ta SI < 4: function NEXTCONTEXTSAMPLING( c,t) > .
5: ct < getCurrentU serContext(c"); time

>» ci | < getPreceedingU serContext(c");

# Find the closest task ¢; the user is heading to
7: tj < getClosestTask(c;,t);
# Approach rate to closest task ¢;

hvrs* (c?,c?)—hvrs* (c;‘_l,c; )

8: U; ts;—ts; 1 !
j=i=3
9: U 4 % > Average speed over 3 samples
10: d"t < faise(cl, ch);
] 7 j'7 .
V # Selection of next sampling method NEXt Sam PI | ng
11:
> GPS if dwt < A
Tit1 = { NETWORK otherwise > methOd
B | | GPS vs network
sy if Atyin < - < Aty
At = Atmin if dgt < Atmin

Abge i 25 > Aty

# Next sampling time (sec.)

130 ts¥, < tst + A
14: return (o;; 1,153 );

15: end function
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Preliminary Evaluation

Simulation study

e 30 Km route -
e 50 Km/h £ "

e NTWacc = | Km, GPSacc =20 s

Sampling interval(seconds)

Task detection at different constant GPS sampling rates

B Network Localization @acrs Locallzation |22

an-Lgrenze Vezzana y 38 L;J ‘ - (,'. S hatte .;
ip" 'i o = onq.,nH.o- ra {Tent® %"’weo m o ?o o , ,
- O NIoehy)  Povo - 1 N0 Visual comparison of
------- IO v e gt g el SRR ot i o e W Y\ i o UM W e 3 e s S50 o At st e o o .
v ) | -— MATADOR adaptive
San Lorenze Vezzano E45 . .1;; COnteXt Samphng
3 faws 00000000 o%oncoo ooo0o0 o%‘%o 0000 o?o oo ' Lw.U-hopper.com
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Small scale field test

Field Test

® 400 Km of driving

® User carrying the MATADOR mobile application

® 40 tasks distributed over the path
= Task radius from 250 to 500 meters

Trip duration 4h 20 mins ® Network
# of samples 252 ® GPS
# of GPS samples 103
# of Network samples 149
Average Network accuracy 2159 m
Average GPS accuracy 5m
Detection Rate /6%
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