Participatory Sensing
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Data gathering: a general problem

e Water: “U.N. has a limited success to get accurate
: information on water infrastructure and treatment systems”.
Pervasive Systems J o Poor data, weak agencies hamstring U.N. environmental
oversight, NY Times, 2009.
e Food: “Agricultural statistics has deteriorated over time” -
weak estimation of global rice/wheat productions - fisheries
data outdated.

loannis Chatzigiannakis

Sapienza University of Rome

Department of Computer, Control, and Management Engineering (DIAG) o Food and Agriculture Organization, Audit 2009.
@ Health: “Exposure measures are sometimes completely
Lecture 3: lacking, frequently incomplete or otherwise uncertain”.
Participatory Sensing e Uncertainty and Data Quality in Exposure Assessment, World

Health Organization, 2008.
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An Example: Monitoring Pollution Issue #1: People are not exposed to data

Modeling Emission vs Modeling Exposure
Location-based Exposure vs Population-based Exposure
Sparsity of deployments

Uncertainty of results

Infrastructure Costs

Important environmental issues in cities

(long term) health, social and economic impacts

An increasing problem, especially in developing countries
Growing public concern & effort (European Directive -2002)
but limited success of environmental policies.

Complexity of monitoring the real exposure of the population.

Los-Angeles Mumbai
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Issue #2: Peoples’ role in pollution management

@ Urban pollution is an anthropogenic effect
@ No real citizens participation despite international agreements
@ Need to involve the people in the loop:

e to get a better representation of their environmental

conditions,
e to interact in a more direct and powerful way.
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Opportunity of Participatory Sensing

e Growing public concern.
@ Access to powerful, rich-sensor mobile devices.
e Cultural shift in digital world (Web 2.0).
@ Addresses Issue #1
o Low cost adaptive sensor network,
e Collecting fine-grained real data,
e Supplying real exposure data.

@ Addresses Issue #2
o Citizen empowerment,
e Citizens in the loop: reporting directly their environmental
conditions,
e Building collective maps of their shared exposure to noise.

Lecture 3
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Participatory Sensing

@ Individuals and Communities
e use mobile phones and cloud services,
o collect data,
e analyze data.

e Wide range of application scenaria:
e Health and wellness,
e Sustainability: transportation, consumption habits,
e Governance: smart citizens, civic engagement.
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Essential Components

e Ubiquitous Data Capture
e Mobile phones collect data using sensors
(image, audio, video, motion, proximity, location)
o Context-aware data collection

@ Data Processing and Management

Local processing at mobile phones

Cross-user data sources at cloud

Current data vs Historic

Simple data can be used to infer complex phenomena about
individuals and groups.

@ Personal Data Vault

e Highly individualized, personal nature of data.
e Protection of user privacy.

Lecture 3
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Common Architecture Components

Configuration

User information

o

Automated capture

Time-location trace
(GPS/GSM/Wi-Fi
+ time) |
Modifiers
(accelerometer,
audio, image,
Bluetooth, vitals)
A J
{ 7\‘
Prompted manual
capture

Media (audio,
image, context)

Tags
(text, audio, menu)

b

Device
capture
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Noise

Contextual data

(real-time/ Health/wellness
Personal historical)

data stream

Location
Proximity
Activity
Social context
Spatial
Context
Media

GIS data Sustainability

Advocacy/
democracy

User
personalization

Server
processing

Device/server
processing

Applications,
analysis, action
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Monitoring Noise

Among the leading causes for illness in urban areas

@ Stress
© Poor sleep

Network Architecture

Discovery .
Agent

Server 2

REST
Web Service
Participant |
Subscriber (User)
L]
4 g ‘
93 e =
4
Cluster ‘Wireless Sensor Network
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NoiseTube: Citizen Sensor network for noise pollution

Automatic Pattern
recognition
peak

Loudness computation in dB(A)

« A = weighted filier Measure
(ear perception/ correction :
o) — Pollution tagging: sources of
i Ehe S | noise , perceptionfopinion, data
7 81 B 40 i + organisaion (e.g. campaign)

Long-term high exposure
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© Reduced life quality

© Increased risk for hypertension
© Hearing loss

O Lower cognitive performance

Geotagging (indoor, subway)

Qualitative data : Free annotation

Distributed preprocessing: Phone = sensor + compuier
User Privacy: no sound sent to the server
User experience: real lime local exposure

Phone as noise sensor:
Sound captured by the .
microphone .

«  Scalability: distribution of the computational effort

Phone interface

.

4

easure
+ meladata:

Data gathering
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NoiseTube: Citizen Sensor network for noise pollution

18/

= Web interface to navigate
(city, people, tag)
—

Exposure by district e {)

rtainty, color=pollution)

wf= Population density / district

]

= Public visualisations
+  Reakt loctive poople
* Map with layers (semantic exposure)

&
= Plugged into the web ecosystem

(API, GeoRSS) @

Public data commons

accuracy (road)

Correction of Localization

Map data

Indicators for action:
Basic ranking of areas based on
population density

Data aggregation by urban
element

T Segmentation algorithm

Gis Server (openstreetmap)
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Challenge 2: Contextualizing environmental data

Why do we need the context?
Add meaning to raw data.

© Hard to search in numerical datasets for humans.

o Meaning of 75 dB(A): bad /good?
o Lat,Lng=2.34, 12.5: which street?

© Hard to identify the source of pollution with only numerical
data.

Only measurements, ,
No semantic information %

U5 05 N B W W W0 R
Mt i the hows

Measurement done by real sensors . ]
Simulated map
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Challenge 1: Accuracy

Signal processing algorithm to compute L (A)

AESPONSE PELATIE TO

1 (7 p? i
Loy = 10log—= —dt
+ eq Og,rfu PoZ + )

Phone as noise
sensor

A-weighted filter

Leq
Phone specific
correction function

Experiments to evaluate accuracy

Phone in hand

+2.5dB

Handsfree kit
+ 4.5dB

Phone in pocket
+ 6.5dB

s;@ar{r
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People as semantic sensors for pollution

o New tagging usage.
@ Great idea ...

@ but limited (amount of) contextual information

loannis Chatzigiannakis
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Challenge 3: Visualization

@ Exposure layer

@ Semantic layer

o Contextual information
e Contribution layer

loannis Chatzigiannakis
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Challenge 4: Sharing

ELog: Environmental log

“See the digital traces of my exposure to pollution”
NeiseTube

Aboutmm

: Cities People Tags Download YourElog YourProfile Logour Publications Team
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Challenge 3: Visualization

@ Real-time collective exposure
e Google Earth and Web-based

<

= —_— 7 testio2 14!
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Challenge 4: Sharing

New Grid for personal environmental information: Spreading
environmental information through Social Network (Twitter)

ghly the insight of 3 attention-related papers in 3 different
economics, attention in socology, attention in information

by the lecture | suggest you to resd the ofiginal sources,  Bookmarks: »EIIXIN
ide can be completed with a 4th case in a former post{1] (in  Music | 4 [imsren |
rganizational theory-based view of Digg.com, a socal news  ohopas: [fickr

books:
lution

For the first case, [ will mention the most obvious case
problem of information overload we have from decs
the fact that information system designers still doy
to this trend. David A. Bray [5) pointed out the (
analogy between information overload and en
ecologicsl problem Similar to  the limits
“enwironmental load” with regand to human-made
sorme  of the technologes we  have built
{unforeseeably) to increased information polut
pollution #s beginning fo manifest itself in term
W

waws for tiere with nature and with friends, free of techrolog)

friends (9)
first one predicting the information overload problem several rathie {441
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Case study: Exposure to noise in mass transit system

Science daily, June 2009

recent [US] public health studies have identified several sources of
environmental hazards associated with mass transit, including
excessive noise, a large and growing problem in urban settings.

@ Paris Subway - 2008
@ No public information about exposure to noise
e Building exposure map of 2 lines
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Noise Maps

Governments are using Noise-Exposure-Maps to understand the
extend of the Problem.

@ Calculated
© Missing areas
© Every few years

@ Selective sources

Nose levels day dB(3)

© Expensive

ER
BB B
March 31, 2008

@ Commonplace in the
EU, less in the US

Length Scale 1:82269
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Case study: Exposure to noise in mass transit system
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SoundOfTheCity — The Smart City Approach

- : |

@ Use available technology
@ Involve citizens
@ Collect and publish data

@ Empower citizens

loannis Chatzigiannakis
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The Noise Map
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Visualizing community exposure

Pervasive Systems
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ound of the City

The Dosimeter

@ Measure and visualize how a user is
exposed to noise

o Generate personal benefit

@ Provide an understanding of the
personal exposure

@ Provides risk assessment

loannis Chatzigiannakis Pervasive Systems

Sound of the City

00:04
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The Sound Map

@ The Sound Map provides a dimension that is more easily
accessible.

o It allows to capture the experience.

@ Creating Records

Video
Sound
Picture
Text

@ Augment the information conveyed by the sensor data
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Measuring with Mobile Phones

Repeat
R d Determine Calculate Noise
=Cok Amplitude Level
x dBSPL = 20 log; 0 (ﬁ) dBSPL
Po
Problems:

e Handling (hands, pockets, bags)
@ Protective cases
e Wind

Monitoring Noise
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The Sound Map
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Context Awareness

@ Using context can help reduce the amount of distorted
measurements and reduce energy consumption
@ SoundOfTheCity is supposed to visualize noise that is relevant
to the community there are possibilities of exclusion
e Phone is in the pocket

o User is indoors
e User is traveling at high speed

@ The measurements are still used to evaluate personal exposure
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Context Awareness

@ Is the proximity sensor is evaluating to true (Pocket)
e Turn off GPS and do not send noise levels
e Wifi is connected (Indoors)
e Turn off GPS and do not send noise levels
@ If GPS-Location has low accuracy (Indoors)
e Do not send noise levels
@ If the user is moving at high speed (cars, trains)
e Do not send noise levels
@ If the phone has not moved for several minutes
e Do not send noise levels, reduce GPS rate

loannis Chatzigiannakis Lecture 3
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Mobile Phones Microphones

dBA)
a0
80
70 - -—
60 - —PM 30
—NexusW 30
50 ——NexusB 30

—PM 50

NexusW 50

NexusB 50

30
| The data we get from the microphones is itself
already inaccurate.

PM 70
———MNexuswW 70

MNexusB 70

10

Hz

62,5 125 250 500 1000 2000 3000 4000 6000 8000  pink  white ISTS

noise noise
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Participatory Sensing in Commerce

Handbook of Economics and Information Systems, 2006

“The empirical evidence for price dispersion in both online and
offline markets is sizeable, pervasive and persistent”

Solution: Using Mobile Phones to Track Market Price Dispersion

loannis Chatzigiannakis Lecture 3
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Participatory Sensing to Track Price Dispersion

@ Harness power of the collective via participatory sensing
@ Consumers collect and share pricing information
@ Design criteria:
@ As automated as possible to reduce reluctance in participation

© Use camera phones to replace human sensing, processing and
communication tasks
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The Architecture

Request
Internet >
GPRS/HSPDA/WIFi —
Response

Central Server

&
fﬂ‘ch fbg s
i odtr “Of‘es
Cy
4 Se a"'C/;. B
e,
"V

x Store List

Coles E » Map Viewer
2, Mel Waratah 4,

RanchgAs b b
B

Insert Product

Iy Delete Product
Merge Product
Split Product

Anthur g
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@ Most systems are still developed/tested on a small scale.

@ A number of Future Internet testbeds can be used for suitable
experimentation purposes.

@ Deploy systems and applications utilising large-scale
infrastructure already installed.

@ A few testbeds are installed in urban areas — city centers —
e.g., SmartSantander.
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Two Applications: MobiShip vs PetrolWatch

@ Nearly identical system architectures
@ PetrolWatch — camera position important

e Special computer vision algorithms for extracting fuel price
information (on server/camera phone)
e Use of GPS and GIS to simplify image processing

Lo Image iewer b ‘pj. Petrol Watch - Input
e
L
JUST JULCE CRRAGE 3 3LITRE
Quantity: 2.8 $2.99 each
KENDOS SAUCE PER! PE 250ML
3 B COLES BREAD JPK GTSGRAN
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=

imageltem
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SmartSantander: System Objectives

@ Run “experiments” on Smartphones:
e Virtualization of experiments on volunteers smartphones
(deployment, execution, management, data exchange).
o Transparent execution — Users can simply enable/disable if
they wish no further interaction.
o End-user customization options for privacy.
o Integration with SmartSantander.

@ Experimentation with:

e Integrated smartphone sensors.
e Interaction with loT devices/networks/Web (WiFi, Bluetooth,
other sensors).

loannis Chatzigiannakis
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Introduction

Software technologies used

@ OSGi, Ambient Dynamix

Android OS platform.

OSGi-based plug-and-play context sensing framework.
Provides a simple means for apps to request context support.
Download/install dynamically plug-ins on demand.
Mechanisms for plug-in execution management.

Manage access rights to smartphone resources.

@ Plug-ins: Small, reusable and collaborative java components.

@ Components can be composed into an application and then
be automatically deployed.

@ Project Plug-in repository on the Web (i.e., not a centralized
market place like e.g. Google Play).
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The Experimentation Process

Experimenters/Server Side

© Experimenters submit code written as plugins

@ Code is validated locally by SmartSantander

© Available as a plug-in on the projects plug-in repository
© Readings are available at SmartSantander portal server

loannis Chatzigiannakis Pervasive Systems
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The Experimentation Process

End Users/Smartphones
o

End-users download participatory experimentation application
End-user customizations — e.g., which sensors to use for
experimentation, when to upload results, etc.

Smartphone app registers the device to SmartSantander and
downloads an experimentation plug-in

Experiment readings are stored on the device and forwarded

to SmartSantander server

2]
o
o
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Smartphone Experimentation Components
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Experimentation is Enabled Experimentation is Enabled

SmartSantander Device ID: 106
SmartSantander Experiment:
Id: 6 Name:
NoiselevelExperiment

Installed Sensors

Gps-Sensor

NoiselLevel-Sensor
Id: 6

Name: NoiseLevelExperiment
Experiment Enabled

Submitted: Oct 29, 2013 3:30:18 PM
Disconnected from SmartSantander

Server Available Sensors

No available Sensors
Find S hi

on: NoiseLevel

Sensor Dependencies

N

Start Page Plugin Settings Current Experiment
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Web Portal

S
PARTICIPATORY SENSING

ANDROID EXPERIMENTATION

CmartSantander

HOME EXPERIMENTS PLUGINS SHOWCASE ABOUT

Current Experiment

Actual running time
Submitted at
Number of Reported Readings

19 Days 3 Hours 7 Minutes 3 Seconds
)ct 29 15:30:18 EET 2013

NoiseLevelExpi
org.ambie
org. ambie

riment

amix.contextplugins. ExperimentPlugin
amix.cont ins. Expe PluginMoi
hitp-//blanco.cti gr 8080/dy lorg ambientdynamix contextplugins ExperimentPluginNoiselevel 0954
jar

active

el_0.9.54 jar

amixReposito

org.ambientdynamix.contextplugins. NoiseLevelPlugin

NoiselLevel
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Introduction

Smartphone Ul

Experimentation is Enabled Experimentation is Enabled

Android Experimentation is related to
the SmartSantander research project,
aiming to provide an Android
smartphone application augmenting
the functionality of an existing Future
Internet infrastructure.

The Android software component
distributes  executable code on
smartphone devices of a network of
volunteers. The code is deployed as
Ambient Dynamix plugins, performs
calculations and produces sensor
results, that are uploaded to a central
server. There is a central software
component responsible for distributing
the plugins and collecting the results.

P £
Cmarthantanaer

Project Info

Readings created during last 7 days

Statistics Page

loannis Chatzigiannakis Pervasive Systems

Introduction

Web Portal

CmartSantander

Upload a new experiment

Select a file to upload:

Experiment Name NoiseLevelExperiment

Description

Context Type org.ambientdy ix.c lugins.E

tPlugin v

WifiScan-Sensor

Sensor Dependencies

Public data 2}
Starting at: 11/13/2013 --:-- -- Xy
Ending at: 11/30/2013 --1-- -- Xt

Experiment File Choose Fie | org.ambientdy...in_0.9.54.jar

Upload File

loannis Chatzigiannakis Pervasive Systems
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Web Portal

PARTICIPATORY SENSING

ANDROID EXPERIMENTATION

‘ padEantand‘E’r

ME BPERIMENTS  PLUGINS  SHOWCASE

lesults for Experiment:4
Iraw Chart:

levice 1d: |1 v] Sensor: org.ambientdynamix.contextplugins.NoiseLevelPlugin || | Draw
Id Timestamp Reporting Device Message

reon i value
123 Tue Nov 05 13:3233 EET 2013 ] 51

124 Tue Nov 05 13:32:41 EET 2013 ]

133431 EET2013

133441 EET2013 ]

HEET2013
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Availability & Testing

Open source, available at GitHub.

Translated also to Spanish and Greek.

Implementation tested with a number of different Android
devices and volunteers.

2 different scenarios.

30 volunteers participated in the experiments.

7 days duration, 130K readings produced.

6.8 Km? area covered.

Tested in 2 cities — Santander (Spain) and Patras (Greece).
Android versions 2.x, 4.x are supported, majority > 4.0.3.

loannis Chatzigiannakis
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Web Portal

PARTICIPATORY SE

ANDROID EXPERIMEN

LmartSantander

EXPERIMENTS

PLUGINS SHOWCASE
s for Experiment:4

Experimentld

Deviceld Sensor

4 48 10 amBiENdyNamIL Contapiuging NoiseLaveiPlugin

loannis Chatzigiannakis Lecture 3 39 /43

Experimentation
00000000800

Wardriving

@ Pedestrians carry Android smartphones mapping free Wi-Fi
networks along the city streets.

@ Map of Wi-Fi availability over a city in just a few days.

o 8 users / 2 days, 3 Km?

@ 2878 WiFi networks discovered

loannis Chatzigiannakis
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Wardriving

9
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Noise Monitoring

@ Detect ambient noise in city centers using smartphone
microphone.

@ Volunteers carry smartphones monitoring the ambient noise
levels the way humans perceive them in their daily lives — 27
users / 5 days, 6.8 Km?

@ 45 loT nodes equipped with microphones available in
Santander - calibrated to return values between 50 and 100

dBA.

@ Issues with smartphone mic accuracy, calibration profiles are
required.

@ Smartphone readings are close to static infrastructure readings
(3-6 dBA)

@ A 3dBA increase is barely noticeable to humans

Lecture 3
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Wardriving

EXPERIMENTS

PLUGINS SHOWCASE ABouT
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Introduction

Noise Monitoring
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City center (left) and suburb/campus (right) average noise levels
between 18:00-24:00
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Discussion - Limitations

@ Volunteers in a smartphone experimentation platform can fill
in “gaps” that are present in installation areas.

@ Plugins implemented with ~400 lines of Java code.

@ There are challenges in integrating smartphones within an loT
sensing infrastructure.

@ Tradeoff between the number of experimentation volunteers,
their commitment, time to perform the experiment, quality of
the results produced.

@ Researchers avoid the complexity of developing for an
embedded highly specialised platform and instead use popular
development tools for smartphone platforms.

@ Using such experimentation procedures can lead to creating
an abundance of additional data.
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