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e Spatial variability

COSt Air Quality MonitOri ¢ Health relevance
iv es e Traffic related

High-resolution mapping

e Spatio-temporal dynamics of air pollutants
e Potential users: authorities, urban planners, air pollution modellers

Hot-spot identification

e Fast and reliable method for hot spot detection
e Targeted measurements to potential hot-spots
e Potential users: city authorities, environmental agencies

e Validity for confined area and period : extrapolation?
e Combine with activity patterns for exposure assessment
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® Portable monitors in mobile

. ")EA applications -
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. Portable monitors in mobile
. IDEA applications —

— Black Carbon Mapper

left : micro-Aethalometer with GPS in carrier bag;
right: ‘home station’ with software to read out data,
send to database, synchronise , recharge equipment

/4. Data visualization\

and analysis
/’ 1. Data transmission and sa'qee 6 l
Q N Data storage and processing i¥e
fe&& ﬁ " = 1 -"@:.
0‘5‘,):_ ‘:{ e
o ~ 4
i N Step 1: Measurement Step 2: Data Step 3: Background  Step 4: Data . Q&' —
N enhancement validation correction aggregation O,L'b \ j

PestGIS
Datapre-processing ' —— - 'E,L

;'i-';;:;,_,{ s w—\f;ﬁcr -
% \\ \ 3. Automated data pre-processing@g
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Portable monitors in mobile

I EA _ applications -
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o ® Portable monitors in mobile

'IDEA applications —

City employees monitor air quality during their normal working routine

r [ Stakingshinder bij Brussel % V. Brussels Airlines - Flight 0 % ¥ [ Antwerp BC mop from cit %

¢ C' [} sensorview2.vito.be/BCM/antwerpen.htmi Q ¥

i1 Apps % Dropbox - Simplify y.. |0 Outlook (@ ScienceDirect » Sublime-svnet [ Trein (] Geimporteerd uitInt.. [ EveryAware (7] CARBOTRAF (] GOOGLE (] VITO [} + Addto Delicious [ Antw B2 L map fro.. [ Nieuw tabblad » ] Otherboc

BC map of streets Antwerp

ed by city guards in Antwerp, aggregated on a BC map.

3 teams of ‘City Guards’ measuring il
air quality in Antwerp during 12 months

raged over street sections. The map is based on BC measurements collected by 2 teams of =
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BC Mapper 4582013 Google Imagary €203, Asotataiter
Click on a street to get additional street statistics
BC concentrations from streets in Antwerp.
BC map All day
|Full period: June 2012 - June 2013[~]
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Low cost sensors in dense networks -

Outside temperature
and relative humidity

CO sensor
temperature
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Low cost sensors in dense networks -
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Three days follow-up of sensor-dependent response of 13
“electrochemical CO sensors to changes in temperature at constant
indoor CO concentration
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Low cost sensors in dense networks -
'@

O
@
» correcting interference of environmental factors .. IDEA

» Test set-up: sensors collocated with reference CO monitor
SensorBox 3 (Sid 258)

» Develop statistical model

CO
I Reference I

CO Estimated (ppm

© o o o
N A OO @

0 D’ 15
CO Reference (ppm)

OO

—.Cb Referenée
1.5 |- Sensor Box |

Evaluation

Input
SensorBox
CO, T, tH

Two weeks

Reference
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Every

Low cost sensors in mobile applications 37;.5
» Need for large datasets with a lot of repetition *-z

» Available instruments too expensive for wide-scale deployment

e Widescale participatory

“; e o7 _ EVERYAWARE measurements of urban environment

" L. R et o Using low-cost instruments based on
Y Y ' -l HE commercially available components

: DTS B  Providing direct feedback to the user

* collaborative efforts to collect large representative datasets for mapping urban
environment corresponding to people’s personal environment and activities

e enhance people’s understanding of the urban environment - awareness and
involvement

s'i‘

_V_ISI Foundation (Zf‘f’wzm?m

/
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Every

I

?

The EveryAware SensorBox

Individual low-cost sensors mm==) Sensor array (e-nose)

SEVENTH FRAMEWORK
PROGRAMME

6 metal oxide
sensors

1 electrochemical

Bart Elen, Jan Theunis, Stefano Ingarra, Andrea Molino, Joris Van den Bossche, Matteo Reggente and Vittorio Loreto (2012) The EveryAware
SensorBox: a tool for community-based air quality monitoring, paper presented at the Workshop Sensmg a Changmg World, May 9-11, 2012,
Wageningen, The Netherlands. (http://www.geo-informatie. nI/workshops/scwzlﬂaper’7E[ :Box.pdf ) /7 ’7

Py A" ’ e ISI Foundation CSP ..
VI 0 T s vision on technology i
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» 2 sensor boxes : October 2012 - ...
6 sensor boxes : March 2012 - ...
asurements

— December 2012

> 300 h measurements

ements at entrance gate (near busy road)
nuari 2013) - 20 SBs

nts

.4 h) -4 SBs

as reference.indicator

~7)
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Experiences with the SB - stationary -

» Data series are very complete: SB is reliable system }fy
» Baseline drift - Temperature dependency 7
24 M

1.6 18
| |
-
-
=
=
e
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co_alpha CO—TICS co_r;ucs co_1c‘)|gar nongIC n02r_;‘|ga voc_as |03_mics| temp rh CcO NO2 03 BC

co_alpha 1.00 -0.69 -0.38 -0.27 0.24 0.37 0.22 -0.21 -091 | -0.11 0.46 0.26 -0.15 0.21
co _mics_1 | -0.69 1.00 0.68 0.19 -0.31 -0.38 0.24 -0.28 0.80 -0.17 0.34 0.37 -0.07 0.42
co_mics_ 2 | -0.38 0.68 1.00 0.20 -0.54 -0.48 0.62 -0.44 0.42 0.24 0.57 0.56 -0.66 0.53
co_figaro -0.27 0.19 0.20 1.00 -0.29 -0.12 0.29 -0.43 0.45 0.48 0.25 0.17 -0.49 0.38
no2_mics 0.24 -0.31 -0.54 -0.29 1.00 0.88 -0.36 0.73 -0.30 | -0.25 | -0.58 | -0.33 0.67 -0.51
no2_figaro | 0.37 -0.38 -0.48 -0.12 0.88 1.00 -0.21 0.49 -0.37 -0.17 | -0.77 | -0.16 0.39 -0.39
voC_as 0.22 0.24 0.62 0.29 -0.36 -0.21 1.00 -0.36 | -0.08 0.18 0.66 0.56 -0.59 0.50
03_mics -0.21 -0.28 -0.44 -0.43 0.73 0.49 -0.36 1.00 -0.28 0.25 -0.73 | -0.61 0.82 -0.65
temp -0.91 0.80 0.42 0.45 -0.30 -0.37 -0.08 | -0.28 1.00 -0.03 | -0.08 0.09 -0.13 0.23
rh -0.11 -0.17 0.24 0.48 -0.25 -0.17 0.18 0.25 -0.03 1.00 -0.08 | -0.24 -0.23 -0.08
CO 0.46 0.34 0.57 0.25 -0.58 -0.77 0.66 -0.73 | -0.08 -0.08 1.00 0.62 -0.55 0.83
NO2 0.26 0.37 0.56 0.17 -0.33 -0.16 0.56 -0.61 0.09 -0.24 0.62 1.00 -0.53 0.81
03 -0.15 -0.07 -0.66 -0.49 0.67 0.39 -0.59 0.82 -0.13 -0.23 | -0.55 | -0.53 1.00 -0.54
BC 0.21 0.42 0.53 0.38 -0.51 -0.39 0.50 -0.65 0.23 -0.08 0.83 0.81 -0.54 1.00
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Every

SB - Stationary — Estimation models 7

e

Reference
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500 hours
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Input
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signals Support Vector Machines (SVM)
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250

R2=0.788, RMSE = 11.064
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200

T T T T T T T T Every
500 hOUfS — measured
— modelled y
&
15001 8 Input : O3- SB — 7
sensor 03 MMMMMMMM
z Stationary
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| !I H Estimation
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00 260 400 660 860 1000 12I00 14I00 1600 1800
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500 hours

Input : all

121 Sensors

BC (pzg/m3)

1500 hours
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— modelled [
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training:
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1000 1500

R2=0.299, FMSE =1.775
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SB - Stationary — Estimation models - BC 375

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

18 . |
16| 1000 hours 1000 hours ey |
14} | B
“ensors BC

g 10} "

l |
4 ‘ |
: | T ff -H '\]‘ i L I\

\ I
il { [\ \ ] y | ‘ o ,
00 o 560 1000 ) 15b0 2000
training: Time (h) uation:
R2=0.813, RMSE =0.721 R2=0.708,|RMSE = 1.165
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SB — Mobile — Estimation models - BC }l

5SBs (train); mobile (test) r-square = 7

@ g _ j@g(
RF -0,13 2,10 ug/m3 0 2000 4000 6000 9000 10000
Time (s)
ANN 0,26 1,70 pg/m? _
15000 'Mobl!e tesF data? : BC'
SVM 0,23 1,72 ug/m3 ~ 10000 1a
é 8000 —E
S 6000 15
o 4000 15
Random Forests : very bad performance ® 2000 1°

L . 0 2000 4000 _eobo 8000 1000012000
Artificial Neural Networks, SupportVectorMachine. Time (s)

SVM fitted on SB4, best features, C=0.1

similar results :

Patterns roughly coincide

Underprediction for peaks!

2
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SB — Mobile — Estimation models - BC

* Auto-correlation analysis

* Higher response time for

Correlation Correlation

sensors — higher auto- with ori inal with
correlation Bedata | smoothed
* BC (Micro-aethaldgneter) : ra. co_alpha 042 -
i 0.0 0.06
response - 1 )
co_mics_2 0.40 0.61
* Incompatible co_fi aro 0.40 0.60
. 2 mi -0.03 -0.05
* Smoothing of rome
. . no2_figaro 0.04 0.05
micro-aeth ti 03_mics -0.47 -0.72
high frequen
vito

vision on technology

% = 5 IST Foundation C{ S?““‘ S
24 o
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Conclusions and future work

» Portable monitors in mobile applications
» Promising approach
» Results in clear view on spatial variability

» Involve non-expert volunteers to collect representative
dataset

» Targeted and repeated data collection schemes

» Opportunistic data collection schemes : adapted data
cleaning methods

» Further results will be published

< t - -
>~ Vito
; vision on technology 25/11/2013

© 2013, VITO NV
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Conclusions and future work

» Low cost sensors in stationary networks

» Calibration models — results depending on variation in
training data set

» Further research into
» Long term behaviour sensor and models

» Transferability of models between individual sensor
boxes

» Location dependency
» Low cost sensors in mobile applications
» Results not satisfying
» Key issue = short response time
» Need for improved sensors

< t - -
>~ Vito
; vision on technology 25/11/2013
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FP7 1CT-2013.3.3 Heterogeneous
Integration and take-up of Key

Enabling Technologies for Components

and Systems
» Sept 2013 — Aug 2016

& =

MuLTi

PLATFORM

FOR SMART BUILDING MANAGEMENT

» Development of specific MSP demonstrator systems by integrating
different types of devices and components for three specific applications:

» MSP Device for Smart Building Management

» MSP Device for Wearable Wristwatch Application

» MSP Device for Qutdoor

Devices

SBM

WWA

OEM

CMOS platform

X

X

X

Environmental Monitoring

p-controller SoC

X

X

X

Transceiver

X

X

X

Gas sensors

CO, CO,, VOCs

CO, VOCs, NO,, O3

CO, VOCs, NO,, O3

Humidity and T

X

X

X

LWIR

X

UV-A/B

X

V-light

Particle sensor

X

Battery

X

X[ X[ X|X|X

PE-energy harvester

vito

PV energy harvester

X 1

vision on technology
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© 2013, VITO NV




¥

Acknowled ments

‘il = | 75 EveryAware project is funded under FP7 -

Information Society Technologies, IST - FET Open Scheme

= SEVENTH FRAMEWORK
PROGRAMME

@

o ®

.' | DEA » The IDEA project is funded by the Flemish Agency for
@

Innovation through Science and Technology

Contact

» jan.theunis@vito.be

: ; vision on technology 25/11/2013 28

© 2013, VITO NV




e ® Portable monitors in mobile

'lDEA applications -

2 routes in Antwerp
repeated 259 94

Provinciestraat 50 km/h No biking lane, street canyon 13,000 veh/day
Stadspark Urban green
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Portable monitors in mobile
applications —

» Number of repeated runs ?

» .

» dependent on street characteristics : 20 - 80 .

BC conc. at PLANTIN EN MORETUSLE! on 2012-02-13

1
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v I t 0 Jan Peters, Jan Tb/eunﬁfMg,rti#eVdﬁﬁoppefjPdfrick Berghmans (2013) Monitoring PM10 and ultrafine-parti
environmer]jﬂiSing,mob’ik_ measurements, Aerosol and Air Quality Research, 2013, 13 : 509 — 522.
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L e © 2013, VITO NV

1200

?’['.l-- \

i

U

L

/]




UFP (PNC, pticm?)

ble monitors in mobile
ations — Street level 2

ts with geo-database (street names)
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GPS quality in city centers

GPS signal is blocked and reflected by
buildings

Currently we mitigate this issue by:
- Filtering low quality (and
irrelevant) GPS data
Intelligent map matching:
measurement are assigned to
closest street segment followed
from start till end

B o KN :
Brown: GPS tracks

We pIan to try out new Purple: Enhanced GPS tracks |

approaches in the future

4~ VItO MRS ————
vision on technology 7 25/11/2013 32
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Workin with volunteers

Working with volunteers requires:

* Recruitment
» Keeping them motivated
e Their privacy needs to be protected

v

e Very good usability of measurement tools

: i vision on technology / g 4..25/11/2013
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vir

: personal
exposure monitorin

» Portable instrument

» Micro-aethalometer AE51 ==

transport - cal
driver

In transport - car
driver

» Black carbon

20000

A LA

,,,,,,,,,,,,, R L S PV L,

| N PRt

icro-aethalometer AE51

nic diary — relate to activities

Van Poppel M, Theunis J, Willems H, Torfs R, Wets G (2011), Impact of time-activity patterns on personal
arbon, Atmospheric Environment, Volume 45, Issue 21, July 2011, p. 3594-3602,

L., Van Poppel, M., Theunis, J., & Wets, G. (2012). Personal exposure to Black Carbon in transport

s. Atmospheric Environment 55, 392-398.

n technology 25/11/2013 34
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with portable monitors in mobile
applications

» UFP: P-trak, MiniDISC, ...; BC: micro-aethalometer

i : ol §E o 2 ; .-x
: i vision on technology A ‘ 7 25/11/2013
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Every

}l Portable monitors in mobile
4 applications —

“Volunteers collecting data during commuting

s 2004 N X Datum van ne 51°13'05:54"'N " 4°27'55.49" 0 verh. .10 m  ooghoogte %565 km
vision on technology A ‘ 7 25/11/2013
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| A

Hi h-resolution spatio-temporal patterns

» Stratification per hour of the day :

fVItO o
vision on technology
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03 (ug/m3)

20 ; ; r

— measured
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co_alpha

SB1
SB1 1.000000
5B2 0.798568
SB3 0.916472

SB2
0.798568
1.000000
0.898579

SB3
0.916472
0.898579
1.000000

SBS
0.662272
0.704551
0.574954

SBé6
0.930223
0.847071
0.863451

SB7
0.943206
0.695787

0 RA21235,

N 224211

n 2 Al
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