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Application layer
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Perception layer

BRI
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NBNEA - BRIR™
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AirBox: a participatory ecosystem
for PM2.5 monitoring




What are we going to cover in this talk?

1. Why 1s PM2.5 important?

2. How did we build the system?

3. What is the current status?

4. What is the next step?
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ine Particulate Matter (PM2.5)
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How far do fine dust particles reach? BDDAHLE

Reaches to the: Size / possible ilinesses
- nasal mucosa : - / 2oas
. deteriation of
- ‘tbroat -)) > 10 micrometer kumg functions
- voice box

, - other inflammatory
airtube =3 < 10 micrometer illnesses (e.g. eye, skin)
chronicle obstructive

main -}) < 10 micrometer
pulmonary disease

secondary and

tertiary bronchia Tumors (e.g.lung cancer,

-)) < 2.5 micrometer
but also systemic disease)

pulmonary alveoli,
pulmonary capillaries, 9} < 1 micrometer
: blood capillaries

Cardiovascular diseases

1 mirometer = 1 thowsandth millimeter
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Hanging in the air

Fstimatec dearhs and econemic losses causac this year by
PM2.5 pollution, based on pollution being the same as 2010 levels

Fconomic EM2.5 corcentration
|0SSes n 2010 (micrograms
Deaths (USEm) per cub'c meatre of &ir)

Beiling 2,589 72.6
Guangzzhou - 1,926 244 42

Xian . 739 94 78

Squrce: Greenpezce
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But, the question in our mind

is just so simple that...
2
)

What’s the air quality
here and now?
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We started the “participatory
sensing’ project in 2013

low-cost sensors recruiting volunteers

big data and spatio-temporal analysis
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Version 1.0
Arduino Uno

Version 2.0
Arduino Nano

PM 2.5 (Sharp)

barometer
PM 2.5 (PPD)

temperature/
= humidity
Version 3.0

Intel Galileo Gen 2

cooling

fan

temperature/
humidity
barometer
Bluetooth
me Di
Version 4.0

Arduino Nane

PM
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Then, we realized that...

low-cost sensors

cheap but inaccurate.. friends and students..

big data-and-spatio-temporal analysis

The data is small, sparse, and nothing we can analyze
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After MAPS met LASS (2015/9)

| don’t think we can overcome the scalability issue

Why are we always reinventing the wheels!?

| really want to build a “participatory sensing” system

—
,-\" o,
e,
o A ]
_.

Location Aware '\,
Sensing System '
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Then, the journey starts

2016/2/29
2015/10/17 2015/12/20 Demo in Southeast 2016/5/7,8

Announcement for LASS 1st gathering  Asia environmental Maker Faire
the 1st TW field try research conference Taipei

SRR e R e S R
2015/11/29-2015/12/12 2016/2/9 2016/3/22
LASS 1st TW field try Supported by GoV AirBox Taipei

2016/6/13,14  2016/7/26 2016/8/22 2016/9/6
GCTC AirBox Kaohsiung CENTRA Webinar ASEAN IVO

2016/7/23 2016/8/19 ~ 2016/8/30 2016/10/13
LASS conference AirBox New Taipel  AirBox Tainan EPA Webinar
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The journey is speeding up

e from 1 to 100 to 1,000 devices

e from 10km to 1km to 100m density N&. B E

pei City Government

9B Hrw sk
% ESHET B

e involving academia, community, K*#72?
industry, and government |

e from Taiwan to Asia, to the world

, ﬁﬂtﬂ&ﬂf@éﬁ?

,/ Pt e of Inkorraton Soere. Acederve Seee

LASS ﬁ:

Location Aw.\re
Sensing System :

It's not just a system by someone or some people.
It’s an )Y parties of same goals.
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The ecosystem in a nutshell

The core spirit: open hardware/software/data

\ Data Analysis, GIS,
i » Visualization, etc.
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The ecosystem in a nutshell

The core spirit: open hardware/software/data

ois wif dirty works =i/ experiments

. « Taipei
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i | os
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10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 10 F WAL S0 T 10
APM 2.5 (ug/m3) APM 1/2.510 (ug/m3) (ugm?)
compare to compare to consistency test
TSIAMSI0 GRIMM Model |.109 4
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The ecosystem in a nutshell

The core spirit: open hardware/software/data
aLe LR o) (er Fdirty WOrks /i< experiments

The pattern: from to to
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The devices

¥ ODIMAX

A

R \
EdiGreen
Arbax

\
LASS FT AirBox LASS4U
Platform MediaTek LinkIt One  Realtek Ameba  Realtek Ameba
Temperature/Humidity sensor DHT22 HTS221 SHT31
PM2.5 sensor PMS3003 (G3) PMS5005 (G5) PMS3003 (G3)
C O3 sensor none none SenseAir S8
GPS Yes none none
Open source software Yes No Yes
Open data Yes Yes Yes
Phone app none Yes none
End user makers schools/buildings citizens
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Device Dashboard
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Open Data Service

e All measurement results are released in real time
https://sites.google.com/site/pm25opendata/open-data

o JSON format

{

"source"”: "last-all-airbox by IIS-NRL",
"feeds": [

{

"gps_lat": 23.954,

"gps_num": 9,

"s_t@": 29.87,

"SiteName": "AirBox-LASS-04",
"timestamp": "2016-06-21T14:37:03Z",
"gps_lon": 120.574,

"s_d@": 5,

"s_h@": 47,

"device_id": "28CZDDDD44F8"

"gps_lat": 24.795,
"gps_num": 9,
"s_t0": 34.25,

"device_id": "FT1_001",

"app": "PM25",

"timestamp"”: "2016-06-21T14:42:34Z2",
"s_d@": 15,

"s_dli": 17,

"s_t0@": 28.1,

"s_h@": 1,

"gps_lat": 25.0398516667,
"gps_lon": 121.614791667,
"gps_num": 20

{

"device_id": "FT1_001",
"feeds": [
{

"timestamp": "2016-06-20T22:06:03Z",

"s_d@": 16,

"s_dl": 17,

"s_t@": 27.6,

"s_ho": 1,

"gps_lat": 25.04089,
"gps_lon": 121.614806667,
"gps_num": 13

"timestamp": "2016-06-20T22:07:03Z",

"s_do": 16,
"s_dl": 20,
"s_t@": 27.6,

Dr. Ling-Jyh Chen (cclljj@iis.sinica.edu.tw)
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IDW Diagram

s R URMA = L7700 ad OO M. ssss =RWA = LFe0C ad G N ssse HMWA 2AC L5000 ad Q2% W ssss MW 2AC LF10:00 ad G2% -, .

nrl.jissiniza.cdu.tw (& nrl.iis.siniza.cdutw < nrl.jis siniza.cdu.tw C nrl.jissinica.cdu.tw (&

2016/11/4 7-10:00 CST http://nrl.iis.sinica.edu.tw/LASS/GIS/IDWV/
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isualization by 3rd Party

2- S 5y Yangmingshsn J
£ ' Na o al P 4
e ’ . '.l ™ U -
- - ¥y ,

'“:f“ ugtnct | RN : ' Wenli Disiivt

v

Lo Fafong e
Drsinict
wEW
Nuapnuan "o b
Nisho el

i R
© ‘Da/uan ( @

District* ‘ Iy ’ - f
A% : ’ 3 1 /. ’ - \ : -
M ; a . ' ' Phaxi District <> 3 ‘ay A}
‘ i g 3 - N ’ . Gonglizo. -
TR, nd @ Dietrict g
4 "aue
Shuangi _

D atrict
®IW

ang../‘ Ta

tg.rici( ‘j \
. }W‘D

Bacc Dl:ﬂl‘l"‘[ onhewc 9
Q Pinglir Bjetrict s

Mg ;
\\p’ A : : Spakia O'suigt PM P
noien -7 T i e ol 1. 3 25 4 4‘ S35e) 6/ 70 71
Vep data ©@2016 Coog'e | Tasmre of Lee o

e Dishie: l

Airbox
R R E PR

3 @000

EY NG <A

® Dr. Ling-Jyh Chen (cclljj@iis.sinica.edu.tw)



Brief Statistics

e 1,000+ AirBox

e 24 countries

e 3+ requests/sec

e 8GB data/day
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Well, is this what we want?
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Example |: Emission Source Tracking
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Example 2: Anomaly Detection
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li 4SS Bot

Example 3: Pollution Detection
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Example 4: Device Ranking
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Example 5: Environment Education
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Example 5: Environment Education
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Example é: Citizen Science
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Example 6: Citizen Science
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Example 6: Citizen Science
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What are we gomg to cover m this talk?
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Many issues remaining

o

¢ ;
Correlation with traffic and LASS/AirBox
stationary emission source device ranking
C ™ ~
) Urban Government

Finer-grained PM2.5

dispersion model microclimate Po'ic)’making

-
-

b
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¥ Post-deployment e
Smog forecast  gensor calibration SPonse
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nrl.iis.sinica.edu.tw

AirBox status report
Deployment |Number of Devices |Detail Avg. Temperature |Avg. Humidity |Avg. PM2.5 |Version

1 |Taipei 40% (62/155) [HTML] |[JSON] (30.49°C 75% 22 pg/m>  [2016-11-18T02:41:37Z
2 |[New Taipei |51.52% (153/297) |[HTML] ([JSON] |29.3°C 72% 26 pg/m>  |2016-11-18T02:41:38Z
3 |Taichung 78.45% (182/232) ([HTML] |[JSON] (29.55°C 74% 70 pg/m>  [2016-11-18T02:41:38Z
4 |Tainan 75.48% (157/208) ([HTML] |[JSON] (30.5°C 80% 79 pg/m®  |2016-11-18T02:41:38Z
5 |Kaohsiung 62.81% (152/242) |[HTML] ([JSON] |30.46°C 77% 87 pg/m>  [2016-11-18T02:41:38Z
6 [LASS 48.65% (36/74) [HTML] |[JSON] (30.73°C 73% 46 pg/m>  [2016-11-18T02:41:38Z
7 |TaichungZero |88.5% (100/113) [HTML] ([JSON] (30.6°C 74% 76 pg/m>  |2016-11-18T02:41:38Z
8 |Other 100% (116/116) [HTML] |[JSON] (30.62°C 65% 66 pg/m>  |2016-11-18T02:41:38Z
9 |[LASSFT 100% (50/50) [HTML] ([JSON] [26.38°C 65.57% 58.74 pg/m> |2016-11-18T02:41:38Z
10 \[LASS4U 100% (8/8) [HTML] |[JSON] [25.89°C 66.52% 38.75 pg/m? [2016-11-18T02:41:38Z
11 | Total 67.96% (1016/1495)
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Plenty of Opportunities

Machine © ©
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AirBox is an Open Ecosystem

Promote LASS/AirBox in your community

"< Yl Become the node in your community

Work together on data analysis

Make your city
based on this system

Contribute your ideas
and work together on that

WE NEED YOU!

Dr. Ling-Jyh Chen (cclljj@iis.sinica.edu.tw)
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Summary of the talk

e We present the AirBox ecosystem and its
application for Smart (& Happy) City.

e The core spirit of the ecosystem is
“openness” for HW, SW, data, and mind.

e The journey is ongoing and speeding
up; and we look forward to your
participation.

@JolEle)

Dr. Ling-Jyh Chen (cclljj@iis.sin
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