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1 Executive summary

This deliverable presents the* Version of the hackAIR platform and its subcomponents and describes the
integration between the componentiescribed in thé5.1deliverableand the core platform.

The web platform can be found dtttp://hackAIR.draxis.giwhile appsfor Androidand iOS are uploaded to the
respecive mobile stores.

More specifically, the deliverable coséhe following topics:

¥ The general progress towards ttievelopment of thels versionof the hackAIR platform

Y LYLX SYSyGFridA2y 2F (GKS LIXFOGF2NXV¥Qa F NOKAGSOGdANS
¥ Integration ofthe various subcomponentgefined in D5.1feeding data into the platform

¥ Appfunctionality

¥ Next steps

2 Introduction

The main mission of the platform is to combine high volumes of sensor readings, images and user inputs, proce
them andto create new data that are used to deliver reliable air quality information for citizensofftpexity of

the attempt to provide those services, proved to be a challenge for the technical team, which was met by havin
many discussions to establish a common terminology and understanding of the domain and to create a mor
concrete integration plathan the one initially planned in D5.1.

2.1 Development methodology

The team followed an agile methodology (SCRtivdevelop the platform and to hawedtizens(mainly consortium
partners) involved in the process to generigedback fothe team. The teamstablished a backlégf tasks based

on the user and technical requirements from D2reateda sprint schedule and started analyzing and working on
sprints.The principle chosen regarditige population of the sprints was to create an initial versibthe application

early in the project, which could be used to demonstrate the hackAIR purpose with all the minimum essentia
needed functionalityFurther sprints and meetings brought the technical team closent&vested citizensand

helped bridge thegap in understanding and expectatiorie figure below demonstrates the backlog and a
developers sprint assignments in the Pivbtatkef web tool, which was used as the development project
management tool.

1 https://en.wikipedia.org/wiki/Scrum_(software development)

2 In SCRUM backlogaidist of features or technical tasks which the team maintains and which, at angiweent, are known to
be necessary and sufficient to complete a projéxurce

3 sprintis thescrum term for iteration

4 https://www.pivotaltracker.com/dashboard
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% HackAir (Public) Se: jec 7 WHATSNEW HELP DIMITRISMESSINIS1
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oming from
D)

_ () [Backend] Send daily newsleer ts
users (DM, AQ
- ani
_ ) [Backend] Send daily newsletter to users (01 ([ ? ] _ [Backend] Asa user lwant to
once
AQ)
an

_ [Backend] Unsubscribe from

= iwa ~
newsletter (MA) ot0s ive uploade: L Fix crashlytics bugs (DM)

mobile

Figurel - Developmentask list (obacklogin SCRUM)

2.2 User perience

A highlevel consensusias establishe@mongconsortiumpartners that the platform should offer a streamlined
experience to its users being friendly and cleaaking iteasyfor them to disceer the offered functionalityThe
team worked on an iterative approach to build the Ul based on the user requirements and brolhe axpert
who helped a lot to build an attractivend intuitive set of applicatioremed to serve the hackAIR purpolsitially
the team worked on very eartiesigrs (Figure2) and used as a base for discussions in ordgradually conclude on
the colors and the final placement of the controls for the various screens. The delsiggwith wireframes, were
fed into the four co-creationsessios (as described in D2.4)ith userssimilar tothe personas examined at the user
requirements phasandalsowith hackAIR internal partners during a consortium mee@aged on the outcome of
those meetingsdiscussionghe team developed the final user interface and built mockupalftire screensKigure
3andFigured).

'»,‘w.w Contute  Dubbowd  Sacal Forum Y Anvehiaszey v

London, UK

.
MFHL JUR RANK v 4
[ GONTRIBUTE NOWT | 000000 9

PERFECT! (]

Sources

._|i|.||_.lﬂ ,c)

N .

Figure2 - Avery early design Figure3 - Thefinal approach

¢CKS GSFY T2ttt 206 8RS aiAKDy daYLALONES | SO KA N&KIAE O Kesignfirst orksandl®? 2 y
screens first, then add more features and content for bigger and bigger scréleasallowed the team to focus to

5> User Interface / User Experiendeitps://en.wikipedia.org/wiki/User experience
8 https://www.lukew.com/resources/mobile_first.asp
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meetthe Y 2 6 A £ Sreqdi@rBeNtk)én the most basic lewmcause of the constraints of both performance and
the landscape of the mobile platform, solving serious issues about content and features provided in each screen.

Vd4dNli230 Vd4dli230 ® lacaker:
'» ackAIR Corktute | Dusbbomd Sical  Forun Y A Massty
= My Sensors = = Social Feed n
8 London, UK =
: Search for people  Q
; ¢ cuniy ¢
Ay PERFECT! ' 2
' @ Dan Porter posted a sky photo R p
COVENT GARDEN TENGS F‘ﬁ 0oecese d
v e dy for cytng!
¢ Thames ! a '

A
#

ol Like

London's AQ History wsion v | | oatasources  Leaderbos
=
e) Susan Goodwin posted a perception I I
= |- I I l - I

2 A - = =]
The Air in © Birmingham, UK Openvota
ADD A NEW SENSOR feels Bad!

®n © H M

< O

Figured - Sreenshotdor the web and mobile app

2.3 Integrations

Following up on th®5.1(Architecture and integration framework definition specificatiohg team established an
integration plan to connect the hackAIR subsystems and to download and process the data needed fgualiy air
models. Oncdhe implementation phase started, discussions among the involved pasgparkedthe need to
specify additional details that were important when tryingntegratethe components.

Our initial plan involved different approaches (push or pull) fodifierent services. This sometimes resulted in a
cascade of errors when one failed atiterefore, we decided tdntroducean orchestratorservicewhich is a service
responsible for managing the communication betw#ga other serviceicomponentsand monitoring the proper
operation of all the component§he service orchestrator was developed using the JavaScript language on top of
express.js, a web application framework designed for very high speed i/o interaction between data, logic ant
presentation layes. An indicative orchestrator workflow can be seen at the figure below.

Social Media Image Analysis AQ Estimation Data Retrieval W M DB
Mining Service Service Service Service J ongo

end start end start end start end

logging

E Service Orchestrator J

Figure5 - Example of a flonwherethe orchestrator involves the execution of several components
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2.4 Testing

Duringthe development of thandividualcomponents, the team developed the essential mechanisms to test and
vak R (S { K Sehaviodrabrmparddvidtie original plan as it was described in D5.1 and reassure that the
platform will function securely and reliably.

The testing procedure helped the team track and resolve issues both in code but also in tifdhegévents in the
platform. Several scenarios were written in paper and some of them were also automated using tools like’Seleniun
(for the web app) and Appiliitmobile app testing) so the tests can be executed right before a version gets released.
Other scenarios were analyzed in steps and were given to pilot users to execute and track any issues ¢
inconsistencies.

The complete list of the scenarios and the steps those include can be fodmpemdix II- hackAIR Testing
ScenariosA brief list of those scenariospiesented in the list below
Login Web

Registration Web

City Choice Web

Add Profile Information Web
Share AQ on Facebook Web
Add New Sensor Web
ShareAQ on Twitter Web
Missions Web

Fusion Map Web

Map Filters Web

Map PopUps Web

Registration Mobile

Login Mobile

City Choice Mobile

Add New Sensor Mobile

Add Profile Information Mobile
Fusion Map Mobile

Map Filters Mobile

Map PopUps Mobile

Missions Mobile

Share AQ on Facebook Mobile
Share AQ on Twitter Mobile

E ]

= =4 =4 4 -4 -4 -8 -5 -4 _—_a -5 -4 -4 -2 -5 -4 -8 -5 -2 -3 -°

2.5 Localization

As described in D5.1, the mobile and web applications are being translated (with support from all consortiun
partners) from English into Norwegian and German. This is an ongoing prooegh, the addition ofmore
features, more translations are needed.

7 http://www.seleniumhg.org/
8 http://appium.io/
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To facilitate the process, the team provided each translation group a CSV file with all the English terms in both apg
A script that automatically parses the translated CSV and converts them to a format the apps can consume was a
built, keeping the werhead of the entire process to a minimum.

2.6 Open source

The hackAIR platform is an open source platform allowing developers to download, customize andhextend
application The main project repository is on &b, an internal to the consortium

Hul at the following address:

https://github.com/hackAlRroject

One of the foreseen purposes of using hackAIR is the adoption by communities, where they can install the code «
their private servers and parametrize it to servéhas own community portal.

An introductory page will be built to GitHub pages for priésgrhe project to developers.

% https://github.com/
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3 hackAIR Platform Architecture

The hackAIR platform architecture plan described in D5.1 was followed, with some additions and changes, some
which are presented below. A diagram of the final architecture followed can be $&égurig6.

User-developed

APPLICATION LAYER QNGULARJS (@) oni E é
—————————————————————————————————————————— il ﬁeaﬂd
| WEB APP ey —— b i =2
: D T | MONE
: : B cors @ [ saseacon @)
s || e Lo N -
1
- BUSINESS LOGIC LAYER DATA LAYER

Sensors
(arduino)

Social media
platforms

Apache Web Server
MAPSERVER STACK
i PostgreSQL /
REST API i =
EnvidAll API TileCache POSGIS
QW

Web cameras | Service Orchestrator
=

il

f

|
|
= s 2 7 T | Mongo DB
Open Data Crawling Text Mining Social Media Mining Webcams :

_____________________________________________________________ . mongo

e =

| DATA PROCESSING

=
|
|
Image Analysis AQ Estimation Gamification & Reputation Problem Description :
| s
|
Recommendations & Decision Support Quality Control | Knowledge
|
|
I
|
|
|
1

DATA MANAGEMENT -9 _*
-Z
owL

Figure6 - hackAIR integrated platform

Database change
hackAIR needs a relat@mdatabase to store ang A (i Adat§, ysensdr information, AQ data coming

from fusion etc. Initially we we planning for MySQL but finally switch to PostgreSQL which has a better
support for the fusion spatial data

Mapserver

Instead of using an online service like google mapsspatil visualizationomponent for hackAIR, we
decided to use mapserv@which hels in performance and will allow us to create geographic image
maps with custom thematic layess an alternative, the team also evaluated Mapaikdpen source
toolkit for rendering maps) which proved also able to handle the required worbutvitkrerloading the
server It is a technology that will also be examined if mapserver cannot perform with the hackAIR load.

Application Programming Interface (API)

The hackAIR API platform provides a RESTful API, through which tlendrapiplication web and
mobile phones) or other application can perform read, create, update and delete operations on the

10 http://mapserver.org/
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LI FGF2NX¥Qa RFEGE dzAAY3 1 ¢¢t NBldSadad ¢KS 1tL ¢
described in D5.1 and its documentation can beiobthfromhttp:// hackAlRIraxis.gr:8000/docs

The hackAIR API extended the Envi4All API, which is an existing commercial air gathutprovider

built by DRAXIEnvi4Alt similarly to hackAIR, uses sers O A (i Afdel®igs&r@ models to cover for air
pollution in the past, the current moment and the future. As most of the functionality covered by
Envi4All was also a requirement for hackAIR, the team chose to be based on the Envi4All API in order f
the two applications to be able to share a common structure and data pool.

For the creation of the technical documentatifffigure?) for the hackAIR ARhe WP team used
Swagge¥, awidelyknown framework for describing an APl using a common language, allowing the
't LQa O2yadzYySNA (2 RAaO2gBtNd seryicR wittipyitR& ésftlielsole (i K S
code, documentation, or through network traffic inspection.

HackAIR REST API

Users Show/Hide | List Operations =~ Expand Operations

=123 /usersi{userld}

Jusersi{userld}

Implementation Notes
Find user.

Response Class (Status 200)
Successiul user retrieval
Example Value
{
"code™: "2@8@",
"status": "string”,
"data": [
ir
1

Response Content Type | application/json ¥

Parameters
Parameter Value Description Parameter Type Data Type

Accept applicationivnd.hackair.v1+json API Version header headear string

Authorization  lranuirad) Anthnrization haader (Rearar  header ctrina

Figure? - hackAIR REST API documentation

1 Problem Description module

In our initial architecture, we described a module thabuld accept the user query and translate it into
PDL(Problem Description Languag#)ich was the format needed by tiRecommendation& Decision
Supportengine toquerythe Knowledge baséburing the developmenthase, it was decided to merge

the two components together and now the Recommendations module translates the user query to PDF
which then is fed to the knowledge base.

Integration with PSoC sensors

The technical team fadesome dfficulties reading measaments in latest android versions due to an
old librarythat could only run on android 4.¥Ve had to writethe library from scratch using an open
source cordova libralywhichallowed reading measurements both on Android and iOS.

U hitp://www.envidall.com/
12 hitp://swagger.io/
13 hitps://github.com/randdusing/cordovpluginbluetoothle
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1 Integration with arduin@ensors

There were ficulties reading measurements from the second batch of Arduino sensors that were
distributed internallyto partners The problem was caused by/Amuino firmwarehat wasnot sending

the sensor's authorization token to the REST WRth was planned to be uséal identify the sensor
sendingmeasurements. This caused initial low number of measurements from Arduinos in our
dataset butwaslater fixed after a fimware upgrade to these devices.

1 Scaling up in the Ul

When data stagd coming at larger chunks we realised thia¢ thumber of measurements incredse
over time, causing the map to @@me cluttered and unresponsive. Therefore, we decidddnio the
measurementpresentedio the most recent ones and also provide hourly ages where possihle

Citizensannow choose from most recent data (defaults), all measurements or hourly averages.

1 Gamification
hyS 2F KI 01! Yanddridtentoy siratégdRreligsdon gamification. An exgiert Oliver
Simkodfrom Luducrafts www.luducrafts.comyvasbroughton boardto give his insight on how to build a
successful gamification case, wtdlgother gamification experMr. Stavros Lounisyho is member of
the hackAIR External Expert Advisory Boardfuvdeer consulted. Our gamifitian strategy involves a
combination of missions thawvhen completedresulisin citizensgaining badgedn addition, thause of
narratives helpcitizensunderstand the hackAIR concept and levels provide a sense of progression.

Details of the followed strategy can be seeAppendix + Gamification strategy

1 Integration and communication plan

The technologies chosen for illing the different modules responsible for the integration and
visualizatiorof the hackAIR platform to citizeage presented in the table below:

Tablel - Technologies used for the integration

Modules Technolgy used ‘

Rest API PHP using Laravel API + Envi4All API

Database storage | Postgress/PostGIS, MongoDB, OWL

File Storage A common file storage based bnux
GlSserver MapServer

Web App Angular$ Leaflet

Mobile App lonic to build natively for Android, iOS

14 Onboardingis the process of initially explaining a new product tofirst YS dza SNBRZ | yR aGaK2gAy3
comesi 2 (GKS LINRRdAzGEIQRF Fdzy OlAzylfAded 6
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4 Appfunctionality

This section presents some of the basic functionality of theetsion of the hackAIR platforfmat will be used by
the pilot users to evaluate and test the main platform functionalities.

After registeringthe users land on the dashboard where they can choose a city and see the Air Quality Index (AQI) «
that city. By enabling or disabling filters on the right péfiglire8), they can see sensors of their own or from other
users andskypictures taken that contribute to the overall calculation of #@@land the historical diagram®n the

left panel, users can see personalized recommendations regarding their outdiogiea (working/ eating/ doing
sports/ playing outdoors) that depend on their selected profile and the current air q@alithe same page, users

can see diagrams of the historical air quality levels (for the previous week, month or year) in arckrstand

how the air pollution evolved over time in the city of their inte(Egjure9).

'hackAIR Contribute ~ Dashboard ~ Social  Forum hackAIR User

B

» Berlin

q Air quality is

]

| EXCELLENT®
Vv QO 12 share
900000

‘ Its a great day for a run |

We have prepared a new >
mission for you. Check it outt RS

T Y

Congrats! You just got a ‘History 5
buff badge!

semsmeenD g P

peaswie e

B

TIERGARTEN . Tlergartenstrafe ®

Figure8 ¢ Web app dashboard screen

5, I = 2 Neye
ag, SRS B o
1 — ] 'Bz-% S &
e teipeigerSTate Krousensae i $ %@

3 5
z & 7 QA GG VARN %on / 0

I e = e = 12 @ s o,
,’ Vorsrate = = GEpngerouase e 3 \?“‘4 N o

TIERGARTEN Tiergartenstraf® &

Berlin's AQ History Lastweek Data Sources

4‘ I I I I I I -
o . I
24108 25108 26108 27108 28108 29108 30108 31108

Figure9 ¢ Historical air quality diagrams on the web app

In generalthe same concepts and functionality apply to the mobile platform as well. After registth8amser is
redirected into the mobile dashboard page where he/she ie tibichoose a city and séke currentair quality

levels A map was not used on the mobile dashboard in order for the information to be clear and direct. Users car
however access a map with the thematic map ofAleQuality IndexAQl)at a separate seen.
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D5.2: 1 st version of integrated and tested hackAIR open platform

Figurel0- Mobile dashboard Figurell - Mobile AQI thematic map

In the map screen, on both the web and mobi#esions a user can switch on the fusion map filter which will create
a coloroverlay over the map according to the AQI values of the area (for example in the previous and followinc
AONBSya GKS O2t2NJ Aa o0fdzS gKAOK O2NNBalLRyRa G2 Ly a

Figurel2 - Web map screen with the AQI painted as a titegmap

For a more engaging experience to the user hackAIR incorporates gamification elements which are mainly accessi
on mobile version of the platform (some scenarios also cover the web) and include missions, acquiring badges wh
completing missia® (such as completing your profile) etc. By clicking on a mission, the user can get access to th
gamification part of the platform. Available missions are shown to the user to engdgerhiorbe more active on
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