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Grant: Climate change project preparation and capacity building activities in the Western

Balkans region

Beneficiary: Compet-Terra Ltd.

Title: GIS to mitigate air poLlutlon IN KoSovo
Project code: 21/WBGC-2020/1

Project Area:

> Municipality of Suhareka

> Municipality of Shtime

> Municipality of Prizren
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Objectives

> to provide Kosovo citizens with accurate information on implicit protection, environmental
awareness and the environmental condition.

> to foster community building of local citizens, to achieve common goals regarding local
environment.

> to assist government agencies in environment monitoring by establishing a

crowdsourcing based environmental data collection in Kosovo.

GOOD HEALTH INDUSTRY, INNOVATION

1 SUSTAINABLE CITIES 1 CLIMATE
AND WELL-BEING

AND COMMUNITIES ACTION




Preject Detallst = participants

Project implementation management and ICT consulting

Support and lead the sensor development (microprogramming)
Development the DB structure

Development the system architecture ’
Support sensor assembling and installation

Support the knowledge transfer and data collection campaign -~ 7

Sensor development (Air Quality Sensors) - Support the System
development

* Planing and development the sensor

* Microprogramming the sensors

e Support the other implementation units

Platform development (GIS system — ConSenGlIS)
* Build ConSenGIS Architecture
* Development of Modeler Module
* Development of Map Server Module

Support the project implementation

Manufacturing and testing sensor
Commissioning the sensors ’
Application to map lllegal Solid Wastes j
Knowledge transfer @
Implement Data collection Campaign
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] SHQIP SRPSKI
" . | opEN DATA
REPUBLIC OF KOSOVA Q login Register
gin Regste

HOME DATASETS ORGANIZATIONS ABOUTSITE

Find Kosovo Government
Open Data

Categories
e lea e
Government and Public Sector Education, Culture and Sport Agriculture
Health Economy and Finance Justice and Security
Procurement Population and Society Environment
Transport and Infrastructure Science and Technology Politics

Kosovo is the youngest country in Europe, and has start give many attentions the open data
and open source products, with the aim of facilitating the work, and make the life easier for

Its citizens.
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AJDOS air quality sensors
ConSenGIS
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Information on
: environmental
-~ condition reducing the

environmental
impact of cities

Field data collection

to implement a local environment monitoring system, which is driven by volunteers
contribution to data collection in order to
> strengthen of climate protection,

> reducing the environmental impact of cities.



Main parts

A Qualty || SoIeor e
Measuring Sensor Sensor ;:omponent
Design/assembling selection Sensor
assembling
_ _ Installation place
Air Quality selection Install the
Measuring Sensor sensor Sensor
Installation activation
Base
ConSenGlIS platform principles Architecture
& database Functions of
Platform

Information on
environmental Knowledge
ransfer
transte Upgrade
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Sensor type selection - Compact VS Self-made

(=

=
AQMesh AQY1 Gaia A12
Picture l :
-

url

https://www.agmesh.co

https://www.aerogual.c

https://aqgicn.org/gaia

m/product/agmesh om/product/agy-micro-
air-quality-station

PM 2.5 Sensors YES YES YES
PM 10 Sensor YES YES YES
PM x Sensor PM 1 - PM 1
Temperature YES YES YES
Humidity YES YES YES
Other sensor Pressure Dew point/Pressure Pressure
LAN NO NO NO
WIFI YES
3G/4G/5G NO
BLE NO
Data Storage
Outdoor support

Compact solution

Power-supply

Documentation

YES

YES

YES

TED

DC5V

YES

YES
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Sensor type selection - Compact VS Self-made [=]
> Microcontroller selection

Picture

Family Arduino SP8266 Raspberry

Processor ATmega ESP8266 Broadcom
BCM2837B0, Cortex-

A53 64-bit

Clock 16Mhz 80/160Mhz 1.4 GHz

Memory 32kB — 512 kB 4 — 16 MB 512MB/SD Card

Power 5V DC 3,3V/5V DC

Consumption 20mA 40mA — ~ 20uA

Communication | uarr ] Wifi Wifi/BLE/UART

Documentation Good Good Good

Libraries Good Good Good

e N/A 20—sc I




AlF QUi IVIEastineg SENSON;

Sensor type selection - Compact VS Self-made

> Microcontroller selection

> Temperature sensor

Type BME280 DS18B20
Picture

Temperature YES YES YES YES
Humidity YES YES vis IO
Pressure NO NO YES NO
Accuracy _ +/-2%RH, +/- 0.5°C +/-1°C +/-0.5°C
Power DC 3.5-5.5V DC 3.5-5.5V DC 1.8-5V DC 3-5.5V
Consumption 0.3mA/60uA 0.3mA/60uA 0.16uA N/A
Interface One wire One wire 12C One wire
Documentation Good Good Good Good
Libraries Good Good Good Good
Operating range -40 - 80°C -40 - 80°C -40 - 85°C -55 - 125°C
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Sensor type selection - Compact VS Self-made

> Microcontroller selection

> Temperature sensor

> PM sensor

=
Type HM3301 SPS30 SDS011 PPD42
Picture ﬂ . ‘
Datasheet https://files.seeedstudio | https://cdn.sos.sk/pro https://files.seeedstudio.c
.com/wiki/Grove- ductdata/98/89/9271 om/wiki/Grove Dust Sens
Laser PM2.5 Sensor- 8144/sps30-2.pdf or/resource/Grove -
HM3301/res/HM- -DATASHEET. pdf Dust_sensor.pdf
3300%263600 V2.1.pd
PM 2.5 YES YES YES YES
PM10 YES YES YES | nNno |
PM x PM5 PM1,PM4 - -
Power DC3.3/5V DC 4.5-5.5V DC4.7-5V DC5V
Consumption 75mA/150uA 65mA/50uA 70mA/4AmA
Interface 12C UART/I2C UART
Measuring time | 30s/is | 8s/1s 10s/1s
Accuracy +/-10% +/-10% (PM2.5) +/- 15%
+/-25% (PM10)
Operating range -10-60°C -10-60°C -10-50°C
Documentation Good The best
Libraries YES YES
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Sensor software Architecture =

_______________________________________________________________________________________________________________________

DATA o BUSINESS ! I COMMUNICATION
HANDLER ! LOGIC H Lo
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CDATAHANDLER
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HARDWARE AND MEASURING



Select the sensor Planning
montage site Phase I.

A

Construction
Appropriate /
possition?

In optimal
internet

Power supply

on the site? accessibility

minimized

Operations require < YES
for installation

Q.l.

Installation
Phase Il.

Installation
Complete?

Enabling
power supply

0
(]
0
0
0
(]
0
0
0
L]
0
0
0
L]
0
0
L]
(1]
0
0
L]
(1]
0
0
L]
LT]
0
0
L]

Sensor pass
the test

Commissioning

Sensor set-u
p the sensor

!

Installation checking,
Fulfill the checklist - Phase lII. !




Sensor Installation - Phase

Introducing decision-making factors
* Managerial:
* full cooperation of the municipality;
* full cooperation with other relevant parties concerning the targeted building where
the sensors will be installed,
* Geographical:
* the location should be in strategic points so as to cover a wide territory within the
municipality;
* in some cases, where available, the sensors should be placed close to pollution
sources that are known to the respective municipalities;
* Technical:
* the WIFi access needs to be stable and strong;
* the sensors need to have access to a stable power source



Sensor Installation - Phase |.
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Sensor Installation - Phase |.

B continuous urban Fabric

B Dpiscontinuous urban Fabric

B industrial or commercial units

B Road and rail networks and associated land
Airports

. Mineral extraction sites

. Dump sites

. Construction sites
Green urban areas
Sport and leisure Facilities
Non-irrigated arable land

M vineyards

" Fruit trees and berry plantations
Pastures
Complex cultivation patterns
Land principally occupied by agriculture, with
significant areas of natural vegetation

| Broad-leaved forest

. Coniferous forest

[l Mixed Forest
Matural grasslands
Moors and heathland

| sclerophyllous vegetation

[ Transitional woodland-shrub
Bare rocks
Sparsely vegetated areas

. Burnkt areas

[ Inland marshes

B Peat bogs

. Water courses
Water bodies




Sensor Installation - Ph

MEAN WIND SPEED AT 50m =

Wind frequency

27073
Wind Power

2703
Wind Speed -

Tl
Sapiie

This map is printed using the Global Wind Atlas online application website (v.3.1)
owned by the Technical University of Denmark.
For more information and terms of use, please visit https://globalwindatlas.info
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Sensor Installat




City/Town: Prizren
Name: Shkolla “Motrat Qiriazi”
Contact Name Sedat Shkurti

Information / Task to be performed
Has the contact person changed?
Is the place for installation easily accessible?
Is the power supply easily accessible?
Is the sensor mounted on a wall?
Is the sensor mounted on a roof?
Are Lat, Long and Z coordinates measured?
Are Lat, Long and Z coordinates predefined?
Is the M (height) measured?
Is the WiFi connection set up?
Is the WiFi access recorded to a notebook?
Is the server data set up?
Has the sensor passed the test?
Is the MQTT message successfully sent?
Problem description:

Date

Contact
number

YES

X X X

X X X X Xx X

15.06.2021
0453144811

NO

X X

Comment related to task

8m

Motrat Qiriazi kurilali

The school has Firewall blocking ports and it includes the MQTT Port.



PREPARATION

Sensor Settings on Mobile Ul

SENSOR SETTINGS

A

[—]

=
INSTALLATION

Location data
planning

(Name, Lat., Long., Alt., Height,

etc.)

Turn hardware
switches to setup
mode and Power Up
the sensors

Set the WIFI
access

A

/

WIFI connection

planning
(SSID, Password)

/

A

A

Connect Mobile
or Laptop to the
sensor via Wifi

Set the MQTT
server access

Placement

planning
(equipment, power supply,
protection)

A

Change access
password to the
sensor

Test and check
the connection

Upload the
firmware to the
sensor

A

A

Testing the
sensor

Set up installation

details
(id of the station, id of sensor)

Turn Off the
sensors

A

A

Charging the

battery

Set up sensor
operation

(observation time, lag time,

etc.)

Turn hardware
switches to
operating mode

Install the sensor

A

Connect to the
power supply

.

Turn on sensor to
measuring mode

A

Check the "HELLO"
message arrive on
the server.

A

Wait for the
sensing data




Sensor Settings on Mobile Ul

Change access
password to the sensor

A

Set up installation
details

(id of the station, id of the sensor)

Set up sensor

Y

operation

(observation time, laqg time, etc.)

'.l-l_ui'-
Configuration access
Pasweesrd B8 accina the sames s WIFI
Cwiginal I pasiescrd
] MY CATNTHT
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Sensor Settings on Mobile Ul
‘- ‘
Set the MQTT server Test and check the
Set the WIFI access > Q > .
access connection
LR Eapid s = CLil
WIFI Router SEerver access ViIF|
A IR dand 1o the |smet SIoess The measired dand will be serm g
RCAT
550 Eroker IP
Flcimirid Bircksi pait Test conrection
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MQTT-message =n

Name MQTT topic Payload

hello /ajdos/sensor/hello {"name":"<sensor name>",
"publickey":"<password>",
"owner":"<owner_id>",
"station":"<station_id>",
“location":"POINT(<longitude> <latitude>)",
“cycletime":<cycle-time>
"time":"<timestamp>"
"crc':"<access-key>"

}

bye /ajdos/sensor/bye {"name":"<sensor name>",
"publickey":"<password>",
"time":"<timestamp>"

}

data /ajdos/sensor/data {"name":"<sensor name>",
"publickey":"<password>",
“location™:"POINT(<longitude> <latitude> <altitude>)",
"values":{
“temperature”:<temperature_value>,
"humidity":<humidity_value>,
"pm10":<pm10_value>,
"pm25":<pm2.5 value>,
"battery":<battery_value>

}

"time":"<timestamp>"

}
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Community Platform

A

| Modeler |
Stocker > Option 1 —r»  Map Server

T > Option 2 —
Collector > oOptionn -

A

| |
Sensor & @ Sensor




OVvervienw eirData FloW Cencept:

MQTT Installation details, Aggregated Results of
messages measurement data temporal data modeling
Communit
Sensor - Collector = Stocker ——» Modeler —» y_
Platform
A
CSV of raw measurements

> User <<
Owners, Projects, Stations, View resulted maps,
Installations, Sensors data & download raw data




ConSenGIST IR = pPrREmMInary

ConSenGlIS -> Consonance & Sensor & GIS

0 + Extensions

Nextcloud

? 4
Stored Procedures in | ==
PostgreSQL — \@/ 5 rgs

PestCIS |
@Postgresq_ Sl
Y.
StGIS
o™ PestGIS gay QRGIS  resiais @F’ost saL i
WY PosigreSOL. (o W Fosoesal o

Desktop .

—~  QGIS

% 1

& GeoServer %

u_[

Sensor O O Sensor

android -




ConsSenGisSElationrm

Principles adopted:

> Simplification — minimize software coding and use Open Source software
technologies;

> Adaption of Open Standards — to avoid vendor lock and increase extendibility;
> Adaption of Mature Technologies — proven technologies get higher priority;
> Address security — the secure solution is a primal design objective,

> Alternatives — need to be identified to reduce the risk of abandoning technologies.



Final Software Architecture

docker —

@ + Pico 2.1 + code

Nextcloud

T

EEEED Frontend ‘

django Back-end ———p» Stored Prdcedures in I_»' @ Google Méps Platform

PostgreSQL + JavaScript
ConSenGIS Sw Application I I I
& TIMESCALE Geoocbel

PestGIS

Postgre SQL

+ Stored Procedures in
PostgreSQL

BaRab0ItNI). " A




ConSenGlSrBErVieael™= Erelliminary

Stocker_body

permanent_site
&= jd &= id
 recording_time O site_number
© adequacy © site_name
O from_table O is_active

O from_id

& id_observotion_profect
& id_ohservation_site

l LEFA N \

significance
= jd
 significance
© from_date
O to_date
& id permanent site

observation_project
= id

O name

© area_palygon

@ id_observation_site

measurement
= jd
© subject

0 value

< id observation_event
@ jd_subject

observation_task
= jd
© task_description

= jd
O site_point

© site_polygon

< id_observation_tosk

= jd
O what_is_measured

O measurement_unit

© data_range_theoretical

( o N T ] © data_range_practical \
(—— TN
T
= id % jd sensor
O sensor_number | & id_observation_site
posterior_reliability © name
& id measurement_capability O type I
© reliability = id © is_active
O from_date o prior_reliability T E
O to_date % id_sensor © operated_by
% id_measurement_capability & id_subject © produced_time
( s &7 | [ 5 A | O comment
[ I
Replicated QField Cloud Server Replicated Measured Data
object_observation mgtt_message
= id = idl
© observation_project_id O message
O type_of_the_observed_object O recording_time
© recording_time & id_mgtt_client
© this_point
© this_polygon mqtt_client
O status [ i
© cross_checked -
O sensor_number
[ o AT




ConSenGisS-"batanase

Consencisplaterm

mqtt_message % "
G id integer «pk»|| - - O is_active boolean «nn»|
O data json | G id o intoger o “pkx O is_endorsed boolean «nn»|
@ created_at timestamp with time zone o measuring_time.  timestamp with time zone O start_of_operation timestamp with time zone
- - | O receiving_time  smallint i O end_of_operation timestamp with time zone |
Q staging_data_pk_constraint sk O message bytea © sensor_name_in_the_hello_message varchar(32)
o AV © position geography(POINTZM) (l © owner _in_the_hello_message varchar(32) [t
== —————= I ) id_message_type integer «fknn » O station_in_the_hello_message varchar(32)
D id_installation integer « Tk » s O location_in_the_hello_message geography(POINTZM)
mossago=iype Q mgqtt_message_pk constraint «pk»| © access_in_the_hello_message bytea il
C= id integer « pk » Q message_type_fk constraint «fk»| " — © password_in_the_hello_message bytea |
O name varchar(10) ‘message_type_has_many_mqtt_message| Q installation_fk constraint « fk » mstal/arwn_has_many_mqrt_messageI‘ O number _of_sent_messages integer
O version number smallint =i > AV O measuring_interval interval |
O specification bytea ‘ T T T T T T T T T T T O location_corrected_and_verified geography(POINTZM)
i O altitude real
Q message_type_pk constraint « pk » @ height_to_the.ground s |
o AV - p o i_hash text
= T T j tallation_has_many_project_vs_installa 8 o :a:cha,w 12) |
S ———— — photo ytea |
& id_sensor integer «fknn»
measurement ) id_observation_station integer «fknn»|
Ca id integer «pk » Q sensor_fk constraint «fk»|
O scalar _value real Q installation_pk constraint « pk »
@ id_subject integer «fknn»| “ Q observation_station_ fk constraint «fk»|
= id_mqtt_message integer «fk » G id integer « pk » N |
data_pk i « pk » © name_of_the_project varchar(20) «UQ NN » bhservation_project_has_many._project_vs_site) = . T ——T ==
Q subject_fk constraint  «fk» | O name_of_the_territory varchar(20) abssrvanon_sns_has_many_sensar_velsus_sne)» Y
Q maqtt_message_fk constraint  «fk » | O polygon_of_the_territory geography(POLYGON) ‘\>
o AV O project_start timestamp with time zone /
T ——— O project_end timestamp with time zone | observation_station
D id_owner integer «fknn»| & id integer «pk»ll
O comment warchar(512) O station_id varchar(20) «ug»
Q observation_project_pk  constraint «pk»| O station_name varchar(64) |
Q owner_fk constraint «fk» O is_active boolean
Q) uq_name_of_the_project constraint «ug»| O wifi_ssid varchar(32) |
O AN | O number _of_free_sockets smallint |
s T s e e I —— O is_mobile_station boolean
O position_of_a_static_station geography(POINTZM) | /
© planned_route_of_a_mobile_station geography(MULTIPOLYGONM) [ /'
O comment varchar(512) 7 o T T —
o Photo {:y fea | sensor_has_many_sensor_versus=sier———— & et
& id_owner integer «fknn»| — =
owner_has_many_observation_project Q permanent_location_pk constraint « pk »
subject IS e Q owner_fk constraint «fhk»|
(= id integer «pk»| Q station_id_uq constraint «ug»|
O what_is_measured varchar(32) VN
O measurement_unit varchar(32) | = id integer «pk» =SS ——————— T =
O data_range_theoretical numrange | O is_active smallint
© data_range_practical numrange © owner_id varchar(20) «ug»
Q measurement_subject_pk constraint « pk »| o "am? varchar(50) @
© mobile varchar(32)
o AV ) O email_address varchar(32)
: : : : o : : : : O physical_address varchar(50) “ |
O poi_physical_address geography(POINT) = id integer « pk »
O comment varchar(512) Tl integer «pkx§ O posterior _reliability real |
| subject_has_many_measurement_capability | Q owner_pk constraint «pk » g ;er;r:ir‘;name eraclz:;(za) «ug»| O significance real L
———— — Q owner_id_uq constraint «uq » = O from_date date
sensor _type O deployment_date date | O to_date e |
O T G © AV G id integer «pk»| O serial_number  varchar(32) & id_installation integer «thr|
(= id smallint «pk» 1 @ product_id varchar(20) «ugq » ® comment varchar(512) a iability_pk e
O prior _reliability real - O type_name varchar(20) [ P> id_sensor_type integer « i » § Qi ionirk P P
& id_subject integer «fknn »| i O sub_type_name varchar(20) - = id_owner iAtegen eificnn's | — = |
& id_sensor_type integer «fknn» | — 1O producer smallint Q maqtt_client_pk_cp constraint « pk » —— °, A‘ EEE——
L = 8
a % iity_pk int <pkofl SrorE iy el gaTinayd capabilty] O comment varchar(512) [ Q owner_fk constraint  « fk» |
Q subject_fk constraint  « fk » T —r—r—r— —— Q sensor_type_pk constraint  « pk » Q uq_sensor_number constraint «uq »
Q sensor_type_fk constraint « fk »| Q name_uq constraint  «uq»| Q sensor_type_fk constraint  « fk » |
o AV | O AV | O AV | L
e T T Ty ——— e e e L >
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Sensor Collector Stocker =
i | | N ~
M TT
loT Sensor —» RabbitMQ »> Stqcke_r > TimescaleDB
application
h% taging onSenGIS materialized
buffer queue ~ table view
> User <+
Community Map
Platform Server Modeller
p R e \
| | Google Map PostGIS
Mexdeleue services GDAL il
TIFF TIFF,
GIF CSV TIFF
A4  GIF

| File System



ConSenGIS

) _ AR, S
Actfive user is Orsolya , who has owner user vole, “oacoco e ] \ogout

l Weicomel Project ms’faﬂaﬂow Station T Sensor T Map T Owner T About 1

Welcome to the Collector Module of the ConSenGIS System!

Here you can approve new installations of sensors at stations. You can also approve new Sensors or stations.

You can move/remove installations to/from projects. You can also adjust attributes of these entities, including your data.
Moreover locations of entities can be visualized on map.

A sensor

: Installation
(— Project (_ of a sensor \

A station

The Modeler provides an automatic analysis of your data. :
Your raw data, results of analysises and other interesting the Co mmun I‘h& P' a‘l“For m

data are available via the community platform.
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ConsSenGisSPlatiorm

Layer Original range Model value
. Model .
id id Weight
name image file from to from to
Interpolated 0
pk fk Measurements PM2.5 /.. [file.tiff 0 200 1 10 9
Interpolated A
pk fk Measurements PM10 /..[file.tiff 0 100 1 10 9
pk fk Temperature /..[file.tiff -20 60 1 20 9
pk fk Altitude /..[file.tiff <min> <max> 1 10 6
pk fk Ground height /..[file.tiff 0 5 1 10 7
pk fk Degree of the slope /.. [file.tiff 0 90 1 10 7
pk fk Direction of the slope /.. [file.tiff 0 360 1 10 7
pk fk Wind direction /.. [file.tiff 0 360 1 10 5

pk fk Wind power /.. [file.tiff 0 200 1 20 5



EonsSenGisSElatiorm

Generation of static images

v

Timescale generates Aggregated data
hourly, daily, weekly, yearly

v

Starting values are added to interpolation

v

Interpolation is carried out

v

Spatial operation gives result

v

Export image, including animated ones




KNeWIEd0e transier

Municipality of Suhareka
Municipality of Shtime
Municipality of Prizren

Objektivat e Projektit

Mbledhja e té dhénave né terren




KReWIEdae tiransier

Prizren
Motray Quiriazi
Remzi Ademaj
Besim Ndrecaj
Deshmoret e Zhurit
Shtime
Abdullah Shabeni
Emin Duraku
Suhareke
- Avdyl Ramaj
Lidhja e Prizrenit
Sadri Duhla
Kongresi | Manastiririt
Edit Durham



Sustainability of GIS-LINK

Skills to build sensors and operate the system will be transferred.

Sensors and software platform will be handed over to Open Source Software
Society of Kosovo.

This open source software based system can be upgraded without license cost.
Local Communities will be able to continue the operation of the system.

The maintenance of the system is also ensured by the motivation and interest
groups of the participants, as they can maintain the health of their own
environment and living space, thus donating a more liveable environment to the next
generation.

The system is also suitable for future expansion of other information on a
voluntary basis, which provides an opportunity to solve intact current problems.

> sensor with SIM card

> Other components: NO2z2, NO, Os, SOz, CO, etc.

Local Government will be able to use the system provided information for

planning and operation their settlements.



Thank you for your attention

“In order to create a sustainable world, we need to: ‘ ‘
1) Educate people.
2) Educate people.
3) Educate people.

For every person left uneducated about the system of this sphere, the
nature will make us all pay for it. Sustainability can only start in the mind.”

— A. Togay Koralturk
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