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PASPABOTBAHE HA CUCTEMA 3A
MOHUTOPUHI HA NMAPAMETPH
HA Bb3AYLWHATA CPEA

3namuH 3names

Pe3rome. MOHUTOPUHIBET Ha napameTpuTe Ha
Bb3[yxa € BaHa 3ajaya 3a ocurypsisaHe Ha
GesonacHocTTa M 3gpaBeTo Ha xopata. B
HacTosLwWaTa paboTta e npeanoxeHa KOMMTbpHA
cucTteMa 3a  M3MepBaHe Ha  Temnepartypa,
OTHOCUTENHa BMAXHOCT W TrasoB CbCTaB Ha
Bb3agyxa. PaspaboteH e cCceH30opeH wmoayn WM
MWKPOMNPOLIECOpHa CMCTEMa 3a YrpaBrieHMETO My,
npegnarawa 6e3xmyHa KomyHukaums. Heobxogmmo
e cuctemata ga 6bae YCbBbPLUEHCTBaHA, KOETO
BKMOYBA OCBEH MOHUTOPWHI, Taka W KOHTPON Ha
Ka4yeCcTBOTO Ha Bb3yXa C MOMOLLTA Ha NOOXOAsALUM
M3NMbNHUTENHW ycTponcTBa. PaspaborBaHe Ha
NPUNOXeHUA 3a MOOMITHM YCTPOMCTBA, KaKTO W
npefaBaHe Ha JaHHWUTe B VIHTEPHET C Len KOHTpon
Ha  3ambpcaABaHeTO M npednpuvemMaHe  Ha
HeobxoAMMUTE MepKM 3a OrpaHnYaBaHeTo My

Kmo4yosu Oymu: [lapameTpy Ha Bb3ayxa,
MMKPOMPOLLECOPHa CUCTEMA, CEH30pHa cucTemMa

1. YBoa

3ambpcsaBaHETO Ha Bb3dyxa, B pesynTart
Ha WHOYCTpManHWsi pacTex, AonpuHacsa 3a
N3MEHEHMETO Ha KnMMarta C onacHu rrnobanHu
nocneamun [6]. 3a pa ©Obaoe npocneneH
NnpoUechbT Ha 3aMbpcsiBaHe ca Heobxoanmu
JaHHM 33

3aMbpcuUuTennTe n TEXHUTE

M3MEHEeHNA BbLB BPEMETO. Cuctemnte 3a
MOHUTOPUHI Ha 3aMbpCABAHETO Ha Bb3AyXa,

crnyxewmn 3a noJjiydaBaHe Ha TakmBa OaHHU Ca
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DEVELOPMENT OF A
SYSTEM FOR MONITORING
AIR ENVIRONMENT
PARAMETERS

Zlatin Zlatev

Abstract. Monitoring of air
parameters is an important task for
ensuring the safety and health of
people. A computer system for
measurement of temperature, relative
humidity and gas composition of the air
is proposed in the present work. A
sensor module and microprocessor
control system is developed, that offers
wireless communication. The system
needs to be upgraded, which includes,
in addition of monitoring and air quality
control, with appropriate control devices.
Applications development is also need,
for mobile devices as well as data
transmission on the Internet to control

pollution and take the necessary
measures to limit it.
Keywords: Air parameters,

microprocessor system, sensor system

1. Introduction

Air pollution, as a result of
industrial growth, contributes to
climate change with dangerous

global consequences [6]. In order to
track the pollution process, data on
pollutants and their changes over
time is needed. Air pollution
monitoring systems serving to obtain
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AaBTOHOMHM YCTPOMWCTBA, C OTHOCUTENHO HUCKa
cebecTonHocT [2,7,8].
MOHWUTOPUHIBLT Ha  3aMbpcUTENUTE  Ha
Bb34yxa C BUCOK MPOCTPaAHCTBEH U BpeMEBU
Xapaktep B rpagckmte pamoHM BCe ole €
TeXHUYeckn TpygHa 3agada [3,9]. Cuctemute
32 MOHWUTOPUHI Ha NapaMeTpu Ha Bb3gyxa
BKMOYBAT W3MeEpBaHe W YyNpaBlieHne Ha
BENMYUHN KaTO BNAXXHOCT, TemnepaTtypa, pmHu
NpaxoBu YacTULW, KOHLEHTpauusi Ha rasose.
NarpaxxgaT ce Ha OcCHOBaTa Ha MHOBATMBHMU
TEXHWYECKM  pelleHust C

npeacraBdaHe Ha

WHTEPaKTUBHO
n3mepBa-TenHaTa
WMH(popMaums NMpuM CbOTBETHA CUIYPHOCT Ha
CbXpaHeHue Ha gaHHuTe [5].

B Hactoswarta pabota e npeacraseH
CEH30peH mMoayn 3a TemnepaTtypa,
OTHOCUTESNHA BMAXHOCT M a30B CbCTaB Ha
Bb3ayxa, ynpaBnaBaH 4Ype3 MUKpPO-NpoLecopHa
cuctema. Cuctemata faBa Bb3MOXHOCT 3a
cbbupaHe, CbxpaHeHWe Ha [JaHHUTE U
peanusMpaHe Ha MOHWUTOPMHI Ha MNapamMeTpu

Ha Bb3ayllHaTa cpeaa.

2. N360p Ha U3MepBaTenHu,
ynpaBnsiBallyy u  KOMYHUKALMOHHMU
ycTpoucTea

M3bpaHn ca  OOCTbMHM  TEXHUYECKU

cpencTsa,
OTBOpeH kopf (oTBOpeH xapayep). lNpuynHuTte

C u3rnonssaHe Ha Xxapayep cC

3a ToBa ca Oo0puTe XapaKTepuUCTMKU Ha Tean
npoayKTu,
KOMepcuanH1uTe aHarnosu, HUCcka ce6ecTomHoCT

KOUTO He OoTCTbNBAT Ha

Ha TexHU4eckuTe YCTPOMCTBA, fmnca Ha
NULEH3MOHHM Takcu, ronam obem cBoboaHO
AocTbnNHa  MH(opMauus  3a
YCTPOMCTBO W APYrn TEXHWYECKN peLLeHUs 3a

KOHKPETHOTO

HeroBaTa peanusauus, cnogensHe Ha onuTa c
apyru paspabotunum [1,4].

such data are autonomous devices
with relatively low cost [2,7,8].

The monitoring of high spatial and
time air pollutants in urban areas is
still a technically difficult task [3,9].
Air Parameter Monitoring Systems
include measurement and control of
quantities humidity,
temperature, fine particulate matter,

such as

gas concentration. They are built on
innovative technical solutions with
interactive presentation of
information with
adequate data storage security [5].

In the present work is presented
sensor module for temperature,
humidity and gas

composition of the air controlled by

measurement

relative

microprocessor system. The system
enables the collection, storage and
monitoring of  air
parameters.

environment

2. Selection of measurement,
control and communication
devices

Appropriate technical tools are
selected, that use open source
hardware (open hardware). The
reasons for this are the good
features of these products, near to
the commercial analogs, the low cost
of technical devices, the lack of
license fees, a large amount of freely
available information about the
device, and other technical solutions
for its implementation, sharing
experience with other developers
[1,4].
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N3bpaHuTte ycTponctBa ca pasgeneHn B
ABE OCHOBHMU
cuctema m ceHsopu. B Tabnuua 1 ca nocoveHun
n3bpaHnTe eneMeHT 3a MUKPOKOMMIOTbpHAaTa
cUCTEMa C TEXHUTE OCHOBHM TEXHUYECKM
XapaKTEPUCTUKN, KOUTO KacadaT W3MNOSi3BaHETO
UM B n3mMepBaTenHaTa cmcrema.

B Tabnvua 2 ca nNOCOYMEHM OCHOBHU
TEXHNYECKN XapaKTEepPUCTUKNM Ha wu3bpaHute

CEH30pHU

CEH30pM C aHarnoros 1M3xon v Takvea ¢ LUMpoB

rynm -—

YCTPOWUCTBA.

MUKPOKOMMIOTbPHA

M3non3saHn ca

The selected devices are divided

into two main groups -
microcomputer system and sensors.
Table 1 shows the elements selected
for the microcomputer system with

their basic technical characteristics

that concern their use in the
measuring system.
Table 2 lists the basic technical

characteristics of the selected sensor
devices. Analog output and digital

NHTepdenc. interface sensors are used.
Tabnuua 1. Table 1.
MUVKpPO-KOMNIOTLPHA CUCTEM Micro-computer system
HaunmeHoBaHue o6w Bug OnucaHue
Device General view Description
Iteaduino Nano .
— Iteaduino Nano e ApaynHo 6a3vpaHa MUKPOKOHTPOJepHa niaTtka 3a
- ApayuHo
pa3paboTKn N N3rpaxxaaHe Ha NPOTOTUMNWN, CbBMECTUMA MO DYHKLIUK C
Hano -
S Arduino Nano. MN3rpageHa e ¢ mukpokoHTponep ATmega328P n USB-
CbBMECTUMA
nnatka cepueH nopT koHBepTop CP2102. PaboTu ¢ TakToBa Yectota 16MHz.

Iteaduino Nano
- Arduino Nano

Iteaduino Nano is an Arduino-based microcontroller for development and
prototyping, compatible with features with Arduino Nano. Built with
ATmega328P microcontroller and CP2102 USB-port serial converter.

Compatible Works at a clock frequency of 16MHz.
board
WarpageH e cbe cepueH Bluetooth mogyn HC-06 (pabotew ¢ BC417).
KoHdwmrypupaH e no nogpasbuvpane c pair ko 1234 n ckopocT Ha obmeH
%%h 00 9600 bps. 3apeaeH e ¢ dbpMmyep 3a KOMYHWUKALMSA U KOHPUIYprUpaHe
MoV — HC-06 no cepveH nitepdenc ¢ AT komaHau.
ayn — HC- - o - . .
- It is built with a serial Bluetooth module HC-06 (working with BC417).
Serial Bluetooth : X .
Configured by default with pair code 1234 and exchange rate up to 9600
Module - HC-06 ; e o L
bps. It is loaded with firmware for communication and serial interface
configuration with AT commands.
Oucnnen LCD Oucnnest e aBypenos, ¢ no 16 3Haka Ha pef (16x2). Manonssa HD44780
16x2 — cuH 6a3upaH koHTponep - KS0066, nma cuH doH 1 6sna noaceBeTka.
Display LCD The display is two-line, with 16 characters per line (16x2). Uses HD44780
16x2 — blue based controller - KS0066, It has blue background and white backlight.
Hesanboxa gagbgmag \ gagbgmag
_A_u6 oH c NO yToH ¢ NO n . YTOH C eavH
W NC KoHTaKTK — NO koHTakT =
Push button Switch with . Switch with
) NO and NC i one NO
with NO contact
contacts contact \

AkymynaTopHa
baTepusa c
n3xon 5V
1000mA, Li-lon
12000mAh
Power bank
Rechargeable
battery with 5V
1000mA output,
Li-lon
12000mAnh,
Power bank

3axpaHBall, Moayn c BrpageHa akymynartopHa 6atepus - Power bank,
ocurypsiall, u3xoaHo HanpexeHnue 5V n Tok go 1000mA. Mwva tpn USB
KOHekTopa — micro USB 3a 3apexaaHe n asa USB-A 3a 13xoQHOTO
HanpexeHue. batepusaTta e nutueBo-noHHa (Li-lon) ¢ kanauutet
12000mAnh, 3apexaa ce ¢ HanpexeHnune 5V, nogasaHo oT USB Ha
KOMNIOTHP unm oT 5V 3axpaHBaul agantep. batepusara He moxe aa 6bae
Mnosi3aBaHa no BpemMe Ha 3apexaaHe.

Power bank with built-in rechargeable battery - Power bank, providing
output voltage 5V and current up to 1000mA. There are three USB
connectors - micro USB for charging and two USB-A for the output
voltage. The Li-lon battery is 12000mAh, powered by a 5V supply from
USB to a computer or a 5V power adapter. The battery can not be used
during charging.
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CeH30pM B cuctema 3a MsmepBaHe

Tabnuua 2. Table 2.

Sensors in air quality measurement

Ka4eCTBOTO Ha Bb3A4yXa system
w o6u Bug OnucaHue
=, General view Description
Device
MoaynbT e u3rpageH c aHanoroe ceH3op 3a ceetnuHa ALS-PT19,
MOHTUPaH BbPXY KOMMNAKTHA niaTka ¢ pasmepu 8mm x 11mm. Pa6oTtu
CeH3sop 3a

ceBeTnuHa ALS-
PT19 -
aHanoros /Light
Sensor/

C HanpexeHue 2,5V-5,5V 1 nma aHanoroe 1M3xo/ - HanpexexHue,
HapacTBalllo Npu yBennyasaHe Ha cBeTnuHaTa. He ce Hyxgae ot
OONBNHUTENHN KOMMOHEHTU, 3a 13 CE CBbPXE ANPEKTHO KbM aHarnoros
BX0[ Ha MUKPOKOHTpPOIeEp.

The module is built with an analogue ALS-PT19 light sensor mounted

}&'ngg%ng?r on a compact 8mm x 11mm board. It works with a voltage of 2.5V-5.5V

Analogue and has an analogue output - a voltage increasing with increasing light.
It does not need additional components to connect directly to the
analog input of a microcontroller.

gﬁaﬁ‘ﬁ” DHT11 uamepBa TemnepaTtypa ot 0° 1o 50° C 1 oTHOCUTENHa

TEMNEDATYDA - BNaXHOCT Ha Bb3ayxa B aAvanasoH 20%-90%. Mima npegsaputenHo

—uLDHTH KanwbpwupaH Lmdpos nsxon. )

mty and DHT11 measures a temperature of 0° tq 50°C and_a relatlv.e_

temperature humidity in the range 20%-90%. There is a pre-calibrated digital

sensor - DHT11

output.

CeH30p 3a npax

MoaynbT e n3rpageH cbC CEH30p 3a NpaxoBu YacTuum Sharp

Sharp GP2Y1010AUOQF. MoaynbT MoXe fia u3amMepBa 06LLO KONM4ecTBO hrHn
GP2Y1010AU0 npaxoBu YacTuum B eanHuua obem ¢ pasmep Hag 0,.5um. MogynbTt He
E MoXe Aa pasgens Yactuumre no pasvep (PM1, PM2.5, PM10).

Dust Sensor The module is built with a Sharp GP2Y1010AUOF particle sensor. The
Sharp module may measure a total amount of fine particle matter in a unit
GP2Y1010AU0 volume in excess of 0.5 ym. The module can not separate particles by
F size (PM1, PM2.5, PM10).

Adafruit MoaynbT e nsrpageH CbC CEH30p 3a kKa4eCTBOTO Ha Bb3ayxa CCS811.
CCS811 ceHsop Ot4uta Hanuyne Ha MHoXxecTBO VOC rasoBe (OpraHu4yHu neTnuem
3a ras, Air CbeauHeHU) n No3BonNsABa Aa ce U34ucnu ekBuBaneHTHa CO,
Quality - VOC, KoHUeHTpauus (eCO, - equivalent carbon dioxide). ima 1°C nHtepdeic
eCO2 1 ce 3axpaHBa c HanpexeHue 3V-5V.

Adafruit The module is built with an air quality sensor CCS811. It detects the
CCS811 Gas presence of multiple VOC gases (organic volatile compounds) and
Sensor, Air allows to calculate an equivalent CO; concentration (eCO; - equivalent
Quality - VOC, carbon dioxide). It has an 12C interface and is powered by a voltage of
eCO2 3V-5V.

CeH3sop 3a ras MoaynsT e narpageH cbe ceHsop 3a raz3 MQ-135. OtynTta Hanu4uue Ha
MQ-135, Air GeH3eH, ankoxon, AWM, aMOHAK 1 Ap. 3axpaHBa ce ¢ HanpexeHve 3V
Quality - 5V 1 koHcymumpa 170-220 mA ToKk.

Gas sensor The module is built with a gas sensor MQ-135. Recognizes the
MQ-135, Air presence of benzene, alcohol, smoke, ammonia and others. Itis
Quality powered by a voltage of 3V - 5V and consumes 170-220 mA current.

3. AnapatHa 4acTt Ha cucTtema 3a

MOHUTOPUHI Ha napameTpu Ha

Bb3AyliHaTa cpeaa

B pesyntaT Ha HanpaBeHus u3Gop Ha

3. Hardware of a system for
monitoring of air environment
parameters

As a result of the choice of electronic

€NeKTPOHHN KOMMOHEHTW, XapayepHa wn components, hardware and system
CUCTEMHaA  apxuTekTypa e  cb3gageH architecture, an experimental sensor
eKcrepuMMeHTaneH ceHsopeH Moayn 3a module for monitoring and local

MOHUTOPUHI W JIOKanHO uHTerpMpaHe Ha integration of data on air environment

AaHHW 3a NnapaMeTpu Ha Bb3ayluHaTa cpeda.  parameters has been created.
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Cuctemarta, nokasaHa Ha durypa 1 e
u3rpageHa € egHonnatkoBa KOMMKOTbPHA
ltead Nano.
BNaXXHOCT WU

cuctema CeH3opbT 3a
DHT11 e
cBbp3aH KbM D8 Ha MuUKpoOKoHTponepa c
pull-up pesuctop 10kQ. LindopoBnat ceHsop
3a ra3 CCS811 e cBbp3aH kbm [2C
NHTEpdeca Ha MUKPOKOHTPONepa, n3seaeH
Ha nuHoBe A4 n A5 (SCA n SCL). MuHbT

Wake Ha ceH3opa € cBbp3aH KbM Maca.

TemnepaTtypa

AHanoroBmaT ceH3op 3a cBeTnMHa ALS-
PT19 e cBbp3aH kbM aHanoroB Bxoa A2 Ha
MUKpoKoHTponepa. CeH3opbT 3a ra3 MQ-
135 kbM A1. CeH30pbT 3a (hyHM NpaxoBu
yactuum GP2Y1010AUOF kbm AO. Kbm
undpposn nnuHoee D9 n D10 ca cBbp3aHu
ABa Hesagbpxawy OyToHa C HOpMarsiHO
OTBOPEHN KOHTaKTU npe3 pe3ncTopu Mo
10kQ.
ancnnen ce perynupa Cc MOTEHUMOETbP

KoHTpacTbT Ha  ABypenoBusA
47kQ. YnpasnssawmaT nmH E e cBbp3aH
kbm D12, a RS «kbm D13 Ha
NuHoBe D4-D7 ot
aucnnes ca cBbp3aHn kbm DS5-D2 Ha

MUKPOKOHTpOrepa.

MUKpOKoHTponepa. Bluetooth mogyna HC-
06 e cBbp3aH kKbM Rx u Tx nuHoBeTe Ha
MUKpoKoHTponepa. lNMuH Rx Ha Ge3xnyHus
MO4yn € CBbp3aH npe3 Jdenuten Ha
HanpexeHue KbM MUH Tx Ha
MUKPOKOHTpONepa, 3awoTo pabotn Ha
3,3V. 3axpaHBaHeTO Ha cxemata € OT
akymynatopHa GaTtepus. bytoH  3a
BKIOYBaHE W U3KMNOYBaAHE Ha udanarta
BKIHOuBaHe/

cmctemMa wn OyTOH  3a

N3KnNoYBaHe Ha Be3xnyeH moayn.

The system shown in Figure 1 is built
with a single-board computer Itead
Nano computer system. The DHT11
humidity and temperature sensor is
connected to the D8 of the
microcontroller with a pull-up resistor
of 10kQ. The digital CCS811 gas
sensor is connected to the 12C
interface of the microcontroller on pins
A4 and A5 (SCA and SCL). Pin Wake
on the sensor is connected to ground.
The analog light sensor ALS-PT19 is
connected to the analogue input A2 of
the microcontroller. The gas sensor
MQ-135 to A1. The dust particle
sensor GP2Y1010AUOF to AO.

To digital pins D9 and D10 are
connected two push buttons with
normally open contacts through

resistors of 10kQ. The contrast of the
two-line display is adjusted with a
47kQ potentiometer. The control pin E
is connected to the D12 and the RS to
the D13 of the microcontroller. D4-D7
pins on the display are connected to
the D5-D2 of the microcontroller. The
Bluetooth module HC-06 is connected
to the Rx and Tx pin of the
microcontroller. The pin Rx of the
wireless module is connected via a
voltage divider to the Tx pin of the
microcontroller because it works at
3.3V. The circuit is powered by a
rechargeable battery. Full System
On/Off Button and Wireless Module
On/Off Button.
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0o THTLT

—
10k} 10k0  10K0

DHTL1

A i

-
-
-

B

-

Light Sansor

®dur.1. Cxema enekTpuyecka Ha cuctema 3a
M3MepBaHe NapameTpu Ha OKonHaTta cpefa

Ha cwurypa 2 e nokasaH obuw, Bua Ha
pa3paboTeHaTta cucteMma. Ha npegHus naHen
ca MOHTMpaHW [OBYpedoBMAT AUCMNEn WU
OyTOHMTE 3a NPEBKIOYBAHE HA eKpaHuTe 3a
BM3yanusauus Ha gaHHuTe OT ceHsopute. B
ropHaTa 4acT ca u3BefeHVN YyBCTBUTENHUTE
€NeMeHTU Ha CeH30puTe 3a BIIAXHOCT,
TemnepaTypa, BbrnepodeH Aavokcug, obum
NeTnMBM BELLIECTBa, CBETNWHA, ras, uHU
npaxoBu YacTUUW. Ha neBWs naHen ca

MOHTUpaHu  OyToHMTE 3a  BKMOYBaHe/

M3KMIOYBAHE Ha cucTtemaTa; BK4YBaHe/
nsknoyBaHe Ha Bluetooth koMyHMKaUMOHHNA
Moayn; u3BoguTe  Ha

KOHEKTOPBT 3a 3axpaHBaHE Ha

aKkymyrnatopHaTta
batepus;
cuctemara.

EaoHonnaTtkoBuAT MUKpPO-

Fig.2. Electrical schematic of a system
for measuring environmental
parameters

Fig. 2 shows a general view of the
developed system. On the front panel
are mounted the two-line display and
the buttons for switching screens for
visualization of the sensor data.
Sensitive elements of the humidity,
temperature, carbon dioxide, VOC
gases, light, gas, dust particle sensors
are mounted at the top. the on/off
switches on the left panel are
mounted; switch on/off the Bluetooth
communication module; the terminals
of the battery; the system power
connector. The single-chip micro-
controller and the communication
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KOHTpONep "M KOMYyHUKaUMOHHUA MOAyn Ca

MOHTMPaHM BbB BbTPELIHATa YacT Ha
Kopnyca Ha KyTudata. Bcuukm enemeHTn ca
MOHTUPaHMU B MONMETUNEHOBA KyTUS C Krac
Ha 3awmTa IP54 ¢ pasmepun 180x140x80mm.
Cucrtemarta 3a m3amepBaHe napameTpu 3a
onpeaensaHe Ka4ecTBOTO Ha OKOMHUSA Bb3gyX
MOXe Oa O6bae cBbp3BaHa 6E3KUYHO KbM
€0HO MOOMMHO YCTPOWCTBO MOCPEACTBOM
Bluetooth 2.0 Bpb3ka, cbc ckopocT 2400 bit/s.
3a cBbp3BaHEe KbM MOOMNEH TenedoH, C
onepaunoHHa cuctema Android e nanonssaHo
npunoxexnne BT Terminal ver.4.0 (Samak
Twins, Google Commerce Ltd.). TectbT 3a
BPb3Ka KbM MOBUIIEH KOMMIOTHLP € HanpaBeH
¢ nporpama HyperTerminal. OcBeH gaHHU OT
N3MEepPBaHUATA Ha PasfMYHUTE MHCTanMpaHu
CeH3opu npu npegaBaHe KbM  MOBUIHO
YCTPOWCTBO Ce MoKasBa W TemnapaTtypa Ha
ceHaopa CCS811, kosiTo He ce BM3yanuaupa
Ha [OBypedooBUA OUCMNen, MOHTUPaH Ha

n3mepBaresiHata cucrema.

WOT3= go o1

Al i, i 32527 00
=007 gipive 14 0

VO, ppke 6200 ]
Thetrecaunn COSA1Y. of= 2782

dur.2. Cucrtema 3a MOHUTOPUHI Ha
napameTpu Ha Bb3ayliHaTa cpeaa — oo, Bua

module are mounted inside the
housing. All elements are mounted in a
polyethylene box with protection class
IP54 with dimensions 180x140x80mm.

The

measurement

ambient air quality
system be

to a mobile

can
wirelessly connected
device via a Bluetooth 2.0 connection
at 2400 bit/s. A BT Terminal ver.4.0
application (Samak Twins, Google
Commerce Ltd.) was used to connect
to a mobile phone using the Android
operating system. The test for
connection to a mobile computer is
made  with the HyperTerminal
program. In addition to the measu-
rement data of the various sensors
installed when transmitting to a mobile
device, a temperature sensor of the
CCS811 sensor that is not displayed
on the two-line display mounted on the
measuring system is also displayed.

oli= 17,00
idity DHT1L, RHZ- 33.00
luy= 36 59

Fig.3. Air quality monitoring system
- general view
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4. [llporpaMHO ocurypsiBaHe Ha
cucteMa 3a  MOHMUTOPUHI  Ha
napameTpu Ha Bb3aylLUHaTa cpeaa

OcHOBHUTE eTanu OT YynpaBnsiBallaTa
nporpama
KaYeCTBOTO Ha OKOJNHWUSA Bb3AyX Ca OMUCaHu

Ha Cucrema 3a onpegensaHe

ype3 nceegokog B Tabnmua 3. Etanute Ha
pabota ca:
AedrHMpaHe Ha KOHCTAHTM M MPOMEHINBMY;

3apexgaHe Ha 6ubnuoreku;

HayanHa wuHuUunann3aumda Ha CeH30pute wu

KOMyHUKaLUMATa C BbHLWHA  YCTPOWCTBA;
npoYMTaHe Ha daHHM OT UMpPOoBUTE CEH30pW;
n3ynucnaBaHe Ha [OaHHM OT  aHanroBute
CeH3opu;  BuU3yanusauuMss Ha  gucnnew;
n3BeXgaHe Ha JaHHW NO CepueH KaHan.
Ta6bnuua 3.

MNceBaokoa Ha ynpaBnsiBalla nporpama

4. Software of a system for
monitoring the parameters of
the air environment

The main stages of the air quality

monitoring system control program
are described in pseudocode in
Table 3. The stages of operation are:

loading of libraries;  defining
constants and variables; initial
initialization of Sensors and

communication with external devices;
reading data from digital sensors;
calculation of analog sensor data;

display visualization; output serial

ETan PYHKLMA
Stage Function

data.
Table 3.
Pseudo code of a control program
OnucaHue
Description

Lapexaade Ha i :
SapexzaHe Ha <Adafruit_CCS811.h>;

3apexaaHe Ha 6ubnuoTekn 3a uMdpos
CEH30p 3a ras; ABypeaoB AUCHNEn;
LMAPOB CEH30P 3a BNAXHOCT U

W <LiquidCrystal.h>; <DHT .h>: Temneparypa
i . <DHT_U.h> Loading libraries for digital gas sensor; two-
ibraries . . AR -
line display; digital humidity and
temperature sensor
HacTporika Ha NWH 3a CBbP3BaHE U TUMN Ha
LMdPOB CEH30pP 3a BNAXKHOCT U
#define DHTPIN 8; #define TemMrnepaTypa; NMHOBE 3a CBbp3BaHe Ha
OedunupaHe DHTTYPE DHT11; const intrs | aBypenoB aucnnen; NPOMeHNINBK 3a

Ha KOHCTAaHTUN U

NPOMEHNBYU d7 = 2; float temp; float co2; float

=12,en=11,d4=5,d5=4,d6 =3,

NoKasaHunAaTa Ha CeH30puUTe; NpoMeHnnBa
3a NoTpebuTenck1 3aaBku; NMHOBE Ha

Define tvoc; float tgs; const int up = 10; OyTOHUTE
constants and const int dn = 9; const int maxa = 7, Set up pin for connection and type of digital
variables const int mina = 1; humidity and temperature sensor; pins for
int a = 1; int bup; int bdn; connecting a two-line display; sensors
variables; variable for custom queries;
button pins
HacTtpovika Ha cepuiiHa koMmyHukaumsa 9600
{Serial.begin(9600); lcd.begin(16, 2); | Bit/s; akTuBMpaHe Ha CeH30p 3a BNaXXHOCT
H dht.begin(); ccs.begin(); ¥ TemMneparypa; CeH30p 3a ras; HaJanHa
avanHa . . ) .
— ccs.available(); ccs.readData(); TeMmnepaTypa Ha ceH30p 3a ras; pabora Ha
nHUUManun3aum . : .
if(ccs.begin()){Failed to start nMHoBe 3a ByToHWTE KaTo BXO/
A - " o
Initial sensor!} Set up serial communication 9600 Bit/s;
Initialization ccs.setTempOffset(temp - 25.0); activation of a humidity and temperature
pinMode(bup, INPUT); sensor; gas sensor; initial temperature of a
pinMode(bdn, INPUT); } gas sensor; work on pins for buttons as
input
DHT11 dht.temperature().getEvent(&event); [MpoyMTaHe Ha CTOMHOCTM 3a TemnepaTypa
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ALS-PT19

float t=event.temperature; W BII&XXHOCT
dht.humidity().getEvent(&event); Reading of temperature and humidity
float h=event.relative_humidity; values
5.A ) _ Vin .
in = Togq Vi Iin = 4800.100000,;1,4,
L=1,.2,Lux

float sensorValue=analogRead(A2);
float lux, Lux;

KbAeTo A ca JaHHM OT aHanoroBus BXom;
Vin— BXOOHO HanpexeHwue; |, — BXOOEeH TOK;
L — ocBeTeHOCT

where A is data from the analog input; Vi, -
input voltage; I, - input current; L -
illumination

MQ-135

float m =-0.318; float b = 1.133; float
RO = 11.820Q

5.A
Vin = 12z

ViR, =220 — 47 0; ratio = 2=
1024 Vin Ro
Glog = M; G = Gloglo' ppm
KbAeTo A ca JaHHM OT aHanoroBus BXom;
Vin.— BXOOHO HanpexeHwue; Ry —
CbMNPOTUBIEHNE Ha ceH3opa; Ry —
CbNPOTUBMEHNE NPU YUCT Bb3AYX; Gjog —
KOHLIEHTpaLUNS B ioraputMuyeH mauwab; G
— KOHLIEHTpaLus B ppm

where A is data from the analog input; Vi, -
input voltage; Rs - Sensor resistance; Ry -
resistance to fresh air; G,oq - concentration

at logarithmic scale; G - concentration in
ppm

GP2Y1010AUO0
F

float raw=analogRead(A0);
float dust, ug/m*3

_ _ 3
D = 557+ A 11— 40002, ug/m

KbAeTO A ca gaHHuM OT aHanorosus Bxogd; D
— bnHKM NpaxoBuM YacTMUM 3a eguHMLa
obem

where A is data from the analog input; D -
fine particle matter per unit volume

CCS811

if(ccs.available(){
temp =
ccs.calculateTemperature();
if(lccs.readData(){
co2=ccs.geteCO2();
tvoc=ccs.getTVOC(); tgs=temp;
} else{ERROR! }}

WN3ennyaHe Ha gaHHKn 3a eCO,; TVOC;

Temneparypa
Retrieving eCO, data; TVOC; temperature

YnpasneHve
B/U3yanusaumsit

bup = digitalRead(up); bdn =
digitalRead(dn); if (bup==LOW) {

[Npu HaTuckaHe Ha bup, a yBenu4yasa
cTonHocTTa cu ¢ 1; bdn Boam oo
HamansaeaHe ¢ 1; AUCnnesT ce u34ncTea u
ce BM3yanu3npT AaHHU OT CbOTBETHUS

a Ha JaHHu a=a+l: CeH3op

Managing data T . . By pressing bup, a increases its value by 1;

visualization led.noDisplay/(); led.clear(); bdn leads to a decrease of 1; the display is
cleared and the data of the sensor is
displayed

V3BexaaHe

KbM CEepueH

nopT u . OaHHuTe ce n3BexaaT Mo CepueH NopT KbM

Bluetooth I ser ial po rt and Bluetooth. nepcoHaneH KOMMITbP U KbM 6e3xndeH

woovn Serial.print(Sensor name); MOLVIT

Output to serial ggi:g:p::zt:gg)s.ensor value); The data is output through a serial port to a

port and P ' PC and to a wireless module

Bluetooth

module
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5. 3aknoyeHune
PaspaboTeHnar  ceH3opeH mogyn U
npeanoXeHarta CTPyKTypa Ha KOMMOTbPHO
fOasnpaHa cuctemMa 3a BKIKOYBAHETO My
ycrnewHo morat ga 6baaT u3nonseaHu npu
MOHUTOPUHI Ha Ka4yeCTBOTO Ha Bb3gylLHaTa
cpeda KakTo B 3aTBOPEHU NMOMELLIEHMS, Taka K
Ha OTKPUTO.

OyHKUMNTE Ha cucTemata Morat gda ce
paswmpsiBaT C Uen pellaBaHe 3agadn 3a
pasno3HaBaHe Ha rasoBe, BKIHOYUTENHO B
ra3oBM CMeECW, KaKTO W 3a onpegensiHe Ha
KOHLUEHTpaumMaTa Ha CbOTBETHUS  ras3oB
3aMbpcuTen BbB Bb3aylUHaTa cpeaa.

Heobxogumo e cuctemata pa 6bae
YCbBbpPLUEHCTBAHA, KOETO BKOYBa OCBEH
MOHUTOPWHI, Taka MU KOHTPOS Ha KayeCTBOTO
Ha Bb3gyxa C MNOMOLUTAa Ha NOAXOLALM
M3MbIHUTENHN YycTpouncTBa. PaspaboTeaHe
Ha MPUIOXeHMs 3a MOOUMHW YCTPOMWCTBA,
KaKTo 1 npegaBaHe Ha AaHHuTe B IHTEpHEeT ¢
Len KOHTPONM Ha  3aMbpcCsiBaHETO U
npegnpuemMaHe Ha HeobxogummuTe MepkM 3a

orpaHn4aBaHETO MYy.

BnarogapHocTH

Pabotata B HacTodwara cratMa e
3.dTT/2018
,OLUEeHsIBaHe Ha eKkoriormyHaTa 4YuctoTa Ha

noagkpeneHa No  MPOEKT
XPaHUTENHN CYPOBMHM W NpPOAyKTM“ — C
pbkoBoauTen gou. CHexaHa [unHesa.

MpunoxeHue 1. Ynpasnsealla nporpama
Ha cucTemMa 3a u3MepBaHe napamMeTpu Ha
Ka4yecTBOTO Ha OKOIHUSA

peanuaunpaHa B Arduino IDE

Bb3AyX,

5. Conclusion

The developed sensor module and
the proposed structure of a
computer-based system for its
successful integration can be used to
monitor the quality of the air
environment both indoor and outdoor
conditions.

The functions of the system can be
expanded to solve tasks for the
detection of gases, including in gas
mixtures, as well as to determine the
concentration of the respective
pollutant in the air environment.

The system needs to be upgraded,
which includes, in addition to
monitoring and air quality control,
with appropriate control devices.
Applications development is also
need, for mobile devices as well as
data transmission on the Internet to
control air pollution and take the
necessary measures to limit it.
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Appendix 1. Control program for
the ambient air quality measurement
system, implemented in Arduino IDE

#include <Adafruit_CCS811.h>
Adafruit_CCS811 ccs;
#include <LiquidCrystal.h>
#include <DHT.h>

/Icases of a
if (a==1){
Icd.display();
Icd.setCursor(0, 0);//set the cursor to column 0, line
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#include <DHT_U.h>
#define DHTPIN 8 // Pin which is connected to the
DHT sensor.
#define DHTTYPE DHT11 /I DHT 11
DHT_Unified dht(DHTPIN, DHTTYPE);
constintrs=12,en=11,d4=5,d5=4,d6 =3,d7 =
2
LiquidCrystal Icd(rs, en, d4, d5, d6, d7);
float temp;
float co2;
float tvoc;
float tgs;
constintup =10;  // pin for the Up button
constintdn=9; // pin for the Down button
const int maxa = 7;
const int mina = 1;
inta=1;
int bup;
int bdn;
void setup() {
Serial.begin(9600);
Icd.begin(16, 2);
dht.begin(); //DHT11 sensor
ccs.begin();
ccs.available();
ccs.readData();
if(lccs.begin(){
Serial.printin("Failed to start sensor! Please check
your wiring.");
while(1);
}
/Icalibrate temperature sensor
while(!ccs.available());
temp = ccs.calculateTemperature();
ccs.setTempOffset(temp - 25.0);
pinMode(bup, INPUT);
pinMode(bdn, INPUT);

}
void loop() {
/IDHT11
sensors_event_t event;
dht.temperature().getEvent(&event);
float t=event.temperature;
dht.humidity().getEvent(&event);
float h=event.relative_humidity;
/IALS-PT19 analog light sensor
float sensorValue=analogRead(A2);
float volts = sensorValue * 5.0 / 1024.0;
float amps = volts / 4800.0; // across 10,000 Ohms
float microamps = amps * 1000000;
float lux = microamps * 2.0;
float m = -0.318; //Slope
float b = 1.133; //Y-Intercept
float RO = 11.820; //Sensor Resistance in fresh air
from previous code
sensorValue=analogRead(A1);
float sensor_volt = sensorValue*(5.0/1023.0);
/IConvert average to voltage
float RS_air = ((5.0*4.7)/sensor_volt)-4.7; //Calculate
RS in fresh air
float RS_gas = ((5.0"4.7)/sensor_volt)-4.7; //Get
value of RS in a gas
float ratio = RS_gas/RO0; // Get ratio RS_gas/RS_air
float ppm_log = (log10(ratio)-b)/m; //Get ppm value
in linear scale according to the the ratio value
float ppm = pow(10, ppm_log); //Convert ppm value
to log scale

/I print the number of seconds since reset:
Icd.print(");

Icd.print("DTH11 T, oC");

Icd.setCursor(0, 1);

led.print(" ");

Icd.print(t);

Icd.print(" ");

}
if (a==2){

1

Icd.display();

Icd.setCursor(0, 0);//set the cursor to column 0, line

/I print the number of seconds since reset:
lcd.print("");

Icd.print("DTH11 H, RH %");
Icd.setCursor(0, 1);

Icd.print(" ");

Icd.print(h);

led.print(" ");

}
if (a==3){
Icd.display();

Icd.setCursor(0, 0);//set the cursor to column 0, line

/I print the number of seconds since reset:
Icd.print(");

lcd.print("Als-PT19, L lux");
Icd.setCursor(0, 1);

led.print(" ");

Icd.print(lux);

Icd.print(" ");

}

if (a==4)}
Icd.display();

Icd.setCursor(0, 0);//set the cursor to column 0, line

/I print the number of seconds since reset:
lcd.print("");

lcd.print("MQ135 gas, ppm");
Icd.setCursor(0, 1);

Icd.print(" ");

Icd.print(mq);

Icd.print(" ");

}
if (a==5){
Icd.display();

Icd.setCursor(0, 0);//set the cursor to column 0, line

/I print the number of seconds since reset:
Icd.print(");

Icd.print("Air poll., ug/m3");
Icd.setCursor(0, 1);

led.print(" ");

Icd.print(dust);

led.print(" ");

}

if (a==6){
Icd.display();

Icd.setCursor(0, 0);//set the cursor to column 0, line

/I print the number of seconds since reset:
lcd.print(" ");

lcd.print("eCO2,ppm");

Icd.setCursor(0, 1);

Icd.print(" ");

Icd.print(co2);
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float mg = ppm/10000; //Convert to percentage Icd.print(" ");
/IGP2Y1010AUOQF air pollution sensor }
float raw=analogRead(A0); if (@a==7){
float dust=(((5000 / 1024.0)*raw*11.0) - 400.0) * 0.2; // Icd.display();
unit: ug/m3 Icd.setCursor(0, 0);//set the cursor to column 0, line
//CCS811 gas sensor 12C 1
if(ccs.available() /I print the number of seconds since reset:
temp = ccs.calculateTemperature(); Icd.print(" ");
if(lccs.readData()){ Icd.print("TVOC,ppb");
co2=ccs.geteCO2(); Icd.setCursor(0, 1);
tvoc=ccs.getTVOC(); Icd.print(" ");
tgs=temp; lcd.print(tvoc);
led.print(" ");
else{ }
Serial.printin("ERROR!"); /Iserial port and Bluetooth
while(1); Serial.print("Themp DHT11 oC=");
} Serial.printin(t);
} Serial.print("Relative hummidity DHT11, RH%=");
/ILCD 16x2 Display data Serial.printin(h);
bup = digitalRead(up); Serial.print("Light Als-PT19, lux=");
bdn = digitalRead(dn); Serial.printin(lux);
if (bup==LOW )} Serial.print("MQ135 gas, ppm=");
a=a+1; Serial.printin(mq);
Icd.noDisplay(); Serial.print("Air pollution, ug/m3=");
Icd.clear(); Serial.printin(dust);
} Serial.print("eCO2, ppm=");
Serial.printin(co2);
Serial.print("TVOC, ppb="); //parts per billion
Serial.printin(tvoc);
Serial.print("Themperature CCS811, oC=");
Serial.printin(tgs);
Serial.printin();
delay(1000);
}
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