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Abstract

As the level of air pollution increases, it stadsdamage our environment. But
whenever the topic of air pollution comes up, wk &bout the environment. Outdoor
air pollution also affects indoor air. In our resgg we measured indoor air pollution
in University using Arduino boards, gas, humidiymd temperature sensors. In this
work, we proposed a cheap air quality monitoringtemn based on Arduino uno
microcontroller. The Arduino is connected to 2 seasand the measured data is

displayed on the LCD screen. The sensors used &E1D for humidity and
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temperature sensors and Mg-2 for carbon dioxide2)CQur device is a device

capable of taking measurements of real-time camuhti Air pollution in the school

environment was measured with this simulated desantkthe results were obtained.
Keywords: indoor air pollution, sensors, baseplates and obsayistems

| INTRODUCTION

Air pollution in buildings without indoor air flows 2-5 times higher than outdoor
air pollution, and in some serious conditions, st100 times higher. Indoor air
pollution (IAP) is ranked among the top five envingental public health risks by the
Environmental Protection Agency (EPA) Science AdmysBoard (Environmental
Protection Agency 2019). The concentration effeehtioned above is more relevant
for people who spend more than 90% of their usna iat home or in the office.
Although the health effects of increasing concdmmng of indoor air pollution have
not been thoroughly studied, studies have shownirtidaor air quality has a greater
impact on lung dysfunction [1].

The definition of indoor air pollution generallydlndes air pollution, introduction
and distribution of outdoor air particles, relativeumidity and temperature
fluctuations. Humidity and temperature cannot beorgd because these thermal
comfort parameters affect the level of protectiérih@ indoor environment and are
the basis of several complaints related to pooguwadity [5].

The World Health Organization (WHO) has conductestiualy that estimates that
about 8 million people die each year due to aidupoh worldwide, of which
4.3 million die from indoor air pollution sourcebrae (World Health Organization
2015; Apte and Salvi 2016). Most deaths due toanédr pollution occur in middle-
and low-income countries, with 52,000 in Europe, 082 in the United States, and
212,000 in the Middle East [2].

Il main section

In this research, DHT11 (Humidity and Temperatueassr) was used as the
humidity and temperature sensor. Carbon dioxide Bi@2 gas detectors were
coded and used. My device is basically running %t capacity, measuring and
coding the same as 80—-90 % of our respective device

Purpose of the study:

* Improving the air environment inside the school

» See what environment you study and work in

» Make it clear that indoor air pollution is also danous

In order to carry out this research on a real dewuice following objectives were
set. In this:

v Review theoretical research by reading Internati@w@ademic materials in
English

v" Collect the boards and sensors to be used

v' Make a connection by simulating device

v Experiment in a university setting

v' Take measurements of indoor air pollution

Device cost:

1. Arduino Uno board — 35 000 MNT

2. DHT11 sensor — 5 000 MNT
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3. MQ-2 sensor — 5 000 MNT

4. Active buzzer — 5 000 MNT

5. Resister — 1 000 MNT

6. LCD display — 15 000 MNT

7. Pin wire — 2 000 MNT

Total cost — 68 000 MNT

Il DEVICE MODELING

In our tests, we coded a variety of motherboards gensors, humidity and
temperature sensors. Below is the device code:

#i ncl ude <LiquidCrystal _|2C. h>
Li qui dCrystal _|12C | cd(0x27, 16, 2);

/1 Display data bytes
byte Degree[] = {

B00111,

B00101,

B00111,

BO00O0O,

BO00O0O,

BO00O0O,

BO00O0O,

BO000O

b
#i ncl ude <DHT. h>

#defi ne DHTPIN 6 /1 The pin that connects to DHT11
#define DHTTYPE DHT11 [/ DHT 11

DHT dht (DHTPI' N, DHTTYPE);

nt Anal og_I| nput = AO;

nt |pg, co;
nt DI = 12;
nt RW= 11;

[
[
[
[
int DB[] ={3, 4, 5, 6, 7, 8 9, 10};//

int Enable = 2;

voi d LcdCommandWite(int value) {

/1 define all pins

int i =0;

for (i=DB[0]; i <= DI; i++) // assign a val ue

digital Wite(i,value & 01);// For 1602 LCD, D7-DO (not DO-D7) is used for
signal recognition; Here it is used for signal inversion.

val ue >>= 1;

}

digital Wite(Enable, LOW;

del ayM croseconds(1);

digital Wite(Enabl e, H GH);

del ayM croseconds(1); // wait 1 sec
digital Wite(Enable, LON;

del ayM croseconds(1); // wait 1 sec

}

voi d LcdDataWite(int value) {
/1 start all pings
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int i =0;

digital Wite(DlI, H GH);

digital Wite(RW LOW;

for (i=DB[0]; i <= DB[7]; i++) {
digital Wite(i,value & 01);
val ue >>= 1;

}

digital Wite(Enable, LOW;

del ayM croseconds(1);

digital Wite(Enable, H GH);

del ayM croseconds(1);

digital Wite(Enable, LON;

del ayM croseconds(1); // wait 1 sec

}

void setup(){
Seri al . begi n(9600) ;
Serial.println("DHT11l test!");

dht . begi n();
Seri al . begi n(9600) ;

lcd.init();
| cd. backlight();

/1l Create special characters:
| cd. creat eChar (0, Degree);

int i =0;

for (i=Enable; i <= DI; i++) {
pi nMode( i, OUTPUT) ;

}
voi d | oop(){

/1 The data is read and stored in the h (humdity) and t (tenperature) variabl es.
/I Readi ng tenperature or humdity takes about 250 m|liseconds!
del ay(2000); // Delay between sensor readings

float humdity = dht.readHum dity();
/'l Read the humdity
float tenperature = dht.readTenperature(); // The tenperature is read in Celsius

/1l Check if the read failed and exit early (try again).

if (isnan(humidity) || isnan(tenperature)) {
Serial.println("Failed to readfrom DHT sensor!");
return;

}

Serial.print("Humdity: ");
Serial.print(humdity);
Serial.print(" %t");
Serial.print("Tenperature: ");
Serial.print(tenperature);
Serial.println(" *C');

/1l set cursor to (0,0):
/1 Print fromO to 9:

| cd. set Cursor (0, 0);
[cd.println(" Now Tenperature ");

| cd.setCursor (0, 1);
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led.print("T:");
lcd.print("C');

| cd.set Cursor (11, 1);
lcd.print("H™");
lcd.print("9);

del ay(1000); //Vait 1 sec

int val
val =anal ogRead(0);// The gas value is read from anal og O
co=anal ogRead(0);
Serial.print("Co2=");
Serial.println( val,DEC);// Print the value to the serial port

lcd. print(" CO");
I cd. print(co);
| cd. set Cursor(0,1);

del ay(1000);

N0 NOWNTMANHS
@ [ 1 Vv

DIGITAL (PWM~) E &

Figure 1 — Arduino board design

Explanation 1. The Arduino uno board is a popular microcontrobbeard based
on the ATmega328P microcontroller chip. It has igital I/O pins (6 of which can
be used as PWM outputs), 6 analog inputs, a 16 Midramic resonator
(CSTCE16MO0V53-R0), a USB connection, a power jack|CSP header, and a reset
button. It is one of the most widely used Arduiraatds due to its versatility, ease of
use, and wide availability [11].

Figure 2 — DHT11 or humidity and temperature sensor

Explanation 2. The DHT11 is a basic, ultra-cheap digital tempemtand
humidity sensor. It uses a capacitive humidity sersd a thermistor to measure
the ambient air and output a digital signal to tagan (no need for an analog input
pin).
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Figure 3 — MQ-2 or gas sensor

Explanation 3. The MQ-2 is Winsen's smoke and flammable gas ttetdt can
detect flammable gases in the range of 300 - 1Q@@0pit's most common
applications are highly sensitive household gak &arms and detectors for propane
and smoke. It is also possible to code this gasmetmeasure carbon dioxide [12].

Figure 5 — The model of the connection made on tieal device

IV RESEARCH METHODOLOGY

The object of the study was researched at the SIAMUST. As for SICT, there
are many students, and because of this, many stutlame to sit for long hours in
small classes. Also, the glass parts for studyimgeach floor have a structure that
cannot allow air circulation.

The following sensors and board were used in tindystn this:

1. Arduino uno board

2. Gas sensor

3. Temperature sensor
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4. Humidity sensor

A. Methodology

We have created an air quality monitoring systeat igcost effective and easy to
use. using the active buzzer and restart buttonmade the conversion, using the
mg-2 sensor connected to the digital pin of theuiawal uno as a carbon dioxide
sensor, and the dhtll sensor as the key to gethuha&dity and temperature
measurements.

We connected 2 sensors to arduino uno board walaiitm of getting 4 types of
data. The data read from the sensor will be preckdsy the arduino uno
microprocessor and then the data will be displaagsdumbers on the Icd screen.

The received results are analyzed according to rtleasured air quality
thresholds. the stages of this study can be sefguire 6.

Sensor adjustment — Measurement process — LCD display

Figure 6 — Research stage

B. Average value and perception of measurement canstan

The indoor temperature is 18-22\degc. In termswhidity, however, absolute
humidity is used to measure the weight of waterovap a unit volume of air. The
unit of absolute humidity is g.m-3, that is, thatwf grams of water vapor per cubic
meter of air. If the humidity itself rises above &4 it will cause mold and more
humidity to inhibit. But normal humidity should nbé more than 55 %.

Natural gas contains carbon dioxide, a combustibleeral made up of methane,
and excess amounts cause air pollution problenmarlfon dioxide is between 400
and 1,000 parts per million (or ppm), that's a radrmating per million of air. If it
exceeds 1000, it is considered serious and danggdju

Formula to convert PPM to mg/m3 [6]:

Concentration (ppm) = 24,45 x Concentration (mg/m8jolecular weight (1)

C.Research results

Data collection was done in the school environnagit7:00 in the morning when
students were not gathered and when children wert gathered. | also tried to get
data samples from many locations here and theteeischool.

Measurement locations:

Figure 7 — Sections A and B of the library

ud - el ot - -

Figure 8 — Glass section for classrooms on the ffisid second floor
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The results of air quality monitoring can be seetable 1.
Table 1 — The results of air quality monitoringSICT

Location Carbon dioxide (ppm) Humidity g.m-3 (%) Temperature (=)
Many Many Many
No student students No student students No students students
Library 0 0 o '
SectionA 527 782 19% 39% 19.2 21.7%c
Library 527 737 17% 39% 19.2 22.3c
SectionB
First floor 0 0 i .
glass section 385 920 15% 48% 1Gc 24«
Secondfloor 0 0 > '
glass sectio 387 892 27% 40% 1% 23.%c
Average 456.5 832.7¢ 19.5% 41.5% 18.€¢ 22.9%2¢

In terms of humidity, if it is more than 55 %, stdangerous, but if it is too low, it
is dry. In the locations where the measurement® waken, it is very dry when the
students are not gathered, but after the gathetiiegair inhaled by many people
shows that the humidity increases in the closedremwment. However, our carbon
dioxide level is 920 ppm, which is a high level tbe school. But in section A of the
library, the range of 527—782 ppm shows that theibity increases when many
people breathe, which indicates that there is é@ssxchange when there are more
students. But as a result of our measurementdiptfaey room has a normal level of
humidity and a high level of dryness.

MEASUREMENTS OF CARBON
DIOXIDE (CO2)

ppm

1000
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e}

NO STUDENT

@

MANY STUDENTS 400

200

Location FIRST SECOND LIBRARY SECTION A
FLOOR FLOOR AND B

Figure 9 — Measurements of carbon dioxide

HUMIDITY MEASUREMENT
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L
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Location FIRST SECOND LIBRARY SECTION A
FLOOR FLOOR AND B

Figure 10 — Measurements in humidity
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TEMPERATURE MEASUREMENT
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Location FIRST SECOND LIBRARY SECTION A
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Figure 11 — Temperature measurement

CONCLUSION

As a result of this study, an inexpensive arduiasdul air pollution measurement
device was designed. it's an indoor air quality sneament system that uses an
arduino uno as a microcontroller and sensors @raneeasure pollutants such as CO2
sensors, humidity sensors, and temperature sefidosssystem is cost-effective and
portable compared to existing fixed and expensieaitaring stations. it is also an
easy-to-use, user- and researcher-friendly airitgudétector whose performance is
comparable to existing air pollution detectors.nyasuring the indoor air where we
live and work, It is convenient to improve the and take measures against pollution.

According to the measurement results, if the hutyith more than 55 %, it is
dangerous, but if it is too low, it is dry. In tleeations where the measurements were
taken, it is very dry when the students are ndtegyad, but after the gathering, the air
inhaled by many people shows that the humidityaases in the closed environment.
However, our carbon dioxide level is 920 ppm, whiEla high level for the school.
On the other hand, in section A of the library, thage of 527-782 ppm increases
the risk of air pollution due to increased humiditye to increased breathing of many
people. But as a result of our measurements, tinaryi room has a normal level of
humidity and a high level of dryness.

Therefore, it is advisable to clean the glass aotdbke 1st and 2nd floors daily
with wet cleaning and install air exchange equiptwémen students gather.

Our future plan is to add a WI-FI module to ouriand-based device and test it
to turn it into an iot-level device. By making ih dOT-level device, the values
obtained on the device can be fully viewed on theng using a web interface and an
application.
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ABTOMATHU3NPOBAHHASI CUCTEMA PA3BO3A TOBAPA CO CKJIAJIA
11O TOPI'OBOMY 3AJIY BECIIMJIOTHOU I'PY30BOMU TEJIEXKKOU
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Pegepar

B naHHOli cTaThe paccMOTpEHAa aBTOMATU3WPOBAaHHAS CHCTEMA pa3B03a TOBapa Co
CKJIaJ[a TI0 TOPTOBOMY 3Ty O€CTIIIIOTHOM TPY30BOM TEIEKKOM.

PaccMoTpeHsl nepcrnekTuBbl aBTOMATU3ALMU CUCTEMBI pa3B0o3a TOBApA CO CKJIaaa
0 TOproBoMy 3aity. OnucaHbl NPEUMYIIECTBA U HENOCTATKM aBTOMAaTU3HUPOBAHHON U
HEaBTOMATU3UPOBAaHHOM cucteM. IIpencraBieHsl cxema pa3Bo3a TOBAPOB CO CKIIAAa
0 TOPrOBOMY 3ajly, CTPYKTypa CHUCTEMbI aBTOMAaTHYECKOTO YIPAaBJIEHUS U YCTPOU-
CTBO OECITUJIOTHOM TPY30BOM TEIIEIKKH.

K1ioueBble cj10Ba: TOProBblif 3ai1, CKIIaa, OECIMIOTHAS TeIeXkKa, TPAHCIIOPTUPOBKA,
aBTOMAaTHU3alMs, 1aTUYMK, CUCTEMA YIPaBJICHUs, MOOWIBHBIN poOOT, poOoTH3aIMs.

AUTOMATED SYSTEM FOR DISTRIBUTION
OF GOODS FROM THE WAREHOUSE AROUND THE
SALES FLOOR BY AN UNMANNED TROLLEY

M. D. Tarasevich

Abstract
This article discusses an automated system forilmithg goods from a ware-
house to a sales floor using an unmanned cardeyrol
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