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ABSTRACT

Recently, as the damage of air pollution caused by fine dust increases continuously. there is a need for a
low-cost atmospheric environment monitoring system capable of effectively measuring and analyzing air pollutants
in public facilities and households. In this paper, we propose an IoT-based atmospheric environment measurement
and analysis system that can measure air pollution information effectively by installing the atmospheric
environment measurement device without restriction of place or space.

The proposed system supplies power to the atmospheric environment measurement device with the
environment-friendly solar panel, and the measurement results of atmospheric environment are collected and
analyzed by the server through the LTE mobile communication network. It is expected that the development
system will be able to efficiently observe and analyze air pollution information when installed and operated in

public facilities or homes where the NAMIS air environment measurement station is not established.
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Table 1. User requirements for proposed system
Requirements Details
A heri
enm:f;‘l’mfr‘lf * CO, SO2, VOCs, NO2,
ChvITonn 03, PM10, PM2.5,
information ‘g
temperature, humidity
measurement

Flexible installation
and operation of
measuring devices

Installation of measuring
devices and measurement
in any locations

Flexible
measurement of
atmospheric
environment
information

Measurement interval and
method controllable by
system administrator
(smartphone, server)

Analysis and
processing of
measured
environment
information

Analysis and visualization
of atmospheric environment
measurement information
and providing it to users

Location information
of atmospheric
environment
measurement site

Providing location
coordinates and map
information of measuring
device

Providing analysis
results by various
means

Providing users with
analysis results through
smart phone, personal
computer, and web.

[LTE Networkl

- %P

[Atmospheri
Measuremer

(LTE Base Station)

[Atmospheric Environment
Neasurement Devee. 531

[Atmosph
Measerement Dovce A

[Atmospheric
*., Environment Analyzer]

/

T

szmnnn-

Internet

_l

User PG
[User program]

38 1. AR 1T Zle) B9 59 9 e
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Fig. 1. Configuration of the proposed system
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Table 2. System requirements

Requirements Details

Measurement of ® Configuration of measuring

atmospheric devices using sensors,
information using embedded boards, and GPS
Sensors receivers
® Collection of atmospheric

- environment information in

Providing
. any places
wireless L .
Lo ® Providing wireless

communication c .

. communication between LTE
functions

network and measurement
devices

® Comparative analysis of
Providing various reference values and
types of analysis measurement results
results ® Comparative analysis by
measuring position

® Transmission of measurement

Changeable
m gr ment result when measured value

easureme
method b exceeds a threshold value

.. v ® The administrator can set the
administrator
measurement cycle

Providing ® Show the location of the

location of the
measuring device

measuring devices on the
Google Maps

Visualization of ® Providing analysis result
the analysis through Windows based
results software and applications

[Atmospheric Environment Device #1] W

LTE MODEM
LTE .

Network As""'ys's 1 f
& erver

Internet Web Server

[Atmospheric Environment Analyzer]

[Atmospheric Environment Device #N] Y.

LTE MODEM l
[User Application]
T
e

TR 2 Ak Azdel A A
Fig. 2. Detailed configuration of the proposed system
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No error
detected

Inserting the
measurement result
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data (TCP Header +
TCP Data)
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Add IP Header(IP
Header + TCP Header
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Transmission of
L— measurement result to
the analysis server
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Fig. 3. Flowchart of the
measurement device
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Fig. 4. Transmission of measurement results in the measurement device
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Fig. 5. Configuration of the atmospheric environment analysis device
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Fig. 7. Packet structure of measurement results
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Table 3. Measurement items for  atmospheric
environment
Measurement items Text Unit

CO(Carbon monoxide) [CO] ppm
SO,(Sulfur dioxide) [SO] ppm
VOCs(Volatile Organic
Compc()unds) ’ [VOCs] PP
NO,(Nitrogen dioxide) [NO;] ppm
03(0zone) [Os] ppm
PM;o(Fine dust) [PM0] gl
PM, 5(Ultrafine dust) [PM> 5] ugf m
Temperature [TEMP] T
Humidity [HUM] %
Time [TIME] -
Latitude [Lat] -
Longitude [Long] -

I AlAY T8 % Fo Hif

°]

S

Zro] AR W8-S EYE ToT 7]uke] 7]
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e
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719V 240 E Sl A S Fa A
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UART (Universal Receiver/
Transmitter) 541 2|07 Z=3i} 7} A 52 &
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Asynchronous
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Table 4. Specifications of sensor

Sensor Models Specifications
DHT-11 J Temperaturéll‘-lumldlty Sensor
® Qutput : Digital
® CO Sensor
MQ-7
Q ® Output : Analog
L]
DGS-03 O3 Sensor N
® Qutput : Digital
® VOCs Sensor
GSBT11 ® Output : Analog
GSNT11 ® NO; Sensor
® Output : Analog
® SO, Sensor
2SHI12
S ® Output : Analog
® PM,o/PM, s Sensor
PM2007 ® Qutput : UART

3.1 olg22a £ 4o MM

HA opdR T EH YAl A= EH At w
2} Alxe] 7] 34 sX(ppm)7t AA =} oA
© 2 NO, AA(GSNT11)= 13 83} o] 7jd=l
Al e B )] Falde] AlxAE
Re)Z &8 ANV, ol WEHA ==d), oju] &
(V) AT 7o) Foizich

@

[ 1S

GND

ADC
(Arduino)

I

L Control Unit
n = (Raspberry Pi)

VCC

e

Vece : Circuit Voltage(5V)
Rs : Sensor Resistance
VH : Heater Voltage(5V)
AL : Load Resistance

(RL=VR+rL)

a8l 8. opE Ale 2473} A4y
Fig. 8. Measurement and transmission of analog sensors
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Vout, Volt
K

1 10 100

Concentration, ppm

a7 9. NO; AlAfe] E% Ashell w wll7] Sppm)
A

Fig. 9. Parts per million(ppm) for the output voltage in
the NO, sensor
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Pt PPt F¢———————»
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50us | 25us| 50us EEUS 50us | 70us
Ol6lalE/E RBIE e IIIIIII o0 | S|
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Upper Lower Upper Lower Error
Humidity(8bit) Humidity Temperature(Sbit) ~ Temperature  Check
+«——>

GND(O)

27 10 #/4E ANDHTINS 34725 A% wiaa-of
e

Fig. 10. Measurement and transmission in the sensor
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