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Abstract Recently, according to the severity of air pollution, interest in air pollution is increasing.
The IoT based fine dust monitoring system proposed in this paper allows the measurement and
monitoring of fine dust, volatile organic compounds, carbon dioxide, etc., which are the biggest
causes affecting the human body among air environmental pollution. The proposed system consisted
of a device that measures atmospheric environment information, a server system for storing and
analyzing measured information, an integrated monitoring management system for administrators and
smart phone applications for users to enable visualization analysis of atmospheric environment
information in real time. In addition, the effectiveness of the proposed fine dust monitoring system
based on the Internet of Things was verified by using the response speed of the system, the
transmission speed of the sensor data, and the measurement error of the sensor. The fine dust
monitoring system based on the Internet of Things proposed in this paper is expected to increase
user convenience and efficiency of the system by visualizing the air pollution condition after
measuring the air environment information with portable fine dust measuring device.

Key Words : Application, Atmospheric Environment Information, Fine Dust, Internet of Things(IoT),
Monitoring System
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Table 1. Fine dust standard

Standard Good Normal Bad Very
Bad
PM25 Korea 0715 16750 | 517100 101

WHO 0715 16725 26750 517
Korea 0730 31780 | 817150 1517
WHO 0730 31750 | 517100 101~

PM10

B2 E17E

Table 2. Recommended standard for fine dust

PM2.5 PM10
Standard |  Annual Daily Annual Daily
Average Average Average Average
Korea 25 50 50 100
WHO 10 25 20 50
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Fig. 1. Concept diagram of fine dust monitoring system
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Table 3. The system requirements

Requirements Design Definitions

MSP430F2618 Micro—controller

Sensor Module

Environmental )
vironmental Fine Dust, VOCs, Co2, Temperature,
measurement U
Humidity etc.
element
Management Monitoring fine dust and atmospheric
element environment sensors
A sensor Bluetooth, transmission based on
information ESP-8266 based wireless

processing method | communication and integrated gateway

Schema design such as sensor

Data management database using database, device
method management DB for device

management

Integrated monitoring management
User service system for administrators, smartphone

method application based monitoring system for
users
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Fig. 2. Configuration diagram of the system
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Table 4. Table of fine dust DB

. ; . AP
Logical Table Fine Dust Data Physical -
DAT
Name Table Table name A
Logical Physical
NO| Column Column Key _lli_)atz Le;gt NLLJL
Name Name VP
o NUM
1 Identifier AP_INDEX PK BER NOT
Device AP_DEVIC VARC
2 Identifier E_ID HAR 255 NOoT
Device AP_DEVIC
3 Type E TYPE CHAR 1 NOT
4 X AP_MAP_ NUM
Location X BER
5 Y AP_MAP_ NUM
Location Y BER
Fine
AP_VALU NUM
6 Dust(PM 1 BER
10)
Fine AP_VALU NUM
7 | Dust(PM -
5 E2 BER
AP_VALU NUM
8 VOCs 3 BER
AP_VALU NUM
9 co2 E4 BER
10 Temperat AP_VALU NUM
ure ES BER
. AP_VALU NUM
1 Humidity E6 BER
Registrati AP_REG_ VARC
12 on Date DATE HAR 255
Registrati AP_REG_ VARC
13 on Time TIME HAR 255
Registrati AP_REG_ VARC
14 on Place PLACE HAR 255
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Table 5. Specification of measuring sensor

Sensor Specification

= Fine Dust Sensor(PM 1001)
= Interface : UART
= Range : Above 1um
= Response Time @ 1min
= Accuracy @ * 2%

* VOCs Sensor(GSBT11-P110)
= Interface : Analog Signal
= Hydrogen : 0770 ppm
= Formaldehyde : 0770 ppm
= Response Time : 30sec
= Accuracy : * 7%

+ Co Sensor(X-100)
- Interface : Digital Signal
= Range : 30072000ppm
= Response Time : 2min
= Accuracy : = 100ppm

= Temperature/Humidity Sensor(P110)
= Interface : Analog Signal
= Range : Temperature 0750°C, Humidity
20790%
- Response Time : 6730sec
= Accuracy : + 2T, + 5%
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Fig. 10. Block diagram and prototype of fine dust
measuring device
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Fig. 11. Implementation result of fine dust measuring
device
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(a) Application intro screen
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Fig. 14. Implementation of air pollution transmission applications
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Checking Air Condition

(@) Smartphone application—based monitoring system
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(b) Fine dust and ultra—fine dust monitoring screen
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(C) Volatile organic compound and carbon dioxide

monitoring screen

3 15. OKZ2PH0K 718 A ZLER AAH 13

8 44
3

|
I
(@

BoeznEn

|

Measurement location selection and detailed

information screen

Fig. 15. Implementation of Application based User Monitoring System
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Table 6. Performance evaluation of the system

Evaluation ltems Measurement Evaluation
Result(sec) Results
Response speed of 0.819 Immediate
System
T , Fine Dust 0.223 Instantaneous
rZTOSrTIS VOCs 0.207 Instantaneous
Co2 0.103 Instantaneous
speed of T "
Sensor | 'emperature 1,654 Immediate
/Humidity
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Table 7. Comparison of national measurement values and fine dust monitoring system measurement values

National measurement values Fine dust monitoring system measurement values
Data observa Tempe - Tempe .
lion date PMIO | PM25 | VOGs | Co2 | 1°TP° | Humidi | PMIO | PM25 | VOCs | Coz | TP | Humid
(ng/m®)| (ug/m?*)| (ppb) (ppm) ) ty (%) | (ug/m®)| (ug/m*)| (ppb) (ppm) ) ty (%)
20128’:‘?)623 38 2 125 395 | 1224 59 35 21 121 392 | 1240 61
2012(;’:1 %624 23 " 129 509 | 12.36 63 2% " 128 485 | 1256 59
AR 27 14 07 | se2 | 1312 | 71 2 2 8 | 591 | 1300 | 70
2012(;’:‘ %626 41 % 125 407 | 1369 69 38 28 127 37 | 1381 7
20123’:1%527 50 39 125 306 | 14.16 7 49 4 127 315 | 1467 71
20123 7 %628 27 8 125 534 | 1382 62 25 10 126 429 | 1395 64
A 31 14 125 53 | 1518 66 33 12 126 563 | 1539 62
2012(;’:‘%630 19 13 126 348 1393 76 17 15 128 314 14.02 71
A 24 19 07 | s | 47 | 76 2% 17 6 | 48 | 148 | 75
20]2(‘) ] 2);)0‘ 2 20 125 356 | 1453 80 3 20 126 365 14.66 8
Average 3120 | 1860 | 12590 | 43420 | 13775 | 6940 | 3110 | 1870 | 12630 | 41590 | 13935 | 6860

0.1~0.2%°]H <& (Instantaneous), 0.5~1%0°]
H &2 (Immediate), 2~5%= 13 (Continuous),
7~10%2= SEAIZ A BolR Z(Captive) 22 ARE-
A= AYZ¥stA =eH1s).

AR BYE Y AAHY] FEEEE 0.819%
E4= o] SZ4AR1 FHARICE HIIE QAT ELL
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AIAE S431e] Blas vebdch. 7440 S8t
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T, PM109] 3= HAIZ ARt AlAFS] SA7}
00% = i APFSIUARTE PM2.59] 9= 40%%
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Table 8. Performance evaluation of the system
(measurement error by sensor)

Sensor Measurement Error
Fine Dust Sensor * 0.7%
VOCs Sensor *+ 0.5%
Co2 Sensor * 42.7ppm
Temperature/Humidity Sensor + 117%

oA AA Q] QA= + 0.7%, 3 87131t
AAE + 0.5%, olAlgleta AAE + 42.7ppm,
2n, F& AME + 1.17%S Uehic) giddoz
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