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Abstract :

In this paper, a real-time air quality monitoring system based on wireless network is

designed and implemented for industrial park or multiuse facilities. The existing gas detector is

high price and hard to apply the remote monitoring system. On the other hand, demand for air

quality monitoring is increasing because of industrial gas accident, air pollution, and so on. In

Korea, indoor air regulation was established by law. According to indoor air regulation, CO2, CO,

and NOZ are important gases as the air quality standard. So we study the gas detector for

indoor air quality and the wireless network system. The wireless network consist of sensor

network and WCDMA to apply various place. To verify the performance of the implemented gas

detector, the gas measurement experiment is performed in laboratory environment by using the

realized gas detecting wireless sensor node. And we evaluate the experiment results.
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FaelA FAge HelHES I #Ysty] oE e sto] FATjvlelElE E3 ARl HERE FlTh
Al =8 Aot} [9-12]. a9 19 HEYA aF1dA 2ol 7 AM==
B =Rdas SAYEYIAINN Fal7ts A T 7 RA0R AHARE dEst, 2. Tt EA
7P BUHE A 2"E ARbetH, FAMES A By HA w F7EAHRE 2ol HAFdt. ZigBee,
HY A2fe 24 A9deE deoldHE #8E + 3 WCDMAZ} 2tel spihe] stjulolE| ¢t ZigBee7}
= AMYEYT 25H MEHD 2558 §FH A AMeE gt MEYAE A48, 2
#3l=  WCDMA(Wideband  Code  Division HlolgE AsdAS Aasty] g 2 Az
Multiple Access) WEzZRE AA S, 71A2=A A PING HIZEZE Agste= A2 Aztez 7+ 4
7l AUErd #Er)Ed @ Sl A% At 7F2AA ARE Aol E AF o
SEE A - FHE AL, taSAHAT S S AdlolHE AMZEd A Fa1% dolEHE R/
ate] WCDMAE &3ate] AAMHM = dHolHE d&
1. MU E/T AA il AWM= HolHE A 3ste] o] EH o

of vlolE & A At WAle FHgoh :’E]H]O]Eioﬂ

1. 2MUEST 7A Al AAMME dolHE AFE o Ab&ste =

2o Azgel %Al golstel Agath 7 LﬂE
92 aFAA we Ans pAuel doleu ol
zol Ageta BUERPCAA AGE dolE ol
28 9o] welAst BAHRE A sbssich A
AR BANZGOR AFLY A ME GSE @

ow, #AA A FHEL(SMS, MMS)o 2

FAVENAE 28 13} Zo] UEHNIAIFE
2 ZigBeeEd A& AIAMUESZOIH, YES AL
FE2 WCDMAE AHE-& O]EE*MLE%’JEL% 2
FFslo] FA STl ZigBee U UIO)E == Zigbee

253 WCDMARE oo d5g dgsta o 10
o] ZigBee MAw=E=2ZEEH Fr|doz Jss dg T ¥
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Network
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Fig. 1 Structure of wireless network
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Table 1. Data Protocol of Wireless Node

MAC Type | Body | MAC
Header (4 byte)
Header| (1byte)|(N byte)|Footer

0x50{0x4C|0x50|0x53 | 0x00~
®) | @ | ® | S| 0x06

3E 2. AT o] H3

Table 2. AT Command Description

AT Command Description
AT$$CFUN Restart
AT$$SCNUM Read usim number
AT+ CMGF=1 Setting SMS text mode
AT+ CMGR= Read SMS using Index
AT+ CMGD= Delete SMS using Index

AT$$IPCTRIP=0 Setting Address of Server

ATS$$IPCTOS TCP Server Connect
AT$SIPCTCS TCP Server Disconnect
ATS$$IPCTCP PPP Server Disconnect
AT+ CMGS= SMS Transmission
AT$SHWVER Version of HW
AT$SSWVER Version of SW

¥ 3. WCDMABA Holg T2 EF
Table 3. Data Protocol for WCDMA

. Service
Coordinator Type Body
Header
Header (17byte) i (Ibyte) | (N byte)
(13byte)
PLPS PLPS 0x01 ~ B
(Coordinator) (Service) 0x06

Fol HAREIY BEE
Ardom MAER AT oot FHLE
< [EEE 802.154 TS W2i, sk 74 o
=932 9% ged 97 doly eIz A
Agd [13]

ety AM==zie] doly ZREZS ¥ 13
#3, MAC Headeri= IEEE 802.15.4 MAC
Header® MAC 7|9k FA419 7] o2 Header:™
B o xZg2E39 7|2 Header® 4byte o}2~7] %
(“PLPS")eln & EE 372 MAC Header ¥
o $Jx3tt}. Typerx lbyte Ao] Z=o|m, o] F

112 H 3= 2016¥@ 63 145

Server Connect Message Response Data

Sensor Node Information Request

Sensor Node Information Response Data

-

Request Data : Serever + Database

LD DR Header (30byte) | Type (tbyte) | Data |

a9 2. #Au e WCDMAZFS] Sl o] E
Fig. 2 TX/RX Data between Server to WCDMA

o w2} Bodyol @FEle} 2717k AA AL, Bodye
Typedl 93] ZAAe AA dHeolgE on s
MAC Footer= IEEE 802.15.4 MAC Footer=
16-bit ITU-T CRC < 7t

IfdlelHE  FHE AN ==k AEE
WCDMA EEE T3 deAs=z dgsiA vk
WCDMARES Aostr] #=) x 29 22 AT
Command®& A}&3l, WCDMARE ©] Al H%
¢] WatchDog TimerE XA 3}o] 25 Reboot &
=5 dAg)

Nddl WCDMAR 53 ] AW el oy 27
EZS& % 33 #t} Coordinator Header® ¥ 3
o] 7]¥ Header® 17byte o}7] FholH
} = 9% Coordinator Header F o $13]
i Service Header® #2]4W<9 Header®
13byte o}27] o)W &4 EE 37 & Service
Header H o 9x%t}t. Type: lbyte Aojz=o]
w, o] Ztell wek Bodyel el =77 A4 =
th. Body+ Typedl o3 A8€ AA| dHeolHE 9
v gk},

WCDMA He|HHEE g defAne] A
HE AL gAn] 22 o = o, %A
¥ ON/OFF Al #%02 9% b AR
= g @AM E WCDMA 2B #e|Aw 9
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B A A FAsk, AvdlolHEZYE 3
H FEE dolguolzo] AT £ JreF g},
Fd9 deolHe AR AMAMEES  mac-
address, parent macaddress, panid(zld %

Application ID), 1qi(A1ZA|7]), state(BA, 7}
%, 14), usim number(A3H35) £& AA7FS
2 dolgue]ze]  fddo]Edt. 7]EAH
WCDMA HlolE] Aol tia teAue ok =
4 29} ol EATh dojE o] sE

TdstR e dHolHulolx  HeolE2
nZigbee, nErrorHistory, nZigbeeData® -4J3%F
Tk X 4, 5, 69 #©] nUsere AMEAE 15367
A% Hels® AHEA ARE ARk, nZigbee

nUser,
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X 4. nUser Ho]& ¥ 6. nErrorHistory H o] &
Table 4. Table of nUser Table 6. Table of nErrorHistory
Field Description Field Description
_name User Name _errornumber Error Number
_phonenumber Phone Number of User _macaddress Address of Trouble Node
_userstate User State _state State of Trouble Node
. . _dlname
_lateupdatetime User Resister Device Name and State
_number
_userlatitude User Location (latitude)
_realaddress Address of Event Location
_userlongitude User Location (longitude)
locati ) _occurdate Event Time
_usertoect?nignup a User Location Update Time
- - - _phonenumber Manager Phone Number
gemregid GoogleWLloud S?\I/’[Vlce(G(/M) D,
arning viessase _assigndate Assigned Time to Manager
_job User Job
_confirmdate Check Time
_ . H _okdate Time of Change to Normal
¥ 5. nZighee H|o]E
Table 5. Table of nZigbee _smsok Massage of State
Field Description _ )
. 7IA587| dA4 2 73
_macaddress Sensor Node Address
1. 7t2HAM
_pare;letglsacadd Cordinator Address N = e m el e e o
V258715 3700 TtAE SAT F e 3F
panid Channel(1byte) + PanID(2byte), o] AMAE A&t F@Egh. CO2 NDIRWA 7
- Network 1D 24A, WEAA CO b AA, wEA NO2 7
Circumstance of Measurement 2 3FE o] FFAAMNAE AVl ZF AAAE E
_state (17 Normal, 2 Warning, 3: Fault) 2AA 3FFY 7P=AAE AR ZF A B
i Recoive Sensitivi A e okl & 7,8 99k £tk ELTAM
tivit
_lq1 ecelve Sensitivity T-100< H]'E‘}C_@. /‘ﬂ‘:‘o}’i](NDIR) 7]-1\_/}ﬂlﬂi o]
_dlname 5 2 =235 o
Device Name and Information APEtRRAE SA S A A A2 ks A
—number Byt Mol BEH AAAERTG S5
latitude Node Location ol st A AS Y= 713 Fad 2x
longitude (Latitude, Longitude) _ _
- = AEA staaAe v SHeart Aa v
_realaddress Noge Location Aol Hojt HEAR AR SH2ANE AEE)
At
_lastupdatetime New Node Update Time OgamAle] GSET11 Q2tsbekz414E= 100ppm
_setup Node Setup State ojgte] FIelM ATl $FtEE AFIolA
_setupdatetime = AR wmBA QA APA Asses 5
_usimnumber Number of WCDMA el frelstth. a@lar MICS  SensorAhel
MICS-27108 ZA3tuzstE Fxgdd wae 7+
28 23 5 RS AAHUG. dus@an
Hol52 AMA=ZoA B2l AA HRE At e knoa] ZHglo] Zad olisAiE
W, nErrorHistory =& g rd dist doly 0.5ppmoll A 5ppmo.Z ZH AL AT 4 Q=
= 15 > 5
=0 Agd. MICS-2710¢] 54& 2714 54 st
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Table 7. T-100 NDIR COZ sensor
(ETL Sensor)

Parameter Value
Operating Voltage 3.3V
Operating Residential,

Environment Commercial spaces

NDIR(Non dispersive

Sensing Method
Infrared)

+50ppm ~ 3% of

Accuracy .
reading

Response time(1/e) 90 seconds

32 20169 63
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¥ 9. MICS-2710 o]Aitstd A4 54
Table 9. MICS-2710 NOZ2 sensor
(MICS Sensor)

Parameter Value
Heating Input
1.7V
Voltage
Sensor Input
P 2.5V
Voltage
Operating Residential,
Environment Commercial spaces
Accuracy +5% of reading
Measurement Range 0.5~5ppm
Measurement Range 0~1000ppm

Measurement Range

400~2000ppm

Signal Update 5 seconds
Measurement
400~2000ppm
Range

% 8. GSET11 dAk3letAMA EA
Table 8. GSET11 CO sensor (Ogam)

Parameter Value
Heating Input
g BVELV
Voltage
Sensor Input
1~12V
Voltage
Operating Residential,
Environment Commercial spaces
Storage . o
-10C~70TC
Temperature
Accuracy +7% of reading
Measurement
0~1000ppm
Range
Measurement
400~2000ppm
Range
2. 7IAEEI| HA ¥ +H

7t=EA7 Y] FAAE aY 39 Zo] AXNEER
AHEE F JAEF AXEAAE AREE A AN T
TIRE TG AHYTEo| JtestesE AAG.
Abg-22H=  NuvotonAbe] MO516LDNE MCU=Z
ADC, UART %41, 12C B9 371#] g H o]~
£ Apgar. g Acte st TES 98 5V

!..

co [E

Sensor AMP
(GSET11) (TLC271),

45y T

(TLC271)
of

Processor core
Voltages

a9 3. tRAARE
Fig. 3 Block Diagram
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%3}3 A= #0102 2
71

= TIAY] TLC2712 Ad™ F5o

75]@'3}@, 2 =AM+ SensirionAte] SHT30& AF

Ssto] ddAelA

teEg g,

.



148 SUEUERRIIE BIIE AN SUHY AL

%10, haB7] AR

Table 10. Used Device in Gas Detector m
Part Part Name
MCU MO0516LDN(Nuvoton) @

Core Coretex MO
*—1
Max Frequency 50MHz Temperature Cco2
& Humidity Check Check COADC
Operation voltage 2.5V to 5.5V =
@ NO2 ADC
64KB flash memory

Memory 4KB SRAM NO @

4KB data Flash YES
SPIs(up to 36MHz) Data Check
. ¥
12C(ip to 400kHz) Data transfer using
Connectivity Zighee
UARTs
a8 4. 2ZEY] &AL
16/8 bits EBI interface .
Fig. 4 Flow Chart of SW
AMP TLC271(TD
Zigbee WENSBEE(WENS) {mta‘EﬂE ms\ﬂ(\fuuﬂ
T t E\Lgt}ﬁ t” Tu_DATA=0;
mperature —Init
emp SHT30(Sensirion) Splénmg()
Sensor il
ni 3
CO Sensor GSET11(0Ogam) QEFntI?%téﬁE'wnWENS ~ %5, ¥str#nT, DATE _, __TIME_):
printf("CPU @ %dHz#rin", SystenCoreClock);
TIMERO->TCSA |= TIMEA_TCSA_CEN Msk:  // Start TimerO
NO2 Sensor MICS-2710(MICS) \Sgéta:am‘g}gﬂ
TAMTAP%: _DealyTine =20; //adc AlZE
CO2 Sensor T-100(ELT) e S\;?Egisébcwel?v(mﬂm i//10nsec
£ e o =0

printf("#r ADC:xd Wt Tahle_nDE count);
for( =0 ; i <7Hl
{ printf( % 4t " Tabla ADCLIT) 3}

o] JbxAAM  E  MICS-2710% pripti{'at”
9

nr(|E|;|<EI
£ 7tasgel 3

7] )
2 { printf("%d #t" Tahle ADC2Lil) s}
1 n
_ printf("t: #f ¥ #t h: #t %, tenperature ,humidity ):
AANA 7t~E A NDIRW A o] ibslghs 7f
1
=

Aoz 98 dt Sht 3« fun():
t
// loop while no error
ts
A4 Q)

T-
WA ek % ? 7]-"774&4 LAE ] ] 23 5. Heo] Wl ox

Fig. 5 One Part of Main of Firmware

a9 5% Helel Aol AxIgAY A%
Jol EAmE Y 49 ol & HEE WA
&, A, olisdse)

a9 6. TFRAAMRE T
AEA I ES o] &3] Azt Fig. 6 Realization of Gas Detector
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a9 7. AdA

Fig. 7 Experiment Environment

11 Adsdagy FAsgre
Table 11. Indoor Air Quality Law
Maintenance Standard

Gas CO2

Standard
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* 5 3 from Data Sheet

1 2 : !l 4 Detecting Output
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a9 9. dAsteA sESAAE

Fig. 9 CO Detecting Experiment
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CONCENTRATIONp,

0 10 20 a0 40 &0 =] 70 &0 90 100
SAMPLE

9 10. Fuzzy Min-Max7] & A}-&-3F
disles FE R
Fig. 10 CO Classification using Fuzzy
Min-Max
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Classification)S A}&3 A&HELEE AFE3E 7Hdsh

ArgH oz olitstAAFAH Y o] AFHETEY
FTEE FAT 5 o [14].
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