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TOM TAT— Bai bdo nay trinh bay vé phwong phap thiét k& va thi cong hé théng thu thap dir lidu diéu khién hé théng phun
swong mot cach tw dong. Hé thdng dworc thiét ké dwa trén sw két hop gitra thiét bi thu thap, x& ly dit liéu va cdng nghé truyén
thong khong day (IoTs). Cac cAm bién nhiét do, dd 4m, va cam bién ndng d6 bui min PM2.5 trong khong khi cung c4p cho cac
gia tri vé nhiét do, d6 4m, nong dd bui min PM2.5 thong qua nén tang phin ctng trung tAm NodeMCU ESP8266. Cac dit liéu
vé nhiét do, d6 4m thu thip dwoc sé duwgc dung dé tinh ra do néng bikc, ddng thoi két qua dir liéu dé ndng birc cung di liéu
nong d6 bui min PM2.5 cam bién thu thip dwoc sé dwgc stit dung nhw dir liéu dau vao cho thuit toan fuzzy logic cia hé théng
dé xudt ra tin hiéu diéu khién hé théng phun swong nhim lam gidm nhiét d6 moéi tredong va néng dd bui min PM2.5 trong
khong khi gitp nang cao chat lwgng khong khi cling nhw sirc khoe cho con ngwdi. Cac dir liéu nhiét 9, dd6 4m, ndng do bui
min PM2.5 va d6 néng birc sé dwgc hién thi, lwu trir trén may chi Thingspeak thong qua két ndi wifi ciia hé thdng. Két qua hé
thong hoat déng 6n dinh, cac dit liéu vé chit lwgng khong khi ma hé théng do dwoc lién tuc dwoc chuyén va lvu trir trén may
chu theo thoi gian thwe, div liéu thu thap dwoc dwgc sir dung lam ¥ kién danh gia va dwa ra cac dy doan vé moi treong khong
khi, thoi tiét khi hau & khu vyee 13p dit thiét bi.

Twr khéa— 10T, mdi trweong, fuzzy control.

I. GIO'I THIEU

Trong thoi gian qua, do nhu ciu d6 thi héa va hién dai héa phat trién véi téc d6é cao lam cho chit lwong moi
treorng khong khi tai cac thanh phd 16n chiu tic ddng do phat sinh tr cdc hoat déng phat trién kinh té-xa hoi,
giao thong van tai va cac khu cong nghiép ... Trong dé, khi thai tir cAc nha may va cac phwong tién giao thong la
nguyén nhan chinh trong viéc gy 6 nhiém chat lwong khong khi va méi trudmg dé thi. Khi thai nay thé hién qua
bui min PM2.5. Theo béo cio chit lwgng khong khi thé gi¢i cia [QAIr trong nam 2020 [1], Viét Nam xép hang th&
21 vé tinh trang 6 nhiém khéng khi bui min PM2.5 trén thé giéi. Cling theo canh bao cta IQAir qua trinh dé thi
héa thén tdc va phat trién kinh té cling lam gia ting PM2.5. Néu khdng cé cac bién phap chinh sich b6 sung, néng
d6 PM2.5 tai cac thanh phé ctia Viét Nam c6 thé tang khodng 20-30% dén nam 2030.

D& gidm thiéu tinh trang bui trong thanh phg, thang 3/2019, lanh dao thanh phé Ha Néi d4 c¢6 nhén dinh "Véi téc
dd xay dwng nhw & Ha Noi, rira dwong 1a mot trong nhirng bién phap quan trong dé gidm bui" [2]. Vao ngay
20/12/2017, Uy ban Kiém soat 6 nhiém An D¢ da tién hanh do mtc d6 khong khi tai thi dé New Delhi. Két qua,
nong do bui min PM2.5 trong khéng khi 1a khoang 408, cao gip tdm l4n nguwdng an toan t6i da va 12 1an so gidi
han ma céac chuyén gia méi truong khuyén cdo. Trudce tinh hinh dé, B6 Moi trwong An Do da quyét dinh thir
nghiém sting phun swong gidp lam sach tam thoi khéng khi [3].

Thuec té€ cho thdy phun nwéc hodc phun swong 1a mdt gidi phap gitp giam bét bui trong khong khi. DE thwc hién
vin dé nay, hién nay cling da c6 nhiéu gia dinh, nha hang da thiét 14p mo6t hé thdng phun swong dwoc tw dong
phun theo thoi gian dinh trwéc. Tuy nhién nhirng hé thong nay luén luén phun véi mét lwong nwée ¢d dinh, vao
nhirng thoi gian nhat dinh va khéng tuy thudc vao thoi tiét.

DE& hé théng phun swong c6 tinh tw dong cao, lwgng nwéc sir dung dé phun tuy theo thoi tiét thong qua cdm bién
nhiét d6, tuy theo d6 &m khong khi, dic biét 1a tuy theo ham lwgng ndong dd bui min PM2.5.

Hién nay da co6 cac hé thong dap &ng yéu ciu trén nhuw 1a hé thong hé théng A/C [4], trong hé thong nay, nguwoi ta
st dung thuat toan PID va ky thuidt PWM dé€ gidi quyét hay hé théng may phun swong bay hoi [5]. Nguoi ta st
dung cach bat tit on/off @€ déu khién thiét bi. Tuy nhién, dé€ giai quyét triét d€ nhu mot hé diéu khién mo (Fuzzy
Control System), thi hé théng nay chwa dé cip dén.

Hé théng diéu khién mo ciling da st dung nhiéu trong cong nghiép, nhung dé thiét k& mot hé théng cé quy mé gia
dinh, va st dung tip trung cho viéc phun swong la mét vin dé bi bé ngd. Bai bdo nay tip trung mé ta cach thirc
thiét k€ mot hé théng bao gdm ca phan ctrng 14n phin mém. Phan cing 13 nhitng cdm bién nhw cdm bién nhiét
d6, cdm bién d6 4m, cAm bién nong d6 PM2.5 dwoc két ndi khong day dén server. Con phin mém dwoc thiét y
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dwa trén céac 1ap luAn mo d€ tir nhirng input tir cic cdm bién thu dwoc d€ dwa ra lwong nwéc (hodc thoi gian) can
phun va thoi diém phun swong hop 1y véi thoi tiét.

B4o cdo nay trinh bay cac ndi dung néu trén mot cach chi tiét trong phan I1. Phan III trinh bay nhirng két qua thir
nghiém, phin con lai 1a nhirng két ludn va nhirng dé xuit d€ phat trién hé théng sao cho hoan chinh.

II. THIET KE VA THI CONG
A. THIET KE HE THONG

So d6 khéi hé thdng nhw Hinh 1, trong d6 chirc nang tirng khdi nhw sau:

! | Khéi giaotiép | N Khéi
i wifi | | Webserver
! r :
Khéi cam bién | Khoizuly | »  Khéi relay p| Khoi thict bi
! trung tam i - chép hanh
I
Khéi nguén

Hinh 1. So dd khéi hé thong

e  Khéi ngudn: cung cdp ngudn cho toan bd hoat dong ctia hé théng bao gom: khoi xit 1y trung tdm, khoi
giao tiép wifi, kh6i webserver, khdi cdm bién, khdi relay va khéi co cAu chip hanh.

e  Khoi xt ly trung tAm: thu thip dir liéu tir cac thiét bi sau do x 1y va diéu khién khéi chdp hanh va khdi
hién thi.

e Khdi giao tiép wifi: d€ giao tiép giita khdi diéu khién trung tAm va server, 1a ciu ndi trung gian d€ nhin
va glvi dit liéu diéu khién céc thiét bi dién trong khu vwon.

e Khoi webserver: xay dwng giao dién web dé€ hién thi, lwu tri dit liéu, dong thoi cho phép nguwoi dung
thao tac, diéu khién gian tiép hé thong thong qua Wifi.

e  Kh6i cAm bién: bao gobm cic cam bién c6 nhiém vu thu thip cic thong sd ciia moi trwedong dé€ dwa vao cac
théng s6 d6 diéu khién, gidm sat khu vweon.

e Khd&i module Relay: dong ngit cac tiép diém theo sy diéu khién ctia ngd ra NodeMCU ESP8266 d€ diéu
khién thiét bi. Cach ly gitra mach cong suit va mach diéu khién.

e  Khoi chdp hanh: sé gdm cac thiét bi ciia hé théng phun swong lam méat gitp lam gidm nhiét d6 khong khi
va ndng do bui minh PM2.5.

B. THUAT TOAN XU’ LY
1. CACH TiNH PO NONG BU’C KHONG KHi

Gan day, mot s8 quy tic, chi muc va tiéu chuin di dwgc dwoc phat hanh trén toan thé gi¢i nhidm cung cip cac
cong cu phit hop dé kiém tra vi khi hiu trong nha; trong sé tit ca cc tiéu chuin dwgc phat hanh, Humidex 1a mot
s6 chi muc dwgc gidi thiéu bdi cac nha khi twong hoc Canada d€ mo ta cadm giac nhiét clia mdt ngwdi, bang cach
két hop tac dong ctia nhiét va dé 4m [6].

Nghién ctru strc khée mdi trwedng stt dung nhiéu thwéc do khac nhau d€ do mirc d6 phoi nhiém nhiét, dé nghién
ctu truc ti€p anh hwdng dén sirc khoe cla nhiét dé ngoai troi va dé kiém soat nhiét dé trong cac nghién ctiru vé
phoi nhiém mdi truedng khéc, bao gdm ca 6 nhiém khong khi. D€ do mic do tiép xtic vdi nhiét, cAc nghién ctru vé
strc khoe mdi treong thwong st dung chi s6 nhiét, két hop ca nhiét dd va dé6 &m khong khi. Tuy nhién, phwong
phép tinh toan chi s6 nhiét khac nhau gitta cic nghién ciru moéi treong, diéu nay cé nghia la cac nghién ctru st
dung cac thuit todn khac nhau dé tinh todn chi s6 nhiét c6 thé khong so sdnh dwgc. Va mot s§ thuit toan co thé
c6 vin dé, dic biét 1a trong mot s6 diéu kién thoi tiét nhit dinh (vi du d6 &m twong d6i rét thip, thoi tiét lanh).
Dé tinh toan chi s& nhiét bing cach st dung thuat todn clia Cuc Thoi tiét quc gia Hoa Ky [7], cong thirc dién hinh
dé tinh chi s6 Heat index la:
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HI =c1+ 2T + c3R + c4TR + ¢5T2 + c6R2 + ¢7T2R + csTR2 + cgT2R2 (1)
Trong doé:
HI = chi s6 néng bitc (bang do Fahrenheit)
T = nhiét @6 bau kh6 mdi tredng xung quanh (bing dd Fahrenheit)
R = d6 4m twong ddi (phén tram, tir 0 dén 100)
e (1=-42.379
e (,=2.04901523
e 3=10.14333427
e 4=-0.22475541
e ¢5=-0.00683783
e ;=-0.05481717
e (7=0.00122874
e 3=0.00085282
e 9=-0.00000199
Cac hé s6 sau day c6 thé sir dung dé xac dinh chi s6 ndng birc khi nhiét dé tinh bang do6 Celsius.
Trong doé:
HI = chi s6 néng bitc (bdng dd Celsius)
T = nhiét @6 bau kh6 méi trudng xung quanh (bang dd Celsius)
R = d6 4m twong ddi (phén tram, tir 0 dén 100)
e 1=-8.78469475556
e (2=1.61139411
e 3=2.33854883889
e 4=-0.14611605
e 5=-0.012308094
o c=-0.0164248277778
e ¢7=0.002211732
e 3=0.00072546
e 9=-0.000003582

HI 12 chi s6 néng birc, con s& nay chi nhiét @6 cdm nhan dugc tinh bang do F (°F) hoac dd C (°C). Vi dy, véi nhiét
d6 moéi treong 12 30°C va do &m twong doi la 70% thi ta ¢ chi s6 Humidex 1a 35. N6 c6 nghia 1a nhiét d6 cam
nhén ctia bat ky nguwoi binh thudng nao sé cdm nhin dwoc nhiét d6 1a 35°C.

2. XAY DUNG THUAT TOAN FUZZY LOGIC

Suy ludn gin ding (dwdi dang logic mo) dwoc nhiéu nguwoi biét dén 1a mot chién lwoc kiém soét thanh cong bat
c lic nao cac linh viee khach quan va cht quan giao thoa, nhw khi néi dén tién nghi vi khi hau.

Co s& ly thuyét dwoc Zadeh dit ra vao nhirng nam 1960 dé mé réng cach ti€p can thiét 1ap rd nét thanh sy phin
loai lién tuc. Fuzzification néi 16ng cach Boolean chi dinh cic phan ti& cho tip hop twong Gng (phi thanh vién
bing 0 va thanh vién ddy da bing 1) bang cach xem xét tit ca cac c4p trung gian cta thudc vé hinh dang cta cac
chirc ning thanh vién: cac phan tir do dé c6 thé cé loi hon mot phan so véi mot tip hop duy nhit.

Thong qua s6 liéu cta cac bién ngdn ngit, thuit ngit ngdn ngit va ham thanh vién, dir liéu rdé nét dwoc dinh hinh
lai tré nén c6 thé quén ly dwoc thong qua mot tAp hop hitu han cac quy tic logic. Cach tiép can truc quan, khong
c6 md hinh toin hoc nhw vay 1a mot tai san tiét kiém thoi gian hoat dong tot hon PID théng thwong hoic bd diéu
khién bat/ tit trong trudrng hop diéu kién 1am viéc theo thoi gian hdn loan/ phi tuyén tinh vi né cé thé bao gdbm
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mét s6 lwgng gan nhw vo han cic tham sé trong quy trinh ra quyét dinh. Bén canh dé, kinh nghiém kham pha va
kinh nghiém trong qua khtt c6 thé dwoc tich hop vao hé théng diéu khién, bit chwéc suy luan ctia con ngudi [8].
Trong béi canh nay, mot thach thirc 16n 1a tao ra bd diéu khién véi bd thong s6 dau vao phlt hop. Ngoai thong sd
néng birc, mot bién s6 moi trweong nira 13 ndng dd bui min PM2.5 da dwoc du tinh dé xac dinh quéa trinh phun
swong.

Cac thang do théng s6 néng birc dwgc xac dinh theo tiéu chuin ctia Cuc hdi dwong va khi quyén Qudc gia Hoa Ky
(NOAA)[9] va thong s6 bui min PM2.5 sé dwoc thiét 14p nhuw trong bang 1 va bang 2 theo tiéu chuin IQAir [1].

Bang 1. Cdc thang do théng sé néng bikc (Heat index)

Mirc nhiét Canh bao Ghi chua

27-32 Théin trong C6 thé gy mét mdi néu duy tri ti€p xdc va hoat dong thé

chat kéo dai.

32-41 Cyc ky than trong C6 kha ning say ndng, chudt rut hoic kiét sitc vi néng khi
tiép xuc hodc hoat dong thé chit kéo dai.

41-54 Nguy hiém R4t c6 kha ning bi say nang, kiét sirc vi nong.
Sdc nhiét c6 thé xay ra néu ti€p xic hoic hoat dong thé chit
kéo dai.

>54 Cwc ky nguy hiém R4t c6 kha ning bi say ning, s6c nhiét.

Bang 2. Cdc thang do théng s6 bui min PM2.5

Mirc bui min Canh bao Ghi chu

0-50 To6t Chat lwong khong khi tdt va giy ra it hodc khong rii ro t&i

strc khoe con nguoi.

51-100 Trung binh Nhirng ngwoi nhay cdm nén tranh hoat dong ngoai troi vi ho
c6 thé gip cac triéu chirng vé ho hip.

101-150 X4u Moi ngudi, dic biét la nhirng nguwdi nhay cdm, cd nguy co
gidp phai cac van dé vé di irng va ho hip.

151-200 Kém Tang kha ning tic dong xiu va trim trong hon cho tim va
phdi cia con ngudri.

201-300 Ratkém Strc khde moi nguwoi sé bi anh hwdng dang ké. Nhirng ngudi
nhay cdm nén han ché cic hoat dong ngoai troi.

301-500 Nguy hai Moi ngudi c6 nguy co cao gdp phai cac tic dong xau vé sirc
khée va di ®ng nghiém trong. Moi nguwdi nén tranh cac hoat
dong ngoai troi.

Bang 3. Cdc tdp m¢ cho bién ddu vao va bién ddu ra

Input variables Linguistic terms Fuzzy sets

Heat Index Than trong 27,27,31,32

Cwc ky than trong 31, 32,40, 41
Nguy hiém 40,41, 53,54
Cuwc ky nguy hiém 53, 54, 60, 60
PM2.5 Tot 0,0,50,51
Trung binh 50,51,100,101
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Xau 100,101, 150, 151
Kém 150, 151, 200, 201
Rit kém 200,201, 300, 301
Nguy hai 300,301, 500, 500
Output variable
Relay Tat 0,0,0,0
Mé 1,1,1,1
3. FUZZY MO PHONG MATLAB
FiSEditor: FUZZY_HLPMZ5 s

File Edit View

FUZZY_HI_PM25

(mamdani)

XX outputt

P25
| FIS Hame: FUZZY_HL_PI25 FIS Type. mamdani

And method min ~ Current Variable

or method " « [l al
T t

mpiication i ool ey
Range (27 60]

Aggregation max .

Lotemreny centroid ~ Help Close ‘ ‘

| Updating Membership Function Editor ‘

Hinh 2. Kién triic thudt todn Fuzzy logic
Kién tric hé théng Fuzzy v&i hai bién dau vao va mot bién dau ra dwgc thé hién & hinh 5, hai bién d4u vao dwoc
thé thién & diy bao gdbm bién Heat Index (HI) va bién bui min (PM2.5), con bién dau ra l1a relay (outputl).

Membership Function Editor: FUZZY_HI_PM25 - O b

File Edit View

FIS Variables Membership function plots ot prires 181
T CKTT NH CKNH
) BN
7
HI output1
PM25
input variable "HI"
Current Variable Current Membership Function (click on MF to select)
Hame HI Name
Type input Type —
Params
Range 127 80]
Display Range 127 60] Help oo ‘ ‘
Ready

Hinh 3. M6 td tdp mo Heat Index (HI)

Tap mo Heat Index (HI) dwoc Matlab m6 phdng va cai dit div liéu duwgc cung cip theo trong bang 3 va dwoc thé
hién nhw trong hinh 6.
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Bl Membership Function Editer: FUZZY_HI_PM25 - O X

File Edit View

FIE Variables. Wembership function plots . 131
T T8 X K RK NHA
1
/A
output!
PHZS b
] 0 100 150 200 25 300 350 400 450 500
input variable "PM2.5"
Current Variable Current Membership Function (click on MF to select)
Name PMZ5 1
Type input Type trimf
Params
Range [0 500)
Display Range [0 500] Help Close ‘ |
Selected variable "PM2.5" |

Hinh 4. M6 td tdp mo bui min (PM2.5)
T4p mo bui min (PM2.5) dwoc Matlab mo phong va cai dat dit liéu dwoc cung cip theo trong bang 3 va dwoc thé
hién nhw trong hinh 7.

u Membership Functien Editor: FUZZY_HI_PM23 - a x

File Edit View

FIS Variables Membership function plots ~ Hexps 181
OFF 0
o h ’
g
HI output1
P2 S :
0 0.1 02 03 04 0.s 0 07 0 0 1
output variable "output!”
Current Variable Current Membership Function (click on MF to select)
Name output? Name
Type output Typs trim#
Params.
Range 01
Display Range [o1] Help Close ‘ |

Selected variable "output1” |

Hinh 5. M6 td tdp mo relay (outputl)
Té4p mo relay (outputl) dwoc Matlab mo6 phdong va cai dat dix liéu dwoc cung cip theo trong bang 3 va dwoc thé
hién nhw trong hinh 8.

u Rule Editor: FUZZY_HI_PM25 — [m] X

File Edit View Options

1_If {HIis TT) and (PM2.5 is T} then (output! is OFF) (1} A
2 If (Hiis TT) and (PM2.5 is TB) then (output1 is OFF) (1)

3. If (Hlis TT) and (PM2.5 is X) then (output! is ON) (1)

4. If (Hl is TT) and (PM2.5 is K) then (output! is ON) (1)

S. If (Hlis TT) and (PM2.5 is RK) then (output1 is ON) (1)

6. If (Hlis TT) and (PMZ.5 is NHA) then (outputt iz ON) (1)

7. If {Hlis CKTT) and (PMZ.5 is T) then (output1 is OFF) (1)

3. If (Hlis CKTT) and (PM2 5 is TB) then (output! is OFF) (1)

9 If (HI is CKTT) and (PM2.5 is X) then (output! is ON) (1)

10, I (Hl is CKTT) and (PM2.5 is K) then {output1 is ON) (1)

11 If (Hlis CKTT) and (PM2 5 is RK) then (output! is ON) {1} v

and Then
PM2.5is outputd is

- QOFF

[ not O not [ not
_ Connection Weight

Oor

® and 1 Delete rule Add rule Change rule | ==
FIS Name: FUZZY_HI_PM25 | | Help — ‘

Hinh 6. Thiét ldp ludt mo

Ludt mo
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Né&u mirc néng birc (HI) ndm tir mirc nguy hiém tré 1én thi outputl bat.

Né&u mitc bui min (PM2.5) ndm tir mitc x4u tré 1én thi outputl bat.

Bang 4. Ludt mo

TT CKTT NH CKNH
T OFF OFF ON ON
TB OFF OFF ON ON

ON ON ON ON

ON ON ON ON
RK ON ON ON ON
NHA ON ON ON ON

Pé& phti khip, s6 ludt can c6 4 x 6 = 24 luét.

1.

© N o 1o W

NN N NN R R R R RBoRopR ol o,
AW DN R O O 0 N O U A W N =R O

If (HIis TT) and (PM2.5 is T) Then (RELAY is OFF)

If (HIis TT) and (PM2.5 is TB) Then (RELAY is OFF)

If (HIis TT) and (PM2.5 is X) Then (RELAY is ON)

If (HI is TT) and (PM2.5 is K) Then (RELAY is ON)

If (HI is TT) and (PM2.5 is RK) Then (RELAY is ON)

If (HIis TT) and (PM2.5 is NHA) Then (RELAY is ON)
If (HIis CKTT) and (PM2.5 is T) Then (RELAY is OFF)
If (HI is CKTT) and (PM2.5 is TB) Then (RELAY is OFF)
If (HI is CKTT) and (PM2.5 is X) Then (RELAY is ON)

. If (HIis CKTT) and (PM2.5 is K) Then (RELAY is ON)

. If (HI is CKTT) and (PM2.5 is RK) Then (RELAY is ON)

. If (HI is CKTT) and (PM2.5 is NHA) Then (RELAY is ON)
. If (HI is NH) and (PM2.5 is T) Then (RELAY is ON)

. If (HI is NH) and (PM2.5 is TB) Then (RELAY is ON)

. If (HI is NH) and (PM2.5 is X) Then (RELAY is ON)

. If (HIis NH) and (PM2.5 is K) Then (RELAY is ON)

. If (HI is NH) and (PM2.5 is RK) Then (RELAY is ON)

. If (HIis NH) and (PM2.5 is NHA) Then (RELAY is ON)

. If (HI is CKNH) and (PM2.5 is T) Then (RELAY is ON)

. If (HI is CKNH) and (PM2.5 is TB) Then (RELAY is ON)

. If (HI is CKNH) and (PM2.5 is X) Then (RELAY is ON)

. If (HI is CKNH) and (PM2.5 is K) Then (RELAY is ON)

. If (HI is CKNH) and (PM2.5 is RK) Then (RELAY is ON)

. If (HI is CKNH) and (PM2.5 is NHA) Then (RELAY is ON)
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Rule Viewer: FUZZY_HI_PM25 - [m] x
File Edit View Options

HI=35 PM25=75 output1 =0

2 Il
I

L1
23 L1

Input: [35.02.75] HPlnt points:  1pq

Move: et | right | down| up ‘
‘ Opened system FUZZY_H|_PM25, 24 rules || Help Close ‘

Hinh 7. Suy lugn mo

Suy ludn mo: khi Heat Index (HI) 1a 35, nong d bui min (PM2.5) 1a 75 ug/m3. Tai thoi diém nay két qua suy luin
mo& cho két qua outputl 12 0 va céc gia tri ndy dwoc thé hién nhw trong hinh 10.
Surface Viewer, FUZZY_HI_PM25 — [m] x

File Edit View Options

X (input): HI | Y (input): PM2.5 + | Z (output) outputt ~
X grids: 15 ¥ grids: 15 Evaluate
Ref. Input; HPW points: g9 H Help Close ‘

Ready ‘

Hinh 8. So d6 3D thé hién méi quan hé gitra cdc bién ddu vao va ddu ra

Quan hé giita cac bién d4u va va dau ra duoc thé hién rd rang thong qua so d6 3d thé hién mdi quan hé giitra Heat
Index (HI), néng d bui min (PM2.5) va relay (output1). M3i quan hé dwoc thé hién nhw trong hinh 11.

C. LAP PAT HE THONG
SO’ PO LAP PAT HE THONG
DAU NOI CHU' T ‘47805m——‘

R A T T T T

BEC PHUN SUONG

A T T T T

MAY BOM

BE NUGC
PAU LOC

Hinh 9. So do két néi hé théng phun swong
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Cam bién
300cm . Mdy bom
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J. R — v

VERTICAL VIEW

Hinh 10. So' dd Idp ddt toan hé théng

Heé théng phun swong dwoc 13p d3t thanh 2 hang béc phun véi khoang cach gitta mbi béc phun 12 80 cm, dé két
ndi gitta 2 hang béc phun lai véi nhau ta dung cac dau néi chit T va L sau d6 thuc hién két néi 2 hang béc phun

v&i may bom ap. So d6 ké ndi hé théng phun swong dwgc thé hién nhuw trong hinh 13 va hinh 14.

I1I. KET QUA THI” NGHIEM

Két qua do nhiét d6, d6 4m va nong do bui min PM2.5 trong khong khi.

Dir liéu thwc té dwoc thu thap tir 06h00 dén 17h00 hing ngdy trong cac ngay 24, 25, 26, 27, 28, 29 va 30 thang
05 nam 2022. Vi tri thuc hién thu thap 13y dit liéu ndm tai mot dia diém & ctra ngd vao thanh phd Bién Hoa va
ndm canh dwdng quéc 16 1A noi c6 mat dé phwong tién giao thong dong duc.

A. KET QUA QUA TRINH THU THAP VA XU’ LY DU LIEU NGAY 24-05-2022
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0

Temperature (°C), Heat Index (°C)

06 07 08 09 10 11 12 13 14 15 16 17

Time (h) Temperature (°C)

= Humidity (%)
Pm2.5 (pg/m°)
Hinh 11. D liégu Temperature, Hummidity, PM2.5 ngay 24/5/2022
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Hinh 12. Dit liéu Temperature, Hummidity, Heat Index ngay 24/5/2022
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Hinh 15 cho thy tai thoi diém luc 10h00 ngdy 24/5/2022 c6 xay ra hién twgng néng dd bui min PM2.5 giam
manh tir 74.5 xudng 43.2 ug/ms3 va dan tré vé quanh mirc 70 pg/m3 trong khodng 20 phut sau do.

Nhiét d6 thdp nhit la vao ldc 6h00 (26.99C) va nhiét d6 dat mirc cao nhat vao lic 13h40 (33,5°C) hdu nhw git
nguyén cho dén 17h00 v&i mitc gidm khong dang ké. Pong thoi cho thdy dwdng do ndng bic ciing ting twong tw
nhw nhiét d6 véi dé nodng birc dat mirc cao nhit vao lic 13h40 (46.2°C) vé chiéu do ndng birc ¢ gidm nhe nhwng
luén duy tri & mirc cao trén 40°C, ngwoc lai véi thoi tiét nhiét do cao thi d6 4m khéng khi lai gidam dang ké tir
mirc 84% vao luc 6h00 xudng mirc 50% lic 14h20 va néng d6 bui min PM2.5 trong ngay dao dong quanh mikc
70mg/m3 1a mirc twong ddi cao trong sudt thoi gian, tir d6 nhan thdy rang ngay 24/5/2022 1a modt ngdy c6 thoi
tiét néng bitc, dd 6 nhiém bui min PM2.5 & mic twong ddi cao va phai can than khi hoat dong 1au ngoai troi.

— 90r 1
E g0t " "
£ MWWWW o
= 70} 108 &
wn
~ 60} o
£ {06 2
& 50 f 2
$ s0f T
< 2
= 20} 102 %
5 3
2 10t

ol . . . . . . . . . . 0

06 07 08 09 10 11 12 13 14 15 16 17
= Status detection (on/off)
—— Heat Index (°C)

—=—Pm2.5 (ug/m’)

Time (h)

Hinh 13. D liéu hoat djng fuzzy logic, Heat Index, PM2.5 ngay 24/5/2022
B. KET QUA QUA TRINH THU THAP VA XU’ LY DU LIEU NGAY 25/5/2022

__ 90} 4 90
E g0t 4 80
£ H\’w

2 70t . 170
wn o
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E N
& sof 150 &«
< a0} 140 &
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5 20F 120
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o6 07 08 09 10 11 12 13 14 15 16 17
Time (h) ——Temperature (°C)
= Humidity (%)
Pm2.5 (ug/m’)

Hinh 14. Di liégu Temperature, Hummidity, PM2.5 ngay 25/5/2022
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g 20t {5
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06 07 08 09 10 11 12 13 14 15 16 17
Time (h) —— Temperature (°C)
= Humidity (%)
Heat Index (OC)
Hinh 15. Di¥ liéu Temperature, Hummidity, Heat Index ngay 25/5/2022

Hinh 18 cho thiy théng s6 clia ngay 25/5/2022, nhiét dd thip nhat 14 vao ldc 6h00 (29.69C) va nhiét dd cao nhit
vao ldc 14h00 (37,7°C). bong thoi cho thidy dd ndng bikc ting cao tir khoang 9h30 vé chiéu do nong bikc ludn &
mic cao trén 400C, ngwoc lai véi thoi tiét nhiét do cao thi do 4m khong khi lai gidm dang ké tir mrc 79% vao luc
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6h00 xudng mirc 47% lic 15h20 va ndéng do bui min PM2.5 trong ngay giao ddng quanh mirc 70mg/m3 1a mic
twong doi cao trong sudt thoi gian, tir @6 nhan thay rang ngay 25/5/2022 1a mot ngay c6 thoi tiét kha néng b,

do6 6 nhiém bui min PM2.5 & mttc twong d6i cao va phai can than khi hoat ddng lau ngoai troi.

Temperature (OC),PmZ.S (ug/mg)

Temperature (OC), Heat Index (OC)

Heat Index (OC), Pm2.5 (ug/mz)
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Hinh 16. Di liéu hoat djng fuzzy logic, Heat Index, PM2.5 ngay 25/5/2022
C. KET QUA QUA TRINH THU THAP VA XU’ LY DU LIEU NGAY 26/5/2022
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Hinh 17. Di liégu Temperature, Hummidity, PM2.5 ngay 26/5/2022
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Hinh 18. Di¥ liéu Temperature, Hummidity, Heat Index ngay 26/5/2022
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Hinh 21 cho thay thong sd ctia ngay 26/5/2022, nhiét d6 thip nhit 1a vao lic 6h00 (28.9°C) va nhiét o dat mic
cao nhit vao liuc 13h40 (35,7°C) duy tri dén khodng 15h50 méi bat dau gidam. Pong thoi cho thdy dd nong bikc
bit dau ting cao tir khoang 13h00 vé chiéu dd ndng birc c6 gidm nhe nhung ludn duy tri & mic cao trén 40°C,
nguoc lai véi thoi tiét nhiét dé cao thi do 4m khéng khi lai gidm dang ké tir mirc 77% vao lic 6h00 xudng mic
56% lic 14h00 va néng do bui min PM2.5 trong ngay dao dong quanh mirc 70mg/m3 13 mirc twong déi cao trong
sudt thai gian, tir d6 nhan thiy ring ngly 26/5/2022 1a mot ngay c6 thoi tiét kha néng birc, do 6 nhiém bui min
PM2.5 & mic twong doi cao va phai cdn than khi hoat dong 14u ngoai trovi.
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Hinh 19. Di liéu hoat déng fuzzy logic, Heat Index, PM2.5 ngay 26/5/2022
D. KET QUA QUA TRINH THU THAP VA XU’ LY DU’ LIEU NGAY 27/5/2022
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Hinh 20. Di liégu Temperature, Hummidity, PM2.5 ngay 27/5/2022
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Hinh 21. hDw liéu Temperature, Hummidity, Heat Index ngay 27/5/2022

Hinh 24 cho thiy thdng s6 cta ngay 27/5/2022, nhiét d6 thip nhéit la vao lic 6h00 (27.1°C), nhiét d6 dat mic
cao nhit vao lic 13h25 (34,6°C) sau d6 bat dau gidm va giam dot ngdt tir 32.8°C xudng 29°C trong khoang thoi
gian tir 15h10 dén 16h25 sau d6 nhiét d6 dao déng quanh mirc 30°C. Péng thoi cho thiy do ndng birc dat dinh
tr khodng 13h20 dén 13h30,ngugc lai véi thoi tiét nhiét do cao thi do 4m khong khi lai gidm dang ké tir mic
80% vao lic 6h00 xuéng mirc 60% lic 13h40 nhwng lai ting vot tré lai vao cudi ngay dat mirc 83% va nong do
bui min PM2.5 trong ngdy dao déng quanh mirc 70mg/m3 1a mrc twong ddi cao trong sudt thoi gian, tir d6 nhin
thay rang ngay 27/5/2022 12 mot ngay c6 thoi tiét kha t6t phit hgp cho cac hoat dong ngoai troi.
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Hinh 22. Di liéu hoat déng fuzzy logic, Heat Index, PM2.5 ngay 27/5/2022
E. KET QUA QUA TRINH THU THAP VA XU LY DU’ LIEU NGAY 28/5/2022
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Hinh 23. Di¥ liéu Temperature, Hummidity, PM2.5 ngay 28-05-2022
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Hinh 24. Di liéu Temperature, Hummidity, Heat Index ngay 28-05-2022
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Hinh 27 cho thiy théng s6 ctia ngdy 28-05-2022, nhiét d6 thdp nhit 1a vao ldc 6h00 (26°C), nhiét d6 dat mic cao
nh4t vao lic 14h30 (34°C) sau d6 bat dau giam va gidm dd ngdt tir 32.4°C xubng 27.6°C trong khodng thoi gian
tir 15h40 dén 16h20 sau dé nhiét d6 dao ddéng quanh mirc 28°C. Déng thoi cho thdy dé néng birc dat dinh lic
14h30 (41,7°C) nhung khong kéo dai sau d6 bat dau gidm manh,nguoc lai véi thoi tiét nhiét do cao thi dd 4m
khéng khi lai gidm dang ké tir mirc 85% vao lic 8h30 xudng mic 57% lic 14h30 nhwng lai ting vot trd lai vao
lic 16h20 dat mirc 83% duy tri dén cudi ngay quanh mirc 81% va néng dd bui min PM2.5 trong ngay dao dong
quanh mtrc 70pg/m3, dat dinh lic 9h40 (73.5 ug/ms3), tir d6 nhan thiy rang ngay 28/5/2022 1a mot ngay cé thoi
tiét kha t6t phu hop cho cic hoat dong ngoai trovi.
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Hinh 25. Di liéu hoat déng fuzzy logic, Heat Index, PM2.5 ngay 28/5/2022
F. KET QUA QUA TRINH THU THAP VA XU’ LY DU’ LIEU NGAY 29/5/2022
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Hinh 26. Di liégu Temperature, Hummidity, PM2.5 ngay 29/5/2022
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Hinh 27. Dit liéu Temperature, Hummidity, Heat Index ngay 29/5/2022

Hinh 30 cho thiy thong s6 cta ngay 29/5/2022, nhiét d6 thip nhat la vao lic 6h00 (27°C), nhiét d6 dat mic cao
nh4t vao ldc 11h10 (32.3°C) sau d6 bat dau gidm va dao ddng quanh mic 28°C. Pdng thoi cho thdy dd néng bikc
dat dinh ldc 11h20 (40,3°C) nhwng khong kéo dai sau d6 bt dau giAm manh va duy tri quanh mitc 34°C dén cudi
ngay,nguoc lai véi thoi tiét nhiét do thap thi dd &m khong khi lai ndm & mitc cao véi gia tri trung binh dat 81%
va néng do bui min PM2.5 trong ngay dao dong quanh mirc 70pug/m3 nhuwng lic 16h00 lai ¢ sw bién dong manh
tr 69% gidm xudng 65% va tang vot trd lai 1én mic 83% trong mot thdi gian ngan sau d6 quay vé mic dwdi
70% vao cudi ngay, tir d6 nhan thdy rdng ngay 28-05-2022 1a mdt ngay c6 thoi tiét tdt phi hgp cho cic hoat
dong ngoai troi.
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Hinh 28. Di liéu hoat déng fuzzy logic, Heat Index, PM2.5 ngay 29/5/2022
G. KET QUA QUA TRINH THU THAP VA XU’ LY DU’ LIEU NGAY 30/5/2022
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Hinh 30. Di¥ liéu Temperature, Hummidity, Heat Index ngay 30/5/2022
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Hinh 29. Di¥ liéu Temperature, Hummidity, PM2.5 ngay 30-05-2022
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Hinh 33 cho thiy thdng s6 cua ngay 30/5/2022, nhiét d6 thip nhéit la vao lic 6h00 (26.8°C), nhiét d6 dat mic
cao nhit vao lac 13h10 (33.9°C) sau d6 bat dau gidm va dao dong quanh mirc 30°C vao cudi ngay. Pong thoi cho
thdy d6 néng birc dat dinh lic 13h10 (43,5°C) nhung khong kéo dai sau d6 bat dau gidm manh va duy tri quanh
mirc 34°C dén cudi ngdy, ngwoc lai véi thoi tiét nhiét do thap thi d6 4m khong khi lai ndm & mitc cao vao dau

ngay véi gia tri dat 90% c6 mwa xay ra nhwng khéng kéo dai ldu va ndong do bui min PM2.5 trong ngay dao dong
quanh mtc 70pg/m3, tir A6 nhan thdy ring ngay 30/5/2022 1a mot ngay c6 thoi tiét t6t phi hep cho cac hoat

dong ngoai troi.
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Hinh 31. Di¥ liéu hoat déng fuzzy logic, Heat Index, PM2.5 ngay 30-05-2022

Céc dir liéu hé théng thu thip qua cic ngay (tir ngay 24 dén ngay 30 thang 5 nim 2022) dwoc thong qua cac cam
bién di liéu dau vao, cac thong sd hé thdng thu thip dwoc bao gom nhiét dd, dd6 4m, ndong dd bui min PM2.5
trong khong khi. Cic thong s6 nay dwoc thé hién nhw trong cac hinh 15, 18, 21, 24, 27, 30, 33.

Sau khi hé thong thu thap dwoc cac dir liéu vé nhiét do, d6 4m, ndng d6 bui min PM2.5 trong khéng khi, hé théng
tinh dwoc thong s6 d6 nong birc (Heat Index) dwa vao dir liéu clia nhiét d6 va d6 4m khong khi ma hé théng da
thu thap va dwoc thé hién nhw trong cac hinh 16, 19, 22, 25, 28, 31, 34.

Dit liéu vé& d6 nong birc (Heat Index) va nong dd bui min PM2.5 trong khdng khi la dit liéu dau vao cho chwong
trinh logic mo (fuzzy logic). Hé thdng xi Iy chwong trinh logic m& dwa vao hai dit 1liéu dau vao cho ra outputl
dung dé diéu khién relay hoat dong cia hé thdng phun swong. Dt liéu vé do ndng birc, ndng d6 bui min PM2.5 va
outputl dwegc thé hién nhw trong cac hinh 17, 20, 23, 26, 29, 32, 35.
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Hinh 35. So sdnh néng dé bui min PM2.5 tir ngay 24 dén 30/5/2022
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Hinh 34. So sdnh do néng birc tir ngay 24 dén 30/5/2022
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Céc théng s6 moi treong dugc hé thdng thu thap va thong ké lai duwgc dung dé so sanh dir liéu cho tirng ngay
trong qua trinh hoat déng cta hé théng (tir ngay 24 dén ngay 30 thang 5 nim 2022). Cac thong s dwoc hé thong
thu thép, x& 1y va so sdnh bao gobm nhiét d3, d6 4m, d6 ndng birc, ndng dd bui min PM2.5. Gia tri dwgc st dung dé
so sanh 1a gia tri 1&6n nhat (Max), gia tri nho nhat (Min) va gia tri trung binh (Average) ctia tirng thong sé trong
tlrng ngay cac gia tri nay dwoc thé hién nhw trong cac hinh 36, 37, 38, 39 va nhw trong bang 5.

Bang 5. Théng sd cdc gid tri méi trwdrng khdong khi hé théng thu thdp tie ngay 24 dén ngay 30/5/2022

Parameter Time 24/05 | 25/05 |26/05 | 27/05 |28/05 |29/05 | 30/05
Tempurature Max 36.8 37.7 35.7 34.6 34 323 33.9
(0c) Min 28.4 29.6 28.9 271 26 27 26.8
Average 35.82 34.15 32.9 30.66 29.6 28.9 30.6
Humidity Max 84 79 77 83 85 88 90
(%) Min 50 47 56 60 57 65 59
Average 76 59 64 73 73 81 74
Heat Index Max 46.2 47.1 45.9 441 41.7 40.3 43.5
(0c) Min 334 36.2 325 30.0 27.7 30.2 29.8
Average 62.94 41.56 40.88 37.27 34.29 34.43 37.23
PM2.5 Max 75.4 74.2 75.2 73.5 75.5 82.6 73.7
(ug/m3) Min 43.2 65.6 66.1 67.0 65.8 65.1 63.6
Average 71.3 70.5 69.6 70.0 70.7 70.6 69.6
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Trong cic ngay hé thong thu thip di liéu méi trweong khong khi tir ngay 24 thang 5 dén ngay 30 thang 5 nim
2022. C4c s6 liéu thé hién trong bang 5 cho biét nhu sau:

Ngay c6 nhiét dd cao nhit la ngay 25/5 (37.7°C), ngay c6 nhiét do thap nhit 1a ngay 28/05 (26°C), ngay c6 nhiét
d6 trung binh cao nhit1a ngay 24/5 (35.28°C) va nhiét do trung binh thip nhit 1a ngay 29/5 (28.99C).

Ngay c6 do 4m cao nhit la ngay 30/5 (90%), ngay c6 dé dm thip nhit 1a ngay 25/5 (47%), ngay c6 dd dm trung
binh cao nhit la ngay 29/5 (81%) va d6 4m trung binh thap nhit 1a ngay 25/5 (59%).

Ngay c6 d6 néng birc cao nhat la ngay 25/5 (47.1°C), ngay c6 dd nong birc thip nhat la ngay 28/5 (27.7°C), ngay
c6 d6 néng birc trung binh cao nhit 1a ngay 24/5 (62.94°C) va d6 néng birc trung binh thip nhit la ngay 28/5
(34.29°C).

Ngay c6 nong d6 bui min PM2.5 cao nhit la ngay 29/5 (82.6pug/m3), ngay c¢6 nong d6 bui min PM2.5 thip nhitla
ngay 24/5 (43.2pg/m3), ngay c6 nong d6 bui min PM2.5 trung binh cao nhit la ngay 24/5 (71.3ug/m3) va nong
d6 bui min PM2.5 trung binh thip nhit 1a ngay 26 ngay 30/5 (69.6ug/m3).

Qua nhirng thong s6 néu trén ngdy cé chat lwgng khong khi t6t nhit phu hgp dé€ lam cac cong viéc ngoai troi la
ngay 27, 28va ngay 30 thang 5. Ngay cé chit lwgng khong khi x4u nhit la ngay 24 va ngay 25 thang 5 do c6 nén
nhiét d6 cao va néng dd bui min PM2.5 c6 trong khéng khi ciing ndm & mirc twong d6i cao cho nén c6 thé xay ra
nhitng vin dé khong tdt cho sirc khée néu lam viéc lién tuc ngoai troi véi thoi gian dai. Ngay 30 thang 5 1a ngay
c6 kha ning c6 muwa thoi gian ngin do do 4m trong khong khi dat d&n 90% va cé nhiét dd trung binh thap 30.6°C.
ngay 29 thang 5 la ngay c6 kha ning xay ra mwa véi thoi gian kéo dai do ¢ dé 4m trung binh cao 81% va nhiét
d6 trung binh toan thoi gian thip 28.99C.

H. NHAN XET

T cac két qua hé thdng thu thap dwoc cho thay thoi gian hé théng phun swong thudng hoat dong bit dau vao
khoang ttr 09h00 - 11h00 va dwoc thé hién nhu trong hinh 36, khodng thoi gian ¢6 nhiét do, d6 4m va néng do
bui min bt dau ting cao trong ngay dong thdi khodng thoi gian nay trong ngay ciing 1a Iic mat dé phwong tién
giao thong tham gia lwu théng trén dwong gia ting lam ting nong do bui bay trong khong khi va tin suit hoat
déng ctia hé thong phun swong gidm dan vao khodng thoi gian chiéu tdi trong ngay do nhiét do gidam va do 4m
tang lam gidm ndng d6 bui min PM2.5 bay trong khéng khi.

Hé thdng tao ra tAm man swong gitup lam giam kha ning bui bay vao trong nha va ting do 4m cho méi trwong
khéng khi gitip 1am diu di sw oi birc gitra trwa ndng clia mua he, tao ra cdm giac thoai mai cho ngudi st dung.
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Hinh 36. So sdnh thoi gian hoat ddng ctia hé théng phun swong tir ngay 24 dén 30/5/2022
IV. KET LUAN

Hé théng phun swong tw dong da thu thap nhitng dir liéu thong sd vé moi treong khong khi nhw nhiét do, dé 4m,
néng do bui min PM2.5 trong khéng khi, d6 la nhitng théng s6 co ban va quan trong trong khong khi anh hwéng
truc ti€p dén strc khde con ngwoi.

Hé thdng c6 thé tinh todn dd ndng birc theo cdm nhin clia con ngwdi, thong qua di liéu nhiét dé va d6 4m da thu
thap dwogc tir moi tredng théng qua cam bién.

Dbong thoi hé thdng con st dung thuét todn Fuzzy logic d€ thwc hién tinh todn diéu khién cho hé théng phun
swong lam mat gitp lam gidm nhiét d6 va néng dd bui min c6 trong khong khi dwa vao d6 néng birc ctia khéng
khi ma con nguwdi cdm nhén va néng d6 bui min PM2.5 c6 trong khdng khi.
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Hé théng c6 thé truc tiép thu thip cac thong s6 va trwc ti€p truyén di liéu 1én mday chu (ThingSpeak.com), gitp
cho nguoi st dung linh hoat trong viéc theo ddi thong tin méi trwdng moi lic, moi noi bing cac thiét bi thong
minh.

Dé xuit dé phat trién hé thdng:
M¢ rong thu thip thém cac thong s6 dau vao thiét bi cia moéi tredng khéng khi nhw S02, CO, CO2,...
Hoan thién thém phin clng thiét bi d€ c6 thé theo d6i dwoc cac thong so va cai dit ngay trén thiét bi.

Phat trién thuit toan bing cach stt dung nhiéu thém cac théng sé dau vao dé€ c6 thé ting dd chinh xac va diéu
khién thiét bi hoat ddng phl hop véi méi treong chit lwong khong khi theo tirng thoi diém trong ngay.
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BUILDING AUTOMATIC MISTING SYSTEM TO REDUCE HEAT INDEX AND

DUST IN THE AIR
Pham Thai Duong, Tran Van Lang

ABSTRACT— This paper presents the method of design and construction of an automatic misting system control data
collection system. The system is designed based on a combination of data collection and processing equipment and wireless
communication technologies (IoTs). The temperature, humidity, and PM2.5 fine dust concentration sensors in the air
provide temperature, humidity, and PM2.5 fine dust concentrations through a central hardware platform. NodeMCU
ESP8266. The collected temperature and humidity data will be used to calculate the heat, and the temperature data results
and the collected PM2.5 fine dust concentration data will be used as input data for the system's fuzzy logic algorithm to
output a control signal for the fogging system to reduce the ambient temperature and the concentration of PM2.5 fine dust in
the air to help improve air quality as well. like human health. The temperature, humidity, PM2.5 fine dust concentration, and
heat data will be displayed and stored on the Thingspeak server through the system's wifi connection. The system results are
stable, the air quality data measured by the system is continuously transferred and stored on the server in real-time, and the
collected data is used as an evaluation opinion, and make predictions about the air environment, weather, and climate in the
equipment installation area.
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