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Tém tit

Cudc cich mang cong nghiép 4.0 da cé nhiing thay déi tich cuc mang lai hiéu qué cao cho cong tic quan ly moi
trudng. Cong nghé cam bién do bui da c6 mit trén thi trudng lam thay d6i cach mang trong viéc gidm sat va
danh gid 6 nhiém méi trudng khong khi. Muc tiéu clia nghién citu nay 13 xac dinh tinh hiéu qué va kha thi cia
b thiét bi do bui (MoD-Mobile Dust Meter) va cac ting dung dua céc thong s 1én web. Hé thdng dugc thiét ké
va san xuét bdi nhém tac gia dé theo ddi bui PMys va PMj, va ghi dit liéu truc tuyén theo thdi gian thuc. Két
qua cho thiy dit liéu dudc thu thap va hién thi 1én web 1a dang tin ciy va dé danh gia. Hé thong thiét bi dudc
san xut véi chi phi thip, dé dang van hanh va bao tri.

Tir khod: MoDj thiét bi do bui di dong; cidm bién do bui; PM, 5; PM .
DESIGN AND BUILD NETWORK MONITORING DUST PM, s AND PM,, IN REAL TIME
Abstract

The Industrial Revolution 4.0 has led to higher efficiency in environmental management areas. Dust sensor
technologies available on the market allows revolutionary changes in air pollution monitoring and assessment.
The objective of this study was to identify the effectiveness and feasibility of mobile dust meter (MoD) equip-
ment and web-based applications. The system was designed and manufactured by authors for monitoring PM, 5
and PM and recording data online in real time. The result showed that data collected and displayed on website
were reliable and easy to assess. System was manufactured with low cost and easy for operating and maintain-
ing.
Keywords: MoD; Mobile Dust Meter; dust sensor; PM; s; PMj.
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1. Pit van dé

O nhiém khong khi anh hudng dén moi dbi tugng va ngudi dan & tit ca cac khu vuc trén thé
gidi. Nhiéu nghién ctiu da khang dinh cic chit giy 6 nhiém khong khi nhu nito dioxitide (NO,),
sulfurdioxide (SO»), ozone (O3) va bui (PM) gy anh hudng dén sic khée con ngudi, trong d6 6
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nhiém bui c6 kich thudc nhd (PM, s, PMg) 1a mot trong nhiing vin dé dang dudc quan tim & quy mo
toan cau [ 1, 2]. Tiép xtc lau dai v6i khong khi 6 nhiém c6 lién quan dén tif vong va nhap vién ctia phu
nit (d6 tudi trung binh 63 tudi), triéu chitng 1an dau xuit hién bénh vé tim mach ting 1én 1,24 1an va
tht c4 cdc nguyén nhan lién quan dén tim mach ting 1én 1,19 1an cho méi 10 pg ctia PMy 5 trong mot
mét khoi khong khi [3].

O Viét Nam, trong khoang thdi gian 20 nam trd lai ddy, su phat trién kinh té va qua trinh do thi
héa dién ra nhanh chéng din dén su gia ting manh céc hoat dong san xuit cong nghiép, giao thong
dd thi, phat trién xay dung cd s& ha tang [4]... Diéu nay din t6i cic van dé vé 6 nhiém mdi trudng
khong khi & cac khu vuc dan cu do thi va cac vin dé anh hudng siic khde c6 lién quan, dic biét 1a dbi
v6i mot s6 nhém ngudi dé bi ton thuong nhu ngudi gia, tré em, ngudi mac bénh tat...

Dua trén théng ké vé cac hoat dong tai Ha Noi va cac tinh phia Bac Viét Nam, dudc thu thap va xi
ly béi VAST (Vietnam Academy of Science and Technology) trong nam 2015, m6 hinh héa GAINS
cho thiy ndng do PM, 5 trong khi quyén da dugc udc tinh cho khu viuc Ha N@i 1a cao nhat (Ién t6i
55 ug/m?). Céc phén tich ciia md hinh GAINS ciing udc tinh c¢6 khoang 20 triéu ngudi tiép xiic véi
nong do PM, 5 trong khong khi cao hon tiéu chuin qubc gia, dic biét 1a & Ha Noi, Bac Ninh va Hung
Yén [5].

Nham dinh huéng va tiing budc kiém sodt 6 nhiém, dua hoat dong bao vé méi trudng phat trién
bén viing trong xu thé phat trién méi, Tha tudng Chinh pha da phé duyét Quyét dinh 1261/QP-TTg
ngay 5/9/2012 vé Chién ludc Bao vé moi trudng qudc gia dén nim 2020, tdm nhin dén nim 2030,
Chién ludc da git hai dugc nhiing két qua quan trong gép phan cho su phét trién moi trudng bén viing.
Tai cic thanh phd 16n (vi du nhu Ha Ndi), ngoai cic tram di dugc dau tu c6 quy md 16n nhu cc tram
quan tric ctia Bd Tai nguyén va Mbi trudng, ctia Pai si quan My, cta Bo tu 1énh Ling, Chinh quyén
thanh phd da dau tu trang bi 10 tram quan trac khong khi ¢ dinh, di dong va lién tuc. Tuy nhién cic
tram nay van chua thé phii 14p toan bo dia gi6i ctia Ha Noi va cung cip dii thong tin tt ca cac khu
vuc trong khi chi phi dau tu cho cic thiét bi nay 13 khd cao. Viéc thiéu nhiing dit liéu quan trong nay
da gy kho khin cho viéc phan tich dit liéu 6 nhiém khdng khi theo khong gian, thdi gian ciing nhu
nhiing danh gia cdc yéu td anh hudng dén 6 nhiém khong khi mot cich chinh xdc nhit. C6 thé thay,
viéc xay dung ban d6 6 nhiém va phan tich cic yéu t6 tic dong trén dia ban rong 16n 1a mot thach thic
rt 16n [6]. Vi vdy viéc xdy dung mot hé thdng cho phép thu thap dif liéu quan tric méi trusng khong
khi, dic biét 1a cac chi tiéu PMa 5 va PM o 1a mot nhu cau cAp thiét cho cac thanh phd tai Viét Nam.
Trong nghién cifu nay, modt mang cam bién khong diy ting dung trong mdi trudng khong khi do thi
dugc thiét ké, xdy dung véi cdc cam bién c6 chiic ning thu thap cic thong s vé nhiét do, d6 4m, bui
PM, s va PMjg gtii dén tram trung tdm va sau d6 sé dugc gdi 1én dam may (icloud) d€ quén ly va luu
trit. Ngudi diing c6 thé theo déi nhiing thong sb d6 qua trang web hoiic cic thiét bi khong day thong
minh.

2. Po luong bui va Xay dung mang ludi do
2.1. Do luong bui va cdc vin dé lién quan

Cic nguyén tac dugc biét dén nhiéu nhét ctia cac thiét bi do bui hién nay 1a do trong luc, do quang
hoc va do dién dp. Mbi nguyén tac do sé dudc st dung phi hop véi ndng do bui, dd 4m va khu vuc
do. Trong nghién ctiu nay ching t6i sit dung thiét bi do quang hoc, nguyén ly do dua trén sy suy giam
cudng do ctia chum sang do hép thu hoic tan sic khi xuyén qua ddm may céc hat ran (Hinh 1).

Dinh luat Lambert-Beer [7] mo td mbi quan hé giita su truyén dnh sang va nong do bui C, theo
phuong trinh:

I — IO . e—B.C.l (1)
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trong d6 cac thong sb Iy 1a cudng dd dau vao clia chum sang; 7 1a cudng do dau ra clia chiim sang; >

1a hé s6 tat (hing s6 cu thé cho loai bui va thiét bi); / 12 khoang cich; C 1a ndng do bui.

Hat bui
Ong kinh / Di-6t dnh Két qua hién thi

¥

Khodng cachdo () |

Hinh 1. So d6 nguyén ly do bui quang hoc

Cam bién do bui loai SDS011 (Hinh 2) st dung nguyén 1y do tdn xa 4nh sing, anh sdng tin xa
dudc gy ra khi cic hat bui di qua khu vuc phat hién. Anh sdng tdn xa dudc chuyén thanh tin hiéu
dién, c4c tin hiéu niy sé dugc khuéch dai va xi ly. S lugng va dudng kinh ctia cac hat c6 thé c6 dudc
bang phan tich vi tin hiéu séng c6 mdi quan hé nhét dinh véi dudng kinh hat.

- ccre s
X

Hinh 2. Cam bién DHT22 (nhiét do, do 4m) va cam bién bui SDS011

SDS011 c6 thé do dugc cic hat bui c¢6 kich thude tir 0,3 um dén 10 um trong khong khi véi tin
hiéu déu ra ky thuét s6 8n dinh va tin cdy. Pham vi do 0,0 — 999,9 ug/m?>, d6 phan giai cao 0,3 pg/m>.
Ngudn cung cip dién 4p tir 4,7 V-5,3 V, 70 mA + 10 mA. Tudi tho ctia san pham 8000 gid. Néu can
dit liéu thai gian thuc (nhu mdy do), c6 thé st dung cAu hinh mic dinh do & tan s6 1 1an mdi gidy.
Trong trudng hop nhu cau thdi gian thuc khong cao (nhu bo loc, giam sat chat lugng khong khi, v.v.),
c6 thé sir dung phuong phap 1am viéc khong lién tuc dé kéo dai tudi tho (c6 thé khdi dong cim bién
trong 30 gidy mdi phiit). San phdm nay da dugc ching nhan vé CE (Comformance de Europe), FCC
(Federal Communication Commission) va RoHS (Restriction of Certain Hazardous Substances).

Trong thiét bi c¢6 1ap dit cam bién do nhiét do va dd am loai DHT22 vdi céc thong sd k§ thuat :
Dién 4p hoat dong tir 3,3 V- 5,5 V; dd 4m tr 0 - 100%, sai s + 2%; nhiét do tir —40 + 80°C, sai sb +
0,5°C. DHT?22 sit dung mot cam bién d6 4m dién dung va mot cam bién nhiét &€ do khong khi xung
quanh va tao ra mot tin hiéu sb trén pin dif liéu, dif liéu xuit ra thong qua giao tiép 1 wire (giao tiép
digital 1 day truyén dif liéu duy nhat).

Nguyén ly xdc dinh do 4m st dung cidm bién co ban DHT22 (Hinh 2) : khi do 4m mdi trudng thay
ddi thi dién dung ctia tu dién tuong duong DHT22 ciing thay d6i theo, do d6 lam thay d6i thoi gian
phong va nap ctia tu DHT22, xung dau ra sé thay d6i trong khoang tir gia tri nhé nhat dén gi tri 16n
nhit tuong tng v6i do 4m thay ddi tir 0%-100%.
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2.2. Xay dung mang ludi do bui

Trong nghién ctiu [8] da thiét ké, ché tao va tich hop dudc hé thdng thiét bi tu dong quan tric moi
truong doc 1ap véi cac thong sb khi CO, NO,, SO, bui PMg trong khu vuc do thi, dua thong tin vé
trung tam thong qua tin nhin, hé thong thiét bi két ndi mot thiét bi do ngoai hién trudng véi mot bo
tiép nhan trung tAm.

Pé& dam bao tinh linh hoat, mang tinh hé théng va trii rong trong khong gian 16n véi cic thong sb
do dudgc tap trung vao bui PMy s va PMjg nén ching t6i da xay dung cAu hinh cta hé théng theo so
dd nhu Hinh 3.
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Hinh 3. M hinh mang ctia hé thong

Mang cam bién khong day WSN (Wireless Sensor Networks) bao gdm nhiéu nit cdm bién MoD
tao nén mot mang cam bién khong day phii song mot viing nhiam giam sat, theo ddi va quan 1y cic
thong s6 trong toan bd viing do.

Thiét k& ndt mang cam bién khong day trong nghién ctiu niy chinh 1a thiét k& nhiéu MoD st
dung cim bién do nhiét do, do do 4m co ban loai DHT22, cam bién do bui SDS011 va GPS. Cac
tram do thong minh nay tich hop module Sim 808 d€ truyén dif liéu do qua mang GSM/GPRS vé
tram thu thap dif liéu co s8, dudc xi Iy va diéu khién hién thi, truyén thong tin, quan ly ngudn nhd vi
diéu khién ARM cortext-M4 STM32F4. Hinh 4 trinh bay mach nguyén Iy ghép n6i DHT22, SDS022,
LCD, GPS, Sim 808 v3i ARM cortext-M4 STM32F4.
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Hinh 4. Mach nguyén 1y ghép ndi cic thiét bi vé6i ARM
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STM32F4 1a vi diéu khién 32 bit két hop céc uu diém vé hiéu suét cao, kha ning xt 1y thoi gian
thuc, xt 1y tin hiéu s6, tiéu thu it ning luong, hoat dong dién 4p thip, trong khi duy tri kha ning tich
hop ddy di va dé dang phat trién ting dung. STM32F4 c6 thé hoat dong & dién 4p 3,3 V, chay & tan
s6 168 MHz va dong tiéu thu chi c6 36 mA véi tit ca cac khdi bén trong vi diéu khién déu dugc hoat
dong, day du két ndi ngoai vi. K&t hop véi cac ché do tiét kiém ning lugng ctia Cortex, STM32F4 chi
tiéu thu 2 pA khi & ché do cho (Standby) [9].

Chuong trinh sé dua ra canh bdo 6 nhiém qua mau sic dén Led va tin nhan SMS dén s6 dién thoai
ding ky khi cac thong s6 bui PMy 5 va PMj( vugt ngudng quy dinh. Ngoai ra trén mbi MoD c6 man
hinh hién thi céc gia tri do thuc d€ xem truc tiép cac thong sb nhiét do, do 4m, bui PMy s va PMyq,
toa do GPS.

Giita céc trudng thong tin cia mdt ban tin dudc sap xép theo mot trit ty nhét dinh va dudc ngin
cach v6i nhau bang mot ki tu “g”. Mot ban tin hgp 18 1a mdt ban tin dudc bat dau bang ki tu “A” va
két thic bang ki ty “e”. Khi phat hién ban tin ctia ti do gii vé bi 18i ban tin s& bi loai bd (Hinh 5).

r

A Nhiétdo |g|Poam |g|PM2.5 |g |PMI0O |g |Kinhdo |g |Vido

aQ

Hinh 5. CAu trdc ban tin

Dé cic thong sb6 dugc dua vé trung tim, ciu tric xdy dung ban tin mang thong tin tif module
sim808 server ngan gon, day di va kiém soat dudc 151, hiéu qua vé mat kinh t&. Thiét bi MoD do giti
1én Sever 1a ban tin dif liéu, chiia thong tin gi4 tri doc dudc tif cdm bién va GPS theo luu dd chuong

trinh (Hinh 6).

. Khoi tao giao tiép Sim.

. Khoi tao giao tiép cam bién DHT22
. Khoi tao giao tiép cam bién SDSO011
. Khoi tao giao tiép thé nhé.

. Khoi tao giao tiép GPS.
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Hinh 6. Luu dd chuong trinh
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3. Két qua va thao luan

Cic két qua do tit MoD dugc ghi trong thé nhé SD dang text thé hién dudi dang bang dé theo ddi
va xtt 1y s6 liéu va c6 hién thi trén web rét triuc quan (Hinh 7), so sanh véi két qua trung binh tinh todn
dua trén 20 phép do thuc hién cung véi thiét bi kiém ching [10, 11] cho thdy su bién dong két qua
theo gio trong ngay kha tuong dong (Hinh 8). Chiing tdi ciing da tién hanh thit nghiém véi nim bo
MoD gtii dit liéu dong thoi dén may chii va thu dudc két qua hién thi trén trang web (Hinh 7). Tan suét
14y mau, thoi gian hién thi c6 thé dudc 1ap trinh dé d4p ing diéu kién co sd ha ting mang thong tin.
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Hinh 8. Két qua so sanh MoD va thiét bi kiém chiing [10]

Trong bai bao nay, chiing t6i di trinh bay cach thiét ké, ché tao mot bo thiét bi cam bién MoD
khong day dé do nong do bui PMy s, PMg, nhiét do, do 4m va toa do GPS tai bat ky khu vuc nao,
bing cach két hgp cong nghé thu thap dit liéu thong minh va mang cam bién khong day. Tt ca cic bd
phan dugc thiét ké, ché tao va ghép nbi thanh mot bo thiét bi hoan chinh tao nén mang luéi giao tiép
va két nbi 6n dinh. Ngoai chi phi thip, mot MoD con c6 vu diém st dung ning lugng bang ic quy c6
thé hoat dong trong thdi gian dai, mang Iudi cho phép bd sung cic MoD vao mang va md rong mang
1én dén hang chuc hoic thim chi hang trim MoD.

Céc thong tin can thiét nhu yéu cau ban du da hién thi r6 rang dbi véi khu vuc cu thé, tuy nhién
néu dé€ danh gid su dong gép hodc phan tich thong tin cic ngudn 6 nhiém tif noi khac dén khu vuc dit
thiét bi thi bo MoD can thém cam bién vé& hudng gi6 [12], trong thé hé tiép theo chiing toi sé b sung
cam bién nay.

4. Két luan
Thiét bi va mang luéi da dudc thiét k& va hién thi dudc cdc thong sb nhiét do, do 4m, bui PM;,
va PM, 5 tai khu vuc dit thiét bi thit nghiém (khu vuc trudng Pai hoc Xay dung, sb 55 dudng Gidi

Phéng, quan Hai Ba Trung, Ha Noi, Viét Nam), cdc thong sd hién thi n dinh. Thoi gian tuong tic
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clia con ngudi giam dang ké khi c6 mang ludi quan tric, dic biét gap moi trudng nguy hiém khi con
ngudi khong thé tiép can dugc.

Nghién ciiu ndy cho thiy viéc chi dong thiét k&, ché tao thiét bi trong cdc nghién ciiu khoa hoc
s& giam rat 16n cac chi phi tir ddi ngii ky thuit vin hanh va bao dudng ciing nhu thay thé cac thiét bi
trong thai gian dai hoat dong.

Loi cam on

Tic gia chin thanh cAm on su hd tr¢ tai chinh ctia Trudng Dai hoc Xay dung cho dé tai “Khio
sat ham lugng bui PM, 5, PMo va dénh gia rdi do gay ung thu bdi cac hop chit PAHs c6 trong hat
bui tai cac chung cu cao tang”, mi s6 177-2018/KHXD-TP va Quy Nafosted cho dé tai “Xac dinh va
d4nh gid doc tinh ctia cac hop chit hydrocacbon thom (PAHs) va céc hop chit lién quan trong bui khi
(PM, s va PMp) tai khu vuc Ha Noi st dung két hgp phuong phap phan tich héa hoc va thit nghiém
sinh hoc”, ma sb Nafosted 104.99-2015.88.
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