ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 20, NO. 11.2, 2022 61

HE THONG PO LUONG VA GIAM SAT CHAT LUQNG KHONG KHI TU XA
UNG DUNG NEN TANG KET NOI VAN VAT
INTERNET OF THINGS (I0T)-BASED SYSTEM FOR REMOTELY MEASURING AND
MONITORING ENVIRONMENTAL QUALITY

Pham Viin Khoa*, Nguyén Vin Thai
Truwong Pai hoc Sw pham Ky thudt Tp. Hé Chi Minh*

*Tac gia lién hé: khoapv@hcmute.edu.vn
(Nhan bai: 21/8/2022; Chép nhan dang: 11/10/2022)

Tém tit - O nhlém mdi truong khong khi 1a mot vén dé cép thiét cin
dugc giai quyet Nghién ciru nay dé xuét va thyc nghiém hé thong
(g dung nén tang két néi van vét (Internet of Thing — IoT) nhim do
ludng va giam sat tir xa chit lugng méi trudng vai thong sb nhiét do,
d6 Am, bui min 2,5um va néng do khi CO. Hé théng duoc thiét ké
phut hop ¢6 tinh mé rong qui mé gidm sat dé co thé trién khai trong
cdc toa nha va trong mot pham vi rong ngoai troi nhd Gmg dung nén
tang mang cam blen khong déy twong ung nhw Wi-Fi va LoRa. Sy
thay ddi cac thong s6 méi truong c6 thé dugc gidm sat va dleu chinh
tir xa théng qua tmg dung duoc thiét ké va xdy dung trén nén tang hé
diéu hanh Android. Dya trén cac thong sé méi trudng dugc do luong,
chi s6 chét lugng khong khi duoc tinh ton va va dua ra cac canh bao
dén nguoi dung. So sanh voi cac thiét bi thuong mai, Kkét qua thyc
nghiém cho thay h¢ théng c6 do chinh xéc cao.

Tw kh(?a - Hé théng giam sat chét luong khong khi; bui min 2.5;
cam bién khi CO; ESP-8266; mang LoRa.

1. Pit van dé

Theo Sé lidu tir td chirc y té thé giéi WHO hon 90% dan
sO toan cau bi anh huong boi sy 6 nhiém khong khi [1].
Cac nghién ctru chi ra rang, khoang 3,8 tri¢u nguoi trén thé
gidi tir vong hang nam do chat lvong khong khi kém. Trong
do, cac loai bui min c6 duong kinh nho hon 2.5 micromet
(PM2.5) la nguyén nhan gy ra nhiéu bénh hé hap vi cac
loai hat nay c6 thé xdm nhap sdu vao co thé con ngudi [2,
3]. Khi CO sinh ra trong cac hoat dong doi séng c6 thé gay
tir vong néu con ngui tiép xuc trong thoi gian dai [4]. M6i
treong 1am viée voi khong khi chat luong kém lam giam
hiéu qua lao dong ctia con nguoi va kha nang xur 1y thong
tin cia con nguoi.

O Viét Nam, hau qua ciia 6 nhiém khong khi & mot s6
dia phuong 1én doi séng cta con ngudi rat 1n vé mit sirc
khoe va gay thiét hai 16n vé kinh té cia timg dén cu trong
ving bi 6 nhi®m [5]. Nhiéu thanh phb ¢ Viét Nam timg
budc phat trién dé tré thanh cac do thi théng minh. Trong
CAC tiéu chi phat trién thanh phd xanh va hién dai, xay dung
mot moi truong séng trong lanh va an toan 1a viéc lam rat
can thiét nhim dam bao sirc khoe, nang cao chét lugng
cude sdng con nguoi. Tir do, viée do luong va gidm sat moi
truong khéng khi ngay cang tro nén cép thiét.

2. H¢ thong do lwong chit lwgng khong khi
2.1. Cac nghién ciru lién quan
Nhiéu nghién ctru truéce d6 da tmg dung nén tang IoT két

Abstract - Air pollution is a critical issue that must be addressed.
This study proposed and implemented an Internet of Things
(loT)-based system for remotely measuring and monitoring
environmental quality with parameters including temperature,
humidity, fine dust 2.5um, and CO concentration. Based on
wireless communication platforms as Wi-Fi and LoRa, the system
is well-suited for monitoring scalability and can be deployed in
buildings as well as in a wide range of outdoor environments. The
graphic user interface designed and built on the Android
operating system platform can remotely monitor environmental
parameters. The air quality index is calculated to give warnings
to users based on the measured environmental parameters. The
experimental results show that the system has high accuracy in
comparison to commercial devices.
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hop v6i nhiéu loai cam bién dé trién khai cac hé thong giam
st chat lugng méi trudng. Trong cac nghién ciru d6 co thé
ké dén mot s6 nghién ciru dién hinh nhu nghién ciru ciia Grath
[6] dwa ra mot phan tich co ban vé cac tic hai va gi6i han cua
cac hai bui min 1én sttc khoe con nguai theo tiéu chuan Chau
Au (CAFE). Nghién ctru nay ciing gi6i thidu mot sb nén tang
lap trinh, phan ctmg xir 1y cling nhur céc loai cam bién co thé
duoc str dung dé thyc thi mot giai phap do ludng va thu thap
chat luong moi truong va khong khi. Nghién ctru cia Sherin
Abraham [7] trinh bay mot giai phap thuc thi hé thong giam
sat chat luong khong khi ¢ mdi truong trong nha véi gia thanh
ré sir dung nén tang phén cting Arduino va giao dién truyén
thong Xbee. HE thong ¢6 kha nang nhan dién sy ro ri cia khi
gas. Nghién ciru [8, 9] trinh bay vé viéc giam sat thoi gian
thuc cht lvong khong khi va quan 1y ning luong trong cac
tda nha va ngoai troi théng qua cic cam bién do luong.
Nghién ctru [10, 11] dwa ra mé hinh gidm sat cong suét va chi
phi thap nhim chét lugng khong khi trong nha truyén théng
tin qua cac giao thuc mang khong day nhu LPWAN va
LoRaWan. Béi véi cac nghién cru trong nude, tac gia Vi
Van Thanh [12] dé xuat hé thong quan tric moi truong dya
trén nén tang IoT. Cac théng s6 moi truong gom CO, SO,
PM2.5 dugc thu thap va giri dén server thong qua cong nghé
di dong 3G. Cac chi sb méi truong co thé dugc gidm sat tir
xa thong qua ung dung di dong.

Tuy céc nghién ctru trude d6 da d& xudt mot sb giai
phép nhiam gidm séat chit lwong moi truong khong khi
nhung van ton tai mot sé han ché nhu thuc thi hé thong
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bang cach ghép ndi cac thiét ké co sdn din dén do hoan
thién, tinh 6n dinh khéng cao ciing nhu kho trién khai trong
moi truong thyuc té; Chi thu thap dugc mot vai chi s6 chat
lwong méi truong va khong dé xuét giai phap ghép ndi dé
c6 thé giam sat, tong hop thong tin thu thap trong mot pham
vi rong; CAc thiét ké da phan st dung phwong phap truyén
dir liéu trong pham vi gan nhu Wi-Fi hodc ha ting mang di
dong 3G, GSM [12, 13] s& dan dén han ché vé pham vi
trién khai hé thong, qui mé s6 lugng diém do (node) va chi
phi van hanh cao khi lugng thong tin truyén di lién tuc
trong mét thoi gian dai.

C6 thé thiy, phuong phap két ndi va truyén dit ligu giita
céc diém do 1 quan trong nhat khi trién khai hé thong gom
nhiéu diém do ludng va giam sat. Bang 1 trinh bay s liéu
khao sat cac dic diém ctia mot sd chuan truyén thong khong
day nhu Bluetooth, Wi-Fi, Zigbee va LoRa. Dua vao céac
dic diém cua cac phuong phap truyén dir liéu duoc néu,
Wi-Fi két hop ciing LoRa dugc xem 1a giai phap hiéu qua
khi trién khai hé thong do luong trong qui md rong. Chudn
Wi-Fi hiéu qua khi dwoc trién khai trong pham vi cac toa
nha noi ma thong thuong ha ting mang Wi-Fi gin nhu da
dugc trang bi hoan chinh. Tuy nhién, chuan giao tiép Wi-
Fi s& kém hiéu qua néu trién khai hé thong do luong ¢ ngoai
troi noi ma mat do phu séng Wi-Fi kém khi vi tri cac diém
do dat xa nhau. LoRa, mét chuan truyén thdng khong day
danh cho cac mang cam bién duoc xem 1a giai phap nham
khic phuc nhugc diém néu trén khi cé thé truyén duoc dix
liéu di xa gilra cac node mang vai khoang cach hon hang
ngan mét st dung cdng sut tiéu thy thap.

Bdng 1. Bdc diém cac chudn truyén thong khéng day [14]

Bluetooth | Wi-Fi Zigbee LoRa
Tiéu IEEE IEEE IEEE LoRawWAN
chuén 802.15.1 802.11 802.15.4 R1.0
c.go | 8681915
Tansé | 2.4 Ghz Gth Mhz, 900 Mhz
2.4 Ghz
Téc db 1+24 1+6.75 | 40+250 0.3+50
* Mbps Gbps Kbps Kbps
thﬁng 8+10 20+100 | 10+20 <30 Km
cach m m m
Ngui‘)n As s & A A3t &
tiéu thy Rat thap Cao Thap Rat thap
Gia Thip Cao Thip Cao

2.2. H¢ thong dwoc dé xuit

Tir phan tich néu trén, giai phap dugc dé ra trong nghién
ctru ndy nham khic phuc cac han ché ton tai. Mot hé thong
hoan chinh gom ca thiét ké phan cimg va phan mém dé
gidm sat thong sb moi truong va chét lugng khong khi
trong nha va ngoai troi img dung cong nghé IoT dugc trinh
bay trong nghién ctru nay. Pugc minh hoa trong Hinh 1,
cac thong s& moi truong duoc do luong boi hé thdng gdm
nhiét do, d6 4m, bui min 2.5um va khi CO. O cac diém do
dat trong nha (indoor sensor node), céng nghé két ndi
khong day Wi-Fi dugc str dung dé truyén truc tiép céc tin
hiéu do luong dén may cha (Server). Ngugc lai, trong
truong hop diém do dat ngoai troi (outdoor sensor node),
cong nghé LoRa dugc st dung dé truyén dit liéu duoc thu
thap dén bo diéu huéng dir lidu (Gateway) trude khi théng

tin duoc dua Ién Server théng qua chuan két ndi khdng day
Wi-Fi. C4c théng s6 do luong duoc giam sat tir xa boi mot
chuong trinh dugc xay dung riéng trén nén tang hé diéu
hanh Android. Dua trén cac thong s6 do luong, ngudi giam
sat co kha nang dong/ngit cac thiét bi dé tac dong dén moi
truong do. Thiét ké duoc dé xuat c6 kha nang trién khai
trong moi truong thuc té, va co thé md rong so luong cac
node do mot cach linh hoat.

INDOOR SENSOR NODE E'“Q
.;(’L:;
==,
Processor HE—
. Wi-Fi i
module Hosting
Humidity Webserver
Wi-Fi
Wireless Wik
Humidity I > module LoRa
sensor LoRa
OUTDOOR SENSOR NODE

Hinh 1. So d6 khéi téng quadt ciia hé thong.
Trong do, Indoor va Outdoor sensor node twong wng la cdc node
do luong dwoc dit trong nha va ngodi troi. Gateway la khoi thu
thdp diF liéu tir cdc node do ngodi troi va trung chuyén théng tin
lén co s6 dit liéu tdp trung server. Nguoi dimg co thé gidm sdt
cdc théng s6 tir xa qua thiét bi di dong

3. Thiét ké hé thong
3.1. Cong nghé truyén dir li¢u

V6i méi truong trong nha, cc diém do dugce bd tri phan
tan tai nhiéu phong hodc toa nha khac nhau. Nhu trinh bay
& phan trudc, da phan cac toa nha théng thuong da duoc
hoan thién hé thdng két ndi mang Internet thong qua mot
tap hop nhiéu diém truy cap Wi-Fi (Wi-Fi Access Point).
Tan dung dugc vu diém ha téng két ndi Wi-Fi, cac diém
thu thap thong sb méi truong trong nha s& sir dung Wi-Fi
1a méi trudng truyén dit liéu tir cac diém do dén Server.

Ngay nay, rat nhidu nén tang nhung st dung Wi-Fi nhu
phuong tién két ndi va truyén dir liéu, c6 thé ké dén 1a
Raspberry Pi, Beagle va gan day nhat 1a ESP-8266 [14, 15].
So véi cac nén tang may tinh nhiing khac, ESP-8266 1a mot
thiét ké may tinh trén chip (Computer on Chip) hiéu ning
cao, gia thanh thip, co tich hop giao tiép truyén thong
khong day chuin Wi-Fi, cic ngoai vi da dung (General
Purpose Input Output - GPIO), ciing nhu cic chudn giao
tiép truyén thong phd bién nhu UART, SPI, 12C [14].
Ngoai ra, v6i thiét k& c6 kich thudc nhé cho phép ESP-
8266 linh hoat trong viéc trién khai cac ing dung IoT hay
mang cam bién khdng day. Mot s6 dac tinh k§ thuat trén
ESP-8266 gom:

® H3 tro cac chudn 802.11 b/g/n di kém 1a thiét ké sdn
an-ten trén bang mach dién.

= HJ trg giao thirc bao mat dit liéu WPA/WPAZ2.

= By xur ly 32-bit hidu ning cao véi kién trac RISC
hoat dong & tan s6 160Mhz phii hgp cho hau hét yéu cau
clia cac thiét ké loT.

= By nhé dir liéu 36KB va 4MB bo nh¢ Flash dé luu
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chuong trinh hé thong.

= Cong suat tiéu thy rat thp khi so sanh véi cac thiét
ké khac hé tro Wi-Fi.

Véi truong hop cac diém do dat & khoang cach rat xa
va ha ting mang Wi-Fi khong bao phu duoc thi LoRa, mot
k¥ thuét truyén thong khong ddy tam xa, rat phu hop dé
vuot qua thach thirc nay khi c6 thé truyén dit liéu ¢ khoang
cach hang ngan mét voi cong suit tiéu thu thdp. Chuan
LoRaWAN duoc diéu chinh tir tiéu chuan LPWAN [16].
Tan s6 hoat dong ciia LoORaWAN duogc qui dinh boi cac
khu vuc cac nhau trén thé giéi nhu 430MHz cho chau A,
780MHz cho Trung Qudc, 433MHz hodc 866MHz cho
chau Au, 915MHz cho USA. Nghién ctru nay sir dung thiét
ké LoRa Ra-02 hoat dong ¢ tan s6 tir 410 dén 525Mhz vai
bang thong 500Khz. Thiét ké Ra-02 hoat dong ¢ dai dién
ap rong tir 2,5V dén 3,3V; Tiéu thy cong suat thap v6i dong
tiéu thu khoang 93mA va 13mA & ché do truyén va nhan
twong wng tai tan s hoat dong 470Mhz. Nhu thé hién trong
Hinh 2, thiét ké Ra-02 vai 2 hang chan (Dual in Line - DIP)
hd tro cac chan ngoai vi da dung (GP10) cé thé giao tiép
véi cac hé vi diéu khién khac théng qua chuan truyén thdng
ndi tiép ddng bo (Serial Peripheral Interface — SPI).

3.2. Cam hién do lwiong

Theo quy chuén chat lugng khong khi xung quanh tai
Viét Nam (QCVN 05:2013/BTNMT), céc thong s6 do luong
gdm cacbon monoxit (CO), nito dioxit (NO2), 6z6n (Os), luu
huynh dioxit (SO2), bui PM10, bui PM2.5 va chi (Pb) trong
khdng khi [17]. Nghién ctru nay lya chon khi CO va bui min
¢6 kich thuée 2,5 micromet 1am tham sb do luong boi Xuét
phat tir cac 1y do. O thong sb khi doc, khi CO c6 dic diém
khong mau, khong mui, ¢6 kha ning chay, c¢6 tinh khuéch
tan manh trong khong khi, kha ning anh huong dén tinh
mang con ngudi do co doc tinh cao [4]. Loai khi nay c6 thé
dé dang phat sinh tir qua trinh sinh hoat doi song cta con
nguoi nhu khoi tao ra trong qué trinh dbt chay tir 10 suoi,
chay nha, khi thai tr may phat dién, tr xe co gidi, khoi
thudce.... Doi véi thong s6 bui min, so v&i bui PM10, bui min
¢6 kich thudc nhé PM2.5 anh hudng nghiém trong hon dén
sttc khoe clia con nguoi véi cuing mot luong lam ting kha
nang ung thu phéi 1én hon 10%. Bui min nhu PM10 anh
huong dén chire ning ctia phdi 1am hen suy@n, viém ho hép.
Nguy hiém hon bui c6 kich thudc siéu nhd PM2.5 ¢6 thé di
sdu vao hé tudn hoan méau va lam anh huong dén hé than
kinh con ngudi [3]. Nhu vdy, c6 thé thiy khi CO va bui
PM2.5 anh hudng dén nghiém trong dén sirc khoe ctia con
nguoi néu trong mot thoi gian dai tiép xuc [4]. Do mot sO
dac tinh ma con ngudi khé cam nhan duogce khi tiép xuc truc
tiép, trién khai mot hé thong do luong va canh bao dén con
nguoi la mot nhu cau thyc sy can thiét.

Thong s6 cac loai cam bién duoc sir dung trong nghién
ctu nay dugce thé hién trong Bang 2. Trong d6, cam bién
nhiét do, d6 am duoc sir dung 1a SHT31. Pay la loai cam
bién sé thuong mai cia hing Sensirion [18]. Tat ca cac
thanh phan gém cam nhan méi truong nhiét do - o am, xur
ly tin higéu gom phan tuyén tinh hda, b nhiét do, bo chuyén
ddi tuong tu sang sé (Analog to Digital - ADC), b truyén
dir liéu 2 day chuin 12C déu duoc tich hop trén mot chip
don dong goi & dang DIP véi 8 chan nhu minh hoa trong
Bang 2. So véi cac loai cam bién nhiét d6, d6 4m khéc thi

SHT31 duoc thiét ké dé c6 do chinh xac cao. Dai dién &p
hoat dong linh hoat tir 2,4V dén 5,5V va cong suit tiéu thu
thap l1a cac dic diém dé SHT31 pht hop cho cac ing dung
10T ¢6 yéu cau nghiém ngat vé khéng gian thiét ké va cong
suat tiéu thy.

Bdng 2. Théng sé kj thudt Cac cam bién droc sir dung

- .. | Thoi| Dién i
Cam bién | Tam do | 8 Chinh gian | 4p/Dong Hinh
Xac 2 6 o anh
X ly dién :
Nhigtdo | -40-+ . . |24+55V
sHT31 | 125°C | T03°C |29V g0 a
Do Am 0+100 (0.8%RH |, .. 24+55V
SHT31 | %RH | (25°C) |“9'Y| 800 pA
BuiPM25 | 0+500 | +10 <1 |45+55V
PMS7003 pg/m? pg/m? gidy | 100 mA
KhiCO |1+ 1000 i(é?’g"g‘ <1 [49+51v| g i 18
MICS5524 ppm 10%RH) giay | 32mA

Cam bién do luong bui min Plantower PMS7003 [19]
1& mot loai cam bién s6 ¢ kha nang do ndng d6 bui min
trong khong khi. PMS7003 hoat dong dua trén nguyén ly
quang hoc phén tan tia laser (Laser scattering) c6 gié thanh
thip, do chinh xac cao, va thoi gian dap @ng nhanh. Véi
thiét ké ngd ra dit liéu theo dang néi tiép bat dong bo
(Universal Asynchronous Receiver/Transmitter — UART),
cam bién nay c6 thé d& dang giao tiép vai hau hét cac loai
vi diéu khién thuong mai. So sanh véi mot sb loai cam bién
bui min khac nhu HoneyWell HPMA115S0 hoiac Nova
Fitness SDS011, Plantower PMS7003 c6 gia thanh thap va
déng gai phu hop véi cac ung dung trong moi truong do
ludng khic nghiét. Chire nang cam nhan khi doc CO trong
thiét ké dugc thuc hién bai cam bién MICS5524 [20]. Cam
bién nay c6 thé phét hién nhiéu thanh phan khéc nhau trong
khong khi nhu CO, NHs, CH, véi tam do rong lén dén
1000ppm, sai s6 thap va thoi gian dap ang nhanh chi tiét
nhur thé hién trong Bang 2.
3.3. Thiét ké phén cirng

Hinh 2 minh hoa két ndi chi tiét giita cac khdi trong hé
théng Cac giao tiép clia cdm bién duoc chuan hoa vé chuan
truyen dit lidu s6 12C dé giao tiép v&i bo xir ly. Phuong phap
nay cho phép co thé mo rong da dang nhiéu loai cam bién do
luong va co thé loai bo ngudn nhiéu trong qué trinh truyén
dir liéu gilta cam bién va bo xir Iy. Riéng cam bién do lugng
bui duoc giao tlep voi bo xtr Iy thong qua chuén UART. Nhu
trinh bay & phan trudc, voi nhiéu chirc ning wu viét, ESP-
8266 dong vai tro nhu trai tim cia hé théng va duoc sir dung
chung cho ca 2 loai diém do trong nha va ngoai trdi c6 thé
giao tiép v6i cac nhidu loai cam bién vi duge hd tro nhiéu
chuén ngoai vi nhu GPIO, 12C, SPI, va UART.

O diém do dat trong nha duoc thé hién trong Hinh 2a,
ESP-8266 c6 3 chirc nang chinh gdm:

® Giao tiép v6i cac cam bién moi truong thong qua
chuén truyén thong 12C va UART.

= Didu khién déng/ngit cac thiét bi (actuator) sir dung
cac chan ngoai vi da dung GPIO.
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. Tmyén dir liéu thu thdp duoc 1én server thong qua
chuan truyén Wi-Fi 802.11.

PM2.5 sensor |1 et MCU ESP8266
PMS7003 Pl Actuators
CO sensor
12C_ )l
MICS5524
Temp. Wireless
Humidity Communication
sensor 12€ Wi-Fi
SHT31
a)
Actuators
PMa2.
5 sensor UART
PMS7003 Wireless
Communication
Temp: LoRaWAN
Humidity
sensor 12€
SHT31

b)

Hinh 2. So dé khéi mé ta chi tiét ké'{néri gitka cdc khoi trén
a) Diém do trong nha; b) Diém do ngodi troi
Tuong tu v6i diém do dat trong nha, diém do dit ngoai
troi nhu Hinh 2b, ESP-8266 hoat dong véi chirc nang gdbm
giao tiép v4i cac cam bién, diéu khién dong/ngat thiét bi va
diéu khién bo LoRa Ra-02 thong qua chuan SPI dé
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truyén/nhafm dir liéu thu thap dugc vaoi khéi Gateway dat ¢
khoang cach rat xa. Nghién ctru nay sir dung thiét ké LoRa
RA-02 v6i bang tan 433Mhz phu hop véi tiéu chuan
ETSI/FCC va qui dinh sir dung bang tin song vo tuyén &
Chau A néi chung va Viét Nam néi riéng.

Chi tiét thiét ké phan cting gom khdi ngudn, khdi
chuyén diém twong ty sang 12C, khdi két n6i ESP-8266 va
LoRa Ra-02 dugc thé hién trong Hinh 3. Nhu trinh bay ¢
trude, cam bién do luong nong d6 khi CO c6 ngd ra dién
ap. Vi thé dé chuan hoa vé chuén truyén ndi tlep dong bd
12C, mot thiét ké chuyén doi tir twong tu sang s6 chuan 12C
1a can thiét.

Thiét ké phan cimg dugc dé xuit trong nghién ctru ndy
¢6 thé dé dang giao tiép va nhan dir lidu tir nhicu loai cam
bién do luong thong s6 moi truong. Puge minh hoa trong
Hinh 3, hé thong str dung chuan truyén thong c6 day thong
qua giao thuc 12C va UART dé nhan dir liéu trong truong
hop cam bién do luong gui dir liéu s6 dd duogce xir Iy dén bo
xu ly. Thiét ké bo chuyen dbi tin hiéu tuong ty sang so
chuan I2C dugc cung cp trong trudng hop cin giao tiép
v&i cae cam bién voi ngo ra la tin hi¢u twong ty. Nhu vay,
trong cac nhu cau mé rong do lwong va giam sat cac thong
s6 khac nhu trong tiéu chudn QCVN 05:2013/BTNMT,
viéc két ndi thém cac cam bién véi tin hiéu ngd ra du la sb
hay twong ty dén hé thong 1a kha thi va khong phai thiét ké
lai phan ctig do luong.
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Hinh 3. So d6 nguyén 1y ciia thiét ké

3.4. Luu db gidi thugt

Luu d giai thuat cia chuwong trinh hoat dong trén cac
diém do dugc thé hién nhu trong Hinh 4. Chuan truyén
thdng Wi-Fi duogce sir dung ddi véi diém do ludng cac théng
s6 nhiét do, d6 am, luong bui va khi CO trong nha. Trong
Hinh 4a, dau tién diém do s& do tim va két ndi vai server
thdng qua mang Wi-Fi. Néu két néi thanh cong, diém do s&
thuc hién 1an luot viéc do tirng thong sb mai truong va huu
tam thoi trén thiét bi do. Sau qua trinh thu thap cac théng
s moi truong, diém do s tinh toan cac gié tri thu thap dé

phét hién c6 gia tri bat thuong trong cac thong sé do ludng.
Gi4 tri bat thuong cd thé sinh ra do nhiéu tin hi¢u trong qua
trinh do dac hodc 18i cua cam bién. Néu gia tri do luong
phu hop, diém do s& tong hop va giri cac théng so thu thap
duoc 1én server.

Chuan truyén théng LoRa dugc ap dung dbi véi cac
diém do luong dat & moi truong ngoai troi khi cac diém do
dat v6i khoang cach I6n va khdng cé sin ha tang mang Wi-
Fi. Buoc minh hoa trong Hinh 4b, dau tién cac diém do dat
ngoai troi s& do tim tao két ndi véi Gateway. Néu két ndi
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duoc thiét 1ap, diém do s& thuc hién hoat dong thu thap dit
lieu. Nguoc lai, diém do s& trong trang thai do tim va thiét
lap két ndi cho dén khi két ndi dugc thiét 1ap. Twong tu nhu
diém do dit trong nha, cac gié tri thu thap s& dugc tam thoi
luu trix trén diém do. Sau qué trinh tinh toan gié tri cho cac
thong sb thu thap duogc, néu khong phét hién gia tri bat
thuong thi dir liéu thu thap dugc s& duogc truyén truc tiép
dén server thdng qua két ndi Wi-Fi. Sau khi di liéu duoc
cap nhat Ién server, thi diém do tiép tuc thuc hién thu thap
cac théng s6 mdi truong gom nhiét o, do am, va bui min

nhu minh hoa trong Hinh 4b.
D& tim két nai

Do tim diém két
ndi mang Wi-Fi Gateway LoRa

Docva lwu div
lidu nhigt d8, d8

Doc va lvu div
ligu nhigt d8, d&
am am

e Al

Docva lwu div
ligu bui min 2.5

Doc va lwu div
ligu bui min 2.5

1

Bing

Doc va lwu div 7N
liéu khi CO Co di ligu bat

thuérng

Duang

T6 div lidu bat
thuong

Do tim diém k&t
nédi mang Wi-Fi

GUri di¥ ligu thu
thap dén Server

Gri di ligu thu
thap d&n Server

Hinh 4. Luu do gidi thugt trén thiét bj do
a) Trong nha b) Ngoai troi

4. Két qua
4.1. M6 hinh phin cirng

Hinh 5 thé hién san phim thuc t& sau khi hoan thién
phin cing cua cic diém do trong nha, ngoai troi va
gateway. Cac diém do sir dung ngudn truc tiép tur dién lugi
voi dién 4 ap xoay chidu 220VAC. Cac cam blen co the gan
ket v6i diém do mot cach linh hoat qua dau ndi céng ndi
tiép van nang (Universal Serial Bus — USB). Dé phu hop
v6i nhu cau hoat dong ngoai trdi, mach dién phan cting can
dugc thiét ké cac hop bao vé chéng nudc va bui nhu thé
hién trong Hinh 5b. Khéc véi thiét ké ctia cac diém do, kh6i
Gateway chi thuc hi€n nhiém vu nhan dir li€u tir xa cua céc
diém do ngoai troi théng qua chuén truyén LoRa va sau d6
tong hop dit liéu va truyén 1én Server thong qua chuén
truyen Wi-Fi. Vi thé, chirc ning giao tlep v6i cam bién va
diéu khién céc thiét bi ngoai vi & khéi Gateway 14 khdng
can thiét. Cac vong tron dugc chi thi mau do va cam chi ro
vi tri ddt cac bo mach ESP-8266 va LoRa Ra-02 twong (g
trén thiét ké thyc té.

Wi-Fi
ESP-8266

LoRa
Ra-02

~ Hinh 5. Hinh anh thuc 1 ciia phan cimg )

a) Khoi do lwong trong nha b) Bong goi mé hinh khoi do luwong
ngodi troi ¢) Khoi Gateway la cau noi truyén dit liéu chuan
LoRa tir cac diém do lén server thong qua Wi-Fi

4.2. Giao di¢n chwong trinh

Giao dién dd hoa tuong tac voi nguoi dung co tén
loTVision dé hién thi cac thong sb méi truong thu thap
duoc nhu minh hoa trong Hinh 6 dugc xay dung trén nén
tang hé diéu hanh Android nham gitip cho ngudi sir dung
¢6 thé giam sat hé thong mot cach linh hoat tir xa. Nhu
minh hoa trong Hinh 6, phan mém giam st c6 thé hién thi
rd rang cac thong sb co ban nhu nhiét o, d6 4m, bui min
2.5um va khi CO. Nguoi dung ¢6 thé cai dat cac mirc cap
d6 khac nhau d6i voi timg thong sb riéng biét. Dua trén cac
cép do do, phﬁn mém s& tinh toan va dua ra cac mirc do
chat lwong khong khi cho ting truong hop do duong.

DPéng nhép
A - .
 laT Vision
] Bai hoc Su pham Ky thugt TP HCM

Tén dang nhap:
IndoorNjD1
Mat khau:

Nhd tai khoan

n Cai dat ngudng

IMEL THAYKHOA

AIR QUALITY MONITORING SYSTEM

Ngutng nhigt 46 -G}

= |oT Vision

i) B3i hgc Sut pham K§ thugt TP HCM v s e .

M thigt bj:

Thoi gian méy chi: 000147 10
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Naweng €0 (ppm)

PM2.5 (ug/m3) €O (ppm)

Hinh 6. Giao dién chwong trinh gidm sdt cdc thong sé
moi truong trén hé dieu hanh Android
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Dé danh gia do tin cay cua hé thong khi van hanh trong
thyc té, nghién ciru nay s& danh gia gia tri do luong thu
thap dugc va so sanh vai gia tri c6 duge tir mot s6 thiét bi
kiém thir dugc thuong mai héa trén thi truong nhu moi
truong ké FujiE AM100 do luong cac thong s6 nhiét d, do
am, va lugng bui 2,5um; Thiét bi do khi CO AS8700A.
Béng 3 thé hién cac gia tri do luong dugc tir nghién ctu
nay ciling nhu tir cac thiét bi kiém thur. Cac gia tri thu thap
cho théy dit liéu thu thap duoc tuong tmg véi cac gia tri do
ludng trén cac san pham thuong mai. Ngoai ra, gia tri gidi
han cac thong sb theo qui chudan QCVN 05:2013/BTNMT
[17] ciing dwoc dua vao Bang 3 dé 1am co so so sanh cac
két qua thu thap vdi cac qui chudn hién hanh.

Bdng 3. So sdnh két qud do heong véi cac sin phiam thirong mai
trén thi truong

Giatri | Giatriti | VN
Théng sbé thu thap thiét bi :
et BTNMT
dugc kiem thi
[17]
Nhiét d (°C) 34 33 -
Do 4m (%RH) 62 63 -
Bui PM 2.5 (ug/m?) 46 48 50
Khi CO (ppm) 17 20 30

Nhu vay, hé théng duoc dé xuit trong nghién ctiu nay
c6 kha nang thu thap dir liéu méi truong trong pham vi rong
véi @6 chinh xac cao phu hop vai mdi truong do leong ca
trong nha va ngoai troi. Trong tuong lai gan, khi mot lweong
I16n dix liéu trong pham vi rong duoc thu thap sé la théng
tin ¢au vao hiru ich cho cac giai thuat may hoc dé cé thé dy
doan dugc dién bién trong tuong lai cua chat lugng khong
khi. Biéu nay gilp con nguoi c6 thé tmg phé nhanh hon
Vi céc sy thay ddi dot ngot caa mdi trudng song.

5. Két luan

Nghién ctru nay dé xuét va thye nghiém hoan chinh mét
hé thong tmg dung nén tang IoT nhiam do luong va giam
sét tir xa chét lugng méi truong trong nha va ngoai troi voi
cac thong s6 nhiét 6, d6 Am, bui min 2,5um va néng do
khi CO. Hé théng duoc thiét ké phu hop c6 tinh mé rong
qui md giam sat dé co thé trién khai trong cac toa nha va
trong mot pham vi rong ngoai trdoi nhd tng dung nén tang
mang cam bién khong day Wi-Fi va LoRa tuong tng. Sy
thay ddi cua cac thong sé méi trudng c6 thé duoc giam sat
va diéu chinh tr xa thong qua Ung dung loTVision dugc
xdy dyng trén nén tang hé diéu hanh Android. Dua trén cac
thong s6 méi trudng duge do ludng, chi sb chit luong
khong khi duoc tinh toan va va dua ra cac canh bao dén
ngudi dung. So sanh véi cac thiét bj thwong mai, két qua
thuc nghiém cho théy hé théng ¢6 d6 chinh xac cao.

Loi cam on: Dé tai dugc thuc hién bang ngudn kinh phi
hd tro tir Chuong trinh Vuon vom Sang tao Khoa hoc va
Cong ngh¢ Tré, dugc quan ly boi Trung tdm Phat trién
Khoa hoc va Cong nghé Tré - Thanh Poan thanh phd Ho
Chi Minh va S& Khoa hoc va Cong nghé thanh ph6 Ho Chi

Minh, theo hop dong sb “44/2021/HP — KHCNT — VU”
ky ngay 08 thang 12 nam 2021.
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