Nghién ciru
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Tém tit

O nhiém khong khi, ddc biét la bui min PM2.5 la mot van dé nghiém trong tqi cdac
thanh phé 16n nhw Ha Néi. Nghién civu nay phdt trién mét hé thong gidam sat khong khi
sir dung cong nghé IoT, givip thu thdp va phan tich dit liéu thoi gian thwe vé chat lwong
khéng khi, bao gém cdc chi s6 nhw PM2.5, CO,, nhiét d¢ va do am. Hé thong duoc
thur nghiém tai Ha N¢i va duoc tich hop cac mo hinh dy bdo chuéi thoi gian ARIMA
va Long Short Term Memory (LSTM), cung cdp cdc dw bdo vé xu hirdng 6 nhiém trong
twong lai. Két qua thir nghiém chi ra kha ndng gidm sdt va diw bdo chinh xdc, hé tro
cdc co quan churc nang trong viéc dwa ra cac bién phdap phong ngura kip thoi.

Tir khoa: Internet van vat (IoT); Giam sét chat lugng khong khi; PM2.5; Dy bao
chudi thoi gian; ARIMA; Bo nhé ngén - dai han (LSTM); Phan tich dir li¢u thoi gian
thuc; Gidm sat moi trudong.

Abstract

Research on developing an embedded IoT system integrated with Al for real-time
environmental air quality monitoring - a pilot application in Hanoi

Air pollution, particularly fine particulate matter (PM2.5), poses a serious
challenge in major cities such as Hanoi. This study develops an air quality monitoring
system based on Internet of Things (IoT) technology, enabling real-time collection and
analysis of air quality data, including parameters such as PM2.5, CO., temperature,
and humidity. The system was tested in Hanoi and integrated with time series forecasting
models AutoRegressive Integrated Moving Average (ARIMA) and Long Short-Term
Memory (LSTM) to provide predictions of future pollution trends. Experimental results
demonstrate the system’s capability for accurate monitoring and forecasting, thereby
supporting governmental agencies in implementing timely preventive measures.

Keywords: Internet of Things (IoT); Air quality monitoring; PM2.5; Time series
forecasting; ARIMA; Long Short-Term Memory (LSTM); Real-time data analysis;
Environmental monitoring.
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Nghién cuu

1. Gioi thiéu

O nhiém khong khi 1a mot trong
nhimg vin dé moi trudng nghiém trong
nhat hién nay, dac biét tai cac d6 thi 1n.
Theo T chirc Y té Thé gidi [9] 6 nhiém
khong khi gdy ra khodng 7 tri€u ca tir vong
sém moi niam, trong dé bui min PM2.5
dugc coi 14 tac nhan nguy hiém hang dau
do kha ning xam nhap sdu vao phdi va hé
tuan hoan, gdy ra cac bénh tim mach, ho
hap va ung thu.

Tai Vi¢t Nam, Ha Noi thuong xuyén
ghi nhan néng d6 PM2.5 vugt xa mic
khuyén nghi 15 pg/m? trung binh nim cua
WHO. S6 liéu tir AirVisual [10] cho théy,
vao mua DPong, chi s6 PM2.5 tai nhiéu khu
vuc cta thanh phé dat 100 - 150 pg/m?, anh
huong nghiém trong dén sitc khoe cong
dong. Céc tram quan tric truyén thong tuy
¢ d6 chinh xdc cao nhung chi phi lap dit
va van hanh 16n, pham vi bao phu han ché
[1]. Trong béi canh d6, cong nghé Internet
of Things (IoT) két hop tri tué nhan tao
(AI) mé ra giai phép kha thi, cho phép trién
khai mang ludi cam bién phan tan, chi phi
hop ly, thu thap dir liéu thoi gian thuc va
du bao xu hudéng 6 nhiém [5, 6].

Trong nghién ctru nay xay dung hé
thong nhiing ToT tich hop mé hinh ARIMA
va LSTM nham giam sat va du bio chét
luong khong khi tai mot sé diém ¢ Ha
Nbi, vdi tap trung giam sat bon chi s6 moi
truong chinh gém néng dd bui min PM2.5
(ng/m?), néng dd CO:z (ppm), nhiét d6 (°C)
va do am (%), gép phan hd tro quan ly moi
trrong va nang cao kha nang canh bao som
va hd tro ra quyét dinh ngin han.

2. Muyc tiéu va pham vi nghién ciru

Muc ti€u chinh cua nghién ctu 1a xay
dung mot hé thong gidm sat khong khi theo
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thoi gian thuc Gmg dung IoT, c6 kha ning
do céc chi s6 méi truong nhu PM2.5, CO,,
nhiét d6 va do am. Dit liéu thu thap duoc
xtr 1y, luu tri¥ va truc quan héa trén nén tang
IoT, dong thoi duoc phan tich bang cac
mo hinh du béo chudi thoi gian ARIMA
va mang no-ron LSTM nham dy doan xu
hudng 6 nhiém trong twong lai gan.

Pham vi trién khai thir nghiém giam
sat khong khi trong 24 gio tor 09:00 ngay
07/8/2025 dén 09:48 ngay 08/8/2025 (gid
dia phuong) tai khu vue xung quanh Truong
DPai hoc Tai nguyén va Mai truong Ha Noi.
Dit liéu duoc ghi nhan béi cam bién nhiét
d6 moi truong, truyén qua ESP32 va luu trix
trén Firebase Realtime Database.

3. Phuwong phap nghién ctru va xay
dung hé thong

Hé thong gidm sat khong khi bao
gdm cac cam bién PM2.5, CO,, nhiét do
va do am, két ndi v6i nén tang IoT dé thu
thap va truyén tai dit liéu. Dt liéu thu thap
duge tir cac cam bién nay duoc xur 1y va
phan tich trén nén tang dam may d¢ hién
thi truc quan va dua ra cac canh bao khi
muc d6 6 nhiém vuot ngudng an toan.
Thiét bi phan cing dé xay dung gidm sat
bang IoT:

- Vi diéu khién ESP32 & KIT WIFI
ESP-32 ESP-WROOM-32S: Bo vi diéu
khién 32-bit tich hop Wi-Fi va Bluetooth,
xtr 1y dit liéu va diéu khién toan by h¢
théng IoT.

- Cdam bién nhigt do va dé am
(DHT11/DHT22): Bo nhiét d6 (°C) va do
am (%) ctiia moi trudng xung quanh.

- Cam bién bui min PM2.5
(GP2Y1010AUOF): Po ndéng do bui min
trong khong khi, ddnh gid chit luong
khong khi.
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- Man hinh OLED 1.3” 128 x 64 I°C
(OLED-13-12C-B): Hién thi dir liéu do
theo thoi gian thuc véi do tuong phan cao.

- Ddy néi & cdp Micro - USB: Cung
cAp nguon dién va két ndi dit lidu gitra cac
mo-dun trong hé théng.

Nghién ciru

Sau khi gan két ndi va xay dung hé
thong nhing két hop vdi nén tang giam
sat ToT (https://blynk.io/) va viét code
chuong trinh trén Arduino dé nhing vao
phan cimg, ching ta thu dugc két qua trén
phan ctmg nhu sau:

Hinh 1: Thiét bi phan cirng gidm sdt chit lwong khéong khi

Tiép theo xay dung kién triic tong thé ciia hé théng, thé hién méi lién két giita
cam bién, vi diéu khién, nén tang IoT va mé hinh Al trong qua trinh giam st va du bao

chat lugng khong khi.

Cam bién méi truong
(PM2.5, CO2, Nhiét do, P9 4m)

Vi diéu khién ESP32
(Thu thap & truyén dit ligu Wi-Fi)

v

Nén tang ToT / Dam may
(Blynk, Luu trir & Truc quan hoa dir li¢u)

v

v

Mo hinh AT (ARIMA, LSTM) (Phan
tich & Du bao)

o Dashboard/Web
(Biéu do, giam sat va canh bao som)

v

Dashboard/Web & Canh béo som (Két
qua du bao AI)

Hinh 2: So db kién triic hé thong IoT tich hop Al gidm sdt chit lwong khéng khi

Ngoai ra, mo ta so do ludng dir lidu
tong thé ctia hé thong gidm sat chat lugng
khoéng khi, trong d6 cac thanh phan phan
cling, nén tang IoT va md hinh AI phdi
hop véi nhau dé tao thanh mot quy trinh
khép kin. D@t liéu moi trudong dugc thu

thap lién tuc tor cidc cam bién (PM2.5,
CO., nhiét do, d6 4m), sau dé dugc vi
diéu khién ESP32 xir Iy so bo va truyén
khong day lén nén tang IoT/dam may.
Tai day, dit liéu vira dugc luu trir va
truc quan hoa theo thoi gian thuc, vua
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Nghién cuu

duoc chuyén tiép téi cac mo hinh du
bdo ARIMA va LSTM dé phan tich xu
hudng trong ngin han. Két qua phan tich

Ngudi ding | TTHEE bY 10T (ESP32/Arduino)

Cam bién (PM2.5, DHTIL MO135...) | Server (Firebase/MySOL)

va du bdo dugc hién thi trén dashboard/
web, ddng thoi cung cdp canh bio sém
cho nguoi dung.

Gilao dign Dashboard
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Bt ngudn thidt by
2 >
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X by o i cAm Didn
—
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_
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[ Hanh aéng tir nguai dung |-
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L wiln d 0 i
Ty vin dirligu ed
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Hinh 3: So do tong thé luong div liéu két néi givva ngwoi diing, phin ciing
va giao dién chwong trinh

Trong bai bao nay, nhom tac gia con
tich hop va phat trién hai mé hinh du bao
dé phan tich dir liéu va du doan xu hudng

6 nhiém:
(D). Mo hinh ARIMA
(AutoRegressive Integrated Moving

Average): Muc ti€u cua mo hinh nay dugc
sir dung dé du bao cac chudi thoi gian,
gitip phan tich cic xu hudng bién dong

AR(p) :

MA (Moving Average): Thanh phan
trung binh trugt mo ta gia tri hién tai nhu
ham tuyén tinh cua sai s6 ngu nhién tir
cac budc trudc

I (Integrated): Thanh phan sai
phan giup bién chuoi khong dung thanh
chuoi dung:

- Sai phan bac 1: {(1) =z — 24

- Sai phan bic d: I(d) = A%(z)

ctia cac chi s6 méi truong gdbm ndng do
PM2.5, COz, nhiét &6 va do am, thu thap
tir cac cam bién IoT trong dit lidu da ghi
nhan va xu hudng bién dong ngin han.

M6 hinh bao gdm ba thanh phan
chinh:

AR (AutoRegressive): Thanh phan tu
hoi quy mé hinh hoa gia tri hién tai dua
trén p gid tri trude do:

2 = qf)lz-' =¥ ¢22F--2 T ¢)pz!'- p T &

(2. LSTM (Long Short Term
Memory): M6 hinh hoc sau nay cé kha
ning xir Iy cac chudi thoi gian dai, thich
hop cho viéc du bao 6 nhiém khong khi
dwa trén cac dic trung phi tuyén cua dit
liéu. LSTM la mot bién thé cua mang no-
ron hoi tiép (RNN) duoc thiét ké dé ghi
nhd/loai bo thong tin theo thoi gian thong
qua céc cong (gates), khic phuc hién
tugng bién mat/ bung nd gradient khi xir
ly chudi dai [11]. Tai mdi thoi diém t, voi
dau vao X, trang thai an h _, va trang thai 6
nhd ¢, LSTM cap nhat nhu sau:

t-1°
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i, =o(W;x; + Uy 1 +by)

ﬂ S G’(W;x; -+ U[hf 1 bf)
o, =oc(W,x; + Uh; 1 +b,)

¢; = tanh(W.x; + U.h; | + b,)

C; = f; e+ ir ® éf

(cong vao)
(cong quén)
(cong ra)

(img vién bd nhd)

h, = o, ® tanh(c;)

trong d6 o(-) 1a sigmoid, © la nhan
Hadamard. Nho co ché cong, LSTM hoc
dugc quan hé phi tuyén va phu thudc dai
han, phu hop dyu bio chudi moi trudong
bién dong phirc tap nhu PM2.5 [8, 11].

Dir liéu dau vao gém cac thudc tinh
theo thot gian: PM2.5, CO,, nhiét d9, do
am (c6 thé bo sung giod trong ngdy, ngay
trong tudn).

Quy trinh thyc hién:

(i) tién xir Iy va chuan héa (Min-Max
hodc Z-score): Dt liéu mau nhu chudi
do 1 phut tir 09:00 07/8/2025 dén 09:48
08/8/2025 ¢o tong mi = 1.489 mau. Dé
giam nhiéu do, dir liéu duoc tai le”iy mau
5 phut (14y trung binh), thu duoc ns = 298

(ii) tao ctra sb trugt look-back L (vi
du 24 - 72 budc) va nhan horizon H(48
budc du bao):

Vi chudi da bién x: € B (d 1a s6 dac
trung), tao cap (dau vao, nhdn) theo cira
) truot:

Look-back L: S6 bude qué khu, vi du
Le [24, 72]

Horizon H: Sé budc du bao phia
trudce, mac dinh H =48

1 n )
MAE = — Zl |y — 9,

trong do y, la gia tri do thuc va Yi 1a du
béo tai thoi diém i (don vi °C cho nhiét
d6, ppm cho CO:, pg/m? cho PM2.5); két
qua dugc so sanh véi ARIMA dé ching
minh loi ich khi chudi c¢6 quan hé phi
tuyén/chu ky bt quy tic [8].

Nghién ciru

(Xt zi15eeesXe) —> [Ue1se s Yin]
input Lxd target Hx1

trong d6 y 1a bién dich (vi du nhiét
d6). Vi du bao nhiéu bién dich, mé rong
vector muc tiéu tuong Ung.

(iii) chia train/validation/test theo
thir ty thoi gian voi ty 1& khuyén nghi
70/15/15 % trén 298 mbc:

train (208 moc): 09:00 07/8/2025 —
02:15 08/8/2025

validation (45 moc): 02:20 08/8/2025
— 06:00 08/8/2025

test (45 moc): 06:05 08/8/2025 —
09:45 08/8/2025

(iv) xay dung mang 1 - 2 I6p LSTM
(32 - 64 nut/l6p) + Dropout (0,2 - 0,5) +
tang Dense dau ra.

Huéan luyén bang Adam, ham mét mat
MSE, Early Stopping theo 16i validation.
Hai cach du bao da budc: direct multi-
output (Dense tra vé vector 48 budc) hodc
recursive/rolling (du bao tung budc va
hoi tiép dau vao).

LSTM hoc cac mau phi tuyén giita
PM2.5, CO,, nhiét do, do 4m theo thoi
gian, tr d6 du bao 48 budc tiép theo
cho timg diém do. Hiéu nang dugc danh
gia trén tap kiém thtr sau khi khoi phuc
(inverse-transform) vé thang do gbc, theo
hai chi s6 MAE va RMSE:

RMSE — J % S (i —9)

i=1

4. Két qua nghién ciru va thuc
nghiém

Két qua thuc nghiém, hé thong gidm
sat moi truong dugce trién khai két ndi véi
cac cam bién PM2.5, CO», nhiét do va
d6 am, dong thoi truyén dit liéu thoi gian
31
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Nghién cuu

thuc 1én nén tang web. Két qua thu dugc
cho thay hé théng hoat dong on dinh, dir
liéu duoc cdp nhat lién tuc va truc quan

Phuden tich

Dl thai glan thare

244 62

455

héa dudi dang biéu do, gitp nguoi ding
dé dang theo ddi cac thong sb méi truong
theo thoi gian.

© M e ke

o

L -Emaw _ e = e 2T

a. Gidm sdt moi truong theo thoi gian thwe b, Biéu dé hién thi dit ligu theo thoi gian thuc

Hinh 4: Két qua gidm sdt méi truong trén nén Web

Mé hinh ARIMA: Két qua tr mo
hinh ARIMA cho thiy xu hudng ting dan
cua nhi¢t do trong vong 48 budc du bao,
VOl gia tri cao nhét dat 39,95 °C. Canh

= Phén tich

Dudsin  Cich I o g

i 80 chs v s hasaing

Thang ss: e bish:
it ) ey

A

Xu huiding thng

= Phén tich

Thr 36 Wi hirks
e T
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bdo nay gilp cac co quan quan ly sém
phat hién va ¢ ké hoach diéu chinh cac
bién phép giam thiéu tdc dong cua nhiét
do cao va 6 nhiém.

tam 1w huang i o)y ks

Hinh 5: Dy bdao nhiét do voi mo hinh A

o Ssangtho:a0ONppmel.com

2 s e b 2 s gy

Ao Tk

RIMA

. | . 0w FE

Hinh 6: Dw bao nhiét dp voi m

2 ~ o *

o Ssangtho:a0ONppmel.com

S dht b D i iyl

proms Tagy

005°C 48

0 hinh LSTM
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Mo hinh LSTM: Két qua thir nghiém
tr m6 hinh LSTM cho thidy xu hudng
giam nhiét do trong cac budc du bao, vadi
gia tri thap nhat 14 0,01 °C trong Hinh 6
dudi duge coi 12 nhiéu hién thi ch khong
phai bién thién c6 y nghia vat ly, diéu nay
nhat quan véi xu huéng ngin han 6n dinh;
Sai s6 MAE/RMSE duogc trinh bay cho
H =48. M6 hinh nay c¢6 kha nang xu ly va
du doan cac xu hudng thay doi nho cua
dir liéu, giup phat hién cac tinh hudng 6
nhiém tiém an tir nhiing bién dong nho
cua dir liéu.

5. Pong gop ciia nghién ciru

Hé thdng giam sat khong khi str dung
IoT gitip theo ddi chat lugng khong khi
trong thoi gian thuc va cung cap cac canh
bdo kip thoi khi ndng d6 6 nhidm vuot

Nghién ciru

ngudng an toan. Hé thong con tich hop
cac mod hinh ARIMA va LSTM dé du
doan xu huéng 6 nhiém, gitp dua ra cic
bién phap phong ngira hidu qua. Céc két
qua nay gép phan quan trong trong viéc
quan ly 6 nhiém khong khi va bao vé sirc
khoe cong dong.

- Ung dung cong nghé IoT va AI: Hé
thong khong chi sir dung cong nghé IoT
dé thu thap dir liéu ma con Gng dung céc
mé hinh AI dé du bdo xu hudng 6 nhiém,
hd tro cac co quan quan ly dua ra quyét
dinh kip thoi.

- Phdt trién hé thong gidm sdt méi
trwong: Hé thdng cung cap nén tang dé
nghién ctru va phat trién cac giai phap
gidm sat moi truong théng minh, c6 thé
m¢ rong ung dung ¢ cac khu vuc khac.

E )

B 85 thit 1 theo di chit liony kg bhi

Hinh 7: Tich hop ban do va gidm sdt theo vi tri

Ngoai ra nhom tac gia con phat trién tich hop Al trong tro 1y 4o hd trg ngudi dung

khi mudn dat cac cau hdi cho hé thong

= Phén tich

oy b b 1 v et

Hinh 8: Phdt trién tro Iy méi trwong thong minh
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Nghién cuu
6. Két luan va kién nghi

Bai bao di trinh bay quy trinh thiét
ké va trién khai hé théng IoT giam sat
chat luong khong khi, tich hop cam bién
chi phi thap véi nén tang luu trit va hién
thi dir li¢u thoi gian thuc. HE théng khong
chi thu thap théng tin vé PM2.5, COs,
nhiét 46 va d6 4m ma con tich hop mé
hinh dy bao chudi thoi gian ARIMA va
LSTM, cho phép du bdo xu hudng bién
dong cua cac thong sé méi truong trong
ngin han. Két qua thir nghiém cho thay
phuong phap hoc siau LSTM cé tiém
nang cai thién do chinh x4c du bdo so véi
ARIMA trong nhiéu trudng hop, dic biét
dbi voi dir liéu bién dong phuc tap theo
thoi gian. Ngoai ra, trong nghién ctru cia
bai bao nay ciing han ché nhu: Phan ctng
xay dung hé thdng IoT méi chi mang tinh
mg dung mo phong nho, cic cam bién
(sensor) do chua do nhay cao, chua nhiéu
thiét bj két ndi, cadc mau huin luyén con it
va so sanh giita cdc md hinh con han ché.

Tién hanh hiéu chuin cam bién
PM2.5 va CO. véi thiét bj chuan hozc
tram quan trac dé nang cao do tin cdy dit
lidu. Mé rong bo dit liéu huan luyén va
thir nghiém nhim cai thién kha nang khai
quat ctia mo hinh, dong thoi thir nghiém
cdc mod hinh lai (hybrid) két hop ARIMA
va LSTM.
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