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T6m tit:

Nghién cttu nay xay dung hé thong giam sat va du doan chat lugng khong khi trong
phong bénh dya trén cong nghé Internet van vat (IoT) va tri tué nhan tao (AI). Hé
théng st dung cac cam bién dé thu thap dit liéu mdi truong theo thoi gian thuc, bao
gdm nhiét do, do 4m, ndng dd CO,, bui min PM2.5 va khi hdn hop. Dit liéu sau khi
tién xtt 1y dugc dua vao mod hinh hoc may XGBoost nhdm du doan xu huéng thay déi
chat lugng khong khi. Két qua dugc hién thi trén nén tdng [oT va hé thong c6 kha ndng
phét canh bao khi céc thong s6 vuot ngudng an toan. Thuc nghiém cho thay hé théng
hoat dong 6n dinh, mé hinh du doan dat d6 chinh xéac phu hop va hd tro danh gia
chat lugng khong khi hiéu qua. Nghién ctru khéng dinh tinh kha thi cta viéc két hgp
Al valoT trong gidm sat moi trudong phong bénh, dong thoi mé ra kha ndng tng dung
cho cac khong gian kin nhu bénh vién, truong hoc va van phong.

Tt khoa: 7ri tué nhan tao (Al), chéat luong khéng khi, phong bénh, 10T, du doan AQL

APPLICATION OF Al IN MONITORING AND PREDICTING INDOOR AIR QUALITY IN
HOSPITAL ROOMS

Abstract:

This study develops an indoor air quality monitoring and prediction system for
hospital rooms based on the Internet of Things (IoT) and Artificial Intelligence (AI).
The system employs environmental sensors to collect real-time data, including
temperature, humidity, CO, concentration, PM2.5 particulate matter, and mixed gas
levels. After preprocessing, the collected data are fed into the XGBoost machine
learning model to predict trends in air quality changes. The prediction results are
displayed on an IoT platform, and the system is capable of issuing alerts when
environmental parameters exceed safety thresholds. Experimental results
demonstrate that the system operates reliably and that the prediction model achieves
satisfactory accuracy, effectively supporting air quality assessment. The study
confirms the feasibility of integrating Al and IoT for monitoring hospital room
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environments and highlights its potential application in other enclosed spaces such as
hospitals, schools, and offices.

Keywords: Artificial intelligence (Al), air quality, disease prevention, loT, AQI
prediction.

P4t van dé

Nhiéu nghién cttu trén thé gioi da tap trung vao viéc giam sat va dy doan chat
luong khong khi bing cong nghé IoT va tri tué nhan tao. Theo huéng dan ctia T6 chic
Y té& Thé gioi (WHO), bui min PM2.5 1a mét trong nhiing tac nhan gay anh huodng
nghiém trong dén stic khoe con nguodi do kha nang xam nhap sau vao phdi va hé tuan
hoan. Vi vay, viéc theo dai lién tuc cac thong s6 moi truong trong nha, ddc biét tai
bénh vién, la yéu cdu can thiét nham ddm bdo moi truong diéu tri an toan.

” Nhém da6i tugng nhay cam

HE HO HAP HE TIM MACH VGi PM2.5:

Phan hoa tan ctia PM2.5 PM2.5 gay ra chirng suy nhugc Ngudi bj bénh tim mach hoc ho
sé tham nhap ngay vao va cling la nguyén nhan nghiém hap, ngL}di.gié, phu nir co thai va
dong mau va phan hoa . trong gay kich thich dén hé tré em :

tan tich trir trong nhing 16 théng than kinh tu tri, ndi diéu

clia phéi la nguyén nhan khién hoat ddng ctia co tim

gay viém phoi

HE TUAN HOAN PMdZ.Shcéhtrorfg rat nhi‘é_u loai _

chat gay 6 nhiém nhu kim loai
PM2.5 1a nguyén nhan gay ndng va PAHS, la nguyén nhan
nhiém doc mau, mau khé gay nhiém doc mau nhau thai
dodng va gy ra bénh tim gay hai tdi thai nhi, cham phat
mach trién cac co quan noi tang va
sinh con it can, dac biét khi
PM2.5 tham nhap vao thang
dau ctia thai ky

—nlhE=]

Hinh 1. Anh huéng ctia bui min PM2.5 dén hé hé hap va tim mach cGia con ngudi

(Nguén: WHO, 2021 World Health Organization (2021), WHO Global Air Quality
Guidelines.)

Trong linh vyc du doan chit luong khong khi, Ma va cong su (2020) da nghién
cttu tng dung mo6 hinh XGBoost dé du bao ndong do PM2.5 tai Thugng Hai, Trung
Qudc. Két qua cho thady md hinh XGBoost cai thién dang ké do chinh xac so véi cac
phuong phép truyén théng va c6é kha ning du bao hiéu qua trong cac giai doan 6
nhiém cao. Nghién ctru nay khing dinh tiém nang ctia cc thuat toan hoc may trong
viéc hd trg du bao chat lugng khong khi theo thoi gian thuc (Ma, J. et al., 2020).

Bén canh d6, cac nghién ctu gan day da két hop mang cdm bién IoT v4i cac mo
hinh hoc may nhu Random Forest, Gradient Boosting, XGBoost va LSTM nham xay
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dung hé théng giam sét va canh bdo moi truong thong minh. Két qua cho thay viéc
tich hop di liéu cdm bién thoi gian thyc v6i cac mo6 hinh Al gitip nang cao do chinh
xac du doan, ho trg phét hién sém cac nguy co 6 nhiém va dua ra canh bao kip thoi
cho nguoi st dung.

GPRS/Wifi Internet

3G———>

o
E-SENSOR MASTER AIR
MONITOR AIR QUALITY ONLINE

Hinh 2. Mé hinh giam sat chat lugng khéng khi st dung loT trong nghién cuu (2023)

b6i v6i moi truong trong nha, Yu va cong su (2024) da nghién ctu du dodn
néng do PM2.5 trong cac tda nha baing mo hinh hoc may két hop dit liéu tir nhiéu cam
bién moi truong. Két qua cho thdy cdc mo hinh du béo c6 kha ndng mo ta tot su bién
dong cta chét luong khong khi trong khong gian kin va ho trg xay dung hé théng
canh bao sém nham bao vé stic khoe cong dong (Yu, W. et al., 2024).

Mic du da c6 nhiéu nghién cttu vé giam sat va du doan chat luong khong khi,
phan 16n tap trung vao moi truong do thi va dan dung. Cac nghién ctru tng dung IoT
két hgp Al cho phong bénh trong bénh vién van con han ché. Vi vay, dé tai nay xay
dung hé thong gidam sat va du doan chét luong khong khi trong phong bénh dya trén
cdm bién mai truong, IoT va mo6 hinh XGBoost nhdm nang cao hiéu qua quan 1y moi
trudng va ho tro bao vé stc khde bénh nhan.

D6i tugng va phuong phap nghién ctu
BDdi tugng nghién ctu

boi tuong nghién ctu cua dé tai la chat lugng khong khi trong khong gian
phong bénh, tap trung vao cac thong s6 moi truong c6 anh hudng tryc tiép dén stc
khée con nguodi gdm nhiét do, do am, ndng do CO,, bui min PM2.5 va cac khi hdn hop
trong khong khi. Viéc giam sét cac thong s6 nay giup déanh gia mac do an toan cta
moi truong trong phong kin va ho trg dua ra canh bao khi diéu kién khong khi vugt
qua gi6i han cho phép.
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Phuong phap nghién ctu

Hé théng thu thap di liéu moi truong duge xay dung dya trén cic cam bién
gom ENS160, MQ135 va cam bién bui min PM2.5. Trong d6, cdm bién ENS160 dugc
stt dung dé do nhiét do, d6 4m va néng dd CO,; cam bién MQ135 duoc st dung dé
phat hién su thay d6i cta cac loai khi hdn hop; cam bién PM2.5 c¢6 nhiém vu giam sat
néng do bui min trong khong khi. Cac cadm bién dugc két néi voi bo diéu khién ESP32
va Raspberry Pi nhdm thu thap di liéu theo thoi gian thuc.

Céc thong s6 dau vao duogc lua chon gdm nhiét do (°C), dd 4m (%), nong do
CO; (ppm), bui min PM2.5 (ug/m?®) va gia tri khi hon hgp. Pay la nhiing yéu t6 ¢
anh huong 16n dén chat luong khong khi trong cac khong gian kin, ddc biét 1a moi
truong phong bénh.

Phong 1

Cam bién bui min
(PM2.5)

Cam bién do khi hdn hop
(MQ135)

ém, CO2
(ENS160)

Cam bién do nhiét d9, dg“)J

{L‘f@ﬁ)’j& SV Raspberry pi 4

Cam bién bui min
(PM2.5)

Cam bién do khi hén hgp
(MQ135)

Cam bién do nhiét dd, d@]

4m, CO2
(ENS160)

Phong 2

Hé thong cam bién duoc lép dat tai khu vuc phong kin mé phong phong bénh,
noi c6 sy hoat dong cta con ngudi va c6 kha nang phét sinh cac nguén gay thay doi
chat luong khong khi. Dit liéu duoc 1dy mau voi chu ky 30 gidy/1an va truyén vé bo
xtt Iy trung tam dé thuc hién qua trinh tién xt ly.

Sau khi thu thap, di liéu dugc thuc hién cac bude xur ly gom loai bd dit liéu bat
thuong, loc nhiéu va chuan hoéa dir liéu trude khi dua vao mo hinh hoc may. Dt liéu
sau x@ Iy dugc luu trit trén nén tang loT ThingsBoard nhdm phuc vu qué trinh giam
sat truc tuyén va phan tich.
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Xdy dung mé hinh tri tué nhén tao

Nghién ctu st dung thuat toan XGBoost (Extreme Gradient Boosting) dé xay
dung mo hinh du doan chat luong khong khi. Day 1a thuét todn hoc may dua trén
phuong phap Gradient Boosting, trong d6 nhiéu cay quyét dinh dugc két hop nham
nang cao kha nang du doan va gidm sai so.

Training Data |

Original Data, D1 I— Updated Data, D2 [ + Updated Data, DN
[ update : l update |
weights | weights
Tree | : Tree 2 / \ Tree N /
Predict 1 Predict 2 Predict N
| | |
Average

M6 hinh dugc hudn luyén bang dit lieu thu thap tir cdc cdm bién moi truong.
Céc thong s6 nhiét do, do 4m, CO,, PM2.5 va khi hén hop duoc st dung lam bién dau
vao dé du doan chi s6 chat lugng khong khi AQI trong khoadng thoi gian tiép theo.
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Anh hwéng dén tat ca cwr dan

Bio dong: C6 thé anh huéng nghiém trong dén girc
khée moi nguoi 4

Hiéu qua ctia md hinh dugc danh gia bang cach so sanh gia tri thuc t& do dugc
voi gia tri du doan trong hai ngay thr nghiém 17/04,/2026 va 18/04/2026. Sai s6 gitia
gia tri du doan va gia tri thuc t€ duoc st dung dé tinh toan do6 chinh xac cia mé hinh.

Két qua danh gia cho thdy mo hinh c¢6 kha ndng du doéan tuong doi tot doi voi

céac thong s6 moi truong. Trong d6, thong so bui min PM2.5 ¢6 sai s6 thap nhat do mic
bién dong nhd trong qua trinh do, trong khi CO, va AQI c6 sai s6 16n hon do phu

thudc vao su thay déi ctia s6 lugng nguoi va diéu kién thong gi6 trong phong,

Thong s6 Thyc t€ (ngay 17) | Dy doédn (16—17) | Sais8 | P9 chinh xac
Nhiét do 32,91 29,59 3,32 89,91 %
Po am 60,27 59,19 1,08 98,21 %
CO, 642,59 547,11 95,48 85,14 %
Bui min 60,43 59,89 0,54 99,11%
Khi hon hop 1,25 1,04 0,21 83,20%
AQI 150 110 40 73,33%
Thong s6 Thuyc t€ (18) Dy doén (17—18) | Sais6 | P9 chinh xac
Nhiét do 32,52 28,52 4,00 87,70%
Po dm 58,45 62,56 4,11 92,97 %
CO, 543,03 595,39 52,36 90,36 %
Bui min 60,85 59,45 1,40 97,70%
Khi hon hop 1,05 1,02 0,03 97,14%
AQI 120 110 10 91,67 %
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Két qua va thao luan
Két qud giam sat chat Iugng khong khi theo thoi gian thue

Hinh 1 trinh bay giao dién giam sat cac thong s6 moi truong cia hé thong loT.
Céc thong s6 gébm nhiét do, dd 4&m, néng dd CO,, bui min PM2.5 va khi hdn hop dugc
cap nhat lién tuc trong qud trinh van hanh.

Tai thoi diém khao sat, hé théng ghi nhan nhiét do khoang 32°C, d 4m khoang
60%, ndng do CO, dat khoang 683 ppm, ndong do bui PM2.5 khoang 63 pg/m? va gia
tri khi hon hgp khoang 0,49 V.

Két qua cho thdy d6 am duy tri trong khoang phit hop v6i moéi truong trong
nha, trong khi nhiét do c6 xu huéng cao hon mtc khuyén nghi. Néng do CO, van ndm
trong gi¢i han chap nhan duoc nhung can duy tri thong gié dé dam bao chat luong
khong khi. Bén canh d6, gia tri PM2.5 6 muc cao hon diéu kién ly tudng cho thdy bui
min la mot trong céc yéu td can duoc quan tdm trong qua trinh kiém soat moéi truong
phong bénh.

CAC THONG 56 DO MOI TRUONG ino dién gism sét v (1) Realtime-last 1 minte 3] 3

144 175

113 2,06

i o
1526 1820 "
1232 FARED

Khi hén hop 237

268

v
. 02 299

Khodng Trang thil & Khodng Trang thil @ Khoding Trang thdi & Khodng Trang thil & Khodng Trang thdl
22-30°C Tét 40-70% Tét % 600 ppm Tét 512 pgfm? Tét 503V Tt
18-22C Trung binh 30-40% Trung binh 600-1000ppm  Trung binh 12.35pg/m*  Trung binh 03.06V  Trungbinh
30-357C Trung binh 70-80% Trung binh 1000-1500 ppm  Khéng tét 35-55pg/m*  Khéng 16t 06-05V  Khdng 16t
«18°C hodc »35°C Khang tét €30% hoge »80%  Khang 1ét 1500 - 2000 ppm  Xiu 55-150 pg/m?  Xdu 09-12V xdu
2000 - 5000 ppm Rét xdu 150250 pg/r? it xdu 1215V Ritxdu
> 5000 ppr Nguy hidm > 250 pgrm? Nguy hidm 15V Nguy hiém

Két qud dy dodn chat hupng khéng khi bing mé hinh AT

Hinh 2 thé hién két qua dy doén chi s6 AQI trong khoang thoi gian tir ngay
15/03/2026 dén ngay 18/03/2026 dua trén mo hinh Al da xay dung.

Két qua du doén cho thdy AQI c6 xu hudng giam tir 110 xuéng khoang 80-90
trong cac ngay ti€p theo. Diéu nay cho thay diéu kién khong khi c6 sy cai thién so voi
thoi diém ban dau.

Su thay d6i cia AQI duoc gidi thich thong qua su bién dong ctia cac thong s
dau vao. Nong do CO, gidm dan phan anh kha nidng trao ddi khong khi t6t hon, trong
khi gia tri PM2.5 van duy tri &6 mac khoang 58-59 pg/m? va ti€p tuc la yéu t6 anh
hudng 16n dén chat lugng khong khi.
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Két qua thyc nghiém cho thdy mo hinh Al ¢6 kha ndng nhéan dién xu huéng
thay ddi ctia moi truong va hd tro cdnh bao sém khi chat lugng khong khi c6 ddu hiéu
suy giam.

Ké&t luan

Nghién ctru da xay dung va tht nghiém hé thong giam sat, du doan chat luong
khong khi trong phong bénh dua trén sy két hop gitta cdm bién moi truong, nén tang
Internet van vat (IoT) va mo hinh tri tué nhan tao (Al). Hé thdng c6 kha ning thu thap
dit liéu theo thoi gian thuc tir cdc cdm bién nhiet do, dd 4m, néng do CO,, bui min
PM2.5 va khi hon hop, sau d6 thuc hién qua trinh xtt 1y di liéu va phan tich nhdm
danh gia trang thai chat luong khong khi.

Két qua thuc nghiém cho thay hé thong c6 kha nang hoat dong 6n dinh trong qua
trinh giam sat moi truong phong kin. M6 hinh Al xay dung dua trén thuat todn XGBoost
c6 kha nang du doan xu huéng thay ddi cta chat lugng khong khi thong qua chi s6 AQL
Cac két qua du doan cho thdy mé hinh c6 thé phan dnh dugc sy bién dong cia cac thong
s6 moi truong, trong d6 cac thong sé nhu nhiét do, d6 4m va byi min PM2.5 dat mtc sai
s6 thap hon so véi cac thong s6 ¢6 sy thay ddi nhanh nhu CO, va AQIL

Bén canh kha ning giam sét, hé thong con c6 chiic nang canh bao khi céc thong
s8 moi trudng vuot qua ngudng cho phép, gop phan ho trg viéc theo doi va quan ly
chat luong khong khi trong phong bénh. Két qua nghién ctru cho thdy viéc tng dung
Al két hop IoT trong bai toan gidm sat moi truong la kha thi va c6 thé ap dung cho cac
khong gian kin can kiém soat chat lugng khong khi.

Trong cac nghién ctru tiép theo, hé théng c6 thé dugc cai tién bang cach mé
rong tap dit liéu huan luyén, tht nghiém véi nhiéu diéu kién moi truong khac nhau,
déng thoi tich hop céc thuat toan hoc may nang cao nhdm nang cao do chinh xéac du
doan. Ngoai ra, h¢ thong c6 thé dugc phat trién theo huéng két ndi v6i cac thiét bi
diéu khién thong minh nhu hé théng thong gi6 HVAC dé thyc hién diéu chinh méi
truong tu dong.
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