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Ung dung md hinh Transformer dy bdo ndng do bui min PM2.5
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Tom tat :

O nhiém khéng khi do bui min PM2.5 dang tro thanh mot van dé méi trieong nghiém tr ong tai
nhiéu do thi lom, déc biét & cdc khu viee ¢6 t6c do do thi hoa nhanh. Viéc die bdo chinh xdc nong do
PM2.5 c6 y nghia quan trong trong cong tdc quan /y chat legng khéng khi va xdy ding cdc hé thong
canh bdo 6 nhiém méi trweong. Nghién cir nay nham déanh gia kha ning 1ng dung cuia cac phirong
phdp hoc mdy va hoc sdu trong du bao nong do PM2.5 dia trén dit liéu chudi thoi gian két hop véi
cdc yéu to khi tirgng. Dit liéu sir dung trong nghién ciru bao gom nong do PM2.5 ciing cdc bién khi
tiong nhie n/ner do, do am va téc do gio tai khu viee Ha Noi. Cac bieée tién xir ly dir liéu dieoc thuee
hién bao gom phdt hién va xir Iy ngoai lai bang phzr(mg phdp khoang tic phan vi (IQR), chudn héa
dir liéu theo phuong phdp Z-score va xdy ding cdc dac trimg chudi thoi gian. Cdc mo hinh dir bao
dwgc xem xét gom ARIMA, Random Forest, LSTM, GRU va Transformer. Két qua thiee nghiém cho
thdy cdc mo hinh hoc séu dat hiéu sudt due bdo cao hon 50 v6i cdc phieong phdp truyén thong. Trong
do, mé hinh Transformer cho két qua tot nhdt véi sai sé dir bdo lhap va kha nang tai hién xu huong
bién dong cua PM2.5 hi¢u qua hon so véi cdc mé hinh con lai. Két qua nghién cieu cho thdy tiém
nang img dung ciia cdc mé hinh hoc séu trong di bio chat lieong khéng khi va cung cdp co sé khoa
hoc cho viée xdy dung cdc hé thong canh bdo sém 6 nhiém khong khi tai cdc do thi lon.

Tir khéa: PM2.5, die bdo chudi thoi gian, hoc sdu, Tr «ansformer, chat lirong khong khi.
Ngdy nhdn bai: 26/02/2026 Ngay sira lai: 14/03/2026  Ngay chap nhan dang: 15/03/2026  Ngay xudt ban: 30/04/2026

Forecasting PM2.5 concentrations in Hanoi
during the period 2022-2025 using a transformer model

Dang Huu Nghi', Bui Thi Van Anh!, Pham Duc Hau!
!Hanoi University of Mining and Geology, Bac Tu Liem, Hanoi.
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Abstract:

Air pollution caused by fine particulate matter (PM2.5) has become a serious
environmental problem in many large urban areas, especially in rapidly urbanizing regions.
Accurate prediction of PM2.5 concentrations plays an important role in air quality management
and the development of early warning systems for air pollution. This study evaluates the
applicability of machine learning and deep learning approaches for forecasting PM2.5
concentrations using time-series data combined with meteorological variables. The dataset includes
PM2.5 concentrations together with meteorological variables such as temperature, relative
humidity, and wind speed collected in Hanoi. Data preprocessing steps include outlier detection
using the Interquartile Range (IQR) method, data normalization using the Z-score approach, and
the construction of time-series features. Several forecasting models were implemented and
compared, including ARIMA, Random Forest, LSTM, GRU, and Transformer models. The
experimental results show that deep learning models outperform traditional statistical approaches
in PM2.5 prediction. Among the evaluated models, the Transformer model achieved the best
performance with lower prediction errors and a better ability to capture temporal variations in
PM2.5 concentrations. The results demonstrate the potential of deep learning techniques for air
quality forecasting and provide a scientific basis for developing early warning systems for air
pollution in large urban areas.
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