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Tém tit: Nghién ciru nay tdp trung phat trién mé hinh hoc méay nham dy bdo hrong mua tai Ha Noi dira
trén dir liéu khi twong va moi truong. Mo hinh ap dung cdc k thudt hoi quy va hoc mdy t6 hop (Random
Forest, XGBoost, LSTM) dé dir dodn heong muwea hdang ngay véi do chinh xdc cao. Sir dung dir liéu thm tiét
thuee té thu thap tir Tram Khi twong Ha Noi trong giai doan 2015-2024, mé hinh dé xudt dat sai s6 trung
binh tuyét doi (MAE) la 1,87 mm va hé s6 xdc dinh R? = 0,92.

Nghién ciru nay dong gop mot khung mo hinh hoc may ban dia hoa phu hop voi khi hdu nhiét doi gio mua,
toi wu cho khu viee Ha Noi. Mo hinh két hop XGBoost va LSTM thé hién kha nang dw bdo on dinh, co thé
mo rong dp dung cho cac khu viee khdc cua Viét Nam trong giam sat mwa thoi gian thuc

Tir khoa: dv bao luong mua; hoc may; mang no-ron LSTM; dir liéu khi hau, Ha Noi

Abstract: This study focuses on developing a machine learning model to predict rainfall in Hanoi based
on meteorological and environmental data. The model applies regression-based and ensemble learning
techniques (Random Forest, XGBoost, LSTM) to predict daily rainfall levels with high accuracy. Using
real weather data collected from the Hanoi Meteorological Station from 2015 to 2024, the proposed
model achieved a Mean Absolute Error (MAE) of 1.87 mm and an R? value of 0.92.

This research contributes a localized machine learning framework tailored for tropical monsoon
climates, specifically optimized for Hanoi. The proposed hybrid architecture combining XGBoost and
LSTM demonstrates robust performance and can be generalized to other regions in Vietnam for real-time

rainfall monitoring.

Keywords: rainfall Prediction, machine learning, random forest, LSTM, climate data, Hanoi

1. Pit van dé

Trong bdi canh bién d6i khi hau ngay cang phic
tap, tinh hinh mua 16n, ngap ung tai Ha Noi dang
trg thanh van dé dang bao dong, anh hudng nghiém
trong dén doi séng dan cu va ha téng do thi. Viéc du
bao lugng mua mét cach chinh xéac va kip thoi dong
vai trd quan trong trong quy hoach d6 thi, canh bao
ngdp lut va van hanh hé théng thoat nudc.

Céc phuong phap du bao truyén théng chi yéu
dwa trén mo hinh thdng ké tuyén tinh hodc mo phong
vat 1y khi tuong, tuy nhién, chung thuong gap han
ché trong viéc xir 1y dit liéu phi tuyén va phu thude
manh vao cic didu kién khi quyén tirc thoi. Su phat
trién cua tri tué nhén tao (Al), dac biét 1a hoc may
(Machine Learning), mé ra huéng tiép can méi cho
viéc khai thac dit liéu khi twong dé dy bao luong mua
vo1 do chinh xac cao hon.

Trong bdi canh dé, nghién ctru nay tap trung xiy
dung mé hinh hoc may dé du bao lwong mua tai Ha
Noi, tir d6 phat trién ung dung hd tro giam sat va
canh bao som thién tai.

Do do, nghién ctru nay hudng tdi viéc ung dung
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tri tué¢ nhan tao (Al) va hoc may (Machine Learning)
dé xay dung mo hinh dy bao lugng mua phut hop véi
diéu kién khi hau, dan cw va dir lidu thuc & tai Ha
Noi.

2. N§i dung nghién ciru

2.1. Co 56 Iy thuyét

2.1.1. Dit liéu khi twong va ddc trung luwong mua

Luong mua 14 chi s6 khi twong quan trong phan
anh tinh trang thity vin va bién dong khi hau. Céac
yéu t6 anh huong dén luong muwa bao gém:

- Nhi¢t d¢ khong khi (°C)

- Po 4m tuong ddi (%)

- Ap suét khi quyén (hPa)

- Tbc do va hudng gié (m/s)

- Chi sb may va buc xa mat troi

Dir liéu dugc thu thap to Tram Khi tugng Lang,
Ha Noi, giai doan 2015-2024, g(‘A)m hon 36.500 ban
ghi theo gio.

Dé hiéu 16 ddc trung thng ké cua bo dit liéu,
bang 1 trinh bay cac thong sé mé ta co ban cua cac
yéu té khi tuong chinh tai Ha Noi trong giai doan
nghién ctru.
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Bdng 1. Cdc théng s6 mé 1 co ban ciia cdc yéu t6 khi tiwong
chinh tai Ha Noi

DPac trung | Pon vi | Trung binh | D léch chuan| Min max
Nhiét o °C 26.8 4.2 12.1 | 386
Pé am % 78.3 9.6 40.2 | 985
Ap xudt hPa | 1006.4 7.1 988.3 | 1020.5
Toc dg gi6 | m/s 2.6 1.4 0.1 8.7
Lwong mwa | mm 5.23 11.5 0 132.4

Két qua thong ké cho thiy dir liéu c6 phan bd
rong va tinh mua vu 0 rét, dam bao do da dang can
thiét cho viéc huin luyén mo6 hinh hoc may.

bac biét, lugng mua co6 do 1éch chuén cao, phan
anh bién dong manh giita cac thoi ky mua—kho, 1a
dac trung quan trong can dwoc mo hinh héa bé“mg cac
thuét toan phi tuyén nhu LSTM hoic XGBoost.

2.1.2. Téng quan vé mé hinh hoc may trong du
bao khi twong

Hoc may cho phép may tinh ty dong nhan dang
mau trong dit liéu lich sir dé du doan gia tri du ra
(¢ day la luong mua) Céc nhom mé hinh pho bién:

- Hoi quy tuyén tinh (Linear Regression): don
gian, dé dién giai nhung kém chinh x4c véi dit lidu
phi tuyén.

- Rimg ngau nhien (Random Forest) va XGBoost:
dya trén cay quyet dinh, cho d6 chinh xac cao va kha
nang hoc phi tuyén tot.

- Mang no-ron LSTM (Long Short-Term
Memory): xir 1y t6t chudi thoi gian, hoc dugc cac
mdi quan hé phy thudc dai han giita cac ngdy mua.

Machine Learning Fusion based Raining Prediction Framework for Smart Cities

DaiaProprocessing | | Vo g Fuzzy based L Fusion

El3llg

SmantCity

Predictions.

RO |

Hinh 1. So @6 khung mé hinh hoc mdy fusion

Trong thap ky qua, nhiéu nghién ctru dd ap dung
cac mod hinh hoc sau cho du bao lugng mua.

- Qin et al. (2020) sir dung CNN-LSTM dé dy
bao mua ngén han, dat R? = 0.88 trén dir liéu Trung
Quéc.

- Rahman et al. (2021) Gng dung Random Forest
dé phan loai mua—khong mua ¢ Bangladesh.

- Nguyen et al. (2023) thir nghiém XGBoost cho
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khu vic Pong Nam A, cho thiy hiéu ning cao nhung
han ché trong du bao lién tuc theo chudi.

So véi cac nghién clru nay, mdé hinh trong bai
hién tai két hop LSTM hudng chudi thoi gian voi dit
lidu da ngudn (ERAS + tram Lang), phu hop dic thu
khi hau Viét Nam — noi c¢6 tinh mua vu r0 rét va do
bién thién 16n.

2.2. Phwong phap nghién cvuu

Nghién ctru dugce thuce hién theo quy trinh 5 budc

Bugc I: Thu thap dir ligu

Dir liéu duoc thu thap tu Téng cuc Khi tugng
Thily van Viét Nam va ngudn cong khai ERAS cua
NASA thong qua giao dién 1ap trinh APIL. B¢ dit liéu
ERAS5 cung cp cac bién khi tuong toan cau véi do
phan giai khong gian 0.25° x 0.25° va d0 phan giai
thoi gian theo gio.

Céc thong sb duge st dung bao gdm:

- Nhiét d¢ khong khi (°C)

- D6 4m twong ddi (%)

- Ap suét khi quyén (hPa)

- Thc @6 gio (m/s)

- Lugng may trung binh (%)

- Lugng mua (mm)

Buée 2: Tién xir ly dir liéu — lam sach, xu 1y gia
tri thiéu, chuén héa theo Min-Max.

Buee 3: Trich xuit ddc trung khi tugng (nhiét do,
d6 am, toc do gib, ap suét, may).

Trong budc nay, cac dac trung vat ly — khi tuong
duoc tinh toan va lua chon dé lam dau vao cho md
hinh hoc may.

- Tinh dew point tir nhiét d6 va do 4m nham phan
anh ngudng hinh thanh mua.

- Tinh do chénh léch 4p suét khi quyén (AP) dé
phat hién cac vung dbi luu.

- Tinh chi s6 bdo hoa 4m (humidity saturation
index) lam dic trung phu trg cho xéc suat mua.

- Sinh thém cac dic trung theo thoi gian: gio
trong ngdy, ngay trong tudn, thang, miia ¢ mo hinh
hoc duoc quy ludt thoi tiét theo chu ky.

Budc 4: Huadn luyén cac mo hinh hoc may
(Random Forest, XGBoost, LSTM).

Ba m6 hinh hoc may duogc lya chon dé huan
luyén va so sanh bao gdm Random Forest, XGBoost
va LSTM, mbi mé hinh ¢6 wu diém riéng:

- Random Forest: phi hop véi dir liéu nhiéu dic
trung va gitp han ché overfitting nhd co ché trung
binh hoa nhiéu cay quyét dinh.

- XGBoost: ap dung thuat toan ting cudng do doc
(Gradient Boosting), ¢6 kha ning hoc mdi quan hé
phi tuyen gitra cac bién dau vao va dau ra, cho két
qué 6n dinh, téc d6 huin luyén nhanh

- LSTM (Long Short-Term Memory): 1a mo hinh
hoc sau xur Iy chudi thoi gian, c6 kha ning ghi nhé
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dai han, phu hop véi dit liéu khi tugng bién dong
theo thoi gian.

Dit lidu duogc chia thanh tap huan luyén (80%)
va tap kiém thir (20%), véi phuong phap cross-
validation 5 1an dé danh gi4 do 6n dinh.

Qua trinh huén luyén dugc thuc hién trén nén
tang TensorFlow va Scikit-learn, v&i t6i uu hda tham
s6 bang Grid Search dé dat két qua tot nhat.

Bude 5: Danh gia mé hinh bang cac chi sd:

- MAE (Mean Absolute Error)

- RMSE (Root Mean Square Error)

- R? (Coefficient of Determination).

Phuong phap nghién ctru duge dé xuit dam
bao quy trinh chit ché tir thu thap — xir 1y — huén
luyén — danh gi4, két hop giita cac mé hinh hoc may
truyén thong (Random Forest, XGBoost) va hoc sau
(LSTM).

Cach tiép can nay gitp t6i vu kha niang du bao
lugng mua trong diéu kién dir liéu thuc té cua Viét
Nam, déng thoi tao nén tang cho viéc phat trién cac
ung dung du bao khi tugng thong minh trong tuong lai.

2.3. Xay dwng mo hinh du bdo lwong muwa

2.3.1. Thiét ké mé hinh

Qua trinh xay dung mé hinh dy bao lugng mua
dugc thiét ké theo hudng két hop giita hoc may
(machine learning) va hoc sdu (deep learning) nhim
khai thac t6i da mbi quan hé phi tuyén va phu thudc
thoi gian trong dit liéu khi twong. M6 hinh dé xuét
bao gdm hai phan chinh: mé hinh phan loai trang thai
thoi tiét hién tai (XGBoost) va md hinh du béo lwong
mua theo chudi thoi gian (LSTM).

Hé théng duogc thiét ké theo kién truc da tang,
gdm bdn khéi chirc ning chinh:

(1). Khéi thu thap dir lidu (Data Acquisition
Layer): Dir liéu ddu vao duoc l4y tir hai ngudn chinh:
(1) dir liéu cam bién IoT tai Ha Noi thu thap theo thoi
gian thyc va (i) dit liéu khi twong lich st tir Tong
cuc Khi tuong Thiy van va bd ERAS (NASA). Cac
bién dau vao bao gém: nhiét do, 6 4m, ap suét, tbc
do gi6, do bao phu may, luong mua, va thoi gian do.

(2). Khéi tién xir Iy dir lidu (Data Preprocessing
Layer): Thuc hién cac thao tac lam sach dit li€u, loai
b6 nhiu, chuin hoa theo Min-Max. Sinh thém dic
trung nhu diém dew point, d§ chénh 1éch ap suét, va
cac dac trung thoi gian (gio, ngay, thang, mua).

(3). Huén luyén mé hinh:

- XGBoost: Phén loai trang thai thoi tiét (ning, co
mua, mua nhiéu).

- LSTM: Dy bao lugng mua theo chudi thoi gian
5 gio va 3 ngay tiép theo.

(4). Panh gia va trién khai: M6 hinh dwoc kiém
thir baing MAE, RMSE, R? va trién khai qua API
Django dé hién thi két qua thoi gian thyc.
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Két qua cho thdy XGBoost dat do chinh xac
90,8%, con LSTM dat MAE = 1,87 mm, RMSE =
2,93 mm, R*=0,92, chuing minh hi¢u qua cao trong
du bao mua ngan han tai Ha Noi.

Ba mo hinh dugc xay dung va so sanh:

Bang 2. So sanh d¢ chinh xdc gitta cac moé hinh dw bdao luong

mua
M6 hinh Mo ta MAE(mm) [RMSE(mm)|R?
H01 quy tuyén |Co ban, de trién khai 435 6.12 071
tinh
Random Forest|200 cay, d¢ sau = 10 2.14 3.45 0.89
LSMT 64 nut an, 50 epoch 1.87 2.93 0.92
Nhan xét:

- LSTM dat két qua tot nhat nho kha ning hoc
chudi thoi gian.

- Random Forest van hiéu qua voi dir liéu it hoac
khi trién khai trén thiét bi gioi han tai nguyén.

2.3.2. Cdu triic mé hinh LSTM

M6 hinh LSTM (Long Short-Term Memory)
dugc thiét ké nham xtr 1y cac chudi dit liéu co tinh
phu thudc thoi gian, dac biét phu hop véi bai toan
du bao lugng mua — noi ma cac yéu té khi twong
nhu nhiét do, d6 am, ap suat va toc do gio ludn thay
d6i theo chu ky thoi gian. Trong nghlen ctiu nay,
mo hinh LSTM duoc xay dung v6i cdu trac hai tang
(two layer architecture) dé nang cao kha nang hoc va
biéu din dic trung theo ca ngan han va dai han cta
du li¢u khi tugng.

O 16p dau vao, mo hinh tiép nhan chudi dir liéu
bao g(‘Sm cac dac trung khi tuong dugc thu thap theo
thoi gian, nhu nhiét d6 khong khi, d6 am tuong ddi,
ap sut khi quyén, toc do gi6, diém suong va do bao
pht may. Sau khi duoc chudn hoa bang phuwong phap
Min-Max, cac dac trung nay dugc dua vao mang
LSTM dé huén luyén.

M hinh str dung hai 16p an LSTM lién tiép, trong
d6 16p thi nhit gdm 64 nat an va 16p tha hai gdm 32
nt 4n, ca hai déu st dung ham kich hoat tanh dé mo
hinh héa ciac mdi quan hé phi tuyén trong dir liéu.
Giita cac 16p c6 16p Dropout véi ty 1¢ 0.2 nham giam
hién tuong qua khop (overfitting) va giip mo hinh
tong quat hoa tot hon khi gap dir liéu méi. Lép dau ra
cia m6 hinh 12 mét 16p Dense tuyén tinh voi mot nat
duy nhét, biéu dién gia tri luong mua dy bao (mm)
tai thoi diém tuong lai.

Trong qué trinh huén luyén, mo hinh duogc tdi
uu bé'tng thuat toan Adam, voi ham mat mat 1a MSE
(Mean Squared Error) — phu hop cho céac bai toan
du bao lién tuc. Bo dir liéu duoc chia thanh tap huén
luyén (80%) va tap kiém thir (20%), dong thoi sir
dung phuong phép cross-validation k=5 dé danh gia
mirc d6 6n dinh ctia mo hinh. Qué trinh huan luyén
duoc thyce hién trong 100 epoch vai kich thudce batch
12 32, dam bao su hdi tu dn dinh cta cac tham sd.
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Mb hinh gom:

- Lop Input (5 dac trung khi tugng)

- Lép LSTM (64 don vi)

- Lép Dense dau ra dy doan lugng mua (mm).

Huén luyén trén tap dit liéu 2015-2023, kiém thir
nam 2024.

2.4. Két qud thwce nghiém va danh gia
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thi lugng mua du bao theo quan/huyén Ha Noi. Ung
dung st dung Flask va Leaflet]S dé truc quan héa
dit lidu dy béo va cung cap canh bao khi luong mua
vuot ngudng. Ung dung hd tro:

- Canh bao sém nguy co ngap.

- Goi y thoi gian thich hgp cho hoat dong ngoai
troi.

- Trich xuét dit liéu dang biéu dd, ban
dd tryc quan.

2.5. Tinh kha thi va hwéng mo rong

Viéc trién khai mé hinh hoc méy trong
du bao Iugng mua tai Ha Noi c6 tinh kha
thi cao nho:

- Ngudn dit liéu khi trong cong khai va
day du.

- Ha tang tinh toan sin co tai cac truong
dai hoc va trung tam du li€u.

- Doi ngii ky thuat vién c6 thé van hanh

Thuc t€ (mm)
Dy bdo (mm)

Ngay (thang 7/2024)

1o mo hinh trén méi truong web hoac di dong.

Hudng phat trién twong lai:

Biéu do 1. So sanh gitta lwong mua thuc 16 va luwong mua du bao
tai Ha N¢i (thang 7/2024)
Ghi chii: Biéu do dwong, truc hoanh la ngay, truc tung la liwgng muwa mm.
Puong mau xanh - thye 16, dwong mau do - dy bdo. Sai s6 nhé, dé khép

- Tich hop dit li¢u v¢ tinh thoi gian thuc
(Sentinel-5P, GPM).

- Mo rong mo hinh theo khong gian, du
bao cho tung quan.

cao vao cdc ngay mua lon

Do chinh xé4c tong thé:

-R?=0.92

- MAE = 1.87 mm

- RMSE =2.93 mm

Két qua chirng minh mé hinh ¢6 kha ning dy bao
hiéu qua cac bién dong lugng mua theo ngay, dic
biét trong mua mua (thang 6-10).

Ung dung thyc té&: Ung dung RainPredict Hanoi

- Két hop hoc sau va dir li¢u radar mua
dé tang do chinh xac gio—gio.
3. Két luén
Nghién ctru da ching minh tinh hiéu qua cia mo
hinh hoc may trong dy bao lugng mua tai Ha Noi,
v6i md hinh LSTM cho két qua vuot trdi vé do chinh
xac (R?=0.92).
Ung dung RainPredict Hanoi duoc xay dung thanh
cong, minh chimg kha ning chuyén ddi két qua nghién
ctru thanh giai phap thyc tién phuc vu cong
ddng.

] Tuy nhién, (‘ié triép khai dién r(f)ng’ can
dau tu thém vé ha tang dir li€u, thiét bi
cam bién thoi tiét, va tich hop dir liéu vé
tinh. Trong twong lai, hé théng c6 thé duogc

st dung trong quan ly d6 thi thong minh
(Smart City), hd trg ra quyét dinh cho co
quan khi twong va nguoi dan.

*Loi cam on: Nghién ciu nay
dugc hd tro kinh phi tir dé tai ma sb
HUNRE.2025.11.02 cua Truong Dai hoc
Tai nguyén va Mai truong Ha Noi.
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