SIADNIIDS HLYVA ANV DNINIW 40 TVYNHNOr

Vol. 66, Issue 5 08 - 2025

ISSN 1859 - 1469

MINING AND EARTH
SCIENCES

https://jmes.humg.edu.vn

S @Nss| ‘99 “JOA

szoz-80 |

ABojoas pue Bulul Jo AJIsiaAaiun IoueH

B6 diéu khién

Hanoi University of Mining and Geology



Poc trwc tuyén tai: https://tapchi.humg.edu.vn

TAP CHi KHOA HOC KY THUAT MO - DIA CHAT
TAP 66,KY 5 - 2025

MUC LUC

1. 'ng dung thi nghiém nén ngang Dilatometer xac dinh do bén khang cit khéng thoat nwéc 1
cuia dat yéu, ap dung tai Cai Mép, Viét Nam
Nguyén Vin Phéong

2. 'ng dung vién tham va ky thuat hoc may trong dw bao nguy co han han, thir nghiém tai tinh 13
Quang Tri
Tran Thi Thu Trang, Trinh Lé Hung, D6 Thi Phuong Thao, Nguyén Mai H3, Lé Van Pha

3. Phat trién rng dung ma ngudén mé danh gia nguy co’ x6i mon dat tir anh vé tinh trén nén tang 26
dién toan dam may
Tran Thi Hoa, Tran Thi Ngoc

4. T8i wu héa mé hinh Prophet bang Bayesian Optimization trong dw bao lun dat tai mot s6 42
phwong, xa trung tim ciia Ca Mau
Ha Trung Khién, Tran VAn Anh, Pham Quy Nhan, Lwong Ngoc Diing, Vii Dinh Chiéu, Ding Diéu
Hug, Nguyén Dinh Huy

5. Danh gia mirc dé phu dwéng nwédc cum ho diéu hoa Yén S& sit dung anh vé tinh Sentinel-2 52
va Co-kriging
Nguyén Thién Phwong Thao, Pham Kiéu Loan, Nguyén Thi Thu Ha, Vii Thi Thu Thay

6. Nghién ciru dam bao dong chay cho tuyén dng vian chuyén khi, 1ay vi du qua trinh vin 63
chuyén san pham tai moé X
Nguyén Van Thinh, Nguyén Thanh Tuén, Lé Pang Thanh

7.Danh gia d6 chinh xac ctia @6 cao séng xac dinh tir s6 liéu do cao vé tinh trén Bién Dong 79
Nguyén Vin Sang, Nguyén Thi Thanh Hwong, Lé Chi Thinh

8. Xac dinh van tdc chuyén dich ctia mét sé tram tham chiéu hoat dong lién tuc (CORS) tai Viét 89
Nam giai doan 2019+2024 biang phwong phap dinh vi diém chinh xac
Nguyén Ngoc Lau, Trinh Dinh Vii

9. Nghién ciru ivng dung mé hinh LSMT (Long Short-Term Memory) dw bao thuy triéu: trwong 99
hop nghién ciru tai tram do mwc nwéc Ba Ria - Viing Tau, Viét Nam
Huynh Nguyén Dinh Quéc, Nguyén Gia Trong

10.X4c dinh d6 bén hinh tru thanh day khi dw bao kha nang sinh cat cho cac giéng khai thac diu 110

khi khu virc 16 46, bé Malay - Thé Chu
Tran Anh Quan, Nguyén Thé Vinh




Available online at website: https://jmes.humg.edu.vn

JOURNAL OF MINING AND EARTH SCIENCES
Volume 66, Issue 5 - 2025

TABLE OF CONTENTS

1. Application of flat dilatometer test for undrained shear strength evaluation in soft soils: 1
Case study in Cai Mep, Vietnam
Phong Van Nguyen

2. Drought risk prediction using remote sensing data and machine learning: A case study in 13
Quang Tri province
Trang Thu Thi Tran, Hung Le Trinh, Thao Phuong Thi Do, Ha Mai Nguyen, Phu Van Le

3. Developing an open source application on estimating potential of soil erosion based cloud 26
computing
Hoa Thi Tran, Ngoc Thi Tran

4. Optimizing the Prophet model using Bayesian Optimization for land subsidence 42
prediction in central wards and communes of Ca Mau
Khien Trung Ha, Anh Van Tran, Nhan Quy Pham, Dung Ngoc Luong, Chieu Dinh Vu, Hue Dieu
Dang, Huy Dinh Nguyen

5. Assessment of eutrophication in Yen So Lake using Sentinel-2 images and Co-kriging 52
Thao Phuong Thien Nguyen, Loan Kieu Pham, Ha Thu Thi Nguyen, Thuy Thu Thi Vu

6.Flow assurance in gas pipeline transportation: A case study of the X-Field 63
Thinh Van Nguyen, Tuan Thanh Nguyen, Thanh Dang Le

7.Assessment of the accuracy of significant wave heights derived from satellite altimetry data 79
in the East Sea
Sang Van Nguyen, Huong Thanh Thi Nguyen, Thinh Chi Le

8. Determining the displacement velocity of some continuously operating reference stations 89
(CORS) in Vietnam in the period 2019+2024 using the Precise Point Positioning method
Lau Ngoc Nguyen, Vu Dinh Trinh

9. Application of the LSTM (Long Short-Term Memory) Model for Tidal Forecasting: A Case 98
Study at the Ba Ria - Vung Tau Tide Gauge Station, Vietnam
Quoc Dinh Nguyen Huynh, Trong Gia Nguyen

10. Determination of thick walled cylinder strength in sand control for production wells in 110

Block 46, Malay - Tho Chu Basin
Quan Anh Tran, Vinh The Nguyen




98 Journal of Mining and Earth Sciences Vol. 66, Issue 5 (2025) 98 - 109

Journal of Mining and Earth Sciences

Website: https://jmes.humg.edu.vn
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ARTICLE INFO ABSTRACT

Article history: In recent years, the application of tidal research has markedly supported

Rec‘_ﬂved 6% Jun. 2025 and enhanced various socio-economic activities in coastal regions,
Revised 6% Sept. 2025 particularly port operations, aquaculture, and disaster prevention and
Accepted 20 Sept. 2025 mitigation. Accurate tidal water level forecasting plays a vital role in
spatial planning, coastal infrastructure management, and early flood

g?:;:cl)gg:ning warning systems. This study proposes the application of a Long Short-
Forecasting ' Term Memory (LSTM) recurrent neural network model to forecast daily
LSTM ’ tidal water levels at the Ba Ria - Vung Tau station, based on observed data
Tide ’ from 1999 to 2022. The input data were preprocessed through three main

steps: outlier removal using the Interquartile Range (IQR) method, Min-
Max normalization, and time series decomposition into trend, seasonal,
and residual components. The model was trained on the 19992021
dataset, tested with 2022 data, and used to forecast tidal levels for 2023
using recursive forecasting. The results show that the LSTM model
achieved high performance with low error on the test dataset (MSE =
0.0039 cm, MAE = 0.0449 cm, R? = 0.9443). The model effectively captured
the semi-diurnal tidal cycle, demonstrated fast convergence, low error,
and high stability, highlighting its potential for integration into
automated tidal forecasting and early warning systems for coastal
management. However, the current model uses only univariate data (tidal
water level) without incorporating meteorological and oceanographic
variables such as wind, pressure, temperature, or wave data. Future
studies should expand toward multivariate models to improve
generalization and forecasting accuracy.
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Nhitng ndm gan ddy, nho tng dung cdc nghién ctru vé thily triéu, nhiéu hogt
dong kinh té - xd hoi & khu vurc ven bién nhw vdn hanh cang, nudi trong thily
sdn va phong chong thién tai da dwoc hé tro va cdi thién ré rét. Viéc du bdao
chinh xdc muc nwoc thiy triéu dong vai tro then chét trong quy | hoach khéng
gian, vdn hanh cong trinh ven bién va cdnh bdo sém nguy co ngdp Iut. Nghién
ctru nay dé xudt mé hinh mang no-ron hoi tiép (LSTM) nham dw bdo muc
nwéc thuy triéu hang ngay tai tram Ba Ria - Viing Tau, dwa trén chudi sé liéu
quan trdc thue do tir nam 1999 dén 2022. Dir liéu ddu vao dwoc xik Iy qua ba
buc chinh: loai bé ngoai lai bdng phu'O'ng phap IQR, chudn héa theo thang
Min-Max, va phan tich tdch thanh phdn chudi thoi gian thanh xu hwéng, chu
ky mua vu va phdn nhiéu. M6 hinh dwoc hudn Iuyen trén dir liéu tir
1999:2021, kiém thir véi ndm 2022 va dy' ‘bdo cho ndm 2023 theo phwong
phdp cuébn trwot (recursive forecastmg) Két qud cho thdy mé hinh LSTM dat
hiu sudt cao véi sai s6 cho tap dir liéu kiém thir thdp (MSE = 0,0039 cm, MAE
= 0,0449 cm, R? = 0,9443). M6 hinh hoc t6t ddc trung chu ky bdn nhdt cta
thily tridu, hoi tu nhanh, sai sé thdp va khd ndng dw bdo 6n dinh. Pidu nay
cho thdy tiém ndng tng dung ctia LSTM trong cdc hé théng dw bdo murc
nwoc tw déng phuc vu cdnh bdo sém va qudn ly viing ven bién. Tuy nhién, mé
hinh hién chi st dung di¥ liéu don bién (muwc nwérc), chwa tich hop cdc yéu to
khi twong - hdi van nhw gid, dp sudt, nhiét do hodc séng bién. Viéc mé rong
theo hwong mé hinh da bién la cdn thiét dé tdang tinh tong qudt va dé chinh
xdc trong cdc nghién ctru tiép theo.

© 2025 Trwdong Dai hoc Mo - Dia chit. T4t ca cac quyén dwoc bao dam.
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1. M& dau

Thuy triéu 1a mét hién twong tw nhién quan
trong, anh hwdng truc ti€p dén hoat dong giao
thong thiy, nudi trong thiy san, khai thac cang
bién va phong chong thién tai tai cic khu vuc ven
bién. Viéc dw bao muc nwée thuy triéu chinh xac
va Kip thoi dong vai tro thiét yéu trong céng tac
1ap ké hoach va &ng phé véi cac rii ro ven bién,
dac biét trong bdi canh bién doi khi hiu va nwérc
bién dang dang dién ra ngdy cang ro rét.

Sw thay déi muwc nwéc bién la mot trong
nhirng biéu hién rd rét nhit ctia bién ddi khi hau
toan ciu. Trong nhitng ndm gan day, cic mé hinh
hoc may da dwgc tng dung rong rii nham cai
thién do chinh xac trong viéc phan tich va dw bao
muc nwdce bién dwa trén di liéu chudi thoi gian.

Xie va nnk. (2024) da dé xuat md hinh hoc
may lai SSA-LSTM, két hop phén tich phd don nhat
(SSA) dé phan ra chudi thoi gian muwce nwéc bién
thanh c4c thanh phan (xu huéng, chu ky, nhiéu) va
du bao tirng phan bang LSTM. M6 hinh dwoc ap
dung cho dit liéu AVISO (1993+2021) tai khu vuc
ven bién Trung Qudc, dat do chinh x4c cao véi R?
= 0,98, MAE = 4,16 mm, RMSE = 5,34 mm, vuot
tréi so véi LSTM, EMD-LSTM va CEEMDAN-LSTM.
Tuy nhién, sai s6 tuyét d6i van con kha lén, han
ché kha nang &ng dung trong cac bai todn yéu cau
do chinh xac cao nhw canh bao rii ro hoac quy
hoach ving ven bién nhay cam.

Uluocak (2025) dé xuat mé hinh lai LSTM-
CNN dé€ du bao muc nwéce bién toan cau dén nam
2050, st dung dir liéu muwc nuwdc bién
(1880+2022) va nhiét d6 khong khi tir CMIP6. Mo
hinh dat hiéu suit cao (MSE = 0,4644 mm, NSE =
0,9994) va vuot troi GRU, CNN, GRU-CNN theo
kiém dinh Diebold va nnk. (1995). Dy bdo muc
nuwée bién ndam 2050 1a 313,81 mm, ting khoang 83
mm so v&i ndm 2022. Tuy nhién, sw chénh 1éch 1é6n
gitra cdc mé hinh (250,65+399,48 mm) cho thdy do
bat dinh cao, dong thoi mé hinh chwa xét dén cac
yéu to nhw bang tan, dong hai lwu va chwa trién khai
theo viing, han ché tinh (rng dung thyec tién.

Makky va nnk. (2024) 4p dung hai mo hinh
hoc may la XGBoost va MLP dé du doan muc nuée
bién tai Hawaii dwa trén dir liéu vé tinh Jason-2
nam 2019. Két qua cho thdy XGBoost dat hiéu qua
cao hon véi hé s6 xac dinh R? = 0,9520 so véi MLP
1a 0,9255, ngoai ra m6 hinh XGBoost dat RMSE la
0,1832, trong khi MLP dat 0,2451 cho thiy mo

hinh XGBoost c6 kha nang xtt ly dit liéu phi tuyén
manh mé hon mé6 hinh MLP.

Braakmann-Folgmann va nnk. (2017) phat
trién moé hinh CNN-RNN dw bio bAt thwong muc
nuwéc bién (SLA) & Thai Binh Dwong, két hop dic
trung khong gian va thoi gian cho két qua chinh
xac hon hoi quy tuyén tinh va on dinh theo thoi
gian. Pay 1a mét trong nhirng nghién ctru dau tién
tng dung CNN-RNN cho SLA nhung chi kiém
nghiém tai Thai Binh Dwong, chwa so sdnh véi cac
mo hinh hoc sdu khac va thiéu phan tich siéu tham
sO.

Nghién ctru ctia Raj va nnk. (2022) dé xuat
mo hinh lai SSA-BiLSTM nham dw bdo muc nwéc
bién va s6ng thiy triéu tai Nam Thai Binh Dwong.
M6 hinh sir dung SSA dé€ phin ra tin hiéu va
BiLSTM dé€ hoc cac yéu t§ dic trung chudi thoi
gian hai chiéu. Két qua dat dwoc cho thiy SSA-
BiLSTM c6 hiéu suat cao véi sai s6 R% = 0,985 va
giam RMSE 8% so v&i cac mo hinh LSTM, BiLSTM
va SSA-LSTM. Tuy nhién, mé hinh chwa dwockiém
chirng cho du b4o dai han va dir liéu ngoai mau
lam han ché kha nang téng quat hoa.

Chi (2022) dé xuit mo hinh lai két hop gitra
SARIMA va MLP dy bao mwc nwérce bién trung binh
hang thang tai Grand Isle, Louisiana trong giai
doan 1978+2020. Thong qua phan tich chudi thoi
gian, nghién ctru lam r6 anh hwdng cla xu thé va
yéu t6 mua vu dén bién déng muc nwéde bién. Két
qua cho thdy mo hinh MLP vwot troi hon SARIMA
v&i sai s6 MSE lan lwot 1a 0,0015 va 0,00245,
chirng minh kha nang ndm bat dic trung phi tuyén
ctia MLP trong dit liéu thoi gian. Tuy nhién, nghién
cru con gidi han & pham vi dia ly hep, chwa so
sanh v&i cac mo hinh hoc sau nhw LSTM hodc GRU
va thiéu phén tich chi tiét vé xu thé dai han cling
nhw tac ddng cta yéu td bién do6i khi hiu.

Le va nnk. (2024) rng dung mé hinh GRU dé
cai thién du bao chudi thoi gian, khic phuc han
ché ctia m6 hinh RNN truyén théng véi ciu tric
don gian va huin luyén nhanh hon LSTM. Két qua
cho thiy giam batch size va tang s6 epoch gidp cai
thién do chinh xac (giam RMSE, MAE; tang F-
score). Tuy nhién, nghién ctru chwa so sanh GRU
v&i cdc mo hinh hoc sau khiac nhw LSTM, CNN-
GRU va chwa phéan tich diy di dnh hwdng cia cac
siéu tham s6 nhw learning rate, hay s6 16p GRU.

Nguyen va nnk. (2025) xay dwng mo6 hinh hoc
siu dung mang GRU dé dw bao dd cao diém GNSS
tai tram CPHU, v¢i dit liéu xtr ly qua Gamit/Globk.
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M6 hinh hun luyén trén chudi ttr 2019+2022, thir
hai thuit todn Adam, SGD va hai ham mait mat
MSE, Huber. Két qua tot nhit la GRU + Adam +
MSE (R2 ~0,5452; MAE = 4,24 mm), trong khi SGD
va Huber lam giadm d6 chinh x4c. Mo hinh hiéu qua
hon v6i clra s6 trwot nhé (lag = 10) cho duw bao
ngan han nhung con han ché vé giai thich, siéu
tham s, dic trung d4u vao va kiém tra téng quat
trén di liéu mai.

Trong nhiéu thip ky qua, cic mé hinh thong
ké truyén thong nhw ARIMA va Fourier da dworc
str dung dé duw bdo muc nwée bién, c6 wu diém la
dé hiéu, yéu cau it dir liéu va phit hop véi diéu kién
on dinh. Theo Pugh (2002) cho thdy muc nuéc
triéu thwong bién doi theo quy luét diéu hoa, c6
thé dw bao hiéu qua khi xac dinh ding cac tham sd
tir di liéu lich st. Ngoai ra, phwong phap truyén
thong khong phadn anh tot cac yéu té phi tuyén va
hién twong bit thuwong nhw gio, ap suat, dong chay
(Abubakar va nnk., 2019). Ngworc lai, mang no-ron
hoi ti€p LSTM n6i bat véi kha nang ghi nhé chudi
thoi gian dai, c6 kha nang hoc cic moi quan hé
phtrc tap tir div liéu 16m, mang lai do chinh xac cao
hon trong dw bo, dac biét trong moi trueong thiuy
van phirc tap, cin nhiéu dit liéu cé cic yéu to phi
tuyén hodc bién do6i khong theo quy luit cii. Tt d6
cho thdy mé hinh LSTM phu hop hon trong diéu
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a. Bdn do Viét Nam.

kién dir liéu thay doi phirc tap, dai han trong khi
phwong phap truyén thong thich hop véi méi
trwong 6n dinh.

Bai bao xay dwng va danh gia mo6 hinh LSTM
duw bdo myc nuwéce thuy triéu hang ngay dwa trén
dir liéu 1999+2022, huan luyén dén nam 2021,
kiém thir nam 2022 va dw bao cho nam 2023. Quy
trinh bao gébm tién x ly, xdy dwng mo hinh, danh
gia va truc quan két qua. Muc tiéu 13 tao ra mo
hinh chinh x4c, ttng dung thuc tién trong canh bao
s&m va quan ly ven bién Viét Nam.

2. Pham vi di¥ liéu va phwong phap nghién ciru

2.1. Pham vi di¥ liéu nghién ciru

Tram nghiém triéu Ving Tau 1a mot tram
quan tric thiy van ven bién quan trong va lau doi
tai Viét Nam, dit tai Viing Tau - ctra ngd ra bién cia
vung Pong Nam B (Hinh 1). Véi vi tri chién lwgc
va hé thong thiét bi hién dai, tram ghi nhan muc
nuwéc bién lién tuc, phuc vu theo doi thuy triéu, dw
bdo thién tai va quy hoach dé6 thi ven bién. D liéu
dai han tir tram nghiém triéu cé gid tri trong
nghién ctru bién doi khi hau, sut lun dit va mo
hinh dy bdo muyc nwéc. Tram nghiém triéu hién
dang gitt vai tro chi lwc trong mang lwdi quan tric
ven bién ctia Viét Nam hién nay.

L O T

- | l
B i |
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-

b. Tram nghiém triéu khu vwrc Ba Ria - Viing Tau.

Hinh 1. Bdn do Viét Nam (a) va tram nghiém triéu & khu vuec Ba Ria - Viing Tau thuéc TP. Hb Chi Minh (b).
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Dit liéu nghiém triéu tram Ba Ria - Viing Tau
dwoc thu thap trong giai doan 1999+2022 thong
qua may do muc nwéc tw déng triéu Ky tw ghi. Cau
trdc dir liéu gébm cac gia tri muc nwdce theo thoi
gian dugc ghi nhin dinh ky 1 gi¢/Ian bang céc
cam bién ap suat dat dudi nwédc hodc cam bién
radar/siéu am l3p trén cao. Dit liéu duoc lvu trit,
s6 hda va truyén vé trung tAm qua mang vién
thong sau d6 dwgc hiéu chuin dinh ky dé€ dam bao
do chinh xac. Cac gia tri mwc nwdc dwgce str dung
theo d6i thuy triéu, cadnh bao thién tai va nghién
ctru khoa hoc. Tap dir liéu trieu dwoc st dung
trong nghién ctru 1a chudi thoi gian do d6 cao murc
nuéce bién tai khu viee Viing Tau, Viét Nam.

2.2. Phdn tich dir liéu dwa trén cdc ddc trung
théng ké

Tép dit liéu nghién ctru dwoc cung cip baoi
Trung tam Khi twgng Thily van Nam B9 1a chudi
dir liéu theo thoi gian khao sat d6 cao mwc nuwéc
bién so véi d6 cao Hon DAu (ky hiéu H) tai khu vuc
Viing Tau, Viét Nam dworc thu thap lién tuc tir ngay
01/01/1999 dén ngay 31/12/2022 véi tin sudt
khao sat trung binh 1 miu/ngay. Téng cong co
8.765 tri do khao sat hop 1é trong giai doan 24
nam. Dt liéu nay dai dién cho bién dong thuy triéu

tai mot trong nhirng cang bién 1én va nhon nhip
nhat mién nam Viét Nam. Thong ké trén tip dir
liéu triéu nhan dwoc két qua & Bang 1.

Qua két qua théng ké & Bang 1 trén cho thdy
bién dong thuy triéu & khu vire Ba Ria - Viing Tau
chiu &nh hwdng ctia ché dé ban nhit triéu khong
déu véi bién d6 triéu lén nhit dat 108,90 - (-
74,20) = 183,1 cm, mic bién thién triéu trong nam
c6 thé 1én dén gan 2 m. Muc nuwéc triéu dao dong
quanh gia tri trung binh v&i do 1éch chudn nho
(219 cm), phan bo gin doi xirng cho thy triéu 1én
va triu xudng dién ra can bang va 6n dinh theo
chu ky. Két qua phan tich phan vi cho thiy 50% gia
tri di liéu nam trong khoang tir -36,00 cm dén -
5,50 cm, dir liéu khéng qua phén tan va it xuat hién
cac gia tri cuc doan. Do 1éch (0,18) gan bang 0 cho
thay phan bd dir liéu gan nhw doi xirng, biéu thi
rang triéu 1én va triéu xudng c6 tAn suit va do cao
twong d6i cAn bang.

Biéu d6 Hinh 2 cho thay phin ph6i muc nuwéc
c6 dang gan chuén, hoi nghiéng phai nhe (skew =
0,18), khong cé dinh nhon (kurtosis am) va tap
trung chu yéu trong khoang -50 cm dén 12 cm.
Bi€u d6 hop bén canh cho thiy c6 mot s6 diém
ngoai 1€ phia cao, virgt ngwdong 50 cm.

Bdng 1. Dir ligu triéu théng ké.

Thong ké Gia tri
S6 tri do khao sat 8.765
Trung binh (mean) -20,637 cm
Do léch chuén (std) 19,040 cm
Min - Max -74,20+108,90 cm
Phén vi 25+75% -36,00+-5,50 cm
bo 1éch (Skewness) 0,18
D6 nhon (Kurtosis) -0,54

Biéu d6 phan phdi chuan

600 —
500 —
400 —
300 —
200 —
100 —

0—
=75 -50 25 0 25 50 75 100

Biéu do hop dir liéu do cao triéu

100 — ?

75 —
50 — o
25 —
0—
25—
-50 —
275 — —

H

Hinh 2. Biéu d6 phdn phdi chudn va biéu do hdp (boxplot) ctia dir liéu do cao triéu.
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2.3. Tién xir Iy va lam sach dir liéu

Do dit liéu thu thap thuc té thwong ton tai
nhiéu ho#c gia tri bat thwong, nhém nghién ctru da
tién hanh x Iy cac tri khdo sat ngoai lai (outlier)
bang phwong phap x4c dinh khoang gia tri hop ly
dwa trén quy tic IQR (Interquartile Range)
(Tukey, 1977). Cac diém nam ngoai khoang: [Q1 -
1.5 *IQR, Q3 + 1.5 * IQR] dwoc xem la ngoai 1€ va
dwocloai b khéi tAp huin luyén. Cu thé: cac diém
c6 gia tri d6 cao triéu H 16n hon 50 cm da bi loai
bo; cac tri do thi 5.419 (1089 cm), 8.751 (51,5
cm) va 8.752 (52,6 cm) chiém duwéi 1% tdng so
mau giup cai thién chit lwgng huin luyén va giam
sai s0 trong dw bao (Hinh 3, 4).

Két qua & Hinh 3 cho thiy phan phdi dir liéu
tré nén tip trung va cin déi hon, khong con cac
gia tri virgt qua 50 ¢cm khi loai bé tri ngoai lai.

Viéc loai bo outlier khong chi giip m6 hinh
héi tu nhanh hon ma con céi thién dang ké hiéu
sudt dw bao, thé hién qua d6 giam cta sai s6 MSE
va MAE trong giai doan kiém thi.

Biéu d6 & Hinh 5 thé hién chudi gdc di kém
véi hai dwong trung binh trwot ngan han (MA7-
trung binh trwot 7 ngay) va dai han (MA30 - trung
binh trwot 30 ngay), cung véi duwdng xu hwdng
tuyén tinh (OLS). Puong MA7 bam sat dao dong
ngan ngay cla thay triéu trong khi MA30 phan
anh chuyén dong trung han 6n dinh hon. Pwong
xu hwéng c6 huéng di 1én cho thay cé xu huwéng

Bic¢u do hop cia dir liéu muc nwéc tricu (H) trwée va sau loai bé tri ngoai lai

Trudc khi loai bo tri ngoai lai

100 40
20

50 0
20

0

-40

-50 -60
-80

Sau khi loai bo tri ngoai lai

Trwdc khi loai tri ngoai lai
Sau khi leai tri ngoai lai

Hinh 3. Biéu dd hdp trwdc va sau khi loai bé tri ngoai lai outlier.

Chuoi dix liéu thot gian cia d§ cao muc nude trieu H

100

50

% 0, Y0, Y0, ", 0, "0, G, 0 0, 9, 0, 0, 0,
D.Q DO OJ D‘_, OJ oy Oj. Od. O) 00 0.9 (0 {f i

Nam

— Db cao triéu H
®  Tringoai lai

2, 0, 0, 0, 0, Y0, "0, "0y 05 "0 0, 0
e N Ty U e o % Y o v o % v

Hinh 4. Minh hoa truc quan chudi thoi gian géc va cdc tri do ngoai lai outlier.
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Puong xu huéng, MA7, MA30 trén chudi dir liéu thoi gian

40

20

2000 2005 2010

Thoi gian

Dif liéu gbe

- Buimg dir ligu (OLS)
MAT
MA30

2015 2020

Hinh 5. Biéu do chudi di¥ liéu dé cao triéu (logi tri outlier) va cdc dwirng trung binh truot ngdn
han MA7 va dai han MA30.

Thanh phén chudi théi gian (Xu hwéng/ Mia v/ Phan dw)

40
30
200 M AN IR M
g 10 : l '
= ‘
= 0 |
- - |
= Huﬁ W"
20 ! I
) J I
-30
2000 2005 2010
Thoi gian

A HL Lot
| m.m m

'l "

2015 2020

Hinh 6. Biéu do phan tich dir liéu thanh phdn chudi thoi gian.

ting rd rét & chu ky dai han tuy nhién chudi dirliéu
c6 tinh dao dong tang theo thoi gian.

Hinh 6 trén trinh bay két qua phan ra chudi
theo m6 hinh hoi tiép tuyén tinh (Additive
Decomposition), trong do:

- Thanh phan Xu hwéng Trend (dwdng mau
xanh lam): biéu dién xu thé& dai han cta dit liéu
theo thoi gian. Quan sat tir bi€u do, xu hwéng bién
thién cham theo thoi gian, c6 giai doan giam nhe
khoang nam 2005 sau dé phuc hoi va c6 diu hiéu
tang nhe tir sau nam 2010 dén 2022. Piéu nay cho
thiy dit liéu c6 xu hwéng bién déi trong dai han,
khéng hoan toan 6n dinh, c¢é thé lién quan dén
hién twgng tw nhién hodc thay d6i méi truedong.

- Thanh phan Mua vu Seasonal (dwdng mau
d6): phan anh cac bién déng mang tinh chit dinh
Ky (chu ky mua vu). Thanh phan Seasonal c¢6 dang
song diéu hoa ro rang, dwoc ldp dildp lai hang nam
qua dé cho thiy di liéu c6 tinh mua vu rit cao - c6
thé 1a &nh hwdng ctia chu ky khi hiu, thiy triéu
hoac hién twong thién nhién khac. Ngoai ra, bién
do6 twong ddi 6n dinh va cao cho thiy tinh 13p lai
manh mé.

- Thanh phan Phén dw Residual (dwdong mau
xanh 14): phan con lai sau khi d3 loai bé xu huéng
va mua vu khoi dir liéu goc. Biéu d6 nay thé hién
mot s6 diém bit thwong (spikes) xuat hién, dic
biét 1a cAc ndm 2020+2022 cho thay kha ning c6
hién twgng bat thwong trong giai doan nay.
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Nhuw vy, dwa vao do thi trén cho thiy dit liéu
c6 tinh muia vu manh mé véi chu ky déu din qua
cac nam. Nhw vy, xu huéng tong thé c6 dao dong
nhung nhin chung c6 diu hiéu ting nhe vé sau,
phan du chira nhiéu dao dong khé du doan, thé
hién &nh hwéng cla cic yéu t6 ngau nhién hoic
chua quan sat dwgc. Phan tich trén cho thdy chudi
thay triéu tai Viing Tau c6 dic diém rd rang vé
mua vu, rit phu hop véi méd hinh hoc sdu nhw
LSTM vén c6 kha nang hoc phu thudc dai han va
phi tuyén tinh hiéu qua.

3. M6 hinh LSTM (Long Short-Term Memory)

D€ du bdo dd cao muc nuwdc bién tai Viing
Tau, nghién ciru 4p dung kién tric mang no-ron
hoi tiép LSTM - mot bién thé cia RNN (Recurrent
Neural Network) thiét ké dé x& Iy va dw bao dir
liéu chudi thoi gian (time series), d3c biét1a nhitng
chudi c6 méi quan hé phu thudc dai han. Phuong
phap nghién ctru dwoc thé hién trén so do Hinh 7.

3.1. Chudn héa dir liéu

Do gia tri tdp dir lifu myc nwéc tai tram
nghiém triéu c6 bién d6 dao dong rong (khoang tir
-74,2 cm dén 1089 cm) dwoc khdo sat tir
01/01/1999 dén 31/12/2022, vi vy ap dung
chudn héa MinMaxScaler dé dwa dir liéu vé

Dir liéu tridu

|

Tién xit 1y va
loai tri ngoai lai

|

Dir lidu dau vao
mé hinh LSTM

Ngon ngir 1ap trinh va ham thir vién

Y

Dbanh gia d6 chinh xac mé hinh va
tinh gia tri diw bao

Hinh 7. Phwong phdp dw bdo gid tri dé cao
tiéu bdng mé hinh LSTM.

khoang [0, 1] gitip cai thién t6c do hoi tu va tinh 6n
dinh cla mo6 hinh. Ngoai ra, dit liéu dwoc chia
thanh hai tap:

- T4p hudn luyén train: thoi gian twr
01/01/1999 d&n 31/12/2021.

- Tap kiém thir test: tir 01/01/2022 dén
31/12/2022.

3.2. Tao dir liéu theo dang chudi trwot

M6 hinh LSTM yéu cau dau vao theo dang
chudi thoi gian ¢§ dinh. O day, m&i mau dir liéu
dwoc tao tir clra sO truegt gom 30 ngay lién tiép
(twong trng window_size = 30), v&i gia tri du bao
la muc nwée & ngay ké tiép. Sau khi tién xtr 1y, s6
lwong mau thu duoc la:

X_train.shape = (8367, 30, 1)

X_test.shape = (368, 30, 1)

3.3. Kién triic mé hinh LSTM

D& md hinh héa va du bao chubdi thoi gian
murc nwdre bién tai tram nghiém triéu khu vuwe Ba
Ria - Viing Tau, nghién ctu nay da sit dung mang
no-ron hoi tiép LSTM, mot kién tric dugc thiét ké
dac biét dé xi ly dit liéu co tinh phu thudc theo
thoi gian dai va khac phuc hién twong mat thong
tin trong cac mang RNN truyén théng (Hochreiter
vannk.,, 1997).

Dit liéu dau vao bao gom gia tri muc nwérc
triéu tai thoi diém t1a H;. M6 hinh du doan gia tri
H,,,dua trén mot ctra s6 trwot n bwéc: H,pq =
f(Hi_p41,.-..,H) trong d6 mo hinh hoc dwoc
ham 4nh xa fthong qua qua trinh hu4n luyén bang
chubi dit liéu.

Mo hinh gom hai ting LSTM néi tiép nhau véi
64 va 32 don vi 4n, kém theo 16p Dropout dé han
ché qua khép (overfitting) (Brownlee, 2017). Lop
dau ra 1a Dense v&i mot nit duy nhit nham dw
doan gia tri muc nwéc tiép theo.

Tong s6 tham sé hudn luyén 13 29.345 dworc
t6i wu bang thuat todn Adam (Kingma va nnk,
2014).

Tai mbi buéc thoi gian ¢, mot don vi LSTM
thwc hién cac budc tinh toan sau (Hochreiter va
nnk, 1997):

Cong quén:

ft = O'(Wf- [he—q,xe] + bf) (1)

Cong dau vao:
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{ iy = o(Wi. [he—1, %] + by) B
Ce = tanh(We. [he—y, x¢] + be)
Cap nhat trang thai bo nho:
Ce=fe*Coq +ip*Cy (3)
Cong dau ra:
{Ot = o(Wp. [he—1, %] + bo) )
h: = o; x tanh(C;)

Trong dé: x; - dau vao tai thoi diém t, h; -
trang thai an, C; - trang thai bd nhé, o - ham kich
hoat sigmoid, * - phép nhin tirng phan tir.

Trong nghién ctru nay, mo hinh LSTM dwoc
x4y dung nhu so d6 trong Hinh 8.

3.4. Chién Iwoc hudn luyén va dirng som

Khi tinh todn thyc nghiém, mo6 hinh dwoc
huin luyén t6i da 100 epoch véi kich thwéc batch-
size = 32. D€ tranh hién twong overfitting,
EarlyStopping dwoc ap dung dwa trén chi so
val_loss, v&i ngwong lan Iwot dwoc chon patience
=10 va patience = 20 (ngtrng huin luyén néu mo
hinh khong cai thién).

Trong cac bai toan du bao va héi quy, cac chi
s6 danh gia hiéu suit mé hinh thuwong dwoc st

Pau vao

!

LSTM Layer 1
(64 don vi)
+ Dropout

!

LSTM Layer 2
(32 donvi)
+ Dropout

v

Dense Layer 2
(1 nat daura )

!

Paura

Hinh 8. Xday dwng mé hinh LSTM.

dung bao goém Sai s6 binh phwong trung binh
(Mean Squared Error - MSE), Sai s6 tuyét d6i trung
binh (Mean Absolute Error - MAE (Goodfellow va
nnk, 2016)).

Sai s6 trung binh dwgc dinh nghia béi cong
thirc:

1 ~
MSE = -3, (vi — 9)° (5)

Trong doé: y; - gia tri thuc té, ¥; . gia tri dw bao
van - s0 lwong diém dir liéu. MSE do lwong d6 16m
trung binh cda sai s6 dw doan, trong d6 cac sai s
duoc binh phwong dé€ ddm bao khong c6 gia tri am
va nhan manh cac sai s6 16m.

1 ~
MAE = =31 lyi = 9il (6)

Gia tri MAE do lwong sai s6 dw bao trung binh
ma khong nhin manh céc sai s6 1én nhw trong
MSE. MAE mang tinh tryc quan va khong bi anh
hwdng bai cac gia tri ngoai lai.

Ngén ngtr 1ap trinh dwoc lwa chon dé€ xiy
dung chwong trinh may tinh 1a ngdn ngit Python
(Ceder, 2018) vé&i cac ham thw vién dworc str dung
nhwr pandas (Chen, 2017), numpy (Gupta &
Bagchi, 2024), matplotlib (Tosi, 2009), tensorflow
(Karim, 2018).

4.Két qua va thao luin

Sau qua trinh huén luyén mo hinh LSTM, tién
hanh danh gia hiéu qua ctia mé hinh trén tip kiém
thit test (dit liéu nam 2022) va st dung mo hinh
d3a huin luyén dé dw bao muc nwéc cho giai doan
01/2023 dén 12/2023. Phan tich dwoc chia thanh
ba phén: hiéu suit huin luyén, kha nang dw bio
ngan han va kha ning duw bao dai han.

4.1. Hiéu sudt hudn luyén va héi tu mé hinh

T tip dit liéu huan luyén cho thay khi thay
déi gia tri nguwdng thi sai s6 cia mo hinh gin nhw
khong thay doi.

Do thi Hinh 9 va 10 trinh bay dién bién cla
ham mat mat trén tp huin luyén va tip dir liéu
thuc té theo tirng epoch theo hai trwdng hop
nguwong 10 va 20 cho thdy ca hai m6 hinh déu dat
dwoc sy hoi tu nhanh chéng véi ham mat mat
gidm manh trong giai doan dau va sau do duy tri
On dinh. Pwong mat mat khong dao dong manh va
nam gan dwdng mit mat huin luyén cho thidy mé
hinh c6 kha nang hoc tét va khai quat héa 6n dinh.
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D€ danh gid dinh lwgng hiéu suit cia mo
hinh, cic chi s6 sai s6 nhw MAE (Mean Absolute
Error), RMSE (Root Mean Squared Error) va hé s6
xac dinh R? dwoc st dung khi tinh todn thuc
nghiém cho tip dit liéu huan luyén nhin dwoc két
qua trong Bang 2 bén dwdi.

Cac chi s6 danh gia trong Bang 2 cho thiy mo
hinh dat d6 chinh x4c cao, dac biét mo6 hinh c6 ham
mat mat trong hinh 10 c6 gia tri sai s6 thip hon va
hé s6 R? cao hon phan anh kha ning giai thich
phwong sai trong dit liéu tét hon.

Train & Validation Loss qua cac Epoch

0.02

0.015

MSE

0.010

0.005

Epoch
Train & Validation Loss qua cac Epoch

0.025

Qua d6 cho thdy mé hinh LSTM c6 tiém nang
cao trong viéc du bao chudi thoi gian muc nwéc
bién, véi do chinh xac tot va kha ning tong quat
héa 6n dinh. M6 hinh trong biéu do thit hai c6 thé
dwoc lya chon la phwong an téi wu cho g dung
thuc té (trwdmg hop ngudng bang 20).

4.2. Ddnh gid mé hinh trén tdp kiém thir (ndm
2022)

Dwa vao biéu d6 Hinh 11 gitra mwc nwéc thuc
té va gia tri dw bao trén tip kiém thir nam 2022

Hinh 9. Biéu dé ham
mdt mdt cta tdp hudn
luyén va tdp dir liéu
thuwc té'theo epoch cho
trwong hop nguwdng
bang 10.

50

Hinh 10. Biéu d6 ham
mdt madt cta tdp hudn
luyén va tdp dir liéu
thuc té'theo epoch cho
trwong hop nguwdng
bdng 20

Dataset

Epoch

Muc nude

03/2022 5/2022 7/2022 9/2022

Thang

Bdng 2. Thdng ké hiéu sudt ctia mé

60

. — Giatr thuc t
| — Gié tri du bao

Hinh 11. Biéu do giira
dir liéu thuc té€ va div
ligu dw bdo cua tdp
kiém thir ndm 2022.

11/2022

hinh LSTM véi nguwdng bang 10 va 20.

TT Ngudng MAE (cm) MSE (cm) R?
1 10 0,0355 0,0459 0,9402
2 20 0,0352 0,0453 0,9494




108  Huynh Nguyén Dinh Qudc va Nguyén Gia Trong/Tap chi Khoa hoc Ky thudt M6 - Dia chdt 66 (5), 98 - 109

cho thay dwong dw bdo (mau dd) bdm rit sat theo
dwong thyc té (mau xanh), thé hién kha nang hoc
ctia md hinh nhw sau:

- M6 hinh dy bao dung cac chu ky 1én/xuéng
theo mua vu trong nam.

- Mic du c6 mdt s6 do 1éch nhe tai cac diém
dinh/thap cuec tri, sai s tdng thé van gitt & mirc 6n
dinh.

4.3. Dw bdo mwc nwéc cho nam 2023
(01/2023:12/2023)

Dwa trén md hinh da huan luyén, thuc hién
dw bao muc nwée bién hang ngay cho giai doan tir
01/01/2023 dén 31/12/2023 bang phwong phap
dw bao cudn trwot (recursive forecasting) déi véi
treong hop nguwdomg bang 20 (Hinh 12) cho théy:

- Muc nwéc du bao cé xu hwdéng ting nhe
trong ddu nam 2023 va nhanh chéng on dinh
quanh mirc 12 cm.

- Chudi két qua c¢6 ddé mwot cao do sir dung
d4u ra mé hinh lam d4u vao lién tuc, phan anh tinh
on dinh cao.

Mic di mo hinh du bdo kha 6n dinh, cic anh
hwdng tir yéu to thoi tiét, thay triéu thién vin,
hodc bién d6i khi hau cé thé khién du bao 1éch
trong thuc t€ do mo hinh hién tai chi dung dit liéu
don bién (muc nuwéc H).

5. Két luan

Bai bao nay da xay dwng va danh gid mt mo
hinh hoc siu dwa trén mang noron hoi tiép LSTM
nham dw bao sy thay d6i muc nwéc bién tai khu
vire Ba Ria - Viing Tau cling nhw cho khu viee Bong
Nam B0, Viét Nam khi st dung chudi dit liéu do

cao triéu don bién kéo dai tir nam 1999 dén 2022.
M6 hinh dwoc huln luyén trén dir liéu 23 nam
(1999+2021) va kiém thi¥ trén nam 2022, sau d6
st dung d€ dy bdo muc nwéc cho giai doan
01/2023 dén 12/2023.

Cac két qua thwe nghiém cho thay:

- M6 hinh LSTM c6 kha nang hoc t6t chu ky
thy triéu, dat sai s6 cho tip dir liéu ki€ém thir thap
(MSE = 0,0039 cm; MAE = 0,0449 cm; R? =
0,9443).

- Dv bdo muc nwéc cho hai nam tiép theo c6
xu hwéng on dinh va phu hop véi dac diém thay
triéu khu vuec tai Ba Ria - Viing Tau.

- Quy trinh tién x& ly, 1am sach outlier va
chuin héa dir liéu dong vai tro quan trong trong
viéc tang do chinh xac.

Két qua trén cho thiy tiém nang Gng dung
cia mo hinh LSTM trong cac hé théng canh bao
sém va hd tro ra quyét dinh trong quan ly ven
bién, dic biét trong bdi canh bién déi khi hau ngay
cang dién bién phitc tap.

Tuy dat dwoc dé chinh xac cao, nghién ctiru
van ton tai han ché: mé hinh chi sir dung di liéu
don bién (d6 cao muc nuwéce tribu H), chwa khai
thac cac yéu t6 anh hwdéng nhuw: gio, ap suit khi
quyén, séng,... Trong thoi gian tdi, ndi dung nay
can phai dworc tiép tuc nghién ciru.

Pong gop cua tac gia

Huynh Nguyén Pinh Qudc - danh gia cac két
qua thyc nghiém, bién tap ban thao, xtr ly dir liéu
thanh phan va kiém soat 16i cia chwong trinh;
Nguyén Gia Trong - 1én y twéng thiét ké, viét phan
phwong phap, xtr ly dit liéu thanh phan va hoan
thién ban thao.

Du bao muc nude 01/2023-12/2023

28 |
26 |

24 |

2 |

20 .‘

18| .

16 “u“' \ ;
14

Muc nudc du bao

01/2023

12 B S
03/2023 5/2023 7/2023

Thang

—— Du bao

9/2023 11/2023

Hinh 12. Dw bdo mwec nwéc triéu cho khodng thoi gian 01/2023 dén 12/2023.
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