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This paper focuses on the development and evaluation of a GNSS height
point prediction model based on the Gated Recurrent Unit (GRU), an
advanced variant of recurrent neural networks designed for time series
data. The input data consists of height coordinate sequences (h) extracted
from GNSS data processed at the CPHU station using the specialized
Gamit/Globk software, achieving millimeter-level accuracy. Unlike many
previous studies, the GRU model in this research was trained on the entire
continuous data sequence without splitting it into separate training and
testing sets. The prediction performance was assessed over the period
from March 9%, 2022, to March 17t, 2022. The model was tested using two
optimization algorithms, Adam and SGD, in combination with two
commonly used loss functions, MSE and Huber. The performance of each
configuration was evaluated using metrics including MSE, RMSE, MAE,
and the coefficient of determination (R?). The results indicate that the GRU
model combined with the Adam optimizer and MSE loss function yielded
the best prediction performance, with an R? value of approximately 0.54
and an MAE of 4.24 mm. In contrast, usi ng SGD and Huber led to a
significant decrease in performance, with R® values ranging from only
0.33+0.42. Additionally, the size of the sliding window (lag) also influenced
the model'’s predictive capability: a smaller window size (lag = 10) allowed
the model to better adapt to noisy data.
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Bai bdo nay tdp trung vao viéc xdy dung va danh gid mé hinh dy bdo gid
tri dé cao diém GNSS dwa trén mang no-ron hoi tiép GRU (Gated Recurrent
Unit), mot bién thé'tién tién trong hoc sdu danh cho dir liéu chudi thoi glan
Di lidu déu vao la chudi toa do do cao h dworc trich xudt tir két quad xw ly
GNSS tai tram CPHU, str dung phéin mém chuyen dung Gamzt/GIobk voi do
chinh xdc dat mitc milimét. Khong gzong nhiéu nghzen cttu khdc, moé hinh
GRU trong nghlen ctru nay dwoc hudn luyen dwa trén toan b6 chudi div liéu
lién tuc ma khéng chia tdch thanh tdp hudn luyén va kiém tra riéng biét.
Khodng thoi gian ddnh gid dw bdo dé cao diém trong twong lai ttr ngay
9/3/2022 dén 17/3/2022. Mé hinh dwoc thir nghiém véi hai thudt todn téi
wu héa la Adam va SGD, két hop véi hai ham mdt mdt phd bién la MSE va
Huber. Hiéu qud cta tirng cdu hinh dwoc ddnh gid théng qua cdc chi s6
MSE, RMSE, MAE va hé s6 xdc dinh R2. Két qud cho thdy, mé hinh GRU st
dung thudt todn Adam ciing ham mdt mdt MSE mang lai hiéu sudt dw bdo
tot nhdt véi hé sé R? dat khoang 0,54 va sai s6 MAE 6 mirc 4, 24 mm. Ngwo'c
lai, khi thay thé bdng SGD va Huber, hiéu qua gidm xudng ré rét véi R? chi
con tir 0,33+0,42. Ngoal ra, do Ion cua cira s6 trugt (Zag] ciing dnh hu'o'ng
dén khd ndng duw bdo: cira s6 ngdn (dé Iém bing 10) givip mé hinh thich trng
t6t hon véi di liéu c6 nhiéu.
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1. M¢é dau

Do cao bé mat thay doi do cd nguyén nhan noi
sinh va nguyén nhin ngoai sinh. Chuyén dich
thang dirng vo trai dat1a nguyén nhan ndi sinh gay
nén su thay déi do cao cua diém. Khai thac tai
nguyén qua mirc (khai thac khodng san, nwéc
ngam), qud trinh nén ép phu sa lam bé mat dat bi
sut ldn. Tai cac vung c6 dia hinh thip nhw ving
ddng bang séng Ctru Long hoic thanh phd H6 Chi
Minh, sut lin qua mirc lam trAm trong thém hién
twong ngép lut (do mwa hodc triéu cudng), xam
nhap man (Construction, 2019). Do dég, xac dinh
gia tri sut lin ctia bé mat, dw doan gia tri do cao
diém (gian ti€p xac dinh sut ltn) la cong viéc cin
phai dugc thwe hién thwong xuyén va lién tuc. Doi
v&i cac cong trinh xay dwng, du bao do lun giup
danh gia va theo doi d6 6n dinh cta cong trinh tir
khi bat dau xiy dung dén khi van hanh cong trinh
(Quéc, 2022). Dy doan dworc chinh xac gia tri do
cao cda diém c6 vai tro quan trong trong nghién
ctru, gidm thiéu thiét hai do dong dit giy nén (Cho,
2015). Bé dw bado do cao hodc gia tri chuyén dich
ctia diém (bé mat) c6 thé str dung cic mo hinh
truyén thdng (Khanh & Dwong, 2011) hodc tri tué
nhan tao (Long, 2016).

Mang no ron nhin tao nhiéu lép (MLP -
Multilayer Perceptron) da dworc str dung trong dw
bao Iin bé mat mé véi két qua xac dinh duwgc co
sai s§ trung phwong bang 5% do lun cuc dai
(Long, 2016).

Van Phong va nnk. (2023) da trng dung mang
ANN dé phin tich két qua xac dinh chuyén dich
thang ding vo trai dat voi di lieu dau vao 1a gia tri
d6 cao cta diém thu nhin dwoc sau khi xtr ly div
liéu GNSS bang phin mém Gamit/Globk. Tuy
nhién, nghién cru nay méi chi du doan gia tri do
cao trong khoang thoi gian c6 div liéu do ma chwa
dw doan gia tri do cao twong lai. M6 hinh GRU da
dwoc trién khai trong mot nghién ctru twong tw
(Le va nnk,, 2024) véi két qua thong ké cac dac
trung cho hiéu suit dw bao cia mé hinh dat dwoc
rat cao.

Inazu va nnk. (2016) st dung dinh vi do cao
tau bang GNSS va phwong phap PPP dong hoc dé
phéat hién s6ng than 1é6m hon 10-1 m. Dir liéu AIS tir
92 tau dwoc kiém tra kha nang dw bdo séng thin
& Nankai Trough. Két qua cho thdy do chinh xac
twong dwong hodc vuot troi so véi 71 tram quan
sat ngoai khoi hién co.

Kiani (2020) nghién cru dw doan lin hoac
nang dit bang chudi thoi gian vi tri GNSS, str dung
8 thuit toan hoc may gbm Gaussian Processes,
multilayer perceptron, va support vector
regression. Thuat todn Gaussian Processes vt
tréi, dat do chinh xac dén 4 mm, trung binh 2 cm.
Quy trinh gom hai buwérc: tién xtr 1y (loai bo tin hiéu
nhiéu) va dw doan vi tri GNSS.

Cac mo hinh may vector hd trg (SV - Support
Vector Machine), rirng ngau nhién (RF - Random
Forest), k-ling giéng gian nhit (K-Nearest
Neighbors), va hdi quy tuyén tinh boi (MLR -
Multiple Linear Regression) da dwoc trng dung dé
du doan van téc chuyén dich tir két qua do GNSS
v&i két qua xac dinh d6 chinh xac chuyén dich 1én
téi £ 0,6 mm/nam (Solak, 2024).

Crocetti va nnk. (2024) st dung ML va
XGBoost két hop bién méi triedng dé mé hinh héa
dich chuyén GNSS, thay thé hodc bd sung cac mo
hinh dva trén vatly. Phan tich 3553 tram GNSS tai
Chau Au cho thdy cai thién do chinh xac tir 4,4%
dén 22,9%. Két qua giup giam RMSE va cung cip
hiéu biét sdu hon qua phan tich SHAP.

Cac nghién cttu cia Le va nnk. (2024), Trong
& Quy (2024) da cho két qua du doan rat tot khi
phén tich ndi tai (chwa c6 phan dw doan cho cac
gia tri trong twong lai) cho cac chudi dit liéu theo
chudi thoi gian véi md hinh GRU. Véi dw doan dir
liéu cho cac thoi diém trong twong lai, ciu truc dir
liéu dau vao ciia mo hinh tri tué nhan tao hoan
toan khac so v6i trere d6. Nghién ctru nay str dung
mo hinh GRU dé du doan do cao ctia diém trong
twong lai.

2. Dir liéu va phwong phap nghién ciru

2.1. Dir liéu nghién ctru

Dir liéu st dung trong nghién ctru nay la di
liéu thu nhan dwoc bdi tram thu tin hiéu GNSS lién
tuc CPHU thuéc mang lwéi VNGEONET dwgc cung
cip bdi Cuc Do dac, Ban @6 va Thong tin dia ly Viét
Nam. Théng tin vé dir liéu do tai Bang 1.

Bdng 1. Théng tin dir liéu tai tram do CPHU.

Tho1i gian thu dit | Loai .« |Gian cach
lia . Loaiang | ., ' ..
iéu may ten tin hiéu
Bat dau |Két thic| thu (second)
2019 | 2022 |LEICA |LEIAR2S.

CPHU | /08/10 | /03/18| GRS0 | R4LEIT | SO

Tén
tram
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2.2. Phwong phdp nghién ciru

Phuong phap nghién ciru dwoc thé hién trén
Hinh 1.

Dir ligu do GNSS

Gamit/Globk

Y
Céc thanh phan toa d6 hang
ngay (n, e, h) clia diém

) 4

D liéu dhu vao
ctia mo hinh GRU

Ngdn ngir ap trinh va ham thw vién

k.
Panh gia d6 chinh xac mod hinh
va tinh gia tri dur bao

Hinh 1. Phwong phdp dw bdo gid tri d6 cao cua
diém véi mé hinh GRU.

Dit liéu GNSS sau khi thu nhan dwoc chuyén
sang dinh dang dir liéu RINEX dé xt¥ Iy bang cac
phan mém x ly d6 chinh xac cao nhw Bernese,
Gamit/Globk. Nghién cttu nay st dung két qua xi
1y bang phin mém Gamit/Globk dé thu duoc két
qua xac dinh cac thanh phan chuyén dich véi do
chinh xac & mic mm (Trong va nnk., 2022). Két
qua ctia qua trinh xtr Iy nhw trén 1a cac thanh phan
toa do hang ngay (n, e, h) cia diém trong d6 h la
thanh phan do cao tric dia trong khung quy chiéu
trai dat quoc té ITRF-14.

GRU (Pon vi hoi tiép c6 cong) la mot loai
mang no-ron hoi tiép (RNN) dwoc thiét ké dé khac
phuc mot s6 han ché ctia RNN truyén théng, chang
han nhw vin dé mat mat gradient khi hoc trén
chudi dir liéu dai. GRU st dung co ché cong dé
kiém soat théng tin ndo can lwu gitt hodc loai b
trong qua trinh tinh toan, tir d6 giip mo hinh hoc
dwoc cdc m6i quan hé dai han t6t hon (Chollet,
2021).

Gia str c6 dau vao tai thoi diém t 1a x,, trang
thai 4n thoi diém (t-1) 13 hes, cic bwéce tinh todn
v6i mo hinh GRU nhw sau (Goodfellow va nnk.,
2016):

Déi véi cong cip nhat:

z = o(Wy[he_q, x¢] + by) 1)

Trong d6: W, - matrintrongsé; b, - véc
to trong s6 bli; o - ham sigmod (d4u ra nam trong
khoang [0,1]).

Dai véi cong thiét lap lai:

re = o(Wp[he—1,x] + by) (2)

Cac ki hiéu trong céng thirc (2) c6 y nghia
twong ty nhw trong cong thirc (1).
Trang thai 4n tam thoi:

hy = tanh(W.[ry © he_q1, %] + b) 3)

Trong d6: O - phép nhin tirng phan ti
(Hadamard); Tanh - ham kich hoat d4u ra nam
trong khoang (-1, 1).

Trang thai an hién tai:

hey=1-2z)Ohiy +2. O Et 4)

Trong dé: (1 — z,) dwoc dé xuat dé kiém soat
murc do gitr lai ctia trang thai c@i; z; - tham s6 kiém
soat mirc do cap nhat cta trang thai mai.

Trong nghién ctru nay, mo hinh GRU dworc xay

dung nhw trong Hinh 2.
128 don vi 64 don vi

Hinh 2. Xdy dwng mé hinh GRU.

Khi xdy dwng md hinh, cin Ivu y dén viéc lua
chon thuit todn toi wu, ham mit mat, gia tri cia
batch-size cling nhw d6 16n cua ctra s6 truot.

Trong cac bai toan dw bao va hoéi quy, cac chi
s6 danh gia hiéu suat mé hinh thwong duoc st
dung bao gom Sai s6 binh phwong trung binh
(Mean Squared Error - MSE), Can béc hai cia MSE
(Root Mean Squared Error - RMSE), Sai s6 tuyét
dé6i trung binh (Mean Absolute Error - MAE), va
Hé s6 xac dinh (R2) (Goodfellow va nnk. 2016).

Sai s6 trung binh dwgc dinh nghia béi cong
thirc:

n
1
MSE == (i = 90)? (5)
i=1

Trong d6: y; 1a gia tri thuc té, y'ila gia tri dw
bo va n la s6 lwgng diém dir liéu. MSE do lwong
d6 16m trung binh ctia sai s6 dw doan, trong d6 cac
sai s6 dugc binh phwong dé€ dam bao khéng c6 gia
tri Am va nhan manh céc sai s0 16n.
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n
1
MAE == "1y, = 3l (6)
i=1

Gia tri MAE do lwong sai s6 dw bao trung binh
ma khong nhin manh céc sai s6 16n nhw trong
MSE. MAE mang tinh triec quan va khong bi anh
hwdng béi cac gia tri ngoai lai.

Hé s6 xac dinh (R?) dwgc biéu dién qua cong
thic:

Y (i = 97
2 i — y)?

Trong do: y - tri trung binh cda y. Chi s6 nay
do Iwong mirc do phu hgp ctia mo hinh, véi gia tri
tir 0+1. RZ cang gan 1 thi mo6 hinh cang giai thich
tét phwong sai ctia dir liéu.

Ngén ngir 14p trinh dwoc lwa chon dé xiy
dung chwong trinh may tinh la ngbn ngir Python
(Ceder, 2018), véi cac ham thw vién dwoc str dung
nhwr pandas (Chen, 2017), numpy (Gupta &
Bagchi, 2024), matplotlib (Tosi, 2009), tensorflow
(Karim, 2018).

T tép dit liéu dau vao, cac gia tri do cao tir
ngay 9/3/2022 dén ngay 18/3/2022 dwoc loai ra
khoi tAp hop va khong dworc st dung dé xay dung
mo hinh. Cac gia tri néu trén dwoc st dung dé
danh gia két qua dy bao ctia mé hinh. Muc tiéu cta
bai bao 1a dw doan gia tri d6 cao diém trong twong
lai do do toan bo dir liéu dwoc dwa vao lam dir liéu
xay dung mo hinh ma khong chia thanh bo dit liéu
huan luyén, bo dir liéu kiém tra nhw thdng thwong.

RZ2=1- (7)

3.Két qua va thao luan

Vi ly thuyét cling nhw chwong trinh may tinh
dwoc lwa chon, xay dwng nhw trong muc 2, tinh
toan thwc nghiém véi div liéu cha tram CORS
CPHU thu dwoc cac két qua nhw sau:

3.1. Két qua dw dodn véi ky thudt téi wu Adam
va ham mdt mdt MSE

Ky thuit t6i wu la mot yéu t6 quan trong trong
viéc huin luyén cadc mo hinh tri tué nhan tao (AI),
dac biét la khi dw doan gia tri twong lai. Cac thuat
toan tdi wu nhw Gradient Descent gitp diéu chinh
cac tham s6 ctia m6 hinh dé giam thi€éu ham mat
mat, tir d6 cai thién do chinh xac ctia dw doan
(Kingma, 2014). Ham mat mat, vi du nhw ham
MSE (Mean Squared Error), do lwong sy sai léch
gitra gia tri du doan va gia tri thuc té, 1a tiéu chi

cht yéu dé t6i wu héa md hinh. Mot yéu t6 khac
cling anh hwdng dén qua trinh hudn luyén la
batch-size, chi ra s6 lwong miu dwoc xit Iy trong
mdi budc tinh toan. Batch-size 16m c6 thé 1am gidm
thoi gian hudn luyén nhung dong thoi cling ting
chi phi tinh to4an. Thém vao dé, lag (do tré) trong
dw doan gia tri twong lai ¢6 thé 1a mot thach thiec
khi mé hinh khong kip bat kip sw bién ddng nhanh
cta dit liéu (Chollet, 2021).

Khi tinh toan thwc nghiém lwa chon gia tri cia
Epochs 1a 100, batch-size = 8, d6 16m khung ctra s6
trwot (lag) lan lwot dwoc chon la 10 va 20. Cac
thong s6 cia mo hinh & diy dwoc lwa chon mét
cach ngiu nhién va khong tién hanh danh gia két
qua dw bdo voi cac théng s6 siéu md hinh
(hyperparameters) khac nhau. Két qua thong ké
hiéu suit ciia mo hinh cho trong Bang 2.

Bdng 2. Théng ké hiéu sudt ctia mé hinh GRU
vai ky thudt téi wu Adam va ham mdt mdt MSE.

MSE RMSE MAE
2
TT| Lag (mm) (mm) (mm) R
1|10 | 31,35 5,60 4,28 0,5404
2|20 | 30,95 5,56 4,24 0,5452

Di¥ liéu Bang 2 cho thay, khi thay do6i do lém
khung ctra s6 trwot thi hiéu suat cia mo hinh gin
nhw khéng thay d6i. Két qua gia tri h dw bo trong
khoang thoi gian tir 9/3/2022 dén 17/3/2022
dworc cho trong Bang 3.

Bdng 3. Pé cao dw bdo ctia diém str dung mé
hinh GRU vé&i thudt todn téi wu Adam va ham
mdt mdt MSE.

—
=

Thoi gian

Gia tri thuc
(mm)

h_lag10
(mm)

h_lag20
(mm)

9/3/2022

133115,22

133115,10

133109,85

10/3/2022

133115,16

133116,18

133111,72

11/3/2022

133120,73

133115,24

133111,80

12/3/2022

133114,70

133114,53

133109,34

13/3/2022

133120,47

133114,38

133105,74

14/3/2022

133119,98

133114,81

133105,83

15/3/2022

133120,70

133112,45

133107,68

16/3/2022

133120,22

133114,97

133108,55

O (0[O |UT[ W N (=

17/3/2022

133126,37

133115,65

133112,74

T cac gia tri trong Bang 3, xac dinh dwgc do

1éch d6 cao diém du bao dwoc cho trong Bang 4.
Dit liéu & Bang 4 cho thdy, tuy hiéu suit cia mo
hinh khi thay ddi do 1ém khung cira s6 trwgt thay
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do6i khong dang ké nhung gia tri do cao cua diém
khac nhau twong déi nhiéu. O’ hai thoi diém dw
bao diu tién, chénh l1éch tuyét doi 16n nhat gitra
hai phwrong an 1én t&i 5 mm. Xét trong toan b thoi
gian dw bdo, gia tri chénh tuyét doi gitra hai
phwrong an la 3 mm.

Bdng 4. D léch gia tri dw bdo trong truong
hop st dung ky thudt toi wu Adam,
ham mdt madt MSE.

N b0 léch gia tri dy bdo (mm)
TT | Thoigian h_lag10 h_lag20
1 | 9/3/2022 -0,12 -5,37
2 |110/3/2022 1,02 -3,44
3 | 11/3/2022 -5,49 -8,93
4 112/3/2022 -0,17 -5,36
5 | 13/3/2022 -6,09 -14,73
6 | 14/3/2022 -5,17 -14,15
7 | 15/3/2022 -8,25 -13,02
8 | 16/3/2022 -5,25 -11,67
9 |17/3/2022 -10,72 -13,63

Hinh 3 va 4 biéu dién gia tri d6 cao dw bao
trén toan tap dit liéu khi str dung thuit toan t6i wu
Adam, ham mat mat MSE, batch-size = 8 va d6 16n
khung clra s& trugt Ian lwot bang 10 va 20.

Tt Hinh 3 va 4 cho thdy, két qua dy bao khi
thay d6i do 1én cta khung ctra s6 truot la twong
déi giong nhau va khong cé sw khac biét 16n. Biéu

+1.331e5

nay ciing phu hop véi két qua thong ké dic trung
hiéu suit cia mo hinh trong Bang 2.

3.2. Két quad dw dodn v&i ky thudt téi wu SGD va
ham mdt mdt huber

Trong truedng hop nay, chi thay déi thuit toan
t6i wu Adam bang SGD, thay ham mat mat MSE
bang ham mat mat Huber. Cac thong s6 con lai gitt
nguyén nhw phwong an trudc dé. Két qua théng
ké hiéu suit cia mé hinh dwgc cho trong Bang 5.

Bdng 5. Théng ké hiéu sudt ctia mé hinh véi
thudt todn t6i wu SGD, ham mdt mdt Huber.

MSE RMSE MAE
2
TT | Lag (mm) (mm) (mm) R
1 10 | 39,37 6,27 490 | 04227
2 20 | 45,49 6,74 5,25 | 0,3316

Tl dit liéu cia Bang 2 va Bang 5 cho thay,
trong trweong hop st dung thuit todn téi wu SGD,
ham mat mat Huber hiéu suit dw doan ctia mé
hinh GRU giam di dang ké. Cu thé, gia tri cia MAE
cao hon khoang 1 mm, gia tri cia R? gidm di 12%
trong trueong hop gia tri cia khung ctra s6 trwot
bang 10 va gidm t&i 21% khi gia tri khung ctra s6
bang 20.

Hé R? trong nghién cttu nay chi dat khoang
50% trong qua trinh xay dung mo hinh phan 4nh
rang mo hinh GRU méi chi gidi thich dwgc mot

Dy bao gia tri h (mm)

40 4

30

204

Gia tri h (mm)

104

—— Thyc té (mm)
—— Du bdo (mm)

2019-07 2019-10 2020-01 2020-04 2020-07 2020-10 2021-01 2021-04 2021-07 2021-10 2022-01 2022-04

Thai gian

Hinh 3. Gid tri do cao dw bdo trén toan tdp di liéu véi thudt todn téi wu Adam, ham mdt mdt
MSE, batch-size = 10 va dé lén khung cira s6 truot bang 10.
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Thai gian

Hinh 4. Gid tri d6 cao dw bdo trén toan tdp dir liéu véi thudt todn t6i wu Adam, ham mdt mdt
MSE, batch-size = 10 va dé lém khung ctra s6 trwot bang 20.

phéan bién dong ctia dit liéu dau vao. Nguyén nhan
cta két qua nay c6 thé dén tir nhiéu yéu té: (1) Dir
liéu dau vao c6 mirc do nhiéu cao va bién dong
manh theo thdi gian, lam gidm kha nang mo hinh
hoc dwoc moi quan hé 6n dinh gitra ddu vao va dau
ra; (2) Cac dic treng dau vao str dung cé thé chwa
dt hoic chwa phit hgp @€ mé hinh ndm bat cac yéu
t6 anh hudng dén gia tri dw bao; (3) Cau hinh mo
hinh (s6 16p, s6 nit 4n, ham kich hoat) hodc tham
s6 huin luyén chwa dwgc toi wu hod hoan toan. bé
cai thién R? can thuc hién cac buéc nhu: chon
thém déc trung dau vao c6 y nghia, ap dung ky
thuat xir Iy nhiéu va kiém tra cac kién tric mang
sdu hon hoac mé hinh lai két hop.

Gia tri do cao du bao dworc trong treomng hop
nay cho trong Bang 6.

Bdng 6. Gid tri dw bdo dé cao diém khi st dung
ky thudt téi wu SGD, ham mdt mdt Huber.

—3
—

Thoi gian

Gia tri
thyc (mm)

h_lag10
(mm)

h_lag20
(mm)

9/3/2022

133115,22

13311441

133114,07

10/3/2022

133115,16

133114,64

133114,23

11/3/2022

133120,73

133114,75

133114,30

12/3/2022

133114,70

133114,87

133114,35

13/3/2022

13312047

13311498

133114,39

14/3/2022

133119,98

133115,08

13311442

15/3/2022

133120,70

13311517

133114,45

16/3/2022

133120,22

133115,30

13311447

O (0[O |UT | | WIIN (-

17/3/2022

133126,37

133115,38

133114,50

Gia tri d6 1éch ctia d6 cao dw bao dworc Khi str
dung thuit toan t6i wu SGD, ham mat mat huber
cho trong Bang 7.

Bdng 7. B léch gid tri dw bdo trong trwong
hop str dung ky thudt téi wu SGD, ham

mdt mdt Huber.

o D6 léch gié tri du bao
TT| Thoigian hJaglO(nuﬁ) h_lag20 (mm)
1 | 9/3/2022 -0,81 -1,15
2 | 10/3/2022 -0,52 -0,93
3 | 11/3/2022 -5,98 -6,43
4 | 12/3/2022 0,17 -0,35
5 | 13/3/2022 -5,49 -6,08
6 | 14/3/2022 -4,90 -5,56
7 | 15/3/2022 5,53 -6,25
8 | 16/3/2022 -4,92 -5,75
9 [ 17/3/2022 -10,99 -11,87

Bang 7 cho thdy, tuy hiéu suit cia mo hinh
twong d6i thap nhwng gia tri dd 1éch d6 cao dw bao
dwoc trong ca hai treong hop do 16m khung cira s6
trwot la 10 va 20 déu rat nho. Bén canh do, gia tri
tuyét déi do 1éch 16n nhat trong trweomng hop nay
cling chi cao hon so véi treong hop st dung thuat
toan toi wu Adam, ham mit mat MSE 0,3 mm
(10,99 mm so véi 10,72 mm). Hinh 5 va 6 biéu
dién gia tri d6 cao du bao dwoc d6i vdi toan b tip
dit liéu st dung thuit toan téi wu SGD, ham mét
mat Huber.
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Hinh 5. Gid tri d6 cao dw bdo trén toan tdp dir liéu véi thudt todn t6i wu SGD, ham mdt mdt Huber,
batch-size = 10 va do 16m khung ctra sé trwot bdang 10.
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Hinh 6. Gid tri do cao dw bdo trén toan tdp div liéu véi thudt todn téi wu SGD, ham mdt mdt Huber,
batch-size = 10 va d 16m khung ctra sé trwot bdang 20.

Kich thudéc clra s6 trwot 10 cho két qua dw
béo tét hon so véi kich thudc 20 ¢ thé dugc ly
giai qua hai khia canh chinh: d6 tré phan tng va
mirc dd bién dong cha dir liéu. Khi ctra so truot
nho hon (vi du: 10), m6 hinh GRU tap trung vao
cac théng tin gin thoi diém hién tai hon, tir dé
phan rng nhanh hon véi cac thay déi hoic bién
dong ngan han trong chudi thoi gian. Pigu nay dic
biét quan trong khi ditliéu c6 tinh dao dong manbh,
khong 6n dinh theo chu ky dai. Ngworc lai, ctra s6
trwotlén hon (20) 1am ting do tré phan img vi md
hinh phai xt Iy lwgng thong tin dai hon, dé lam

"mo" tin hiéu ngan han va gidm do6 nhay véi cac
bién dong cuc bo. Do d6, véi tip dir liéu c6 dac tinh
nhiéu va thay déi thwdmg xuyén nhw tai tram
CPHU, st dung ctra sO trwot nho giip mé hinh
nam bat t6t hon xu hwdng ngan han, tir d6 cai
thién do6 chinh xac ctia dw bao.

So sanh Hinh 3+6 c6 thé thiy, khi st dung
thudt toan tdi wu SGD, ham mat mat Huber, duong
dw bdo nam & trung tAm hon so v&i gia tri thuec té.
Diéu nay dan dén do léch gitra gia tri du bao véi
gia tri thuc té€ 16m hon.
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4.Kétluan

Duw béo gia tri d6 cao ciia diém trong twong lai
c6 y nghia quan trong trong cac nghién ctru vé tai
bién dia chat (sut lin bé mit, chuyén dich thing
dlimg vo trai dit, dong dat) cling nhw trong vin
hanh céng trinh an toan.

Bai bao da trinh bay viéc ap dung mo hinh
GRU trong dw doan gia tri do cao diém cho cac thoi
diém trong twong lai, véi dit liéu cu thé tai tram
CPU kéo dai gin 3 ndm. Théng qua viéc thi
nghiém cac ky thuat t6i wu, ham mat matva do 16m
khung ctra s6 trwot khac nhau. Két qua thuc
nghiém cho thiy, mé hinh GRU cho két qua du bao
rat tot d6i vdi cac gia tri ngan han (thoi gian dw
bdo sau 1 va 2 ngay) thé hién qua gia tri do 1éch
tuyét doi nho hon 1 mm trong trwong hop st
dung gi tri d6 16m khung ctra s6 trrgt bang 10. Mo
hinh phan &ng tét hon véi clra s6 trwot nhg,
nhung van cin cai tién d€ nang cao do chinh xac
va kha ning phan anh cac bién dong dot ngot cla
dir liéu do thuc té.

M6 hinh GRU c6 mirc do phu hop véi dix liéu
dau vao (thong qua gia tri R2) tot hon khi st dung
thuit toan téi wu Adam va ham mat mat MSE (t6t
hon t&i 12%) so véi str dung thut todn ti wu SGD
va ham mat mat Huber.

Trong ca hai trweong hop la st dung thuat
toan t6i wu Adam, ham mat mat MSE va thuit toan
t6i wu SGD, ham mat mat Huber thi két qua dw bao
d6 cao cua diém t6t hon khi d6 1én khung ctra s6
truot co gia tri bang 10.

Trong nghién cru nay, cac gia tri trong twong
lai chwa dwoc cap nhat vao dit liéu dwoc st dung
déxay dwng md hinh. Trong thoi gian téi, ndi dung
nay cin phai dwoc ti€p tuc nghién ciu.

Loi cam on

Tap thé tic gia chan thanh cdm on Cuc Do dac,
Ban d6 va Thong tin dia ly Viét Nam da cung cap
s0 liéu; dé tai cAp Bo Tai nguyén va Méi tredng ma
s6 TNMT.PL.2025.06.03 da cung cip kinh phi
thwc hién nghién ctru nay.

Pong gop cua tac gia

Nguyén Viét Nghia - Danh gia cac két qua thuc
nghiém va bién tap ban thao; xi ly dit liéu thanh
phan, kiém so4t 16i clia chwong trinh; Nguyén Gia
Trong- 1én y twdng thiét k&, viét phan phuwong

phap va hoan thién ban thao; Xt ly dit liéu thanh
phan va hoan thién ban thao.
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