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str dung mo6 hinh TDCNN-LSTM

B TS. TRAN NGOC HOA®; BUI PHUC LOC; NGUYEN BUC LUONG
TONG PUC MANH; VO MANH TRUNG
Trudng Dai hoc Giao théng vdn tai
Email: “ngochoa@utc.edu.vn

TOM TAT: Trong linh vuc gidm sat stc khde két ciu
(Structural Health Monitoring - SHM), danh gid hu
hong déng vai ro trung tam va dang thu hit su chud
¥y manh mé 1t céng déng nghién clu qudc t&. Cac
phuong phap danh gid nay phu thudc vao di liéu va
théng tin duoc thu thap théng qua qué frinh kiém tra
clng nhu cac ky thuat duoc Ung dung. Tinh chinh
xac va dé tin cay clia nhiing danh gia nay cé thé bién
déi tly thudce vao nhiéu diéu kién khac nhau. DEé déi
pho véi thach thic nay, nhiéu mé hinh hoc sau da
dugc ap dung, st dung dit liéu chudi thoi gian thu
thap tUr cac két cau, bao gébm mang no-ron tich chap
Mot chiéu (IDCNN) va mang no-ron bd nhé ngan dai
han (Long Short-Term Memory - LSTM). Nghién clu
nay dé xuat mét mé hinh hoc sau két hop IDCNN
va LSTM dé cai thién kha ning phat hién hu héng
trong két cau. Hiéu qud cla phuong phap nay duoc
kiém ching trén bd di liéu clia mdt cau gian thép.
Céac két qua da chi ra rang, phuong phap két hop dé
xudt mang lai hiéu suat vuot 1réi so véi LSTM truyén
théng - véi dé chinh xac 1an luot trén tap kiém tra Ia
94,3% va 90,04%.

TU KHOA: Danh gia hu hdng, cdu gian thép, mang
no-ron tich chap, bé nhé ngdn dai han, di liéu
chudi thoi gian.

ABSTRACT: In the realm of Structural Health
Monitoring (SHM), damage assessment emerges
as a pivotal issue, receiving special attention from
the research community. The execution of this
task relies on the analysis of information and data
obtfained through various inspection processes
and methodologies. The reliability and accuracy of
such assessments may fluctuate across different
scenarios. To deal with this challenge, numerous
deep learning architectures leveraging time-series
data extracted from structural entities have been
notably including one-dimensional
Convolutional  Neural Networks (IDCNN) and
Long Short-Term Memory (LSTM) networks. This
study infroduces a novel deep learning framework
combining IDCNN and LSTM (IDCNN-LSTM), aimed
at amplifying the efficiency of damage identfification

employed,
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within structural frameworks. The performance of
TDCNN-LSTM is evaluated employing the dataset
derived from a steel truss bridge. The results
have demonstrated that the proposed combined
method delivers superior performance compared to
fraditional LSTM - with respective accuracies on the
test set of 94.3% and 90.04%.

KEYWORDS: Damage assessment, steel fruss
bridge, Convolutional Neural Network, Long Short-
Term Memory, time-series data.

1. DAT VAN PE

Trong nhiing thap ky gan day, giam sat stic khde két cau
céng trinh (SHM) la chl dé dugc cac nha khoa hoc trén thé
gidi dac biét quan tam. Viéc bung né cudc cach mang 4.0 da
tao ra budc phat trién nhay vot cho ky thuat tri tué nhan tao
(Artificial Intelligence - Al), la nhan t6 quan trong ting dung
vao d&i séng xa hoi va SHM khéng phai la ngoailé [1, 2, 3].

Trong gidm sat stic khoe két cau céng trinh, hoc may
truyén théng bi han ché véi dirliéu 16n nén viéc ap dung cac
mo hinh mang no-ron véi nhiéu 16p xt ly khéng chi nhan
dién cac xu huéng va méu d liéu phic tap mét cach hiéu
qua ma con tu hoc cach trich xuat va tan dung cac dac diém
quan trong tir dir liéu dau vao. Cac mé hinh hoc sau néi bat
dé xur ly dit liéu chudi thai gian nham phat hién hu héng
trong két cau bao gém TDCNN va LSTM. Cu th&, TDCNN c6
thé phan tich x{ ly di lieu dang chudi phu hop véi nhiéu
loai i liéu va phat hién cdc ddc trung quan trong tu dir
lieu dau vao lam cho qué trinh mé hinh hoéa tr& nén nhanh
chong, hiéu qua. Mot vi du cu thé clia Youqi Zhang va cdng
su [4], nghién ctiu nay dé xuét st dung 1DCNN dé phat hién
nhiing thay d6i cuc b vé dé cing clia két ciu, dong thoi
kiém tra trén cac cau tric thuc bang cach st dung dir liéu
gia t6c thd ma khéng can xu ly trudc.

LSTM, mét dang mang na-ron héi quy (Recurrent Neural
Network-RNN), dugc thiét k& dé€ ghi nhé va xt ly théng tin
trong khoédng thdi gian dai [5]. LSTM c6 kh3 nang luu gitr
thong tin gitp mé hinh hoc dugc méi quan hé gitia céc su
kién cach nhau nhiéu buéc. Vi du, Sharma va Sen [6] dé xust
mot cach ti€p can thai gian thuc dua trén LSTM bang cach st
dung cdc mang phan loai dugc giam sat va du doan khéng
gidm sat d€ phat hién cac hu héng trén mét cdng trinh cau



thuc t&. Haoju Hu va cac cong su [7] da phat trién mot hé
théng tién tién dua trén mang LSTM, tan dung di liéu cdm
bién chudi thai gian dé dua ra udc lugng vé tai trong hoat
dong va tuditho con lai ctia hé théng treo clia 6 t6.

Mac du Mang 1DCNN va LSTM déu dem lai nhiing lgi
ich dang ké trong qua trinh x(t ly dit liéu, chiing khéng tranh
khai nhiing han ché. 1DCNN thudng gap phai tré ngai trong
viéc hoc cadc méi quan hé dai han va boc 16 khé khan trong
viéc t8ng quat hoa khi déi mat vai di liéu mdéi mang tinh
chat khac biét. Ngugc lai, du LSTM thé hién su uu viét trong
viec x&r ly di liéu chudi thai gian, né lai khéng hiéu qua
trong viéc x{ ly cac phu thudc khéng gian. Dai véi viéc giai
quyét nhing han ché nay, nghién ctiu nay dé xuét st dung
mot su két hop gitta TDCNN va LSTM. Bang cach nay, trong
khi TDCNN c6 kha nédng loc va két n6i théng tin khong gian
tir dit liéu, LSTM cuing luc t6i uu héa viéc hoc cac mau dir
liéu tudn ty, tao nén mot kién tric manh mé, dugc téi uu
dé phan tich va phan loai dit liéu chudi thai gian phc tap.

Bai bao nay duoc cau trdc thanh 5 phan chinh: Ngoai
phan gidi thiéu ban dau, phan tha hai dua ra mo ta vé
1DCNN, LSTM va mé hinh két hgp 1DCNN-LSTM. Phan thu
ba cung cap thong tin vé cdu Nam O cung véi bd dir liéu
duoc st dung trong nghién ctu. Phan tha tu trinh bay két
qua thu dugc tir nghién ctiu. Cudi cling, phan két luan téng
két nhirng phat hién va két qua chinh ctia bai béo.

2. PHUONG PHAP

2.1. Mang tich chap mét chiéu (1DCNN)

M6 hinh TDCNN (Hinh 2.1) dang tr& thanh mot cong cu
manh mé trong linh vuc xt ly dttliéu chudi va da dugc ap dung
réng rai trong nhiéu tng dung khac nhau. TDCNN cé kha nang
hoc va trich xuat dac trung tir dit liéu chudi mét cach hiéu qua
théng qua viéc st dung I6p convolution va pooling, gitip nhan
dién cac mau phuc tap va dat hiéu suat cao trong phan loai
va du doan. Thay vi thuc hién cac phép tinh ma tran phtic tap,
1DCNN yéu cau cac phép toan don gian hon, gidam dang ké
thai gian tinh toan [8]. Tuy nhién, dé st dung 1DCNN hiéu qua,
can luu y ring mé hinh nay doi héi mét lugng dt liéu I6n dé
huan luyén va viéc tinh chinh tham sé cling rat quan trong. Viéc
tinh chinh kich thudc kernel, s6 lugng I&p convolution, ham
kich hoat... can dugc thuc hién can than dé dat dugc hiéu suat
t6t nhat. Dong thai, viec hiéu rd vé uu diém, han ché va cach st
dung mé hinh TDCNN sé gitp tan dung t6i da tiém nang cla
né trong cac Uing dung thuic té.
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Hinh 2.1: Mé hinh 1DCNN don gidn
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2.2. Mang b6 nhé ngan dai han (LSTM)

M hinh LSTM, viét tat clia Long Short-Term Memory
la mot dang ctia mang RNN dugc gidi thiéu 1an dau bai
Hochreiter va Schmidhuber vao nam 1997 [9]. LSTM d3 tr&
thanh mét cong cu manh mé trong nhiéu linh vuc. Mot
trong nhiing uu diém ndi bat cta LSTM la kha nang luu trit
théng tin trong thdi gian dai. Diéu nay lam cho mé hinh
trd nén déc biét phu hgp cho céc ting dung yéu cau xi ly
thoéng tin dai han.

Vi tinh todn phuic tap va doi hai nhiéu tai nguyén, viéc
trién khai LSTM trong céc tiing dung thuic t€ ¢ thé gap phai
nhiing thach thic vé hiéu suat va tai nguyén. Dong thai,
viéc cau hinh va diéu chinh cac siéu tham s6 ciing doi héi su
hiéu biét sau vé mé hinh, diéu nay c6 thé lam tang dé phtic
tap cla qua trinh phét trién va trién khai.
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Hinh 2.2: C4u tric dién hinh mé hinh LSTM

M6 hinh LSTM dugc trién khai nhu sau [9]:

C6ng dau vao dé xac dinh thong tin dau vao nao sé
cap nhat bd nhd, véi ham Sigmoid loc théng tin (cho qua 0
hodc 1) va ham tanh dinh trong s6 tir-1 dén 1.

i, =o(x.W+2,.U+b) (1)

€, = tanh (xp. W, + Ae_1. U, + b) 2)

C6ng quén quyét dinh phan thong tin nao ti bé nhé
i dugc loai bd, dua vao dau vao va trang thai truéc do, vdi
gia tri tir 0 (loai bo) dén 1 (gitr lai).

ge = 0(xe. Wy + A¢_1. Uy + by) (3)

C6ng d4u ra xac dinh théng tin nao ti bo nhé dugc su
dung lam dau ra, théng qua ham Sigmoid va tanh, quyét
dinh trong s6 thong tin tir-1 dén 1, tao ra dau ra cudi cung.

0; = 0(xe. W, + At—1.Us + b,) 4)

A¢ = o0p. tanh(Cy) (5)

2.3. IDCNN - LSTM

Trong nghién ctiu nay, chidng t6i dé xuat st dung
mot phuang phap tiép can két hgp gita TDCNN va LSTM.
Bing cach két hgp khad nang ctia hai moé hinh khong chi
don thuan 13 téng hap phucng phap ma con la mét mang
théng nhét c6 kha nang gii quyét cac thach thiic ma moi
mang truyén théng gap phai khi hoat déng déc lap. Kién
tric mang ctia 1DCNN-LSTM dugc minh hoa trong Hinh 2.3.
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1DCNN dugc thiét ké dé trich xuat dac trung cuc bd
tur dit liéu chuéi, trong khi LSTM ¢é kha nang mé hinh héa
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m&i quan hé dai han trong d liéu. Vi vay, mé hinh c6 kha
nang hoc dugc cac mau phuc tap va tuong tac gilia cac dac
trung, ciing nhu méd hinh héa dugc cac méi quan hé dai
han trong d liéu chudi. Diéu nay gilp cai thién kha nang
du doan va phan loai cia mé hinh trong cac bai toan lién
quan dén di liéu chudi thai gian.

3.THONG TIN VA BO DU LIEU CUA CAU

C4u dudng sét Nam O la cdy cau gian thép c6 quy mo
I6n, ndm & TP. Da Nang, mién Trung Viét Nam. Cay cau bao
g6m 4 nhip gidn don c6 chiéu dai bang nhau (75 m). Budng
ray dugc dat truc tiép trén dam ctia mat cau. M6 phia Hai
Van dudc goi 1a A-0, trong khi ba try cau dugc danh s6 la
P-1, P-2 va P-3, bt dau ti phia A-0. Nhip cudi cling (thu 4)
di tir P-3 dén mo A-1 phia TP.Da Ndng. Mét s6 goc nhin ctia
cay cau dugc dua ra trong Hinh 3.1.

Hinh 3.1: Huéng nhin cdu Nam O: a) - Phia thuong luu;
b) - Phia ha luu [10]

Céc cau kién gian dugc lam tir thép c6 nhiéu loai tiét dién
I, L, Box (Hinh 3.2) va dugc lién két véi nhau bang bu-16ng.
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Hinh 3.2: Cac thanh gian trong mé hinh [10]
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Hinh 3.3: Dit liéu theo thoi gian tai mgt c3m bién do

4. KET QUA VA THAO LUAN

Dé kiém chiing su hiéu qua clia mé hinh hoc sau duoc
dé xudt 1DCNN-LSTM, mang LSTM cling dugc xem xét.
D(r liéu dugc chia thanh 11 1&p, bao gébm 1.980 b6 di liéu
duac chia thanh tap huan luyén va kiém tra mot cach ngau
nhién, v&i 70% dii liéu danh cho huan luyén va 30% di liéu
danh cho kiém tra.

Pau tién 1a mdt I6p 1DCNN st dung véi muc dich trich
xuat cac tinh ndng quan trong ctia mo hinh, I6p CNN bao
gbém cac dac diém nhu sau: S6 lugng Kernel la 128 va kich
thudc cta kernerl 3x3. Sau khi cac dit liéu dau vao da duoc
trich xuat, mang LSTM sé dugc sit dung dé hoc va phan
loai. Mang LSTM gbm 2 18p, xen ké cac 16p st dung cac I6p
Dropout dé ngan hién tugng overfitting va cdc Maxpooling
dé trich xuat nhing dic trung quan trong. Diéu dé gitp
gidm duoc cac kich thudc ma tran, giam s6 phép tinh va
gidm thai gian tinh toan. K&t qua so sanh dua trén biéu do
héi tu dugc minh hoa trong Hinh 4.1.

. D6 chinh xac clia tap kiém tra
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Hinh 4.1: Biéu dé héi tu cda mang 1DCNN-LSTM, LSTM
irén tap kiém tra
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Nhdn xét: Hinh 4.1 thé hién su so sanh hiéu suat hoi tu
gitta hai m6 hinh: LSTM va 1DCNN-LSTM qua s6 lan l3p.
Mé hinh két hgp 1TDCNN-LSTM cho théy dé chinh xac cao
nhat va én dinh so véi hai mo hinh con lai. M6 hinh LSTM
c6 d6 chinh xac ban dau kha t&t nhung nhanh chéng dat
dén hoi tu.
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Bing 4.1. K&t qué hudn luyén trén tap kiém tra cia mang 1DCNN-LSTM, LSTM

LSTM 1DCNN-LSTM ]

Nhan precision recall f1-score precision recall f1-score
"0 0,930 0,957 0,943 0,829 0,986 0,901
1 0,855 0,922 0,888 0,974 0,987 0,981
2 1,000 0,909 0,952 0,988 0,943 0,965
3 0,959 0,910 0,934 0,986 0,910 0,947
4 0,902 0,949 0,925 0,846 0,987 0,911
5 0,895 0,895 0,895 0,986 0,908 0,945
6 0,881 0,925 0,902 0,974 0,925 0,949
7 0,963 0,814 0,883 0,913 0,969 0,940
8 0,787 0,914 0,846 0,986 0,901 0,942
9 0,902 0,914 0,908 0,950 0,938 0,944
10 0,895 0,865 0,880 0,976 0,921 0,948
Do chinh xéc 0,904 0,943

D6 chinh xac dugc tinh véi cdng thic sau:

i ore = 2 * Recall = Precision
fi=se " Recall + Precision
(TP

o ) BN
VGi Recall = @rarny VA Precision = (TP)

(TP+FP)

Hinh 4.2: é chinh xdc cda mang 1DCNN-LTSM, LSTM
trén tap kiém tra
Hinh 4.2 va Bang 4.1 cho thdy mo hinh TDCNN-LSTM
vugt trdi hon hén so véi cd LSTM. M6 hinh nay dat ty 1& d6
chinh xac cao nhéat 13 94,3% trén tap kiém tra, cao hon so véi
LSTM véi 90,04%.

5. KET LUAN

Nghién ctu nay ap dung mé hinh két hgp TDCNN-LSTM,
trong xr ly dir liéu chudi thai gian cho giam sat stic khoe két
c8u (SHM). Cac két qua cho thdy mé hinh nay cé hiéu suét
cao hon so véi viéc st dung LSTM trong viéc chan doan hu
héng két cdu. M6 hinh 1DCNN-LSTM dat ty 1& d6 chinh xac
cao nhat 1a 94,3% trén tap kiém tra, cao hon so véi LSTM véi
90,04%. Sy vugt troi nay mé ra kha nang tiing dung moé hinh
trong nhiéu linh vuc khac, nhd vao kha nédng linh hoat va
hiéu qua trong x{ ly dif liéu phuc tap. Tuy nhién, dé t6i uu
héa hiéu sudt, can tiép tuc nghién cdu vé tinh chinh tham so,
ting cudng di liéu va phat trién ky thuat mdi.

L&i cam on: Nghién cuiu nay dugc tai trg bdi Bo Gido duc
va Dao tao trong Dé tai Khoa hoc va cong nghé cap Bo, ma
s6 B2024-GHA-06.
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