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Bai bao trinh bay mat phuong phap tigp can mai dé chén doan hu
hang trong ket céu thang qua viéc ap dung ma hinh hoc sau (Deep
Learning - DL) ket hop giira kha nang trich xuét cac dic trung cia
mang no-ron tich chap mat chiéu (One Dimensional Convolutional
Neural Network - [DCNN) va kha nang xir Iy dir ligu chuéi thvi gian
mang b nha dai ngén han (Long Short-Term Memary - LSTM). Mic
di IDCNN ca wru the trong vige trich xudt céc dac trung tir dir ligu
nhung gdp han ché khi xir Iy cac mdi quan he dai han trong chudi
thiri gian. LSTM lai thé hign kha ndng phén tich, hoc cac quan hé
dai han, nhung gap kha khan trong viec can béing cac trong sd tinh
todn va tac d xar Iy can cham. DE kiém chirng higu qua cia phrong
phap dé xuat, nghién cou duge thyc hién bang céch sir dung dir
ligu theo thavi gian thu dugce tir he théng cém bign gia tdc trén cu
gian thép Chuong Duong. Két qua cho thay higu qua coa phrong
phap dé xudt vuet trdi hon hai ma hinh hoc sau riéng |& - IDCNN
va LSTM, dat dd chinh xac |an lrot 12 91,6%, 84.9% va 81.4% trén
tap dir ligu kiém tra.

Tir khda: Chan doan he hang, mang no-ron tich chap mat chiéu,
mang bd nha dai ngén han, dif lidu chudi thavi gian, cdu gian thep.

1.DAT VAN BE

Trong nhirng thap ky gan day, Gidm sat stic khoe két cau (SHM)
la chu dé dugc cac nha khoa hoc trén thé giGi dac biét quan tam.
Nh& vao su tién bo vuot bac clia cong nghé, SHM da va dang dugc
trién khai rong rai dé dadm bao an toan, tinh toan ven va su phat
trién bén viing clia cac cong trinh giao théng. Nhiing nghién ciu
cho thdy, SHM khéng chi gitp phat hién sém cac hu héng ma con
t6i uu hda chi phi bao tri va quan ly hé thong két cau [1, 2, 3.

Trong SHM, hoc may truyén théng bi han ché khi phai xt ly
lugng dir liéu 16n nén viéc dp dung cac md hinh hoc sau (Deep
Learning - DL) khong chi c6 khé ndng hoc va phat hién cac mau di
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ABSTRACT

This paper presents a novel approach for structural damage
diagnosis by applying a deep learning (DL) model that combines the
feature extraction capabilities of a One-Dimensional Convolutional
Neural Network (IDCNN) with the time-series data processing
strength of a Long Short-Term Memory (LSTM) netwaork. While
[DCNN excels at extracting features from data, it struggles with
capturing long-term dependencies in time-series sequences. (n the
other hand, LSTM is effective at learning and analyzing long-term
relationships but faces challenges in balancing computational weights
and has slower processing speeds. To validate the effectiveness of
the proposed method, the study utilizes time-series data collected
from an accelerometer sensor system on the Chuong Duong steel
truss bridge. The results demonstrate that the proposed hybrid model
outperforms the standalone deep learning models-1DCNN and LSTM-
achieving accuracies of 91.6%, 84.0% and 81.4%, respectively, on the
test dataset.

Keywords: Damage diagnosis. one-dimensional convolutional
neural network, long short-term memory netwaork, time-series
data, steel truss bridge.

lieu phuc tap mét cach hiéu qua ma con tu hoc céch trich xuat va
tan dung céc dic diém quan trong ti di liéu dau vao. Cac mé hinh
hoc sau néi bat dé xu ly dit liéu chudi thai gian nham phat hién hu
héng bao gém TDCNN va LSTM. Cu thé, 1DCNN c6 thé phan tich xi
ly dit liéu dang chudi phu hgp véi nhiéu loai dit liéu va phat hién céc
dac trung quan trong tr di liéu dau vao lam cho qua trinh mé hinh
héa tré nén nhanh chéng, hiéu qua. Mét vi du cu thé, Youqi Zhang
va cOng su [4]. Nghién ctiu nay dé xuat 1DCNN don gian gitp phat
hién nhiing thay déi cuc bd nhé vé d6 ciing va khéi lugng cau kién,
déng thai xac nhan no trén cac cau truc thuc bang cach st dung dir
liu gia téc thé ma khéng can xur ly trudc. Hay Sharma va céng su
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[5] dé xuat st dung mang 1DCNN dé tu déng trich xudt dac trung
tur tin hiéu gia téc va xac dinh vi tri cac diém lién két yéu. Phuong
phap nay dugc xay dung thi nghiém va kiém chiing s liéu trén cac
khung thép va cling dugc thi nghiém trén mét cau trdc khung thép
thuc té.

LSTM, mét dang mang no-ron héi quy (Recurrent Neural
Network-RNN) chuyén biét, dugc thiét ké dé€ ghi nhé va xtr ly théng
tin trong khoang thai gian dai. LSTM c6 kha nang luu gilr thong tin
giup moé hinh hoc dugc méi quan hé gilra cac sy kién cach nhau
nhiéu budc. Vi dy, Sony va cong su [6] da chliing minh phuong phap
dua trén LSTM dé xuat cé hiéu suat tuong duong véi mang 1DCNN
trén tap di liéu QUGS va vugt trdi hon TDCNN trén tap di liéu cau
Z24. Hay Xu va cong su [7] da dé xuat mét framework dua trén kién
tric mang no-ron LSTM gidi quyét nhitng han ché cla cac phuong
phép hién c6 dé danh gi thiét hai sau déng dat. Né cung cap mot
danh gia nhanh chéng va chinh xac vé hu hai do dong dat gay ra va
thé& hién tinh hiéu qua va tiém nang cho cac iing dung thuc té.

Mac du Mang 1DCNN va LSTM déu dem lai nhing lgi ich dang
ké trong qua trinh x{ ly dt liéu, chiing khéng tranh khéi nhimng han
ché&. 1DCNN thudng gap phai trd ngai trong viéc hoc cac méi quan
hé dai han va boc 16 khé khan trong viéc téng quét héda khi déi mat
véi dit liéu mai mang tinh chat khac biét. Ngugc lai, du LSTM thé
hién su uu viét trong viéc xi ly dit liéu chudi thai gian, no lai khong
hiéu qua trong viéc xtt ly cac phu thudc khéng gian. Déi véi viéc giai
quyét nhiing han ché nay, nghién ctu dé xuat st dung mét su két
hgp gilta 1DCNN va LSTM. Bang cach nay, trong khi 1DCNN c6 kha
nang loc va két ndi théng tin khéng gian tur dir liéu, LSTM cling ldc
t6i uu hoda viéc hoc cdc mau dir liéu tuan tu, tao nén mot kién tric
manh mé, dugc t8i uu dé phan tich va phan loai dir liéu chubi thoi
gian phuc tap.

Bai bdo dugc cau tric thanh 5 phan chinh, nhu sau: Ngoai
phan giéi thiéu ban dau, phan thu hai dua ra cach hoat déng cua
mang 1DCNN, LSTM va mé hinh két hgp 1DCNN-LSTM. Phan thu
ba cung cap théng tin vé cdu Chuong Duang cung véi bo di liéu
dugc st dung trong nghién ctu. Phan thir tu trinh bay két qua thu
dugc tu nghién ctu. Cudi cung, phan két luan téng két nhiing phat
hién va két qua chinh cuta bai bao.

2.PHUONG PHAP

2.1. Mang tich chap mét chiéu (1DCNN)

Mang 1DCNN la mét loai mang no-ron sau dugc thiét ké dé xur
ly d@ liéu tuan tu hodc chudi thai gian. Khac véi cac mang 2DCNN
théng thudng dugc st dung chd yéu cho dir liéu hinh dnh, 1D-CNN
tap trung vao viéc xt ly cac dac trung tir dir liéu mot chiéu. Day la
mot cdng cu manh mé trong nhiéu tng dung nhu x ly ngén ngl
tu nhién, phan tich chudi thai gian va dac biét la trong SHM. Cach
thic hoat ddng ctia 1DCNN biéu dién & Hinh 1 dugc xay dung dua
trén cac I8p tich chap, 16p gop, I6p lam phéng va 16p két ndi hoan
toan dé trich xuat va hoc cac dic trung tur di liéu dau vao. Qua
trinh hudn luyén 1DCNN bao gém viéc t6i uu hda cac tham sé cla
cac bé loc va trong s6 trong cac 16p fully connected thong qua cac
ky thuat t6i uu héa nhu gradient descent. Muc tiéu la gidam thiéu
ham mat mat, phan anh su chénh léch gitta du doan ctia mé hinh
va gia tri thuc t€. Qua nhiéu vong ldp huan luyén, mang hoc cach
trich xuat cac dac trung quan trong tur dir liéu chudi thoi gian, tir

dé cdi thién dé chinh xac viéc phat hién nhiing dic diém hu héng
trén két cau.
Lép lam phing
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Hinh 1. M6 hinh 1DCNN don gian

2.2. Mang bé nhé ngén dai han (LSTM)

M6 hinh LSTM la mét dang cia mang RNN dugc gidi thiéu lan
dau béi Hochreiter va Schmidhuber [8] vao nam 1997. Mang duoc
thiét k& dé khac phuc van dé mat dan gradient (vanishing gradient)
trong qua trinh huan luyén. Nho vao kién truc dac biét ca minh,
LSTM c6 khé ndang hoc va ghi nhé thong tin dai han, gitip né tré thanh
mot cong cu manh mé trong phan tich di liéu chudi thai gian.

Viéc trién khai LSTM trong céc (ing dung thuc t&€ gap nhiéu
thach thic do tinh toan phuc tap va yéu cau tai nguyén cao. Vi sé
lugng I6n tham sé va cac phép toan ma tran, mé hinh nay doi hoi b
nha 1én va thai gian xt ly 1au, dac biét khi ap dung trén cac hé théng
nhung hodc thiét bi c6 tai nguyén han ché. Ngoai ra, viéc diéu chinh
siéu tham sé nhu s6 lugng don vi LSTM, téc d6 hoc va kich thudc
batch 1a mét qua trinh phc tap, doi hdi thit nghiém nhiéu lan dé
tim ra cau hinh t6i uu.
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Hinh 2. Céu tric dién hinh bén trong LSTM

Cach thuc hoat ddng cta kién trac LSTM (Hinh 2) la trang thai
té bao clia n6, véi ba cong: Cong dau vao (i), cdng quén (g) va cdng
dau ra (o). Cac c6ng nay dugc biéu dién vé mit toan hoc nhu sau:

C8ng dau vao dé xac dinh théng tin dau vao nao sé cap nhat
b6 nhg, véi ham Sigmoid loc thong tin (cho qua 0 hodc 1) va ham
tanh dinh trong s6 tir-1 dén 1.

(ig = o(xe. Wi + hey. Ui + b;)

C, = tanh (x;. W, + hy_y. U + b.)

C8ng quén quyét dinh phan théng tin nao tir bd nhé ci dugc
loai bo, dua vao dau vao va trang thai trudc do, vai gia tri tir 0 (loai
bd) dén 1 (gitt lai).

gr = a(xe. Wy + he_q. Uy + by)

Céng dau ra xac dinh théng tin nao tir bd nhé dugc sir dung
lam dau ra, thdng qua ham Sigmoid va tanh, quyét dinh trong s6
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thong tin tur-1 dén 1, tao ra dau ra cudi cling.

0 = o(xg. W, + hy_q.U, + b,)

hy = 0. tanh(C})

Trong dé: Cac gia tri W va b dai dién cho ma tran trong sé va
d6 léch; x, la dau vao, h, , la trang thai &n trudc d6 va o dai dién cho
ham kich hoat sigmoid.

2.3. Phuong phap dé xuiat 1DCNN - LSTM

Trong nghién ctiu nay, ching téi dé xuat st dung mot phuong
phap ti€p can két hop gitta IDCNN va LSTM. Bang cach két hgp kha
nang cta hai mé hinh khéng chi don thuan la téng hgp phuong
phap ma con la mét mang théng nhat c6 kha nang giai quyét cac
thach thiic ma méi mang truyén théng gap phai khi hoat dong déc
lap. Kién tric mang ctia 1DCNN-LSTM dugc minh hoa trong Hinh 3.

=3 pOgiia0at

Hinh 3. Kién tric mang 1DCNN-LSTM

Uu diém ctia m6 hinh két hgp TDCNN-LSTM dugc thé hién r6
rét, dac biét & kha nang két hgp ca dac trung cuc bo va quan hé dai
han. Mang TDCNN dam nhan vai tro trich xuat cac dac trung cuc bo
tUr dir liéu chudi, trong khi LSTM gitp mé hinh héa cac méi quan
hé dai han trong dit liéu. Nh& sy két hgp nay, mé hinh c6 thé hoc
dugc cadc mau dit liéu phuc tap va xac dinh su tuong tac gilta cac
dac trung, dong thdi ndm bat hiéu qua xu hudng theo thai gian.
Diéu nay giup tang cudng d6 chinh xac trong du bao va phan loai
cac bai toan lién quan dén chudi thai gian, nang cao hiéu suat so vai
cac md hinh don |é.

s |
MaxPooling!

3.THONG TIN VA BO DU LIEU CUA CAU
3.1. Giéi thiéu cau Chuong Duong

Hinh 4. Mot 56 hinh anh cdu Chuong Duong [9, 10]
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Cau Chuong Duang - mot cong trinh cau gian thép nhip 16n tai
Ha Noi, néi quan Hoan Kiém vé&i quan Long Bién. Vi téng chiéu dai
1.230 m va chiéu réng 20 m, cau Chuong Duong dugc thiét ké gom
4 lan xe co gidi va hai lan xe thd so. Cadu bao gébm 21 nhip, trong d6
nhip chinh bac qua séng dai 180 m, con cac nhip khac c6 chiéu dai
tr 47 dén 90 m [11]. M6t s6 thong tin cla cau dugc thé hién trong
Hinh 4 va Hinh 5.
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Hinh 5. Kich thudc cda nhip thit 10 cau Chuong Duong [11]

3.2. M6 hinh phan ti hitu han (Finite element model - FEM)

Trong phan nay, mé hinh phan ti hitu han cla cau gian thép
Chuong Duong dugc xdy dung bang phan mém Matlab. M hinh
nay sé st dung cac phan t& dam véi moi nit ¢é sau bac tu do. Nhip
cau gian don dai 89,28 m dugc moé phong bang 318 nut va 799 phan
. Cac géi cau duge moé phong bang cach st dung ca goi c6 dinh va
g6i di ddng. Thanh phan chinh clia cau dugc lam bang thép nén vat
liéu clia cac phan ti la nhu nhau, véi mé-dun Young = 2,1 x 10" Pa,
ty s Poisson = 0,3 va khdi lugng riéng thé tich = 7.850 kg/m3. Mé
hinh FEM cuia cau dugc thé hién nhu trong Hinh 6.

Hinh 6. Md hinh phan t& hitu han cla cdu Chuong Duong

3.3.Thu thap va xi ly dit liéu

Nghién ctu nay sé gia dinh 11 truéng hop hu hdng bang cach
giam dé cliing & mét phan tr két cau clia cau. Vi dy, néu do cling con
lai 1a 70% thi muc d6 hu héng sé la 20%. Cac trudng hop sé dugc
dan nhan tir 0 dén 11 v6i méi nhan l1a mot mic d6 hu hong tuong
ung nhu trong Bang 1.

Bang 1. Cac trudng hgp hu hong

Nhan Phantd | Phan tram hu héng (%) Trang thai
0 1 0 Nguyén ven
1 2 10
2 3 20
3 4 30
4 5 40
5 10 10 Hu héng
6 11 20
7 12 30
8 13 10
9 16 20

10 25 30
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Tai trong dugc dung dé kich thich dao déng la hoat tai xe tai 3
truc theo HL93, véi van téc chay trén cau la 60 km/h va chay 10 lan
trén cau. Sé 1an xe chay trén cau la 20 lan, khoang cach gilta cac lan
chay la 2s.

Bang cach stit dung 40 cam bién &o & tan s6 lay mau 500 Hz da
dugc thu thap véi diém thai gian 1a 40.000, tao ra mét tap di liéu
c6 kich thuéc (11, 40, 40.000). Mot doan dit liéu mau dugc minh hoa
trong Hinh 7.
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Hinh 7. Dit liéu ban dau thu dugc tir cdm bién

4. KET QUA VA DANH GIA

Trong nghién ctu nay, phuong phéap dé xuét sé dugc st dung
dé phat hién hu héng trén cdu Chuong Duong. Nghién cdu nay st
dung ngdn ngl Python phién ban 3.11.9 va thu vién TensorFlow,
mot thu vién hoc sdu ngudn maé véi kha nang hé trg manh mé cho
nhiéu mé hinh hoc sau. Cac phuong phap truyén théng nhu LSTM,
1DCNN ciing dugc ap dung d€ so sanh véi mang két hgp dé thay ro
hién qua. Cac két qua dugc biéu dién trong Hinh 8, Hinh 9 va Hinh 10.
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Hinh 8. Bi€u d6 hoi tu: a) - Tap huan luyén; b) - Tap kiém tra

Dua trén Hinh 8, c6 thé nhan thay rang trén tap hudn luyén,
mo hinh két hgp TDCNN-LSTM héi tu nhanh hon va dat dugc do
chinh xac cao hon so véi cdc moé hinh con lai. Khi dp dung trén tap
kiém tra, mé hinh nay tiép tuc thé hién kha ning téng quat héa
vugt troi. Cu thé han, ti Hinh 9, mé hinh 1DCNN-LSTM du doén kha

chinh xac déi véi hau hét cac 16p khi s6 du doan ding trén dudng
chéo khé cao va mét s6 nhan chi nham 1an 1 - 2 1an vdi tan sé it. So
vGi cac mo hinh khac, 1IDCNN va LSTM nham 1an & nhiéu nhan, l1én
dén 7 lan.

b} - TDCNN

a)-L5TM )= 1DCNN-LSTM

Hinh 9. Ma tran nhdm lan ctia 3 m hinh

5. KET LUAN VA KIEN NGHI

Nghién cttu nay 4p dung mé hinh két hgp 1DCNN-LSTM, trong
x0 ly dit liéu chudi thai gian trong linh vuc SHM. Cac két qua cho
thdy mé hinh nay cé hiéu suat cao han so vdi viéc st dung riéng lé
1DCNN hodc LSTM trong viéc chin doan hu hdng két cdu. Mé hinh
1DCNN-LSTM dat ty lé d6 chinh xac cao nhat 1a 91,6% trén tap kiém
tra, cao han so véi 1DCNN & muic 84,5% va LSTM véi 81,4%. Su vuot
tréi nay ma ra kha nang tng dung mé hinh trong nhiéu linh vuc
khac, tiry té dén duy bao thai tiét, nhd vao kha nang linh hoat va hiéu
quad trong xU ly dir liéu phuc tap. Tuy nhién, dé t8i uu héa hiéu sudt,
can ti€p tuc nghién cdu vé tinh chinh tham s6, tang cudng di liéu
va phat trién ky thuat méi.
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