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Abstract: In Structural Health Monitoring (SHM), the use of time-series data
obtained from sensors has garnered interest from the research community
worldwide. With the advancement of sensor technologies, this data is
becoming increasingly abundant and complex. However, traditional Machine
Learning (ML) methods, such as Artificial Neural Networks, are no longer
efficient enough to accurately process and diagnose structural damages based
on time-dependent data. To address this issue, this study proposes a novel
deep learning approach integrating a 1-dimensional Convolutional Neural
Network (1DCNN) and Long Short-Term Memory (LSTM) network to enhance
the effectiveness of structural damage detection based on time-series data
collected from fiber optic sensors. The efficacy of the proposed method is
assessed through a dataset from a cable-stayed bridge in a laboratory setting,
constructed at the University of Transportation. Accordingly, the results have
demonstrated that the proposed method significantly outperforms traditional
deep learning approaches, with accuracy rates on the validation and test sets
of 77.5% and 74.1%, respectively.

Keywords: Long short-term memory; 1D Convolutional Neural Network; Time-
series data; Damage detection; fiber optic sensors; Deep Learning.
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Tém tat: Trong Giam sat strc khde két ciu (Structural Health Monitoring -
SHM), viéc st dung di liéu dang chudi thei gian thu dwoc tir cac cam bién
duwoc sy quan tdm cla cong ddng nghién clru trén thé gidi. Véi sw phat trién
cla cac cdng nghé cadm bién, cac di¥ liéu nay ngay cang nhiéu va phirc tap.
Tuy nhién, cac phwong phap Hoc may (Machine learning - ML) truyén théng,
chang han nhw Mang than kinh nhan tao, khéng con da hiéu qua dé xa ly va
chan doan chinh xac cac hw héng cAu truc dwa trén di liéu phu thudc vao thoi
gian. D& giai quyét van dé nay, nghién clru nay dé xuat moét phuong phap hoc
sau méi tich hop mang than kinh tich chap 1 chiéu (1D Convolutional Neural
Network-1DCNN) va mang bd nhé ngén han dai (Long Short-Term Memory -
LSTM) dé nang cao hiéu qua phat hién hw héng két cdu dwa trén di liéu dang
chudi thei gian dwoc thu thap tir cdm bién quang. Hiéu qué cla phwong phap
dé xudt dwoc danh gia théng qua bé div liéu cau day vang trong phong thi
nghiém, dwoc xay dung tai Truéng Dai hoc Giao thong Van tai. Theo dd, két
qua da chirng minh thdy phwong phap dé xuét hoan toan vuwot trdi so voi
phwong phap hoc sau truyén thdng véi két qua 1an lwot trén tap kiém thir va
kiém tra 14 77.5 va 74.1%.

T khéa: Mang bd nhé ngén dai han; Mang than kinh tich chap 1 chiéu; Div
liéu theo thei gian; Chan doan hw héng; Cam bién soi quang; Mang hoc sau.

1. Giéi thiéu

Trong ky nguyén 4.0, sw phét trién cla cac
céng nghé cam bién da cho phép thu thap mot
lwong I&n di liéu dang chudi thoi gian tir két cAu,
d&c biét la cac cdm bién soi quang (Fiber Bragg
Grating - FBG), loai cdm bién nay da tréi qua sw
phat trién nhanh chéng trong nhirng ndm gan day
sau khi quan sat thy sw phan xa dai rat hep trong
vung I6i nhay sang cta sgi quang silica pha tap Ge
[1]. Viéc thanh cdng ché tao FBG trén I6i soi quang
bang cach tiép xtc v&i mau giao thoa UV hai chum

tia vao nam 1989 [2] d& m& ra canh clra cho (*rng
dung réng rai cta chung. FBG c¢6 nhiéu wu diém,
bao gébm khad nang mi&n nhiém véi nhidu dién tw
(EMI) trén mat dat, cling nhu khéi lwvong nhe va
kich thwéc vat ly nhd, thich hop dé nhing hodc gén
vao cac két ciu. Cam bién FBG ciing khong doi hoi
day két néi dén hé thdng diéu khién vi chung déng
thoi 1a bd phan cdm bién va dng dan tin hiéu. Diéu
nay gilip gidm thiéu rdi ro va chi phi lién quan dén
viéc két nbi va lap dat. Khac biét rd rét ctia FBG so
v&i cac cong nghé cam bién khac la kha nang cung
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cAp thong tin vé bwdc séng, mot tham sb tuyét ddi,
tlr d6 tao ra moét so' d6 do lwong tuyét dbi, tw tham
chiéu. Cam bién quang da chirng minh duwoc tinh
wu viét clia né so v&i cac cam bién truyén thdng
khac trong Iinh viec SHM [3],[4]. C&m bién FBG c6
dd nhay cao tir d6 dé dang ndm bét cac dao doéng
du la rat nhé trong két cdu. Do d6, dir liéu thu dwoc
tlr cdm bién quang tré nén chinh xac va hiéu qua
hon so véi cac cdm bién thong thuwong. Dé xiv ly
cac div liéu thu thap dwoc tir cdm bién nay, cac
nghién ctru rng dung hoc may (Machine Learning
- ML) da dwoc phat trién va chirng minh trong
nhidu nghién ceru [5],[6],[71,[8]. Tuy nhién, ML dién
hinh la mang no ron nhan tao chi x& ly dwoc div
lieu v&i kich thwde nhd, khong phu hop cho cac di
liéu I&n. Chinh vi vay, m6 hinh hoc sau duoc phat
trién va thay thé cho ML dé xt ly van dé nay.
Mang hoc sau théng qua viéc str dung cac
mé hinh mang Iwéi than kinh nhiéu 1&p, khéng chi
gitp phat hién cac mau trong bd di liéu I&n ma con
s& hiru kha ndng tw dong trich xuét cac tinh ndng
twr di¥ liéu dau vao ma khong can sw can thiép cla
con ngudi. Diéu nay téi wu héa viéc xac dinh cac
diém bat thwdng trong div liéu chudi thoi gian cua
SHM, ttr d6 chan doan hw héng tré nén nhanh hon
va chinh xac hon. Cac md hinh hoc sau ndi bat dé
x& ly di¥ liéu chudi thdi gian nham phat hién hw
héng bao gbm 1DCNN va LSTM. Cu thé, 1DCNN
la mot kién tric mang no-ron dwoc thiét ké dac biét
cho viéc trich xuat dac trwng tir di¥ liéu chudi thong
qua céc tang tich chap. 1DCNN cé kha nang tw
ddng hoc va phat hién cac dac trweng cuc bd va toan
cuc tir di¥ liéu chudi, gitp mé hinh hiéu ré hon vé
cau trac va dac diém cda dir liéu, tr d6 cai thién
kha nang dy doan va phan loai. Nhirng vi du dang
chd y bao gdm, Yougqi Zhang va cong sw [9] Nghién
cteu nay dé xuét mot 1DCNN don gian gidp phat
hién nhirng thay dbi cuc bd nhd vé dd cirng va khéi
lwong céu kién, déng thoi kiém chirng hiéu qua
cla nd trén cac cau trac thuc té thdng qua viéc ap
dung di¥ liéu gia téc thé ma khéng yéu cau bét ky
quy trinh x& ly trwéc ndo. Mo hinh CNN duoc dé
xuét da thé hién kha ning phan trng cao dbi voi
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nhirtng thay ddi nhd vé trong lwong va dd cirng
trong cac két ciu thép thuc té qua ba bd div liéu
khac nhau. Osama Abdeljaber va cong sw [10] dé&
xuét md hinh Mang CNN dbéng thoi téi wu hoa viéc
trich xuét va phan loai tinh néng, nang cao hiéu
qua va kha nang tbng quat hoa dé phat hién hw
héng dwa trén dao dong. 1DCNN dwoc ap dung dé
wae tinh chinh xac hw héng chi tir hai bo do lvdng
trén két ciu chuan, khac phuc cac han ché vé dir
liéu va chirng minh kha nang hoc héi hiéu qua tw
dir liéu dao ddng tho.

LSTM, mét dang Mang than kinh héi quy
(RNN) chuyén biét, dwoc thiét ké dé ghi nhé va xt
ly théng tin trong khoang thoi gian dai [11]. V&i kha
nang ghi nh& théng tin trong qua khir va truyén
théng tin qua cac thoi diém, LSTM réat hiéu qua
trong viéc nhan biét cac mau di liéu c6 tinh tuan
tw va phu thudéc vao ngir canh, gip mé hinh cé kha
nang dw doan va phat hién cac xu huéng va bién
déi dai han ttr di liéu chudi. Vi du, Sharma va Sen
[12] d& xuat mdt canh tiép can thoi gian thuc dwa
trén LSTM béng cach st dung cac mang phan loai
dwoc giam sat va du doan khéng giam sat dé cho
phép phat hién va dinh vi kip thoi dwéi cac bién ddi
nhiét. Da dwgc thir nghiém trén moét cay cau thuc,
phwong phap nay dwa ra cac canh bao bat thwong
nhanh chodng trong cac diéu kién van hanh mot
cach dang tin cay, khdc phuc nhirng han ché cua
cac ky thuat truyén théng. Viéc theo dai tinh trang
hé théng treo 6 t6 la rat quan trong nhwng day
thach thirc do ddng lwc hoc phi tuyén tinh va thiéu
kién thirc chuyén mén vé dir liéu cdm quan, tw
thach thirc dé Haoju Hu va cbng s [13] da phat
trién hé théng dwa trén mang LSTM s dung di
liéu cdm bién chubi thei gian dé wéc tinh tai trong
hé théng treo va tudi tho con lai ma khéng can biét
trwoe.

LSTM dworc phat trién vé&i muc dich b sung
thém van dé mét thong tin theo chubi dai. Pac diém
ndi bat ciia LSTM la kha nang lwu gitr thong tin
trong thoi gian dai ma khéng can clng ¢ thém
trong qua trinh dao tao. Theo thiét k&, né vbn da
lwu gitr nhivng théng tin quan trong ma khoéng can
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s can thiép tr bén ngoai. Tuy nhién, mot thach
thirc ndy sinh khi di¥ liéu tuan tw khéng chi phu
thuéc vao théi gian ma con phu thudc vao khdng
gian, moét tinh huéng hién nhién trong céac tinh
hudéng SHM trong d6 di¥ liéu tir cac cam bién dwoc
két ndi v&i nhau cé lién quan. LSTM chi yéu vuot
trdi v&i div liéu theo thoi gian. Do d6, nghién clru
nay dé xuét sw két hop gitta 1DCNN va LSTM.
Trong khi 1DCNN loc va két néi théng tin khéng
gian ttr di¥ liéu, ddng thdi LSTM tbi wu hda viéc hoc
dir liéu tuan tw. Sw két hop ctia 1DCNN, trich xuat
cac mau va méi quan hé cuc bo, sw hiéu qua cla
LSTM trong viéc hoc di¥ liéu tuan tw tao ra mot kién
trac manh mé, téi wu dé phan tich va phan loai di
liéu chudi thoi gian phire tap. Trong nghién clru
nay, cac mang hoc sau duwoc st dung dé chan
doan cac trang thai lam viéc cha két ciu, bang
cach thay déi tai trong tai mot sé vi tri trén cau,
twong rng v&i viéc thay déi ma tran khéi lwong, t
do sé thay dbi (rng x&r dong clia két ciu. Cac cdm
bién quang duoc sir dung & day dé thu thap cac
dir liéu theo thoi gian, cac di¥ liéu nay sé khac nhau
&ng v&i cac ng x&r déng khac nhau cla két cau,
sau d6 st dung cac di liéu nay dé huén luyén
mang.

Bai bao nay duwoc cau tric thanh ba phan
chinh. Phan 2 vé cac phwong phap (rng dung trong
nghién cru nay bao gébm 1DCNN, LSTM va
Phwong phap dwoc dé xuat 1DCNN-LSTM. Hiéu
qua clia phwong phap dé xuat dwoc danh gia bang
cach st dung di¥ liéu thu thap dwoc tir cdm bién
quang ap dung cho mé hinh phong thi nghiém cau
day vang cula trwdng Pai hoc Giao thdng van tai.
Phan 3 mé ta chi tiét thi nghiém thu thap dir liéu
bang cam bién cap quang va bo di liéu do. Phan
4 |a két qua ng dung phuong phap dé xuét cho
bd di lidu. Cudi cuing, bai viét két thic véi phan
tém tat nhirng phat hién chinh.

2. Phwong phap
2.1. Mang tich chap moét chiéu (1DCNN)

1DCNN da duwgc céng nhéan trong linh vyc
hoc sau, dac biét la vé kha nang x ly di liéu tuan
tw va chudi thoi gian hiéu qua. Khong giébng nhw
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2DCNN, 1DCNN tap trung vao moét chiéu duy nhét,
tr d6 gitp ching ting kha nang ndm bét cac mau
thoi gian theo trinh tw. V& co ban bét nguén tir co
ché tich chap, 1DCNN trwot bo loc (con goi la
“kernel”) theo chiéu thdi gian cta chudi dau vao
(Hinh 1). Hanh déng nay dan dén cac ban dé dac
trwng thé hién cac biéu dién triru twong va séc thai
ctia dau vao khi do sau clia mang téng lén. Bang
cach nhan manh céac tap hop con di liéu cuc bd,
1DCNN, théng qua cac trwdng tiép nhan han ché
cla ching, mang lai @& chinh xac. Hon niva, cau
trdc st dung trong sb chia sé trong qua trinh tich
chap bdo dam kha nang nhan dang cac mau & moi
vi tri trong chudi, qua dé cung cép tinh nang bt
bién vé vj tri. Hon niva, cac Iép tdng hop chung cho
2DCNN ciing c6 lién quan trong 1DCNN, gilp giam
trinh tw m&u va nhan manh cac tinh ndng ndi bat.
Tuy nhién, gibng nhw bat ky mé hinh nao, 1DCNN
c6 nhitng thach thirc riéng. Méc du ching co thé
xac dinh cac mau cuc bé mét cach hiéu qua, nhwng
viéc ndm bét cac phan phu thudc dai hon hodc boi
canh toan cu theo trinh tw cé thé khong tbi wu,
dac biét la khi kich thwéc hat nhan khéng dua Ion.
Diéu nay khién ching kém ly twéng hon cho cac
nhiém vu trong do sy phu thubc lau dai la rat quan
trong, moét thach thirve ma cac kién truc dinh ky nhw
LSTM dwoc thiét k& dé gidi quyét. Ngoai ra,
1DCNN néu khong duorc thiét ké hodc diéu chinh
can than co thé dé bi trang bi qua mirc, dac biét khi
di¥ liéu huan luyén con roi rac.

Pauvao

—

—f ===
1D 1D

Convolution Convolution

Hinh 1. M6 hinh 1DCNN don gian
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2.2. Mang bd nhé& ngan dai han (LSTM)

Y twéng thiét k& chinh cia LSTM nham dbi
phé véi van dé gradient bién mét va bung nd,
nhirng thach thirc thwdng gap trong cac mang
RNN truyén théng [14], LSTM da dwoc Hochreiter
va Schmidhuber gi&i thiéu vao nam 1997 nhw moét
sy cai tién so véi Mang than kinh hdi quy truyén
thdng (RNN) d& ndm bat sw phu thudc lau dai [15].

Trong tam cla kién trdc LSTM 13 “6 trang
thai” ctia nd, dwoc bd sung béi ba cdng: céng dau
vao (ing), cbng quén (g,) va cbng dau ra (out,). Cac
cbng nay dwoc biéu dién vé mat toan hoc nhu sau.

ing=0 (M;ix¢+wji+Mpih1 +wp) (1)
9=0 (Migxe+ Wi+ Mpehi g + W) (2)
out;=a (Mo X+ Wjp+Mpohi 1 +Who) (3)

Trong dé M dai dién cho ma tran trong sd, Xt
la dau vao, A, 1a trang thai an trwéc d6 va w 1a do
Iéch. o dai dién cho ham kich hoat “sigmoid”. So
dd minh hoa (Hinh 2) cé thé cung cép cai nhin truc
quan hon vé phuong thirc hoat dong ctia LSTM.

Hinh 2. C4u truc dién hinh cta té bao LSTM

Mac du co kha nang tuyét voi nhwng mang
LSTM khéng tranh khéi nhirng han ché. Diéu dang
chu y la chang thwong yéu cau thdi gian dao tao
dai hon do tinh chét thwdng xuyén ca ching. Kién
trac phirc tap, trong khi cho phép cac biéu dién
phirc tap, ddi khi c6 thé dan dén tinh trang khép
qua murc (overfitting), dac biét la khi di¥ liéu khan
hiém [16]. Hon niva, tinh chat tinh toan tuan tw cla
chung dat ra nhirng thach thirc trong viéc song
song hoa, diéu nay cé thé can tré hiéu suét téi wu
trén GPU. Ngoai ra, trong khi LSTM thwc sy da
gidm thiéu van dé bién mat dd déc mét cach thanh
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thao hon RNN, mét sb diéu kién nhéat dinh van cé
thé gay ra bdo hoa do déc [17].
2.3. Phwong phap dé xuat 1DCNN-LSTM

Trong nghién ctru nay, ching t6i dé xuét mot
phwong phap tiép can sang tao két hop gira
1DCNN va LSTM. Vé ban chét, méi mang nay déu
c6 nhirng thé manh riéng. Tuy nhién, bang cach két
hop cac kha nang cua chung, md hinh khdng chi
don thuan 1a tdng hop cac phwong phap ma con la
mot mang thdng nhat c6 kha ndng gidi quyét cac
thach thire ma mbi mang truyén thdng gap phai khi
hoat déng doc 1ap. Kién tric mang ctia 1DCNN-
LSTM dwoc minh hoa trong Hinh 3.

£ -
Pauvao Daura

Hinh 3. Kién tradc mang 1DCNN-LSTM
Dau tién, md hinh bat dau véi tensor dau vao

LsT™M
LSTM
GA Pooling1D
GM Pooling1D
FC

£
£
o
Z
E=
i
8
@
o

0eRVP*T  vai N 1a sb lwong mau, F 1a sb lwong
thiét 1ap va T 1a dir liéu chudi thdi gian. Bang cach
chuyén tensor diu vao qua l&p tich chap ban dau,
|&p nay sé trich xuét cac tinh nang ban dau tir dau
vao va chuan bi cho qua trinh x& ly sau hon.
Oconv 1=L(BN(Mconv 1*O+wconv 1)) (4)

Trong d6 L la ham kich hoat ReLU, BN biéu
thi I&p chuan hoa Batch Normalization, Mgy 1 12
ma tran trong sé cla I&p chap va wgeny 1& d6 1éch
twong ng.

Sau d06, tensor dwoc hop nhat sé duwoc xi ly
théng qua I&p LSTM. LSTM lay di liéu trinh tw va
nam bét cac phu thudc theo thdi gian. LSTM tinh
toan trang thai an A, va trang thai 6 C, bang cach
s dung cac cbng va twong tac nhw chi tiét cta
LSTM trong céc phwong trinh (1)-(3). Trong
phwong phap dé xuét nay, viéc xay dwng ham cé
thé trinh bay nhw sau:

)\t=|—STM(Oconv 1) (5)

Cudi cung, cac 16p st dung ham kich hoat
Softmax va Sigmoid tao ra nhitng dw doan cubi
cung:

Og=0(My1-Atbys) (6)
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Oout =Softmax(Myz-Oq4 +bg2) (7)
Trong d6 Myq,My, 1a ma tran trong sé clia cac
I&p day dac. wyq,wgs l1a cac dé Iéch twong rng.
3. Thi nghiém va bo dir liéu
3.1. M6 hinh thi nghiém
Dé danh gia hiéu qua cla phuwong dé xuét,
moét mé hinh ciu day vang duoc thiét ké va xay
dwng tai phong thi nghiém tai nha A3 cta Trwdng
dai hoc Giao théng Van tai. Cap quang dwoc s
dung ctia hang FBGS v¢i tén DTG®-LB150-FG,
voi dai do tr 1530nm dén 1566nm Hinh 4a, cap
dwoc gan cb dinh vao két ciu béi bd kep Hinh 4b.

(b)

Hinh 4. Cam bién quang va kep cam bién quang

Mé hinh cau day vang trong phong thi
nghiém dwoc xay dwng tham khao cac mé hinh thi
nghiém trong phong cho bai toan dao dong [18],
[19] cling nhw dwa trén mé hinh sb dwo'c md phéng
trén cac chwong trinh phan t& hiru han. Cau cé so
dd mot mat phang day, day la két cu chiu luc
chinh tr d6 co6 thé xay dwng thi nghiém trén cau
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m6 hinh. M6 hinh dwoc lam bang vat liéu thép, co
tdng chiéu dai 3,50 m, v&i nhip chinh la ddm thép
hinh ch* nhat c6 kich thwdédc 3,50m x 0,12m x
0.005m. Tru thap cGa mé hinh cé tdng chiéu cao
1,60 m, gdm 2 thanh thép hinh U65 dwoc han voi
nhau tai dinh tru. Tru thap dwgc neo vao mat san
bé téng bang 08 bu 16ng neo cwdng dd cao co
dweérng kinh 0.01 m gitp han ché rung cho tru trong
cac thi nghiém dao déng trén mod hinh ciu. Tai hai
phia dau ciu, ddm dwoc d& bang gdi 16 xo va dwoc
cb dinh xubng nén bé téng bang 04 bu 1dng neo
cwédng d6 cao cé dweng kinh 0.01 m. Hinh &nh cau
thi nghiém dwoc minh hoa trong Hinh 5.

Hinh 5. M4 hinh ciu day vang

Cam bién quang FBG duoc bb tri theo doc
dam cutia ciu véi 14 cdm bién cach déu nhau 25cm
(Hinh 4a). Gan cac cam bién v&i két ciu thong qua
cac bd kep.

3.2. B6 dir liéu

M6t loat cac kich ban vé cac tinh hudng hw
héng trong két cdu dworc thiét 1ap va do dac. Cac
hw héng dwoc thwe hién bang cach dat tai trong
tap trung tai nhirng vi tri dwoc coi la hw héng trong
két cAdu. Muc dich clia viéc dat cac tai trong tap
trung l1a thay déi ma tran khéi lwong, tir do6 thay dbi
(ng xt dong cla két cAu. Sau do cac thuat toan sé
dwoc st dung dé xac dinh céc thay déi nay.

Céc trwong hop hu héng dwoc tbng hop
trong Bang 1, vi du bb tri trwong hop hw héng sé 2
mo ta trong Hinh 6 va di liéu gia téc theo thoi gian
thu dwoc sau x& ly va tang cwdng cho 1 thiét Iap.
Cau duoc thiét 1ap véi 6 trwong hop hw héng, va
dwoc bd tri 14 cach tlr, mdi cach t&r déng vai trd
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thu thap di liéu nhw mot cdm bién, tdng sb diém
dir liéu do dwoe cho méi trwong hop 1a 10000
diém. Nhw vay, bo div lieu gbc thu thap dwoc cod
kich thudc la (6,14,10000).

Sau do dé gia tang di¥ liéu cho mang hoc sau
hoc tap, mét loat nhirng ky thuat nhw thém nhiéu,
trwot, cat, co, kéo dan dir liéu dwoc ap dung dé
tang cwdong dir liéu. Trong bai bao nay, cac
phwong phap tang cwdng di¥ liéu nhw (thém nhiéu,
trwot, cat, co, kéo dan di¥ lieu) dwoc ap dung dé
cai thién s6 lwong div liéu. Trong thuc té, trong qua
trinh do dac, s6 lwong di liéu thu dwoc cé thé bi
han ché vi vay khi st dung cho bai toan danh gia
hw héng cla két ciu, do6 chinh xac sé& bj anh
hwéng. Vi vay cac phwong phap nay cé hiéu qua
thiét thwc dé cai thién cac di liéu thu dworc tir thuc
té. Bo dir liéu cudi cung dwoc dung cho mang cé
kich thwéc (5500,14,1000). Tiép theo bod div liéu
nay sé dwoc chia thanh 3 tap, tap huan luyén voi
60%, tap kiém thtr 20% va tap kiém tra chiém 20%.

Bang 1. Khéi lvong (kg) twong (ng véi 06 vi tri
trong tirng trro'ng hop

TH Vi tri

01 02 03 04 05 06
01 10 10 10 10 10 10
02 20 10 10 10 10 10
03 10 30 10 10 10 10
04 20 10 20 10 20 10
05 20 10 20 10 10 10
06 10 20 10 10 20 20

60
+ -+ T L2k T L e

ki

Hinh 6. Trudng hop hw héng trén md hinh ciu
day vang (trwong hop 02)
4. Két qua va thao luan
Dé xac thyce tinh hiéu qua clia mang hoc sau

Pham & nnk

dé& xuadt 1DCNN-LSTM, mang RNN va 1DCNN
truyén théng dwoc ding dé so sanh. Pau tién, két
qua dinh tinh cla ca hai mang sé& dwoc ghi lai bang
biéu dd hoi tu trong Hinh 7. Theo d6 c6 thé dé dang
nhan thdy rang biéu thuat toan dé xuét da hoan
toan vuwot troi so véi cac thuat toan truyén théng
khi d0 chinh xac cla thuat toan dat vi tri cao nhét,
tach biét so v&i thuat toan 1DCNN va LSTM. Ngoai
ra, biéu dd con cho thay sw 6n dinh cla thuat toan
khi lién tuc thay ddi do doc dé tim dwoc gia tri toi
wu mai tét hon gia trj trwdc do.

Két qua da cho thay su vuwot troi clia mang
hoc sau dé xuét cho v&i mang truyén théng vé mat
dinh tinh. Dau vay, van chwa thé khang dinh mang
c6 thwc sy phan biét va tim ra dwgc nhan hw héng
hay khéng. Vay nén, két qua dinh lwong can duoc
tién hanh. Theo do trong nghién ctru nay, do chinh
xac dwoc tinh toan dwa trén cong thire sau:

2*Recall*Precision

= 8
fscore Recall+Precision (®)
(TP)

(TP)
(TP+FN) (TP+FP)

va Precision=

Trong do ecall=

Két qua dinh lwong dwoc trinh bay trong
Bang 2 cho tap kiém thr va Bang 3 cho tap kiém
tra. Trong do c6 thé dé& dang nhan thay rng, mang
hoc sau dé xuéat thwc sy da lam tét hon so v&i
mang hoc sau truyén théng khi dat gia tri d& chinh
xac truyén tap kiém thlr va kiém tra 1an lwot 14
77.5% va 74.1%. Két qua nay cao hon rat nhiéu so
v&i 1DCNN lan lwot 14 68.5% va 67.0%. Thuat toan
LSTM chi dat dwoc 58.9% va 58.1%.

D6 chinh xac trén tap huén luyén

B6 chinh xac

-m- LSTM
&= 1DCNN
—*- 1DCNN-LSTM

20 40 60 80 100
S6 lan lap

(a)
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D chinh xdc trén tap kiém thir

gt
5 A mw“«'&mgwmf*‘ fo
e P A et
Al AMAAAAMMAAAMMAMAA aonluaadatyy B0
A

*
MWJQZJMAAA

A A M

P chinh xac

-# LSTM
4= 1DCNN
—i— 1DCNN-LSTM

0 n i & 8 100
S lan lap

(b)

Hinh 7. Biéu d4 hdi tu ctia mang 1DCNN-LSTM
so v&i mang hoc sau truyén théng trén tap huan
luyén (a) va kiém tra (b)

5. Két luan

Pham & nnk

Bai viét d& xuéat (’ng dung mot phwong phap
hoc sau bang sw két hop gitta mang 1DCNN va
LSTM, dwoc s dung dé& chan doan hw héng két
cAu dwa trén di liéu chudi thdi gian thu thap bang
cap quang clia cau day vang thi nghiém trong
trwdng Pai hoc Giao théng van tai. Két qua da
ching minh rdng phwong phap dé xuat hoan toan
vuwot tréi so voi cac phwong phap 1DCNN va
LSTM truyén théng dworc thiét ké cho di liéu chubi
thoi gian.

Cu thé, v&i ciing bd di¥ liéu huén luyén, kiém
ther va kiém tra, phwong phap 1DCNN-LSTM d3
dat két qua 77.5 va 74.1% lan lwot trén tap kiém
tra (Bang 2) va kiém thi» (Bang 3). Theo sau d6 1a
1DCNN véi 68.5% va 67.0%. Cubi cung la thuat
toan LSTM dat dwoc 58.9% va 58.1%. Dwa trén
nhirng két qua nay, mét s két luan quan trong cé
thé dworc rut ra nhw sau:

Bang 2. Bang két qua mang 1DCNN-LSTM va cac mang hoc sau truyén théng trén tap kiém thor

. LSTM 1DCNN 1DCNN-LSTM
Nhan precision recall  fl-score precision recall fl1-score precision recall f1-score
0 0.662 0.522 0.584 0.696 0.647 0.670 0.758 0.663 0.707
1 0.480 0.551 0.513 0.634 0.58 0.605 0.701 0.625 0.661
2 0.639 0.636 0.638 0.593 0.69 0.638 0.903 0.712 0.796
3 0.544 0.581 0.562 0.654 0.644 0.649 0.695 0.859 0.768
4 0.564 0.661 0.609 0.785 0.789 0.787 0.813 0.944 0.874
5 0.697 0.584 0.635 0.757 0.757 0.757 0.812 0.843 0.828
Do chinh xac 0.589 0.685 0.775

Bang 3. Bang két quéa mang 1DCNN-LSTM va cac mang hoc sau truyén thdng trén tap kiém tra

~ LSTM 1DCNN 1DCNN-LSTM
Nhan precision  recall f1-score precision recall f1-score  precision recall f1-score
0 0.652 0.518 0.577 0.716 0.633 0.672 0.729 0.623 0.672
1 0.511 0.468 0.488 0.677 0.517 0.587 0.706 0.567 0.628
2 0.651 0.621 0.636 0.694 0.677 0.685 0.876 0.712 0.786
3 0.472 0.654 0.548 0.556 0.699 0.619 0.594 0.788 0.678
4 0.577 0.686 0.626 0.748 0.767 0.758 0.772 0.918 0.839
5 0.660 0.578 0.617 0.650 0.762 0.701 0.790 0.897 0.841
Do chinh xac 0.581 0.67 0.741

Cac phuong phap 1DCNN, LSTM va
1DCNN-LSTM déu c6 thé xac dinh, chan doan hw
héng trén tap dir liéu theo thoi gian cho két cau
cau.

Phwong phap dé& xuét c6 dd chinh xac cao

nhét trong viéc xac dinh hw héng két cau t dir liéu
chudi thoi gian thu thap dwoc tr cdm bién cap
quang.

Két qua thuc nghiém chirng minh wu viét cta
phwong phap dé xuét so véi cac phwong phap
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truyén théng.

Tiém n&ng cla phwong phap dé xuét cé thé

(ng dung cho cac cong trinh thyc té trong linh ve

SHM, dac biét la khi xt ly cac di liéu dang chudi

theo thoi gian.

L&i cam on

Chung t6i xin cdm on Trwong Pai hoc Coéng
nghé GTVT da tao diéu kién dé& chung téi thuc hién
cac nghién clru nay. Bai bao dwoc tai tro bdi

Truwdng Pai hoc Céng nghé Giao théng van tai, 54

Triéu Khac, Thanh Xuan, Ha Néi, Viét Nam (UTT),

mé dé tai DTTD2023-07.
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