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Abstract. In the field of structural health monitoring (SHM), the study of deep learning
models such as one-dimensional convolutional neural networks (1DCNN) for processing and
analyzing time-series datasets has garnered significant attention. However, IDCNN models
often do not achieve high accuracy when dealing with too long time-series data. Therefore,
this research proposes an accurate classification of damage in steel frames by integrating
IDCNN with a channel attention (CA) mechanism. This combination enhances the model's
performance by focusing on prominent features in time-series data, thereby improving
classification accuracy. The study utilizes the Qatar University Grandstand Simulator
(QUGS) dataset, a large-scale dataset developed to evaluate the effectiveness of models in
the SHM field. Through the training process, the proposed IDCNN-CA model outperforms
the traditional IDCNN model, achieving higher accuracy in both validation and test datasets,
with 95.7% and 93.6%, respectively. The results demonstrate that the integration of the
channel attention mechanism significantly improves the accuracy of deep learning models in
damage classification tasks, offering great potential in SHM-related applications.

Keywords: damage classification, time-series data, one-dimensional convolutional neural
network, channel attention mechanism.
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Tém tat. Trong linh vuc giam sat strc khoe két cau (SHM), viéc nghién ctru cac mo hinh hoc
sau nhu mang no-ron tich chap mot chiéu (IDCNN) dé xu 1y, phan tich cac bg dir liéu thoi
gian da dugc dac bi¢t quan tdm. Tuy nhién, m6 hinh IDCNN khong dat dugc dd chinh xac
cao voi dir liéu c6 chiéu dai qua 16n. Do d6, nghién ciru nay dé xuat phén loai chinh xac hu
hong trong két cau khung thép bang cach két hop 1DCNN véi co ché cha ¥ kénh (CA). Sy
két hop nay cai thién hi¢u nang ctia md hinh trong viéc tip trung vao cac dic trung noi bat
trong dir liéu chudi thoi gian, tir d6 nang cao do chinh xac trong phan loai. Nghién ctru ap
dung b6 dir liéu Qatar University Grandstand Simulator (QUGS), mot bg dir liéu quy mo 16n
dugc xay dung cho muc dich kiém tra hiéu qua cac mo6 hinh trong linh vyc SHM. Thong qua
qua trinh huan luyén, mé hinh dé xuat 1IDCNN-CA dat hiéu suat vuot troi so v6i mod hinh
1DCNN truyen thong, v61 dd chinh x4c cao hon trong cd hai tap dir li€u xac thyc va kiém tra
1an luot 14 95,7% va 93,6%. Cac két qué thu dugc cho théy viéc tich hop co ché chu v kénh
cai thién dang ké do chinh xéac ctia cac mé hinh hoc sau trong bai toan phan loai hu hong va
c6 nhiéu tiém nang trong cac van dé thudc linh vic SHM.

Tir khda: phan loai hu hong, dit liéu thoi gian, mang tich chap mét chiéu, co ché cha y kénh.
@ 2024 Truong Dai hoc Giao thong van tai

1. PAT VAN DE
Hé théng SHM da tré thanh mot cong cu quan trong trong quan Iy ha tang hién dai. Viéc

thu thap va phan tich di li¢u theo thoi gian thuc tir cac cam bién cung cip nhing théng tin quan
trong vé tinh trang két cdu caa cong trinh. Nhiéu nghién ctru da xem xét viéc sir dung dit liéu
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tir cac cam bién gia toc, cam bién do bién dang va cam bién chuyén vi dé theo ddi dao dong, tai
trong cua cong trinh cau trong diéu kién hoat dong binh thuong va ca khi chiu tac dong bat
thuong anh huong toi két ciu cong trinh. Dit liéu theo thoi gian thu thap trong thoi gian dai cho
phép nhan dién cac xu hudng dai han, su thay d6i dot ngot va cac bat thuong trong qué trinh
van hanh va khai thac két ciu, tir d6 gitip dua ra cac du doan bao tri va can thiép kip thoi. Su
phét trién cuia hoc may va tri tué nhan tao da nang cao kha ning phan tich dir liéu theo thai gian
cho SHM. Viéc tich hop dit liéu thai gian thuc véi phan tich du doan da cho thay tiém nang cai
thién do chinh xac trong phét hién hu hong, nang cao an toan va kéo dai tudi tho cho céng trinh
cau. Tuy nhién, van con nhiéu thach thire, dic biét 1a trong viéc quan ly khéi luong dit liéu 16n,
dam bao d6 tin cay caa cam bién va dién giai cac md hinh dir liéu phic tap cho cac loai cau
khéc nhau [1-4].

1DCNN la mé hinh dugc &p dung rong rai, dic biét cho dir liéu dang chudi nhu thoi gian.
Vi nguyén ly hoat dong phi hop trong viéc trich xuat cac dic trung trén tap dit liéu dé hoc tap,
diéu nay dic biét cd hiéu qua trong viéc xac dinh nhitng sy bat thuong trén két ciu duoc phan
anh trén dix liéu tir cam bién. Tuy nhién, viéc huan luyén theo nguyén 1y nay ciing Xuat hién
mot s6 nhugc diém dan téi suy giam do chinh xac. Cu thé, véi bo dir liéu tuan tu ¢ chiéu dai
I6n hon kha nang lam viéc hiéu qua s& dan toi cac dic trung khong thé dugc ghi nhé va luu trix
dé huan luyén mang [5-8].

Nhiéu nha khoa hoc di két hgp mé hinh IDCNN véi cac mé hinh c6 kha ning ghi nhé dé
cai thién két qua. Hamed Fathnejat va cong su [9] dé xuat mot mé hinh bao gdm 1DCNN, mang
no ron hoi quy (recurrent neural network - RNN) dé danh gia hu hong dudi anh huong cia moi
truong dya trén dir liéu. Két qua thu dugc tir hai bo dit liéu cho thdy mé hinh két hop véi bién
thé cia RNN 1a don vi hoi quy theo cong (gated recurrent unit - GRU) hai chiéu (BiGRU) dat
hiéu qua tét nhat. Tran-Ngoc va cong su [10] sir dung md hinh 1IDCNN-BiLSTM-AUG cho
viéc phan loai 11 trudng hop hu hong tir bo dir liéu 40 ciia cau Nam O. Trong d6, BILSTM la
mang bo nh¢ dai ngan-han hai chiéu (bi-directional long short-term memory - BiLSTM) ¢c6 cau
trdc phuc tap hon GRU va AUG la phuong phap lam giau dit liéu. V61 d6 chinh xac dat 98,4%,
mo hinh dé xuat d thu duoc hiéu qua vuot troi hon cac mo hinh IDCNN, LSTM va ca 1IDCNN-
LSTM. Trong nghién cau cua Bui-Tien va cong su [11], cac tac gia da gidi thieu mot cach tlep
can tuong tu véi mie d6 cao hon. Céac thong sé trong mang duoc toi wu trong qua trinh huan
luyén bang thuat toan téi wu va dat do chinh xac tai 91,6% trong tap kiém tra tir bo dir liéu tir
Cau gian thép Ctra Rao. Céc phuong phép trén déu da cai thién dugc hiéu qua caa 1DCNN, tuy
nhién c6 ciu tric phic tap va yéu cau ngudn tai nguyén lén dé xir ly, do do co thé khdng hiéu
qua trong trudng hop cong cu tinh toan khong da manh hozc thoi gian han ché.

Nhitng nim gan day, co ché tap trung (attention mechanism — AM) da dugc quan tam dé
xur Iy lugng dir liéu, tir d6 cai thién két qua huan luyén [12]. Zhao va cong su [13] két hop mang
1DCNN véi AM trong viéc du doan xac xuat ngan han cua gi6 dua trén nhiéu tham s6 anh
huong. Két qua tir mo hinh dwoc gidi thiéu hoan toan vuot troi hon cac md hinh truyén thong.
Trong bai toan chan doan luu luong giao thdng, Wang va cong su [14] thur nghiém mo hinh
1DCNN-LSTM-Attention. M6 hinh nay két hop duoc ca hai wu diém cta mang no ron tich
chap (convolutional neural network — CNN) la trich xuat dix liéu va ghi nhé cia LSTM. Sau do,
AM duogc &p dung dé tap trung vao cac thdng tin ndi bat. Hu va cong su [15] xac dinh thanh
phan hoa hoc cua ky tir bang viéc két hop cong nghé hinh anh siéu phé véi IDCNN. Qua trinh
duoc cai thién bang viéc ap dung thém SA, co ché chi y phd (spectral attention) va két hop cua
hai co ché nay.

Trong cac bai toan chan doan hu héng, viéc trien khai AM sau cac 16p tich chap dau tién
ciing di dwoc nghién ctru. Zhang va cong su [16] da dé xuat md hinh BiGRU, AM va CNN dé
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x4c dinh hu hong trong thiét bi quay co hoc. Két qua thu duoc trong céc truong hop phirc tap
d3 cho thay hiéu qua ctia phuong phéap. Vo va cong su [17] nghién cau mo hinh bao gom CNN-
RNN va AM. Phuong phép gitip don gian hoa qué trinh chan doan 13i truc tlep tir tin hi¢u dién.
Zhang va cong su [18] sir dung IDCNN-LSTM véi AM va hoc chuyén tiép (transfer learning)
trong xac dinh hu hong trong hé théng lai dién thuy luc bang cap (Electro-hydraulic Steer-by-
Wire), dat o chinh xac 94% cho 16i co dién va 92% cho 16i co thuy luc, cai thién kha ning
chan doan trong cac diéu kién kho khan.

Trong nghién ctru nay, ching tdi dé xuit két hop CA vaéi IDCNN cho bai toan phan loai
cac truong hop hu hong tir dit liéu gia toc do dac theo thoi gian. Mang 1DCNN hoc duoc cac
dic trung cuc b hitu ich, trong khi co ché CA cai thién diéu nay bang cach tap trung vao cac
kénh dic trung quan trong nhat, tir d6 nang cao hiéu suat caa mo hinh. Bai bao gdom 4 phan
chinh: phan 1 trinh bay t6ng quan vé viéc 4p dung md hinh hoc sau trong nhiéu linh vuc cliing
vé6i wu diém cua AM. Tiép theo, phan 2 s& m6 ta chi tiét mo hinh dé& xuat IDCNN-CA. Panh
gia hiéu qua ciia mo hinh dé xuét ap dung véi dir liéu gia toc trén khung thép trong phan 3. Cubi
cuing 1a cac két luan vé noi dung nghién cuu.

2. MO HINH 1DCNN-CA

2.1. Mang no ron tich chap mét chiéu

1DCNN la mot phuong phap hoc sau dac biét hiéu qua trong xur 1y dir liéu chudi hoac tin
hiéu mét chiéu trong nhiéu linh vuc, nhu am thanh, tai chinh, y té, va dit liéu thu duoc tir cac
cam bién trong hé théng SHM. 1DCNN c¢6 kha ning trich xuét cac dic trung quan trong tir di
liéu, gitp ting cuong hiéu suat phan tich va du doan. Lop tich chap hoat dong bang viéc sir
dung mét bo loc (filter) chay doc theo chiéu caa chudi dit liéu (Hinh 1). Ngoai ra, md hinh
1DCNN con cac thanh phan khéc bao gom:
- Lép gbp (pooling layer): c6 vai tro giam chiéu kich thuéc cua dit liéu dé giam s6 luong
tham s tinh todn dong thoi gitr lai cac dac trung quan trong.
- Ham kich hoat: thém tinh phi tuyén vao qua trinh huén luyén sau mdi 16p tich chép,
bao gdm mot s6 ham phod bién duge biéu dién qua cac cong thie (1), (2) va (3):

ReLU (Rectified Linear Unit): f(x) = max(0, x) (1)
Sigmoid: f (x) = = (2)
X _p=X 3)

Tanh: tanh(x) = exT

- Lop két ndi day du (dense hodc fully connected layer): Tat ca cac no-ron tur cac 16p
truge do déu duge két ndi voi cac no-ron trong 16p nay, cho phép téng hop va trich
Xudt thong tin dé dua ra két qua du doan cudi cung.

- Ham mat mat (loss function): Pugc st dung dé danh gia hiéu qua ciia mo hinh bang
cach do luong su sai khac gitta du doan cia mo hinh va gia tri thuc té.

- Thuét toan t6i wu: thudt toan Adam dugce st dung dé huén luyén mang no ron hoc sau
c¢6 kha ning tu diéu chinh ty 1 hoc tap (learning rate) cho mdi tham sb.
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Dit liéu dau vio Tich chip 1 chiéu Déu ra

~ Hinh 1. Céu trac mang 1DCNN véi 2 16p tich chap cho dit liéu thoi gian.
2.2. Co ché chti y kénh (CA)

CA 12 m6t thanh phan quan trong trong cic md hinh mang hoc sau gitip 1am ndi bat cac dic
trung quan trong giita cac kénh dir liéu dau vao. Trong mé hinh IDCNN, CA tap trung vao cac
kénh quan trong trong dir liéu chudi thoi gian, chang han nhu cac dic trung da dugc trich xuat
tir cac 16p tich chap. Nghién ctiu ndy trién khai mo-dun CA véi ty 1é giam chiéu (compression
ratio) 1a 8, nham giam thiéu hién tuong qua khép (overfitting) va giam bét khéi lugng tinh toén.
Sau d6, hai 16p dense dugc xay dung dé phan chia bo dir liéu gia toc theo thoi gian thanh hai
16p, va qué trinh gop dit liéu duoc thyc hién bang hai phuong phép (trung binh va cuc dai).

Y tuong cét 16i nam ¢ viéc tinh tong dau ra tir hai nhanh trén, sau d6 ap dung ham kich
hoat sigmoid dé tao ra cac trong sé cho timg dic trung. Céc trong s6 nay duoc nhan véi dau
vao nham tao ra dau ra da duoc chl y theo mtc dd quan trong cua ting kénh trong chudi dir
licu. Biéu nay gidp md hinh tap trung vao cac dic trung quan trong hon, t6i wu hoa hiéu suat
xu ly va phén tich di liéu.

2.3. M6 hinh dé xuat IDCNN-CA

Mo hinh duogc khoi tao v6i 16p tich chap 1 chiéu (ConvlD) st dung 16 bd loc voéi kich
thudc 3 va ham kich hoat ReLU. Cac dic trung trich xuat tir bo dit lidu gia téc dugc tong hop
qua co ché chu y (attention), gitip mé hinh tap trung vao cac kénh dit liéu quan trong. Dé han
ché hién tuong qua khop, hé ) dropout 0,5 dugc thém vao, ngau nhién loai bo 50% ) lugng
no-ron trong qué trinh huan luyén. Lép flatten chuyén doi dir liéu tir dang 2 chiéu thanh dang 1
chiéu, chuan bj cho 16p dense ké tiép. Trong 16p dense, s6 no-ron duoc chon bang s6 nhin va
stt dung ham softmax dé tinh x4c suit cho ting 16p. Thuat toan Adam dugc sir dung dé ti uu
hoéa qua trinh huan luyén qua 100 vong lap.

3. AP DUNG VA PANH GIA KET QUA

3.1. Gi6i thiéu chung vé b dir liéu

Nghién ctru nay st dung bd dir li¢u gia tde QUGS [19], mdt bd dit liu quy m6 16n dugce
phat trién nham muc dich nghién ctru, phat trién va thir nghiém cac phuong phap SHM. M6
hinh két cau trong QUGS trong Hinh 2 [20] 1a mot khung thép duoc thiét ké vai kich thude 1a
4 2mx4,2m. Két cau nay bao gém 8 dam chinh va 25 dam ngang, dugc do boi 4 cot. Cac dam
chinh c6 chiéu dai 4,6 m, 5 ddm ngang & phan hing co6 chiéu dai khoang 1m va 20 dam ngang
con lai ¢6 chiéu dai 77 cm. Hai cdt chinh ¢6 chiéu dai khoang 1,65 m.
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5V Gt SRt Rais. .
Hinh 2. Két cau khung thép va tén diém do [20].

Két cu khung thép bao gdbm 30 mdi ndi giita cdc dam chinh va dam phy. Tuong tng véi
30 vi tri d6 can st dung 30 cam bién gia tc, trong d6 bao gdbm 27 cam bién PCB model 393B04
va 3 cam bién B&K model 8344, dugc lap dit tai cac mdi ndi trén dam chinh. Viée thu thap dir
lidu duoc thuc hién bang hai thiét bi thu thap dit liéu 16 kénh, dam bao kha ning thu thip tin
hiéu d4u ra tir cac cam bién gia tbc. Hu hong két cdu duge mo phong bang viée néi 1ong cac bu
16ng tai cac mbi ndi dam véi dam trong Hinh 2. Bo dit liéu duoc bao gom 31 kich ban:

- Kich ban dau tién voi trudng hop tham chiéu (khong hu hong) ¢6 nhén 14 “0”.

- Trong céc kich ban c6 nhan tir “1” dén “30”, hu hong (Hinh 3) lan luot dugc duara &

cac vi tri mdi n6i c6 nhan tir 1 dén 30 trong Hinh 2.

No¢i léng bu 16ng

(b) Trudng hop két cau xuét hién hu hong
Hinh 3. Hu hong gia dinh néi 16ng cac bu 16ng [20].
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Bién d¢ gia toe [m/s”2]

Trong tirng kich ban, céc tin hi¢u gia tdc duoc thu thap tir 30 cam bién dudi tac dong kich
thich ctia bd tao dao dong, véi tan s6 ldy mau 1a 1024 Hz. Tin hiéu dugc thu thap trong khoang
thoi gian 256 gidy, do d6, mi tin higu bao gdm 1024 X 256 = 262144 méu dit li¢u. Do d6, bo
dir liéu sir dung c6 dang: 31 (truong hop) x 30 (cam bién) x 2262144 (mau). Dé cai thién toc
do cang nhu hiéu qua trong qua trinh huan luyén, do dai cua tung dac trung chi lay 250000
(miu) dam bao chia déu thanh 50 doan nhoé c6 d6 dai ngin hon 14 5000 (mau). Cubi cing, bd
dir liéu huén luyén c6 céu trac: 930 (tap) X 50 (dic trung) X 5000 (miu). Hinh 4 biéu dién dir
lidu ctia 5 trong s6 30 cam bién thu thap cho 1 truong hop. Dit lidu sau d6 dugc chia thanh nhidu

-0,50

-1,00 4

-0,50

-0,50

-0,50

0,50
0,00

1,00
0,00

0,50
0,00

0,50
0,00

0,50
0,00

0 50000 100000 150000 200000 250000
Dir liéu do dac [mau]

Hinh 4. Dit liéu do dac gbc [20].

doan nho c6 d6 dai 5000 (miu) va thé hién trong Hinh 5.

Bién do gia toc [m/s"2]

0,50

0 1000 2000 3000 4000 5000
Dir liéu do dac [mau]

Hinh 5. D liéu do dac da duoc chia thanh cac doan ngén.
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3.2. Huén luyén va danh gia két qua

Qua trinh huén luyén dir liéu duoc thyc hién trén may tram c6 bd xur ly (central processing
unit - CPU) loai Intel(R) Xeon(R) Gold 6138 v&i 40 151 (Cores) c6 téc @ xung nhip 13 2.00GHz.
CPU Intel Xeon Gold 6138 1a mét trong nhirg dong CPU cao cép cua Intel, duoc thiét ké dic
biét cho cac may chu va may tram. B nh¢ (random access memory - RAM) tuong duong
262144MB (262GB). Ngoai ra, may con dugc ldp dit card man hinh NVIDIA GeForce RTX
4090 véi 16354 nhan CUDA gitp ting toc do tinh toan ciia mo hinh. Véi hé thdng nay c6 thé
xtr Iy khéi lwong dit liéu 16n va chay nhiéu tac vu dong thdi ma khong gip van dé vé bo nho.

Dé danh gia su cai thién ctia phuong phap dé xuét, két qua ciia mé hinh sir dung co ché cha
¥ kénh (IDCNN-CA) duoc so sanh véi md hinh IDCNN véi cliing bo dir liéu va cac thong sb
nhu dé cap trong phan 2.3. Trong d0, tip huin luyén chién 70% trong 930 mau (651 mau), 15%
cho tap xéac thuc (139 mau) va con lai 140 mau thudc tap kiém tra. Qué trinh phan chia mau
duoc thuc hién mot cach ngéu nhién.

1.00 r—m
‘ i
0,80
o
«T
b
< 0,60
R=
L
o
«- 0,40
m i
0,204 —e— 1DCNN
—+— 1DCNN_CA
0,00 - . ; .
0 20 40 60 80 100
S6 1an 1ap
(a) Tap huén luyén
1,00 T r
0,80 1
L&)
~0
> 0,60
=
k=
oy
Y 0,40 -
«O-
n |
0,20 1 —e— 1DCNN
—+— 1DCNN_CA
0,00 - T ; .
0 20 40 60 80 100
Sé lan lap
(b) Tap xac thuc

Hinh 6. Do chinh xac trong qua trinh huén luyén.

Hinh 6 thé hién d6 chinh xac ctia 2 md hinh IDCNN va 1DCNN-CA trong qua trinh huén
luyén sau 100 1an lip. Céch tinh todn chi s ndy co thé tham khao thém trong céc tai liu
[3,10,11]. Vi tap dir liéu huan luyén chiém 70%, do chinh x4c ctia ca 2 mé hinh trong Hinh 6a
dat d6 chinh xac gan nhu tuyét d6i 100% chi sau khoang 5 14n ldp. Cho thiy voi bo dit liéu sir
dung c6 chét luong tot va hiéu qua cta 2 md hinh sir dung cac 16p tich chap. Hinh 6b thé hién
mo hinh IDCNN-CA c¢6 hiéu suat tot hon mé hinh 1DCNN trén tip x4c thuc trong toan bd qua
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trinh huén luyén.
B D6 chinh xéc @ Saisé

1,00 0,957

0,80 + [ - -
2 0,60 -
=
o
0.40 - e
0,20 | [, -
0,00 -
1DCNN 1DCNN_CA
M& hinh
(a) Tap xac thuc
B 96 chinh xac @ Saisé
1.00 0.936_
0,893
0,80 D, -
o 0,60 1 1 0,586 P
w
,S
0,40 -
0.20
0,00 -
1DCNN 1IDCNN_CA
M6& hinh
(b) Tap kiém tra

Hinh 7. Két qua danh gia mo hinh.

Do chinh xac va sai s6 méat mat (Loss) cubi cling ctia cac md hinh dugc tong hop trong
Hinh 7. Hinh 7a 14 cac két qua tai vong lap thtr 100 trong qua trinh hudn luyén khi danh gia véi
tap xac thyc. Cu thé, mo hinh IDCNN dat d6 chinh xéac 14 0,878 va sai s6 14 0,709, véi két qua
nay c6 thé phéan loai twong d6i tot duoc cac tap dir lidu voi cac nhan twong tng. Vi mé hinh
IDCNN-CA ¢6 két qua vuot trdi khi dat @6 chinh xac té1 95,7% (vuot khoang 9% so v&i md
hinh 1DCNN) va sai s6 chi 14 0,267, gia tri nay chi bang khoang 37% sai s6 tir mo hinh 1DCNN.
Tir nhitng két qua néu trén c6 thé thay trong qua trinh huan luyén, hiéu qua ctia mé hinh dé xuét
1a t6t hon dang ké so voi mé hinh IDCNN.

Dbi vai tap kiém tra trong Hinh 7b, mé hinh dé& xuit IDCNN-CA van cho thdy hiéu suit
vuot trdi hon so véi IDCNN truyén thdng. Cu thé, d6 chinh xac cia IDCNN-CA 14 0,936, va
sai 56 14 0,269. Trong khi d6 d6 chinh xéac va sai s6 cia IDCNN 14 0,893 va 0,586.

2341



7

Tap chi Khoa hoc Giao thong van tai, Tap 75, S0 9 (12/2024), 2333-2344

DDDDODODDDDDDODODODDDDODODODDD m
000000000000000ODOOOOOOOOOOOIOUlm
0000000000000000000000000003000|H
000000000000000ODIOOOOOOOOBOIOUIM
0000000000000000000000000100000\5
0000000000000000010000003001100\“
OO0 O00CO0O0HOCOOCOOOO0OOOOOOOO 0000000|B
OO0 00CO00CO00CO00CO0O0O00O0OO0OHOOOO Oooooooﬁnn
000000000000000000000”000000000|n
OO0 CO0OCO0OCO0COCOCOCOOO 0000000000|m
CO0OCOCOCO0COoOCOoOCOCOCOO Ooooooooooolm

cooCcocoCocoCcOoCocOoCcHCOoOCO

cordococococoo-%
cococococococoocococoocoofoocoocoocoocoooe-N
DDIDODODDDEDDODO Oooooooooooooolm
0O0O0O00CO0O0CO0O0O00OO0O0O00O Doooooooooloooolm
o000 COCOoOCOCODO0OO0OOOO0CO Ooooooooooooononlm
jejojojejojoojeoleNole}o] DODOOOOOOOOOOOUOUlB
0000000000OOIOUODOOOOOOOOOOOUOU\H
oocooCcoocooooo OOOOOOOOOOOOOOOOOOO\H
cocoococococoocoofflococococococococoocoocoocoocoo-5
000DDDOD0"000000000000000000000-9

[=N=NolaNaleNel COO000O0O0O0OO0OOO00O00O0O0OCO0OCO0COO-~

Ooooooomno000000000000000000000|8
OOOOOOEOOO000000000000000000000|6
COoO0OCOoORPICOCOHOCOCOCOOOOOO0O00O0O0O0O0OO0O-1n
OOGOEOOO00000000000000000000000|4
coo COoOO0OO0OO00OO0O0O0COOCOOCOOOOOOCOOCOOCOCOC-M
oo CO0O0000000000000000000O00O00O0O0O-N
o OO0 0000000000000 0CO0O000D0O00O00O00CO0O-H

CO0000000000O0000O00O00O00O0O0O0O0O0O0O0OO0O-0
L T T O I S I S O S T O T Y S O S B S BN B B

OFMNMENONRDIIOOANMTSTNORNOIIOANMFTNO~NDONO
HreE A A A A A A A AN NN NN NNN N M

91 20y1

Du doan

(a) IDCNN

000000000000000000000000000000 w
0000000000000000000000000000100:%
0000000000000000000000000003000|N
00000001000oooooozoooooooozoloolm
00000000000000000000000001000001:2J
001000000000000000000000“000100|u
00000000000OOOOOOOOOOOOEOOOOOOOIB
00000000000OOOOOOIOOOOEOOOOOOOOIH
0000000000OOOOOOOOOOOBOOOOOOOOOIM
[ellelolloRellofololofleNelofellefofo}foflefoo] 0000000000|m
OO0 O0O0O0O0O0O0OO0O0O0O0OO0OO0O0OO0OO 00000000000!”
OO0OO0OO0OO0O0O0O0O0O0O0O0O0O0OO0OO0OO0OO 000000000000lm
OCOO0OO0O0O0OO0O0OO0O0O0O0OO0O0OO0O0O0 0000000000000!”
0000000000OOOOOOBOOOOOOOOOOOOOOIM
[elleloflofolofofofofofoflofoloNo) OOOOOOOOOOOOOOOIH
OCO0OO0O0O0O0O0O0OO0O0O0O0O0O 0000000000000000!“
[elleloflofefofofofoflefo}lofe)] OOOOOOOOOOOOOOOOOIB
00000000000OIOOOOOOOOOOOOOOOOOOIH
[eleReNoleleloNoNoloRa) 00000000000000000001“
OoOO0OO0OOCOO0OO0OO0OO 00000000000000000000|m
OCOO0O0OO0CO0OO0O0OONOO0OOCO0OO0O0OO0O0OO0O0OO0O0OO0O0OO0O0OO0O0OO0O0O-0
00000000“0000000000000000000000!8
0000000“00000000000000000000000|7
OCOO0OOCO0OONOO0ODO0OO0OO0OO0O0O0O0OO0O0O0OOO0OOO0OOO0OO0O0OOO0O00O-V
0OOOOBOO000OOOOOOOOOOOOOOOOOOOOIS
COO0ONOOO0OO0O0O0O00O0O0O0O0O0O0O0O0O0O0O0O0O0OHOOO-
ocooo COO0O00O0O0O0O0O0O0CO0OO0O0O0O0OO0O0OO0O0OO0O0O0O0O0O0O-Mm
oo CO0OO0O0O0O0O0O0O0CO0O0O0O0O0O0O0DO0O0O0O0O0O0O0O0OO0OO0O-N
o (=lelolejoRelofelofefeflefefeloflefoflofollofoNelofleofefeleRoRg]

COO0CO0OO0CO0OO0O0O0CO0OO0CO0O0CO000O0O0O0O0O0O0O0O0OH0O0OCO0O-0O
| S (R G NN SV DN S PR M R SR B DN VR SN N S N FES NN A M M) GRS Co T N o |

O ANMTNONVOOOFNMITNONDIOAHNMITNONDOODO
el A A A A A NANANNANNNNNNM

210Nyl

Dy doén

(b) IDCNN-CA
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4. KET LUAN

Bai bao nay dé xuit viéc sir dung co ché chu ¥ kénh vao mé hinh IDCNN truyén thong.
Co ché chu ¥ kénh cho phép mo hinh tap trung vao cac déc trung quan trong trong qua trinh
huén luyén, tir d6 cai thién hiéu suit cia mo hinh. B dit liéu khung thép QUGS duoc sir dung
dé danh gia phuong phap nay, vdi dir lidu thu thap tir cac cam bién gia toc lp dat trén két cAu.
Céac cam bién do dac trong ca tinh hudng két ciu binh thuong va khi gia dinh hu hong bang
cach ndi 16ng bu 16ng lién két tai cac vi tri lién két. Duya trén két qua thu duoc tir qué trinh huin
luyén va kiém tra, mot sb két luan quan trong dé dugc rit ra:

- MO hinh hoc sau nhu IDCNN co6 kha nang phan loai tbt cac tap dir lidu gia tdc theo
thoi gian. Co ché chu ¥ kénh cai thién dang ké hiéu ning cia mé hinh khi dwoc thiét
ké phu hop va dit sau cac 16p tich chép.

- MO hinh dé xuat IDCNN-CA c6 hiéu sudt 6n dinh va vuot trdi hon véi md hinh
IDCNN truyén thong trong qua trinh huan luyén vé d¢ chinh xac va sai sd.

- Két qua kiém tra khang dinh phuong phap két hop IDCNN véi co ché cha y kénh c6
d6 chinh xac cao véi 0,936 va sai sb chi 1a 0,269. M6 hinh IDCNN truyén théng chi
dat d6 chinh xéc 1a 0,893.

- Két qua tir bai bao nay hira hen 1a mot phwong phap hiéu qua khi ap dung cac co ché
chu ¥ trong cac md hinh hoc sau dé cai thién d6 chinh xac trong céc bai toan nhan
dang, phan loai hu hong két cau tir dit lidu theo thoi gian thu dugc tir cdc cam bién
trong hé théng giam sat stc khoe két cau.
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