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Tom tit:

Két cau cong trinh ngoai khoi (Offshore Jacket Platform - OJP) thuong bi hu hong do nhiéu yéu t tac dong
nhu dong dat, séng than va anh huéng ciia moéi truong bién. Do o, rat can thiét theo ddi tinh trang k¥ thuat
cong trinh sém ngin chan sy xudng cap, tranh thiét hai vé tai san va con ngudi. Trong bai bao nay, nhom tac
gia phat trién mot hé thong thu thap va xir ly dit liéu sir dung mang cam bién da diém két hop véi mang no-
ron hoc sau dé xac dinh cac truong hop bat thuong cho OJP do céc tac dong truc tiép cia moi truong nhu song,
gib va céc tac dong truc tiép khac tao nén trong qua trinh khai thac. Dit liéu duoc loc nhidu va dung anh phé
hai chiéu thong qua bo bién doi wavelet duoc sir dung 1am déu vao dé huan luyén va kiém tra hé thong duoc
thiét ké. Bo xur Iy trung thm STM32 Nucleo-F411RE di xem xét thuat todn hoc sau trén mét mé hinh nhing
trong MATLAB va két qua thir nghiém da ching minh hiéu qua caa phuong phap dé xuat.

Tir khoa: Anh phd hai chiéu; Bo bién d6i wavelet lién tuc; Chan doan hu hong két ciu cua OJP; Mang
GoogLeNet; Mang no-ron tich chap.

Abstract:

Offshore Jacket Platform (OJP) constructions are often damaged by many factors such as earthquakes,
tsunamis, and the effect of marine environment. Therefore, it is necessary to keep regard on the health of the
construction to prevent deterioration and avoid damage to property and people. In this paper, we develop a
data acquisition and processing system that uses a multi-sensor network combined with a deep learning neural
network to identify anomalies for OJP due to the direct effects of environment such as waves, wind, and other
direct impacts during mining. Noise-filtered data and two-dimensional scalogram rendering through a wavelet
transform are used as input to train and test the designed system. The central processor STM32 Nucleo-F411RE
considered the deep learning algorithm on an embedded model in MATLAB and the test results proved the
effectiveness of the proposed method.

Keywords: Two-dimensional scalogram; Continuous wavelet transform; Structural damage diagnosis of OJP;
GoogLeNet; Convolutional neural networks.

1. Giéi thiéu trong 16n ddi vai céc cong trinh bién von dé bj tich
tu cac hu hong trong sudt thoi gian sir dung do mai
trudng bién khic nghiét va phuc tap tac dong. Viéc
som chan doan hu hong két cau caa OJP kip thoi 1a
can thiét dé tranh cac thiét hai co thé xay ra va dam

Giam sét strc khoe két cau ciia cong trinh ngoai khoi
(Offshore Jacket Platform - OJP) dé duoc phét trién
nhu mot giai phap tu dong theo ddi tinh trang thuc
té cia OJP [1], [2]. Hoat dong ndy c6 tim quan
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bao an toan cho cong trinh bién. Mit khac, viéc phat
trién cac giai thuat hoc sdu cho OJP dé x4c dinh céc
hw hong chinh cia két ciu hién nay 1a xu thé trong
viéc phat hién som su xudng cap cua két cau, ca trén
phuong dién nghién ctu ly thuyét 1an éng dung
thuc nghiém. Dac biét véi sy phét trién cua tri tué
nhan tao hién nay, cac nghién ciru hudéng toi kha
ning phan doan tinh hudng bang may mac thay cho
con nguoi.

Trong nhimg ndm gan ddy, cic phuong phap
giam sét sirc khoe két cau cong trinh dua trén rung
dong da duoc &p dung rong réi trong viéc phat hién
hu hong caa cdng trinh [3], [4]. Trong do, giai thuat
hoc sau dugc dé cap nhu mot cong cu dé chon cac
tinh nang danh gia tinh trang két cau cua cong trinh.
Mot trong nhitng loi ich caa viéc sir dung may hoc
1a n6 hoc duoc cac su ¢d hu hong va phuc tap, tu
cap nhat va b6 sung luu trit dit liéu qué khir da thu
thap, trong khi cac phuong phap khac khong thuc
hién duoc. Trong d6, mang than kinh nhan tao
(Artificial neural network - ANN) la mot tap hop
céc thuat toan duoc st dung trong hoc may dé md
hinh héa dir liéu [5], [6], viéc st dung thuat toén
ANN @ xac dinh hu hong cau tric cho OJP [7] Vi
két qua cho do chinh xac cao. Nhiéu kién triic mang
hoc sau khac nhau, nhu mang no-ron tich chap
(Convolutional neural network - CNN) ngay cang
duoc nghién ctu, phét trién va ung dung trong
nhiéu linh vyc dé giam kich thudc coa dir lieu dau
V&0, trich xuat cac tinh ning dic trung theo ddi st
khoe cong trinh hiéu qua [8]-[10]. Vé khia canh
thyc nghiém, két qua thuc nghiém cho thay k§ thuat
CNN c6 kha niang dat d6 chinh xéac cao [11]. Géan
day, Xingxian Bao va cac cong su [12] da dé xut
phuong phap CNN mét chiéu cho két cau dé xéac
dinh hu hong cia OJP duya trén rung dong, két qua
cho thay phuong phap nay cd hiéu suat cao, chinh
x&c va pht hop. Nhu vay c6 thé thiy, mang hoc sau
CNN [13]-[19] nam trong xu thé phét trién ctia cac
hé thong chan doan dua trén co s dir liéu da thu
thap, cd kha nang huan luyén va tu cap nhat, thong
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minh, dic biét hon 14 c6 thé két hop véi céc ki thuat
khac trong thiét ké, ciing chinh 14 phuong phap ap
dung trong nghién ctru thuc nghiém cua bai bao
nay, lya chon mang GoogLeNet dé phan tich hinh
anh nhiéu rung dong tir anh pho.

Bai b4o nay dé xuit mot phuong phéap chan doan
hu hong str dung mang hoc sau CNN cua Google la
GoogLeNet két hop vai ki thuat loc nhiéu, tao anh
phé hai chiéu bang phép bién déi wavelet [13]-[15]
nham phét hién sém hu hong cia két cau cho OJP.
Qua thyc nghiém trén md hinh, phuong phap dé
XUt da duoc thir nghiém bang cach thu thap va xu
ly dix liéu tir cac cam bién, tap dir liéu duoc chia
thanh hai phan, 70% cho tap dit liéu huan luyén va
30% cho tap dir liéu danh gia. Két qua thuc nghiém
tai phong thi nghiém cho thay cac tinh hudng chan
doan dung voi do chinh xac cua huan luyén khi
kiém tra 12 97,98%. Van dé nghién ciu hta hen c6
thé ma rong trong thyc té vai s6 lugng cam bién
nhiéu va da chiing loai.

Bai bao dugc bd cuc nhu sau: Phan gigi thiéu
néu tam quan trong cta viéc phat hién som hu hong
két cAu ciia OJP va hudng nghién ciu, két qua du
kién dat duoc. Phan 2 trinh bay phuong phap thuc
nghiém trong d6 thu thap dit liéu, loc nhidu bing
bién d6i wavelet voi cac truong hop khac nhau.
Phan 3 d¢ xuat ding may tinh giao tiép vai STM32
Nucleo-F411RE, giao dién thuc nghiém trén thiét
ké GUI cia MATLAB. Céc két qua co ban duoc
néu trong phan 4 va phan 5 Ia cac két luan vé diém
dat duoc ciing voi huéng nghién ciu tiép theo.

2. Thu thap va xir ly dir liu
2.1. Thu thap dir liéu mang cam bién

Phan cting mé hinh két cau cho OJP duoc thiét ké
bang thép véi bdn truc chinh ndi véi nhau qua cac
thanh ngang va thanh chéo. Tong chiéu cao caa md
hinh 12,0195 m, ¢0 hai bé da kich thudc 70x70 cm
nhu hinh 1.
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Hinh 1. Két ndi phan cieng md hinh OJP véi may tinh trong phong thi nghiém.

V& so d6 bé tri chung cua mé hinh thuc nghiém, s6
luong tdm cam bién, trong d6 mdi san duoc gén bén
cam bién gia toc dé thu thap tin hiéu rung dong tir
hai dong co tao rung duoc dat trén mé hinh OJP,
thuc té s6 lugng cam bién c6 thé 1én téi hang tram
hé théng van dam bao kha ning két ndi va xu Iy dir
liéu thong qua thiét ké dang mang cam bién. Cu thé,
hinh 2 thé hién so d két ni thiét bi vai phan cing
két cau cho OJP. CAc cam bién nay duoc két ndi vai
bo diéu khién trung tim STM32 Nucleo-F411RE

dé thu thap tin hiéu va luu trir trén may tinh. Tin
hiéu rung dong trong 1000 s vai tan s6 lay mau 1a
0,2 s/mau, két qua thu duoc 20.000 mau dugc luu
trén tap dir liéu. Bang 1 thé hién gié tri ciia 15 mau
dau tién trong 20.000 mau thu thap duoc. Phuong
thirc loc nhiu str dung phép bién doi wavelet trén
phan mém MATLAB, loc nhiéu va dung anh phd
hai chiéu, két qua anh phé ding lam dau vao cho
mang CNN dé chan doan hu hong két cu ciia OJP.

Bang 1. Bo 15 dit liéu dugc thu thap tir tin hiéu rung dong cua cac cam bién gia toc
(Analog Accelerometer ADXL335).

Thoi Gia téc rung (mm/s? - G)

5 gi_an Cam Cam Cam
(gidy) pién1  bién2  bién3

Cam Cam Cam Cam Cam
bién 4 bién 5 bién 6 bién 7 bién 8

0 -0.07411 -0.13028 -0.13174
0.2 -0.07020 -0.11855 -0.13443
04 -0.03162 -0.12442 -0.13443
0.6 -0.04456 -0.11587 -0.18376
-0.07387 -0.12149 -0.16544

1 -0.06752 -0.10488 -0.15738
1.2 -0.04285 -0.12002 -0.14664
1.4 -0.04823 -0.11294 -0.15909
1.6 -0.06703 -0.11196 -0.12393

© 00 N o O b~ W N e
o
(e}

-0.19426 -0.05384 -0.01159 0.01013 -0.03040
-0.19792 -0.05189 -0.01013 0.02087 -0.02649
-0.18742 -0.05116 -0.01404 0.01282 -0.01965
-0.20573 -0.05726 -0.00158 0.00915 -0.06898
-0.20915 -0.05384 -0.01037 0.01306 -0.05409
-0.20354 -0.06654 -0.01501 0.01697 -0.01721
-0.19035 -0.06483 -0.00989 0.00744 -0.03260
-0.19670 -0.05360 -0.01086 0.03772 -0.03992
-0.20134 -0.04603 -0.01233 0.02258 -0.00476
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Gia téc rung ( mm/s? - G)

<. Thoi
So thw )
tw miu 9'_‘3‘” Cam Cam Cam Cam Cam Cam Cam Cam
i (9idy) bibn1  bién2  bién3  bién4  bién5  bién6  bién7  biéns
10 1.8 -0.04383 -0.11636 -0.13614 -0.20842 -0.05018 -0.00940 0.01160 -0.00280
11 2 -0.03772 -0.09194 -0.15079 -0.21159 -0.06507 -0.01233 0.01477 -0.02136
12 22 -0.05335 -0.12124 -0.13736 -0.20573 -0.05653 -0.01111 0.01306 -0.03089
13 24 -0.08608 -0.11953 -0.15054 -0.21013 -0.04676 -0.00793 0.01111 -0.04725
14 26 -0.06410 -0.11929 -0.14053 -0.20134 -0.06361 -0.00940 0.02332 -0.03797
15 28 -0.04114 -0.12271 -0.13492 -0.20989 -0.06459 -0.00085 0.01453 -0.02429
“ ‘ = o0 I ’ I Signal I‘r?res\lng ' , ; ,
‘ .‘.‘;"2..’ L / \ ¢ f 0.03 B

Hinh 2. So d6 két ndi thiét bi
v6i phan cing md hinh OJP.

2.2. Xir ly dir liéu va loc nhiéu

Dit liéu rung dong tai két cau OJP khi duoc bo diéu
khién trung thm STM32 Nucleo-F411RE doc vao
thuong bi nhidu. Vi vy, tin hiéu dau vao can loc
nhiéu trudc khi dua vao bién d6i sang mién tan sb.
Nhu da phan tich ¢ trén, trong nghién cuu nay loc
nhiéu tin hiéu bang phép bién dbi wavelet, phuong
phép dugc phét trién manh mé trong xir 1y tin hiéu
[15], tin hiéu gdc va sau loc nhiéu khi qua bo bién
d6i wavelet do duoc nhu hinh 3.
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Hinh 3. Khir nhiu dung bién doi wavelet.

Tiép theo, tién hanh chuyén tin hiéu mot chiéu
thanh anh pho hai chiéu bang cach trich xuat cac
tinh nang cua tin hiéu OJP xuét hién trong mot dai
tan s nhat dinh sir dung bo bién doi wavelet lién
tuc (continuous wavelet transform — CWT). Ham
CWT dugc dinh nghia nhu sau:

CWT (s, ) :(%)*jx(t)*w(t%a’}*dt

Vi S 1a tham sb ty 18, @ la tham sé dich chuyén
vitriva w hamwavelet, trong do Symlets 5 wavelet

1)

1a phép bién d6i duoc st dung trong cong trinh nay
[16]. Pé danh gia do chinh xé&c cua giai thuat CNN,
str dung 700 tap di ligu (duoc mé ta nhu hinh 4-7)
vé phan b dang séng ¢ trang thai binh thuong va
cac trudong hop bat thuong, tir d6, du doan dua trén
hinh anh va mau sic phd. Sb luong tap dit liéu
khong han ché, d6 chic chan va chinh xac cang ting
khi s6 mau cang nhiéu, va thir nghiém trong mét s6
truong hop.



(ng dung k§ thuat hoc sau dw doan hw héng cho két cAu coéng trinh ngoai khoi

Truong hep khdng bat thwong: Trang thai Abnormal signal 1
binh thuong ciia OJP dugc mo ta la trang thai ma '
cac tac dong tir moi trudng & muc 6n dinh, thoi tiét
t6t cho qua trinh hoat dong, cac hoat dong khoan va o
sinh hoat ciia thuy tha doan hoat dong 6n dinh binh
thuong, khong ¢ tac dong tir qua trinh hatruc thang 5o
hay neo dau cua cac tau tir bén ngoai tac dong Ién 40
OJP. Anh phé cta truong hop binh thuong mau 30
xanh chiém dién tich I6n, chi xuat hién 1 s vétvang 20
nhu inh 4b. w

0.06 T T T
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- Mﬂ | (b) Anh phé cua tin hiéu
U : TTRTIN truong hop bat thuong 1 dung CWT.
002) QT‘JNMMW\[WJAWWWU‘WIM ’AM“"'W* Hinh S.HI;an sgng t?n hi‘;ﬁ va anh pho 2 chiéu cua

tin hiéu OJP trang thai bat thuong 1 sir dung CWT.
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0

Truong hop bat thwong 2: Cac may moc hoat
(a) Tin hi¢u OJP truong hop binh thuong. dong trén OJP cong hudng voi tac dong tir tinh mai

Normal signal cua cong trinh 1am cho bé mit hoat dong phét sinh
nhimg “diém bat thudong” c6 mirc do rung chan cao.
Qua trinh md phong s& tao ra nhiing rung chan ngau
nhién trén moi vi tri & bé mat hoat dong cua OJP.
Anh pho xuat hién nhiéu vét vang xen k& mau cam
khi c¢6 diém bat thuong xay ra nhu hinh 6b.

N by

100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900 1000
(b) Anh pho cua tin hiéu binh thuong dung CWT. (a) Tin hiéu OJP trudng hop bt thuong 2.
Hinh 4. Dang s6ng tin hiéu va anh phé hai chiéu cua Abnormal signal 2

tin hi¢u OJP trang thai binh thuong st dung CWT.

Trudng hop bét thwong 1: Song manh bét thuong
tac dong lén khung chan OJP theo mét tan sé nhat
dinh. Binh séng c6 thé thay doi nhung quy dinh cho
qué trinh mo phong 1a song manh, hoac nhitng rung
chan tir Iong bién tac dong Ién OJP. Hinh 5b thé
hién anh phd hai vét mau vang khi song danh hay
rung chan tao ra

0.06

200 300 400 500 600 700 800 900

WMWJM&L«WWMWL:MMM " (b) Anh phé cua tin hiéu

0.

o
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i ﬁu truong hop bat thuong 2 ding CWT.
. i . Hinh 6. Dang song tin hiéu va anh phé 2 chiéu cua
0

100 200 300 400 500 600 700 800 900 1000

0

’ tin hiéu OJP trang thai bat thuong 2 sir dung CWT.
(@) Tin hiéu OJP truong hop bat thuong 1.
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Trudng hep bat thuong 3: Luc tac dong ciia cac  phong, hé thdng OJP chju nhiéu tac dong rung chan
con bio trén bién 18n két cau OJP bao gom séng  mot luc va da chiéu. Két qua xuat hién rat nhiéu gai
bién manh va gi6 to tac dong truc tiép. Quatrinhmd  nhon mau xanh va vang trén anh phd nhu hinh 7b.

Abnormal signal 3

MWTA‘.\VMNMWW’T’WW

0 1
0 100 200 300 400 500 600 700 800 900 1000 20

th
S

(a) Tin hiéu OJP truong hop bat thuong 3.
100 200 300 400 500 600 700 800 900
(b) Anh phé cua tin hiéu
truong hop bat thuong 3 dung CWT.
Hinh 7. Dang s6ng tin hiéu va anh ph hai chiéu cua tin hiéu OJP trang thai bat thuong 3 sir dung CWT.

3. Thiét ké mang no-ron tich chap da diém. Két ndi phan cimg nhu trén hinh 2, hé
3.1. Thiét ké hé nhung trén MATLAB thong t&m cam bién rung duoc két noi vai bo dieu

T , khién trung thm STM32 Nucleo-F411RE dé thu
Trong cong trinh nay, thuat toan GoogLeNet dwoC  thap tin higu va luu trit trén may tinh. Tin higu rung
sir dung dé chan doan hu hong ket cau cua OJP [13]  gong duoc loc nhidu bing phép bién déi wavelet
cua GoogLeNet bao gom 144 16p. Trén hinh 8 the  nghism va hién thi két qua duoc thiét ké co ban nhu
hién so do khoi cta thuat toan CNN dé chan doan  ran hinh 9.
hu hong két cau caa OJP sir dung mang cam bién
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Hinh 8. So d6 khéi cua thuat toan CNN dé chan doan hu hong két ciu cho OJP.
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CNN ALGORITHM FOR OFFSHORE JACKET PLATFORM

Abnormal signal 3

Load Image

100 200 300 400 500 600 700 800 900

Case3 90.77 %

Hinh 9. Giao dién GUI dé hién thi céc chin don hu
hong két cau cho OJP.

3.2. Cac bwdéc trién khai thuc nghiém

Budc 1: Tin hiéu dugc bd didu khién trung tam
STM32 Nucleo-F411RE thu thap va luu trit trén

may tinh thanh nhiéu b dir liéu khac nhau twong
ung vai cac truong hop OJP hoat ddng binh thuong
va bét thuong.

Buéc 2: Dit liéu nhan duoc s& chia thanh nhiéu
tap dit liéu nho hon dé tién hanh loc nhiéu théng qua
phép bién dbi wavelet.

Budc 3: Chuyén ddi tin hiéu tir mién thoi gian
sang mién tan s6 va tao bo dix liéu anh phd hai chiéu.

Budc 4: Sir dung mang CNN dé ty dong chan
doén cac trang thai binh thuong va bat thuong trén
OJP véi dau vao la anh pho hai chiéu.

4. Két qua thwc nghiém

Trong nghién ctu ndy, nhom da tién hanh danh gia
mo hinh d& xuat. DAu tién, tap di liéu duoc chia
thanh hai phan, 70% cho tap dit liéu huan luyén va
30% cho tap dit liéu danh gia.

¥ Training Progress (24-Feb-2023 13:55:44

13:53:44)

Results

Vakdation accuracy 97 98%

Training finished Reaches final nerstion

Training Time

Start time

24-Feb-2023 1353 44
35 min 38 sec

6015
30 of 30
s

30

Epoch 1 Epoch 2 Epoct Epoch 4 Epe Epoch 6
3(5 5 15 20
e
s
/,,\‘
g — \\
- _X_ =
e e
Epoch 1 = Epoch 2

Epoch 3 e—Epech-t—e—EpachS . Fpochs o,
25 30

S fterations

Single CPU
Constant
0.0003

15 20

Hinh 10. Huin luyén mang GoogLeNet cho két cau cua OJP.

Thong s6 cai dat d&& huan luyén mang gom:
miniBatchSize = 5 va MaxEpochs = 6. Qua trinh
huan luyén mang duoc minh hoa trén hinh 10 véi
thoi gian huan luyén 1a 36 phdt 38 gidy va do chinh
xac cia huan luyén khi kiém tra 12 97,98%.

Két qua chan doan hu hong két cau OJP & trang
thai binh thuong khi cac tac dong tir mai truong,
hoat dong khoan 6n dinh, khong c6 tac dong tir qua
trinh ha truc thang 1én OJP vai d6 chinh xac 94%
nhu hinh 11.

16

Normal
94%

Normal signal

100 200 300 400 500 600 700
Hinh 11. Két qua chin doan hu hong két ciu cua
OJP ¢ truong hop binh thuong.
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Céc trudng hop bat thuong nhu séng manh dot ngot
tac dong lén khung chan OJP theo mét tan sé nht
dinh, rung chan tir cdc may méc hoat dong trén OJP,
lyc tac dong ciia cac con bio trén bién Ién cau tric
OJP bao gém séng bién manh va gio to tac dong
truc tiép. Két qua chan doan hu hong két ciu cua
OJP véi @9 chinh xac trén 83% trong céac truong
hop bét thudong nhu hinh 12-14.

Thuat todn GoogLeNet két hop véi bo bién doi
wavelet dé loc nhidu va dung anh phd hai chiéu da
duoc thir nghiém dat d6 chinh xac cao trong viéc
chan doan hu hong két ciu OJP.

Case 1
96%

Abnormal signal 1

100
Hinh 12. Két qua chan doan hu hong két cdu cia
OJP & trudng hop bat thuong 1.

Case 2
83%

Abnormal signal 2
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Hinh 13. Két qua chan doan hu hong két cau cua
OJP & truong hop bat thuong 2.
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Case 3
93%

Abnormal signal 3

100
Hinh 14. Két qua chan doan hu hong két cau cua
OJP & trudng hop bat thuong 3.
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5. Két luan

Trong nghién ctu ndy, nhdm da dé xuat mot md
hinh chan doan hu hong cho két cau OJP dya trén
bo bién d6i wavelet lign tuc va mang no-ron tich
chap CNN c6 thé phan loai tin hiéu thanh cac truong
hop binh thuong va bat thuong. Tin hidu dugc xt ly
loc nhidu va dung anh phé hai chiéu bang bo bién
doi wavelet. Két qua chan doén céc tinh trang binh
thuong, bat thuong cua két ciu OJP bang cach thyc
nghiém trén md hinh véi giai thuat dé xuat. Két qua
budc dau cho thiy do chinh xac cao trong du doan
dinh tinh. Viéc két ndi cac cam bién dudi dang
mang hd tro qua trinh thu thap dir liéu nham ma&
rong s6 lugng cam bién, khong can thay doi phuong
thirc thu thap dir liéu. Trong cac nghién cau tiép
theo, can phai thu thap nhiéu tap dit liéu sy c6 bat
thuong trén OJP dé dua vao huan luyén cho két qua
chan doan tot hon va danh gia dinh luong cac két
qua cudi cling.

Loi cam on

Nghién ctru duoc tai tro boi Bo Giao thdng van
tai, thong qua dé tai ma s6 “DT223014”: Thiét ké
ché tao hé thong thu thap va xu ly di liéu tng
dung mang cam bién da diém (Multi-point sensor
network) két hop giai thuat hoc sau (Deep
learning) nham kiém soét cac tiéu chi vé tinh déu
dan trén mat phang cua két cau cong trinh ngoai
khoi.



(ng dung k§ thuat hoc sau dw doan hw héng cho két cAu coéng trinh ngoai khoi
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