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Tém tit

Bai b4o ndy d& xuit mot phuong phap chan doan hu hong két cAu dan chiu tai trong dong va tai nhiét do dong
thoi theo ba budce. Trong d6, bude thir nhat ap dung Chi sé nang luong bién dang dua trén dép tng gia toc theo
thoi gian (Acceleration-based Strain Energy Indicator — ASEI) dé chin doan so bd céc vi tri ¢6 kha ning xay
ra hu hong. Bude thtr hai 4p dung mo hinh Extreme Gradient Boosting (XGBoost) dé khir nhidu nham giam
thém s6 bién can xét trong budc tiép theo. O budc thir ba, thuat toan tdi wu hoa Con limg mat (Honey Badger
Algorithm — HBA) duogc ap dung nhim xac dinh chinh x4c mtrc d¢ hu héng cua tung phén tir duya trén bai toan
t6i wu hoa ngugc. Hai hé dan phang va khong gian véi cac truong hop hu hong khac nhau duge khao sat nham
kiém chimg tinh kha thi ctia phuong phap dé xuat. Bén canh d6, van dé han ché s luong cam bién do dac va
nhidu dit liéu do trén bai toan thuc té cling duoc ké dén thong qua mot ky thuat giam bac mo hinh. Cac két qua
s& dugc 1ap trinh bang Python thé hién tinh kha thi va do chinh x4c cao ctia phuwong phéap dé xuét.

Tir khod: chan doan hu hong; tai trong dong; nhiét do; tdi uu hoa nguogc; hoc sau.

DAMAGE DETECTION OF TRUSS STRUCTURES UNDER TEMPERATURE AND DYNAMIC LOADS
USING INVERSE OPTIMIZATION AND DEEP LEARNING

Abstract

This paper proposes a three-stage damage detection method for truss structures subjected simultaneously to
temperature and dynamic loads. In which, the first step applies the acceleration-based strain energy indica-
tor (ASEI) to preliminarily locate possible damage elements. Extreme Gradient Boosting (XGBoost) is then
adopted in the second step to roughly predict the element damage ratios. This stage aims to further reduce the
number of design variables in the next step. In the final stage, the Honey badger algorithm (HBA) is utilized
to identify the damage ratio of each element with high accuracy based upon an inverse optimization problem.
Two 2D and 3D trusses are then examined to prove the reliability of the proposed method. In addition, noises
in real measuring activities and limited sensors are considered by a model order reduction technique. Python-
programmed numerical results have indicated the suggested method is of high efficiency in determining both
the location and extent of damage in the truss structures.

Keywords: Damage detection; dynamic load; temperature; inverse optimization; deep learning.
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1. Gioi thiéu
Trong suot tudi doi cia cac cong trinh két cau s€ ton tai rat nhi€u yéu to6 khac nhau c6 kha nang

gay ra hu héng cuc bo cua cac cau ki¢n hoac sup do tong thé két cau. Cac nguyén nhan nay cé thé la
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do sai sot trong qua trinh thi cong, tac dong mdi trudng, chay nd hodc nhimng tac dong khac chua dugc
ké dén trong qua trinh thiét ké. Do d0, linh vuc theo ddi va chan doan sirc khoe két ciu (Structural
Health Monitoring - SHM) da ra doi va nhan dwoc nhiéu s quan tim tir ca cong dong k¥ su va cac
nganh nghé khéc c6 lién quan. Chan doan hu hong két cau giup phat hién sém nhiing vi tri hu hong va
c¢6 phuong an xir 1y kip thoi hodc theo ddi sy phat trién ctia hu hong. Tir d6, giam thiéu t6i da nhiing
hau qua khong mong mudn vé con ngudi va tai san.

Nhin chung, cdc phuong phap chin doan hu hong dwoc chia 1am hai nhom chinh: pha huy va
khong phé hity. Trong d6, cac phuong phép chan doan hu hong khong pha hity chiém wu thé 16m so
v6i nhom phuong phap con lai nho vao viée khong giy anh huong dén hién trang két cdu [1]. Nhitng
thap ky gan ddy, cung véi su phat trién 1én manh ctia khoa hoc va cong nghé thong tin, nhiéu phuong
phap chan doan hu hong tan dung dugc kha nang xir 1y tinh toan cao ctia may tinh hién dai ra doi.
Céc phuong phép st dung két hop bai toan toan tbi wu hoa nguoc 1a mot trong s6 chung. Trong linh
vue ndy, Seyedpoor [2] dé gi6i thiéu chi sb danh gia su c6 mit cua hu hong dia trén ning luong bién
dang dao dong (Modal Strain Energy Based Index — MSEBI) dé chan doan so bo vi tri hu hong cua
hé dén trong buéc m6t cua bai toén téi uu h(’)a nguoc. O bu'(yc tht’r hai mirc d6 hu hong cua tl‘rng phﬁn
- PSO). Ha1 vi dy mo phong sO duqc tac gia dua ra, cho thay két qua nghién ctru c6 6 chinh xéc cao
va dang tin cdy trén thuc té. Sau do, thuat toan tién hoa khac biét (Differential evolution— DE) ciing
dugc Seyedpoor [3], Kim va cs. [4], 4p dung vao chan doan hu hong. Ngoai ra, Majumdar va cs. [5]
cling da st dung thuat dan kién (Ant colony optimization — ACO) dé danh gia mirc 6 hu hong ciia
két cAu dan dua trén tan s tu nhién cta hé. Thuét toan di truyén vi md (Micro-genetic algorithm —
GA) duoc ap dung dé chan doan hu hong cho két cau dan bai Kim va cs. [6]. Seyedpoor va cs. [7] sir
dung thuat toan tién hoa khac biét va ing xir gia toc theo thoi gian ctia hé két cdu chiu tai trong dong
dé phat trién thém linh vuc nay. Lieu va cs. [8] dd sir dung thuit toan con dom dom tién hoa lai tao
thich nghi (Adaptive Hybrid Evolutionary Firefly Algorithm-AHEFA) trong chan doan hu hong két
céu dan.

Tir nhitng nghién ciru da dé cap & trén, c6 thé thdy hién nay c6 rét it nghién ctru sir dung cac chi
s6 chan doan hu hong dya trén cac tng xir dong ciia cong trinh nhu chuyén vi, van tc hay gia toc.
Céc (g xir ndy c¢6 wu diém 16n trong viéc dé dang do dac dugc trén thyc té ma khong qua nhidu bude
xtr Iy s6 liéu nhu nhitng thong sb lién quan t6i dao dong riéng. Thém vao do, cac yéu té anh hudng
t61 do dac nhu gidi han diém do, sai s6 do nhiéu cling it bi anh hudng va co thé kiém soat tét. Vi vay,
trong bai bdo nay, phuong phap chan doan hu hong dua trén gia toc dap 1’1’ng cua hé dan chiu tai trong
dong va nhiét d6 dong thoi duge dé xuit. Phuong phép nay ap dung nhiéu thuat toan hién dai khac
nhau nhu m6 hinh glam bac, ky thuat hoc sau va thuat toan t6i wu héa ngugc nham giam chi phi tinh
toan ciing nhu giai quyét cac vin dé do dac trong thuc tién.

2. Co so ly thuyét
2.1. Hé dan chiu tai trong dong va nhiét do

Hé phuong trinh dong lyc hoc dang roi rac ctia mot két ciu theo phuong phap phan tir hiru han
duoc cho boi
MxX () +Cx (1) + Kx(#) =£(2) @))

trong do M,C va K 14n luot 12 ma tran khoi lugng, ma tran can va ma tran d¢ cung cua két ciu; ¥, X
va x lan luot 1a véc to gia toc, van toc va chuyén vi tai tung béc tuy do (degree of freedom-DOF) cua
phan tu trong h¢ toa do tong thé; f (¢) 1a véc to tai nat tong thé theo thoi gian, va ¢ 1a mién thoi gian

12



Thi, B. B., va cs. / Tap chi Khoa hoc Cong ngh¢ Xay dung

khéao xét. Trong nghién ctru nay, phuong phap Newmark — Beta [9] véia = 0,5vay = 28 = 0,5 s€
duoc st dung dé giai bai toan nay. ,
Luc doc quy d6i tai nat do su thay doi nhiét ¢ cia mot phﬁn tor dan dugc cho boi cong thice [10]

N = EAarAT ©)

trong d6 E 1 mo dun dan hdi Young ciia vat liéu; A 1 dién tich mit cit ngang ctia thanh dan; a7 1a hé
s6 gidn nd nhiét cua vat liéu (d6i vai thép vao khoang 11 ~ 13,107 K1), va AT 1a chénh 1éch nhiét
d6 so vi ban dau. Nghién ctru nay gia thiét sy gia ting nhiét ¢ khong lam thay ddi cac dic tinh co
hoc cua vat liéu.

2.2. Mo hinh giam bdc

Do su gioi han vé s6 luwong cam bién cho viéc do dac, cling nhu loai bo di viéc thu thap nhiing dir
ligu tai cac bac ty do khong quan trong, vi vy mo hinh giam béc da dugc dé xuit. Trong bai bao nay,
phuong phap giam bac bang chudi Neumann béc hai [11] da dugc ap dung. Theo d6, phuong trinh (1)
duoc viét lai dudi dang nhu sau

MgXgr + CrxXg (1) + Kgxg (1) = f (¢) 3)

trong do Xg, Xg va Xg lan luot 1a dap g gia toc, van toc va chuyén vi theo thoi gian cia mo hinh rit
gon tuong ung tai cac bac ty do do dac; Mg, Cg va Ky 1a ma tran khoi lugng, ma tran can va ma trin
d6 cing rat gon, dugc tinh nhu sau

Kr = VIKV, Mg = VIMV, fz = VI'F 4)
Chu y rang ma tran can Cg dugc tinh theo cong thic
Cr = ayMg + BxKg (5)
trong d6 ay va Bi 1a cac hé s6 can ty 18 theo hé sé can Rayleigh [12]. Gia sir rang ti 1& can cho hé két
caula & = 5%. Khi do:

20)1 w? 2

Bk =& (6)

w1+a)2’ w1 + wy

ay =&

v6i wy (rad/s) va w; (rad/s) 1a 2 tan sb goc dau tién.
Trong phuong trinh (7), V 14 ma trdn chuyén dugc xac dinh nhu sau [11]

I
V= . o1 » (7
—[B1 + KM (A1As + A1A5)| T [By + KM, (A1A2 + A A3)]|
Al = KM K KM, L, As = KM, Ko,
A3 = KmsMs_sl Ksm’ A4 = KmmMy_ninKms, A5 = KmsMs_less (8)

B, = Iss + Ales> B, = Ks_lesm + Alem

trong d6 mva s 14n luot 1a ki hiéu cho céac bac tu do chinh (Master DOFs) va cac bac tu do phu thudc
(Slave DOFs). 1., 1a ma tran don vi kich thudc m X m. Trong bai bdo nay, cac bac tu do chinh Ia
nhitng vi tri dugc gén cam bién do dac. Nhiing bac ty do con lai s€ dugc tinh thong qua cac bac ty do
chinh boi cong thirc sau

-1
() = =[B1 + KMy (A1Aq + A1As)]| [By + K My (A1Az + A1A3)| (), ©)
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2.3. Chi s6 ASEI

Lay ¥ tuong tir chi sé ning luong bién dang dua trén dao dong MSEBI (Modal Strain Energy
Based Index) ciia Seyedpoor [2], Dang va cs. [13] da dé xuét chi s ning luong bién dang dya trén
gia tbc ASEI nham danh gia kha nang hu hong cua phan tir dya vao cac dap ung gia téc cia hé dan
chiu tai trong dong theo thoi gian. Cac budc tinh toan chi s6 ASEI dugc tom tit bén dudi.

Ning lugng bién dang dua trén gia téc (ASE) cia phén tir thir e tai budc thoi gian ¢, A7 dugc xac
dinh bang cong thirc (10)

A = —(x,)TKe (10)
trong d6 K¢ 1a ma tran d¢ cimg phan tir thir e, va ¢ 1a véc to dap tng gia tdc tai budc thoi gian. Véi
muc tiéu thuan tién cho viéc tinh toan, ASE cua phan tur thir e dugc chuan héa dudi dang:

_ A¢
A = (11)
A¢
egl !

Bai toan phai duogc xét trén mot khoang thoi gian dii 1on dé tich lily ning luong bién dang va ning
lugng bién dang tich lity d6 thé hién qua cong thirc (12), trong d6 nots 1a sb bude thoi gian dang xét.

nots e
A¢ = Z A (12)
nots
Khi phan tir hu hong, ma tran do ctimg K¢ s& giam. Gia str ma tran khdi lugng M¢cua phan tir 1a
gilt nguyén, gia toc dap tng cta hé duge dy doan 13 s& ting so voi ban dau. Tir d6, A° ctia hé hu hong
s& 16n hon va chi s6 ASEI® ciia phan tir thir e trong hé dan dugc gidi thiéu trong cong thirc (13) thé
hién su khac nhau giita phan tir két cdu hu hong va phan tir két cdu khoe manh thong qua sy sai léch
gia tri A°.
(Ae,d _ Ae,h
(Ae,d . Ae,h

/A? >0, phin tir hu hong

_ \ 13
JA*? <0, phin tir khée manh (13)

ASEI® = {

trong d6 A4 va A" 1an luot 1a ning lugng bién dang chuén hoa trén khoang thoi gian dang xét cua
phan tir hu hong va phan tir khée manh. Gié tri A" s& c6 duoc bing mo phong sé ap dung phuong
phap Newmark va phan ttr hitu han nhu da trinh bay ¢ muc trude. Con A% g3 duoc do dac trén hé ket
cAu thuc té.

2.4. Extreme Gradient Boosting

Trong budc thir hai cua phuong phap chan doan hu hong ba buoc Extreme Gradient Boosting
(XGBoost), mot thuat toan hoc sau ndi tiéng v6i kha nang xur 1y nguon dir liéu 16n véi @6 chinh xac
cao dugc ap dung nham xac dinh so b murc do hu hoéng cia cac phan ttr ¢4 duoc chan doan c6 kha nang
xay ra hu hong tir chi s& ASEL Bén canh céc thuét toan hoc c6 giam sat nhu Deep Neural Networks
(DNN) [14] hay Long short-term memory (LSTM) [15], v.v... XGBoost 1a mdt k¥ thuat hoc sau thude
nhém hoc két hop (Ensemble learning), nhom nay tap trung xay dung nhiéu mé hinh yéu, d6 phirc tap
thap va két hop két qua chan doan theo nhiéu phuong thirc khac nhau dé c6 dugc két qua sau cung
chinh xac hon. Hoc két hop con duoc chia Iam nhiéu nhom con nhu Bagging, Stacking and Boosting.
Trong d6, Bagging 14 phuong phap sir dung nhitng mé hinh cing loai v6i nhau dé huan luyén song
song trén ciing mot bo di lidu. Stacking thudng sir dung cic mo hinh con khac nhau va van huén luyén
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song song v&i nhau. Cubi cting, Boosting 1a phuong phap sir dung nhitg mé hinh con néi tiép nhau,
md hinh sau hoc héi tir mit mat cia mé hinh trude nhim cai thién két qua dy doan cudi cung.

XGBoost khoi ngudn tir mot du 4n nghién ctru d& xuat boi Chen [16] vao niam 2016 va duge phan
loai vao nhém Gradient Boosting (GBM). Trong d6, khai niém Gradient mang ¥ nghia ham muc tiéu
clia cac mo hinh yéu s& 1a mat mét ctia cac mé hinh trude dé. No6i cach khac, chudi cac mé hinh s& cai
thién két qua du doan bang cach bu lai phan mat mat ctia mé hinh trude nhu vi du nhu Hinh 1.

M0 hinh 1 Mo hinh 2 M6 hinh 3

Két qua % /@
mong mudn il P4 Chu thich
P i g Két qua mong mudn
P Pr [] Matmat
Két qua 2i7
du doén

Hinh 1. Cach hoat dong cia XGBoost

So sanh v6i GBM, XGBoost dugc cai tién bang viéc 4p dung nhiéu thuat toan khac nhau nham
cai thién hi€u nang tong thé va bo sung cac tinh nang nhu tu dong cat tia cay, tranh hién tugng “qua
khép” bang phuong phap regularization.

3. Tbi wu héa nguoc

3.1. Ham muc tiéu
Viéc lya chon ham muc tiéu cho cac thuat toan tdi wu hoa dong vai tro cuc ky quan trong bai kha
nang héi tu cua nd. Trong nghién ctru nay, ham muc tiéu dya trén dap ing gia toc dugc d€ xuat boi
tac gia Seyedpoor va cs. [7] dugc st dung va trinh bay trong cong thirc sau
=T = 2
[Xd X X (X)]
=T = = 5
(%4 x %) [x(X)T x & (X)]

w(X) = - (14)

trong do X4 1a véc to gia tdc cua két cAu hu héng ma mién gia tri cia n6 dugc dua ve[-1,1; %(X) 1a
véc to gia toc cua két cau mo phéng so, cling da dugc dua veé [-1,1], va X = {x, x2,..., Xj, ..., Xp} 1A
véc to bien toi uu chira mirc d hu hdng clia cac phan tir (n 1a tong so phan t trong hé), voi
E-E;
X = Tt (15)
Gié tri cua w(X) chay tir —1 dén 0 dat gia tri nho nhét —1 khi hai véc to dang xét 1a trung nhau,
X (X) = X4. Luuy, x; € [0,0,9] (x; = 1,0 dugc gia thiét bi loai bo do truong hop hu hong 100% s€ lam
cac ma tran suy bién va dan dén két cau bi sup do trong thuc te).
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3.2. Thudt toan Con lung mdt

Thuét toan con limg mat (Honey Badger Algorithm-HBA) duoc dé xuat boi Fatma va cs. [17] s&
dugc 4p dung trong nghién ctru nham tim ra mic d6 hu hong chinh xac cua timg phan tar. HBA 1a mot
thuat toan duoc phat trién gan day va da thé hién d6 chinh xac cao vdi s6 lugng tham sb tiry chinh nho
(hai tham s6). Thuat todn ndy mo phong qua trinh sin mdi cua loai ling mat trong tw nhién bao gdm
hai phuong phéap chinh 1a “tim mat” va “dao dat”. Cac budc chinh trong thudt toan c6 thé duoc dién
giai nhu sau:

Buwéc 1 — Khéi tao: Mot ma tran kich thude NP X d duogc khai tao. Trong d6, NP 1a kich thudce
bo dan sb va d 1a s6 bién thiét ké can xét. Mdi phﬁn ti ctia ma tran dugc khéi tao ngﬁu nhién trong
khoang tinh toan gidi han boi can trén (Upper Bound — UB) va can dudi (Lower Bound — LB) nhu sau

X2 = inin.j + rand; ;10,11 X (Xmax j = Xminj) . J=1.2,....d (16)
Buwéc 2 — Cép nhat cwong do / (Intensity) va hé sé6 mat do o
Cuong d6 I; cua con moi thir i thé hién nong dd mui ciia con moi (vi lirng méat san moi theo khiru
giac) duogc gidi thi¢u va cap nhat tai budc nay. Lién hé gitra toc do di chuyén cta lttng mat t6i con
moi va cuong dg I; dugc thé hién qua luat binh phuong nghich dao qua phuong trinh (17)

Ii=rmXx——= (17)

trong d6 r; la ) ngﬁu nhién trén khoang (0, 1), S = (x; — xi+ 1)? 12 mirc do tap trung cua con moi va
di = Xprey— X; la khoéng cach gitra con limg thir 7 t6i con moi (16 giai tot nhat ciia bude hién tai trong
ca bg dan so) Pé dam bao su cin bing giita qua trinh kham pha khong gian nghiém va tim nghiém
cuc bo, hé sb mat d6 a duoc dung v6i muc tiéu kiém soat qua trinh hoi tu theo thoi gian cia thuat
toan.

a:CXexp(_t) (18)
tmax
trong d6 fmay 12 s6 budc 1ap tdi da cua thuat toan, va C > 1 1a hang s6 quyét dinh kha nang hoi ty, mic
dinh C = 2.

Buére 3 — Siin moi

O budc nay, ling mat theo mot trong hai phuwong phap 1a dao dit va xac dinh vi tri con mdi dua
trén khtru giac hodc di theo Honey Guide (tén mot loai chim) dé tim mat ong. Qua trinh cap nhat vi
tri méi ctia bo dén sb cling tir &6 ma chia thanh hai kha ning.

a—Pao dit

O budc nay, vi tri ctia ting ca nhan trong bd dan s s& duoc cap nhat bang cong thirc (19). Trong
do Xprey 1a vi tri con moi, cling chinh la nghiém t6t nhat trong bo dan s6 & budc 1ap hién tai. H¢ s6
B > 1 (mic dinh bang 6) thé hién kha ning limg mat bit duoc con moi. r3, r4, r5 1a cac con sd ngau
nhién trén khoang (0, 1).

Xnew = Xprey + F X BXT X Xprey + F X 13 X a X d; X |08 (27r4) X [1 — cos (2nrs)]| (19)

Gié tri F' 1am viéc nhu mot véc to dinh hudng tim kiém, thay thé ngau nhién huéng tiép cdn con
moi cua limg mat dé thoat khoi cac nghiém cuc bd. F duoc tinh theo cong thirc (20) véi rg 1a s6 ngau
nhién trén khoang (0, 1)

1 116 < 0,5
F_{—l i1 > 0,5 (20)
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b — Tim mat
Qua trinh ling theo chim dan dwong dé tim mat dugc miéu ta trong cong thirc (21). Trong do, r;
lasd ngau nhién trén khoang (0, 1). O budc nay, toc d6 ciia limg mat hudng téi to ong dugc kiém soat
bd1 hé s6 a va véc to F.
Xnew = Xprey + F X171 X a X d; 21

Buwéc 4 — Chon lya
O budc tht 4, két qua ham muc tiéu cua bd dan s6 cli va méi sé duge danh gia theo phuong trinh
(22). Céc phan tir ndo trong bo dan sé mai cho két qua ham muyc tiéu nho hon s& duoc giir lai va nguoc
lai. Tir 46, mot bo dan s6 méi tot hon s& duge hinh thanh & bude lip tiép theo. Thuat toan s& ding khi
gi4 tri ham muc tiéu hoi tu véi sai sb cho phép hodc sé budce lip vuot qua gii han dit sin.
o :{ u*! neuw( ) < w(x) 22)

xi  cac trudong hop con lai

4. Vi du khio sat

Trong chuong nay, hai vi du bao gdm mét dan phang 21 thanh va mot dan khong gian 25 thanh
duoc trinh bay nham chtng minh tinh kha thi ciia phwong phép dé xuét. Cac trudng hop hu hong duge
thé hién trén Bang 1. O ddy, anh huong ctia hu hong duoc gia dinh bang cach giam mé dun dan hoi
vat liéu E theo ti I¢ twong ng theo phuong trinh (15). Vi tri cac thanh chiu tai nhiét do ciing duoc
thé hién trén cung bang. Mt do thay dbi nhiét do cua cac thanh dugc xét trong ca hai bai toan 1a
AT = 30°C. Dir liéu gia tc do dac ciia hé dan hu hong trén thuc té s& duoc xét véi mirc nhidu ngau
nhién t6i da @ = 1,2% theo cong thirc X = Xgrand (1 —a, 1 + @) voi X 1a gia tdc do dac cua hé hu
hong ¢ xét nhiu. Toan b cac bude cua bai toan khao sat dugc 1ap trinh trén nén ngén ngir Python
3.7 bang may tinh ban véi vi xir Iy Intel® Core™ i5-11400F- 2.60 GHz, 16.0GB RAM chay hé diéu
hanh Microsoft Window 11 Home.

Bang 1. Céac truong hop hu hong gia dinh

. Cac phﬁn ti hu hong A e L iae 1eas A
Dan (Mirc do hur hong) Phan tr chiu tai nhiét 4o
Phéng 21 thanh 3(0,1), 5(0,2), 6(0,35), 11(0,15), 19(0,2), 20(0,3) 3,11, 13
Khoéng gian 25 thanh 3(0,2), 4(0,15) 3,4

4.1. Dan phang 21 thanh

Kich thuéc hinh hoc va s thir tu cta cac phén tir hé dan 21 thanh dugc thé hién trén Hinh 2. Dién
tich mat ct ngang cac thanh dugc chia [am 3 nhom: thanh 1 dén 6 c6 Aj_¢ = 0,0015 mz, 7 dn 17
co6 A7_17 = 0,0009 m® va céc thanh con lai c6 dién tich mat cat ngang Ag_; = 0,0012 m?. Céc thanh
duoc lam tir vat liéu c6 mo dun dan hdi E = 2,0 x 10" N/m?, khéi luong riéng y = 7800 kg/ m® va hé
) gian nd nhiét a7 = 1,2 X 107 K~L. 8 bac tu do tai cac vi tri nit s6 3, 4, 5 va 10 duoc chon lam bac
tu do chinh, gén cam bién do dac theo ca hai phuong. Tai trong dong dugc gan theo phuong dung tai
nut s6 3 va 5 nhu trén Hinh 2, va gia tri tai trong theo thdi gian duoc biéu thi qua phuong trinh (23)
va Hinh 3.
(23)

>

F@®=0 khi ¢ > 0,5s
17

{ F(t) = 300(1 - é) khi # <0,5s
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Hinh 4. Gia tri chi s6 ASEI — dan phang 21 thanh

O budc dau tién trong bai toan chan doan hu hong ba bude, chi sé ASEI duoc khao sat trén mién
thoi gian 7 = 0 + 1,0s v&i mdi bude thoi gian Ar = 1 x 1074s. Ning lugng bién dang tich lity dua trén
gia tdc cta cac thanh trong hé duoc trinh bay trong Hinh 4. D& dang nhén thay chi s6 ASEI di c6 tac
dung trong viéc loai bo cac phan tir khong hur hong. S5 lwong bién can xét tir 21 thanh da giam con 9
thanh, twong ung vdi chi phi tinh toan cua cac budc sau chi con khoang 40%.
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Trong budc thr hai, mo6 hinh hoc sdu XGBoost dugc ap dung dé chén doan so bd muc do hu hong
ctia cac phan tir con lai. O day, mot bo dir liéu gdm dau vao 1a gia téc dap ung cua cac nat do dac va
dAu ra 12 mirc d6 hu hong x; cua cac phin tir chan doan dwoc tir bude thir nhat. 10000 mau khac nhau
duogc khai tao dua vao mo phong s6. SO bude thoi gian dang xét & mdi mau 1a 10. Mirc do hu hong
ngiu nhién gi6i han béi can trén UP = 0,9 va can dudi LB = —0,3 va tuan theo luat phan bb déu. Trén
thuc té, gia tri x; = —0,3 s& khong xay ra tuy nhién viéc nay gitp dwa vi tri x; = 0 vao trong khoang
ndi suy cua mo hinh hoc sau, gitp ting d6 chinh xac vi thong thuong, cac thuat toan tri tu¢ nhan tao
¢6 wu thé 16m vé noi suy hon ngoai suy. Cac thong s6 cho bo dit liéu huan luyén dugc tom tat trén
Béng 2. V& XGBoost, cac md hinh con duoc chon la cay quyét dinh véi chiéu sau tdi da 1a 10, ti 18
hoc (learning rate) bang 0,05 va s6 luong cay t6i da cho mot mé hinh 13 400. Két qua chan doan bang
md hinh XGBoost duge thé hién trén Hinh 5. Tai bude hai, cac phﬁn tir khong hu hong da bi loai bo
hoan toan tuy nhién mirc d¢ hu héng chan doan duoc van chua dat do chinh xac cao.

Bang 2. Thong s6 bo dit liéu huan luyén

Thong s6 Gia tri
S6 mau 10000
Cén trén (UB) 0,9
Cén dudi (LB) -0,3
S6 budc thoi gian xét cho mdi DOF 10

—-— Hu hong téi thiéu

0.3 mmm Hu hong gia dinh
?:D mm Hu hong chén doén
~Q
= 0.2
5 0.
<=
'(2.
E ol

~ NN OM 0D — N ohn O 0O D
T p— g g - (]

—
—— — o

Phan tir

Hinh 5. Mirc d¢ hu hong — XGBoost — dan phang 21 thanh

Trong budc cudi cung, 6 phﬁn tir da dugc xac dinh 1a ¢6 hu hong (3, 5, 6, 11, 19 va 20) dugc ap
dung vao thuat toan HBA vdi kich thude bg dan s6 NP = 20, hé s B =6vac=2. Vitinh ngﬁu nhién
ctia cac thuat toan tdi uu hoa, 5 1an chay khac nhau sé dugc thyc hién va két qua tdt nhat dugc s& duge
dé cap. Thuit toan dung khi sai 6 ctia ham muc tiéu dat duoc gia tri nho hon 1 X 10710 hodc sb bude
lap dat 1000 budc. Két qua chan doan cuia thuat toan HBA duoc trinh bay trén Hinh 6 va Bang 2. Cé
thé thay phuong phap chian doan hu hong dé xuét dat duge d6 chinh xéc rit cao v6i truong hop nhiéu
dir liéu do dac 1,5%. Tlr d6 chimg minh dugc tinh kha thi ctia phurong phép trén cac bai toan thue tién.
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Hinh 6. Mirc d6 hu hong — HBA — dan phang 21 thanh

Béng 3. Mirc d6 hu hong chan doan sau cing— dan phang 21 thanh

Phén tir hu hong Muc do hu héng Két qua du doan Do chinh xac
0,1016 98,40% 0,1016 98,40%
0,2102 94,90% 0,2102 94,90%
0,3571 97,97% 0,3571 97,97%
0,1488 99,20% 0,1488 99,20%
0,2004 99,82% 0,2004 99,82%
0,2972 99,07% 0,2972 99,07%

4.2. Dan khong gian 25 thanh

Trong vi du ndy, mot hé dan khong gian 25 thanh thé hién trén Hinh 7 ciing dugc dua vao khao sat
véi cung murc nhiéu dir liéu do dac gia st 1a 1,5%. Cac thanh dan dugc lam tir vat liéu c6 mo dun dan

(") DOFs do dac

Hinh 7. Dan khong gian 25 thanh
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héi E = 2,1x10"! N/m?, khi lwong riéng y = 7830 kg/m> va hé s6 gidn nd nhiétar = 1,2x107 K1,
Toan b cac thanh duoc xét ¢ dién tich mt cat ngang A = 0,0025 m?. Céc nut do daclas, 6,9, 10
va vi tri dat tai tai nat s6 9 va sb 10 cling dugc thé hién rd trén Hinh 7. Gia tri tai trong va céc thong
s6 mo hinh qua timg budc chan doan hu hong duoc giit nguyén nhu vi du bai dan 21 thanh.

Cac két qua chan doan hu hong qua timg budc duge thé hién trén Hinh 8, Hinh 9, va Hinh 10. Tir
két qua thu dugc, co thé nhan xét chi sé ASEI 4p dung cho bai toan nay van c6 kha ning giam thiéu
sO bién can xét tbt, tir 25 con 13 bién. Tai budc thir hai, gia tri hu hong tdi thiéu bang 5% dugc ap
dung nham loai bé céc vi tri ¢6 hu hong chan doan rat nho, dam bao mé hinh hoc sdu XGBoost 1am
tdt nhiém vu kha nhidu. Mac du van con con sot lai ph?ln tr 13, 18, 19, 22 va 23 khi dua vao budc tinh
toan cudi cung, thuat toin HBA van thé hién do tin céy cao trong vi¢c chan doan muc do hu hong.
Céc két qua chan doan mirc d6 hur hong sau trinh bay trong Bang 4 dat t6i 98% do chinh xac da minh
chung cho nhéan xét trén.

0.121
0.101
0.081
0.06
0.041
0.021
0.00-

ASEI

— IO U DT~ 00N S N SHAND T~ G0N S N o)
e e et et e e et ] N I

Phan tir

Hinh 8. Gia tri chi s6 ASEI — dan phang 25 thanh

—-— Hu hong téi thiéu
| == Hu hong gia dinh
mm Hu hong chin doan

o o
3] [9%]

Ti 1€ hw hong

i
=

Hinh 9. Mirc d6 hu hong — XGBoost — dan phang 25 thanh

V6i nhitng két qua di trinh bay, tinh kha thi va hitu dung ctia phuong phap chan doan hu hong da
dugc kiém chimg cho bai toan khong gian.
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Hinh 10. Mirc d6 hu hong — HBA — dan phing 25 thanh

Béng 4. Mirc d6 hu hong chan doan sau cing— dan khong gian 25 thanh

Phén tir hu hong Mirc d6 hu hong Két qua du doan Do chinh xéac
3 0,20 0,1993 99,65%
4 0,15 0,1504 99,73%

5. Két luan

Trong bai bao nay, mot phuong phap 3 budc cho chan doan hu hong hé dan chiu tai nhiét do va
tai trong dong di duoc phat trién thanh cong. Budc thir nhat ap dung chi sb nang lugng bién dang dua
trén dap ung gia tdc theo thoi gian ASEI dé chan doan so bd cac vi tri 6 kha ning xay ra hu hong.
Budc thit hai ap dung mé hinh hoc sau XGBoost khir nhidu s6 bién can chan doan, nham giam thém
s6 bién can xét trong bude tiép theo. O bude thit ba, thuit toan t6i wu hoa Con ling mat (HBA) duoc
ap dung dé tim mirc d6 hu hong chinh xac. Bén canh d6, bai bao ciing 4p dung mé hinh giam béc theo
chudi Neumann bac hai dé ké dén van dé gi6i han diém do trong chan doan hu hong thuc té cing voi
su anh huong nhiéu trong dir liéu do dac. Qua cac vi du s6 duoc khao sat, cac két luan quan trong
duoc rat ra nhu sau:

- Chi s6 ASEI c6 thé xac dinh so bd cac phan tir nghi ngd hu hong dua trén chudi gia toc theo thoi
gian va s6 cam bién do dac bi gi6i han, tir d6 1am giam s6 bién thiét ké cho bai toan chan doan pha
huy st dung t6i vu hoa nguge.

- K¥ thuat hoc siu XGBoost va thuat toan tdi wu hoa HBA thé hién duoc kha nang phu hop véi
muc tiéu chin doan mtrc do hu hoéng cta bai toan dé ra.

- Nhiét d6 trong bai toan chan doan pha hity 1am thay doi gia toc ing xir ciia cac nat. Do d, trong
bai toan thuc té, sy anh huong nhiét do can duoc ké dén.

- Thut toan d& xuat c¢6 kha ning chan doan tin cay hu hong két ciu dan voi nhiéu khoang 1,5%.
Mirc d6 nhidu cao hon s& dugc tién hanh trong mot nghién ctiru khac. Trong mot nghién ctru tiép theo,
phuong phap dé xuit s& dugc mé rong dé ap dung dé chan doan hu hong cua khung thép phi tuyén
[18].
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