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Tém tit

Bai bdo trinh bay cic két qua nghién citu vé viéc chan doan do ciing két cAu hé thanh sit dung phuong phap cap
nhat mo6 hinh phan tt hitu han (PTHH) va thuit toan tién héa vi phan cii tlen (ANDE). D9 cting ctia cdc cau
kién trong két cAu hu hong dudc xic dinh thong qua tbi vu héa sai khic gitta s6 liéu dao dong thuc nghiém (md
phéng trén md hinh gia dinh hu hai cho tru6c) va ing xt ctia mo6 hinh PTHH ly thuyét véi cac tham sb do ciing
chua biét. Két qua kiém chiing trén hai vi du s6, mot két ciu dan va mot két cAu khung phéng, cho thiy phuong
phép dé xuit 12 mot phuong phéap kha thi va hiéu quéi cho viéc chidn dodn do ciing két cAu hé thanh.

Tir khod: chan doan két cAu; cip nhat md hinh PTHH; chan doén do ciing; ANDE.

STIFFNESS IDENTIFICATION OF BAR STRUCTURES BY FINITE ELEMENT MODEL UPDATING IN-
TEGRATED WITH AN IMPROVED DIFFERENTIAL EVOLUTION ALGORITHM

Abstract

This paper presents a study on the identification of stiffness of bar structures by using finite element (FE)
model updating method and an improved differential evolution algorithm named ANDE. The stiffness of dam-
age bars are estimated by optimizing the difference between the experimental vibration responses of the struc-
ture (through the simulation model of a given damage assumption) and that of the theoretical FE model with
unknown stiffness parameters. The investigated results of two numerical examples, a planar truss and a planar
frame, show that the proposed method is efficient and realizable for the stiffness identification of bar structures.

Keywords: structural identification; finite element model updating; stiffness identification; ANDE.
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1. Giéi thiéu

Trong thuc té, cong trinh xdy dung du dugc thiét ké, thi cong, giam sat, quan 1y tot thi van ton
tai sai khac va khuyét tat. Piéu niy c6 nguy co 1am giam do an toan va tudi tho ctia két cAu, hu hong
mot phan hoic toan b cong trinh. Do vay, chiing ta cin phai d4nh gia cu thé vé tinh trang ctia két cau
trong qua trinh st dung dé€ c6 nhiing bién phéap gia c¢b va sita chita kip thdi. Nhitng hu hai trong két
chu thong thuong sé dan tdi su thay ddi khong chi kha ning chiu luc ma con ca dd cing trong cic cau
kién so véi thiét ké ban diu. Hu hai trong két cAu c6 thé do nhiéu ly do, vi du: khuyét tat trong cac cu
kién, cdc vét niit do méi va dn mon. Viéc xdc dinh lai do cting cdc ciu kién ctia két ciu do d6 thudng
dugc thyc hién khi danh gid tinh trang két ciu va gidm sét stic khée cong trinh.

*Téc gia chinh. Dja chi e-mail: duannb@nuce.edu.vn (Duin, N. B.)
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Mot trong nhiing cach phd bién va hiéu qua dé phat hién hu hai 1a st dung céc dit liéu do phan
ting dao dong ctia két cau [1-4]. Cung vdi viéc phat trién cac cong nghé vé thiét bi va dung cu do
dac, cic ky thuat va chuong trinh phin mém tinh todn trén mdy tinh ciing da dudc nghién ciu va ap
dung nhu cic hé théng logic md [5—7] va cidc mang than kinh nhén tao [8—10]. Trong nhiing nim gan
day, xu huéng st dung cic thuat toan tdi vu mé-ta o-rit-tic (MHs) dé gidi quyét bai todn ngudc phat
hién hu hai trong két ciu rat dudc quan tam. Khi d6 bai toan chin doan dudc thiét 1ap dudi dang mot
bai toan t6i uu. Mot s6 bai todn dudc xdy dung va gidi quyét bang cac thuat toan MHs nhu thuat toan
di truyén [11], tbi wu héa bay dan [12], thuit todn bay ong [13, 14], thuit todn tién vi phan [15-17],
chién ludc tién héa [18], thuat todn mién dich nhan tao [19], thuit todn tdi uu héa bay kién [20].

Miit khdc, céch tiép can phd bién nhat cho mo hinh s trong thiét ké k§y thuat 1a phuong phéap phan
td hitu han (PTHH). Pau nhitng ndm 1990, phuong phép cap nhat m6 hinh PTHH da dugc ddy manh
nghién ctiu trong cdc bai todn chuin dodn ky thuat, theo doi, gidm sat siic khde clia cong trinh trong
qua trinh st dung [21]. N&i dung chinh cia bai bao nay 1a sit dung phuong phap ciap nhiat mo hinh
PTHH, thiét 1ap bai todn ngugc véi sb lidu dau vao 1a cic dic trung dao dong riéng clia két ciu hé
thanh (tan s6 va dang dao dong riéng) nham xac dinh lai do ciing cta cic ciu kién trong mo hinh.
Viéc xdc dinh do ciing céc ciu kién thanh bi hu hai dugc thuc hién bﬁng cach t6i vu héa sai khéc gitta
s6 liéu ing xi do thuc nghiém (thdng qua mo phéng trén md hinh gia dinh hu hai cho truée) va ing
Xt cia md hinh 1y thuyét v6i cac tham s6 do cing chua biét ciia c4c cAu kién. Thuét todn tién héa vi
phén cai tién ANDE [22] dudc dé xuat 4p dung dé giai bai toan tbi vu, gidp gidm khdi luong tinh toan
trong qud trinh xdc dinh do cting cic cAu kién. Hai vi du mo phdng sb dudc trinh bay, gom mot két
cAu dan phang va mot két ciu khung phang, d€ minh hoa cho phuong phap dé xut.

2. Bai toan chin doan d ciing két chu

Bai todn chin doan do ciing két cAu theo phuong phap cip nhat mé hinh PTHH dudc mé ta trén
Hinh 1. PAu tién, m6 hinh PTHH ctia két cAu dudc thiét 1ap dua trén cdc gid tri gia dinh ban dau vé
céc tham s6 do cing clia cdc ciu kién trong hé két ciu. Cac tham sb niy sé dudc cip nhat khi c6 céc
s6 liéu do thuc nghiém vé tdng xu ctia két cAu thuc sao cho sai s6 ||6]| gitta ting x{ phan tich md hinh
va ting x@ tir do thuyc nghiém nhé hon mdt gia tri vo cung bé e. Tuy nhién, viéc xac dinh dudc cac gia
tri tham s& phi hop 12 khong don gian. Trén thuc té, viéc xac dinh lai cac tham s6 do ciing thudng
dugc thuc hién thong qua gii mot bai toan tdi vu héa véi ham muc tiéu 1a sai s6 §, va bién t6i uu 12
cac tham sb do cing.

Goi a = {ay,ay, ..., a,) 1a véc to chifa m gid tri tham s do6 ciing ctia mo hinh sé dudc xdc dinh
thong qua giai bai toan tbi vu. Sai s6 gifta Ung x{ cia mo hinh va ting xt do dac dugc xac dinh béi

6@l = |jug(a) — uy|| (1)

trong do ug (a) 1a tng x( ti phan tich m6 hinh va u,, 1a tng xu tir s6 liéu do dac. Bai toan téi vu tim
tham sd do cliing a dugc thiét lap nhu sau:

min [|5(a) = [|ug(a) -, 2)

Aimin < 4; < Ajmax, 1=1,...,m
trong d6 @imin VA dimax 140 1uct 12 gid tri cAn dudi va cin trén cla tham sd do ciing a;.
Hai kho khin chinh trong viéc giai bai toan tdi wu (2) 1a: (i) haim muc thiéu thuong khong tron
va ¢6 nhiéu cuc tri; (i) viéc phan tich mo hinh PTHH thudng doi héi khéi lugng tinh toan 16n. Céc

phuong phédp tdi uu dua trén gradient c6 téc dd hodi tu nhanh tuy nhién dé& bi mic vao cuc tri dia
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Hinh 1. So d6 phuong phap cap nhat md hinh PTHH

phuong va do d6 khong thuc sy hiéu qué khi 4p dung trong bai toan chan dodn. Céc thuat gidi dang
MHs c6 thé tranh dugc cic cuc tri dia phuong va tim dudc nghiém tdi wu toan mién. Tuy nhién, cic
phuong phdp MHs thudng hoi tu chiam, dan dén khdi lugng tinh todn 16n.

Trong s6 cdc thuét toan MHs, thut todn tién héa vi phan (DE) [23] dudc xem nhu mot trong
nhitng thuit todn t6i uu ki€u ngiu nhién manh nhét hién nay va dudc ting dung trong nhiéu linh vuc
[24, 25]. Uu diém ctia DE 1a c6 ciu triic don gian, yéu cau it tham s6 diéu khién, tim kiém nghiém
t6i uu toan mién rat hiéu qua va cho kha ning tinh todn song song cao. Tuy nhién, ciing nhu c4c thuat
toan MHs khac, han ché khi 4p dung DE vao bai todn thuc té 1a yéu cau khéi lugng tinh toan 16n.
Thong thudng, phdi thuc hién hang ngan 1an tinh ham muc tiéu dé c6 thé thu dugc nghiém tdi vu.
Trong phan tiép theo, bai bao gidi thiéu mot thuat gidi DE cai tién, cho phép giam dang ké khdi lugng
tinh todn khi giai bai toan t6i wu so v6i DE truyén thng.

3. Thuit toan tién héa vi phian DE

Thuat todn tién héa vi phan thudc 16p cic thuit todn tdi wu theo quin thé (population-based
optimization) do Storn va Price phat minh [23]. Gia s{ can tim gi4 tri t&i uu ctia ham muc tiéu:

u= f(X) :R" — R, x= {xi}’xi € [xi,minaxi,max] , i=1,...,n (3)

trong d6 n 1a s6 lugng bién, X; min VA X;max 1an lugt 12 gid tri can dudi va can trén ctia bién x;.
Pau tién, quan thé ban diu gom NP c4 thé 1a cic véc to x(0),k = 1,...,NP:

xk,i(o) = Ximin T rand[0, 1](xi,max - xi,min), i=1,...,n (4)

trong d6 rand[0, 1] 12 s6 thuc chon ngau nhién trong khoang tir 0 dén 1.
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O thé hé thi (1 + 1), ding v6i ting v6i mdi véc to xg(¢) trong quan thé & thé hé trude, mot véc to méi
dugc tao ra thong qua phép dot bién nhu sau:

Y =X (1) + F - [X, (1) = X5, (0)] (5)

trong do, ry, 2, 3 12 ba s6 nguyén dugc chon ngiu nhién théamian 1 < rj # 1 #r3 # k < NP; F 1a
hé s6 khuéch dai (s6 thuc duong, thudng F € (0, 1)).
Véc to y sau d6 dudgc lai ghép véi x; (f) d€ tao ra véc td thii z c6 thanh phan dudc xac dinh nhu sau:

. { yi  khi (rand[0,1] < Cr) .

xk,i(®) khi (rand[0, 1] > Cr)

trong d6 Cr 1a tham s6 lai ghép (crossover) lay trong khoang tit O dén 1. Thuc hién so sanh véc to thir
z Vi x4 (1), néu z cho gid tri hAm muc tiéu t6t hon so v6i x(), z s& dudc chon 1am c4 thé cho thé hé
sau thay cho x;(¢), nghia la xx (¢ + 1) = z, ngudc lai xx (¢ + 1) = xx(?).

Ky thuat dot bién déng mot vai trd quan trong trong kha ning tim kiém va tdc d6 hoi tu clia thuat
toan tién héa vi phan DE. Vi du, k§ thuat DE/rand/1 nhu phuong trinh (5) c6 thé duy tri sy da dang
quan thé va kha ning tim kiém toan mién. Tuy nhién, kha ning tim kiém dia phuong ctia né dugc coi
1a yéu va toc do hoi tu thudng thap. Trdi lai, k§ thuat DE/best/1 v6i ca thé tot nhit tai thoi diém hién
tai dudc st dung 1am vecto co s6, c6 kha ning tim kiém dia phuong tot va tbc dd hoi tu nhanh, nhung
n6 c6 thé mat su da dang ctia quan thé va giip phai vin dé hi tu cuc bd, cho nghiém tdi uu dia phuong
trong cac bai toan da cuc tri. Thong thudng ta phai két hop céc ky thuat dot bién khac nhau dé€ can
bing giita tbc dd hdi tu va kha ning tim kiém toan mién.

4. Thuét toan tién héa vi phén cai tién ANDE

Nbi dung muc nay trinh bay mot thuét toan tién héa vi phan cii tién (ANDE). ANDE do Pham
[22] dé xuit niam 2016 cho bai toan t6i uu trong ludng két cAu dan véi rang budc vé tan sd dao dong
riéng. Trong nghién ciiu nay, ANDE dudc dé xuit 4p dung d€ xac dinh cac tham s do cing trong bai
toan chin dodn két cAu. ANDE khdc biét so v6i DE truyén thong bdi ba cai tién: (i) dot bién thich
nghi (Adaptive p-best mutation); (ii) dot bién dinh hudng (Directional mutation rule) va (iii) phép so
sanh lan can (Nearest neighbor comparison), gitip cai thién két qua tdi vu va giam khdi lugng tinh
toan. Noi dung chi tiét thuat toin ANDE dudc trinh by & phan tiép theo.

4.1. Dot bién thich nghi (Adaptive p-best mutation)

Y tudng cd ban 1a su chuyén déi dan dan tit tim kiém toan mién sang tim kiém dia phuong lan can
véi cac ca thé tot nhét tai thoi diém hién tai trong qua trinh tién héa. O budc dot bién, ky thuat dot
bién DE/pbest/1 dudc dp dung. Trong DE/pbest/1, mot véc to dot bién y dugc tao ra nhu sau:

Y = Xpbest + F- [sz - Xr3] (7)

trong d6 Xppes 12 mot cd thé ngdu nhién dugc chon tt (pNP) cé thé tdt nhat (0 < p < 1). Khéi niém
st dung mot s6 ca thé t6t nhit trong dot bién thay vi chi sit dung mot ca thé tét nhat nhu ‘DE/best/1’
da dugc gidi thiéu trong JADE bdi Zhang va Sanderson [26]. Gia tri p déng mot vai trong quan trong
trong viéc can bang kha ning tim kiém toan mién véi kha ning tim kiém dia phuong. Mot gia tri p
nhd c6 thé dan dén kha niing hoi tu nhanh nhung thudng cho nghiém cuc bo. Trén thuc té, can duy tri
su da dang quan thé & giai doan diu ctia qua trinh tim kiém va nhanh chéng hoi tu & giai doan cubi
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ctia qu4 trinh tién héa. Do d6, gia tri clia p dudc thay ddi dan dan trong qua trinh tim kiém theo quy
tac gidm tuyén tinh nhu sau:
1 t—1
H=1-(1-—) —
p() ( NP) T 1
trong do6 £ 12 thé hé thi £; Tpax 12 s6 luong tdi da cac thé hé; NP 1a kich thuéc dan sb (s6 lugng ca thé).
Do d6, trong céc thé hé ban dau, gia tri 16n hon cia p(f) dudc st dung dé uu tién tim kiém mién chita
nghiém t6i uu toan mién. Trong céc thé hé sau, cdc gia tri p(f) nhd hon dudc st dung dé ting toc do
hoi tu.

(8)

4.2. Dot bién dinh hudng (Directional mutation rule)

Ky thuat dot bién thich nghi sit dung cong thic (7) dua trén sai khdc clia hai c4 thé khac nhau
dugc lua chon mot cach ngan nhién. Do d6 n6 khong thién vé bat ky mot hudng tim kiém dic biét
nao. D€ tin dung thong tin clia quan thé, sai khac giita hai c4 thé ngiu nhién dugc nhan véi hé sb dinh
huéng d:

Y = Xpbest +d-F- [Xr2 - Xr3] (9)

trong d6 d lay gia tri 1 hodc —1, phu thudc vao quan hé giita x,, va x,,. d dugc xac dinh nhu sau:

_ 1 khi f(x,,) < f(x;)
= { 1 Khi f(x) > f(xn) (19

Quy tic nay cho phép sai khic giita hai cé thé ngiu nhién dugc dung dé dinh hudng téi ca thé tot
hon va 1am ting kha niing tao ra mot c4 thé méi tot.

4.3. So sdnh ldn cdn (NNC)

So sanh 1an can (NNC) 12 mot k§y thuat cho phép danh gia s6m mdt ca thé ma khong can xic dinh
ham muc tiéu tuong tng. Ky thuat ny 1an dau dudc Pham [27] dé xuit va sau d6 da dudc ding trong
mot s6 thuit todn DE ci tién d€ giai cac bai todn t6i uu trong ki thuat [28-31]. Cé4c budc thuc hién
ctia NNC nhu sau:

Trong quan thé thé hé ¢, tim véc to X.(f) gin nhét véi véc to thii z. DE thuc hién, ta sit dung phép
do khoang céach Euclidean nhu biéu thic (11):

n

dx.y) = || Y| == (11

max Xxi,; — min xy ;
k k

i=1

trong d6 d(x,y) 1a khoang cach gitta hai véc td n chiéu x va y.

St dung gid tri ham muc tiéu ctia x.(¢) d€ so sanh véi gi4 tri hAm muc tiéu ctia x;(7). Néu f(x.(1))
kém hon f(xx(f)), véc to thit c6 nhiéu kha ning cho gid tri ham muc tiéu khong tot hon f(x4(¢)) va n6
dugc coi 1a véc to thit kém tiém ning (PUT). Véc to PUT sé dudc bd qua va viée xdc dinh gia tri hAm
muc tiéu sé khong dudc thuc hién, do d6 gidm dudc cic tinh toan khong can thiét.

4.4. Xt Iy dieu kién bién

Trong qué trinh tao céc c4 thé méi, néu gid trj ctia mot bién sd x; vugt ra ngoai khodng [X; min» Xi.max]»
x; s€ dugc gan gia tri cia cdn ma né vi pham.
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5. Vi du minh hoa

Dé khio sit kha niing ctia phuong phap dé xuit trong viéc chdn dodn do cting két ciu hé thanh,
hai két cdu bao gdm mot két cAu dan phang va mot két ciu khung phang sé dudgc st dung trong nghién
ctfu nay. D€ don gian, hu hdng trong cAu kién ctia hé dugc gia dinh va ting xi ctia két cAu hu hai thu
dugc tu phan tich md phong trén moé hinh PTHH thay vi thuc hién do dac va phén tich tir thi nghiém
thuc. Toan bo céc chuong trinh phan tich két cAu va chuong trinh t6i wu dudc céc tic gia 1ap trong
mdi trudng MATLAB.

5.1. Hé dan phdng

So d6 két cAu dan phing chin thanh cho trén Hinh 2. Céc thanh c6 dién tich mit cit ngang la
0,0025 m?. Khéi luong riéng va md dun dan hdi cia vat liéu 1an ludt 1a 7850 kg/m? va 200 GPa.

14“274L|478

4m 4m 4m

Hinh 2. M5 hinh hé dan phang

Trong vi du nay, hai trudng hdp hu hai dugc gia dinh d€ phan tich:

- Truong hop 1: Thanh sb 2 bi suy giam 50% dd cing doc truc EA.

- Truong hop 2: Thanh s6 2 bi suy gidm 50% d6 cing doc truc EA va thanh s 9 bi suy gidm 25%
dod cuing doc truc EA.

Gia thiét hé 1a dan hdi tuyén tinh. Hu hai ctia két cAu dugc xdc dinh thong qua dénh gid su thay
ddi gid tri tn sd dao dong riéng ctia hé. Tan s6 dao dong riéng ctia két cdu dugc tinh tif bai toan tri
riéng:

(K] - % M) {g,} = (0} (12)

trong d6 [K] va [M] 1an lugt 1a ma tran do cting va ma trin khéi lugng ctia két ciu; ¢, w; 1an lugt 1a
dang dao dong riéng va tan s6 dao dong riéng thi .

Gia thiét ma tran khdi luong ctia két ciu 12 khong thay ddi so véi trang thai ban dau (khong hu
hai). Su hu hai trén c4c ciu kién chi 4&nh huéng dén ma tran do cting ctia két ciu. Ma tran do ciing ctia
két cAu bi hu hai dugc ky hiéu 1a [K,] va dudc thiét 14p nhu sau:

[Ka] =

1

m
a; [Ki] (13)
=1
trong d6 a; 12 tham s6 do ciing cla thanh thi i; [K;] 12 ma trin d6 ciing phan tif thanh thi i nguyén
ven. Nhu vay, khi g; = 1 s€ tuong tng véi truong hdp thanh khong bi suy giam do ciing va khi a; = 0
sé tuong ting v6i suy giam hoan toan do cting. Dang dao dong va tan sé dao dong riéng ctia két ciu
hu hai dudc tinh todn theo (12) sau khi thay thé [K] bang [K;]. Két qua phan tich 6 tin s6 dao dong
riéng dau tién ctia két ciu dan khong bi hu hai va hu hai dugc thé hién trong Bang 1. Tan s dao dong
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riéng ctia dan khong bi hu hai rt st v6i két qua ctia Kwon and Bang [32], qua d6 cho thdy chuong
trinh tinh c6 d9 tin cay.
Ham muc tiéu cho bai todn t6i vu xdc dinh cdc tham s6 do ciing a; dugc thiét 1ap nhu sau [33]:

(14)

S(a) = J 2/t (w;(a) - wj,m)z

Nmode

trong d6 w;, va wj(a) 1an lugt 1a tan s dao dong riéng thi j dugc do tit két cAu hu hai va tan s dao
dong riéng thi j tit phan tich mo hinh ly thuyét tuong tng véi tham sb a; nmede 12 s6 dang dao dong
dugc dung dé tinh toan (dudc ldy bing 6 trong vi du nay).

Bang 1. Tan s6 dao dong riéng (Hz) ctia két cAu dan phang ban dau va hu hai

R R Hu hai
Mode Ban dau [32] Ban dau (Bai bao)
Trudng hop 1 Trudng hop 2
1 38,3404 38,3606 36,0103 35,0257
2 74,4686 74,5226 66,3895 66,2781
3 117,7428 117,8257 104,8556 101,6319
4 197,8296 198,0133 194,2126 188,2125
5 259,9000 260,1367 256,4372 255,9724
6 - 334,7825 334,7771 334,7585

Ap dung thuit toan DE va ANDE véi cac tham s6 diéu khién: quy mo quan thé NP = 20; hé s6
dot bién F = 0,7; tham sb lai ghép Cr = 0,9; dung sai ctia ham muc tiéu &£ = 0,001. Diéu kién ding
1a khi gid tri hAm muc tiéu nhé hon & = 0,001 hoic s6 1an tinh todn hAm vuct qua Max_NEs = 4000.
MBbi trusng hop sé dudc thuc hién 50 1an v6i cd ANDE va DE.

a. Két qua bai toan dan c6 mot thanh bi hu hai
Cic két qua dudgc trinh bay trén Hinh 3 va Bang 2 dén 4.

Bang 2. Két qua ti uu bai toan dan mot thanh bi hu hai

Hé sb Thuat toan Chinh xdc Trung binh Max Min STD
DE 0,5 0,5001 0,5002 0,5000 0,0000
@ ANDE 0,5 0,5000 0,5001 0,5000 0,0000

Bang 3. Két qua tdi uu t6t nhit bai todn dan mot thanh bi hu hai

Hé Sé) ai ap as ag as ae az asg ag

Chinh x4c  1,0000 0,5000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
DE 1,0000 0,5000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
ANDE 1,0000 0,5000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
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Hinh 3. Budng cong hdi tyu ham muc ti€u bai todn dan c6 mét thanh bi hu hai

Béng 4. Gia tri ham muc tiéu bai toan dan mdt thanh bi hu hai

Gia tri ham muc tiéu

Thuat toan

Max Min Trung binh STD
DE 0,0052 0,0006 0,0014 0,0009
ANDE 0,0010 0,0006 0,0008 0,0001
40 T T T T
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Hinh 4. Budng cong hoi tu ham muc tiéu bai toan dan c6 hai thanh bi hu hai

b. Ké&t qua bai todn dan c6 hai thanh bi hu hai

Cic két qua dugc trinh bay trén Hinh 4 va Bang 5 dén 7.
Ta nhén thiy phuong phéap dé xuét c6 thé xac dinh céc hé s6 do cing ctia két cAu dan bi hu hai.
Nghiém t6i uu tim dugc rat sat véi két qua chinh xac. So sanh giita ANDE va DE thong thuong:
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Bang 5. Két qua tdi uu bai toan dan hai thanh bi hu hai

Hé sb Thuat toan Chinh xac Trung binh Max Min STD
DE 0,5 0,5000 0,5003 0,4998 0,0001
@ ANDE 0,5 0,5000 0,5001 0,5000 0,0000
DE 0,75 0,7501 0,7505 0,7499 0,0001
9 ANDE 0,75 0,7500 0,7501 0,7500 0,0000

Bang 6. Két qua tdi uu t6t nhat bai todn dan hai thanh bi hu hai

Hé ) a ap as ag as ag ay ag ag

Chinh xac  1,0000 0,5000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 0,7500
DE 1,0000 0,5000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 0,7500
ANDE 1,0000 0,5000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 0,7500

Bang 7. Gid tri ham muc tiéu bai toan dan hai thanh bi hu hai

Gia tri ham muc tiéu

Thuat toan

Max Min Trung binh STD
DE 0,0077 0,0007 0,0024 0,0018
ANDE 0,0010 0,0005 0,0008 0,0001

- ANDE hoi tu nhanh hon so v6i DE thong thudng.
- Xét trén 50 1an chay, nghiém t6i vu ctia thuit toan ANDE cho két qua 6n dinh hon.

5.2. Hé khung phdng

Két cu khung phéang trén Hinh 5 dudc sit dung dé phan tich [34]. Mo hinh PTHH khung bao gém
mudi nit, chin phan ti thanh va bac tu do n = 27. S6 liéu tinh todn dugc cung cip trong Bang 8 va
Bang 9. Trong vi du ndy, hu hai dudc gia dinh xay ra trong cic phan ti va két qua 1a 1am gidm mo
men quan tinh tiét dién. M6 men quan tinh thuc cla tiét dién phan tif thi e dudc xic dinh bang cach
nhan mo men quén tinh cta tiét dién ban dau 1° v6i mot tham sé khong thi nguyén a, thuoc khoang
[0, 1].

I, = al’ (15)

Cic dic trung dao dong riéng, bao gém tan sb va dang dao dong riéng sé dugc dung trong bai
toan chin dodn cdc tham s6 do cing a, clia cac thanh. Cic dic trung nay dugc xac dinh theo (12).
Bang 10 liét k& 12 tin s6 dao dong riéng dau tién ctia két ciu khung ban diu va khung hu hai. Két qui
tinh toan tan s ctia khung ban dau dudc so sanh véi két qua cho trong [34] cho thiy hoan toan phu
hop.

Ham muc tiéu cho vi du nay dudc 14y theo [16] nhu sau:

() \2 n (g o)
J(a) = \/Z?.lmode %(w,,m w,(a)) tw max lszl (¢jz,m ¢jl(a)):| (16)

i=1 (I_)l"m lgisnmode Zn | (¢Jl m)2
J= ’
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trong do ¢ i, 1a thanh phan thif j ctia dang dao dong chinh xic thi i; ¢ ji(a) 1a thanh phan thi j ctia
dang dao dong thi i cia mo hinh; w 1a trong sd.

9 0.5m
T7 9 |8
7 4 8 0.5m

L

Hinh 5. M5 hinh hé khung phang

Béng 8. Dit liéu phén tif bai toan khung phang

Phin t Khbi lugng riéng Dién tich M6 men quén tinh (10~° m®) Tham s6

(10° kg/m?) (10~ m?) Ban diu Hu hai do ciing
1 0,5384 9,2854 369,5200 369,5200 1,00
2 1,0510 5,7103 5,2872 5,2872 1,00
3 1,4010 6,8425 7,1377 7,1377 1,00
4 1,0770 9,2854 527,8800 527,8800 1,00
5 1,0510 5,7103 5,2872 5,2872 1,00
6 1,4010 4,5682 6,6090 6,6090 1,00
7 5,0450 0,1487 2,5943 1,9457 0,75
8 10,0900 0,19827 3,7598 2,8198 0,75
9 0,0000 0,08566 0,7138 0,4640 0,65

Bai todn t6i uu ham muc tiéu (16) dugc giai thong qua thuat toan DE va ANDE. V& miit ly thuyét,
mién tim kiém cta cdc tham s6 a, dugc xic dinh trong khoang [0, 1]. Tuy nhién, dé tranh cuc tiéu

A

dia phuong, dan dén cic phan tir c6 thé “ciing” hoic “mém” hon két qua mong mudn, mién tinh todn
dugc thu hep trong khoang [0,5; 1]. Trong s6 w 14y bing 1.

Céc tham sb diéu khién cta thuat toan DE va ANDE nhu sau: quy mé quan thé NP = 50; hé s6
dot bién F = 0,7; tham s6 lai ghép Cr = 0,9; dung sai ctia ham muc tiéu & = 0,001. biéu kién chim
dit thuat todn 14 khi gia tri ham muc tiéu nhd hon & = 0,001 hoic s6 1an tinh todn ham vudt qua
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Bang 9. Khéi lugng tap trung tai niit khung phang

Nut Khbi luong (kg) Khbi lugng xoay (kgmz)
3 180,0 42,0
4 165,0 42,0
7 20,0 1,8
8 30,0 42
9 400,0 37,5
10 15,0 1,0

Bang 10. 12 tan s6 dao dong riéng (Hz) dau tién ciia két cAu khung phang

Mode Ban dau [34] Ban dau (Bai b4o) Hu hai
1 21,40 21,4012 21,1330
2 24,33 24,3288 239118
3 32,06 32,0642 27,4416
4 37,31 37,3121 35,5506
5 38,23 38,2255 36,2426
6 42,70 42,7021 39,5243
7 43,82 43,8169 42,2638
8 47,57 47,5681 46,9826
9 50,77 50,7722 50,4861
10 52,34 52,3439 52,3427
11 118,26 118,2495 104,8497
12 122,30 122,2973 113,6200

Max_NEs = 10000. Bai toan dudc chay 50 lan véi ca ANDE va DE.
Cic két qua tinh todn thé hién trén Hinh 6 va Bang 11 dén Bang 13.

Bang 11. Két qua tdi uu bai toan khung

Hé s Thuat toan Chinh xac Trung binh Max Min STD
DE 0,75 0,7497 0,7551 0,7465 0,0018
4 ANDE 0,75 0,7490 0,7519 0,7453 0,0016
DE 0,75 0,7505 0,7559 0,7474 0,0019
as ANDE 0,75 0,7506 0,7541 0,7475 0,0017
DE 0,65 0,6504 0,6524 0,6480 0,0011
9 ANDE 0,65 0,6500 0,6521 0,6478 0,0011

Ta nhan thiy, mot 1an nita phuong phéap dé xuit c6 thé xdc dinh cac hé s6 do cing cia két cau
khung bi hu hai. Tuy nhién, nghiém t6i vu t6t nhit tim dudc trong bai todn khung phang kém chinh
xdc hon so véi bai toan dan phang. So sanh giita ANDE va DE:

- Tuong tu véi trusng hop dan phang, thuat toan ANDE cho két qua t6i uu nhanh hon so véi DE.

- Nghiém t6i wu giai bang thuat toan ANDE c6 nhiéu phin tii sat hon véi két qua chinh xéc.
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Hinh 6. Buong cong hoi tu gia tri ham muc tiéu trong bai toan khung
Bang 12. Két qua tdi uu t6t nhét bai toan khung
Hé Sé) a) ar as aa as de ay asg dg

Chinh xac  1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 0,7500 0,7500 0,6500
DE 0,9976 1,0000 0,9992 1,0009 1,0005 0,9997 0,7494 0,7485 0,6495
ANDE 09976 09992 09996 0,9999 0,9999 0,9988 0,7503 0,7508 0,6501

Bang 13. Ham muc tiéu bai toan khung

Gia tri ham muc tiéu

Thuat toan

Max Min Trung binh STD
DE 0,0021 0,0005 0,0008 0,0002
ANDE 0,0020 0,0005 0,0008 0,0002

6. Két luan

Nghién cifu da dé xuat mot phuong phap chan doan do ciing ctia két ciu hé thanh st dung phuong
phap cap nhat md hinh PTHH két hgp véi thuat toan tién héa vi phan cai tién ANDE. Ap dung phuong
phép dé xuét trén cc vi du md phong s6 bao gdm mot két cdu dan phang va mot két cAu khung phang
cho thiy, do ciing ctia céc cAu kién c6 thé dugc chan doan kha chinh x4c. Ngoai ra, viéc st dung thuat
giai ANDE khong nhiing cho két qua tot hon ma con nhanh hon so vé6i thuét giai DE truyén théng. Tir
d6 cho théy, phuong phap dé xuit 1a kha thi va hiéu qua, c6 thé 4p dung trong bai toan chin doan ky
thuat trong thuc té.
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