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Abstract. Cuckoo Search (CS) is a common evolutionary algorithm that has been employed
to deal with numerous optimization problems over the last decades. However, one of the
fundamental disadvantages of the CS is that this algorithm fixes the velocities of the
populations throughout the global search. This drawback restricts the flexibility in the
movement of the populations. In addition, CS not only depends mainly on the quality of the
original population but also does not have capabilities such as crossover or mutation operators
to improve the quality of the new generations. To deal with this shortcoming of traditional
CS, in this research, an improved CS (ICS) combined with a genetic algorithm (GA) is
proposed. To demonstrate the effectiveness of the proposed algorithm (a hybrid evolutionary
algorithm combined genetic algorithm with improved cuckoo search - HGAICS), a large-
scale truss bridge (Do Len Bridge) is employed. HGAICS is used to minimize the deviation
between the numerical and measured results, determine structural uncertain parameters. The
obtained results show that HGAICS outperforms GA and CS in terms of accuracy and
extremely reduces computational time compared with GA.
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Tom tit. Thuat toan tdi uru hod chim cac cu (Cuckoo Search — CS) la mot thuat toan tién hoa
phd bién da duoc st dung dé giai quyet nhiéu van dé t6i wu hoa trong nhleu thap ky qua. Tuy
nhién, mét trong nhitng nhugc diém co ban caa CS la thuat toan nay cb dinh van téc cua cac
quan thé trong toan bo qua trinh tim kiém giai phap téi wu, vi vay giam su linh hoat trong qué
trinh di chuyén cua cac phan tir. Ngoai ra CS khdng chi phy thugc chi yéu vao chét lugng caa
quan thé ban dau ma con khdng c6 cac kha nang nhu giao chéo hay dot bién dé cai thién chat
luong caa cac thé hé mai. Bé khic phuc nhuoc diém nay cia CS, trong nghién ciru nay, mot
CS cai tién (ICS) két hop voi thuat toan di truyén (GA) dugce dé xuat. Bé chimg minh dugc
hiéu qua cta phuong phap duoc dé xuat (Thuat toan lai giita GA va ICS - HGAICS), mot két
CAu cau gian thép nhip 16n da duoc st dung. HGAICS duogc sir dung dé giam su khéc biét
gitra két qua mé hinh s6 va mé hinh thuc nghiém, xac dinh c4c tham s bat dinh cua két cau.
Két qua thu duoc cho thdy HGAICS vuot troi hon GA va CS vé do chinh xac va giam thoi
gian tinh toan so vai GA.

Tir khéa: Cap nhat md hinh, Cau gian thép, CS, GA, thuat toan tdi vu tién hoa lai.

1. MO DAU

Sy xuét hién cta cac thuat toan t6i uu héa tién hoa (Evolutionary algorithm - EA) trong
nhitng thap ky gin ddy da nang cao hiéu qua cua giam sat sirc khoe cong trinh (Structural
health monitoring — SHM) [1-3]. Céc thuat toan t61 wu tién hoa gitip giam thiéu su khac biét
giita cac két qua dugc tinh todn va do luong. Sau d6, mo hinh da hi¢u chinh c6 thé dy doan
g xtr ciia cac két cdu duoc xem xét mot cach chinh xac hon. Trong nhitng thap ky gan day,
nhiéu nha nghién ctru da ap dung thanh cong cac thuét toan tdi wu tién hoa cho SHM [4-9]. Vi
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du, Na va cong su. [10] da str dung thuft toan GA dé xac dinh hu hong cho mot két ciu nha
quy mo lon. Phuong phap dé xuét co thé x4c dinh chinh x4c vi tri va mirc d6 hu hong cua két
cau dugc xem xet, ngay ca khi dir liéu do bi anh huong boi nhiéu. Jung va cong sy. [11] da ap
dung GA dé cap nhat mo hinh cho mot cong trinh cau quy m6 nh6. Ham muc tiéu bao gbém
bién dang, va cac dac trung dong hoc (tan s dao dong tu nhién va hinh thai dao dong). Tuy
nhién so voi cac thuit toan tdi wu khac nhu thuat toan t6i wu bay dan (Particle Swarm
Optimization — PSO), hay dac biét 1a CS, GA thuong c6 do hoi tu thép va kém hiéu qua hon
khi giai quyét cac bai toan toi wu [12].

Nhiéu nha khoa hoc khéc ciing thanh cong khi sir dung cac thuit toan t6i uu dé giam sat
sttc khoé két cu. Hoa va cong su [13] ciing dd 4p dung ca GA va PSO dé cap nhat mé hinh
cho cau dudng sit Nam O, tir d6 Xac dinh cac tham sb bat dinh. Nghién ciru nay sir dung GA
va PSO riéng 1& dé cap nhat mo hinh va két qua chimg minh rang PSO cung cép d6 chinh xéc
cao hon GA. Tuy nhién nghién ctru chua xét dén anh hudng cua cac loai tai trong, va van toc
di chuyén khéc nhau ciia doan tau dén tng xir dong ctia két cdu. Ngoai ra viéc str dung GA
hay PSO riéng ré& ciing t6n tai nhing nhuoc diém, lam giam do chinh xac ciia két qua thu
dugc. Ngoai ra, @6 chinh xac cua thuat toan PSO ciing thip hon nhiéu so véi thuét toan CS
[12].

Trong cac thuét toan t6i wu tién hoa, thuat toan CS 1a thuat toan dugc ding phd bién trong
nhimg niam gan day véi nhiéu wu diém vuot troi. Blen hinh nhu, kha nang tim kiém trong
khong gian rong 16n, co thé chon loc dé gitr lai cac quan thé c6 chat lugng tdt nhét cho thé hé
sau. Vi vay thuat toan nay da dugc ap dung thanh cong dé giai quyét cac van dé t6i uu hoa,
dic biét 1a van dé giam sat sirc khoe két cau, vi dy, Xu va cong su. [14] da st dung CS dé xac
dinh vi tri va mtc d6 hu hong cua két cau dam va két cdu gian. Két qua chimg minh rang CS
c6 thé phat hién cac hu hong trong cac két ciu dugc xem xét mot cach chinh xac ngay ca khi
anh huong cua nhiéu da duoc xem xét. Ngoai ra nhiéu nha khoa hoc khac ciing 4p dung thanh
cong thuat toan CS dé giam sat sirc khoé két cau [15].

Tuy nhién, CS ciing tdn tai mot s6 nhuge diém co ban 1am giam hiéu qua va do chinh xéc
cua nd trong cac van dé toi uu hoa. Mot trong nhitng nhugc diém chinh cta thuat toan CS
truyen thong 1a thuat toan nay cb dinh van toc ctia cac quan thé trong toan bg qua trinh tim
kiém, vi vay giam su linh hoat trong qua trinh di chuyen clia cac phan tir. Ngoai ra CS khong
chi phu thudc chii yéu vao chat lugng ctia quan thé ban dau ma con khong co6 cac kha nang
nhu giao chéo hay dot bién dé cai thién chat luong ciia cac thé hé méi. Néu vi tri ctia cac quan
thé ban dau khac xa so v&i vi tri tot nhét toan cuc, do chinh xéac cta két qua thu dugc sé khong
cao (khdng tim duogc cac giai phap t6i wu toan cuc).

Trong nghién ctru nay, ching toi dé xuit mot thuat toan dé khic 'phuc nhimg nhuge diém
cua phuong phap GA va CS truyén théng. Pau tién thuat toan cai tién cua CS (ICS) dugc dé
xuit dé tang su linh hoat trong qua trinh tim klem cua CS, sau do ICS s& két hop voi GA de
cap nhat mo hinh cho mdt cau gian thép thyc té. Thuat toan duoc dé xuét c6 thé két hop uu
diém cua 2 phuong phap GA (c6 kha nang lai chéo va dot bién dé nang cao chit lugng ctia
cac quan the) va phuong phap ICS (kha nang tim kiém toan cuc ngiu nhién). Vi vay, thuat
toan dé xuat c6 thé khic phuc duoc nhuge diém cua ting thuat toan GA, va CS riéng 18, cai
thién do chinh xac cua két qua thu dugc.

2. THUAT TOAN TOI UU HGAICS
_ CS 1a thuat toan 14y cam himg tir qua trinh sinh san cta chim cuc cu dugc Xin-she Yang
de xuat nam 2009 [16]. Trong d6 chim cuc cu dé trung vao t6 va dé cac con chim clc cu non
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song dwa vao ngudn thirc an cua cac loai chim khac, vi vy ting kha ning sinh ton cua chung
trong qua trinh tién hoa. Thuét toan CS dugc hinh thanh dya trén ba quy tic Iy tudng hoa sau
day.

- Chim clc cu chon mét t6 ngau nhién dé dé triang va mdi lan chi dé mot qua tring
trong mot to.

- Nhitng to c6 chit luong tritng cao nhat s& duoc ding cho cac thé hé tiép theo.

- Sé luong t6 ngau nhién ma chim clc cu chon dé dé tring 1a ¢ dinh (dai dién cho
tong sé lwong quan thé hay sé giai phap trong bai toan tbi uu). Xac sut chim chu phat hién ra
chim ciic cu dé tring vao t6 cua minh va vt trimg caa chim cuc cu 1a 2, (0-100%).

Céc giai phap t6i uu ctia CS qua timg budc lap duoc xac dinh dwa vao cong thuc (1):

X.H-l — XI + Ievy(ﬂ_) *® (1)
O day
Xf — [xi' x%'.”' x]{n]- (2)
Va
T,
xb=[xl, xb, e 2l i= 1,2, m ©)

Trong d6 x; va x; 12 giai phap cua cuc cu j tai budc lap thu I va [+1; trong khi n cho
biét s lugng quan thé va m 1a sb lugng cac tham sé bat dinh can duoc xéac dinh. A thé hién do
dai budc cua phan phdi levy. a 1a hé s ngau nhién cua do dai budc, dbi voi phuong phap CS
truyén thong a dwoc chon ¢ dinh (@ = 1). A duoc xac dinh tir phan phéi levy sir dung cong
thue (4)

Levy~u=t"%;(1=21<3) (4)

Thuét toan CS phat trién cac budc lap dé xac dinh mirc d6 phit hop ciia timg quan thé dya
trén ham muc tiéu. Khi ham muc tiéu 13 t6i thiéu, vi tri tot nhat toan cuc s& dat duoc. Tuy
nhién, mot nhuge diém chinh cua thuat toan CS truyén théng 1a viée ¢d dinh vén tdc cua cac
quan thé trong toan bd qua trinh tim kiém. Viéc ¢b dinh gia tri hé s6 ngiu nhién cua do dai
budc a bé s& dan dén su hoi tu cham va gia tang 1on vé chi phi tinh toan. Nguoc lai, néu cb
dinh gia tri cua « 16m, giai phap t6i uu co thé bi bo qua. Vi vay a nén dugc chon linh hoat, cu
thé khi cac phan ttr di chuyén dén gan vi tri t6i uu (sai s6 ham muc tiéu bé), chung s& sir dung
cac budc di chuyén bé (gia tri @ nén chon bé). Néu vi tri ciia cic phan tir & xa phuong an t6i
vu (sai s6 ham muc tiéu bé), chiing s& di chuyén véi budce 16n hon (gia tri @ nén chon 16n).
Ngoai ra, do chinh xac ctia két qua thu dugc ciia CS thuong thap néu vi tri xuat phat ban dau
clia cac quan thé nam xa vi tri tdi uu toan cuc va thuat toan nay ciing khong c6 kha ning lai
chéo hay dot bién dé cai thién chat lugng cua cac thé hé moi.

Vi viy, trong bai bao nay, ching toi dé xuat mot thuat toan dé khéc phuc nhiing nhuge
diém cua phuong phap GA va CS truyén thdng. Pau tién ICS dugc dé xuit dé ting su linh
hoat trong qua trinh tim kiém cua CS, sau do ICS s& két hop voi GA dé khac phuc nhimg
nhuoc diém va cai thién do chinh xac cua moi phuong phap truyén thong. Hai nguyén tic ndi
bat cua phuong phap duge dé xuét s& duoc mo ta ngan gon nhu sau: (1) do so htru cac toan tur
giao chéo va dot bién, dau tién GA duogc ap dung dé tao ra cic quan thé wu ta ban dau va (2)
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cac quan thé d6 sau d6 duoc sir dung dé tim kiém giai phéap tot nhat dya trén kha ning tim
kiém toan cuc va linh hoat cua ICS.

Dé nang cao do chinh xac va tbc d6 hoi tu cua thuat toan, ICS ap dung tham s6 a mot
cach linh hoat. Cu thé, néu cac phan tir di chuyen dén gan vi tri toi vu (sai s6 ham muyc tiéu
bé), chiing s& st dung cac budc di chuyén bé dé tranh bo 15 giai phap tot nhat. Néu vi tri cta
cac phan tir & xa phuong an t6i vu (sai s6 ham muc tiéu 16n), ching s& di chuyén vé6i bude 16n
hon dé tién nhanh dén giai phap t6i wu va giam thoi gian tinh toan. Gié tri ctia @ duoc xac
dinh theo cong thirc (5) va (6)

a; = (amax)!mc (5)
o 1 min (6)
cC = E Ln(amax)

Trong d6 [ dai dién cho sb 1an lap hién tai, I € [0, N], N 13 tong s budc lip, amex VA
O min gia tri 16n nhat va nho nhat cua do dai budec.

Nguyén 1y 1am viéc cia HGAICS dugc trinh bay cu thé nhu cac bude dudi day:
Buwéc 1: Tao vi tri ban ddu ctia cac quan thé
X0 =[x}, x5+, xml, (7)
T .
xf = [x?j. xgj.--o, xﬁj] ,  J=L2Z ..,m (®)

Budce 2: Lya chon ham muc ti€u (b(x)

(7, - S (Eleg)?
b0 YAy ®

(f2, €2) va (£, €,) 1an luot 12 tin sb dao dong tw nhién va hinh thai dao dong cia mé hinh
s0 va mo hinh thi nghiém. “z” 1a th{r ty mode va t 1a s6 lugng mode.

Buwéc 3: Xac dinh gi tri ciia ham muc tiéu ¢ (x) cta cac quan thé ban dau
[ (xD)]
d(xD)
d(x%) = ‘b(xa) (10)

oG]

Budic 4. Sap xép gia tri tt nhit ciia mdi quan thé theo thi ty ting dan dya trén gia tri cua
ham muc tiéu ¢(x).
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Py

o Py
pbest =1 (11)

p'[{;]f mn=l

Py = [xgl Xp3 - xgm]l*m (12)
pg = [xgl xgz xgm]l*m (13)
pg = [xgl xgz xgm]l*m (14)
b(x9) < d(xY) < d(x?) (15)

p, u,...,v 1an luot 12 quan thé the p™, u™ and vt

Buéc 5. Qua trinh lai chéo va dot bién

Céc cdp bo me véi chat lugng tot nhat xac dinh tir bude 4 duge chon dé lai chéo va dot
bicn, s0 lugng cap bo me dugc lya chon dua trén ty 1€ phan tram lai chéo va dot bien dugc
tinh nhu trong cong thire (16) va (17)

Ne=pP:*N (16)
N = Pm * 7N 17)
p. 1 phan tram lai chéo va p,, 12 phan trim dot bién
Budc 6. Tinh toan lai gia tri ciia ham muc tiéu ¢ (x)

Bwée 7. Chon cac qu'?ln thé tot nhat sau qué trinh lai chéo va dot bién dua trén cac gia tri
cua ham muc tiéu ¢(x).

P

. Pu
Pbest = | - (18)

p%ﬁ mn=l

P = [xél Xp3 - x;m]l*m (19)
Pl = [xhy xlp o xim] |, (20)
Py = [xh1 xha - Xm0 (21)
d(xp) < d(xh) < (x}) (22)

Buwéc 8. Lap lai bude 5 dén budc 7 cho dén khi hét s6 bude lip cua GA.

‘Buéc 9. Quan thé ban dau cia ICS dugc xéc dinh dya trén két qua c6 duoc tir GA va
chién thuat cua Levy flights [16].
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Xt = pgest + levy(4) * a (23)
O day
Phest = (X4, X5, -, x], (24)
Va
T .
x} = [xL—, xgj-,---, xfu-] J=12,..,m. (25)

t 12 s6 buéc Ip sir dung cua thuat toan GA va pf,., 1a gi tri tot nhat ciia cac quan thé tai
budc lap thir t cua GA.

Budéc 10: Do dai budc cua phan phdi levy dugc xac dinh nhu cong thire (26)

levy (4) = % (26)

Tham s6 (J) dugc xac dinh nhu cong thirc (27)

r(1+;3’)*sm(ﬂ*6) g

_ {ﬁ_l} 27)
r(3) 525
Ham s6 T dugc xac dinh nhu cong thire (28) va (29)
- D6 véi bat ky sb nguyén duong nao (k),
rk) =(k—1)! (28)
- Déi véi sb phic
riy) = J- w¥ le™Wdw (29)
0
Buwoc 10: Cap nhat vi tri clia cac quén thé tai budc lap t+1
Néu X1 > xan ren (30)
xt+l = Xcan dudi + rand = Xcan dwdi (31)
Néukhéng X < xcap gus (32)
xtl = Xcan dwdi +rand = Xcan dwdi (33)
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Xmin VA Xmax 14 A0 trén va can dudi cia khong gian tim kiém.

Buéc 11: Chon gia tri t6t nhét cuc bo cua tung qu?ln thé va gia tri tdt nhét toan cuc cho
lan 1ap ti€p theo dua trén ham muc tiéu b (X)

Néu ¢(Xt+1) < $(xH) (34)
X = PXIH); X+ = XH (35)
Néu khong

dX) = dX); X = X* (36)

Bwéc 12: Céc quan thé méi s& duoc xac dinh dwa trén su lva chon tir random walks
K = rand (X'*1) > B, (37)

Trong d6 P, 1a x4c suat ma chim cha c6 thé phat hién triing cua chim clc cu

Xt =X+l 4 g = K (38)
N&u X2 > x5, tran (39)
X2 = Xeap quer + rand * Xean aues (40)
Néu khéng Xttl Xcan dwdi (41)
X2 = Xeap quer + rand * Xean aues (42)

Buwoc 12: Xac dinh gia tri tdt nhat cuc bo cla tung quén thé va gia tri tdt nhat toan cuc

Néu d(X2) < b(X) (43)
H(XEF2) = H(XEH2); XEH2 = Xt+2 (44)
Néu khong

(XEH2) = p(XtHD); XE+2 = i+l (45)

Buwéc 13: Lap lai budc 9-12 cho dén khi ham muc tiéu dat duoc (sai sé giira két qua tinh
toan va két qua thyuc té < 1072 hoic tong so6 budc lap két thic (100 bude).

Bwéc 14: Giai phap t6t nhat duoc xac dinh.

$(Gpesr) = min( ¢(x)) (46)
X = Gpest (47)

So d6 khéi qua trinh két hop GA véi ICS dé cap nhat md hinh duogc thé hién nhu Hinh 1.
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‘ Khai tao quan thé ban dau |

] Lira chon ham muc
Mokinhs |+ tiéu d(X)

| Quiin thé t8t nhat ‘

_________ » l ! GA

Sai

Né&u s8 burde
lap=10

Tao ra cac quin thé (ciic

cu) moi tix GA

Tat nhit cuc bd clia cac

: quin thé
o > 1 ICS

‘ Té&t nhit toan cuc ‘

_____________________________________________________

‘ Ham muc tiéu ¢ (X) ‘

Néu s6 buede lap
=100 hoic ham muc
tiéu <107*

Hinh 1. So db khéi sir dung thuat toan HGAICS dé cap nhat md hinh.

3. CAP NHAT MO HINH CHO CAU GIAN THEP PO LEN SU DUNG HGAICS

3.1. M hinh phén tir hitu han ciu gian thép

Dé danh gia hiéu qua cta thuit toan dé xuat, trong phan nay cau gian thép dudng sit (cau
Do Lén) dugc lya chon dé cdp nhat moé hinh. Cau Do Lén (Hinh 2) ndm tai Km778+155,
tuyén duong sit Ha Noi — TP. H6 Chi Minh. Cau gdm ba nhip gian thép bd tri theo so dd
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49,8m+54,6m+49,8m. Hai nhip bién gom 06 khoang dai 8,3m, nhip giita gdm 07 khoang dai
7,8m, khoang cach giira hai thanh gian dudi 1a 4,8m, chiéu cao gian 8,0m.

Hinh 2. Cau Do Lén Km778+155, tuyén duong Hinh 3. M6 hinh cdu Do Lén
sat Ha Noi — TP. H6 Chi Minh

Dé phan tich Gmg xtr dong cua két cdu, mo hinh phén tir hitu han cia cau Do Lén (Hinh 3)
dugc xdy dung sir dung chuong trinh Stabil dwgc 14p trinh trén nén ting MATLAB.

M06 hinh phén ttr hiru han cua cau dugc mé ta nhu sau: Cau duge mé hinh hoa boi 81 nut,
135 ph?m tir va 15 loai mit cit cia cc thanh gian dugc st dung (cac kich thudc nay dugce
tham khao tir cac ban v& thiét ké cAu). C4c thanh phan két ciu dugc mé hinh hoa bang cach sir
dung cac phan tir dim khong gian. Phan tr ndy c6 sau bac tu do tai mdi nat bao gém cic
chuyén vi tinh tién theo cac huéng x, y Va z va cac chuyén vi xoay xung quanh cac hudng x, ¥

va z. Hinh dang dao dong ctia cac mode ctia mé hinh sé duoc thé hién nhu trong Hinh 4.

e
SVQVAN

i g
S
V
<28
—

Mode 5: f= 10,63 Hz
Hinh 4. Cac mode tir mo hinh sd.
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3.2. Thi nghiém hién trudong dé xac dinh cac dic trung dong hoc ciu Do Lén

Sau khi qua trinh danh gia va xac dinh cac dang dao dong tir mé hinh sb, co ban co thé
xay dung dugc mot mang ludi diém do dao dong, dua vao do co thé xac dinh dang mode va
dac diém dao dong dé nghién ctru. B tri cac diém do tdi wu, cling nhu viéc lép dat duoc dau
do Ién diém do can duoc xét dén. V& co ban nén chon cac diém do d& dang lép dat, nhung van
phai cung cép du tham sb dé phén tich, danh gid mdt cach chinh xéc nhét sy 1am viée cua két
cau. So d6 bo tri diém do dugc thé hién nhu hinh 5.

TP.HA NOI

[A—0] 1

Hinh 5. So' @6 khéng gian b tri cac diém do dao dong tai cac nat gian.

Sau khi di lip dat toan bo cac dau do can thiét, lién két cac dau do véi may tinh dé luu
trit s6 liéu (Hinh sb 6a), tién hanh do dao dong ctia KCN cau dudi tac dung cua cac doan tau
chay qua (Hinh s6 6b).

(a) (b)

Hinh 6. Cong tac thi nghiém hién truong: (a) Lap dat cac dau do dao dong trén cac nut gian thep; (b)
Lién ket h¢ thong thu dir liéu véi may tinh va dau do.

Két qua dao dong ciia 5 mode dau tién duoc thé hién nhu trong hinh s6 7 va Bang s 1.

Mode 2: f= 4,56 Hz

Mode 1: f= 3,06 Hz
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Mode 5: f= 10,28 Hz

Hinh 7. Tan s6 dao dong tu nhién va hinh dang cac mode thu dwoc tir thuc nghiém.

\ |
(a) (b)

Hinh 8. Cac thdng s6 két cau bat dinh duoc chon dé cap nhat trong m6 hinh: (a) Lo xo tai nit gian;
(b) L0 xo0 & goi cau.

Bang 1. Tong hop tan s6 dao dong tu nhién cau Do Leén theo két qua tinh va thuc nghigm.

. Tan sé (Hz) A (A
Th . . Chénh léch A
| Twkétqua | Tirkétqua %) Dang dao ddng
’ mo hinhso6 | thuwc nghiém

1 2,99 3,06 2,15 Dao dong uén thing dung
2 4,20 4,56 7,82 Dao dong lic ngang

3 5,44 5,69 431 Dao dong uén thing dung
4 8,68 8,99 3,41 Dao d6ng ubn ngang

5 10,63 10,28 3,45 Dao dong xo4n
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3.3. Cap nhat md hinh cho céin gian thép Po Lén sir dung HGAICS

Tam thong s bat dinh anh hudng 16n nhat dén dic trung dong hoc cia két ciu, bao gdm
mo dun dan hoi cua cac thanh gian (E), d6 climg ca 6 10 xo dudi gbi cau (ky, k3, ks, kq, ks,
k) va do ctng cua 10 xo tai cac khdp cua gian (k) (thé hién nhu trong Hinh 8) duoc chon dé
cap nhat moé hinh. PJ ctiing ban dau cta 16 xo duge ude tinh dua trén cac cong thirc tham khao
[13], trong khi do clmg cua 10 xo tai géi cAu duoc tinh toan dua theo loai géi cAu.

Thuat toan dé xuat HGAICS, dugc str dung dé tim kiém giai phap tdi uu toan cyc. Dé so
sanh véi HGAICS, thuat toan GA va ICS riéng ré ciing duoc st dung. Doi voi HGAICS, 100
quan the dugc su dung. Doi voi ICS, xac suat de chim chu phat hién ra trang chim clc cu la
P, 14 0,25; cac hé so nay dugc chon dya theo c@c nghjén ctu tuong tu [1’2].‘Dé S0 sanh v&i
HGAICS, GA va ICS ciing st dung 100 quan the, hé so lai chéo va dot bien lan lugt la 0,8 va
0,1. Tiéu chi dirng cua cac vong lap trong ca ba thuat toan dugc thiét 1ap nhu sau: do Iéch cua
gia tri ham muyc tiéu giira hai lan 1ap lién tiép thap hon 1072 hozc s6 lan lap t6i da 1a 100.

1.5 T T T T T T T

—A—GA
—B—ICS
1.2
HGAICS
:j.
2| A  MAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
o 0.9 =
c
<«O-
g 0.6 TNy
S
=
0.3 *
I I I I I I I I I I
0 10 20 30 40 50 60 70 80 90 100

S6 budc lap
Hinh 9. Sai sb giita m6 hinh sé va két qua thuc do (a) GA; (b) ICS ; (c) HGAICS

Bang 2. Cac chi sé danh gia hiéu qua cua céc thuat toan.

Thuat toan Sai s6 ciia ham muc tiéu Thoi gian (giay)
GA 0,90 68212
ICS 0,58 12023
HGAICS 0,17 14314

Bang 2 va Hinh 9 cho thay, HGAICS c6 d6 chinh xac vuot troi hon han GA va ICS. Cu

thé, do léch gitra md hinh sé va thuc do sau khi cap nhat mé hinh st dung HGAICS 12 0.17,
trong khi d6 sai so khi sir dung ICS va GA lan luot 1a 0,58 va 0,90. Ngoai ra ICS va HGAICS
cling giam thoi gian tinh toan so véi GA, cu thé ICS va HGAICS lan lugt mat 12023s va
14314s dé chay 100 budc lap, trong khi d6 GA phai dung toi 68212s. Két qua nay c6 thé duoc
giai thich dua trén cach tiép can dé tim ra giai phéap tét nhat  trong ca 3 thuat toan. GA lam
viéc cha yéu duya trén téi vu cuc bo, khdng gian tim kiém ngau nhién giéi han. Hon nita qua
mdi budc, bai vi ¢ qua nhidu tham sé phai diéu chinh, qua trinh tinh toan thuong rat dai. Voi
ICS, viéc &p dung linh hoat d6 dai budc a da giup lya chon dwoc van téc phi hop cho mdi
giai doan, tir d6 nang cao do chinh xac va giam thai gian tinh toan. Tuy nhién baoi vi ICS phu
thudc vao chét luong cua quan thé ban dau va khdng cé cac kha ning nhu giao chéo hay dot
bién cua GA thé cai thién chat luong cua cac quan thé thé hé mai nén giam do chinh xac cua
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két qua thu duoc. Trong khi d6 thuat toan dé& xuit HGAICS c6 thé két hop wu diém cua 2
phuong phap GA (c6 kha ning lai chéo va dot bién dé nang cao chit lwong cua cac quan thé)
va phuong phap ICS (kha ning tim kiém toan cuc ngau nhién), vi vay cd thé khic phuc duoc
nhugc diém cua thuat toan GA va CS riéng ré, cai thién duoc do chinh xac cua két qua thu
duoc.

Bang 3. C4c tan s6 phuong thirc tir mé hinh FEM sau khi cap nhat mé hinh so véi phép do

Mt Trudc khi cap Cap nhat mo Céap nhat mb Cap nhat mo Thuc
nhat mo hinh hinh-GA (Hz) hinh- ICS (Hz) hinh- HGAICS | nghiém

(H2) (Hz) (H2) (H2)

1 2,99 (2,15%) 3,00 (1,90%) 3,03 (0,98%) 3,07 (0,33%) 3,06
2 4,20 (7,82%) 4,21 (7,59%) 4,25 (6,79%) 4,32 (5,27%) 4,56
3 5,44 (4,31%) 5,46 (4,07%) 5,51 (3,16%) 5,60 (1,66%) 5,69
4 8,68 (3,41%) 8,71 (3,16%) 8,79 (2,22%) 8,92 (0,74%) 8,99
5 10,63 (3,29%) 10,78 (4,63%) 10,87 (5,42%) | 10,93 (5,94%) 10,28

0.5

(a) (b)
Hinh 10. Gia tri MAC cua hinh thai dao dong sau khi cap nhat mé hinh: (a) ICS; (b) HGAICS

Bang 3 va Hinh 10 tong hop két qua tan s6 dao dong tu nhién va gia tri MAC cua dao
dong tir md hinh s6 va thuc nghiém. Qua két qua c6 mot s6 nhan xét:

- Sau khi cap nhat mé hinh, két qua thu duoc gitra md hinh sb va thuc nghiém dat duoc
su trong dong cao.

- Céc gia tri MAC tir 0,91 dén 0,97 (Hinh 10) cho thiy su twong tng chit ché giira cac
hinh thai dao déng caa mé hinh sé va thuc nghiém sau khi cap nhat md hinh. Gia tri
MAC thé hién quan h¢ hinh dang dao dong cua md hinh s6 va md hinh thuc nghiém, gia
tri MAC nam trong khoang (0,1); gia tri tién gan 1 thé hién mo hinh sé va md hinh thuc
nghiém c6 sy twong dong cao; nguoc lai gia tri MAC tién vé 0 thé hién rang mé hinh s
va mo hinh thyc nghiém khdng cé su trong dong.

- Két qua cua tan s6 dao dong tu nhién va gia tri MAC cia md hinh sé xac dinh boi
HGAICS gan véi két qua thuc nghiém hon so véi GA va ICS.

Qua trinh cap nhat mé hinh ciing diéu chinh cac thong sb bat dinh cua ciu (Bang 5).

Nhitng thay ddi trong bang 5 cho thiy cac théng sé trudc va sau khi cap nhat khdng chénh
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Iéch qua nhiéu. Do cing cua g6i cau va 1o X0 ky, ka, k3, ky, ks, ke va ks ¢6 xu hudng tang
dan. Diéu ndy ching to ring d6 cung cua goi ciu va 16 xo dd duoc danh gia bé hon gia tri
thuc té.

Bang 4. Gia tri cua cac tham sb bat dinh trudc va sau khi cap nhat mé hinh

ky ky ks k, ks ke k- E
(10°N. | (10ON. | (10©N. | (10®N. | (10'N/ | (10’N/ | (10°N. | (10°
m/rad) m/rad) m/rad) m/rad) m) m) m/rad) MPa)
Bién trén 1,0 1,0 1,0 1,0 1,0 1,0 7.0 1,9
Trude cap 11 11 1,1 11 1,4 1,4 8,0 2,00
nhat
Sau cép nhét
©A) 1,17 1,18 1,16 1,17 1,47 1,46 7.6 2,02
Sa“(lcé%)nhat 1,22 1,23 1,20 1,22 1,52 1,50 7.3 2,05
Sau cdp nhat
(HGAICS) 1,23 1,26 1,26 1,30 1,54 1,52 7.1 2,07
Bién dudi 2.0 2,0 2,0 2.0 2.0 2,0 9,0 2.2

4. KET LUAN

Trong nghién ciu ndy, mé hinh cau Do Lén da duoc cap nhat va xac dinh cac tham sé bat
dinh bao gom mé dun dan hoi cua céac thanh gian, d6 ciing cua goi cau, dd cang cua cac lién
két tai cac nut gian. Thuat toan lai HGAICS ciing duoc dé xuat dé cap nhat md hinh. Thuat
toan dé xuat c6 duoc wu diém cua thuat toan GA (tao cac quan thé ban dau chat luong tot) va
kha nang tim kiém toan cuc cua ICS, vi vay sai so gitra két qua tinh toan va thuc do sir dung
thuat toan HGAICS nhé hon st dung thuat todn GA va ICS. Sau khi cap nhat mé hinh, két
qua thu dugc gita md hinh sé va thuc nghiém dat duoc sy tuong dong cao (d6 Iéch 16n nhat
giita tinh toan va thyc nghiém bé hon 10%), dic biét véi HGAICS bé hon 6,3%. Két qua cua
tan sé dao dong tu nhién caa mé hinh sb xac dinh bai HGAICS gan vai két qua thuc nghiém
hon so voi GA va ICS. Ngoai ra HGAICS ciing giam thoi gian tinh toan hon rat nhiéu so voi
GA.

Mic du nhitng két qua thu dugc tir nghién cau nay st dung thuat toan HGAICS ¢ do
chinh xac cao, tuy nhién phai thira nhan rang, viéc ap dung cac thuat toan ti wu dya trén
nguyén tic tim kiém ngau nhién thuong tén nhiéu thoi gian dé xac dinh dwogc giai phap téi uu
hon cac phuong khac hién dai méi nhu hoc may.
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