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TOI UU THONG SO HINH DANG TAU THEO HUONG GIAM
SUC CAN AP DUNG GIAI THUAT DI TRUYEN

SHIP HULL FORM OPTIMIZATION FOR
REDUCED RESISTANCE USING GENETIC ALGORITHM

Nguyén Thj Ngec Hoal, Lé Tét Hién?, Vi Ngec Bich?
'3 Triwong ai hoc Giao thong vdn tai Thanh pho Ho Chi Minh
2 Triong Dai hoc Bach Khoa — Dai hoc quoc gia Thanh pho Ho Chi Minh

T6m tdt: Bai bao trinh bay cong cu téi wu théng sé hinh dang tau tir tdu mdu dia trén
dirong cong dién tich suon tich hop thugt toan ti wu di truyén. Co ché hoat dgng ciia gidi thugt
di truyén 1a kha néing lira chon nghiém t6i wu ma khong can thong qua cdc phuong phdp tim
nghiém theo hwéng gidi tich truyén thong Cac thong so kich thudc co ban tau dwgc xem xet toi
wu trong gidi thudt 1a hoanh do tam néi (LCB) va hé sé béo thé tich (CB), hé sé béo ling tru
(CP), hé s6 béo suon gida tau (CM). Ham da muyc tiéu trong mo hinh t6i wu la thanh phan sirc
can ma sat va sirc can song dua trén phwong phap Holtrop. Tir két qud céac thdng sé hinh dang
t6i wu duot gidi thudt di truyén dé xudt, duong cong di¢n tich suon ly thuyét cia tau dioc xay
dieng Trong bai bao nay, ap dung cho mdu tau container, thudt toan duwroc xay ding trén nén
MATLAB va pht hop trong viéc hé tro ki su trong giai doan thiet ké tau so bé.

Tir khoa: Gidi thugt di truyen, sic can ma sat, sizc can soéng, ham muc tiéu.

Chi sé phan logi: 2.1

Abstract: The paper presents a tool to optimize the ship hull form parameters based on the
integration of the sectional area curve and genetic algorithm. The mechanism of a genetic
algorithm is the ability to select the best solution for solving multi-objective problems without
any traditional analytical methods. Longitudinal center of buoyancy (LCB), ship hull form
coefficients such as block coefficient (CB), prismatic coefficient (CP), and mid-ship coefficient
(CM) are considered as optimization variables in our research. The multi-objective
mathematical function for problem optimization, in this study, is described through the
frictional resistance and the wave resistance using Holtrop prediction method. As a result, in
our proposed technique, the sectional area curve of a ship hull form is built from these
optimized variables. In this paper, the proposed research method is applied to the container
ship based on MATLAB platform and aims to support the designer in the preliminary ship
design stage.

Keywords: Genetic algorithm, frictional
function.

Classification number: 2.1
1. Gioi thiéu
Thiét ké hinh dang tuyén hinh tau 1a mot

resistance, wave resistance, multi-objective

phep tinh gan dang nham xac dinh cac thong
s6 toi wu cua tau. Thiét ke t6i wu trong thuc té

cdng viéc doi hoi thoi gian, yéu cau nguoi
thiét ké phai cé kién thuc va kinh nghiém toan
dién trong cdng tac thiét ké. Theo quan diém
thuy dong luc hoc, stc can tau la muc tiéu
quan trong trong bai toan thiét ké hinh dang vi
anh huong dén chi phi khai thac va nhién liéu
tiéu thu. Céac cong bd cua Gammon (2011),
Grigoropoulos va Chalkias (2010) dugc trinh
bay cac nghién ctu vé thiét ké téi wu hinh
dang tau dya trén mot va nhiéu ham muc tiéu
[1], [2]. Thiét ké tau thuy dua trén co s& Cac

la chon lwa mét 1o giai tot nhat theo mot nghia
x4c dinh véi nhimg diéu kién han ché, ching
ta goi la cac rang budc hoac khdng cd rang
budc cho Van dé. Thoi gian gan day, cac
nghién ctu t6i wu dua trén thuyét tién hoa, ca
tuyén tinh va phi tuyén, dang duoc ap dung
rong rdi trong bai toan thiét ké (hinh 1).

Loi giai tim dwoc khi t6i vu hoa thiét ké
tau thity thong thuong thudc 16p tdi wu cuc bo.
Hién ching ta co nhleu ham muc tiéu khéc
nhau vé mat thong sé co ban cua tau trong viéc
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xéc dinh 10i giai cho t6i wu toan cuc (hinh 2).
Nam 2004, Jun va cong su gidi thiéu thuat
toan ti wu di truyén trong viéc cai thién suc
can tau hai than [3]. Theo hudng nghién cuu
vé thuat toan di truyén trong ham muc tiéu téi
wru sUC ¢an, Sun va cong su da tbi wu dién tich
mit dudng nude, lwong chiém nuéc, va mon
nuéc. Két qua sirc can séng co giam tai cac gia
trj van toc cao, tuy nhién trong nghién ctu lai
chua xét dén ham muc tiéu sirc can ma sét [4].
Trong nghién ctiru nay, suac can song va suc
can ma sat déng thoi duoc khao sat trong ham
muc tiéu tbi wu, cac bién sb 1a cac théng sb
hinh hoc co ban cua mau tau pha séng bién.
T61 UU (HEURISTIC)
1 Qu NGAU NHIEN

(STOCHASTIC OR METAHEURISTIC)
->QUY HOACH PHI TUYEN

—
TEI LU TAT BINH
(DETERMINISTIC)

-> QUY HOACH TUYEN TiNH

- .
POINT STRATEGY POPULATION-BASED STRATEGY

¥
* Gidi thugt Tabu

+ Leo ddi {Hill Climbing)
+ M& phong luyén kim
(Simulated Annealing)

« Di truyén (Genetic algorithm)

« Bdn kién {Ant colony)

= Tién héa vi phdn (Differential
Evolution)

* Mang than kinh  {Neural
network)

Hinh 1. M6 hinh phan logi gidi thugt tdi wu.

Tau ché hang khd, Gia tri ham myc tiéu

Nghiém ]

toan cuc -
o .o
> > > p—— 7119

F PP PP

Hinh 2. Vi du diém t6i wu cuc bg va
toi wu toan cuc cua tau [5].

2. Ham muc tiéu téi wu dwa trén
phuong phap tinh sic can Holtrop

2.1. Bai toan téi wu héa da muc tiéu

Bai toan toi wu hoa da muyc tiéu c6 rang
budc cd thé dugc phat biéu nhu sau:

Xac dinh: X =X, X,,.., X, | (1)

Sao cho:

F(X)=[£,(X), f,(X),...F.(X)]
Thoa méan céc yéu cau rang budc:

v
S [

gj(X)SO, J =1,2,...m

Trong do:

X du:gc goilla tap kha thi (feasible set),
chuia n bien quyét dinh;

f(X)Ia vector ham muc tiéu (vector

objective function), chira k ham muc tiéu
(objective function);

g j (X) 1a cac ham rang budc.

2.2. Xay dung ham muc tiéu dga trén
phwong phap tinh Holtrop

Ham muc tiéu téi wu stc can dua trén
phuong phap Holtrop [6], [7].

R=R.(1+k,)+R, +Rupe + Ry + Rig + R, (2)

Trong do:

Rr: Suc can ma sat theo ITTC 1957;

1+k1: Hé s hinh dang b sung cho RE;

Rapp: St can thanh phan phuy;

Re : Stc can phan miii qua Ié;

Rtr: Strc can bd sung cho phan vach lai;

Ra: Stc can chuyén d6i gitra md hinh va
tau that.

Do vjéc tinh toan ho@n chinh strc can tau
doi hoi rat nhieu thong so ky thuat lién quan.
Trong nghién ctu nay, ham muc tiéu dugc
gidi han la stirc can ma sét va strc can séng, cac
cong thirc tinh toan lién quan duoc trinh bay
bén dudi.

R, =%cfpsuz(1+ k) 3)
R, =C,C,C.Vpg exp{mand + mzcos(an*z)} (4)

0.075

(log,, (Rn)-2)’

)0,92497

0.93+¢, (B/L,
(1+k)=c,{x(0.95-C, ) "
x(1-C, +0.0225Ich

)0,6906

L,/L=1-C, +0.06C,lcb(4C, ~1)

(T/L)"e T/L>0.05
c,=|48.2(T/L-0.02)""" +0.479948  0.02<T/L<0.05
0.479948 T/L<0.02

—-1.37565

¢, = 2223105¢3" (T/B) "™ (90-1i,)
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c, = exp(—1.89\/§)

¢, =el-08A, /(BTC,)

0.229577(B/L)" B/L<0.11
¢, = (B/L) 0.11<B/L<0.25
0.5-0.0625(B/L) B/L>0.25

Trong do:
Ct, 1+k1, C12, C13: Hé 6 lién quan dén surc
can ma sét;

C1, C2, Cs, C7: Hé sb lién quan dén sirc can
song.

3. Giai thuat téi wu di truyén trong giai
doan thiét ké

3.1. Tong quan vé giai thuat di truyén

Giai thuat di truyén (GA) l1a mot ky thuat
cua khoa hoc may tinh, ¢6 chirc nang tim kiém
giai phap thich hop cho cac bai toan tbi uu da
muc tiéu. Y tuong vé GA dugc phat trién boi
Holland va dong su, duoc lay cam hing tur
thuyét tién hda cua cac quan thé sinh hoc dua
trén hoc thuyét caa Darwin [8]. Theo Golberg
[9], vé mat k§ thuat, mot vector chtra nhitng
giai phap X € X duoc goi l1a mot ca thé
(individual) hoac 1a mot nhiém sic thé
(chromosome). Nhiém sic thé duoc tao ra tir
cac don vi riéng biét dugc goi la gen (genes).
M3i gen mang mét s6 dat trung va co vi tr|
nhét dinh trong nhidm sic thé. Mdi nhiém sic
thé s& biéu dién mot 10i giai cua bai toan. GA
van hanh véi mot tap hop céc ca thé duoc goi
1a quan thé (population) va quan thé thuong
duoc khoi tao ngau nhién. GA str dung hai co
ché dé khai tao quan thé mai tir quan thé da
ton tai 1a lai ghép (crossover) va dot bién
(mutation). Trong trudng hop chung nhét, do
thich nghi (fitness) cua mét ca thé s& xac dinh
X4c suit séng sot caa no trong thé hé tlep theo.

Phép lai ghép tao ra céc nhidm sic thé
(chromosome) con cai (offspring) tir cac
nhiém séc thé cha me (parent) (hinh 3). Luu y
rang, hai ca thé cha — me co6 dic tinh tét, sau
khi lai ghép thi hai ca thé con chua chic c6
dic tinh tét hon, nhung kha ning tao ra ca thé
con tot 12 rat cao. Néu ca thé con co dd thich
nghi thap, n6 s& bi dao thai trong qua trinh
chon loc.

Cha/me 1.

[ I I

Cha/ me 2.

Sau khi lai ghép:
Con 1.

Hinh 3 Qua trinh lai ghép trong GA.

Qua trinh dot bién thay d6i ngau nhién
ddc diém caa nhidm sic thé, cd thé phu thudc
vao d6 hoi tu cua bai toan. Dot bién dong mot
vai trd rat quan trong trong GA, nhu da trinh
bay & trén, qua trinh lai ghép c6 thé dan dén
su hodi tu cuc bd cho mot ham muc tiéu nao do.
Dot bién sé gitip ting su da dang trong quan
thé va lam tang nhanh qua trinh hdi tu, nhung
c6 thé sy tang dot ngot khong cd tac dung hoidc
lam hoi tu som dan dén mét 1oi giai kém toi
wu (hinh 4).

Con

Con - sau khi dot bién

[ W T T T ]

Hinh 4. Qud trinh dét bién trong GA.

Khai ‘*‘“{fl“ﬁ“ the _..l Panh gid do thich nghi |
1

I 1
: Qud trinh lya chon - :
. - Chon parent 1 Quad trinh lai ghép X
. Chon parent 2 .
1 1
| Khing - |
' | Quaé trinh dét bien | |
1 ) . |
" Quan thé the .Ill:: “‘\‘_) |
! \“\\'Sau du ca lhé',’/,f/ I
! S - Qui trinh sinh sin !
1

Thay "‘B‘*“a” the _._l Dinh gia o thich nghi |
I 3

T
TN
Dat duge tiéu chi
dé chém din?

Lua chon N ¢4 thé cho
thé hé sau

Hinh 5 Quy trinh vdn hanh cuia GA.
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Buwéc 1: Cho t = 1. Khoi tao ngau nhién
N giai phap dé hinh thanh quan thé dau tién,
P1, sau do danh gia do thich nghi cta céac giai
phap trong P1.

Bwéc 2: Lai ghép: Tao mot quan thé thé
hé con (offspring) Qt theo cac budc:

- Lwva chon hai giai phap x (parent 1) vay
(parent 2) dua theo do thich nghi.

- Str dung co ché lai ghép, tao ca thé con
va thém vao Q.

Buwéc 3: Dot bien: Dot bién mdi giai phap
X € Q, theo mot xac suat dot bién cho trudc.

Buwéc 4: Danh gia dg thich nghi: Banh gia
va gan d6 thich nghi cho moi giai phap
Xe Qt dua trén cac ham muc tiéu trong bai
toan.

Buwdc 5: Chon loc: Chon N giai phap tir
Qt dua trén d¢ thich nghi cua giai phap va sao
chép chung vao thé hé tiép theo Pi+1.

Budc 6: Néu tiéu chi dé cham diit thoa
m,én, ngung vong lap tré lai quan thé hién tai,
néu chua thoa man, datt =t + 1 va quay lai
buoc 2.

3.2. Ung dung giai thuat di truyén
trong bai toan téi wu théng sb hinh dang

Trong bai toan ti wu hinh dang tau, cac
thuat giai ti wu tuyén tinh va phi tuyén duoc
&p dung va nghién cru trién khai. Nam 2011,
Sarker sir dung thuat giai t6i wu toan phuong
tuan tu (SQP) dé chon lua céc théng sb hinh
hoc phu hop [10]. Két qua cho thdy ham muc
tiéu stc can giam khong dang ké, xap xi
0.32%.

Ddi véi bai toan tdi wu hoa da muc tiéu,
kho khan 16n nhat chinh Ia rat kho xac dinh
phuong an t6i wu nhat va kho c6 thé so sanh
phuong an ndy véi phuong an khac. Két qua
t6t nhat dat duoc 13 két qua cé thé dung hoa
hop li gitra cAc ham muc tiéu vai nhau va cac
bai toan nay thudng chip nhan nhiéu phuong
an khac nhau. La mot céch tiép can dua vao
quan thé cac phuong phap, GA rat phi hop dé
giai quyét cac bai toan da muc tiéu vi né co
kha ning ddng thoi tim kiém cac ving khac
nhau trong khoéng gian giai phap. Do do, GA
la phuong phap tiép can nghiém kha thi trong
giai quyét bai toan téi wu da muc tiéu.

Bdng 1. Két qud tdi wu sic can theo [10].

Théng s6 co ban Tau miu Thong 5o toi wu
Theo Holtrop
Van toc tau (knots) 8.0 9.0 10.0
Chiéu dai tau L (m) 80.0 70<L <80
TissL/B 5.33 70<L/B
<10.0
TisdB/T 3.75 16<BIT
<33
Hé sb duong nudc Cw 0.665 0.665 0.665 0.665
Hé s thé tich Cs 0.444 0.437 0.444 0.444
Hé sb suon gitra Cm 0.667 0.652 0.667 0.667
Hé sb lang tru Cp 0.665 0.670 0.665 0.665
V (md) 1419.4 1400 <V 1400 1419.4 1419.4
<1500
10.426 8 knots
Strc can tau (KN) 14.173 9 knots|  10.39 14.17 20.81
20.816 10 knots
Do giam sirc can (%) 0.32 0.0 0.0
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4. Két qua tinh toan
4.1, Giai thuat di truyén cho bai toan
toi wu da muc tiéu
Trong bai toan t6i uu da muyc tiéu, dé danh
gia hiéu qua thuat toan di truyén, ham toan hoc
Rastrigin dugc s dung nham tim nghiém xap
xi f(x) 1a nho nhat.
Tim gi4 tri nho nhat;
f (X) =20+ X7 + x5 —10(cos 2%, + €os 27x,) (5)
VGi-5.12 <x;<5.12
Bai toan co loi giai chinh xac la:
x*=(0,0),f(x*)=0
Ap dung glal thuat di truyen ta co sb Ian

.....

xac dén hai sb 1¢ f(x) = 0.00 duoc théng ké
trong cac bang sau:
Bdng 2. So sanh két qua nghiém.

Nghiém chinh xac Nghiém GA
X1 0.0 0.16
X2 0.0 0.0067
Fmin 0.0 2.7x10-B

Nghiém toan cuc [0,0]

__ Nghiém
cuec bd

Nghiém
L —" cue bd

Nghiém toan cuc [0,0]

Hinh 5. Nghiém cuc bg va toan cuc
trong bai toan toi uu.

o
o

Nghiém trung binh: 4.8447

50! Nghiém tét nhét: 0.0

0 b T e
0 50 100 150 200

= Thé hé

£ Gia tri ham muc tiéu

Hinh 6. Pé th; hgi tu trong tinh toan té; wu.

Déi voi ham toan hoc Rastrigin, cac gia
tri nghiém cuc bd va toan cuc dugc thé hién
nhu hinh 5 va hinh 6. Thong qua dd thi hai tu,
giai thuat tdi vu di truyén thé hién tinh xap xi
nghiém toan cuc va thoat khoi cac vung
nghiém cuc bo mot cach hiéu qua. Nhu vay,
trong giai doan thiét ké so bo, giai thuat di
truyén co thé ap dung cho bai toan tbi uu céac
théng s6 hinh hoc tau theo hudng giam suc
can.

4.2. Ap dung giai thuat toi wu di truyén
cho miu tau hang pha séng bién

Trong nghién ctru nay, cac thong sé duoc
khao sat bao gom hoanh d6 tdm noi LCB, céc
hé s béo than tau Cp, Cp va Cm, gia thuyét
cac kich thuac hinh dang tau L, B va d khéng
thay d6i. Tau dwoc 4p dung 1a miu tau 128
TEU pha song bién.

Hinh 7. M hinh héa hinh dang
tau container 128 TEU pha SB.

Bdng 3. Thong sé tau thiét ké.

THONG SO TAU MAU

Luwong chiém nuéc A 3070 tan
Thé tich chiém nwéc Vv 2998 m?
Chiéu dai L 72.5 m

Chiéu chim d 3.9 m

Chiéu rong B 12875 | m

Hé s6 béo ling tru Ce 0.852

Hé s6 béo thé tich Cs 0.824

Hé s béo giira tau Cm | 0.967

Hé s6 béo dwong nwée | Cwe 0.947

LCB (tir 14i tau) LCBms | 34091 | m
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iE RESISTANCE PREDICTION USING HOLTROP

| THONG SO CO BAN CUA TAU _KET QUA TINH TOAN
. — - ‘SUC CAN VA CONG SUAT MAY

= Chiew cai duong nuoe thel ke 725 m
- Cive dai g hai tru M2z m - Suc can ma sat s0.7583 | WM
- Chiew rang et ke 1287 m
« Chieu chim tai ma W m - Suc can phy Rapp (] L
- Chiea chim tai il 39 m
- Th teh chiem s Wt w3 | -SmeanssgRe wWHR W
- Hoarh do tarm noi (iheo Lpp) bef v sacn giua 0013 % m

- Déen tich mat a1 rgang cua mu qua b 6 w2 = Suc can hih dang caa mu qua le Rb 0w

Chveu a0 tam cua Mt ke o m

Ha 50 bwa e suon g o967 - Suc can doap wiat o vom duol tau RN 10642 | kN

He 50 boa mat deong ruoc o7

Dilen tich vom duci tau 7 w2 - 5ue can buong quan mo hoh e e 103090 kN
- Déen fich mat uct cac thash phan pha 0 w2
- He 35 hinh bo dusi iy [T} = Sug can foan tau Hiotal 104,104 | kN
- Khaang ha chan v Sni ta duong ¢o ban a1 m
- Vian toc tas 10 ket - Cang susl may chirn P T408  PS

Hinh 8. Giao di¢n chuong trinh
tinh sizc can theo Holtrop.

Khao sat doc 1ap méi quan hé giira thong
s6 hinh dang LCB dén strc can ma sat va stc
can song, két qua duoc trinh bay nhu hinh vé.
Két qua tinh toan cho thiy gia tri LCB cua
tirng ham muc tiéu sirc can ma sat va strc can
song la khac nhau (hinh 9).

Giai thuat di truyén duoc tng dung nham
t5i wu hoanh do tdm ndi LCB theo muc tiéu
giam src can ma sat va suc can song.

3
=1
3 4]
P
] B SEECOT —
25 bbbt 4t b .
| ®
2 t @
J
b o
5 & |
™ Py |
L 5
e ' Toecan
1r emeeomosssesaecaoaEOER T T |
0.5k R — " I IR
8 6 4 2 0 2 4 6
% T.CR

Hinh 9 Mdi lién hé LCB — h¢é sé sic can ma sat Cy
va sirc can séng Cy.

=)

@ o0,

1

5

E 85 . ; -
= Nghiém trung binh: 78.695
:::U — HNghié&m tL&L nhdt : 78.014
. L

o B8O .. e

e o

T

~

o 75! - - :
e | [ rse 100 200 300

Thé& hé

Hinh 11. 6 thi hgi tu LCB.

~ Két qua tinh toan cho thy, giai thuat GA
de xuat loi giai da muc tiéu tot hon so véi cach
chon lya doc lap tirng ham muc tiéu suc can
ma sat va suc can song (bang 4, hinh 10 va
hinh 11).
~ Trong truong hop tiép theo, ngoai thong
so LCB, ham toi vu bo sung thém thong so6 Cp
va Cwm (bang 5, hinh 12 va 13). Trong nghién
cau nay, cac ham rang budc duoc thict 1ap
dam béo sai s6 nho hon 3% so véi tau mau ban
dau, gom:
oA =+3%
-5% < LCB<5%
0.86<Cp<0.87 (6)

0.95<C,, <0.98

R; 5ifc can todn tau
e R, Sirc can song

L - R, Sirc cin ma st
f, = min R({LCB) F
f,= min R, [LCB) L

0 50 100 150 200 250 [N]

Hinh 10. So sanh gia trj sic can ti wu theo GA,
ham toi wu 1 bién so LCB.

, Ry 5ire can toan tau
R, Sirccan song
m—— F, Siccin ma st

AEL e
T 151 0 ahige i ILCB, Cp, C) -

0 20 40 60 80

100 [kN]

Hinh 12. So sanh gia trj suc can toi wu theo GA,
ham toi wu nhiéu bién so.
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iéu

90

85

80}

Nghiém trung binh:
Nghiém t&t nhéit

Gia tri ham myc t

£

100 200
Thé hé

75.495
1 69,340
300

Hinh 13. D6 th; héi tu LCB, Cp, Cw.

Bdng 4. Két qua tinh toan sic can theo GA,
ham téi uu gom 1 bién so LCB.

Rf [kN] Rw [kN] Rt [kN] [%0]
T tau miu 50.135 28.466 78.601
f1 = min R (LCB) 47.787 162.658 210.445 167.74
f2= min Ru (LCB) 51.670 26.852 78.522 -0.10
f 16i wu (LCB) 50.862 27.152 78.014 -0.75
Bdng 5. Két qud tinh toén sizc can theo GA, ham téi wu nhiéu biéen LCB, Cp, Ch.
Rf [kN] Rw [kN] Rt [kN] [%0]
f b miu 50.135 28.466 78.601
f 1éiwu (LCB) 50.862 27.152 78.014 -0.75
f 1éiwu (LCB, Cp, Cm) 47.236 22.104 69.34 -11.78
Bdng 6. Két qua hiéu chinh théng sé hinh hoc co ban tir tau mau theo gidi thudt GA.
Tau miu Dé xuit Hiéu chinh
[%0]

\% 3048 3005.5 m3 -1.4
Cre 0.866 0.860 -0.7
Cs 0.837 0.826 -1.3
Cwm 0.967 0.960 -0.7
LCBms -0.013 -1.2 % -1.187
R+ 50.135 47.236 kN -5.8
Rw 28.466 22.104 kN -22.3

Trong bang 6, két qua tinh toan toi uu
bang giai thuat di truyén thé hién cac thong )
dé xuat thoa ham da muc tiéu vé suc can ma
sat va suc can song, trong khi van dam bao
nam trong pham vi rang budc ban dau.

5. Két luan

Bai béo di trinh bay két qua tdi vu thong
s6 hinh déang tau tir tu mau. Ham muc tiéu
trong nghién ctru nay thé hién thdng qua thanh
phan suc can ma sat va sic can séng trong

phuong phap tinh Holtrop. Céc thong sd t6i uu
trong giai thuat di truyén duoc trinh bay gdm
LCB, Cp, Cb, Cwm. Giai thuat t6i wu di truyén
duoc xay dung nham tu dong héa cong tac
thiét ké thay doi hinh dang tau theo huéng
giam suc can, trong khi rang buoc gitr nguyen
thong sb kich thudc co ban tau gom chiéu dai
toan tau, chiéu rong va chiéu chim luong
chiém nuéc caa tau mau. Hiéu qua cua giai
thuat toi wu di truyén thé hién ré qua két qua
tinh toan, cu thé gia tri ham muc tiéu sic can
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ma st giam 5.8 %, strc can song giam 22.3 %
SO V&i tau mau.

Trong cé4c nghién ctru sip téi, nhom tac

gia s& trién khai 1am tron hinh dang tuyén hinh
thong qua céc thong sé hinh hoc téi wu duoc
dé xuat tir giai thuat GA. Viéc nay co y nghia
quan trong trong viéc danh gia chat lugng
tuyén hinh tau va st can hinh déang cua tau
thiét kéQ
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