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SU DUNG THUAT TOAN DI TRUYEN VA PHUONG PHAP
TIM KIEM KHONG GIAN TRONG VIEC LUA CHON TOI UU
CAC THAM SO CUM CANH TRUOC CUA TEN LUA
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2Dai hoc Ky thudt Lé Quy Don

Tém tit
Vén dé t6i wu bién dang khi dong tén lira luon dugc nhiéu tic gid quan tim nghién ctru khi
tinh toan thiét ké méi ciing nhu cai tién cac loai tén lira. Mot trong cac budc quan trong ciia
bai toan cai tién tén lira diéu khién mot kénh 1 can lua chon cac tham sb thiét ké cum canh
trude cua tén lira mot cach tdi wu theo cac muc tiéu va rang budc khac nhau. Bai bao sir dung
thuat toan di truyén (GA) va phuong phap nghién ctru khong gian tham sé (Parameter Space
Investigation - PSI) dé tim 10i giai cho bai toan tdi wu da muyc tiéu. Pua ra by tham s thiét ké
t6i wu clia cum canh trude tén lira ddi v6i cac ham muc tiéu 1a tinh 6n dinh va tinh diéu khién
duoc ciia tén lra. Két qua t6i wu nhan dugc tir hai phuong phap dugc so sanh voi muc dich
khing dinh d¢ tin cay cua 16 giai.
Tir khéa: Toi wu da muc tiéu; bién dang khi dong tén lia; thudt toan di truyén (GA); phwong phap
nghién ciru khéng gian tham sé (PSI).

1. Pit van dé

T6i wu da myc tiéu bién dang khi dong tén lira 1 van d& luon duge quan tam khi thiét
ké moi ciing nhu khi céi tién tén lira. Cac nha thiét ké luén c¢b gang lya chon phuong 4n
thiét ké t6i uru cho san pham ctia minh boi nhiéu wu thé ma noé mang lai nhu tiéu thy nhién
liéu hiéu qua hon, dat cy ly bay xa hon, c6 kha ning diéu khién dé dang hon... [1-3].

Bién dang khi dong 1a cac bé mit gii han hinh dang chay bao cua tén lira. Trong
bai toan t6i uu bién dang khi dong tén ltra, cac tham sd tdi wu 14 cac kich thudc xac dinh
vi tri cac diém gidi han bé mat chay bao. Mot bai toan t6i uu bién dang khi dong thong
thudng 13 bai toan tdi wu cho nhiéu tham s6. Cac dang ham muyc tiéu duoc chon khi giai
bai toan toi wu bién dang khi dong tén Itra 1a: hé s chat lugng khi dong, tam bay, van
tc, hé s luc can, hé s6 luc nang, tinh 6n dinh, tinh diéu khién dugc... [4-6]. Pong thoi,
gidng nhu mot bai toan tdi vu thong thudng, phuong an thiét ké duoc chon phai thoa
min cic ham rang budc nhit dinh thudc 16p dbi twong nghién ctru nhu tan sd dao dong
riéng, tan sé quay quanh truc doc, hé s6 qua tai cho phép... [7, 8]. Bai toan tdi wu bién
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dang khi dong tén lira 1a bai toan tdi vu da muyc tidu.

Tén lira 9M14M 1a loai tén Lira chéng tiang thé hé I d3 duoc nhiéu nude trén thé
gidi str dung c6 hiéu qua, trong d6 c6 Viét Nam. Ciing nhu cac nude dang phat trién
khac, nhu cau cai tién loai tén lira ndy cta quan doi ta 13 rat 16n. Hudng cai tién cha yéu
1a thay d6i cau hinh tén lira voi phan chién ddu méi ¢6 uy luc 16n hon. Khi d6, toan bd
cac dic trung khoi luong, quan tinh cta tén lira bi thay d6i. Dé dam bao kha ning diéu
khién tén lira tAn cong muc tiéu can thiét phai thiét ké lai phdi tri khi dong cua né.

Noi dung nghién ctru chinh cta bai bao 1a giai quyét bai toan t6i wu cac tham sb
cum canh trude cua tén lora diéu khién mot kénh cai tién st dung hai thuat toan khac
nhau. So sanh két qua cua hai thuat toan dé kh:fmg dinh d¢ tin cdy cua 101 giai. Trong do,
GA dugc biét dén la thuat toan dua trén quy luat tién hoa cta tu nhién, ¢ thé giai dugc
tat ca cac dang bai toan t6i wu don, da muc tiéu véi cac dang ham muc tiéu bat ky, ké ca
cac ham khong tudng minh [9]. Phuong phap PSI 1a mot phuwong phép t6i wu dua trén
vi€éc phan tich cac diém thu nghiém thudc khong gian tham sb, tir d6 lya chon ra
phuong an thiét ké t&i wu [10].

2. Xay dung bai toan t6i vu da muc tiéu

Pbi twong nghién ciru ctia bai bao 1a tén lira diéu khién mot kénh tdm gan cai tién
kiéu 9M14M [11] v6i phan chién dau thay doi. Trong diéu kién cac kich thudc hinh hoc
khac ctia than va canh tén Itra khong thay doi, dit ra yéu cau t6i wu cac tham sb thiét ké
cum canh trudc. Canh trude cia tén Itra dugc chon 1a canh phéng dang hinh thang va
profile c6 chiéu day khong d6i. Khi do, dé xac dinh vi tri va giéi han ctia canh c6 thé sir
dung 5 tham sb sau (Hinh 1): sai canh Li; day cung gdc canh boy; ddy cung mat canh
bi1; goc mili tén X1 va vi tri diém bét dau day cung gdc canh Xa.
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Hinh 1. Hinh anh phéi tri so do khi déng ciia tén lira.

Ham muc ti€u duogc chon dé toi uwu la @6 du trir On dinh tinh va tinh diéu khién
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duoc cua tén Itra. Hai ham muc ti€u nay mang y nghia trai ngugc nhau. Tén Itra c6 do
6n dinh tinh cao thi kho diéu khién hon va nguoc lai, tén lira c6 d6 6n dinh tinh thap thi
d& diéu khién [12]. Muc dich cua bai toan t6i wu da myc tiéu 1a tim dugc tip cic nghiém
t6i wu theo cac ham muc tiéu (nghiém Pareto) va x4y dung dugc duong cong thé hién su
phu thudc 13n nhau giita hai ham muc tiéu nay (dudng bién Pareto) [10].

Trong cac ham muc tiéu, do dy trir on dinh tinh duoc xéac dinh khi tinh toan cac hé
s6 khi dong cua tén Itra. Trong khi d6, ham muc tiéu dac trung cho tinh diéu khién dugc
cua tén ltra dugc xac dinh khi giai bai toan dong luc hoc chuyén dong bay cua tén lua.

Do dy trix On dinh tinh cua tén lua 1a gia tri khong thr nguyén va dugc xac dinh
theo vi tri trong tAm Xr, vi tri tAm ap Xr va chiéu dai dic trung Lrer theo cong thic:

Xp — Xe

K, =— 1
Od I-ref ( )

Tén lira ¢6 tinh 6n dinh tinh khi hé s6 K_, <0. Hé s6 nay cang nhé hon 0 thi tén lira ¢6 do
6n dinh cang 16n.

Tinh diéu khién duoc cua tén lira dugc dinh nghia 1a viéc dap trng ctia tén ltra theo
lénh diéu khién. V&i cac tén lira st dung canh lai khi dong, tinh diéu khién dugc 1a ti s6
gifta goc tan cong can bang a,, va goc léch canh 14i can bang 0,4, [7]khi tén ltra ¢ trang
thai cdn bang mo-men. Goc 1éch canh 14i ti 16 thuan véi luc diéu khién do nd sinh ra. Do
d6, co thé quy do6i va xac dinh tinh diéu khién dugc cua tén Itra chinh 1a ti 1¢ giita goc
tan cong can bang a,, valuc diéu khién tac dung twong tng. Ddi voi dbi twong nghién
ctru trong bai bdo, trong qua trinh bay td1 muc tiéu tén ltra luén quay quanh truc doc, luc
diéu khién 13 thanh phan lyc phap tuyén dugc sinh ra do l1éch hudng ludng phut cia
dong co hanh trinh [12]. D4i voi tén lira ludn quay quanh truc doc goc tan cong can
bang a, la goc tan cong can bang khong gian va duoc xac dinh boi goc gitra truc doc
cua tén lira va vecto van toc cua no.

Dé xay dung biéu thirc tinh toan dinh luong tinh diéu khién duoc ciia tén lira sir dung
khai niém luc diéu khién trung binh Fu, 13 gia tri luc diéu khién sinh ra trong mdi vong quay
cta tén Iira. Tinh diéu khién duoc cua tén lira dwoc dinh nghia 1a dap tng ciia tén lira theo
1énh diéu khién trung binh trong mdi vong quay va duogc xac dinh theo biéu thc:
Aoy

F

th

Ko = (2)
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Gia tri K, nhan dugc tir viéc gidi bai toan mo phong dong lyc hoc khi tén lira
chuyén dong ¢ giai doan bay bang hanh trinh 6n dinh. Khi d6, luc diéu khién tac dung it
thay d6i va goc tin can bang khong gian dugc xéac lap it thay doi. Gia tri K & cang 1on thi
tén lra cang dé diéu khién. Gia thiét bai toan toi wu can cuc tiéu hoa gia tri cac ham muc
tiéu. Khi d6, ham muyc tiéu theo tinh 6n dinh va tinh diéu khién duoc c6 thé dugce xac dinh
nhu sau:

CDl — 1 — Lref (3)
|Kod| Xe = Xg

o, -+ _Fo (4)
K %

Bai toan tbi wu da muc tiéu bién dang khi dong dugc phat biéu téng quat nhu sau:
Trong ving gidi han cac tham s thiét ké:
)_(min S )_( S )_(max (5)

tim cac tham s thiét ké ciia cum canh truéce tén Itra:

{X} ={Lkl X, by by Xa} = {X1 X5 X X, X5} (6)
dé dat dugc muc dich cua bai toan tdi wu da muc tiéu:
min{CDl(X),(DZ(X)} @)

Vung gidi han cua cac tham s6 thiét ké duoc chon mot cach so bo dua trén kinh
nghiém thiét ké, do bén chiu tai cia ban canh va phu thudc vao so do phdi tri khi dong
chung cua tén lira, cling nhu phu hop véi kich thude ctia hom bao quan, cy thé nhu sau:

Xmn=[ 70(mm) 0° 50(mm) 20(mm) 0(mm)]
_ (8)
Xme=[80(mm) 10° 60(mm) 50(mm) 10(mm)]|

Céc rang budc co ban dbi voi 16p tén ltra dugc nghién ciru bao gom [8]:

- Tan s6 dao dong riéng trong kénh doc: Tan s dao dong riéng cua tén lira trong

kénh doc f; khi bay véi van tde cuc tiéu phai 16n hon gia tri cho trudce:

1 [m* pV2
f=— |+—mMS L >f =15Hz 9
z 27[\/\11 2 M “ref zmin ( )

- Tan s6 quay quanh truc doc: Tan sd quay quanh truc doc khong nho hon 2 1an so

Vi tan sO dao dong riéng trong toan bo dai van toc dé tranh hién tuong cong hudng:
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Y
f o2l > 0f, (10)
m,*

- Gi4 trj 16n nhét cta tan s6 quay bi giéi han béi tan s tac dong t6i da ciia may 1ai:
f <f,/4 (11)

- Qué tai phap tuyén cia thiét bi bay nymin & van toc thap nhat phai 1on hon gia tri
qua tai toi thiéu nmin = 1,1 dé dam bao quy dao bay bang:

2 5
Nymin = MS_M(&C;C _ijé‘max 2 N =1,1 (12)
2 mg{m’
- D¢ dy trit 6n dinh tinh cua tén lira phai nho hon 0:
K, = XTL_—XF <0 (13)

ref

Gia tri cac ham muc ti€u va cac rang budc nhan dugc mot cach dz‘iy du tir viée tinh
toan cac tham sé khi dong va mo phong dong luc hoc chuyén dong bay cia tén Itra [13].
Bo cac tham sé hé sd khi dong tng voi mdi phuong an thiét ké duoc tinh toan bing
phan mém ban thyc nghiém Missile Datcom [14].
3. Phwong phap nghién ciru khong gian tham s6 giai bai toan toi uvu da
muc tiéu

Phuong phéap nghién ctru khong gian tham sb 1a phuong phap dua trén viéc phan tich
gi tri cac ham muc tiéu va rang budc nhan duoc tir két qua tinh toan, mo phong dbi véi mot
s6 luong cac phuong an thiét ké thir nghiém khac nhau trong khong gian tim kiém. Céc
phuong an thiét ké thir nghiém nay dugc xac dinh theo chudi LP; [10] vdi cac phan tir o
dugc tinh toan theo cong thure sau:

o, =§m:2k“{%i[z{iz'}][2{r}”2“'}}} (14)

k=1 1=k

m =1+[ln%n 2] (15)

Dau ngoic vudng [] va ngoic nhon {} twong Gng 1a phan nguyén va phan thap
phan cua s6 nam trong ngoac. Gia tri r" dwoc tra theo j va | trong bang Phy luc 1 [10];
Véi i 1a sb thir tu ciia phan tir thudc chudi LP; (i =1+N, véi N 1a téng s6 phuong an thiét
ké thir nghiém trong khong gian tim kiém) va j 1a sé tht ty cua cac tham sé thiét ké can
t5i wu (j = 1+5). Trong ving khong gian tim kiém xac dinh toa d6 cac diém
A =(X, %, %, ;,%) theo cong thirc (16):
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Xj = Xjmin +(ijax _ijin)qi,j (16)
Khi s lugng diém trong khong gian tim kiém N dii I6n thi cac diém Al s& phan b
déu trong khong gian tim kiém. Thuc té trong nhiéu bai toan, s6 lugng diém N khong
can qua 16n ciing co thé dat yéu cau tim kiém [10].
So d6 giai bai toan téi wu da muyc tiéu theo phuong phap nghién ctru tim kiém
khong gian tham s6 duoc thé hién trén hinh 2.

A 4

.| Rang budc tham sb Tinh todn chudi LP
> thidt ké 1Inh toan chuoi1 T

\ 4

Tinh toan toa do va hé )
khi dong cac diém
thtr nghiém

\ 4

Mo phdéng dong hoc bay

Sai

Kiém tra cac
rang budc

Lua chon toi uu

Hinh 2. So do thudt todn theo phirong phdp nghién ciru khéng gian tham so.

Dbi véi mdi phuong an thiét ké cum canh truéc cua tén lia, tién hanh tinh toan
c4c tham sé khi dong cua tén hra va giai bai toan mé phong dong luc hoc bay tuong tng
VGi timg diém tinh toan Al. Tir két qua tinh toan va mé phong, chon ra cac phuong an
thiét ké thoa man tat ca cac diéu kién rang budc, goi 1a tap cac diém chap nhan duogc D.
Truong hop tap D rdng can quay lai thay doi cac ham rang budc, tinh toan lai cac phan
tir ciia chudi LP; va céc tham sé thiét ké trong khong gian tim kiém.
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Anh cua tap D trong khéng gian muc tiéu goi 1a tap cac diém c6 kha ning.
Nghiém cua bai toan t6i wu da myc tiéu (dudng bién Pareto) s& duoc tim thay tir tap hop
cac diém c6 kha nang.

Thuat toan xéac dinh dudng bién Pareto cho bai toan t6i wu da muc tiéu duge md ta
nhu sau (Hinh 3): Panh ddu diém A' nao d6 tir tap D. So sanh nd véi tat ca cac diém
con lai cua tap D va loai bo tat ca cac diém ma chic chin kém hon A (nghia 1a cac
diém co gia tri ham muc ti€u 16n hon gid tri ham muc tiéu tai Al ). Tiép theo, tir cac
diém con lai ta chon ra mot diém chua duoc danh dau, vi du A”l, va danh du né. So
sanh diém nay voi tat ca cac diém con lai (ké ca A") va loai bo cac diém chéc chin kém
hon A, Sau mot s6 hitu han cac buée 1ap s€ nhan duoc cac diém dugc danh dau - goi1
1a cac diém hiéu qua va khi ndi cac diém hiéu qua nay sé tao thanh dudng bién Pareto -
101 giai ctia bai toan tbi uu.

A
@,

Puong bién Pareto

O 1

Hinh 3. Thudt toan tim dwong bién Pareto cua phwong phap PSI.

4. Thuét toan di truyén giai bai toan tdi wu da muc tiéu

Thuat toan di truyén cling nhu cac thuat toan tién hoa noi chung, hinh thanh dua
trén quan niém cho rang qua trinh tién héa ty nhién 1a qua trinh hoan hao nhét, hop 1y
nhat va ty n6 di mang tinh t6i wu. Qua trinh tién héa t6i wu & chd, thé hé sau bao gio
cling tot hon (phat trién hoan thién hon) thé hé trudc. Tién héa ty nhién duoc duy tri
nho hai qua trinh co ban: sinh san va chon lgc ty nhién. Xuyén sudt qua trinh tién hoa tu
nhién, cac thé hé méi ludn duoc sinh ra dé bd sung thay thé thé hé cii. Ca thé nao phat
trién tot hon, thich ing hon v&i méi trudng s& ton tai. Ca thé nao khong thich ing dugc
v&1 moi truong s€ bi dao thai.
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Bai bao sir dung cong cu Gamultiobj ciia Matlab dé giai bai toan t6i wu da muc
tiéu bién dang khi dong tén lra. Cong cu nay duoc xay dung dua trén co s¢ thudt toan
NAGA Il (Non-dominated Sorting Genetic Algorithm I1) [15].

Thuat toan NSGA 1l dugc xay dung trén co s& két hop 2 thuat toan: thuat toan
tién hoéa dé lwa chon phat trién nhimg diém (hay con goi 1a ca thé) toi wu va thuat toan
phan bd déu khoang cach (crowding distance) dé c6 phan bd hop 1y cac diém tdi wu trén
duong cong Pareto.

Trong thudt toan ndy, c6 hai quan thé co kich thude khong d6i duogce str dung: P 1a
quan thé tot nhat duoc chon loc qua cac thé hé, Q 1 quan thé con dugc sinh ra tir quan
thé P boi cac quy luat di truyén (qua cac phuong phap lai ghép va dot bién). So d6 thuat
toan duogc trinh bay trong hinh 4.

Khai tao quan thé
ban dau P, Q
A 4
Panh gia thich nghi Tao thé hé con Q
A
A\ 4
Xac dinh gTuc‘mqg cong Chon loc quén thé
tur hai quan thé P, Q thich nghi méi P

A

Sal Xéc dinh

bicu ki¢n dimg khoang cach phan bd

Két thac

Hinh 4. So dé thudt todn NSGA 11 duoc sir dung.

Thuat toan di truyén NSGA 1l bao gdm cac budc co ban nhu sau:

- Xac dinh cac duong cong uu thé: Can danh sb thtr tu cac duong cong uu thé va
xéc dinh cac c4 thé trong hai quan thé P va Q nam trong timg duong cong. Puong cong
ru thé dau tién bao gom tit ca cac ca thé khong bi bat ky ca thé khac chiém uu thé.
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DAy ciing chinh 12 dudng cong Pareto can xac dinh. Puong cong thir hai chira tat ca cac
ca thé ma chi bi ca thé & duong cong thtr 1 (hay con goi 1a duong cong Pareto) chiém wu
thé. Hinh 5 biéu din su sdp xép cac ca thé trén cac dudng cong vu thé v6i cac ham muc
tiéu cuc tiéu @1 va D,.

- X4c dinh khoang cach phan bd (crowding distance): Khoang cach phan b cho
phép xéac dinh mat do cac cé thé trong mot quén thé.

- Lua chon quan thé thich nghi méi P: Trong giai thuat NSGA IL phép chon lra
duoc thuc hi¢n theo nguyén tac nhu sau:

+ Nhitng c4 thé ndm trén dudng cong uu thé c6 s6 thir ty nho thi tét hon cac ca thé
nam trén duong cong wu thé co sb thir tw 16n hon.

+ Néu hai c4 thé cing nam trén mot dudng cong uu thé, thi ca thé nao co khoang

cach phan bd nho thi tot hon.

D, A

Pudng cong s6 3
Puong ddng 562

Buong cong sb 1
» (Dl

Hinh 5. Phén bo va sdp xép cdc cd thé trén dwong cong wu thé.

Phuong phép chon liwa nay cho phép giit lai nhitng cé thé tot nhat qua nhiéu thé hé
tién hoa, dong thoi gitp phan phdi déu cac ca thé trén duong cong Pareto.
5. Két qua bai toan tdi wu cac tham so thiét ké clia cum canh trude

Ung dung cac phuwong phap dugc mo ta trong muc 2 ciia bai bao nay dé giai bai
toan ti wu da muc tiéu cac tham sé thiét ké cum canh trudc tén lira co diéu khién mot
kénh tam gan voi cac ham muc tiéu duoc xét theo do dy trir on dinh tinh va tinh diéu
khién dugc cua tén hra. S6 lugng phuong an tim kiém ban dau N = 1024 phuong én.
Bang 1 thé hién phan dau va phan cudi gié tri tham sé cac phuong an va ham muc tiéu
tuong ung.

Bang 1. Tham s thiét ké va ham muc tiéu mét s6 phirong dn tim kiém ban dau theo PSI

b, , mm

[ L., mm

X, 6

01

B,,, mm X

a !

mm @,

@,

75,000

5,000

55,000

35,000

5,000

2,488

15,662

105



Journal of Science and Technique - ISSN 1859-0209

i L,,, mm X,,do By;, mm b,,, mm X, , mm D, D,
2 72,500 7,500 52,500 42,500 2,500 2,294 15,768
3 77,500 2,500 57,500 27,500 7,500 2,660 15,424
4 71,250 6,250 58,750 46,250 6,250 2,227 16,440
5 76,250 1,250 53,750 31,250 1,250 2,667 14,620
1020 72,490 0,049 53,506 48,564 7,119 2,494 14,441
1021 77,490 5,049 58,506 33,564 2,119 2,646 14,561
1022 74,990 7,549 51,006 26,064 9,619 2,347 16,080
1023 79,990 2,549 56,006 41,064 4,619 3,077 13,228
1024 70,005 6,274 54,019 30,649 1,304 2,160 16,319

Tir bang 1, loai bo cac phuong an khong thoa man cac diéu kién rang budc cua bai
toan t6i wu, nhan duoc tap D cac phuong an con lai. Xac dinh cac diém Pareto cua bai
toan toi wu da muc tiéu theo thuat toan duoc trinh bay nhu & muyc 2:

- Chon mat diém bat ky trong tap D.

- So sénh gié tri cd&c ham muc tiéu tuong tng cua nd vai gia tri cac ham muc tiéu
cta cac diém con lai. Biém nao c6 gié tri ham muc tiéu Ién hon thi loai bo khoi tap D.

- Tiép tuc lap lai cac bude trén ddi voi tap cac diém con lai. Sau mot s6 vong lap
nhan duoc tap cac diém Pareto.

Loi giai cia phuong phap PSI 1a tap bién Pareto gdom 25 diém. Toa do cac diém va
ham muyc tiéu twong tng duoc trinh bay trong bang 2.

Bang 2. Tham sé thiét ké va ham muc tiéu cdc phwong dén t6i wu theo PSI

STT i L,,, mm X,,do By, , MM b,,, mm X, , mm D, D,
1 74 73,203 6,016 54,609 48,359 5,391 2,370 14,905
2 109 77,109 7,109 56,328 49,766 1,484 2,632 13,595
3 128 70,039 9,961 53,086 37,227 5,508 2,105 17,240
4 191 79,883 6,680 52,617 48,945 4,102 2,853 12,503
5 192 70,117 3,320 57,852 48,242 4,648 2,278 14,953
6 226 72,773 3,477 54,883 38,398 9,805 2,398 14,897
7 352 70,254 9,004 56,035 22,520 4,316 2,075 18,094
8 416 70,215 7,012 53,262 46,777 0,996 2,174 16,181
9 449 75,137 3,340 56,309 39,980 6,855 2,571 14,111
10 496 70,605 5,684 57,402 42,324 6,074 2,217 15,933
11 501 76,855 6,934 58,652 46,074 7,324 2,597 13,815
12 512 70,010 7,529 57,041 49,678 7,412 2,137 16,314
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STT i L,,, mm X,,do By, , MM b,,, mm X, , mm D, D,
13 552 70,791 9,873 59,385 20,146 2,568 2,062 18,223
14 639 79,932 2,451 52,432 49,443 6,396 3,413 10,838
15 650 73,174 0,615 50,439 49,795 2,529 2,538 14,296
16 672 70,205 9,521 50,596 42,764 9,873 2,132 17,170
17 744 70,908 6,631 52,236 48,154 2,139 2,222 15,749
18 832 70,107 9,150 58,545 28,057 1,221 2,092 17,821
19 834 72,607 1,650 56,045 35,557 3,721 2,421 14,487
20 926 74,756 6,533 54,209 49,736 7,510 2,475 14,346
21 940 72,100 1,377 57,178 39,893 2,041 2,410 14,610
22 943 79,600 3,877 54,678 47,393 9,541 3,021 11,626
23 944 70,537 9,814 55,615 23,955 8,604 2,083 17,896
24 953 76,162 5,439 57,490 48,330 4,229 2,717 12,726
25 976 70,459 6,143 59,912 48,096 9,150 2,237 15,317

Khi giai bai toan téi wu theo phwong phap GA bang cong cu Gamultiobj cua
Matlab véi dich hoi tu 1a 10° ta nhan duoc bién Pareto gém 18 diém. Toa do cac diém
Pareto va gia tri cAc ham muc tiéu twong ung dugc trinh bay trong bang 3.

Bang 3. Tham s thiét ké va ham muc tiéu cdc phwong an t6i wu theo GA

i L,,, mm X,,do By, , MM b, mm X, , mm D, D,

1 79,303 2,086 56,383 48,267 9,138 3,311 10,709
2 70,139 9,273 54,558 36,218 1,221 2,064 18,174
3 76,456 2,081 56,311 46,829 8,328 2,755 12,942
4 79,113 2,470 56,870 48,148 9,254 3,236 11,295
5 71,847 2,111 56,182 46,610 5,333 2,375 14,336
6 75,534 2,195 55,292 39,207 7,778 2,639 13,722
7 78,404 2,245 55,214 47,140 8,497 2,950 11,818
8 71,333 7,282 55,278 43,447 4,743 2,222 15,510
9 78,963 2,173 56,472 47,882 8,660 3,106 11,747
10 76,272 3,725 55,694 42,424 5,164 2,667 13,175
11 70,199 7,956 54,584 36,458 1,508 2,151 16,889
12 73,654 4,301 55,511 47,395 8,250 2,457 14,335
13 74,470 2,327 55,854 47,069 8,188 2,571 14,185
14 71,116 8,072 55,625 45,701 3,584 2,193 16,213
15 71,415 3,145 54,744 42,864 2,006 2,331 14,920
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i L., mm X,,do Dy, , MM b, mm X, , mm D, D,
16 79,303 2,086 56,383 48,266 9,138 3,311 10,709
17 77,260 2,618 56,389 48,237 8,886 2,817 12,378
18 70,141 9,261 54,536 36,235 1,508 2,114 17,174

Hinh 6 thé hién db thi so sanh bién Pareto nhan dugc tir hai phwong phap. Tir do
thi nhan thiy, duong bién Pareto nhan duoc tir hai phuong phap khé tring nhau. Vé mit
dinh tinh, diéu ndy cho thiy d¢ tin cay chip nhan duoc cua 10i giai nhan dugc tir hai
phuong phap.
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Hinh 6. So sanh loi gidi t6i wu cia thudt todn GA va phiong phép PSI.

Trong tap cac diém Pareto, ta quan tdm dén cic diém twong Gng VGi gia tri cuc
tiéu caa mi ham muyc tiéu (tén lira 6n dinh nhat va dé diéu khién nhat). Bang 4 thé hién
cac tham s thiét ké va ham muc tiéu twong tng nhan duoc tir hai phuong phép.

Bang 4. Tham s6 thiét ké va ham muc tiéu mét so phuong dn t6i wu

Plglﬁg;g L.mm | X,,do | by,,mm | b,,mm | x,,mm | @, @, Cthl,j
PSI 70,791 9,873 59,385 20,146 2,568 2,062 | 18,223 min
GA 70,139 9,273 54,558 36,218 1,221 2,064 | 18,174 ®,
PSI 79,932 2,451 52,432 49,443 6,396 3,413 | 10,838 min
GA 79,303 2,086 56,383 48,267 9,138 3,311 | 10,709 @,

Tir bang 4 nhan thay rang, gia tri cac ham muc tiéu d6i voi phuong an t6i wu nhan
duoc tir hai phuong phap c6 d6 sai léch khdng Ién. Bdi voi muc tiéu cuc tiéu tinh on
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dinh (d1) thi phuong phap PSI cho phuong an tdi wu voi ham muc tiéu tinh 6n dinh tét
hon, nhung ham muc tiéu tinh diéu khién duoc lai kém hon. Trong khi d6, voi muc tiéu
cuc tiéu tinh diéu khién duoc (@) thi phuong phap GA cho phuong an tdi uu vai ca hai
ham muc tiéu déu tét hon (c6 gia tri nho hon).

Déi véi tén lira co diéu khién, ching ta quan tam téi tinh diéu khién duoc cua nd va
khi d6 bai toan thiét ké dat ra 1a cAn chon phwong an thiét ké dam bao cuc tiéu ham muc
tiéu @,. Tir két qua tdi uu nhan dugc tir hai phuong phap (Bang 4), nhan thiy 1oi giai
nhan duoc tir phuong phap GA cho gia tri cd&c ham muc tiéu tét hon nén bo tham sé
thiét ké nhan duoc khi sir dung phuong phap GA dugc chon 1a phuong an téi uu. Nhu
vay, cac tham s thiét ké ciia cum canh trudc ti wu trong trudng hop nay Ia:

{x*} ={79,303mm 2,086° 56,383mm 48,267mm 9,138mm}

Bo tham sé thiét ké cum canh trudc téi wu duoc Kiém tra lai va thoa man tat ca
cac diéu kién rang buoc (9) + (13). Ngoai ra, véi yéu cau thiét ké dat ra la quan tam téi
tinh 6n dinh (d®, — min) hoic la quan tdm t6i su can bang giira tinh 6n dinh va
tinh diéu khién dugc cua tén lira, c6 nghia 1a gia tri ham muyc tiéu téng quat
® =0,5®, +0,5®, — min, thi khi d6 hoan toan c6 thé dé dang nhan duoc bo tham sé

t6i wu theo yéu cau.
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Hinh 7. a) So sanh sé lirong tinh toan cia thugt todn GA; b) phuwrong phép PSI.

Vé s6 lugng cac vong lap tinh toan, nhan thay phuong phap PSI ¢o s6 lugng tinh
toan it hon dang ké so voi phuong phap GA, do d6 tiét kiém thoi gian va tai nguyén
may tinh hon. Hinh 7 1 két qua so sanh sé lugng cac vong lap tinh toan (s6 lugng cac
phuong an can tinh toan) dé nhan duogc loi giai nhu trén.
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Diéu nay duoc ly giai 1a do trong thuat toan GA céc thé hé sau duoc sinh ra mot
cach ngau nhién, khdng kiém soat duoc kha ning hoi tu loi giai. Nhat 1a dbi véi nhiing
bai todn c6 sb lugng tham sé thiét ké 16n, ¢ nhiéu ham rang budc thi sé lwong tinh toan
theo thuat toan GA bj ting 1én dang ké. Trong khi d6, & phwong phéap PSI, sb luong tinh
toan duoc khdng ché va thiét 1ap ngay tir dau.

Diéu nay cho thiy, dé gisi han tai nguyén may tinh, giam thoi gian va khéi luong
tinh toan trong viéc giai bai toan téi wu da muc tiéu bién dang khi dong tén lua, c6 thé
str dung phwong phap nghién ctru khdng gian tham sb.

6. Két luan

Bai béo trinh bay phuong phap t6i vu da myc tiéu bién dang khi dong tén lia diéu
khién mot kénh sir dung hai thuat toan téi wu da muc tiéu Ia thuat toan GA va phuong
phap PSI. Pi x4c dinh dugc duong bién Pareto 12 1oi giai cua bai toan t6i wu bién dang
khi dong cua tén lira dugc nghién ctu véi cac ham muc tiéu 1a d6 du trix on dinh tinh va
tinh diéu khién duoc. Két qua nghién cau cho thay duong bién Pareto nhan dugc tir
phuong phap PSI tuong dong véi duong bién Pareto nhan duoc tir thuat toan GA va thé
hién d6 tin cay cua loi giai nhan dugc.

Sau khi nhan dugc dudng bién Pareto 12 16i giai cua bai todn téi uvu da muc tiéu, cin
ctr vao yéu cau thiét ké cu thé duoc dé ra, hoan toan c6 thé lya chon dugc phuong an tdi
vu tuong (ng. Trong bai bao di dua ra bo tham s thiét két tdi vu cum canh trude cia tén
lra c6 diéu khién mot kénh khi quan tAm t6i tinh diéu khién duoc cua no.

Khi so sanh uu, nhugc diém cua hai phuong phap nhan thay phuong phap nghién
ctiu khong gian tham s6 ¢ mot s6 wu diém hon so véi thuat toan di truyén nhu: khoi
luong tinh toan it hon, cho 15i giai nhanh hon, chap nhan céc dang ham muyc tiéu va rang
budc khac nhau. Do d6, phuong phap nghién ciru khdng gian tham sé phu hop dé ap dung
dbi vai cac dang bai toan téi wu véi sb lwong tham sé 16n, nhiéu ham muc tiéu va nhiéu
rang buoc phuc tap hon.
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USING THE GENETIC ALGORITHM AND THE PARAMETER

SPACE INVESTIGATION METHOD IN OPTIMIZING SELECTION
OF THE FRONT WING PARAMETERS OF THE MISSILE

Abstract: The problem of optimizing missile aerodynamic shape has always been of interest
to many authors when calculating new designs as well as improving missile types. One of the
important steps in the problem of improving the one-channel missile is to choose the optimal
design parameters for the front wing according to different criteria and constraints. The genetic
algorithm (GA) and parameter space investigation (PSI) method are used to solve the problem in
the article. Given the optimal set of design parameters of the missile front wing for the objective
functions are the stability and controllability of the missile. The optimal results obtained from the
two methods are compared for the purpose of confirming the reliability of the solution.

Keywords: Multi-objective optimization; missile aerodynamic shape; genetic algorithm (GA);
parameter space investigation (PSI).
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