CONG NGHE https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

GIAI PHAP TRIET NHIEU CHO HE ANTEN TIEN TIEN
DUA TREN K¥ THUAT XU LY RANG BUOC (CHT)
VA THUAT TOAN TOI UU DA V0 TRU (MVO)
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TOM TAT

Bai bdo nay dé xuat mot phuang phap triét nhiéu hiéu qua cho mang anten ludng cuc niia budc séng (HDULA) bang céch két hgp ki thudt xd Iy rang budc
(CHT) véi thudt todn t6i uu da vl tru (MVO). Phuong phap duoc ap dung dé tdi uu hda trong sd phic cia céc phan ti anten trong bén kich ban khéc nhau: ddc
tinh hdi tu, null don, null da va null réng. CHT dugc st dung dé xay dung ham muc tiéu cd rang budc, trong khi MVO dam nhan vai tro tim kiém nghiém t6i uu.
Phuong phap dé xudt cho thay kha néng cai thién hiéu sudt triét nhiéu dang ké, dong thai duy tri dugc bip song chinh trong hé théng HDULA. Két qué md phong
xac nhdn hiéu qué cda phuong phap CHT-MVO, mé ra hudng nghién ctiu tiém nang trong viéc ing dung két hop gita ki thuat xt Iy rang budc va cac thuat todn
t6i Uu héa vao thiét ké va vén hanh hé anten tién tién.

Tir khoa: Ky thudt xit Iy rang budc, thudt todn téi uu da vi tru, mdng anten luGng cuc niia budc song, triét nhiéu, kj thudt ham phat thich nghi, kyj thudt ham
phat tinh .

ABSTRACT

This paper proposes an effective interference suppression method for a half-wavelength dipole uniform linear array (HDULA) by combining a constraint-
handling technique (CHT) with the multi-verse optimization (MVO) algorithm. The proposed method is applied to optimize the complex weights of array
elements under four different scenarios: convergence characteristics, single-null, multi-null, and wide null placement. CHT is employed to construct the
constrained objective function, while MVO is used to efficiently search for the optimal solution. The proposed approach demonstrates significant improvement
in interference suppression performance while maintaining the main beam of the HDULA system. Simulation results validate the effectiveness of the CHT-MVO
scheme and highlight its potential for integration of constraint-handling techniques with metaheuristic optimization algorithms in the design and operation of
advanced antenna systems.

Keywords: Constrained handling technique, multi-verse optimization algorithm, half-wavelength dipole uniform linear array, interference suppression,
adaptive penalty technique, static penalty technique.
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1. GIGI THIEU nang cao hiéu suat truyén théng khéng day. Mét trong
nhing ky thuat quan trong dugc st dung la ky thuat dinh

Trong linh vuc vién théng va xu ly tin hiéu, cac hé ?
dang bup song, gitp diéu khién hudng buic xa cla séng

théng anten tién tién déng vai trd quan trong trong viéc
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dién tur dé tang cudng tin hiéu mong mudn va triét tiéu
nhiéu. Doi vai cac hé thong anten mang tuyén tinh déng
nhat véi phan ti 1a anten ludng cuc ntia budc séng
(HDULA - Half-wavelength dipole uniform linear array), ky
thuat dinh dang bup séng dac biét quan trong trong viéc
cai thién chat lugng tin hiéu va kha nang chéng nhiéu
trong méi trudng c6 nhiéu khéng xac dinh [1].

Mét cach ti€p can hiéu qua dé giai bai toan dinh dang
bup séng la st dung ky thuat dat null (ky thuat dat diém
“khéng”) dua trén diéu khién trong s6 phtic, trong d6 cac
phan ti anten dugc diéu chinh ca bién dé va pha dé dam
bao triét nhiéu tai cac huéng khong mong muén [2]. Khi
do, baitoan dinh dang bup séng c6 thé duge mé hinh hoa
thanh mét bai toan t6i uu cé rang budc, trong dé céac
trong s6 phuc can dugc xac dinh sao cho gian d6 buc xa
déap ung céc tiéu chi mong muén. D& xUt ly cac rang budc
trong bai todn t6i uu nay, nghién ctu ap dung ky thuat xu
ly rang buéc nham chuyén déi bai toan téi uu c6 rang
budc thanh bai toan t8i uu khong rang budc. Cu thé,
chiing t6i khao sét hai ky thuat xt ly rang budc [31]:

e Ham phat tinh (SPT - Static penalty technique): Ap
dung gia tri phat c6 dinh khi vi pham rang budc.

e Ham phat thich nghi (APT - Adaptive penalty
technique): Diéu chinh gia tri phat theo qua trinh t6i uu
dé cai thién kha nang hoi tu [4].

Sau khi xay dung ham muc tiéu bang ky thuat ham
phat, thuat toan t8i uu MVO dugc ap dung dé tim nghiém
t6i uu, xac dinh cac gia tri pha phu hgp cho céc phan tu
anten trong HDULA. MVO la mét thuat todn mé phdng su
gian nd clia va tru va cac co ché vat ly nhu ho trang (white
hole), hé den (black hole) va hiéu (ing gian n& (wormhole)
dé tim kiém nghiém t8i uu trong khéng gian tim kiém.
MVO hoat déng dua vao viéc Idy cdm hiing tir mé hinh da
v tru trong vi tru hoc, trong d6 méi vi tru tugng trung
cho mét nghiém tiém nang clia bai toan t6i uu héa. Cac
vl tru c6 mat d6 nang lugng cao sé c6 nhiéu anh hudng
hon trong qua trinh tim ki€ém nghiém tot nhat [5].

Trong nhiing nam gan day, ky thuat xt ly rang budc
(CHT) da dugc nghién ctiu rong rai dé giadi quyét cac bai
toan t6i uu hda trong linh vuc anten. Mét s6 nghién ctu
da dé xuat cac phuong phép két hgp CHT véi cac thuat
toan t6i uu metaheuristic nham cai thién hiéu suat triét
nhiéu va duy tri bup séng chinh. Vi du, nghién ctu [6-8]
da ap dung SPT dé t6i uu hda trong s6 clia phan tr anten,
trong khi nghién ctu [9] s dung APT dé tang cudng kha
nang triét nhiéu. Nhiing nghién ctu nay cho thay tiém
nang ctia CHT trong viéc t6i uu hda hé théng anten. Dua
trén nhiing nén tang nay, bai bdo nay dé xuat mét
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phuong phap triét nhiéu hiéu qua cho mang anten luéng
cuc nta budc séng (HDULA) bang cach két hgp SPT va
APT v6i MVO thong qua cac mo phong hiéu qua dat null
thich nghi trong cac kich ban nhiéu khac nhau. Két qua
dat dugc cung cap cai nhin truc quan vé vai tro clia cac ky
thuat xt ly rang budc két hop vai MVO trong téi uu héa
dinh dang bup séng cho cac hé théng anten HDULA.
2. MO HINH BAI TOAN

Bai bdo nay nghién ctiu hé thong HDULA, cé cau hinh
mang bao gém M phan tir dugc sap xép doc theo trucy
dugc minh hoa trong hinh 1. Trong bai bdo nay, géc
phuaong vi ¢ sé luén dugc gia dinh la 90°.

Z

Séng téi

Hinh 1. Mang anten luGng cuc gdm M phén tir
M6 hinh buc xa cia mang & goc 0 c6 thé dugc biéu
dién nhu sau:

p(6)=p(8)-AF(8) =EP(0) Y w Y ()

Trong dé:
n
— 0
cos( 5 cos( ))

sin(8)
anten ludng cuc ntia budc séng; AF biéu thi hé s6 mang
theo huéng 6.

* EP(6,9)= Gian d6 buic xa phan ti cda

e P =kdsin(6); k:ZTn: Hé s6 séng; d:%: Khoang
cach gilra cac phan td; \: Bugc séng.

e w,_ =a_e”" : Trong s6 phtic tai phan ti thim véi an,
va &m lan luot 1a bién d6 va pha cua trong sé.

e M: Tdng s6 anten trong mang.

Gian d6 buic xa cia mang HDULA c6 thé dugc biéu
dién dudi dang mét vector nhu sau:

P(8)=EP(6)s(0)w Q)

Trong dé:
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e s: Vector lai
s(e) = [ej(wy),. . .,ej(n”“"yq (3)
e w: Vector trong s6 phuc

w=[w,,...,w,] (4)

Dé dat dugc gian doé bic xa mong mudn véi K null tai
cac hudng (64, bai toan ddi vSi w ¢ thé dugc biéu dién
nhu sau:

max P(8,)

(5)
st P(6,)<P,,

vk=1,...,K

Trong d6: Py la ngudng cho muc dé sau null mong
muén. SO lugng anten cho mang HDULA la N.
3. KY THUAT XU LY RANG BUOC

Cac bai toan t6i uu déng vai trd quan trong trong
nhiéu linh vuc khoa hoc iing dung va ky thuat. Trong thuc
té€, hau hét cac bai toan nay déu yéu cau rang budc cac
bién vat ly théng qua cac diéu kién dang thic va bat dang
thic. DE x( ly cac rang budc nay, nhiéu phuong phéap da
dugc dé xuat [10], trong d6 hai cach ti€p can phd bién la
st dung ham phat va tach biét ham muc tiéu khéi cac
rang budc. Vé mat toan hoc, mot bai toan t6i uu co rang
budc c6 thé dugc mé ta nhu trong [11]:

TGi uu hod f(x)

9;(x)<0,j=12,...j
Véicacrang buéc:  h, (x)=0,k=1,2,..,K (6)

Trong d6:

e f(x): Ham muc tiéu lién quan dén bién vecta x.

e gj(x): Cac rang budc bat dang thuic.

e h(x): Cac rang budc dang thuec.

o x:,xiu : Dai dién cho gia tri giGi han dudi va giGi han
trén tuong Ung ctia thanh phan xitrong x.

DE gidi bai toan t8i uu nay, bai bao da ap dung ky
thuat ham phat thich nghi (APT) va ky thuat ham phat
tinh (SPT) [12]. Khi d¢, bai toan téi uu co6 rang budc (6)
dugc chuyén thanh bai toan t6i uu khéng rang buéc [13].
3.1. Ky thuat ham phat tinh (SPT)

Trong bai bdo nay, ky thuat ham phat tinh (SPT) dugc
ap dung [14], sau d6 bai toan téi uu c6 rang budc (6) dugc
chuyén thanh bai toan téi uu khéng rang budc (7).

Trong phuang phap phat tinh dugc dé xuat trong [15],
hé s6 phat tang dan theo muic d6 vi pham, nhu da dé cap
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trong [16]. Mac du cau tric ciia cac ham phat khong thay
déi, [17] da gidi thiéu mét cach ti€p can trong dé tham s6
phat tinh dugc diéu chinh dua trén mic dé vi pham. Theo
[18], bai todn cé rang budc dugc dinh nghia trong (1) c6
thé dugc chuyén d6i thanh bai toan khong rang budc
bang phuong phap phat tinh nhu sau:

T&i uu hod: {f(x)+&v(x)} 7)
Trong d6, &v(x) : Tham s6 phat.

L4y cam hung tU bai toan t6i uu trong (7), ham thich
nghi clia bai toan téi uu trong nghién ctu nay dugc xac
dinh nhu sau:

F(x,&)=f(x) +&v(x) 8)

Trong béi canh nay, méi rang budc khéng dugc thoa
man sé tac dong dén x bang cach ap dat mot gia tri phat
tuong Ung. Cac gia tri phat nay dugc téng hop va nhan
vGi tham s6 phat &, sau dé dugc can bang vdi f(x). Do do,
néu dé Idn cda tham sé phat € nho so vai f(x), thi viéc toi
thiéu hoa F(x, € c6 kha ning cao sé khong tao ra mot
nghiém x kha thi cho bai toan ban dau. Nguoc lai, néu &
du 1én, muic phat cho bat ky vi pham rang budc nao sé du
I6n dé dam bao rang viéc téi thiéu hoa ham thich nghi sé
dan dén mét nghiém kha thi.

3.2. Ky thuat ham phat thich nghi (APT).

APT chuyén d6i bai toan t8i uu c6 rang budc thanh bai
toan khéng rang budc bang cach thém mét tham sé phat
vao ham thich nghi. Tham s6 phat nay phu thuéc vao mdic
doé vi pham rang budc va cac hé sé phat, c6 thé thay déi
trong qua trinh t&i uu hdéa. Dang téng quat sau day c6 thé
dugc st dung dé xay dung ham muc tiéu da dugc diéu
chinh [3]:

FOO=f00£] 3 19,00+ X1 6h() (©)

Véi F(x) dai dién cho ham muc tiéu c6 phat, con dugc
goi la ham thich nghi, rj va c«la cac hé sé trong s6 duong,
dugc goi la cac hé sé phat.

Bang cach chuyén cac rang budc ddng thiic thanh cac
rang budc bat dang thuc, dac biét trong cac ky thuat dinh
dang bup séng, phuong trinh (9) c6 thé dugc diéu chinh
thanh [3]:

Fo) =0+ 1r.g,(x) (10)

Nam 2019, Kawachi va cong su [19] da gidi thiéu mot
phuong phap thich nghi dé xac dinh hé sé phat (PF) mét
cach dong trong suét qua trinh t6i uu, nham giai quyét
van dé phat qua muc hoac khong du, c6 thé khién qua
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trinh tim ki€ém léch khéi nghiém t6i uu. Cu thé, ho da xay
dung mét ham muc tiéu:
F(x) =f(x) £PF.v(x) k)
Véi V(x) biéu thi d6 vi pham rang budc trung binh va
PF 13 hé s6 phat, sau do ba budc dugc thuc hién nhu sau:
Budc 1: Bang cach so sanh hai cé thé sau, cac Ung vién
cho hé s6 phat PF dugc xac dinh:
_ fix)-f(x)
V(x,)—Vv(x)

PF= (12)

Trong d9, k va | biéu thi hai ca thé khac nhau; PF dugc
xac dinh cho tat ca cac té hgp kha thi trong mot quan thé
nhat dinh.

e Budc 2: Hé s6 phat dugc thiét lap nhu sau: néu ty lé
PF am vugt qua 50%, thi PF gilt nguyén gia tri tur thé hé
trudc; nguoc lai, PF dugc tinh bang trung binh ctia cac PF
duong.

e Budc 3: Hé s6 phat PF dugc diéu chinh. Néu ty lé ca
thé kha thi rf trong quan thé vugt qua press, thi hé sé phat
cho thé hé tiép theo dugc xac dinh nhu'sau [3, 14]:

PFGH :prate‘PFG (1 3)

Trong d6, p,,. €[0,1] va cac tham s6 dugc xac dinh bdi
ngudi dung, Preas.
4.BO PINH DANG BUP SONG PE XUAT DUA TREN APT,
SPT VA MVO

Dé triét nhiéu hiéu qua, bé dinh dang bup séng can
duy tri huéng va doé rong clia bup chinh, déng thai kiém
soat muc bup phu trong gidi han cho phép. Viéc dat null
qua sau c6 thé gay sai léch bup chinh va lam tang muc
bup phu. Do d6, nghién ctu nay st dung ky thuat diéu
khién trong sé phuc dé diéu chinh dap Uing buc xa cda
mang anten, nham dat dugc mau buc xa t6i uu. Céng
thiic xac dinh vecta trong sé phuc téi uu cho bai toan (2)
dugc biéu dién nhu sau:

w, =w,—A (14)

Trong do:

e W,: Vecto trong s6 tham chiéu, dugc tao ra bang cac
phuong phap nhu ky thuat Chebyshev.

e w,: Vecto trong so toi uu.

e A: Su nhiéu loan cua vecta trong sé.

Mé hinh b xa dugc t8i uu hda, véi cac diém null dugc
ap dat, bup séng chinh dugc bdo toan va cac bup séng
phu dugc triét tiéu, dugc moé ta nhu sau:

P,(6)=EP(8)s(6)w, =EP(8)s(6)(w,,—A) (15)
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<P, (8)=EP(0)s(8)w,, —EP(6)s(6)A (16)

<P,(8)=EP(6)AF

«(6)—EP(6)s(6)a (17)

DE ap dat K diém null theo huéng nhiéu véi k= 1,...,
K, trong d6 dé sau diém null (NDL) phai nhé han hodc
bang Sqs so vai dinh clia bup song chinh, cac phuong

trinh thu dugc dugc thiét 1ap nhu sau:

|SA-v, . |<Thr (18)
Trong dé:
Thr=1 o_SdBmlog;g(Pref(eo'%)) (19)
s(6,), s(6)y
_ 5(6:2)1 S(e:Z)M ' 20)
s(6), s(6¢),,
A:[A“,,_,AM]T (21)
Vo =[AF(8),.... AF (8,)]' (22)

Do d6, bai toan t6i uu c6 thé dugc biéu dién nhu sau:

al,

min
N (23)

ref

s.t. max(|SA -v

)—ThrSO

Bai toan nay cé thé dugc giai quyét bang CHT va MVO
dé thu dugc trong sé t6i uu cho mau buic xa mong mudn.

Dai v6i bai bao nay:

fe=|a),

v(x)=max(|SA-v,,|)<Thr (24)

Pé triét nhiéu hiéu qua, bd dinh dang bup séng dugc
thiét ké nham duy tri hudng va dé rong bup chinh, dong
thai ki€ém soat bup phu trong ngudng cho phép. Bai toan
nay dugc biéu dién dudi dang téi uu cé rang budc va
dugc chuyén thanh bai toan khéng rang budc bang hai
ky thuat xr ly rang budc APT va SPT, vé&i ham thich nghi
xac dinh nhu sau:

HAH if v<0
— 2 (25)

- HAHZ+PFmaxUSA—v ]—Thr if v>0

ref‘
Ham thich nghi cla bai toan dugc viét lai bang cach
ap dung SPT nhu sau:

F= ||A||, +PF.max(0, ((|SA— v,ef|) —Thr)) (26)

Trong do: fmax la gid tri I6n nhat trong sé cac gia tri muc
tiéu f dugc tim thay.
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5. KET QUA MO PHONG VA PHAN TiCH

Bai bao sé xem xét bon kich ban dé danh gia cac ky
thuat xtrly rang budc (CHTs) dua trén kha nang triét nhiéu
cta bo dinh dang bup séng. Qua trinh nay bao gém viéc
xU ly cac trong s6 phuc cla tin hiéu kich thich tai tling
phan ti trong mang anten bang thuat toan MVO [8].
Phuong phap dé xuat sé dugc ap dung va danh gia trén
ca phia thu va phia phat.

Tat ca cdc mo phéng trong cac kich ban sé tuan theo
cac tham s6 xac dinh trudc, bao gom viéc sir dung mang
anten ludng cuc nira budc séng vai 20 phan td, thuat toan
MVO véi kich thudc quan thé la 200, 50 1an mé phéng
Monte Carlo va s6 vong lap t6i da la 450. Mau tham chiéu
dugc tao ra bang cach st dung trong sé ti phuong phap
Chebyshev véi muic bup séng phu (SLL) 1a -30dB. Két qua
cla tat ca cac kich ban sé dugc lay trung binh tir 50 lan
mo phong thuc hién trén phan mém MATLAB 2023b,
chay trén bo vi xtt ly Intel (R) Core (TM) i5-12400F CPU @

2.5GHz.

Thiét 18p tham $6 cho mang anten, hudéng nhiéu, didu kién dimg;
Xac dinh P_feas=0.5; P_rate=0.95; PF=1e4;

Dinh nghia ham thich nghi F v§i ham myc tiéu f va rang budc v;
Khéi tao quén thé thuat todn MVO: L3 tréng ( white hole), 1 den (black
hole) va xéc sudt ton tai hd séu (wormhole existence probability-WEP);

Tim vi tri ca thé tot nht dya trén F.

N
¥
Cap nhit vi tri 1 tréng, 16 den va xéc sudt tdn tai hé séu

v

Tinh toan gia tri ham thich nghi cho timg ca thé tim kiém béng

k¥ thuat xu Iy rang buge (CHT)

v

Cép nhit vi tri ctia cac ¢4 thé tim kiém bang co ché 13 tréng va

Xé4c sudt ton tai hd sau
Tim nghi¢m tbt nhat hién tai (Vitricua cac ca thé tim kiém
bing co ché 16 tréng va xéc sudt ton tai h siu)

bidu kién dimg dugc thod man:

Xay dyng vecto trong $6 t6i wu tir nghiém t5t nhét va thue hién miu bic xa
dat NULL

Hinh 2. Luu d6 clia gidi phap dua trén MVO va CHTs

Trong cac mang anten c6 khoang cach phan ti déng
déu, phan bé trong s6 dac trung cila mang Chebyshev
tao ra mot mau buc xa téi uu, giup can bang muc bup
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song phu va cung cap d6 rong bup séng phu hop, dac
biét tai diém null dau tién cda bup séng chinh [20]. Do do,
trong bai bdo nay, ham mang Chebyshev dugc chon lam
mau tham chiéu dé kiém soat SLL va dé rédng cda bup
song chinh. Trong phuang trinh (1), buéc nhay dugc co
dinh 3 mot gia tri 6=1°.

Hinh 2 minh hoa luu d6 cula giadi phap dé xuat. Kich
ban 1, cé tiéu dé "dac tinh hoi tu", dugc st dung dé danh
gia thdgi gian hoi tu ctia ham muc tiéu khi ap dung cac ky
thuat APT va SPT. Ti€p theo, cac kich ban 2-4 duoc s
dung dé danh gia kha nang diéu huéng null cia bo tao
dang song, khi st dung APT hodc SPT. Két qua mo
phong cho tat ca cac kich ban dugc trinh bay trong cac
hinh 3 + 6.
5.1.Pac tinh héi tu

25

—=— SPT-1000
—e— SPT-5000

] —a— SPT-10000
—v— SPT-100000

—e—APT

N
)
|

=
o
|

Ham myc tiéu (dB)
5
1

=
o
|

—-——o-u
00 T T T T T T T T
0 50 100 150 200 250 300 350 400 450

Vong lap

Hinh 3. Gia tri ham muc tiéu ctia APT va SPT st dung cc gid tri tham s6
phat khac nhau

Hinh 3 minh hoa qua trinh hdi tu ctia APT va SPT vdi
cac tham sé phat 100000, 10000, 5000 va 1000 theo s6
vong ldp. Tat ca phuong phap déu hoi tu nhanh trong 50
vong lap dau, véi gia tri ham muc tiéu gidm dang ké. APT
va SPT véi tham sé phat 100000 cho thay toc do hoi tu
nhanh nhat. Sau 100 vong lap, cac phuang phap dan bao
hoa véi gia tri tiém can gan 0. SPT én dinh s6m hon APT
nhung khéng dang ké, trong khi APT héi tu mugt hon,
phu hgp véi bai toan cé diéu kién thay déi. SPT vai tham
sO phat cao (100000, 10000) t6i uu nhanh hon so vai 5000
va 1000. Dua trén két qua, bai bao chon tham sé phat
10000 dé can bang gitia bao toan bup séng chinh, kiém
soat bup séng phu va dat null hiéu qua.
5.2. Gian dé buc xa t&i uu khi xuat hién nhiéu

Trong kich ban nay, kha nang dat null trén gian d6 buc
xa cta APT va SPT sé dugc so sanh va danh gid. Bau tién,
gidn d6 buc xa téi uu véi mot diém null, n6 cé thé dugc
dat tai bat ky hudng nao. Hinh 4 minh hoa gian dé buc xa
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t6i uu 2D vai mét null (dugc dat hudng 6 = 20°) thu dugc
bai APT va SPT.

o APT

0
[=o—SPT
+10 === -30dB-Chebyshev|

AN,

YV

4n hoéa [0B]
S,

Y

Céng suéit chudn héa (¢

40 a0 (LR )
Gée ngdng Theta [Deg]

Hinh 4. Gidn d6 buc xa t6i uu véi mot diém null § 20°

C6 thé thay rang gian dé buc xa t6i uu badi ca hai ky
thuat APT va SPT déu dat dugc muc tiéu dat null tai 20°
vGi muc ngudng dé sau diém null dat -50dB. Diéu nay cho
thay tinh hiéu qua cla ky thuat CHT trong viéc triét tiéu
nhiéu khéng mong muén. So véi mau Chebyshev, hai ky
thuat APT va SPT lam thay déi mét phan cau trdc bup
song phu, nhung van dam bao bup séng chinh khéng bi
ma& rong dang ké.

Trong bai toan triét nhiéu véi ngudng null -50dB, néu
yéu cau vé SLL khong qua khat khe, thi phuong phap APT
c6 thé 1a lva chon t6t han so véi SPT do kha nang thich
Ung linh hoat hon.

0 |——SPT
[—o— APT
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-20 4
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Hinh 5. Gian d6 buc xa t6i uu véi nhiéu diém null §-45°, 20°, 45°

Hinh 5 minh hoa viéc st dung APT va SPT dé dat null
tai -45°, 20°, 45°, tuong Ung véi cac dinh bup séng phu
cUa gian d6 buc xa Chebyshev. Ca hai phuong phéap déu
dat d6 sau -50 dB, chiing t6 kha nang triét nhiéu hiéu qua.
APT duy tri null chinh xac hon véi dé sau lan lugt la
-50,88dB; -49,96dB; -50,81dB, trong khi SPT dat -65,84dB;
-57,38dB; -60,02dB va gay anh hudng dén blp séng chinh
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va lam tang bup séng phu. Do dé, APT la lua chon téi uu
han khi can triét nhiéu nhiéu déng thai véi d6 sau -50dB.
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Hinh 6. Gian d6 bic xa toi uu véi mot dai null rong tir 20° dén 40°

Tuong tu nhu vay, trong trudng hgp nhiéu xuat hién
hay thay déi trong mot khodng goc rong [20°; 40°], kha
nang téng hgp gian dé buc xa cta APT van hoan toan uu
viét hon kha nang ctia SPT, két qua dugc minh hoa trong
hinh 6. Két qua chi tiét cho thay dai null tir 20° - 40° dat do
suy hao khoang -50dB, dap Ung yéu cau triét nhiéu (Do
sau diém null ctia SPT gdc 35° la -78,99dB va cta APT &
goc 29° la -64,02dB). APT hoat dong hiéu qua han, dam
bado null c6 d6 sau dong déu va it lam méo bup chinh. So
VvGi gidn d6 buic xa Chebyshev, hai ky thuat CHT cho hiéu
suat triét nhiéu cao, nhung c6 su danh déi vé dang bup
phu. Nhu vay APT la phuong phép téi uu hon khi can tao
dai null rdng ma van duy tri hiéu suat ctia bup séng chinh.
6. KET LUAN

Bai bao nay da dé xuat mot phuang phap triét nhiéu
biét trudc huéng cho mang anten ludng cuc nlta budc
song (HDULA), dua trén su két hgp gita ky thuat ham
phat thich nghi (APT), ky thudt ham phat tinh (SPT) va giai
thuat t6i uu da vi tru (MVO). Phuong phap dé xuat hudng
dén muc tiéu triét tiéu nhiéu biét trudc hudng hiéu qua,
déng thai bao toan d6 rong bup séng chinh va muc bup
song phu, nham t6i uu hda hiéu ndng clia hé théng anten
tién tién.

Hiéu qua ctia phuong phap dugc danh gia théng qua
bén kich ban chinh: Dac tinh hoi ty, kha nang dat null
don, kha nang dat nhiéu diém null va kha nang dat dai
null rong. K&t qua mo phong cho thay ca hai ky thuat APT
va SPT déu dat hiéu suat cao trong triét nhiéu. Dac biét,
APT cho thay kha nang vuot tréi han SPT vé tat ca cac chi
tiéu danh gia, bao gom t6c dé hoi tu, d6 sdu diém null,
kha nang duy tri dé réng bup séng chinh va muc bup
song phu 6n dinh.
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Nhing két qua dat dugc da khang dinh tinh hiéu qua
cta APT va SPT trong bai toan triét nhiéu cho HDULA,
doéng thai nhan manh vai trd quan trong clia cac ky thuat
xU ly rang budc trong viéc toi uu hoa bai toan triét nhiéu.
Trong tuong lai, ching t6i du dinh ma& rdng nghién ciu
bang cach tich hgp cac ky thuat xt ly rang budc khac nhu
ky thuat tim kiém kha thi va ky thuat xép hang ngau
nhién, nham nang cao kha nang thich ting vai cac nguén
nhiéu khong xac dinh, qua d6 cai thién hiéu nang clia cac
hé théng anten tién tién trong moi trudng c6 nhiéu déng
phuc tap.
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