Nghién ciru khoa hoc cong nghé

PIEU KHIEN PAC TRUNG HUONG CUA ANTEN THAY DOI
'THICH NGHI THEO HUONG NGUON NHIEU
CO TINH PEN CUC TIEU SAI SO PO TQA PQ GOC

Bui Chi Thanh, Phing Ngoc Anh, Nguyén Huy Tung

Tém tit: Tac chién hién dai dwoc dic trung boi t6¢ dé bién doi tinh huéng trén
khéng rat nhanh va phirc tap. Cdc dai rada hién dai sir dung hé thong anten mang
pha tich cuc cho phép thich nghi nhanh chong voi cdc tinh huong nhu vdy. N6 cho
phép néng cao kha ning chong nhiéu tich cwc do doi phu’ong ché ap va nhiéu tir cic
phuong tién dién tir khac. Tuy nhién, viéc tinh todn tham sé va thiét ké hé thong anten
mang pha tich cuc doi hoi yéu cau cao vé cong nghé, giai phap ky thudt thuc hién rat
phitc tap. Trong bai bdo trinh bay phwong phdp wéc lwong tham sé cho hé thong
anten mang pha tich cuc dé thay do6i thich nghi dic trung hudng cia n6 theo hudong
nguon nhzeu nham cwc dai ti s6 tin/nhiéu tap ¢ dau vao thiét bi thu cé tinh dén cuc
tiéu sai s6 do toa dp goc, lam co sé dé tinh todn, thiét ké hé thong anten cua cac dai
rada da chirc nang. Co so cua phuwong phap nay la phdn tich va mé phong todan hoc
sw phu thugc cua hinh dang gian d6 huéng anten mang pha thich nghi tich cuc vao
phdn bé cong sudt va pha tin hiéu cia cdc phan tir phat xa. Mo hinh anten mang pha
thich nghi tich cye dwge lwa chon khao sat la mang phdng tuyén tinh.

Tiur khoa: Anten mang pha tich cuc; H¢ sb trong lugng; Gian ) hudng.

1. PAT VAN BPE

Trong linh vuc quan sy, cac hé théng anten vo1 hé chuyén ddng co khi cham c6 quan
tinh khé dap tng duoc cac yéu cau bién ddi tinh hudng trén khong rat nhanh va phtc tap.
N6 khong cho phép didu khién dic tinh dinh hudng (hinh dang gian d6 hudng) mot cach
tuc thoi trong qua trinh quan sat khong gian. Sy phat trién ciia cong nghé dién tir cho phép
thiét ké, ché tao cac hé thong anten st dung phuong phap “quét dién tu” gian dd huéng
(GPH). Nho cac vu diém vuot troi ma hé théng anten mang pha tich cuc (AMT) ngay
cang duoc str dung rong rii trong cac ra da quan sy, cac hé thong ra da hang khong, cac hé
thdng ra da lién lac vé tinh voi trai dét, lién lac v6i cac muc tiéu di dong va dam bao an
toan cho vén tai 6 t0,... Trong linh vuc quan su, tac chién hién dai xuit hién nhiéu tinh
hudng nhiéu tich cuc khong mong mudn, doi hoi cac hé thong ra da can nhanh chéng thich
nghi hiéu qua vdi cac tinh hudng nhiéu d6. Cac nghién ctru [1-3] da dé xuat thuat toan dleu
khién thich nghi déc trung hudng cua hé thdng AMT theo tiéu chuan cuc dai ty so tin
hiéu/nhiéu ¢ dau ra hé thong ATM, theo tiéu chudn ndy, mic nhiéu ¢ du ra hé thong
AMT giam cyc tiéu nho sy thay d6i thich nghi hinh dang ctia gian do hudng (6 cac hudng
c6 ngudn nhiéu tac dong, hé so khuéch dai ciia anten giam cuc tleu) Thé nhung, thuat toan
trén khong dé cap dén hién tuong bién dang bip song chinh khi diéu khién thich nghi dac
trung hudng cua hé thong AMT theo hudng ngudn nhiéu. Hién tuong nay sé dan dén sai
s0 do toa d§ goc muyc tiu cua dai ra da. Do vy, udc luong tham s6 cho hé thong AMT de
thay dbi thich nghi GPH cua no theo huéng nguon nhleu nham giam tdi thidu cong suit
nhidu ¢ ddu vao may thu ra da, c6 tinh dén cuc tiéu sai s6 do toa d6 goc 1a muyc tiéu nghién
clru cua bai bao nay.

2. MO HINH TONG QUAT ANTEN MANG PHA TiCH CUC
CHO UOC LUQNG THAM SO

2.1. M6 hinh tong quat
Mb hinh téng quat hé thong anten mang pha tich cyc duoc dua ra trén hinh 1. Trong
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do: K + K, 12 cac hé s trong luong; T 13 bo 14y tong cac kénh thanh phan; HC 1 hudng
chinh; HNN 1a huéng ngudn nhiéu, 0 1a goc tao bai hudng chinh va huéng ngudn nhidu.
Hudng chinh (HC) 1a hudng dang bam sat muyc tiéu cua hé thong AMT va trung v6i phap
tuyén ctia mang phéng tuyen tinh. Huéng nguon nhiéu (HNN) léch so v&i huéng chinh
mdt goc 0. BO phan tich nhidu va diéu khién thich nghi dac trung hudng thuc hién phan
tich, danh gia cac dic trung thong ké va toa do ciia ngudn nhiéu, tir d6, thiét 1ap cac trong

5O K K nham thay d6i sy phan bd bién d6 va pha cia tin hiéu trong cac phan tir phat

xa clia mang anten nham hinh thanh déc trung hudng cua hé théng AMT theo yéu cau khi
thu, phat nang lugng siéu cao tan.
HC HNN
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Hinh 1. M6 hinh tong qudt hé thong anten mang pha tich cuec.
2.2. Nguyén ly diéu khién thich nghi dic trung huéng ciia h¢ thong AMT
Co so vat ly cua diéu khién dic trung huong hé thong AMT la thay d6i quy luat phan
bd pha va cong suat cac tin hiéu thanh phan duoc phat di boi timg phan tir trong mang sao

cho chung duoc cong pha trong khong gian khi phat, con khi thu ching cing pha & du
vao b lay tong tin hidu cac kénh thanh phan & hudng xac dinh. Do d6, nang lugng toan bo
mang s& duoc tap trung vao hudng can quan sat. Viéc phat tir mot phan tir phat xa “i” nio
d6 trong hé thong AMT duogc dic trung boi gian d dinh hudng f(6,¢). Khi d6, & ving xa
clia truong ¢ thé nhan dugc truong tong, nd dic trung cho dic trung hudng cia hé thong
anten mang [4]:

a)=§ﬁ(9,a) (1)

Trong d6: 2n 1a sb luong dau phat xa cia anten. Co s& dé lua chon I}inh dgng G~DH cua
hé thong AMT duoc thuc hién sau khi phan tich, danh gia dugc tinh chat nguon nhiéu.
Tin hiéu & dau ra hudéng chinh c6 dang [4]:

YO = vy OK, + K, + K, +K,,] )
& dy, y,e’™"" 1a tin hiéu & dAu vao hé théng AMT.
Tin hiéu dAu ra hé théng AMT & huéng ngudn nhidu cé dang [4]:
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Joyt Klfl (daﬁo 7€HNN )"’ Kzfz (da/longNN )+
+ K2r1—1f2r1—1 (d’;"O’HHNN )+ KanZn (d’/l()’HHNN )
O day, A, 1a d¢ dai budc song birc xa; d la khoang cach gitra 2 phan tir phat xa lién

V(@O gy = yre 3)

tiép trong mang. T cac biéu thirc 2 va 3 cho thdy, tin hiéu c6 ich va nhiéu ¢ dau ra hé
théng AMT (dﬁu vao may thu) déu phu thudc vao cac trong ) f(l +K 5, - Nhu vay, dé dat
duoc gia tri cuc dai ti sb tin/nhidu tap & diu ra cua hé théng AMT cén uée luong gia tri
cac trong sb K L+ K ,, VOi gia thiét da xac dinh duoc goc hudng ciia ngudn nhidu. V& ban
chat 13 thay d6i phan bd trudng ning lugng cac song phat ra tir cac phan tir riéng biét trong
mang anten thong qua viéc lya chon phu hop céc trong ) Kl =K o dé 6 duoc dinh cuc
dai phat xa ¢ hudng can thiét, déng thoi tao khe 16m ¢ cac hudng co ngudn nhiéu tich cuc
nham han ché sy tic dong ctia ngudn nhieu khi thu va han ché sy trinh sat dién tir ctia doi
phuong khi phat.
3. UOC LUQNG THAM SO CUA HE THONG ANTEN MANG PHA TiCH CUC

3.1. Gia thiét cau tric hé thong AMT va cac diéu kién khao sat

Dé don gian cho viéc tinh toan, céNu trac hé thong AMT dugc xem xét 1a mang phing
tuyén tinh gébm 2n phan tir birc xa, moi phan tit phat xa cia mang 1a mét phan tir doc lap,
khoang cach giita 2 phan tir ké tiép 1a d (hinh 1). Céc trong sb K1 +K ,, dac trung cho hé
s6 truyén tin hiéu cua cac phan tir bic xa trong hé théng AMT va duoc mo ta boi biéu thirc
toan hoc:

K1 =w, +jw,, K, =w, +jw4,...K2n =W, + Wy, 4
O day, w,w;...,w,,_, tuong Gng 1a phan thuc; w,,w,...,w,, 1a phan ao.
3.2. Phuong phap wéc lwong tham sé hé thong AMT
Vi gia thiét cau triic cua hé thong AMT la mang phang tuyén tinh thi tin hiéu ¢ dau ra
hudng chinh c6 dang:
YO ye = vy (t)[(wl +jw, )+ (W3 +jw, )+ e (W4n—3 + Wy )+ (W4n—1 + Wy, )] ®)
& dy, y,e’™" 1a tin hiéu & du vao h¢ théng AMT.

A ,r sl o aX . ; M Jogt L. ‘A A P
Dé tin hiéu ¢ dau ra hudng chinh bang y,e” * diéu kién sau can dugc thoa man [6]:

(6)

wtw, totw,, s tw,, =1

w,+w, +..+w, ,+w, =0

Néu c6 k ngudn nhiéu thi tin hiéu dau ra hé théng AMT ¢ huéng cac ngudn nhidu co
dang [6]:

K, (cose, — jsina, )+ K, (cosa, — jsina, ) +...

V() o =yyejw°t[ =y, [4+ jB] (7)

+K,,  (cosa, + jsina, )+ K,, (cose, + jsina, )
O day, 4, 1a do dai budc song birc xa; A, B tuong tmg 1a phan thuc va phan ao khi khai

trién biéu thirc trong [...] ciia phuong trinh 7. Cac hé sb a,,...,a, duge xac dinh nhu sau:

k

a, => ([22((n— j)d +d /2)]/ A, )sin 0,7 =1L,....4

i=1
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Pé nhan duogc gia tri nhd nhét tin hiéu & dau ra hé théng AMT & HNN can thue hién
dicu kién [6]:

A=0&B=0 (®)
Khi 6, gian d6 hudng anten khi thu, phat ctia hé thong AMT c6 dang:
2 2
vl =42+ 82| 1(0) ©)
sin M sin &
2 2z Ao

f(6)=

d 7ﬂ = 7: d = 7
sin[ﬂ sin 6] 0

2
4. KET QUA MO PHONG, KHAO SAT

Hinh 2 dwa ra két qua tinh toan dic trung hudng ciia hé théng AMT gdm: 2 phan tir
phét xa (hinh a) twong tng véi huéng ngudn nhidu 6, =—60° (nét lién) va @,,, = 45°
(nét dat). Cac trong sb twong ung tim duoc tir viée giai cac phuong trinh (6, 8) la:

T T .
cos(2 Sin 6, ) cos(2 Sin 6,y j
2 sin[;[ sin QHNNj 2 sin(z Sin 6, j

- hinh b twong tmg 6,,, =50° (nét +) véi cic trong sb w, =w, =w, =w, =025,

w,=0.5w, = ;wy =0.5;w, =— ; 4 phan tir phat xa

w, =w, =w, =w, =0. Trong diéu kién khong c6 nhiéu tich cuc tic dong, khong nhét thiét
phai giai phuwong trinh (8) dé tao khe 16m cua dic trung hudng. Két qua nhan duoc 1a cac
duong “dudng lién”. K€t qua tinh toan va md phong trong bai bao dugc thyc hién trén
phan mém MATLAB.

[48]
|dB)

-60

0 50 : 1li]0 g d i
(@ , )
Hinh 2. Ddc trung hwong cua hé thong AMT gom
(a) 2 phan tir, duwong lién img véi 6,,,, = —60°, duong nét dirt (8,,, = 45°,)
(b) 4 phan tir, =50° ( dwong nét +).

Phan tich hinh 2 cho thy rang, su lwa chon hop li phan bd pha va cong suit cac tin
hiéu thanh phan khi phat xa cho phép tao khe 16m cua dic trung hudéng & cac hudng co
ngudn nhidu. Tuy nhién, hién twong “méo” bup song chinh dic trung hudng ciia anten
(hudng bam st myc tiéu) xuét hién khi thay doi dang phan bd pha va cong suét cac tin
hiéu thanh phan trén mdi phan tir phat xa nham dat duogc khe 16m cua dic trung hudng
thay doi thich nghi theo huéng ngudn nhidu. Hién tugng “méo” nay dugc thé hién & 3 khia

gHNN
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canh: d6 rong, dinh cuc dai so voi hudng phap tuyén ctia mang anten (huorng 0% va tinh
d6i xtg so voi dinh cuc dai ciia bup song chinh b1 thay d6i khi khi thay doi dang phan b
pha va cong suat cac tin hiéu thanh phan trén mdi phan tir phat xa cua mang. Diéu d6 s&
lam tang sai s6 do toa d6 goc ctia muc tiéu va ting su thing giang tin hiéu phan xa tir
chung. Dé khic phuc hién “méo” khi thay ddi quy luat phan bd pha va cong suit cac tin
hieu thanh phan dugc phat di boi timg phan tir trong mang nham thich nghi véi hudéng
ngudn nhiéu thi diém cuc dai ctia canh song chinh cia GBH phai tring véi phap tuyén cua
anten. Khi d6, dao ham theo bién @ cac biéu thirc phan thuc “A” va phan o “B” cua

phuong trinh 7 phai bang khong tai € =0°, tirc 1a can thyc hién diéu kién sau:
04 OB
—=0,—=0v0160=0 (10)
00 06

Giai phuong trinh 10 cho phép xé4c dinh duoc cac trong sé phirc K L+ K on» O quyét dinh
quy luat phan bd pha va cong suit cic tin hiéu thanh phan duoc phat di boi timg phan tir
trong mang.

Hinh 3 dua ra két qua tinh toan dic trung hudng cua hé thong AMT gdm 4 phan tir phat
xa trén phén mém MATLAB. Péi véi hinh 3a, diéu kién ban dau duoc lua chon la:
w, =0.25; w, =0.25; w, =0.25; w, =0.25. Cac trong sb tuong tng tim duoc tr viéc giai
cac phuong trinh (6, 8, 10) la: w, =0.2637; w, =-0.2637; w, =0.25; w, =-0.25 voi
Oy =50°  (dudng lién), duong “+” Gng voi wo=w, =w,=w, =025 w, =w,
=w, =w,=0. Két qua md phong trén hinh 3b twong ung véi didu kién ban dau la:

=0.25; w,; =0.25;w, =0.25;w, =0.25. Céc trong sd tim duoc tir viée giai cac phuong
trinh (6, 8, 10) la: w, =-0.0534;w, =-0.0534; w, = -0.0534; w, =—0.0534 voi
O,y =60°; w, =0.0134; w, =-0.0134; w, =0.0134; w, =—0.0134 véi 0,,, =-75°.

20 ‘ ‘ T T ‘ 20 1 T ‘ T

|dB
|dBI

(b)
Hinh 3. Ddc trung hirong ciia hé thong AMT gom 4 phan tir:
a) tuwong iing véi huwdng nguon nhiéu so véi phép tuyén ciia anten O,y =50° (duong lién),

duong “+” twong ung w, =w, =w, =w, =025 w, =w, =w, =w, =0;
b) Oy =60" (duong Chdm), O,y ==75° (duong dirt né).

Két qua tinh toan trén phdm mém Matlab danh gid hiéu qua cia phuong phap udc
lugng trong s6 hé thong AMT thich nghi theo huéng ngudn nhiéu tich cuc duge thé hién
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cu thé ¢ bang sau:

Gia thiét phan b bién do va pha

Sp%glqt?}g (gi4 tri trong s cua hé théng AMT) 0 I
HNN sl 20dB
phatxa | Phin bé déu ca vé bién | Sir dung phwong phap | (4o ¥ @ | (do
trong d¢ va pha cua tin hi¢éu |wéc lwgng trong so thich g(’)é) (dB) g(’)é) g0 C’)
mang |trong cac phan tir mang | nghi theo huéng nguon
) anten nhiéu
w, =w, =0.5;
2 w, =w, =0.5; . , , ,
(hinh 2a) W= w w, =0.2477; 45" | 34.8 |9.3"|11.6
inh 2a =w, =
o w, =—0.2477
w, =w, =0.5;
2 w, =w, =0.5; . . , ,
(hinh 2a) W= =0 w, =0.1064; -60° | 43.5 |2.7°/10.3
inh 2a =w, =
o w, =—0.1064
=w, = w, = w; =0.25;
4 |wo=w,mw,=w, =025 | 2T ’ . A
hinh 3a) | w. —w. = —w. =0 | "¢ 0824w, =-0.1824,1 507 | -36.8 |7.1°) 8.9
(hinh 3a) | w, =Wy =we =y = w, = 0.25; w, = —0.25
=w, =w, =w; =0.25;
4 wi=wymw=w, =025 TR . o
Finh 30 | . =, = = w, =0.2637;w, =—0.2637; | 50° | -36.4 | 0° | 0
(hinh 3a)] w, =w, =we =y = w, =0.25;w, =—0.25
w, =wy; =ws =w, =025
4 wy =wy =ws =w, =0.25; |w, =-0.0534;w, = —0.0534; 0 | 3261 00| o
hinh 3b)| w, =w, =w, =w, = wg =—0.0534; wy = —0.0534 h
( ) 2 4 6 8 6 8
=w, =wy =w, =0.25
4 w, =w, =w, =w, =0.25; M= W =W =W . . ,
(hink 3b) | w, =0, = w, = w, =0.0134;w, =-0.0134; | -75° | 282 | 0° | 0
m ) = 4 = 6 = s =

w, = 0.0134; w, =—0.0134

O day, y — Hé s giam nhidu & ddu vao may thu ra da khi sir dung hé théng AMT;

v = Kinnv/Ko voi Ko — hé s khuéch dai cta anten & hudng nguén nhiéu so véi dinh cuc
dai cua GPH khi phan bo déu bién d6 va pha tin hiéu cta cac phan tir mang anten;

Kinn — hé s6 khuéeh dai caa anten & hudng nguén nhiéu so véi dinh cuc dai cia GPH
khi sir dung phuong phép udc lugng trong s hé théng AMT dugc dé cap trong bai bao;

ABy — Gobc sai léch cua dinh cuc dai canh song chinh khi thay ddi thich nghi GBH
anten theo hudng ngudn nhiéu so voi hudng phap tuyén cua anten;

AByqg — PO thang giang bé rong canh song chinh & mirc -20 dB so voi dinh cuc dai clia
GPH khi wdc lugng trong s6 hé thong AMT thich nghi theo hudng ngudn nhidu,

AHZOdB = ‘00 - 91

b

B — GOc hudng ciia ngudn nhidu so voi phap tuyén ctia hé thong AMT;
Céc dai lugng Ay, 69, 01, Ounn, Ko, Kann duoc biéu dat trén hinh 4.
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Hinh 4. Ddc trung huéng cia hé thong AMT, “dwong lien” twong ieng khi thuc hién phin
bo déu vé bién dé va pha tin hiéu ciia cdc phan tir phat xa, “dwong dirt doan” twong vmg
Voi cde trong so tir viéc gidi cdc phwong trinh (6), (8).

Phan tich két qua mé phong trén hinh 3 va bang trén cho thay viéc thay doi quy luat
phan bd pha va bién do cac tin hiéu thanh phan dugc phat di boi timg phan tir trong mang
nham thich nghi v6i huéng ngudn nhidu s& khong dan dén hién tugng “méo” canh soéng
chinh cia GDBH anten, n6é cho phép nang cao d¢ chinh xac do toa do goc ctia muc tiéu.

5.KET LUAN

Trén co s& cta phuong phap udc lugng trong sd ciia anten mang pha tich cuc duoc
trinh bay trong phan 3 va két qua tinh toan, mé phong trong phan 4 cua bai bao cho phép
giai quyét 2 véan dé: Thir nhét, ti sb tin/tap o dau vao may thu dat gia tri cuc dai néu khe
16m GPH cua anten tring voi hudng c¢6 ngudn nhidu tich cyc nhd xac dinh phan bd pha
va bién d¢ cac tin hiéu thanh phan d6i v6i mdi phan tir birc xa trong mang; Thu hai, khic
phuc dugc hién tuong meo canh song chinh cia GDH anten khi thay ddi quy luat phan
bd pha va cong suit cac tin hiéu thanh phan trong timg phan tir ciia mang. Khi c6 so
luong lon cac phan tir blrc xa va xuat hién m hudng ngudn nhidu, viéc tinh toan cac
trong s6 cuia hé thong AMT duoc thyc hién trén co so giai cac phwong trinh
[ucromskopea A.A hodc trén co s& phan tich tinh chat twong quan cua tin hiéu nho st
dung phuong trinh Bunepa-Xonda [5].
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ABSTRACT

CONTROL THE ANTENNA'S DIRECTIONAL CHARACTERISTICS TO ADAPT
TO THE DIRECTION OF THE NOISE SOURCE, TAKING INTO ACCOUNT
THE MINIMUM ERROR OF THE ANGULAR COORDINATE MEASUREMENT

Modern combat is characterized by the speed of changing air situations very
quickly and complicated. Modern radar stations use active phase network antennas
to enable quick adaptation to such situations. It allows improving the ability of anti-
jamming positives caused by opponents and interference from other electronic
means. However, the calculation of parameters and the design of active phase
network antennas require high technology requirements, complicated technical
solutions. In the article, the parameter estimation methods of the active phased
array antenna system are presented to adapt the variable directional characteristic
towards the source of noise to maximize the signal/noise ratio at the receiver input,
taking into account the minimum angle measurement error, as a basis for the
calculation and design of antenna systems of multifunction radios. The basis of this
method is mathematical analysis and simulation of the dependence of the shape of
the directional diagram of the adaptive phase network antenna positively on the
power distribution and signal phase of the emissive elements. The model of active
adaptive phase network antenna selected to be surveyed is a linear planar network.

Keywords: Active phased array antenna; Weight factor; Directional diagram.
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