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TOM TAT
Hién nay, anten parabol dwoc nghién ciru va ing dung rong rai trong cac muc dich quan su
va dan sw. Tuy nhién, dé dam bao hé thong anten lam viéc ¢ dai tan s0 réng, ma van ddp imng
dege hé s6 tang ich va tinh dinh hudng cao ¢ ca 2 mat phang la vin dé phirc tap. Trong bai bao
ndy, nhom tac gia trinh bay cdc két qua nghién cuu, thlet ké bé chiéu xq sir dung ong dan séng
c6 go két hop thau kinh dién méi lam viéc ¢ dai tan so 4 dén 8 GHz (bang tan C). Két qua phan
tich nguyén ly hoat dong, tinh todn va mo phong trén phan mém CST 201 9 cho thdy hé thong

anten c6 hé so tang ich va tinh dinh hudng cao o ca 2 mat phdng trén ddi tan sé réng, ddp img
cdc yéu cau hoat dong trén cdc dai ra da thu dong.

T khoa: Ra da thu dong; Anten parabol; Thau kinh dién méi.
1. MO PAU

Hé thdng ra da thu dong (passive radar system) 1a mot 16p cac hé thdng ra da phat hién va
theo doi cac muc tiéu b?mg cach thu va xur 1y cac nguén song do chinh myc ti€u ty birc xa dé xac
dinh vi tri va toa d¢ muc ti€u. Ra da thy dong sé hitu nhiéu loi thé quan trong, ma dau tién 1a
khong thé bi phat hién bang cac phuong tién trinh sat vo tuyén. Khac véi cac ra da chii dong, ra
da thu dong khong phat ra bat ky song vo tuyén nao cua riéng né, do d6, vo hinh véi cac hé
thdng do tim ra da, chiing chi str dung cac may thu véi hé thong anten da kénh dai rong. Chinh vi
thé, anten thu ctia hé thong ra da thy dong phai lam viéc trong dai tan s6 rong, dam bao phat hién
va dinh vi cic muc tiéu 1am viéc & cac tan sd khac nhau. Céc thiét ké anten cua ra da thu dong
hién c6 thuong str dung nhiéu loai anten nhu: anten parabol, anten mang,... Cac loai anten nay str
dung cac bo chiéu xa nhu: 6ng dan song, loa, khe,... Ong din song co thiét ké don gian, nhung
chi 1am viéc trong dai tan s hep [1]. Céac thiét ké anten thuong chi dap (mg hé s6 ting ich va
mirc bup song phu trong mit phing E hodc H [5-8]. Trong bai bao nay, nhom tac gia trinh bay
cac két qua nghién ctru va thiét ké bo chiéu xa 1am viéc ¢ dai tan s6 4-8 GHz (bang tan C), st
dung 6ng dan séng co go két hop thau kinh dién méi. Cac két qua tinh toan va mé phong cho
thiy, anten 1am viéc trén dai tan s6 rong va hé s ting ich twong dong tai ca 2 mit phang.

2. NOI DUNG CAN GIAI QUYET
2.1. Tinh to4n, thiét ké b chiéu xa anten dai tin rong
Str dung bo chiéu xa bang cac 6ng dan song hinh chit nhat duoc sur dung rdng rai trong hé

théng anten guong, anten thau kinh va anten mang pha,... Diéu kién ton tai song trong dng dan
2

\[(m/a)z +(n/b)2

ctia rong 6ng dan song; m, n twong tng 14 loai song trong 6ng dan song.

song la: A < , trong do6, A 1a budc song; a, b twong tmg 13 chiéu dai va chiéu

Tuy thude vao kich thudc, trong dng dan song cé thé ton tai nhiéu loai song khac nhau, nhung
song chinh trong 6ng dan song hinh chit nhat 1a séng TE (Hy) [9]. Piéu kién chi ton tai song Hyo
la: 1<2a.
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Gian d6 huéng cua 6ng dan song hinh chir nhat trong mit phang E va H dugc xac dinh bang

cong thuc:
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Hinh 1. Hinh dnh ong séng hinh chit nht.

Ong dan song hinh chir nhat c6 két cdu don gian, dé gia cong ché tao, gia thanh san xuat thap.
Tuy nhién, lai c6 cdc mat han ché nhu tinh dinh hudéng khoéng cao, tinh twong thich véi moi
truong khong gian ngoai 6ng dan song kém. Do vay, nhom tac gia nghién ctru va tinh toan bo
chiéu xa c6 go két hop thiu kinh dién moi nhu trén hinh 2. Viéc sir dung bd chiéu xa co go két
hop thau kinh dién méi nhim muyc dich thu dwgc gidn d6 huéng twong ddng tai ca 2 mit phing
va giam kich thudc tong thé ctia hé thong anten.

Hinh 2. Bg chiéu xa anten trén phcfn mém CST.
B6 chiéu xa dugc ciu tao boi 1 doan éng dan song hinh chit nhat ¢6 go ¢ 2 bén thanh rong
ngan mach dau cuoi [2-4]. Mt mé ctia bo chiéu xa la doan Ong dan song vudng cd go & ca 4
thanh va dugc xoay nghiéng mot goc 45° so véi truc ngang ctia doan ong dan song chit nhat, dé
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bo chiéu xa khong phu thudc phan cyc clia song tdi. PAu ra cua bd chiéu xa 1a bd chuyén ddi
sang cap d@)ng truc dé nhén tin hiéu. Mt mé cua bo chiéu xa dugc tiép ndi bé’lng mot thau kinh
dién moi dé dat duoc dang dd thi birc xa mong mudn cua hé théng anten. Tuy nhién, viéc st
dung bo chiéu xa Kkét hop thau kinh dién moi, thuong s€ dan dén su tdn hao trong 16p dién moi,
d6 1a nguyén nhan lam giam hé s tang ich va xuat hién sy sai léch vé bién d. Chinh vi thé,
phai sir dung chit dién méi c6 hang so dién méi 16n hon so voi héng s6 dién moi cua chan
khong, ngoai ra phai co tang cua goc suy hao dién moéi nho ¢ tan s6 lam viéc. Chat dién moi
phai dam bao kha nang hap thu va truyén song tot trong dai tan s6 1am viéc. Tir nhitng yéu cau
vé lya chon chét dién moi va t6i wru gid tri trén phan mém mo phong, nhém tac gia lya chon
chét dién moi Teflon (hang so dién moi la 3 va goc tang suy hao la 0.007). Pé thu duoc hé sd
phan xa Syg t6t nhat trén dai tin sd, tac gia st dung cac b¢ vit c6 dudng kinh va khoang cach
nhu nhau dé diéu chinh.

2.2. Tinh toan, thiét ké anten parabol sir dung b chiéu xa dai tin rong
Anten guong 13 anten dinh huéng phé bién, dugc ing dung rong rii nhat Anten guong co két
céu don gian, c6 thé nhan dugc cic dang gian d6 hudng khac nhau va hé s6 tang ich cao.

Nguyén ly lam viéc cua anten guong ciing twong tw nhu nguyén 1y cua guong quang hoc.
Séng dién tir truong tir bo chiéu xa dit tai tiéu diém phat ra, khi di to1 bé mit dan dién cta
guong, s& kich thich dong dién trén d6, tao ra trudng thir cdp hay con goi 13 truong cua song
phan xa voi dang cua mat song va hudng truyén lan bién dbi theo yéu cau. Trong phan 16n cac
truong hop, mat guong c6 nhiém vu bién d6i song cau vai tinh dinh hudng kém, thanh séng
phang hodc gan phang v6i nang luong tap trung trong mot goc khong gian hep, dé thu dwoc gian
d6 hudng c6 hé sb tang ich va tinh dinh hudng cao [9-13].

Y
Hinh 3. Nguyén Iy hoat déng cua anten parabol.

Bé mit parabol dugc hinh thanh khi quay xung quanh truc tiéu diém Oz dugc viét dudi dang:
2
X“=4fz.

Ban kinh mé cta guong la: p, =2f tan l’/;o 2)
Trong do, 2y, 1a goc mo cta guong, f 1 tiéu cu parabol.

Chiéu siu ctia guong la: z, = f—i , 3
Trong do, po 1a ban kinh cia guong.

Do rong bup song: 26, = (65...70)2ip0 : (4)
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. . 1602
HE s6 tang ich cta anten c6 thé dugc tinh theo cong thirc: G = 062 : %)
AzVEl

Trong do, 6,,, 6, tuong ung la do rong bup séng trong mat phing ngang va ding.

7

7

Hinh 4. Anten parabol, sir dung b chiéu xa ddi tan réng trén phan mém CST.

Dua trén cac tham sb kich thude cua anten, chung ta co thé tinh toan dugc cac tham sb ky
thuét ctia anten thong qua cac cong thirc nhu sau:

Heé s6 dinh hudng cia anten: D = 4”28 v, (6)
A
Trong do, S 1a dién tich khéu do cua anten, v 1a hé sb su dung bé mat khau do.
Hé s6 tang ich ctia anten: G = Dry, @)
="M,
_ AT, g exp(—2al)
. (14+)Tye”
Vo 27
[ [ F?(6.9)sinodode
6=0 p=0
773 T 2r 1
F2(6,9)sinododp
6=0 p=0

Trong d6, 77,, 7, 1an lugt 1a hé s6 ting ich cua khau d6 guong va dudng truyén; F(6,¢) Ia
gian d6 huéng chuan hoa cia bo chiéu xa; T, 14 hé s6 song chay; o 1a hé sb tat dan; | 1a chiéu
dai duong truyén.

3. MO PHONG, TiNH TOAN, THAO LUAN
3.1. S6 liéu dau vao
Dua vao cac yéu cau vé tham sb ky thuét va cong thire 1-7, dong thoi ti wu cac tham s kich

thudc trén phan mém md phong. Tl d6, xdy dung ban v& 3D trén phan mém mé phong CST
2019 véi cac tham so chinh ciia anten nhu trong bang 1.
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Bing 1. Cdc tham sé kich thuéc chinh cia anten.

STT Ky hiéu Gia tri
1 f 4-8 GHz
2 a 32.95 mm
3 b 15.2 mm
4 F 340 mm
5 Do 475 mm
6 g 3

3.2. Phwong phap, cong cu mé phéng

St dung phuong phap tinh toan trong mién thoi gian (Time Domain Solver) trén phian mém
md phong CST 2019.

Qua qua trinh m6 phong trén phan mém, thu duge céc tham sé anten:

- Gidn d6 huéng 3D, 2D;

- HE s0 song dumg;

- H¢ s tang ich.
3.3. Két qua mé phéng

Vottage Standing Wave Ratio (VSWR)
2

1.9

AN 7
NN

1.4

13

1.2

11

1
4 4.5 5 5.5 6 6.5 7 75 8
Frequency / GHz

Hinh 5. Hé s6 song ditng ciia anten.
Tir hinh 5, h¢ s6 song dimg cua anten nho hon 1.85 trong dai tan s 4+8 GHz, dap ung tt trong
cac dai ra da thu dong. K&t qua gian d6 hudng tai tan s6 4 GHz dugc trinh bay trong hinh 6.

Ttr hinh 6, hé sb tang ich cua anten tai te‘fm s6 4 GHz O ca2mat ph.'fmg la 27.6 dB va muc bup
song phu nhé hon -19.2 dB. Két qua gian d6 hudng tai tan s6 8 GHz duogc trinh bay trong hinh 7.

dBi
276

farfield (=4) [1]
Type Farfield

a) Gian do hudng 3D.
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Farfield Realzed Gan Abs (Phi=0) Farfield Realzed Gan Abs (Phv=90)

120

120

Frequency = 4 GHz
Man lobe magnoude = 27.6 4Bl

= Man lobe drecton = 0.0 deg.
Frequency = 4 GHz 7y deg.

o g (Anguls vidth (3dB) = 5.0 deg.
lan kobe magntude = 27.6 dBi| Sde bbe kevel = -19.3 a8

Man lobe drecton = 0.0 deg. Theta | Degree vs. 481
180 Angur i (3 dB) = 5.1 deg.
Sde bbe kevel = -19.2d8

b) Gidn do huéng 2D.
Hinh 6. Gidn do hieong tai f = 4 GHz.

farfield (=8) [1]
Tiee Farfiekd

Approximation enabled (R >> 1)
Component  Abs
Output Realized Gain v

Frequeny  8GHz
Rad. Effic. -1611d8
TotBic 225068
RzdGan 3043480

a) Gian doé huong 3D.
Farfield Reaized Gan Abs (Phi=0) Farfield Realzed Gan Abs (Phi=90)

Frequency = 8 GHz
Man obe magntude = 30.4 d8i

Frequency = 8 GHz
Man lobe magntude =  30.4 dB|
Man obe drection = 0,0 deg. Man kbe drecton = 0.0 deg.
180 Angular wdth (3 dB) = 5.0 deg. Anguiar width (3 dB) = 2.9 deg.
Theta / Degree vs. dBi Sde bobe evel = -27.8 B Theo | Deges vs. B [Sqrdpminag Eie

a) Gidan d6 hiéng 2D.
Hinh 7. Gidn d6 huéng tai f = 8 GHz.

Tir hinh 7, hé s6 ting ich cua anten tai tan sb 8 GHz & ca 2 mit phiang 14 30.4 dB va mic bup
song phu nho hon -16.7 dB.
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4 45 5 55 6 6.5 7 75 8
Frequency / GHz

Hinh 8. Hé s6 tang ich ciia anten.

Tir hinh 8, anten 1am viéc trong dai tan s6 4+8 GHz v&i hé sb tang ich 16n hon 27.6 dB. Hé s6
tang ich cao trong dai tan so lam viéc, dap ing cac yéu cau k¥ thuat cho cac dai ra da thy dong
hién nay.

3.4. Phin tich két qua mé phéng

Qua két qua mé phong dua ra cac tham s k§y thudt cta anten nhu sau:

Bing 2. Cdc tham sé ky thudt ciia anten.

TT | Tham s6 k¥ thuat Pon vi do Két qua md phéng
1 | Dai tan sb GHz 48
2 | Dang gian d6 huéng Hinh Kim
3 | H¢ s0 song dung <1.85
4 | H¢ so tang ich dBi
- Directivity 29.8<G<35.2
- Realized Gain 27.6<G<33.9
5 | D6 rong bup song ( mic -3 dB) bo 20<5.1°
6 | Muc bup song phu dBi <-16.7

Tir két qua trong bang 2, ta thdy rang, cac tham sb ky thuat dap ung tot cho cac hé théng
anten trén dai ra da thy dong.

4. KET LUAN

Trén day, nhom tac gia da trinh bay mot cach tong quat cac budc tinh toan thiét ke bd chiéu
xa su dung Ong dan séng co go két hop thiu kinh dién moi, dé giam kich thudc tong the cta
anten. Két qua tinh toan cho thay, anten lam viéc vo1 hé sO song ding nho hon 1.85 va hé s tang
ich 16n hon 27.6 dBi trén dai tan s6 4-8 GHz, (dap img cac yéu cau tham s6 k¥ thuét trén cac dai
ra da thu dong. Nhiing két qua nay la co so dé ché tao bo chiéu xa lam viéc & dai tan sb 4 dén 8
GHz (bang tan (), véi cac tham s0 k¥ thudt dam bao cho hoat dong cia hé thong anten trén dai
ra da thy dong.
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ABSTRACT

Calculation and design of directional antenna wideband irradiators
for passive radar applications

Recently, parabolic antennas have been widely investigated and applied for military

and civilian purposes. However, ensuring that the antenna system works in a wideband
frequency while still meeting the gain and high directivity in both planes is a
complicated issue. In this paper, the authors present the results of research and design
of an irradiator using ridged waveguides combined with dielectric lenses working in the
frequency range 4 - 8 GHz (C band). The results of the analysis of operating principles,
calculations and simulations on CST 2019 software show that the antenna system has high
gain and directivity in both planes over a wide frequency range, meeting the requirements
of operating on passive radars.

Keywords: Passive radar; Parabolic antenna; Dielectric lens.
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