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Tom tit

Radar c6 thé hiéu la thudt ngir chung cho c&c hé
théng phat hién, xdc dinh va tham do vi tri cia cac
vdt thé hay muc tiéu bang cac dang nang lwong
kh&c nhau. Ky thudt Radar ngay cang dwoc mo
réng va ing dung trong nhiéu linkh vuc khac nhau,
nhw ding séng dién tir tham do duéi long ddt,
tham do dw b&o thoi tiet, ding séng am tham do
trong co thé nguoi, tham do dwoi mdt nuoc, do
murc chat long. Hai logi anten thuong duwoc sir
dung trong cac hé thong Radar tham do 1a anten
Loa va anten Khe, vdi cdc dac tinh khac nhau nén
dwoc ung dung trong cdc linh vuc khac nhau
twong ung. Bai bao nay sé nghién cizu, md phang
thiét ké, khdo sat va so sanh do thj phirong hirong,
ddc tinh cua hai logi anten nay trén dai bang tan
Sva X, tir d6 duwa ra két lugn ve sy phu hop cua
viéc sir dung hai logi anten nay trong thuc té.

Twr khoa: Anten khe, anten loa, anten ddi rgng,
anten viba, bang théng réng.

Abstract

Radar can be used as a general term for systems
that used for detecting, locating and tracking
objects or targets' position by different forms of
energy. Radar technology is increasingly being
expanded and applied in many different fields,
such as using electromagnetic waves to explore
underground, exploring and forecasting weather;
use sound waves to probe in the human body, and
probing underwater, measurement liquid level.
Two types of antennas commonly used in detect
radar systems are the Horn antenna and the Slot
antenna, with different characteristics that be
applied in respective different fields respectively.
This paper will research and simulate the design
of them, surveying the characteristics and
comparing the graph of them on the S and X
bands, thereby conclusions on the suitability of
using two types of these antennas in practice.

Keywords: Horn antennas, Slot antennas, Wide
band antenna, Microwave antenna, Broadband.
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1. Mé dau

Radar la mot h¢ thong st dung song dién tir dé phét

hién, xac dinh vi tri va pham vi cua vat thé. Hé thng
Radar bao gom may phét tao ra song dién tir dudi dang
lién tuc hodc chum xung, anten phét va anten thu dung
dé phat xa va thu nhan song dién tir, may thu két hop
Vv6i bo xir Iy dé xac dinh céac thudc tinh cua dbi tuong.
Song vo tuyén sau khi phat xa tir anten phat s& phan
Xa tir vat thé quay tro lai may thu cung cap thdng tin
vé vi tri, kich thudc va tée do cua vat thé.

Trong linh vyc hang hai, Radar 1a thiét bi rat quan

trong va duoc trang bi trén cac tau thuyén theo quy
chuan cua T6 chac Hang hai Quéc té (IMO). Radar
hang hai tré thanh phuong tién dan duong cha yéu va
dam bao an toan cho tau thuyén, dic biét 1a ¢ nhiing
noi c6 mat d6 tau thuyén Ién, hanh hai ven bo, trong
swong mu, trong dém t5i, khi tim nhin bi han ché.

Anten trong Radar Hang hai la anten sir dung

chung cho ca may phét va may thu. Do yéu cau va dac
diém cong tac nén anten radar phai thoa man cac yéu
cau sau [1, 2:

Radar c6 kha nang phéat xa va nhan séng phan xa
360° theo gdoc phuong vi;

Anten radar phai c¢6 bp s6ng rét hep, thuong tir
0.75° d@én 2° trong mat phang ngang;

C6 dai théng tan du rong;

Cac bup song phu c6 bién do nho va sé luong it;
C6 d6 bén virng co dién cao, dam bao duoc kich
thudc, trong lwong va do can gid téi thiéu.

Hinh 1 mé ta khéi Scanner cua Radar, bao gom

phan dé chira méay phat, chuyén mach anten, khéi thu
va bo xu ly tin hiéu; phan canh anten c6 thé quay 360°
trong khéng gian theo goc phuong vi.

|

Hinh 1. Khéi Scanner ciia Radar hang hdi
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Dé dap ung duoc tit ca céc yéu cau cua Anten
Radar hang hai, di c6 hai loai anten timng dugc st
dung la dan anten Khe va hé anten Loa bao gém mét
anten Loa két hop vai mot mit phan xa parabol, trong
d6 dan anten Khe duoc sir dung rat pho bién. Trén thé
gidi hién nay, cac hoc gia van tiép tuc nghién ciru vé
hé anten Khe, nghién ctru va cai tién anten Loa dé sir
dung cho Radar hang hai va céac linh vyc tng dung
khéc [3]. Tuy nhién trong thuc té chi con hé anten Khe
duoc sir dung, anten Loa khdng con duoc st dung
trong Radar hang hai. Anten Loa ngay cang duoc su
dung rong rai trong cac linh vuc: theo ddi thoi tiét,
tham do dia chat va giam sat mic chat long [4]. Bai
bao s& tién hanh khao sét va so sanh dic tinh phuong
hudng, d6 loi va tro khang soéng cua hai loai Anten
trén tai bang tin S (2-4GHz) va bang tan X (8-12
GHz) dé 1am 6 hon tai sao ¢d su khac nhau nay.

Két cau cua bai bao tiép theo nhu sau: Phan 2 13
phan co so |y thuyét, mo ta cdu tao va khao sat dic
tinh phuong hudng cia hé anten Khe va anten Loa.
Do loi va tré khang song sé duoc phan tich va so sanh
trong phan 3. Phan 4 s& 1a nhitrng két luan rat ra dugc
tur nghién cru.

2. Khao sat dic tinh phwong hwéong caa hé
anten Khe va anten Loa

Anten Khe thudng dugc 1am tir 6ng dan séng hinh
chir nhat hoac 6ng dan séng try tron véi cac khe duoc
cét trén thanh dng c6 d6 dai bang nira bude séng. Theo
nguyén ly twong hd, anten Radar vira duoc sir dung
lam anten phat vira dugc dung lam anten thu, cudng
d birc xa va cuong do thu ciia anten phu thugc vao sb
lwong va vi tri cac khe trén thanh 6ng dan song. Dé
nhan dugc d thi phuong huéng theo yéu cau, can bd
tri cac khe theo phuong doc, ngang hoac xién va cac
khe nay phai duoc kich thich ddng pha véi nhau [5].
Hinh 2 12 mat cat hé anten Khe trong thuc té.

Hinh 2. Hinh @nh hé anten Khe trong thuc té

Trén thuc té khi buc xa, gian dd huéng cua hé
anten Khe dong pha ciing gidng nhu gian d6 hudng
ctia anten chan tir dién nira bude song, co phan bic xa
ra khong gian phia truéc va khéng gian phia sau. Tuy
nhién phan cong suét birc xa ra nira khong gian phia
sau rat nho, va khong anh huéng téi dé rong bap séng
cling nhu d6 loi cua anten. Phuong trinh ham phuong
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huéng chuan héa cua hé anten Khe chan tir ddng pha
nhu sau [6]:

E 1 cos(g sinf) sin(Nde sinf)

F(0) =
Emax N

cosd sin(% sinf)

Trong do:

N 1a s6 khe trén thanh 6ng;

d 1a khoang cach giira cac tam khe ké nhau;

k = 2m/2 1a hé sb pha, voi 2 13 budc song
lan truyén trong 6ng dan séng;

0 la goc giita phéap tuyén dbi véi tam cua dng dan
song va hudng cua diém khao sat.

Anten Loa 1a doan dng dan séng c6 mét dau ho,
miéng 6ng dan song dugc mo rong dan déu dé tro
khang s6ng bién d6i déu. Khi d6, nang luong cao tan
duoc lan truyén trong 6ng dan song dén cb loa dudi
dang song phang, tai miéng loa phan 16n niang lugng
duoc bt xa ra ngoai, mot phan s& phan xa lai, su phan
Xa cang nho khi kich thuéc miéng loa cang lon.

Trén thuc té c6 4 loai anten Loa: Loa H, Loa E,
Loa Thap va Loa Nén teong vai hinh dang miéng loa
va loai séng lan truyén trong éng dan séng. Hinh 3 md
ta cau tao trong thuc té cua anten Loa Thap voi phan
bé truedng & miéng loa ca trong mat phing E va mit
phing H, Hinh 4 mé ta mét thir nghiém cho anten
Radar Furuno FR-360, trong d6 anten Loa dugC st
dung 1am chiéu xa tir cho mat phan xa parabol [7].

~

Hinh 3. Hinh dnh anten Loa don trong thuc té

Hinh 4. H¢ anten Loa th# nghiém trong Radar
Furuno FR-360

Déi vai anten loa thap, ham phuong huéng chuin
hoéa duoc trong mit phing E duoc xac dinh theo cong
thirc (2) va ham phuong huéng chuan héa trong mat
phang H dugc xac dinh theo cong thuc (3) [8]:
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Trong dé:

W, Ws la tré khang séng trong khéng gian tu do va
trong mdi truong 6ng dan song;

k = 2m/A lahé sé pha;

a, b 1a chiéu dai va chiéu rong cua miéng loa;

0F, 6" 1a gbc la goc gitra phap tuyén dbi véi bé
mat miéng loa theo truong E va truong H;

Kc 12 hé sb séng chay trong 6ng dan séng

Tur cbng thace (2) va (3), mé phong Matlab dac tinh
phuong hudng trong khong gian 2 chiéu va 3 chiéu.
Hinh 5, 6 va Hinh 7, 8 biéu thi dic tinh phuong huéng
cua hé anten Khe va anten Loa thap tuong ung.
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Hinh 5. Ddc tinh phwong hwéng ciia hé anten Khe
trong khéng gian 2 chiéu

Hinh 6. Pdc tinh phwong hwéng cia hé anten Khe
trong khong gian 3 chiéu
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Hinh 7. Pdc tinh phwong hwong cia anten Loa thap
trong khdng gian 2 chiéu

Hinh 8. Pdc tinh phwong hwong cia anten Loa thap
trong khdng gian 3 chiéu

3. Khao sat d9 lgi va tré khang séng caa hé
anten Khe va anten Loa trén bing tan S va X

Phan trén di khao sat ham phwong hudng chuan
hoa va md phong Matlab dé vé ra duge do thi phuong
hudng cua hai loai Anten trén trong khéng gian 2 va
3 chiéu. Bé khao sat do loi va tré khang séng cua
Anten, trudc tién tién hanh thiét ké hé anten Khe nira
song va anten Loa thap.

Déi vai hé anten Khe, gia thiét anten dwoc st dung
1a loai éng dan séng hinh chir nhat, 1 hé anten khe
nira séng, c6 10 khe dwoc cat doc theo thanh éng va
phan b6 so le vé hai phia, ham waveguideSlotted trong
Matlab duoc sir dung vai céc théng s dugc thiét lap
nhu trong Bang 1. Bdi vai anten Loa, gia thiét s dung
anten Loa thép vai phan bé truong ¢ miéng loa ca
trong mat phang E va mat phang H, ham horn trong
Matlab dwoc st dung véi cac thdng sé duoc thiét lap
nhu trong Bang 2.
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Sau khi thiét lap duoc céc théng sb, sir dung ham
impedance va ham sparameters dé tinh toan do loi va
tro khang séng cua hai loai anten trén. Két qua hién
thi trén Bang 3 va Bang 4.

Bdng 1. Thiét ldp thdng sé cho hé anten Khe

Théng sb Y nghi Giatri
0 ngnia
. & don vi (m)
Length Chiéu dai 0,8060
Width Chiéu ngang 0,0857
Height Chiéu cao 0,0428
NumSlots S6 lwong khe 10
Slot Hinh dang khe Chir nhat
Khoang cach tir mép dén
SlotToTop R 0,0403
tdm khe
. Khoang cach gitra cac
SlotSpacing | 0,0806
tdm khe
Khodng cach tir tim éng
SlotOffset . 0,0123
tai tdm khe
SlotAngle GOc xién gitta cac khe 0

Bdng 2. Thiét Igp théng sé cho anten Loa théap

Thong s6 Y nghia Gié'tri
don vi (m)
FL Chiéu dai miéng loa 0,0348
FW Chiéu ngang miéng loa 0,035
FH Chiéu cao miéng loa 0,035
L Chiéu dai 6ng dan séng 0,03
Chiéu rong ng dan séng 0,024
H Chiéu cao éng dan séng 0,012
FO Diém cip ngudn [0,01 0]

Bdng 3. Bdng so sanh dj loi giira
hé anten Khe nzza song va anten Loa thap

Biangtdin  Héanten Khe  Anten Loa thap
S ~12dB ~7dB
X ~6dB ~32dB

Bang 3 cho thiy, trén bang tan S (2-4GHz), hé
anten Khe cho d¢ loi t5t hon. Trén bang tan X (8-
12GHz), anten Loa thap cho d6 loi cao hon. Mudn
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tang do loi cua anten Khe trén biang X can ting sb
lugng khe [9].
Bdng 4. Bdng so sanh giira tré khang song giza
hé anten Khe n#a song va anten Loa thap

Bangtdin  Hé anten Khe Anten Loa thap
S 45,6Q - 221Q 0,02Q - 0,03Q
X 73,6Q - 284Q0 14Q - 19,5Q

Bang 4 chi ra, mac du tré khang séng sinh ra bai
anten Loa th&p nho hon hé anten Khe, nghia la it tiéu
hao nang lugng hon, tuy nhién tré khang séng cua hé
anten Khe lai phti hop hon véi viéc phéi hop tré khang
trong 6ng dan séng (50-75 Q).

Hinh 9 va Hinh 10 minh hoa cho viéc phéi hop tro
khang giira anten va ng dan séng. Anten Loa c6 su
phu thugc vao tan sb 16n hon hé Anten Khe.

T T
Tré khang
bién khang

250

Tré khang séng (ohms)

50 L L L L 1 L
2.2 23 2.4 2.5 2.6 2.7 2.8 2.

Tan sb (GHz)
Hinh 9. P4 thi biéu dién tré khang séng ciia hé anten
Khe nita séng trén bing tin S

20

ot 4

20 F 4

-40 + Tré khang b
bién khang

-60 q

-80 [ 1

-100 .

Tré khang séng (ohms)

120 | 7
140 //_

-160 | | I I |
10.2 10.3 10.4 10.5 10.6 10.7 10.8

Tan s6 (GHz)
Hinh 10. Pé th; biéu dién tré khang séng ciia anten
Loa thdp trén béang tan X
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4. Két luan

Bai bao da tién hanh nghién ctu, md phong va
danh gia dac tinh cua hai loai anten la hé anten Khe
ntra séng va anten Loa thap. Bac tinh phuong hudng
cua hai loai anten chi ra riang, hé anten Khe c6 do
rong bap séng rat nho, khoang 2°, anten Loa thap
don ¢6 do rong bap séng 16n hon nhiéu lan. Véi diéu
kién tién quyét vé do rong bup séng dé, hé anten Khe
Ia loai anten phu hgp dugc st dung trong Radar hang
hai. Thuc té hién nay chi con hé anten Khe duogc sir
dung trong Radar hang hai.

Trén bing tan S, hé anten Khe c6 d6 loi tét hon,
trén bang tan X thi anten Loa c6 do loi tot hon. Tré
khéng séng sinh ra baéi hai loai anten c6 su khac biét,
vé mit tiéu hao ning lwong thi anten Loa cho két qua
t6t hon. Nhu vay, voi cac uu diém vé bang thong
rong, o lgi cao, ¢ méo nho anten Loa thuong dugc
st dung trong cac tng dung vé thoi tiét, thim do vat
liéu va theo ddi giam sat muic chét l6ng.

Anten Loa c6 wu diém dé ché tao, gia thanh rg,
dé 1am hep bup séng cua anten Loa, dd c6 nhitng
nghién ctu két hop 2 hoic 4 anten Loa thanh hé
anten, hoac sir dung anten Loa lam chiéu xa tir cho
anten Parabol. Van d& nay s& duoc lam 16 hon trong
cac nghién ciru v& anten Loa sau nay. Cac két luan
clia bai bao ciing phu hop véi cac két qua cua cac
nghién ciru trén thé gidi da duoc tham khao.

Loi cam on

Nghién ctru nay duoc tai trg boi Truong Pai hoc

Hang hai Viét Nam trong dé tai ma s6 DT20-21.49.

TAI LIEU THAM KHAO

[1] Derry Permana Yusuf, Fitri Yuli Zulkifli, Eko
Tjipto Rahardjo, Design of Narrow-wall Slotted
Waveguide Antenna with V-shaped Metal
Reflector for X-Band Radar Application, 2018
International Symposium on Antennas and
Propagation (ISAP 2018), tr.265-266, Busan,
Korea, 2018.

[2] lan Bole, Alan Wall, Andy Norris, Radar and

ARPA Manual, Butterworth-Heinemann, UK,
2014.

SO 67 (8-2021)

KHOA HOC - CONG NGHE

[3] Daryl Ortega Gonzalez, Pedro Arzola Morris, José
Sandianes Gélvez, Modification to the AU11-07N
slotted waveguide antenna of the Navy-Radar
4000, RIELAC, \Vol. 41, tr.108-121, 2020.

[4] Guezoui Zahia, Amir Monir, Amar Hichem,
Zergoug Mourad, Hamami Latifa, Design and
simulation of Pyramidal Horn Antenna for NDT
Applications, International journal of mathematics
and computers in simulation, Volume 11, tr.143-
146, North Atlantic University Union, USA, 2017.

[5] Musa Manganda, Design of an S-band Waveguide
Slot Antenna for Surveillance Radar Application,
University of Cape Town, South Africa, April
2017.

[6] Tran Xuan Viét, Ky thugt anten, NXB Hang hai,
2019.

[71 Furuno, Furuno Marine Radar Experiments,
Operator's manual, Model FR-360 Mark Il marine
radar, 1984.

[8] Phan Anh, Ly thuyét va ky thudt anten, NXB Khoa
hoc va Ky thuat, Ha Néi, 2007.

[9] Nguyén Manh Cuong, Poan Ngoc Au, Bd Cong
Danh, Khdo sdt dac tinh va tinh toan sé lwong
phan tiz cho anten Khe siz dung trong Radar
Hang hai, Tap chi Khoa hoc Céng nghé Hang hai,
S6 66, tr.78-82, 2021.

Ngay nhan bai: 271412021
Ngay nhan ban sta: 06/5/2021
Ngay duyét dang: 18/5/2021




