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ANTEN MANG D0 LOI cAO VGI MUC BUP PHU THAP CHO HE THONG DINH VI
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Tém tat:

Bai bao trinh bay mét anten mang méi c6 dé lgi cao va bup séng phu thdp & tan s6 5GHz tiing dung
cho dinh vi v6 tuyén. Anten mang dugc dé xuat gbm 16 phan tir anten dan xa dugc thiét ké trén Rogers
4003C, chiéu day h = 0,8 mm, hang s6 dién moi €, = 3,55 va hé s6 t6n hao la 0,0027, kich thudc téng clia
mang la 58,5x27,4 cm?2 D& c6 dugc bup séng phu thap, cac anten phan ti trong mang cé do loi khac
nhau dugc sap xép tuan theo quy tac phan phséi Cheybyshev, ching st dung mang tiép dién néi tiép
dua trén bo chia nguén hinh chit T. Anten dugc thiét ké dua trén phuang phap phan td hitu han sirdung
phan mém CST (Computer Simulation Technology). K&t qua moé phdéng cho thdy anten mang dé xuat dat
d6 Igi 18,5dBi; d6 réng bup song hep 9,9°; mic bup phu-21,32 dB & tan s6 5GHz.

Tu khéa:
Anten mang, Anten mach in luéng cuc dan xa, D6 Igi cao, Bup séng phu thap (SLL), Phdan bé Chebyshev.

Abstract:

The paper presents a novel high-gain and low-sidelobe level array antenna at 5GHz for localization
applications. The proposed antenna array consists of sixteen element Yagi antennas that have been
designed on Rogers 4003C with a thickness of h = 0.8 mm, a dielectric constant of € = 3.55 and a loss
tangent 0.0027, the overall size of array antennais 58.5x27.4 cm?.To obtain Low Sidelobe Levels (SLLs), the
antenna elements are of non-uniform gain which rule Cheybyshev distributes, and they are using equal
split T-Junction in series feeding networks. The array antenna was designed using finite element method
in Computer Simulation Technology (CST) application. Simulation results show that array antenna can
provide high gain of 18.5dBi and a low SLL of -21.32 dB at 5GHz.
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1. GIGI THIEU CHUNG dé tang khoang cach truyén nhan. Piéu nay c6 thé

Anten mach in (vi dai) dang dugc str dung rong dat duogc béng cach két hop cac phén tur don lé

rdi trong cac hé thong vién thong khong day trong
nha cling nhu ngoai troi, cac hé théng dinh vi vo
tuyén; do c6 nhiéu wu diém nhu chi phi thip, nhe
va kha nang tich hop d& dang véi cac thiét bi khac.
Trong nhiéu tmg dung anten yéu cau c6 do loi cao

thanh anten mang. Mot sb ing dung dién hinh ciia
anten mang nhu: hé thong ra-da dugc sir dung dé
phat hién muc tiéu, hé thong dinh vi din duong
hodc hé théng may bay khong nguoi 1ai. Truyén
thong di dong ngay cang phat trién v6i cong nghé
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5G dang dugc nghién ctru hién nay dé co toe do dir
lidu cao hon, d6 tré thip hon. Ngoai ra anten c6 do
loi cao con dugc tmg dung trong giao thong thong
minh [1]. Hon nita vi¢c str dung ra-da trén 6 t6 co
thé cung cap cho ngudi 1ai mot sb thong tin hd tro
gitip kiém soat hanh trinh ty dong, hd trg dd xe,
phat hién diém mu va canh bao va cham bén hong
[2]. Tuy nhién, viéc két hop cic phan tir anten
trong mot mang co6 thé dan dén kich thudc 16n hon
va SLL s& cao hon. Nhugce diém chinh cua anten
mang la tao ra SLL cao, gay lang phi nang lugng
theo hudng khong mong mudn, giam do chinh xac
khi dinh vi bang séng vo tuyén. Bap séng phu cao
trong mang c6 thé do: sy két hgp v6i nhau giita cac
phan tir birc xa, song bé mit va birc xa ky sinh tir
mang tiép dién [3], [4]. Vi vy thach thirc ddi véi
cac nha thiét ké anten mang 1a tim cach giam SLL

cho mang anten.

Mot sd ky thuat giam SLL ctia mang di duoc
nghién ctru va d& xuat trong [5], trong d6 dua ra
mot s6 phuong phap giam SLL trong mang vi dai
bang viéc diéu chinh bién do cac ngudn kich thich
cho cac phan tir don 1¢ trong mang sao cho bién
d6 giam dan tir tAm ra cudi hai bén cta mang. Céc
phan bd nhi thire Chebyshev va Taylor di duoc ap
dung phd bién trong viéc phan bd bién do ngudn
kich thich ctia anten mang dé dat duoc SLL thap.
Hién nay c6 hai loai mang cip ngudn phd bién: cip
ngudn song song va cip ngudn ndi tiép. Uu diém
ctia cap ngudn ndi tiép 1a duong truyén ngin, kich
thuéc mang cép ngudn nho suy hao thap hon so
v6i cap ngudn song song. Do vy bai bio dé xuat

mang tiép di¢n noi tiep.

Gan day c6 cac nghién ctru vé giam bip song phu
SLL trong anten mang [4], [6], [7], [8], [9],[10].
Cac cong trinh [4], [6] anten vi dai da dugc nghién
ctru voi SLL thap va ap dung thuyét bién do kich
thich Chebyshev, SLL la -26dB nhung d¢ loi la

(ISSN: 1859 - 4557)

17,5dBi tai tan s6 5,5GHz. Céac anten thong minh
[11], [12], [13], [14] cling dugc ap dung trong hé
thong dinh vi trong nha, tuy nhién SLL con 16n va
¢6 nhu ciu giam SLL dé dinh vi duge chinh xéc
hon. Trong bai bao nay, tic gia dé xut anten mang
su dung nhiéu phﬁn tr ¢6 do loi1 khac nhau tuan
theo phan b6 Chebysev nham giam SLL ting do
loi cho anten mang tmg dung trong hé thong dinh
vi vO tuyén.

Noi dung tiép theo cua bai bio gdm: Co so ly
thuyét, cdu trac va két qua mo phong cua anten
méng dé xuat dugc trinh bay trong muc 2; két luan
cua bai bao dugc trinh bay trong muyc 3.

2. THIET KE ANTEN MANG
2.1. Anten luéng cuc dan xa phan ta

Anten ludng cuc din xa dé xuét véi canh buc xa
dam bao tinh chat nira budc song, dong thoi giam
kich thudc theo chiéu ngang cua anten, canh buc
xa dugc thiét ké udn cong. Bén canh d6 con giup
tang d6 dinh hudng theo phuong tryc giao voi canh
buic xa. Pé ting thém d6 dinh huéng, cic chan tir
dan xa duogc thém vao phia trudc song song véi
canh buc xa nhu tao thanh anten ludng cuc dan xa
mach in (LC-D4aX). Khoang cach giita chin tir dan
xa voi nhau va voi canh btrc xa thuong (0,1 +0,35)
A0 [15]. Sau qué trinh t&i uu dya trén nguyén ly
ctia anten LC-DaX va dua trén phuong phap phan
tir hitu han ctia phdn mém mo phong CST, anten
LC-DaX gdm 2 thanh dan xa dugc toi uu véi cac
tham sé trong Bang 1 tai tn s6 5GHz. Pic diém
ciia LC- DaX van duy tri cac tinh chit cua anten
Yagi thong thuong khi ting s chan tir dan xa thi
d6 loi ciing tang theo. Viéc t6i wu LC- DaX lam
\A

arm’

cac tham s6 nhur Lo Loms L

arm’

feed” g direc thay

d6i khong dang ké khi ting sé chan tor dan xa yi
@1=1, 2, 3...n). Két qua vé bang thong va do loi
dugc biéu dién trong Bang 2. Do lgi bi ddnh doi
boi kich thude cua anten, voi LC- DaX c6 sd

111



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC DIEN LUC
(ISSN: 1859 - 4557)

luong chan tir dan xa tang thi nhan duoc do lgi  phong va Iya chon cac anten phﬁn tr v6i sd luwong
cang 1én; 1 thanh dan xa d6 loi 1a 7dBi, 2 thanh thanh dan xa phu hop dé co do loi theo yéu cAu.
dan xa c6 d¢ loi 1a 7,64dBi va 23 thanh dan xa d6  Sau khi md phong trén phan mém CST, 16 phan
loi 1én t61 12,3dBi tai SGHz. Muc tiéu cac phﬁn tr  tir anten dan xa duoc lya chon dé ghép mang duoc
dé xuat trong mang c6 do loi tuan theo phan phdi  trinh bay cu thé trong Bang 2.

Chebyshev [5], do d6 tac gia 1an luot khao sat, mo
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Hinh 1. Hinh anh nguyén ly va ché tao cia anten luéng cuc dan xa mach in

Bang 1. Cac tham sé cia anten LC- DX gém 2 thanh dan xa tai 5GHz; don vi mm

_Canhbicxa Thanh phan dinh huong ~~~ Balun
Thamsé  Gidtri  Thamso Thamsé  Gidtri
IO 7 S ..‘,Wbalunw. e 2’1 .
VVarm ,,,,,,,,, La 10’1
sub
2.2. Mang tiép dién cho anten mang mat trén la mang tiép dién cua anten mang, mat

S S , A s+ .. dudila cac thanh birc xa va cac thanh dan xa cua
Bai bao dé xuat anten mang gom 16 phan to : :

A O A \ 2 4c anten phan tir.
LC-DaX duogc bo tri trén mot duong thang theo truc cac anten p u
ox la mang tuyén tinh. Mang tiép dién trong mang la

ndi tiép duogc trinh bay trong Hinh 2. Trong Hinh 2,
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Bang 2. Cac tham sé ctia anten phan ti véi
nhiéu thanh dan xa (n: sé thanh dan xa)
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trong mang (N=16), an 1a hé sb d0 loi ctia cac phan
tir. Mang c6 kich thuéc tong 1a 27,4x58,5¢cm>.

n | Bing thong [MHz] D¢ lgi [dBi] Bang 3. Phan bé cac anten phan ti trén
0 770 6.03 anten mang dé xuat

1 392 7,00 Céng n D6 loi [dBi]
4 820 8,43 2val7 0 6,03
10 617 10,16 3valeé 1 7,00
15 700 10,93 4vals 4 8,43
17 756 11,40 Sval4d 10 10,16
20 762 11,85 6val3l 15 10,93
23 783 12.30 7val2 17 11,40
, o 8vall 20 11,85
Thu tu cta cac anten dugc dat tir cong 2 dén cong 9va 10 23 12.30

17 nhu mo ta trong Hinh 3. Trong do, vi tri cac
anten duoc dat duge thé hién trong Bang 3.

Gian dd buc xa cla mang dugc hinh thanh dya trén
su két hop cac gian do buic xa ciia anten phan tir va
hé sb méang thé hién trong cong thie (1) [1].

N .
n—1)(kd.cos 0+
AF=3 o/ o
n=1
Trong do, k 12 hé s truyén song, d = 0,583\ 1a
khoéang cach giira cac phan tir va p = 2m 1a d6 léch
pha giira cac phan tir trong mang, N 1a s6 phan tir

Theo nhu Hinh 3, dau vao mang tiép dién cho
mang 14 Zin = Z0 = 50 Q, theo nguyén tic ciia bd
chia ngudn hinh chit T [16] thi Z, = Z, /~/2, vay
Z1 = 35,36 Q, voi doan chuyén ddi mot phﬁn tu
bude song (M4). Qua qua trinh mo phong, tdi wu
duong truyén séng cho mang tiép dién, cac chiéu
rong duong truyén song co gia trj nhu sau W1 =
1,75 mm; W2 =29 mm; d =35 mm.

Sau khi mé phong mang tiép dién gdbm 1 cong vao
va 16 cong ra nhu Hinh 3, tham s két qua mo
phong S11 tai cong cAp ngudn dugce thé hién trong
Hinh 4; Sau khi mé phong mang tiép dién gom 1

(a) Mat trén la mang tiép dién
(b) Mat duéi la cac phan ti bic xa va dan xa cla cac anten phan ti

T-junction

274 cm

v i\ak._.._.f [N

Mit trén

T-junction

502
35362

j}lﬂ_ﬂjﬂ

274 cm

b e e e i

58,5cm

b)

Hinh 2. Hinh anh mang anten dé xuat;
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Hinh 3. Mang tiép dién néi tlep clia mang anten dé xuat

cong vao va 16 cong ra nhu Hinh 3, tham sb két qua
mo phong S11 tai cong cip ngudn duge thé hién
trong Hinh 4; Tir d6 nhan thay ching dugc phdi
hop trd khang t6t trong dai tin rong 2,46GHz (tir
4,04GHz dén 6,5GHz) véi tan s6 trung tim 5GHz.
Hinh 5 cho thiy pha ctia cic phan tir trong méang
gan nhu giéng nhau, ttrc 1a mang tiép dién s& cung
cép cho 16 anten phan tir ciing bién va cung pha.

Siirm
o A
Vi N
VAN e
/
a5 45 5 55 6 [65]

wenew 1 Gz

Hinh 4. Hé sé S11 mang tiép dién cia anten
mang dé xuat

S-Parameters [Phase in Degrees]
200

100 f--eeef

150 -

H
Frequency / GHz

Hinh 5. D léch pha giira cac phan ti trong
mang tiép dién

2.3. Két qua md phdng anten mang dé xuat

Két qua md phong anten mang dé xuat duoc thé hién
trong Hinh 6, Hinh 7 va Hinh 8. Trong d6, Hinh 6 cho

thay bang thong clia anten mang siéu rong 2,45GHz
twong (g 49% do rong bang thong, tir 4,03GHz dén
6,48GHz xét mirc dudi -10dB. Dai tan nay phii hop
cho cac chuan IEEE 802n/AC, mang khong ddy dién
rong (WLAN), mang két ndi cac thiét bi trong pham
vi cia mdt ca nhan (PAN), truyén thong pham vi
ngin chuyén dung (DSRC). Trong Hinh 7, mé ta d6
thi birc xa hai chiéu cua anten mang tai tan sb 5GHz
ctia ba mang anten khac nhau.

S-Parameters [Magnitude in dB]
d=2.4487

— 1,1

AR 0
N RV [V
. VA ATV
) Vo e

35 4.0344 45 5 55 6

Frequency / GHz

6.4831

Hinh 6. Hé s6 S11 cia anten mang dé xuat

(i) Mang 1: mang dé xuat gdm céc anten phan tir
¢6 d6 loi khac nhau phan bd theo Cheybysheyv.
Mang dé xuit c6 do rong bup song hep 9,9°; d0 loi
18,5dBi; bup song phu c6 gia tri thép dat-21,32dB.

(ii) Méng 2: mang 16 phan tir ludng cyc dan xa voi
23 thanh dan xa. Mang 2 v6i 16 phan tir anten dan
xa va 23 thanh dan xa, anten kich thudc 16m, tuy
nhién gitip mang c6 d6 1oi cao 20dBi, bup song phu
dat -16,55dB.

(iii) Mang 3: mang 16 phan tir ludng cuc din xa
v6i 2 thanh din xa. Mang 3 véi 16 anten phan tir
dan xa, kich thudc anten nho nhung danh ddi la do
loi thép hon 15,3dBi do chi st dung anten dan xa
véi 2 thanh dan xa dinh huéng va bap song phu
dat -16,67dB.
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Chung ta c6 thé thiy sy ndi bat ctia anten mang dé
xuét 14 biip song phu ciia anten rat thap -21,32dB so
v61 hai mang con lai; trong d6 mang 2 1a -16,55dB
va mang 3 la -16,67dB. Pay chinh la minh ching
cho viéc sir dung phan phéi Cheybyshev d6 loi ciia
16 phan tir anten trong mang dé xuat. Anten mang
duoc thiét ké trén chat nén RO4003C véi hang s6
dién moi € =3,55, hé s6 ton hao nho 0,0027 va bé
day chit nén 1 0,8 mm. Mang gom 16x1 phan tir
mic ndi tiép tao d6 thi birc xa co d6 loi 1a 18,5 dBi,
bup séng phu dat -21,32dB, dd rdng bup song nhd
9,9°. B9 rong bup song hep s& 1a mot tham s6 quan
trong trong vi¢c hd tro dinh vi ddi tuong chinh xac

trong dinh vi vo tuyén.

Hinh 8 mo ta dd thi buc xa ba chiéu cua mang
1, mang 2 va mang 3; ching ta thay néu anten
phén tir c6 do loi cao thi do loi cia anten mang
cling cao d6 1a diéu hién nhién cua ky thuat anten

i et i DO

ARSI —

D6 loi (dBi)
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mang, va chung phai tra gia bang kich thuéc.
Trong truong hop yéu cau anten c6 d6 lgi cao va
khong can xét dén chi tiéu bup song phy, khuyén
nghi c6 thé str dung thiét ké nhu mang 3 (do loi
dat 20dBi).

3. KET LUAN

Bai bao d3 dé xuét anten mang moi, co do 1gi cao,
bup séng chinh nho va bip séng phu thap phi hop
cho hé théng dinh vi vo tuyén. Do loi anten cao s€
phu dugc vung xa, bup song chinh hep gitp quét
dugc cac vung hep lam tang d6 chinh xac dinh vi
theo phuong quét; bip song phu thip lam giam
nhidu 1am cho hé théng dinh vi vo tuyén duogc
chinh xac hon.

Quy trinh thiét ké tir phan tir don 1é dén anten
méng hoan chinh da duoc trinh bay chi tiét trong

bai bao.

o

Hinh 7. Gian dé buc xa hai chiéu cia anten mang

18,5dBi

20dBi

Hinh 8. Gian dé buic xa ba chiéu cla cdic mang anten a) Mang 1; b) Mang 2; c) Mang 3
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Dé c6 dugce biap song phu thap, phan b Chebyshev
vé d6 loi da duge st dung dya trén cac anten ludng

cuc dan xa khong dong nhat.

Cac anten phén tir ludng cuc dan xa duoc cép
ngudn dong déu tir mang tiép dién sir dung bo chia
ngudn hinh chir T dugc phdi hop tré khang tdt. Két
qua mo phong di chimg minh rang anten mang dé

voi do loi cao 18,5 dBi, bup séng chinh hep 9,9°
va dac biét la bup song phu thép -21,32 dB.

Bén canh d6, bang thong cua anten mang dé xuat
c6 dai tan siéu rong 2,46GHz (49%) c6 thé ap dung
cho cac hé thong truyén thong & cac chuén IEEE
802n/ac, mang khong day dién rong (WLAN),
mang két ndi cac thiét bi trong pham vi cia mot ca

xuit c6 cac dic diém ndi bat nhu co kich thudce nhén (PAN), truyén thong pham vi ng%én c}myén
27,4x58,5 cm? ¢6 thé hoat dong & di tinsé 5 GHz  44n€ (DSRC) hay céc img dung cho bang tan C.
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Gigi thiéu tac gia:

Tac gia Bui Thi Duyén t6t nghiép dai hoc nganh Ky thuat do va Tin hoc céng nghiép
nam 2004; nhan bang Thac singanh Tu dong héa nam 2007, nhan bang Tién singanh
Ky thuat diéu khién va Tu dong hoa ndm 2020 tai Dai hoc Bach khoa Ha Néi. Hién
nay tac gia la giang vién Khoa Diéu khién va Ty dong héa, Trudng Dai hoc Dién luc.

Huéng nghién cdu chinh: Hé théng do ludng diéu khién, thiét k& cac hé théng
nhdng Ung dung trong diéu khién va tu ddng héa, mang cdm bién khéng day, anten
va mach cao tan.

Tac gia Nguyén Tién Diing tot nghiép dai hoc nganh Ty dong hoa nam 2008 tai
Trudng dai hoc Bach Khoa Ha Néi, nhan bang Thac si nganh Ky thuat diéu khién va
Tu dong hoa nam 2014 tai Hoc vién ky thuat quan su va nhan bang Tién si nganh Ky
thuat diéu khién va Tu ddng héa nam 2024 tai Hoc vién ky thuat quan su. Hién nay
tac gia la gidng vién Khoa Diéu khién va Tu déng hoa, Trudng Dai hoc Dién luc.

Huéng nghién ctu chinh: Biéu khién hé thdng bu dé nang cao chat luong dién nang,
ty dong hoéa trong cac nha may, khu cong nghiép.

Tac gia Nguyén Ngoc Trung t6t nghiép dai hoc nganh Hé thong dién, nhan bang Thac
si nganh Ky thuat dién tai Trudng Pai hoc Bach Khoa Ha Noi vao cadc ndm 2003 va
2006; nhan bang tién si Ky thuat dién nam 2014 tai Dai hoc Palermo, Cong hoa Italia.
Hién nay tac gia la gidng vién, Trudng Dai hoc dién luc

Huéng nghién ctu chinh: Luégi dién thong minh, giam sat do ludng diéu khién tu
dong hoa va bao vé trong hé théng dién.
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