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Tém tat:

Bai bdo trinh bay mot anten mang mai cé d6 lgi cao va blp séng phu thap & tan s6é 5GHz ting dung
cho dinh vi v6 tuyén. Anten mang dugc dé xuat gdom 16 phan t anten dan xa dugc thiét ké trén Rogers
4003C, chiéu day h = 0,8 mm, hang s6 dién moi € = 3,55 va hé s6 ton hao 1a 0,0027, kich thudc téng clia
mang la 58,5x27,4 cm?2. Dé c6 dugc blp song phu thap, cac anten phan tir trong mang c6 dé loi khac
nhau dugc sédp xép tuan theo quy tdc phan phoi Cheybyshev, ching st dung mang tiép dién néi tiép
dua trén bé chia nguén hinh chit T. Anten dugc thiét ké dua trén phuong phap phan ti hiu han st dung
phan mém CST (Computer Simulation Technology). Két qua m6 phong cho thay anten mang dé xuat dat
dé lgi 18,5dBi; dé rong bup séng hep 9,9°; miic bup phu -21,32 dB & tan sé 5GHz.

Tu khoa:
Anten mang, Anten mach in ludng cuc dan xa, D6 Igi cao, Bup song phu thap (SLL), Phan 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.

Keywords:

Antenna array, Printed Yagi antenna, High gain, Low Sidelobe Level, Chebyshev Distribution.

1. GIGI THIEU CHUNG

Anten mach in (vi dai) dang dugc st dung rong rai
trong cac hé thong vién thong khong day trong nha
cling nhu ngoai troi, cac hé¢ théng dinh vi vO tuyén;
do ¢6 nhiéu wu diém nhu chi phi thip, nhe va kha
nang tich hop d& dang vai cac thiét bi khac. Trong
nhiéu mg dung anten yéu cau c6 do lgi cao dé

tang khoang cach truyén nhan. Diéu nay c6 thé dat
duogc bang cach két hop cac phan tir don 1¢ thanh
anten mang. Mot s6 ing dung dién hinh cta anten
mang nhu: hé théng ra-da duoc sir dung dé phat
hién muyc tiéu, hé thong dinh vi ddn duong hodc hé
thong may bay khong nguoi 1ai. Truyén thong di
dong ngay cang phat trién voi cong nghé 5G dang
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duoc nghién ctru hién nay dé co toe do dit liéu cao
hon, d6 tré thép hon. Ngoaira anten c6 d¢ lgi cao
con dugc ung dung trong giao thong thong minh
[1]. Hon nita viéc st dung ra-da trén 6 t6 co thé
cung cép cho ngudi 1ai mot s thong tin hd trg gitp
kiém so4t hanh trinh tu dong, hd tro dd xe, phat
hién diém mu va canh bao va cham bén hong [2].
Tuy nhién, viéc két hop cac phan tir anten trong
mot mang c6 thé din dén kich thude 16n hon va
SLL s& cao hon. Nhuoc diém chinh ctia anten
mang la tao ra SLL cao, gay lang phi nang lugong
theo hudng khong mong mubn, giam do chinh xac
khi dinh vi bang séng v6 tuyén. Bup song phu cao
trong mang c6 thé do: su két hop véi nhau gitra cac
phan tir bic xa, song bé mat va buc xa ky sinh tir
mang tiép dién [3], [4]. Vi vay thach thirc dbi voi
céc nha thiét ké anten mang 1a tim cach giam SLL
cho mang anten.

Mot sé ki thuat giam SLL ciia mang da dugc
nghién ctru va dé xuat trong [5], trong d6 dua ra
mot s6 phuong phéap giam SLL trong mang vi dai
bang viéc diéu chinh bién d cac ngudn kich thich
cho cac phan tir don 1¢ trong mang sao cho bién
d6 giam dan tir tim ra cudi hai bén cua mang. Cac
phan b nhj thirc Chebyshev va Taylor da dugc ap
dung pho bién trong viéc phan bd bién d6 ngudn
kich thich cua anten mang dé dat duoc SLL thap.
Hién nay c6 hai loai mang cap ngudn pho bién: cap
ngudn song song va cap ngudn ndi tiép. Uu diém
ctia cap ngudn ndi tiép 1a dudng truyén ngan, kich
thuéc mang cip ngudn nho suy hao thip hon so
v6i cép ngudn song song. Do viy bai bao dé xuat
mang tiép dién ndi tiép.

Gan day c6 cac nghién ctu vé giam bup song phu
SLL trong anten mang [4], [6], [7], [8], [9].[10].
Céc cong trinh [4], [6] anten vi dai da dugc nghién
ctru véi SLL thap va ap dung thuyét bién do kich
thich Chebyshev, SLL la -26dB nhung d¢ loi 1a
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17,5dBi tai tan s 5,5GHz. Cac 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 cau giam SLL dé dinh vi dugc chinh xéc
hon. Trong bai bao nay, tac gia dé xuat anten mang
sir dung nhiéu phan tr c6 do loi khac nhau tuan
theo phan bd Chebysev nham giam SLL ting do
loi cho anten mang g dung trong hé thong dinh
vi vo tuyén.

Nbi dung tiép theo cuia bai bao gom: Co s ly
thuyét, cau trac va két qua mo phong cua anten
mang dé xuit duoc trinh bay trong muc 2; két luan
cua bai bao dugc trinh bay trong muc 3.

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

Anten ludng cuc din xa dé xuét voi canh buc xa
dam bao tinh chat nira budc song, dong thoi giam
kich thudc theo chiéu ngang cta anten, canh buc
xa duoc thiét ké uén cong. Bén canh d6 con gitp
tang do dinh hudng theo phuong truc giao vdi canh
birc xa. Bé tang thém d¢ dinh hudng, cac chan tir
dan xa dugc thém vao phia trudc song song véi
canh birc xa nhu tao thanh anten ludng cuc dan xa
mach in (LC-D4X). Khoang cach gitra chan tir din
xa vOinhau va véi canh birc xa thuong (0,1 + 0,35)
A0 [15]. Sau qua trinh tdi vu dua trén nguyén ly
ctia anten LC-D4X va duya trén phuong phéap phan
tir hitu han ciia phan mém mo phong CST, anten
LC-DaX gém 2 thanh dan xa duoc t6i wu véi cac
tham sb trong Bang 1 tai tan s6 5GHz. Dic diém
ctia LC- DaX van duy tri cac tinh chat ciia anten
Yagi thong thuong khi tiang s6 chan tir dan xa thi
d6 loi ciing tang theo. Viéc toi vu LC- DX lam
L L W L

nd> arm’ arm’

cac tham sé nhur L, thay

feed? g 2 direc

d6i khong dang ké khi ting s chan tir din xa yi
(i=l1,2,3...n). Két qua vé bang thong va dg loi
duogc biéu dién trong Bang 2. D¢ loi bi danh do6i
béi kich thudce cia anten, véi LC- DaX c6 sd

111



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC DIEN LUC

(ISSN: 1859 - 4557)

lugong chan tir dan xa tang thi nhan dugc do loi
cang 16n; 1 thanh dan xa d6 loi 1a 7dBi, 2 thanh
dan xa c6 do loi 12 7,64dBi va 23 thanh dan xa do
loi 1én t6i 12,3dBi tai 5GHz. Muc tiéu cac phan
tir dé& xuat trong mang c6 do loi tuan theo phan
phéi Chebyshev [5], do d6 tac gia lan luot khao
sat, mo phong va lua chon cac anten phan tir véi
sb lugng thanh dan xa phu hop dé c6 d6 loi theo
yéu cau. Sau khi mé phong trén phan mém CST,
16 phﬁn tir anten dan xa dugc lua chon dé ghép
mang duoc trinh bay cu thé trong Bang 2.

2.2. Mang tiép dién cho anten mang

Bai bio dé xudt anten mang gdm 16 phan tu
LC-DaX dugc bd tri trén mot duong thang theo truc
ox la mang tuyén tinh. Mang tiép dién trong mang 1a
nbi tiép dugc trinh bay trong Hinh 2. Trong Hinh 2,
mat trén la mang tiép dién cua anten mang, mat
dudi 1a cac thanh bure xa va cac thanh dan xa cua
cac anten phan tir.
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Bang 2.Cac tham sé ctia anten phan tir véi
nhiéu thanh dan xa (n: s6 thanh dan xa)

n | Bing thong [MHz] | Do lgi [dBi]
0 770 6,03

1 592 7,00

4 820 8,43

10 617 10,16

15 700 10,93

17 756 11,40

20 762 11,85

23 783 12,30

Thir tu ctia cac anten dugc dat tu céng 2 dén céng
17 nhu mo ta trong Hinh 3. Trong do6, vi tri cac
anten dugc dat dugc thé hién trong Bang 3.

Gian do blrc xa cua mang dugc hinh thanh dya trén
su két hop cac gian d6 buc xa cua anten phan tir va

hé sb mang thé hién trong cong thirc (1) [1].

N .
AF:Zan-eJ(n 1)(kd.cos6+[) ()
n=1

(a) M3t trén la mang tiép dién
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Trong d6, k 1a hé sb truyén séng, d ~ 0,583 1a
khoang cach giita cac phan tir va p = 2r 1a do

léch pha giita cac phan tir trong mang, N 1a sd
phan tir trong mang (N=16), an 1a h¢ s6 do loi
cia cac phan tir. Mang co kich thudc tong 1a

27,4%x58,5cm?.

Bang 3. Phan bé cac anten phan tu trén
anten mang dé xuat

Cong n Do loi [dBi]
2val7 0 6,03
3vale 1 7,00
4vals 4 8,43
5val4 10 10,16
6val3 15 10,93
7val2 17 11,40
8vall 20 11,85
9 va 10 23 12,30

(b) Mat duéi la cac phan ti biic xa va dan xa ciia cac anten phan ti

T-junction

274 cm

Mat trén T-junction

W4

274 cm

Hinh 2. Hinh dnh mang anten dé xuat;

b)
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Hinh 3. Mang tiép dién néi tiép cia mang anten dé xuat

Theo nhu Hinh 3, diu vao mang tiép dién cho
mang 1a Z_ = Z = 50 Q, theo nguyén tac cia bo
chia ngudn hinh chit T [16] thi Z, = Z, / /2, vay
Z, = 3536 Q, voi doan chuyén ddi mot phﬁn tur
budc song (A/4). Qua qua trinh mé phong, tdi uu
dudng truyén song cho mang tiép dién, cac chiéu
rong duong truyén song co gia tri nhu sau W1 =
1,75 mm; W2 =29 mm; d =35 mm.

Sau khi mé phong mang tiép dién gom 1 cong
vao va 16 cong ra nhu Hinh 3, tham sb két qua
mé phong S11 tai cong cap ngudn duge thé hién
trong Hinh 4; Sau khi m6 phong mang tiép dién
gom 1 cong vao va 16 cong ra nhu Hinh 3, tham
s6 két qua mo phong S11 tai cong cap ngudn duoc
thé hién trong Hinh 4; Tir d6 nhan thiy chung
dugc phdi hop tré khang tét trong dai tan rong
2,46GHz (tir 4,04GHz dén 6,5GHz) véi tan sb
trung tdm 5GHz. Hinh 5 cho thiy pha cua céc
phan tir trong mang gan nhu giéng nhau, tuc la
mang tiép dién s& cung cép cho 16 anten phan tir
cung bién va cung pha.

0=32.104

4.0362 45 5 55 6 6.5

Hinh 4. Hé s6 S11 mang tiép dién cta anten
mang dé xuat

200

-100

150

200

5
Frequency / GHz

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

2.3. Két qua md phéng anten mang dé xuat

Két qua md phong anten mang dé xuét dugc thé hién
trong Hinh 6, Hinh 7 va Hinh 8. Trong d6, Hinh 6 cho
thay bang thong clia anten méang siéu rong 2,45GHz
twong tng 49% d6 rong bang thong, tir 4,03GHz dén
6,48GHz xét muc dudi -10dB. Dai tin nay phu hop
cho céc chuan IEEE 802n/AC, mang khong day dién
rong (WLAN), mang két ni cac thiét bi trong pham
vi cia mdt ca nhan (PAN), truyén thong pham vi
ngén chuyén dyng (DSRC). Trong Hinh 7, m6 ta do
thi btrc xa hai chiéu cta anten mang tai tan s6 5GHz
ctia ba mang anten khac nhau.
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\

. I
= v

2 Gom 45 5 5s 6

Frequency / GHz

Hinh 6. Hé s6 S11 ciia anten mang dé xuat
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(i) Mang 1: mang dé xuat gdm céc anten phan tir
c6 d6 loi khac nhau phan bd theo Cheybyshev.
Mang dé xuét c6 do rong bup song hep 9,9°; 0 loi
18,5dBi; btip song phu c6 gia tri thép dat-21,32dB.

(ii) Mang 2: mang 16 phan tir ludng cuc dan xa voi
23 thanh dan xa. Méang 2 vdi 16 phan tir anten dan
xa va 23 thanh dan xa, anten kich thudc 16n, tuy
nhién gitip mang c6 do 1oi cao 20dBi, bup song phu
dat-16,55dB.

(iii) Méng 3: mang 16 phan tir ludng cuc dan xa voi
2 thanh din xa. Mang 3 vdi 16 anten phan tir dan xa,
kich thudc anten nho nhung danh doi 1a do loi thip
hon 15,3dBi do chi sur dung anten dén xa véi 2 thanh
dan xa dinh hudng va bup song phu dat -16,67dB.

Chung ta c6 thé thay sy ndi bat ciia anten mang dé
xuat 1a bup song phu ctia anten rat thap -21,32dB so

— it i N

OO LNCo—

D6 loi (dBi)

-3
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v6i1 hai méang con lai; trong d6 mang 2 1a -16,55dB
va mang 3 la -16,67dB. Pay chinh 1a minh ching
cho viéc str dung phan phdi Cheybyshev do loi cua
16 phan tir anten trong mang dé xuét. Anten mang
duoc thiét ké trén chat nén RO4003C véi hing s6
dién moi & =3,55, hé s6 t6n hao nho 0,0027 va bé
day chét nén 1a 0,8 mm. Mang gdm 16x1 phan tir
mic ndi tiép tao dd thi buc xa c6 d6 loi 1a 18,5 dBi,
bup song phu dat -21,32dB, d6 rdng bup song nho
9,9°. B rong bip song hep sé 1a mot tham sé quan
trong trong viéc hd tro dinh vi d6i tugng chinh xac

trong dinh vi vo tuyén.

Hinh 8 mo ta do thi bic xa ba chiéu cia mang
1, mang 2 va mang 3; chung ta thdy néu anten
phén tir ¢6 d6 loi cao thi do lgi cia anten mang
cling cao d6 1a diéu hién nhién cua k¥ thuat anten

SLL: -16,55

%:.ﬁléﬁMB
/_ 0
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mang, va ching phai tra gia bang kich thudc.
Trong trudng hop yéu cau anten c6 do lgi cao va
khong can xét dén chi tiéu biap song phy, khuyén
nghi c¢6 thé str dung thiét ké nhu mang 3 (d6 loi
dat 20dBi).

3.KET LUAN

Bai bao d3 dé xuét anten mang moi, c6 do 191 cao,
bup séng chinh nhoé va bip song phu thap phu hop
cho hé théng dinh vi vo tuyén. Do loi anten cao sé
phu dugc vung xa, bup song chinh hep giup quét
dugc cac vung hep lam tang d6 chinh xac dinh vi
theo phuong quét; bip song phu thap lam giam
nhiéu 1am cho hé théng dinh vi vO tuyén duoc

chinh xac hon.

Quy trinh thiét ké tir phan tar don 1¢ dén anten

Dé c6 duoc bup song phu thap, phan bé Chebyshev
vé do loi da duoc st dung dua trén cac anten ludng

cuc dan xa khong ddng nhit.

Céc anten phan tir ludng cuc dan xa dugc cap
ngudn dong déu tir mang tiép dién st dung bo chia
ngudn hinh chir T dugc phdi hop tro khang tot. Két
qua mo phong da chirg minh rang anten mang dé
xuét ¢6 cac dic diém ndi bat nhu cé kich thude
27,4x58,5 cm? ¢ thé hoat dong & dai tan s6 5 GHz
voi do 1oi cao 18,5 dBi, bip song chinh hep 9,9°
va dic biét 1a bup song phu thap -21,32 dB.

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

mang hoan chinh da dugc trinh bay chi tiét trong

vi clia mot ca nhan (PAN), truyén thong pham vi
bai bao.

ngin chuyén dung (DSRC) hay cac tng dung cho
bang tan C.
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Gidi thiéu tac gia:

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

Hudng nghién cltu chinh: Hé théng do ludng diéu khién, thiét ké cac hé théng
nhdng ing dung trong diéu khién va tu dong hda, mang cdm bién khéng day, anten
va mach cao tan.

Tac gid Nguyén Tién Ding tot nghiép dai hoc nganh Tu déng héa nam 2008 tai
Trudng dai hoc Bach Khoa Ha Néi, nhan bang Thac si nganh Ky thuat diéu khién va
Tu déng hda 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 dong héa, Trudng Dai hoc Dién luc.

Hudng nghién ctu chinh: Diéu khién héthéng bu dé nang cao chatlugng dién nang,
ty ddng héa trong cadc nha may, khu céng nghiép.

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

Huéng nghién clru chinh: Ludi dién théng minh, gidm sat do ludng diéu khién tu
dong hda va bao vé trong hé théng dién.
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