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Tém tit - Trong ky nguyén phuong tién giao théng két ndi
internet (loV-Internet of Vehicles), mot lugng 16n dit liéu duge
tao va truyen thong gilra cac phuong tién va cac mang khong ddng
nhét dé dam bao két nbi gilta con ngudi cling nhu cung cap cic
dich vu vién théng v&i yéu ciu ngdy mot phat trién. Didu nay doi
hoéi anten can phai da bang cho da cong nghé thu phat trong
phuong tién giao théng va bang rong cho truyén tai luu luong dit
lidu 16n. Trong bai bao nay, mot cdu truc ba vong cong hudng
dugc dé xuat, nhim tao ra anten ba bang tAn v6i ba tan s déu la
tan sé phd dung cua truyén théng IoV. D6 13 bing tin 2,4GHz;
5GHz va 5,9GHz. Nhing bing tan nay dugc khuyén nghi trong
céc chudn IEEE tién tién nhu IEEE 802.11 be, bd. Anten dé xuét
c6 kich thuéc nhé, dat 35*32*1,6mm?3 véi bing thong rong, twong
g 322MHz, 473GHz, and 393MHz. Cac két qua dugc phén tich
va déanh gia trén mo phong ciing nhu thyc nghiém.

Tiwr khoa - [oV; 1oT; anten ba bang; cAu trac ba vong tron

1. Pit van dé

Trong bdi canh s luong phuong tién giao thong gia
tang dang ké, van dé tic duong va tinh hinh giao thong
ngay cang trd nén phuc tap. Cong nghé V2X (Vehicle-to-
Everything), cong nghé truyén thong khong diy cho phép
trao doi dir liéu giira xe cd voi moi trudng xung quanh, hoat
dong trén bang tan 5,9 GHz vai kha ning trao doi thong tin
lién quan dén tinh hudng giao thong, tinh trang dudong va
Iwu lugng xe cd da va dang trd thanh van dé thu hat sy quan
tam rat 16n. Pay 1a mot cong nghé mang lai tiém ning dé
gidi quyét cac thach thuc giao thong hién dai, tao ra mot hé
thong giao thong thong minh va hiéu qua hon dé phuc vu

cong dong [1]. Bén canh do, loV (Internet of Vehicles),
buéce tién tlep theo cua IoT (Internet of Things) 1a cudc
cach mang két ndi cac phuong tién giao thong vai internet,
tao ra mot ky nguyén méi vé giao thong thong minh ciing
nhu cac thiét bi tw hanh. Céc giao thirc truyén théng chinh
ciia IoV 1a Giao thic tim ngin chuyén dung DSRC
(Dedicated Short Range Communication), V2X va WiFi
[2]. Piéu nay doi hoi anten cho cac thiét bi oV can phai da
bang cho da cong nghé, da bang tan, dap tmg dwoc cho cac
chuén giao thirc khac nhau [3].

Trong thoi gian gan day, da c6 mot s6 nghién ctru vé
anten da bang cho cac thiét bi IoV duoc dé xuat [3], [5]-
[8]. Wei Luo va céc cong su [3] sir dung cdu trac mai nha
(roottop) cho tao ra anten hai bang: mét bang rdng cong
hudng tai 820MHz va mét bang siéu rdng cong hudng tai
2.2MHz. Tuy nhién, bang thong nay dugc nhom tac gia
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danh gia tai diém S11 dat -6dB va kich thudc anten kha
16n, dat 250x250mm2 Néu ldy bang thong theo tiéu chuan
tai S11=-10dB [4], anten cOng huong tai ba biang tan
820MHz, 1,7GHz va 3GHz trong d6 bang thong cua bang
thir nhat kha hep con bang thir hai va ba lai khong bao phu
bang tan ciia WiFi ciing nhu DSRC. Duaa H. Abdulzahra
va cac cong sy [5] st dung cdu trac hai vong chir nhat ho
dé tao ra ba bang tan 2,4; 3,7 va 5,8GHz véi bang thong
rong, kich thude nhod gon. Tuy nhién, anten ¢6 hé s6 khuéch
dai twong ddi thap, dao dong xung quanh 1dB cho tat ca
cac bang véi hidu suat birc xa tir 68% dén 82%. Pay ciing
la nhuge diém cua anten fractal trong nghién ctru [6].
Ming-An Chung va cic cong su [7] st dung céu tric cai
tién cua hinh tam gidc kép dé tao anten hai bang cho tng
dung IoV tuy nhién anten cong hudng tai bang X va Ku cta
bang tan vé tinh tim thap, 1 nhitng bang tan chua chinh
thirc duoc chuin hoa cho IoV. Pay ciing dic diém cia
anten phan xa trong cong bé [8].

Trong bai bao nay, anten dé xudt su dung mat birc xa
¢6 cdu trac ba hinh vanh khan cai tién dé tdi wu hoa ba bang
tan cong huong tai 2,4 / 5/ 5,9 GHz bao phu bang tan cua
cac cong ngh¢ 802.11ax, be va bd [1], [9], [10] cho truyen
thong loV. Thiét ké trén vat liéu dién moi FR4 d& kiém va
ré tlen, anten dé& xuét dat cAu trac gon nho véi tong kich
thuée 35*32*1,6mmS® ma van thu duoc hé sb khuéch dai
tot, 1an luot dat 2,24dB; 3,63dB; 3,02dB va hi¢u sut birc
xa kha quan, dat 86%; 80% va 77% tuong ung vdi cac tan
s6 cong huong 2,4GHz, 5GHz va 5,9GHz.
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2. CAu tric anten dé xuit
2.1. Tinh toan thé

Anten sir dung vat liéu FR4 c6 gia thanh thap va dugc
str dung phd bién cho ché tao mach in, c6 hing s6 dién moi
g, = 4,3, d6 tén hao § = 0,02, chiéu cao h = 1,6mm. Cau
trac anten dé xuat bao géom hai phan:

— Phan birc xa gom cu tric ba hinh vanh khan cai tién
vé6i thiét ké chi tiét duoc thé hién nhu trén Hinh 1 nham tao
ra ba héc cong huong khéac nhau theo y mudn.

— Phan mat phang dat sir dung cau trdc mat phang dat
khuyét hay mat phang dat khéng hoan hao DGS (Defected
Ground Structure) nham giam thiéu tuong tac dong giira
c4c vong tron cong huong dong thoi tao bic xa da hudng
gilp anten c6 thé thu phat tai cac hudng khac nhau, ting
tinh linh hoat cta anten trong (tng dung khac nhau cua loV.

WS

ws

i

(a) Mat trén (b) Mat dudoi

Hinh 1. Thiét ké anten ba vong tron céng hurong
Nguyén ly sir dung mat phang dat khuyét DGS dé giam
thiéu twong tac dong giita cac vong tron cong huong c6 thé
giai thich duya trén cAu trc mach cong huong cua anten vi
dai truyén thdng [11]. Khi anten vi dai c6 cau trdc buc xa
don bang, md hinh mach twong dwong cua anten dugc thé
hién trén Hinh 2 v6i R va L duoc sinh ra boi dac tinh cua
mat birc xa, C hinh thanh bgi bé mat kim loai cua mat birc

Xa va miat phang dt.

Radiating Microstrip patch

I Gl Ri
Dislectric Substrate s, ;'

- 7,

(a) Cdu trdc anten (b) M hinh mach tiong duong

Hinh 2. Anten vi ddi truyén thang va mé hinh mach trong

duong [11]

Khi anten hoat dong da bang dua trén cam ng tur dua trén
nguyén Iy phan tir ky sinh, md hinh mach tuong duong xuét
hién thém céc phan tir C méi nhu thé hién trong Hinh 3.

Céc phan tir C nay bao gdm Cpi, Cpz dugc hinh thanh
bai céc khe ha gitra hai phan bic xa bang kim loai. Cq hinh
thanh boi bé mat kim loai cua phan mat bic xa tao cong
huong va mat phang dat. Nhu vy, néu mat phing dat cua
anten da bang dugc khuyét di phan kim loai tng véi ding
dién tich kim loai cua bé mat buc xa, tu dién Cq s€ khong
Xuét hién hay n6i cach khac, ciu trac DGS da giam bét di
mot thanh phan dién gay tac dong dén tan sé cong huong
cua anten.

Fed patch
\\ Feeding point

&« C,

' -
L[

Parasitic Paich
(a) Cdu tric anten (b) M6 hinh mach twong duong
Hinh 3. Anten vi ddi da bang diea trén phan ti ky sinh va
mo hinh mach twong dwong [11]

Nguyén ly tao birc xa da hudng duwoc giai thich dua trén
nguyén ly buc xa cta anten vi dai [12] nhu chi ra trong Hinh
4. C6 thé thay, khi mat phing dat cua anten dwoc phu kin bai
bé& mat kim loai, song téi anten phan lon s& duoc phan xa trén
b mit ndy, tao ra birc xa c6 dinh huéng cho anten. Vi vay,
néu bé mat kim loai cua anten bi thiéu khuyét, song s di tir bé
mat bac xa xuyén qua 16p dién mdi, tao ra hudng buc xa
nguoc lai hay anten tir dinh hudng tré thanh da hudng.

/ \
/ Radiating Radjming
ff slot #1 slot #2
| En Substrate
Ground plane
(a) Anten vi dai
)
fo——r— !
E - ﬁf N
Ground plane
(b) Mgt bén (c) Hé toa dg gdn véi tia birc xa

Hinh 4. Nguyén ly bic xa trong anten vi ddi [12]
Anten su dung phuong phap tiép dién biang duong
truyén vi dai vai cac kich thude dugc tinh toan trong truong
hop tré khang duong truyén dugc chon la 50Q [11].

7 - 120m
0 /aeff[¥+1.393+ %ln(¥+1.444)]' )
1
_Ertl el ]2 2
Eopp =+ [1+12Wf]. 2

Trong 0, eerr 12 hiang s6 dién moi hiéu dung, Ws la chiéu
rong cua duong tiép dién vi dai, h la chiéu cao cua chat nén.
O ché d6 TM,,,, tan s cong huong ciia anten dugc Xac
dinh gan dung theo cong thirc cia anten ¢ mat buc xa tron:
_ Xnmc¢

fom = P A3)

~ Trong d6, Xom |2 bac thar m ciia ham Bassel cép n [12].
Dé anten dat kich thuéc nho nhat, ché ddn=1, m= 1 duoc
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lva chon vai X, =1,84118 [12] clatée do anh sang trong
khéng gian tu do, €, 1a hing s6 dién mdi caa chat nén, rije
la ban kinh hiéu dung cua cac vong tron trong cac hinh
vanh khan dugc xac dinh theo céng thic sau:

2h (ln% + 1.7726)}%

nTijer

(4)

Trong do, rij la ban kinh cac vong tron trong hinh vanh
khan. Biéu thirc nay cho két qua tuwong doi chinh xac véi
xac suét 16i nho hon 2,5% khi % > 1.

Tije = Tij {1 +—

2.2. Téi wu héa kich thuwée

S-Parameters [Magnitude]
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Frequency | GHz

(a) Ban kinh ngoai ciia hinh vanh khan thir nhdt (ri1)
S Parameters [Magnifude]
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(b) Bén kinh trong ciia hinh vanh khdn thir nhdt (r12)

S-Parameters [Magnitude]
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(¢) Ban kinh ngoai cia hinh vanh khan thir hai (r21)

S-Parameters [Magnitude]

25 3 35 4 45 5 55 6 65
Frequency /| GHz

(d) Bdn kinh trong ciia hinh vanh khan thir hai (r22)

S-Parameters [Magnitude]

dB

Frequency / GHz
(e) Bdn kinh ngoai cia hinh vanh khan thir ba (r31)

§-Parameters [Magnitude]

25 3 35 1 as 5 55 6 65
Frequency / GHz

(f) Ban kinh trong cia hinh vanh khan thir ba (r32)

S-Parameters [Magnitude]

35 4 45 5 55 I3 635
Frequency / GHz

(g) Chiéu dai cia cdu triic DGS (Ig)
Hinh 5. Anh hudng ciia théng sé thiét ké lén ddc tinh
cong huong cua anten

De dat dugc chinh xac cac tin sé cong huong mong
muon cung nhu bang thong du rong dap Gng cac chuan
truyén thong khong day tién tién, cac kich thudc vong
cong huong sau khi dugce tinh toan tho s& tiép tuc toi wu
trén phan mém mo phong CST véi gia tri tinh toan thd thu
duogc 1a cac gia tri trung tdm cua md phong. Nhu chi ra
trong Hinh 5(a) va (b), kich thuéc cua hinh vanh khan thi
nhit (hinh vanh khin ngoai cung), c6 anh huéng 16n dén
tan sb cong huong cing nhu d6 rong bang thong cua hai
bang thap, bang 2,4 va 5GHz trong khi kich thuéc nay chi
¢6 ¥ nghia rat nho ddi véi sy phdi hop tré khang cua bing
cao, bang 5,9GHz.

Twong tu nhu vay, Hinh 5(c) va (d) cho thiy, hinh vanh
khan thu hai (hinh vanh khén & gitra), s€ tdc dong chinh 1én
hai biang cao. Tuy nhién, néu ban kinh ngoai cua hinh vanh
khin ting 1én dén mot gia tri nhat dinh, khoang cach giita
hai vong tron du nho dé hinh thanh nén mot tu dién, dac
tinh cong hudng ciia anten s& thay doi.

C6 mot chut khac biét trong hinh vanh khén thir ba
(hinh vanh khan trong cung). Do hoat dong tai tan sb cao,
¢ GHz, hiéu tmg bé mat xay ra dan dén cac dong dién s&
tap trung nhiu & phia ria ciia vong tron, gy tic dong dén
cac dac tinh cong hudng. Nguyén ly hoat dong cua déac tinh
nay tuong ty nhu viéc tap trung cta dong dién & phia ria
ctia day dan kim loai [19]. Nhu chi ra trong Hinh 5(e) va
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(), kich thudc vong tron ngoai cta hinh vanh khan thir ba
s& tac dong chinh 1én bang tin cong hudng cao nhat, bang
5,9GHz trong khi d6, anh huong cua duong kinh trong g?m
nhu chi 6 mot chut tac dong nho voi bang tan ndy va gan
nhu khéng anh huéng dén hai bang tan thap.

Dé dam bao buc xa da hudng, kich thuge cua chu tric
DGS ciing duoc tdi uu. Nhu chi ra trong Hinh 5(g), gia tri
nay anh huong dén tat ca cac bang va thuong gia tri tbi wu
dat dugc xap xi gia tri cia chiéu dai t1ep dién L.

Sau khi t6i wu, anten ba vong cong huong thu dwoc cac
thong s kich thudc nhu chi ra trong Bang 1.

Bing 1. Théng s6 kich thiGe ciia anten dé xudt

Tham
b ria | ri2 | ron {ro2| ran | ra2 | s | ws | s | wsl l
Gidtri|) ) 611 71112| 9 | 8 |69 (35 | 32 [65]29 |68
(mm)

3. Két qua va phan tich
3.1. Két qui mé phéong

Hinh 6 1a d thi tham s6 tan xa S11 ciia anten ba vong
cong huong dé xuat. Co thé thdy 5, anten cong hudng tai
ba bang tin phd dung cho IoV tudn theo chuin IEEE
802.11 ax/be/bd la 2,4/ 5/ 5,9 GHz véi bang thong twong
tmg lan luot 1a 322 MHz, 473 MHz, 393 MHz. Cac bang
thong nay déu dap tmg yéu ciu vé do rong bang thong
320MHz cho truyén théng IoV bang rong [1], [9], [10].
Anten phdi hop tré khang tdt trén ca ba bang, dic biét 1a
bang tan 5GHz voi do sau cua tham sb S11 1an luot 1a -
22,2dB, -64dB, -30dB.

S-Parameters [Magnitude]

: S

B 1Al

0

-10

-20

30

dB

40

-50

g (5.0915, 6455523 ) i i i 6‘\
B0 i@ (2378, 2222486 ) : ; ' N}

g (5906, -30.11582)

-70
2 25 3 35 4 4.5 5 55 6 6.5
Frequency / GHz

Hinh 6. Tham s6 tan xa S11 trén anten ba bing dé xudt

bac tinh cdng hudng cua anten cling cé dugc thé hién
dua trén phan b dién tir trudng nhu trong Hinh 7. C6 thé
thdy, tai tan sd cong huong 2,4GHz, dong dién di tir duong
tiép dién vi dai dén phan bd cha yéu trén hinh vanh khan
ngoai bao gdbm ca ria ban kinh ngoai 1an ban kinh trong. Tai
tan s cong huong 5GHz, dién tir trudng tap trung trong khe
hep giira hai hinh vanh khan. Tuong tmg véi cho thong s6
ban kinh trong cta hinh vanh khan ngoai va ban kinh ngoai
ctia hinh vanh khan giita c6 anh huong 16n dén tan s6 cong
huéng nay. Tai tin sd cong huong 5,9GHz, truong dién tir
chuyén doi 1én khe hep giita hai hinh vanh khan trong ciing
va vanh khian giita, twong tmg v6i thong sb ban kinh trong
cua vanh khan thtr hai va ban kinh ngoai cua hinh vanh khan
thtr ba ¢6 ¥ nghia quyét dinh dén bang tan 5,9GHz. Nhu véy,
dua trén phan bé truong dién tir trén anten ta ciing thu dugc
két luan tuwong ty nhu trén dd thi tham s6 tan xa S11.

(c) Tai s 5,9GHz
Hinh 7. Phdn b6 dién tir triong trén anten

Farfield Gain Abs (Phi=90)

150 150
180

Theta / deg vs. dBi

farfield (f=2.4) [1]

Frequency = 2.4 GHz

Man lobe magntude =  2.24 dBi
Man lobe drection = 173.0 deg.
Angular width (3 dB) = 89.5 deg.
Side lobe level = -0.7 dB

(a) Tai 6 2,4GHz

Farfield Gan Abs (Phi=90)

Theta / deg vs. dBi

farfield (f=5.09) [1]

Frequency = 5.09 GHz

Man lobe magntude =  3.65 dBi
Man lobe drection = 32.0 deg.
Angular width (3 dB) = 54.3 deqg.
Side lobe level = -1.0 dB

(b) Tai s6 5GHz

Farfield Gan Abs (Phi=-45)

Phi=135

Theta / deg vs. dBi
(c) Tai s6 5,9GHz
Hinh 8. D6 thi birc xa 2D ciia anten

Frequency = 5.9 GHz

Man lobe magntude =  3.03 dBi
Man lobe drection = 87.0 deg.
Angular width (3 dB) = 93.7 deg.
Side lobe level = -2.3 dB
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Hinh 8, Hinh 9 ‘tuong ung voi do thi birc xa 2D va 3D
trén anten tai cac tan sd cong huong. Trong do, tai tan sb
5,9GHz, burc xa 2D duoc lay trén mat cét co birc xa lon
nhit phi=45°. Tai bang tin 2,4GHz va 5GHz, mit phang c6
bure xa 16n nhit 1a phi=90°. C6 thé thdy anten déu c6 buc
xa da hudng voi hé sb khuéch dai kha t6t trén tat ca cic tin
s6 cong huong. Géc mo 3dB lan luot 1a 89,59, 54,3° va
93,7° twong tmg véi cac tin s6 cong huong 2,4GHz, 5GHz
va 5,9GHz.

farfield (f=2.378) [1]

Type Farfield
Approximation enabled (kR >> 1)
Component Abs

Output
Frequency
Rad. Effic.
Tot. Effic.

Gain

(a) Tai s6 2,4GHz

farfield (f=5.09) [1]

Type Farfield
Approximation enabled (kR >> 1
Component Abs

Output Gain

Frequency

5.09 GHz

Rad. Effic.
Tot. Effic.

Gain

(b) Tai s6 5GHz

farfield (f=5.906) [1]
Type Farfield

Approximation enabled (kR >> 1)
Component Abs

Output

Frequency

Rad. Effic.

Tot. Effic.

(c) Tai s6 5,9GHz
Hinh 9. P4 thi birc xa 3D ciia anten

Céc tham sd bure xa cu thé cua anten bao gém: hé sb
khuéch dai, hiéu suét birc xa va do dinh hudng cua anten
trén cac bang tan dugc thong ké chi tiét trong Bang 2. C6
thé thay, tuy thiét ké trén vat liéu FR4 gia thanh ré, d6 ton
hao 16n nhung anten ba bang dé xuét van thu dwoc hé sb
khuéch dai kha quan trén ca ba bing cho birc xa da hudng,
bén canh d6, hidu suit bic xa kha tdt, 1én dén 86% cho
biang tin 2,4GHz

Bing 2. Cdc tham s6 birc xa ciia anten dé xudt

Tén s6| Bing thong | H¢ s6 khuéch | H¢ s6 tinh | Hiéu suét
(GHz)| (MHz) dai (dB) huwéng (dB)birc xa (%)
2,4 322 2,24 2,9 86
5 473 3,63 4,59 80
59 393 3,02 4,2 7

Bdng 3. So sanh anten DGS ba bang dé xudt véi
mot s6 anten bang 2,4GHz gan ddy

o 158 transg| KESN || DO |onh | g

ef bz:ng (GH2) thu'(rac Vit liéu | loi 10dB suat

tAn (mm?) (@B) | ki | )

2,5 - [ 700 | -

31 | 3 [ 355 | 60*70 - |69 500 | -

5,7 - [ 200 | -

2.4 1,43] 300 | 82

5] | 3 | 37 |33*22*16| FR4 |09 | 360 | 71

5,8 11| 900 | 68

2,4 181,6%55,2 7 384 82

1411 2 55 gl *0504 |RT2880 571000 | 82
2.4 o 159] 71

s} | 3 [ 38 39’1 ;7 FR4 [1,34] 89 | 484
46 ’ 1,32| 80

2,45 3,37| 113 [37,15

161 | 2 5,85 ST 6,47| 947 |77.13

2.4 221| 740 | 78

[17] | 2 [~ —{60*60*16| FR4 |~ o

2.4 42| 185 | 90

8] | 3 | 5 |53*48*1,5|R04350| 5 | 335 | 95

5,9 61| 261 | 82

. 2.4 2.24] 322 | 86

Xﬂgt 3 5 |35%32%16| FR4 |363| 473 | 80

5,9 3,02| 393 | 77

Béng 3 chi ra két qua so sanh giita anten ba vong cong
huéng dé xut véi cac cong bd gan day khi cling bang tan
hoat dong thép nhét, bang 2, 4GHz. C6 thé thay, & cung mot
bang tan thap nhat anten dé xuat thu dugc ba bang tan cong
huéng mong mudn véi kich thude twong dbi nho, bang
thong khong ¢ bang hep [15], [16], [18] ma déu 1a bing
rong cho ca ba bang tan hoat dong, dam bao dap tmg du do
rong bang thong cho tmg dung theo khuyén nghi cia cong
nghé biang rong tién tién WIFI 6E/ WiFi7/ V2X trong IoV
nhung khong qué rong dé gay nhiu sang bang tin dudi
6GHz trén thiét bi cling nhu cac thiét bi khac [3], [5], [14],
[16], [17]. Bén canh d6, du thiét ké trén vat liéu FR4 c6 do
t6n hao thap, gia thanh ré nhung anten de xuét van thu dugc
d6 loi hay hé so khuéch dai cao, hiéu sudt birc xa kha quan
s0 v6i cac cong bd trude do.

3.2. Két qud thue nghigm

Anten dé xuét dugc ché tao trén vat liéu FR4 c6 chiéu
cao 1,6mm, dat kich thudc tong thé 35*32*1,6mm?3 nhu thé
hién trong Hinh 10.

e A
o=

(a) Mat trén

(b) Mat dudi
Hinh 10. Anten ché tao
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(b) Tham sé S11 trén may do VNA

So sanh ket qua mo phong va do kiem

-20

-

=30

$11(dB)

B -

-40

-

-50 1
=== da kiem
—=—mo phong
2 25 3 35 4 45 5 55 6 65 7
tan so (GHz) <10°

-60

(¢) So sanh két qud thwe nghiém voi két qua mé phong
Hinh 11. Tham s6 S11 trén mdy do VNA

Anten duoc danh gia trén thiét bi Phan tich mang vecto
VNA-ZNB-20 véi dai do chuén héa nam trong khodng 2GHz
dén 7GHz nhu minh hoa trong Hinh 11. C6 thé thay, anten
thyc nghiém sir dung cau tric ba vong cong hudng véi mit
birc xa hinh vanh khuyén cai tién cong huong tai 3 tan so
2,4GHz, 4,8GHz, 5,9GHz gidng nhu trong két qua mo phong
v6i 3 bang tin c6 do rong twong tmg 13 1GHz, 450MHz va
390MHz. Nhu vay, anten thye nghiém hoan toan ¢6 thé hoat
dong tai ba bang tan phd dung cho IoT ciing nhu IoV véi bang
théng rong, dap img dugce cho truyén thong luu lwong 16n.

4. Két luan

Véi viée két hop mit birc xa c¢6 cdu trac ba hinh vanh
khin cai tién va mat phang dat khuyét DGS, anten dé Xuét
dat dugc cOng huong tai ba bang tan voi cac thong sO dap
{mg dugc cac tiéu chuan khuyén nghi méi nhat cua IEEE
802.11 cho cac tng dung IoV/ IoT. Bén canh do, anten
ciing dat duoc kich thude nho gon, dé dang 1ap dat trén cac
thiét bi di dong ciing nhur ¢6 dinh trong hé thong giao thong

thong minh. Tuy thlet ké trén vat lidu ré tlen FR4 nhung
Vv6i cau trac dé xuét, anten thu dugc hiéu suat birc xa kha
quan, 77% dén 86% cung hé s6 khuéch dai tot, trén 2,24dB.
Két qua nghién ciru duge danh gia va phan tich dua trén 1y
thuyét, mo phong va thyc nghiém, dam bao kha ning tmg
dung ctia anten trén thuc té.
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