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THIET KE ANTEN THONG MINH SU DUNG KY THUAT
PIEU KHIEN VA DINH DANG BUP SONG

DESIGN OF SMART ANTENNA USING BEAMFORMING

TOM TAT

Trong nghién cfu nay, mot gidi phap cho anten thong minh st dung hai
thudt toan diéu khién va dinh dang btip séng LMS va Chebyshev duoc dp dung.
Trong d6 thuat todn LMS ding d€ I4i bup chinh va dat diém NULL con Chebyshev
dung d€ nén bup phu trén gian d6 biic xa cia mang anten tuyén tinh céch déu
(ULA: Uniform Linear Arrays). Anten thong minh nay da dugc thiét ké va thuc thi
trén MATLAB. Két qua md phdng cho thay anten thong minh cd thé |4 bip chinh
vé huéng mong mudn, dat diém NULL vé huéng nhiéu, nén bip phu hodc dong
thdi cd ba chiic ndng nay.

Tirkhoa: Anten théng minh, LMS, Chebyshev.
ABSTRACT

In this study, a smart antennas solution, which applies two beamforming
algorithms  LMS and Chebyshev, has been applied. In particular, the LMS
algorithm has been used to steer the main lobe and set NULL points of the
uniform linear array (ULA) pattern. In addtion, Chebyshev algorithm has been
used to suppress sidelobes of the pattern. The smart antenna has been designed
and implemented on MATLAB. The simulation results show this smart antenna
can steer the main lobe toward the direction of the desired signal, set NULL
points at directions of interference, suppress sidelobes, or simultaneously
conduct all of these mentioned functions.
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1.GIG1 THIEU

Ky thuat dinh dang va diéu khién bup séng la mét ky
thuat xt ly tin hiéu moét cach co dinh hudng hodac ti€p can
tin hiéu tir khéng gian ngoai. Ky thuat nay c6 thé st dung
cd & bén phat va bén thu dé dat dugc tin hiéu nhu mong
mudn. Ngoai ra, d€ c6 tin hiéu dau ra theo y mudn mét
cach nhanh nhat thi chidng ta can phai ap dung mét sé
thuat toan thich nghi cho viéc chon céc b trong s6 cho
mang anten. Cac thuat toan nay dua trén mot sé tiéu chuén
t6i uu nhu sai s6 trung binh binh phuong nhé nhat (MMSE -
Minimum Mean Square Error) hay sai phuong cuc tiéu (MV -
Minumum Variance). Bai bdo nay sé dé cap dén cac thuat
todn thich nghi la thuat todn LMS, Chebyshev va thuat todn
két hop LMS va Chebyshev.
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2. NOI DUNG NGHIEN CUU
2.1. Phuong phap nghién ctu

Tham khao, téng hgp, phan tich, st dung c6 chon loc cac
tai liéu tU cdc cong trinh nghién culu, cac bai bdo da duoc
cdng bé trén cac tap chi chuyén nganh ca trong va ngoai
nudc. Xay dung, st dung cac phan mém dé€ mé phong ky
thuat dinh dang va diéu kién bup séng thich nghi.
2.2. Néi dung

Ky thuat di€éu khién bup séng cho anten (BF -
Beamforming) dugc chia thanh hai loai la BF ¢é dinh va BF
thich nghi.

Két qua thuc nghiém da chiing minh rang BF thich nghi
6 rat nhiéu uu diém so vdi BF ¢ dinh. Ky thuat BF thich
nghi dua trén co s& ap dung cac thuat toan thich nghi va
n6 dugc thé hién nhu hinh 1.
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Hinh 1. So sanh d0 thi biic xa clia hé mang bip song cd dinh (a) va mang
bip séng thich nghi (b)

Cac thuat todn thich nghi dugc st dung cho ky thuat
nay la thuat toan LMS, Chebyshev va thuat toan két hgp
gitra LMS va Chebyshev.

2.2.1. Thudt todn LMS

LMS 13 thuat toan thich nghi phé bién nhat cho cac
quéd trinh thich nghi lién tuc. Thuat toan nay cho phép
chon véc ta trong s6 dé dat cuc tiu gia tri trung binh
chung cla sai s6 binh phuong. St dung phuong phap
gidm véi dd déc 16n nhat, cac véc tc trong s6 & thai diém
n+1 (w(n+1)) dugc tinh toan dua trén véc to trong sé &
thai diém n theo cong thuc:

w(n + 1) =w(n) + pux(n)e * (n)
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CONG NGHE

2.2.2. Thudt todn Chebyshev
Muic bap phu téi uu (v6i mét d6 réng bup xac dinh) dat
dugc khi tat ca cac bup phu c6 cung d6 16n. Xuat phat tu
yéu cau nay thuat toan Chebyshev dugc dé xuat.
Céac da thiic Chebyshev dugc xac dinh bai cac méi quan
hé dé quy nhu sau:
To(2) =1
T.(2)=1
(2) =22T,,,(2) - T,
2.2.3. Thudt todn két hop giita LMS va Chebyshev
C3 hai phuang phép c6 thé dugc ap dung mét cach
déng thai, dé c6 dugc mot dé thi dinh hudng dé co thé vira
14i bup séng tdi huéng mong mudn vira ¢6 thé dat diém
Null tai huéng nhiéu déng thai thiét [ap cac mic bup phu
theo yéu cau cho trudc
w = w,,sChebwin(SLL)
3. KET QUA MO PHONG TU PHAN MEM
3.1. M6 hinh tng dung
Céc thuat toan ABF st dung tin hiéu tham chiéu
(reference signal) hay chubi dao tao (training sequence), dé
thay d&i bién dé va pha cla ting trong s6 tudng ung véi
do tré thai gian tao ra bdi cac tin hiéu tac dong t6i mang.
So d6 khéi anten théng minh st dung cac thuat toan ABF
dua trén tin hiéu tham chiéu dugc biéu dién trong hinh 2.
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Hinh 2. So do khéi chic ndng clia anten thong minh phia thu dung thudt
toan ABF dua trén tin hiéu tham chiéu

3.2. K&t qua mé phéng
3.2.1. Sir dung thudt todn LMS

KET QUA MO PHONG ABF 507 DUNG LMS, CHEBYSHEV, KET HOP LMS VA CHEBYSHEY
SYTHTRINH THINGOC_MSY. 1141050267
NGUYEN TRUNG HALMEV: 2018808551
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Hinh 3. D4 thi biic xa cia mang 81 ULA v6i6 = 0°
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KET QUA MO PHONG ABF 507 DUNG LMS. CHEBYSHEV, KET HOP LMS VA CHEBYSHEV
ENTH TRINH TH] NGOC_MS\: 1141050267
NGUYEN TRUNG HAI_MSV: 2018508551
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Hinh 4. D4 thi biic xa cla mang 81 ULA véif = 30°
KET OUA MG PHONG ABF 507 DUNG LMS, CHEBYSHEV, KET HOP LMS VA CHEBYSHEV
SWTHTRINH TH| NGOC_MSV: 1141050267
MGUYEN TRUNG HA|_MSV: 2018806551
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Hinh 5. D4 thi bic xa cdia mang 81 ULA véi § = 60°

Hinh 3, 4, 5 minh hoa cho kha nang dinh dang va diéu
khién bup séng clia mang 8x1 ULA theo cac thuat toan LMS
khi c6 géc tin hiéu mong mudn SOI 1an lugt la: 0°, 30°. Ta thay
rang, B6 ABF dua trén LMS c6 kha nang lai chinh xac bup
s6ng cta mang ULA téi cac huéng mong muén khac nhau
trong khong gian. Géc clia bup séng dugc lai cang 16n (6
cang khac 0%, d6 rong bup chinh cang I6n. Khi géc lai
khoang 60° bup chinh mé& rong dét bién do giéi han clia b
tri hinh hoc clia cdc phan t trong mang ULA. Diéu nay cling
gidi han khong gian li ciia b bd hé anten théng minh.

3.2.2. Sirdung thudt todn Chebyshev

S dung phuong phap tinh trong sé Chebyshev, bd ABF
¢6 kha nang nén SLL t&i mét gid tri cho trudc, SLL = 20dB
trong vi du biéu dién trong Hinh 6, 7. Tuy nhién véi phuong
phap tinh trong s6 Chebyshev bé ABF khong c6 kha nang
1ai bap séng khi gia tri © thay déi.

KET QLA MO PHENG AEF 51 DUNG LMS, CHEBY
SYTH TRINH TH| NGOC_MS\: 1141050267
WGUYEN TRUNG HAI_MS\: 2018508551

HEV, KET HOP LMS VA CHEBYSHEV
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Hinh 6. D4 thi biic xa clia mang 81 ULA v6i 6 = 0°
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KET GUA MG PHONG ABF U DUNG LMS. CHEBYSHEV, KET HOP LMS VA CHEBYSHEY
SWTHTRINA TH| MEOC_MSY: 1141050267
NGUYEN TRUNG HAI MSV: 2018808551
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Hinh 7. D4 thi bifc xa cila mang 8x1 ULA véi 8 = 30°
3.2.3. Sirdung két hop thuét todn LMS va Chebyshev

Két hgp thuat toan LMS va Chebyshev, ching ta c6 thé
déng thai lai bap chinh va nén cac bup phu tsi mot gia tri
xac dinh. Hinh 8, 9, 10 minh hoa két qua khi st dung déng
th&i LMS va Chebyshev véi muc SLL = -20dB d€ diéu khién
bup séng chinh vé huéng 8 = 0° 30° 60° va nén SLL téi
-20dB. Ta thay rang muc bup phu cta d6 thi buc xa
dugc nén khoang gan -20dB va bup chinh dugc lai t6i
hudng 6 mong mudn. Tuy nhién, két qua nay phai tra gia
bang viéc lam tang do rong bup chinh so véi phuong phap
chidung LMS.

KET CUA MO PHONG ABF 517 DUNG LMS, CHEBYSHEV, KET HOP LMS VA CHEBYSHEV

SVTHTRINH TH NGOC_MSV: 1141050267
NGUYEN TRUNG HAI_MEV: 2018508551

LMS Error Variabon over time Potar Fiot of Array Factor
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Hinh 8. D4 thi bic xa clla mang 81 ULA véi § = 0°

WET QUA MO PHONG ABF 51 DUNG LMS, CHEBYSHEY, KET HOP LMS VA CHEBYSHEY
SYTHTRINH TH| NGOC_MSV: 1141050267
TRUNG HAI_MSV: 2018606551
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Hinh 9. D4 thi bifc xa clla mang 81 ULA vdif = 30°

HKET QUA W& PHONG A2F ST DUNG LMS, CHEBYSHEY, KET HOP LMS VA CHEBYSHEY
SUTH:TRINH THI NGOC_MSV: 1141050287
NGUYEN TRUNG HAI MSV: 2018808551

LM Error Varistion over Sme

Fuar Plet f Arewy Factor
E ]

e

05| @&

d 01 ® 5

g 02008 1 1000

aisideg)

Hinh 10. D4 thi bic xa cia mang 8x TULA vdif = 60°
4, KET LUAN

Trong bai bao nay, anten théng minh dung mang anten
tuyén tinh cach déu ULA s dung ky thuat dinh dang va
diéu khién bup song thich nghi st dung cac thuat toadn LMS
va Chebyshev da thiét ké va thuc thi thanh coéng trén
MATLAB. Két qua dugc mé phdng cho thady anten thong
dugc thiét ké c6 kha nang lai bip séng chinh vé huéng tin
hiéu can thu, dat diém “khéng” (NULL), nép bup phu hodc
dong thai thuc hién ca ba chiic nang nay trén gian doéi buc
xa clla cdc mang anten ULA
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