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Tém tit. Bai bdo thuc hién viéc danh gia hiéu ning ciia hé théng tim phuong sir dung anten khong
tam pha c6 ciu tric bat d6i xing Asym-AWPC (Asymmetric - Antenna without Phase Center). Day
13 cAu triic anten ¢ gian d6 pha 13 ham phi tuyén da dugc nhém nghién ciru dé xudt va t6i wu héa
vé kich thudc trong cic cong trinh cong bb gin day. Khi két hop Asym-AWPC véi thuit todn phan
16p nhiéu tin hiéu MUSIC (MUltiple Signal Classification), hé théng tim phuong nay c6 kha ning
wdc lugng ciing lic nhiéu ngudn tin hiéu véi d6 phan giai cao trong toan bd khéng gian 360° ngay
ca khi s6 nguon tin hiéu dén Ién hon s6 phan tir anten. Hiéu ning cua hé théng dwoc ddnh gid
thong qua 16i wéc lwong géc va dugc so sdnh véi hé théng sir dung ciu triic mang tron cich déu
UCA (Uniform Circular Array) 1a cAu tric duoc su dung nhléu trong thuc té. Dya trén cac két qua
mé phong, ¢6 thé thay rang hé thong d& xuét c6 hidu ning tot hon nhleu hé thong st dung UCA
véi cung sO phan tir anten, dac biét trong céc truong hop ty ) cong sudt tin hleu trén cong suét tap
am SNR (Signal to Noise Ratio) thip, khodng cdch giita cdc géc ctia cdc ngudn tin hiéu dén nho
(d6 phan giai cao), ciing nhu $6 mau tin hiéu thu thap tai mdi phﬁn tlr anten ft.

Tir khéa: Huéng séng dén DOA (Direction of Arrival), thuét todn phén 16p nhiéu tin hiéu MUSIC
(MUltiple Signal Classification), anten khong tdm pha bat d6i xtrng Asym-AWPC (Asymmetric -

Antenna without Phase Center), mang tron cich d&u UCA (Uniform Circular Array).

1. Giéi thiéu

Tu nhiing thap ky trude, udc luong hudng
séng dén ludn 1a chu d& dwoc nhiéu ngudi quan
tam véi cdc ing dung trong quan su va dan su,
bao gém: hé théng gidm sat, hé thong tim va
bam muc ti€u, cac hé théng ty dong phat hién

(1]

va tranh xung dgt, hé anten thong minh,...
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Trong nhitng ndm g?m day, cac ky thuat lién
quan dén cdc hé wéc lugng nay van ludn duoc
phat trién véi cdc giai phdp ngay cang tan tién
nhd vao sy phat trién vuot bac cua ky thuat
anten, cac thudt toan xt 1y tin hi€u va cac hé
thyc thi thoi gian thyce [2].

Bai bdo dé cap dén hiéu ning cia mot hé
théng tim phuong st dung Kkét hop céu tric
anten khong tdm pha bat dbi ximg Asym-
AWPC (Asymmetric-Antenna without Phase
Center) vdéi thuat todn phan 16p nhiéu tin hiéu
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MUSIC (MUItiple Signal Classification) nhim
wéc luong ciing lic huéng séng dén cua nhiéu
ngudn tin hiéu voi do phén giai cao.

Hé théng tim phuong dugc dé xuét c6 cai
tién hon han hé tim phuong st dung phwong
phép giao thoa twong quan dung dan anten tron
ciach déu UCA (Uniform Circular Array), la
phuong phép hién nay dugc st dung nhiéu nhit
trong cic h¢ théng thue té [3] & chd: hé anten
chi gdm 4 phan tir, c6 kha ning wéc luong dwoc
ddng thoi nhiéu ngudn tin hidu dén, ngay ca
trong truong hop s6 ngudn tin hiéu nhiéu hon
s6 phan tir anten.

Hinh 1. Dan anten UCA cta hang Rohde &
Schwarz.

Bai bdo dugc trinh bay nhu sau: Phan mot
gidi thigu vé hé tim phuong dugc st dung phé
bién trén thi trudng véi cau triic mang tron cich
déu UCA. Phan hai trinh bay vé& cdu tric anten
khong tim pha bat ddi xing Asym-AWPC.
Phén ba gidi thidu vé thuét toan MUSIC. Phén
bdn thuc hién viée so sdnh hiéu nang cua hé tim
phuong st dung cAu tric dé xuét so véi hé tim
phuong trong ph?m mot. Va cudi cung 1a phﬁn
nam dwa ra mot s6 két luan vé céc két qua
chinh ma bai bao da dat duoc.

2. H¢ tim phwong sir dung phwong phap giao
thoa twong quan dung dan anten UCA

Hé tim phuong dwoc gidi thiéu trong phan
nay la cua hang Rohde & Schwarz, 1a hang
cung cap cdc thiét bi c6 do tin ciy cao ciia Pirc
(3].

H¢ théng bao gf")m mot b phé‘m ter anten
don gian (thudng 1a cdc dipole) dugc sip xép
theo hinh tron cdch déu nhau. Hinh 1 biéu dién
mot dan anten UCA tiéu biéu v6i 9 phan tir
anten.

Hé tim phuong loai niy ¢6 d6 chinh xdc rét
cao, thuong nhé hon 1°. Nguyén tic hoat dong
cua hé nhu sau:

Xét mot dan anten gf")m 9 phﬁn tor nhu md
hinh trén hinh 2 v6i phan tir s 1 1a phan tur
tham chiéu. Gia sir huéng séng dén 1a a, hé
thdng tinh hudng séng dén theo céc bude sau:

fo

7O
a0

Hinh 2. M6 hinh dan anten UCA 9 phin ti.

Buwoc 1: Do sy khac pha cua tin hiéu thuc té
thu dwoc tai mdi phan tir anten so v6i phan tir
anten tham chiéu (phan tir sb 1), cdc gié tri nay
duoc goi la sy khdc pha do duoc.
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Budc 2: Tinh su khac pha cua tin hiéu gia
thiét biét trudc géc dén tai mdi phan tir anten so
voi phan tir anten tham chiéu, cdc gid tri nay
duoc goi 1a sw khde pha tham chiéu (géc gia
thiét dwoc ldy lan luot tir 0° dén 360° véi do
phan giai 1°).

Buwéc 3: Tinh mbi twong quan giira sy khéc
pha do dugc va sy khdc pha tham chiéu nhu
trén hinh 3. Khi hai dai lugng nay tuong quan
vi nhau s& xuat hién dinh phd khong gian hay
hudng séng dén can xéc dinh ctia ngudn tin hiéu.

Hinh 3. Biéu dién tuong quan giita su khéc pha do
dugc cua tin hiéu va sy khac pha tham chiéu.

Mac du cé d6 phan gidi khd cao nhung
phuong phdp nay chi c¢6 thé 4p dung cho trudng
hop mot ngudn tin hiéu dén.

3. H¢ tim phwong st dung thuit toan
MUSIC dung dan anten Asym-AWPC

Khdc voi phuong phédp trong phé‘m 2, thuét
todn phan 16p nhidu tin hiéu MUSIC la mot

thuat toan ndi tiéng, thudc mot trong céc
phuong phdp khéng gian con. Pic tinh ndi bat
cua phuong phdp nay l1a d phan gidi cao, c6
kha nang &p dung cho bét ky cAu trdc anten nao,
dic biét 12 kha ning udc lwong cling lic nhiéu
nguén tin hiéu dén [4]. Thuat todn nay duoc dé
xuét vao nim 1986 bai R. O. Schmidt [5].

3.1. H¢ tim phuong tong qudt

Hinh 4 biéu didn mot hé tim phuong tong
quat bao gdm hai phan: phan thu thap dit liéu va
phin xu 1y tin hiéu. Phin thu thap dir liu
thuong gf")m mot tap céc phﬁn tor anten c6 dic
tinh va cdch bd tri trong khong gian tuy y,
thuong la céc anten v6 hudng va dugc dat cich
déu (duogc ky hiéu boi V), bd bién dbi tir cao tan
xuéng trung tan RE-IF (Radio Frequency -
Intermediate Frequency), b bién dbi tir tuong
tu sang s6 ADC (Analog to Digital Converter)
va b nhé. Phan xtr Iy tin hiéu gdm khéi udc
luong DOA (thyc hién cdc thudt toin ma cu thé
& déy 1a thuat toan MUSIC) va khéi hién thi két
qua.

Phin thu
thap div ligu

Thuét toan woc lugng DOA (vi du: MUSIC)

Phin xtv Iy
tin hiéu

Hién thi phd khéng gian MUSIC

Hinh 4. Hé tim phwong tong quét.
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3.2. Thudt todn MUSIC

Gia thiét rang tit ca cdc ngudn tin hiéu dén
va dan anten déu nim trong cung mot mat
phing. Xét D ngudn tin hiéu S; (r) véi
i=1,....D dén mang anten gdm M phan tu.
Céc ngudn tin hiéu dugc gia thiét 1a khong
twrong quan, bang hep, c6 phan bb Gauss trung
binh bang 0. Khi d6, tin hiéu thu dugc tai phan
tir anten thit m dugc biéu dién boi:

D

Xm (t)= Si (t)Gm (gi )CXP{j[gbm (91 )+ Z, (91 )]}+ n, () M

i=1

voi m=1,...,M 1a chi s6 cua cdc phén tir
anten, G, (0) va @, (@) twong ting 1a gian d6
bién do va gian dd pha cua phan tir thu m;
¥ (#) 1a d6 dich pha do sy khic biét vé vi tri
gitra phan tir thir m va gbc toa d9, 6, 1a géc téi
(géc phuong vi) clia ngudn thu i, va n, (1) 1a
nhiéu Gauss tring, trung binh bang 0, phwong
sai o2, va doc 1ap véi cac nguén tin hiéu dén.

Dit liéu thu béi dan anten duoc biéu dién
dudi dang ma tran nhu sau:

x(c)= A(@)s(r)+n(r) 2)

\(! s(t)z[sl(t),...,sD(t)]T la vecto ngudn tin
hiéu, x(r)=[x,(t)....

céc phé”m t& anten, n(t)z[n1 (t),...

Xy (t)]T 1a vecto 16i ra cia

@)l 1
vecto nhiéu, va A(H) la ma tran vecto lai, duoc

dinh nghia nhu sau:
A(0)=a(6)).....a(6, )] (3)

voi a(ei) 1a vecto 14i twong tng v6i ngudn thir i
G,(6,)expljl@,(6,)+¥%(6,)]}
G, (0, Jexpj| @, (6. )+ ¥, (6.

a(@i)z 2( 1) P{][ 2( l) 2( 1)]} @)

Gy (6)explil,, (6,7, 6,)]

Pé liy dwoc thong tin v& khong gian
(hudéng séng dén cua céc nguén tin hi€u), méot
cach tu nhién, thuat toidn MUSIC thuc hién
viéc xét ham tuong quan chéo gilra cic phé‘m t
anten dugc dat tai cac vi tri khac nhau trong
khong gian [6].

R = Efx( k" (1)}
= AES(R" (A" +Eh(n” ()} )
=APA" + 0’1
voi E{} dugc ky hiéu 1a ky vong théng ké,
E{s(t)s” (t)}= P 1a ma tran hiép phuong sai cua
ngu(“)n va E{n(r)nH(t)}: o’T 1a ma tran hiép
phuong sai ctia nhiéu.

Theo phu luc trang 1375 cua tai liéu [1],
ching ta cé thé chia R trong (5) thanh hai
khong gian con truc giao gdm: khong gian con
tin hiéu va khong gian con nhiéu nhu sau:

R=UA U +U, A UY (6)

véi U, =[pi¢,:i¢, ] lamatran M x D chira
cdc vecto riéng cua nguén tin  hiéu,
A, =diag[ﬂ,l +o’, L, +0%,-, 4, +0'2] la ma
tran duong chéo, U, =[g,., i0p., 0y ] 12
ma trdin M x (M — D) chita cdc vecto riéng clia

nhiéu, va A, =’L(y_p) v6i
¢'¢,=0, i=D+1,..,N, j=L...D (1)

Gia thiét ring APA" c6 hang day du (du
hang), diéu nay xdy ra chi khi P la di hang va
cac vecto i 1a doc lap tuyén tinh. Tt (5), (6),
va (7), suy ra cdc vecto ldi trong U,, la truc
giao v6i A, ching ta c6

U7a@)=0, 6ci6,.....6,} 8

Do d6, cac hudng séng dén dugc udc lugng
tir viéc tim cac vecto 1di thoa man (8).
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Tuy nhién, trong thuc té, thuat toan udc
lwong huéng séng dén dwoc thuc hién trén cic
mau dit lidu thu thap, vi vay céc dai lugng tinh
toan dugc thém ky hi€u ", va duoc téng két véi
cdc budc co ban sau:

Buwdc 1: Tinh ma tran hiép phuong sai
khong gian dya trén cdc mau thu thap theo thoi
gian

3 x(x” (&) ©)

k=1

A ]
R=—
K
v6i k=1,...,K va K12 sb mau thu thap tai moi
phé‘m tlr anten.

Buwéc 2: Khai trién riéng R

A AA A

R =UAU” (10)
véi U la céce vecto riéng va
A= diag[ﬂ,l,/i ,---,/IM] la ma tran duong chéo
v6i cdc gid tri riéng thuc duoc sdp xép nhu sau
A =22,>-->2, >0} trong d6
W=a224,>0}n
{/10+1 ==y = 0-2}-

Buéc 3: Gia thiét rang R 1a du hang, dua
trén M — D céc gid tri riéng bang nhau va bang
o’ trong A , Xac dinh D nguén tin hiéu dén va
cdc vecto riéng cua nhiéu IAJ” (twong Ung voi
M — D céc gid tri riéng bang 0% ).

Buwéc 4: Biéu dién phd khong gian cia

thuat toan MUSIC

___a"(6hle)
Pu (0)_ a’ (o ﬁfﬁna(e) (n

3.3. Dan anten khéng tam pha bat doi xirmg

Dan anten khong tam pha c6 chu tric dbi
xing lan dau tién dugc gidi thiéu béi Phan

Anh vao nim 1986 [7] véi gian d6 pha 1a ham
phu thudc tuyén tinh theo géc va dugc Ung
dung trong truong hgp udc lugng hudng cua
mot nguén tin hiéu dén. Cau tric anten nay
cling duogc dé xuét sir dung véi thuat toin
MUSIC trong truong hop wdc luong dong thoi
huoéng cia nhiéu nguén tin hiéu [8] nhung chua
thanh cong. Mot s6 cong trinh khdc cuia tic gia
duoc cong bd vao nam 2010 [9] va nam 2012
[10] ciing nhu trong luan 4n tién si cia Tran
Cao Quyén nam 2012 da giéi thiéu vé mot vai
phién ban cai tién cta anten khong tdm pha ddi
ximg nham khic phuc 15i nay va da dat duoc
nhitng thanh cong nhat dinh. Tuy nhién, cic cau
tric nay chua giai quyét dugce hoan toan van dé
xuét hién cdc dinh “ma” trong phd khong gian
MUSIC, dugc goi 1a vin d& “méap md”. Mot lan
nita, trong cong b6 nam 2012 g?m day nhét ciia
nhém tac gia [11], van dé “map mo” di duoc
giai quyét triét dé bang dé xuit vé mot cau tric
anten khong tdm pha bat dbi xing Asym-
AWPC.

Céu tric anten Asym-AWPC duoc md ta
trén hinh 5(b) v6i bon chan tir A, B, C va D.
Cau triic 12 bat dbi xtmg theo nghia d, # d,
va/hoac d, #d,.

d,
D
i —
B :
d>

(a) Dbi xtng: d=d,, dy=d,
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@9— ds *—

b) Bat ddi ximg: d, #d, valhoic dy #d,.
Hinh 5. Cdc céu tric AWPC.

Theo 1y thuyét anten, trong trueong hop téng
quat, dién truong téng cong cua céc phﬁn tu
anten trong dan dugc dién dat boi:

jk e—ijo

E(6)= 47[R—0|Io|/3(5’) (12)

| ==

RIB(O)} = 2 sin[

(d, +d,)sin 9} sin[g (d, - d,)sin 9}

v6i 6 1a hudng truyén séng, k la hé 56 séng,
R, 1a khoang céch giita dan anten v4i ngudn
0 g g g
séng dén, |I,| 1a bién d6 dong dién cia mdi
phén tir anten, va B(6) 1a hé sb ctia dan anten.
Trong truong hgp anten khong tam pha bét
dbi xtmg, £(6) duoc tinh boi:
,3(9) — ejl//] e—jkdl sin + ejV/zejkdz sin

(13)
+ ejy/3ejkd3cos€ +er/4e—fkd4C°5'9

voi yw, =0, =180%,p, =90°,p, =270° 1a
pha dong dién cua cic chan tt A, C, B, va D
tuong Ung.

Vé6i cic diéu kién trén, gian d6 bién do
G(6), va gian d6 pha (@) cla anten khong

tdm pha bat ddi xtng dugc cho boi:

G(6)=ARH{BO}+3{BO}  (14)

®(0)=2p(0) (15)

v6i Zky hiéu 1a pha cua sd phirc va

(16)

SR )

—23in[

3{p(6)}=-2 sin[% (d, +d,)sin 9} cos[% (d, —d,)sin 0}

(d,+d,)cos 9} cos[% (d,—d,)cos 6’}

- 2sin[§ (dy+d,)cos 0} sin[% (dy—d,)cos 6’}

Khi dé, vecto 14i trong hé tim phuong sir dung anten Asym-AWPC duogc tinh boi:

G,(6,)exp{jl®,(6,)}

a(g)<| O2(0 + 40)explj[;(6, + 20)]

Gy, (6, + (M —1)46)exp{j[®,, (6, + (M —1)46)]}

voi m=0,...,M —1 la chi s0 cua cic budc quay anten va 46 1a géc quay anten.

7)

(18)
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d, #d

Ta c6 thé thdy rang néu 2 va/hodc
dy#dy gy
G HiZ)iG(ﬁ) (19)
GO+7)~G(6) (20)
va khi d6

a” (e + %ja[é? + %j +a’(0al0) (1)

a’(@+r)a(@+x)=a" (0)a(o) (22)

“Map mo” thuc chét 1a hién tugng cic vecto
14i Gmg véi cdc géc khac nhau c6 bién do bang
nhau, didu nay dan dén viéc xuét hién cdc dinh
“ma” khong mong mubn trong phé khong gian
MUSIC. Tt dinh nghia nay va cdc phuong trinh
(21) (22) ta thdy rang anten khong tim pha bt
d6i ximg da loai bé hoan toan van dé “map mo”
trong phé khong gian. Diéu nay s€ dugc minh
hoa rd hon qua céc md phong & phan sau.

Hon nira, trong [10] cdu tric anten khong
tAm pha bat d6i xtmg ciing da duoc t6i uu héa
dé c6 kich thuéc tdi thiéu véi két qua
(@, =d, = 4/4.d, =\34/4.d, =32/4+0.64).

4. Hiéu ning cia hé théng ,tim, phuong st
dung anten khong tim pha bat doi xing

Thong thudng, dé danh gid hiéu ning cua
mot hé théng tim phuong nguoi ta st dung
cdng cu tinh 15i cin trung binh binh phwong
RMSE (Root Mean Square Error) nhu cong
thure (23), déng thoi so sanh véi hi€u nang ctua
mot hé théng khéc trong cuing mot diéu kién so
sanh.

A \2
RMSE = Bz(e" -6, (23)

véi 6, 1a géc thuc clia ngudn tin hiéu dén, 6, 1a
géc udc lugng duogc thuc hién bdi hé tim
phuong.

Trong bai bdo nay, hiéu ning cia hé thong
tim phuong sir dung anten khong tim pha bat
dbi xtng s& dugc so sanh voi dan UCA 4 phan
tlr trong cac truong hop sau:

Sé nguén tin hiéu can woc lwong lén hon
s6 phan tir anten (D =6, M =4): Phan tich kha
nang udc lugng hudéng séng dén trong toan bd
khong gian 360° dwa trén phd MUSIC.

Sé nguén tin hiéu dén nhé hon sé phan
tir anten (D=2,M =4): Phan tich hiéu ning
ctia hé théng dudi dang 15i géc wdc luong phu
thudc vao ty s6 SNR, d6 phan giai géc, va sb
14n 14y mau tin hiéu tai 16i vao ctia mdi phan tir
anten.

4.1. Diéu kién mo phong

Anten UCA:
« Hinh dang: Céc phan tir anten duoc sip

xep trén mot dudng tron.

+ Ban kinh cua duong tron: R = L/'L .

242

¢S phﬁn tur anten: 4.
+ Loai phén tir anten: V6 hudng.

+ Bic diém: Lbi ra cia mdi phan tir anten
duoc ndi tryuc tiép v6i bd RF-IF.

Anten Asym-AWPC:

e Hinh dang: Cdc phan tir anten duoc sép
xép nhu trén hinh 5(b) véi cic tham soO
(@, =d, = 4/4.dy =\3A)4,d, =32/4+0.64).

¢S phﬁn tur anten: 4.
+ Loai phén tir anten: V6 hudng.

« Dic trung ndi bat: Lbi ra cia mdi phan tir
anten dugc noi voi mdt bd quay pha cé gid tri
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nhu & phan 3.3 va dugc cong véi nhau. Sau d6
16i ra bd cong dwoc ndi voi bo RE-IE. Nhu viy,
4 phan tir anten v6 hudng nay tuong duong véi
mot phan tir anten c6 gian do bién do va pha
nhét dinh nhu cong thtrc (14) va (15).

+ S lan quay gian dd buc xa cia hé anten:
17 (gid tri dugc toi wu héa trong [107).

¢ Cic budc quay gian d6 buc xa cia hé

anten: ?—;[ (gia tri duoc t6i uu héa trong [10]).

Nguén tin hiéu dén:

s SH nguén: 6 trong truong hop 56 nguén
tin hiéu 16n hon sb phﬁn tir anten, va 2 trong
truong hop s6 ngudn tin hiéu nhé hon sb phan
tur anten.

+ SNR ctia mdi ngudn: 20dB.

+ Géc phuong vi dén: [-120 -80 -10 0 40
55]° trong trudng hop s6 nguén tin hi¢u 16n
hon sb phan tir anten, va [-10 40]° trong trudng
hop sd nguén tin hiéu nho hon sé phé‘m tr anten.

+ S6 miu tin hiéu thu thap tai mdi phén tir
anten: 1000.

4.2. Két qua mo phong

Hinh 6, 7, 8 va 9 1an luot biéu dién hiéu
nang cua hé théng udc lugng hudng song dén
trong ting trudng hop cu thé nhu dudi ddy véi
céc duong lién nét (hodc danh dau o) biéu dién
hiéu niang cua hé théng st dung anten Asym-
AWPC va duong duat nét (hoac danh dau +)
biéu dién hiéu niang cta hé anten UCA 4 phan
tu.

Phé khong gian MUSIC

Ph6 khong gian MUSIC cua hé théng udc
lugng hudng séng dén sur dung dan anten
Asym-AWPC va dan anten UCA 4 phé‘m tu
duoc biéu dién trén hinh 6. Nhu viy, cling trong
didu kién chi c6 4 phan tir anten v hudng,

anten khong tdm pha bit di xing c6 thé udc
luong chinh xdc 6 ngudn tin hiéu dén nim phén
b6 trong khoang [-180; 180] ©, trong khi d6 dan
UCA thi khong thé. Piéu nay 1a do dbi véi
anten Asym-AWPC, hang cua ma tran hiép
phuong sai trong khdng gian dugc mé rdng
thanh 17 do sir dung phuong phép quay gian dd
butic xa trong khi thu thap dir liéu. Trong khi d6
d6i v6i anten UCA, gid tri nay chi 12 4. Theo
thuat toan MUSIC trong phan 3.2, UCA 4 phan
tir chac chan khong thé uéc lugng dugc géc dén
ctia cdc ngudn tin hiéu khi s ngudn tin hiéu
dén D=6>M =4 nhu biéu dién boi duong
dat nét UCA (chuong trinh m6 phdong khong
thuc hién dwoc phép chia cho s6 0 nén tic gia
thay thé bang gi4 tri 0.5 dé ¢6 thé quan sét duoc
két qua).
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Hinh 6. Phé khong gian MUSIC ciia hé udce
luong DOA dung Asym-AWPC va UCA 4 phan tu.

Hiéu nang ciia hé thong

Phan nay thyc hién viéc xem xét hi¢u nang
ctia hé théng theo SNR, d6 phan giai géc va s6
mau tin hiéu thu thap tai moi phé‘m tr anten cho
ca hai hé thdng anten Asym-AWPC va UCA 4
phan tir v6i chi 2 ngudn tin hiéu dén. Ldi udc
lugng dugc tinh trung binh trén 100 lan thu.
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Hinh 7. Hiéu ning ctia hé thdng theo ty s6 tin hiéu
trén tap am SNR.

o Theo SNR: Hinh 7 biéu dién hiéu nang
ctia hai hé thong theo SNR. Khi SNR ting, hiéu
ning cua ca hai hé théng ting. Pén khi SNR
16n hon 10dB thi 15i géc ude lugng cua ca hai
hé thong déu bang 0. Trong khi d6, trong ving
SNR thép, nhé hon 10dB, hi€u nang cia hé
Asym-AWPC t6 ra vuot troi hon han hé théng
UCA.

¢ Theo do phdn gidi goc: DO phan gidi goc
dugc xem xét dudi dang khoang cach goc gitra
hai ngudn tin hiéu dén ma hé thong con c6 thé
udc lugng dugc chinh xdc. DO phan gidi goc
cang cao thi khoidng céch géc nay cang nho.
Hinh 8 biéu dién hiéu ning cia ca hai hé thng
theo do phan giai géc cia hai ngudn tin hiéu
dén. Véi hé théng st dung anten Asym-AWPC,
van ¢ thé wéc Iwgng chinh xdc géc séng dén
ngay ca khi khodng cich gilta hai géc chi 1a
0,5°. Trong khi d6, v6i hé théng UCA 4 phan
tur, khi cac géc cach nhau 59, 161 wéc luong van
con khd 16n. Tuy nhién, 16i nay c6 thé duoc cai
thién néu s phﬁn to trong UCA duogc tang Ién,
nghia la s6 phﬁn t&r anten trong dan UCA phai
16n hon nhiéu s ngudn tin hiéu dén can uéc
luong, diéu nay dong nghia véi kich thudc hé
théng tang 1én.
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Hinh 8. Hiéu nang cia hé théng theo do
phan giai géc.

4 —©— Asym-AWPC
—— uca

100
So mau tai moi phan tu anten

Hinh 9. Hi¢u nang ciia hé thong theo sé mau tin
hi€u thu thap tai moi phan tr anten.

o Theo s6 mau tin hiéu thu thdp tai moi
phan tir anten: Theo 1y thuyét, hiéu ning cta hé
théng dugc cai thién khi s6 mau tin hiéu cang
16n. Két qua md phong dbi voi ca hai hé thong
déu cho két qua phit hop véi Iy thuyét. Tuy
nhién, nhu trén hinh 9, hé théng st dung anten
Asym-AWPC cé thé wéc lugng ding ngay ca
khi s mu tin hiéu thu thap 14 kh4 nho trong
khi hé théng UCA 4 phan tir can nhiéu hon it
nhat 10 1an. Nhu vay hé thdng ding Asym-
AWPC s€ gitp giam thoi gian thu thap di licu
50 v6i hé ding UCA 4 phn ti.
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5. Két luan

Trong bai bdo nay, dua trén phuong phéap
md phong, ching t6i da thuc hién viéc so sanh
hiéu ning ciia hé théng tim phuong st dung
anten khong tam pha bat dbi xtrng Asym-
AWPC véi hé thong diing dan anten tron céch
déu UCA 4 phan tir. Qua céc két qua md phong,
ching ta thdy rang, wu diém ndi bét cua hé tim
phuong su dung anten Asym-AWPC d6 1a ¢6
kha ning udc lugng duge nhiéu ngudn tin hiéu
cung lic mot cich “khong map mo” ngay ca
trong trudng hop sd phan tr anten it hon sb
ngudn tin hiéu dén. Véi ciing sé phan tir anten,
hé su dung Asym-AWPC c6 hi¢u ning t6t hon
nhiéu hé ding UCA 4 phén tir, dic biét trong
diéu kién SNR thap, khoang cdch giita cic géc
clia cdc nguodn tin hiéu dén nho, ciing nhu sb
mau tin hiéu thu thap tai mdi phé‘m thr anten fit.
Mic dir ¢6 hiéu nang t6t hon hin UCA, Asym-
AWPC ciing phai tra gid vé do phuc tap tinh
todn do viéc phai tinh cdc khai trién riéng ddi
véi ma tran vuong kich thudc 17x17 thay vi
4x4 trong hé st dung UCA. Tuy nhién, ngay
nay, voOi sy phat trién vuot bac cda thuat todn
cling nhu phan ctng thyc thi, van dé do phirc
tap tinh todn trong hé tim phuong st dung anten
Asym-AWPC c6 thé giai quyét hoan toan.
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Performance of the Asymetric-AWPC DOA Estimation System
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Abstract: Recently, an Asymmetric-Antenna without Phase Center (Asym-AWPC) with non-
linear phase pattern has been optimized in such a way that it is free-ambiguity, compact and isotropic.
Applying Multiple Signal Classification (MUSIC) algorithm to this antenna structure leads to a
multiple source, super-resolution DOA estimation system, even though the number of sensors is less
than that of sources. This paper focuses on analyzing performance of the proposed system and
comparing to a commercial well-known Uniform Circular Array (UCA) system. The simulation results
show that the Asym-AWPC system is much better than UCA system, especially in the following cases:
low Signal to Noise Ratio, super-resolution, and small snapshot number.

Keywords: DOA (Direction of Arrival), MUSIC (MUltiple Signal Classification), Asym-AWPC
(Asymmetric - Antenna without Phase Center), UCA (Uniform Circular Array).



