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tin hiéu tuong quan doéi v6i hé thdng tim phuong Asym-AWPC-MUSIC. Két
qué nhan dugc la: trong phd khong gian chuan hoéa, cac dinh pho tng véi DOA
clia cac nguon tin hiéu tuong quan gidm manh khi hé s6 tuong quan bién do
16n hon 0,9 v hé s6 tuong quan pha nhoé hon 10°; cac dinh nay bién mat khi
cac tin higu hoan toan giéng nhau (hé s6 tuong quan bing 1). Viéc tim kiém
thuat toan tim phuong cho moéi trudng cidc nguon tin hiéu tuong quan mot
céch toan dién da duge dat ra. Thuat toan CS duge lya chon do viéc tinh toan
khong phu thuoc vao do tuong quan ciia cdc nguon tin hieu dén. Nhuge diém
ctia CS 1a s6 phan tit anten can thiét kha 16n v ma tran do dugc xay dung
tit anten phai 1a ma tran ngiu nhién, khong phit hop véi cac mang phd bién
nhu ULA, UCA. Asym-AWPC da giai quyét van dé nay. Cac két qua da chiing
minh duge kha nang hoat dong t6t ctia he Asym-AWPC-CS trong moi trudng
hop clia moi trudng cac nguon tin hiéu tuwong quan. Hon nita, do phan gii ctia
hé théng Asym-AWPC-CS ciing dudce cai thién nhd viéc gidm hé s6 lien két,
ing vé6i viec tang do bat ddi xing clia anten Asym-AWPC trong khoang khéo
sat (0;2]. Mot van dé can phai xem xét trong heé Asym-AWPC-CS do6 1a thoi
gian tinh kha 16n, phu thudc vao s6 mau K. Tuy nhién, tinh kha thi ctia hé van
duge ddm bao do 1y thuyét CS ap dung cho u6c lugng DOA cho phép hé hoat
dong t6t ngay ca truong hgp s6 mau nhd.

Nhu vay, ca hai van dé dugc nghién citu trong luan 4n déu cé lien quan
triyc tiép dén viec phét trién cac hé théng tim phuong nhiéu nguodn tin hicu
véi kich thuée nhé gon. Tir day, nghién cttu sinh c¢6 thé két luan ring anten
Asym-AWPC duge dé xuat ciing v6i thuat toan CS rat hitu ich cho linh vie
tim phuong vo tuyén.

Nhitng kién nghi nghién citu tiép theo

1. Nghién cttu 4nh hudng ctia s6 lan quay anten Asym-AWPC léen két qué
phé khong gian ciia hé tim phuong Asym-AWPC-CS.

2. Nghién citu cac phuong phap khoi khuc tin hiéu thua trong CS nham rit
ngan thoi gian uéc lugng DOA va nang cao hon nita do phan gidi clia
Asym-AWPC-CS.

3. Xay dung heé théng phan cing dé kiém nghiem céc két qua mo phong.
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MG DAU

Dat van dé

Tong quan vé hé tim phuong zi ly mdng

He tim phuong, hay con goi 1a tim huéng séng dén (DOA), luon doéng vai tro
quan trong trong cac ting dung: thong tin, dinh vi, gidm sat, dan dudng, tim
kiém cttu nan,... Cau tric ctia mot hé tim phuong xit Iy mang gom hai phan co
ban, ciing 1a hai phan quyét dinh dén hiéu nang ctia hé thong, 1a: mdng anten
va thudt todn wdc ligng tham s6. Mang anten c6 thé c6 cau tric 1-D (ULA, NLA),
2-D (UCA, URA,...), hodac 3-D; nhung, phd bién 1a méng 1-D va 2-D. Céc
thuat toan udc luong tham s6, vé co ban c6 thé chia thanh mot sé6 nhém sau:
thuat todn tao chiim truyén théng (Barlett, Capon), thuat toan cau tric riéng
dya trén ma tran higp phuong sai khong gian (MUSIC, ESPRIT), thuat toan
giéng nhat cyc dai (DML, SML, WSF), thuat toan Matrix Pencil, cac thuat
toan khac (thong thuong la cac bién thé clia cac thuat toan da néu & trén nhu
Root-MUSIC, Cyclic-MUSIC, TST-MUSIC, Multiple Frequency-MUSIC, FO-
MUSIC, Unitary-ESPRIT,...). Bén canh d6, trong nhitng nam gan day thuat
toan nén mau (CS) cing duge st dung trong udce lugng DOA.

Heé tim phuong xit I§ mang tao bdi cau tric hinh hoc clia mang va thuat
toan udc luong thusng chi dude 1¢i vé mot sé mit. Ding trude wu, nhuge diém
ctia hé tim phuong x Iy mang, v6i muc dich ng dung cho céc hé tim phuong
thu dong, ¢6 dinh (tram co s ctia hé tim kiém citu nan, giam sat cadc nguon
phét,...), luan 4n dugc giéi han trong pham vi sau: (i) Nguon tin hi¢u bang
hep ¢6 dinh, (ii) Chi u6c lugng goc phuong vi, (iii) Thuat toan wéc lugng c6
do phic tap tinh toan vira phéi.

Hé tim phuong st dung anten AWPC: Uu, nhugc diém

Heg théong tim phuong st dung anten khong tam pha (AWPC) la mot trong nhimg
phuong phdp gidi quyét bai todn nang cao hiéu sudt géc mé cia mdang. AWPC thudc
loai mang anten véi cac phan tit dudce tiép dien khong dong déu tao ra gidn do
pha khong phai 1a hing s6. Anten nay dugc gisi thieu lan dau tién vao nam
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1986 bdi tac gid Phan Anh cho tng dung tim phuong mot nguon tin hiéu va
nam 2005, 2012 béi tac gid Tran Cao Quyen cho ting dung tim phuong nhiéu
nguon tin hiéu bang cach quay anten AWPC két hop v6i thuat toan MUSIC
(goi tat 1a AWPC-MUSIC). Uu diém ctia AWPC-MUSIC so véi céc phuong
phép dua trén viec ci tién thuat toan uée lugng (FO-MUSIC,...), d6 la: (i)
Van duy tri tinh én dinh, do phan giai cao, va do phiic tap tinh toan vita phai;
(ii) DOA udc lugng chi phu thuoc vao s6 lan quay gidn do bic xa clia anten
(khong phu thudc vao s6 phan tit anten vat 1y).

Miac du vay, hai vin dé ldn con ton tai trong hé thong AWPC-MUSIC d6 la: (i)
Phé khong gian xuat hién cac dinh phd khong mong mudén (hien tugng lip
lai phd); (ii) Hiéu ning ctia hé thdng bi suy gidm manh trong mai trudng cac
nguon tin hiéu tuong quan.

Muc dich nghién ctu

Muc dich ctia luan an 1a: cdi tién he tim phuong st dung AWPC trén quan diém
khédc phuc hai nhuoc diém chinh cia hé AWPC-MUSIC. T day, muc tiéu cta luan
an gom: (i) D& xuat phuong phap danh gia mic do lap lai pho ciia hé thong
AWPC-MUSIC; (ii) Dé xuat giai phap khic phuc van dé lap lai pho; (iii) Dé
xuat gidi phap khic phuc hién tugng suy gidm hiéu nang ciia hé théng trong
moi trudng cdc nguodn tin hiéu tuong quan; (iv) So sanh hé théng dé xuat véi
hé théng tieu biéu.

Phuong phap nghién ciu

Céc phuong phép nghién ctiu sau da duge st dung trong lugn an: (i) CRLB
diing dé xac dinh géc quay anten AWPC, danh gia tinh vo hudéng cho ciu triic
AWPC bat déi xing dé xuat (Asym-AWPC), xac dinh ngudng phan giai SRL
cho Asym-AWPC; (i) Cong thiic dé xuat ACF va AFL dé phan tich s6 hoc
mitic do lip lai pho ciia cac cau tric anten Sym-AWPC, SymII-AWPC-UCA, va
Asym-AWPC; (iii) Léi u6c lugng dé danh gia hiéu nang ciia hé thong dé xuat
Asym-AWPC-MUSIC véi hé théong tieu biéu UCA-MUSIC; (iv) Ly thuyét CS
u6e lugng DOA trong moi trudng cdc ngudn tin hiéu tuong quan, s6 mau nho;
(v) Phuong phéap théng ké dé so sanh dic tinh ctia ma tran do dugdc tao bdi
anten Asym-AWPC v6i ma tran do theo 1y thuyét va ma tran do tao bdi UCA;
(vi) Ly thuyét gidi bai todn nghiém thua binh phuong tdi thiéu c6 diéu chinh
I, dé khai phuc tin hieu trong CS.

KET LUAN VA KIEN NGHI

Két luan ctia ludn an

Cac két qua nghién citu ctia luan 4n nham muc dich cai tién ciu tric anten
khong tam pha va khai thac nhitng wu diém nay cho hé tim phuong véi s6
nguon tin hiéu dén nhiéu hon sé phan tit anten trong moi trudng cac nguon tin
hiéu tuong quan.

Déi vdi vén dé cdi tién céu tric anten khong tam pha, nghién cttu sinh da dé xuét
cau tric anten Asym-AWPC nham gidi quyét van dé lap lai phd khong gian
trong bai toan tim phuong stt dung MUSIC v6i s6 nguon tin hiéu nhiéu hon
s6 phan tt anten. Viéc cai tién AWPC dudgc thyc hién titng buée qua cac cau
triac Sym-AWPC, SymII-AWPC-UCA, va Asym-AWPC. Phuong phép cai tién
dua trén viéc tinh toan duong bao CRLB ciing nhu phan tich vector dap ing
mang ctia moi cau tric. Véi Sym-AWPC, cau tric chi gom 4 dipole nhung
viing khong gian hoat dong bi gi6i han trong 90° néu la ciu tric SymI-AWPC
va trong 180° néu la cau tric SymII-AWPC. V6i SymII-AWPC-UCA, cau tric
nhé gon nhat ciing bao gom 12 dipole (3 phan tit SymII-AWPC). Cang tang s6
phan tit SymII-AWPC, c4c dinh phd khong mong mudn cang nhé. Tuy nhién,
v6i s6 phan tit SymII-AWPC 16n hon 8 thi cac dinh phd khong mong mudn
trd nén bao hoa. Cau tric SymII-AWPC-UCA cho phép hé théng hoat dong
trong khong gian 360°. V6i Asym-AWPC, chi gom 4 dipole, viing khong gian
hoat dong 360°, dé c6 kich thudc nhé gon dong thdi c6 thé bé qua duge ghép
tuong hd, do bat déi xiing tét nhat 1a Ad = 0,6. Day ciing 1a két qua dé dam
béo Asym-AWPC van 1a mang vo huéng. Lya chon giita hai cau tric hoat dong
trong khong gian 360°, Asym-AWPC ndi troi hon SymII-AWPC-UCA do ciu
tric chi can 4 dipole trong khi d6 AWPC-UCA can it nhat 12 dipole. Day chinh
13 1y do Asym-AWPC dudc lya chon cho phan nghién ctu tiép theo ciia luan
an.

Déi vdi van dé khai thdc nhimg wu diém cia Asym-AWPC cho hé tim phuong sb
nguon tin hiéu nhiéu hon sé phan ti anten trong moi trudng cdc nguon tin hiéu tuong

quan, trudc hét nghién citu sinh khéo sat anh hudng clia moi truong cdc ngudn
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(a) Asym-AWPC-MUSIC (b) Asym-AWPC-CS
Hinh 3.8: Thai gian tinh ctia hé Asym-AWPC-MUSIC va Asym-AWPC-CS.

DOA cho phép hé hoat dong t6t ngay ca trudng hgp s6 mau nhd.
3.6 Két luan chuong 3

Asym-AWPC-CS c6 thé sit dung dé thay thé cho Asym-AWPC-MUSIC
trong moi trudng cidc nguon tin hiéu tuwong quan. Do phan gidi ciia phuong
phap méi c6 thé duge cai thien bing cach ting do bat dbi xting Ad clia anten
Asym-AWPC. Bén canh nhitng uu diém ndi troi, van dé do phiic tap tinh toan
cia Asym-AWPC-CS cling da duge xem xét.
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No6i dung nghién ciu

Noi dung nghién cttu ctia luan an bao gom: (i) Nghién cttu vé vector dap
ing méang va duong bao thap CRLB tng dung trong nghién cttu cac cau tric
hinh hoc clia mang anten; nghién cttu chi tiét vé mot s6 cau tric hinh hoc ctia
mang anten pho bién dimg trong cac hé théng tim phuong, bao gdom: ULA va
UCA; tim hiéu vé AWPC duing cho hé théng tim phuong mot, nhiéu ngudn tin
hiéu. (ii) Tim hiéu, mo phéng va danh gia do phan giai clia mot sé thuat todn
uéc lugng nhidu nguodn tin hieu pho bién, c6 thé ap dung cho ciu tric mang
tliy ¥, bao gdm: Balett, Capon, MUSIC, ML. (iii) CAi tién ting budc cau tric
AWPC qua céic cau tric trung gian Sym-AWPC, SymII-AWPC-UCA, va dé
xuat Asym-AWPC 1a cau tric uwu viét nhat; khio sat cdc dic tinh mang vo
hwéng, do phan gidi cia Asym-AWPC; so sanh hiéu nang cia Asym-AWPC-
MUSIC véi UCA-MUSIC. (iv) Tim hiéu vé cac ki thuat giai bai toan CS dugc
ing dung cho he théng tim phuong, dé xuat sit dung CS thay cho MUSIC trong
hé tim phuong st dung Asym-AWPC lam viéc trong moi trudng cac nguon tin
hiéu tuong quan; cai tién do phan giai ctia hé tim phuong dé xuét.
Cac doéng goép

V6i syt hiéu biét ctia nghién cttu sinh, nhitng két qua nghién citu trong luan
an da dat dugec muc dich nghién cttu dé ra. Nhitng két qua nay nim trong
chuong 2 va chuong 3 ctia luan an, bao gom: (i)Dé zudt ciu tric Asym-AWPC
nham gidi quyét van dé ldp lai pho cho hé tim phuong ding anten AWPC két hop vdi
thudt toan MUSIC hoat dong trong khong gian 360°; (ii) Dé zudt st dung thuat toin CS
cho hé tim phuong Asym-AWPC hoat dong trong moi trudng cdc ngudn tin hiéu tuong
quan.
Bb cuc ctia luan an

Luan 4n bao gom phan mdé dau, 3 chuong, va phan két luan. Chuong 1 1
céc kién thitc vé mo hinh dit lieu, vector dap ting mang, dudng bao thap CRLB,
cong thic danh gia tinh duy nhéat ctia vector dap ing mang, tong quan vé mot
s6 cau tric hinh hoc clia mang anten va mot s6 thuat toan uée lugng DOA tieu
biéu. Chuong 2 dé xuit cau tric AWPC méi (Asym-AWPC) dung cho hg tim
phuong (Asym-AWPC-MUSIC), céi tién cac tham s6, vd danh gia hiéu ning
ctia hé théng Asym-AWPC-MUSIC so v6i UCA-MUSIC. Chuong 3 trinh bay
vé hé tim phuong két hop thuat toan CS vd Asym-AWPC trong moi trudng
cac nguon tin hiéu tuong quan. Va cudi cuing 14 phan két luan va nhitng dinh
huéng nghién citu tiép theo.



Chuong 1

Téng quan vée mot sdO mang anten va phuong phap
tim phuong tiéu biéu

1.1 Gigi thiéu

Chuong nay lam nhiém vu cung cap cac kién thitc co ban vé mot s6 cau tric
mang anten, cong cuy danh gia, va mot s6 thuat toan tim phuong tieu bidu. Céc
kién thic nay cling duge st dung nhdm muc dich so sanh véi hiéu ning ciia hé
théng tim phuong dé xuat ¢ nhitng chuong sau. Bén canh d6, hé tim phuong
két hop AWPC dudi dang tong quat va thuat toan MUSIC, lam tién dé trong
cac nghién ctu cia luan an, ciing dugc tinh toan va danh gia lai.

1.2 M6 hinh dw liéu

Gia thiét c6 D nguon tin hieu s(t) = [si(t),...,sp(t)]T tGng v6i cac hudng
0 =1[01,01,...,0p,00]" (V6i 6; v ¢ 1a gbc ngang va géc phuong vi clia nguodn
d) dén mang anten gom M phan tit. Vector dit lieu thu thap bdi mang anten
x(t) = [z1(2), ..., zm(t)]T dugc tinh bdi:

x(t) = A(8)s(t) + n(t) (1.1)
trong d6, néu chi xét trong mat phang phuong vi thi A(6) = [a(¢1),...,a(¢p)] 1
ma tran chita cic vector dap tng mang a(¢z) € C¥, va n(t) = [ni(t ) .,nM(t)]T
la vector tap am.

V6i moi truong vo tuyén, (i) Tin hiéu ngudn s(t) thuong duge mo hinh toan
hoc béi vector ngdu nhién phan bd Gauss, ding, trung binh p_ = &{s} = 0, hiép
phuong sai Cs = &{(s — ) (s — u)} = Re, v6i Rs = &{ss™} 14 ma tran tuong
quan clia cdc tin higu ngudn; va (ii) Tap am n(t): duge mo hinh béi vector ngau
nhién phan b6 Gauss, diing, trung binh u,, = 0, hiép phuong sai Cp = Ry, = 021.
1.3 Cau tric hinh hoc cia mang anten

Thoéng tin vé DOA dudc uéc lugng tit cic mau thu thap bdi cac phan tit
anten dat tai cac vi tri khac nhau trong khong gian. Viéc sip xép vi tri clia cac
phan t1t anten, hay con goi 1a cau tric hinh hoc ctia mang, &nh huéng dén chat
lugng phd khong gian, gom: s6 géc wée lugng, loai géc wéc lugng (g6c ngang,
gbc phuong vi), hién tugng lap lai pho, do phan giai,...
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goéc thiye (—60°, —40°, —20°,20°,25°,60°). Hai goc dat gan nhau tai 20° va 25° c6
thé dugc phan giai bdi Ad = 1,5 ma khong dude phan giai béi Ad = 0,6.

099

097

09
04
03
002
oe1

0 05 1 15 2

Hinh 3.6: Hé s6 lien két véi
il ¢ (@) (b)

Hinh 3.7: Phd khong gian ciia Asym-AWPC-CS.

3.5 Do phic tap tinh toan ciia Asym-AWPC-CS
3.5.1 Do phic tap tinh toan

Do phtic tap tinh toan ctia mot phép todn uée lugng huéng séng dén phu
thuoc chii yéu vao phuong phap giai. D6i v6i he Asym-AWPC-MUSIC thi do
phiic tap tinh toan nim chtt yéu & phan tinh ma tran hiép phuong sai khong
gian, khai trién rieng ma tran, va tinh pho khong gian (cac phép tinh nay dugc
tinh mot lan dit cho s6 mau thu thap 16n hay nho). Trong khi d6, he Asym-
AWPC-CS c6 do phiic tap tinh toan tap trung vao phuong phép gidi bai toan
nghiém thua va két qua pho khong gian duge tinh trung binh theo s6 mau thu
thap. Do phtic tap tinh todn trong phan nay dugc do bdi thoi gian gidi bai
toan uéc lugng DOA (bd qua thoi gian thu thap di lieu va thoi gian tinh gid
tri clia cdc phan ti trong ma tran vector dap ting mang).

3.5.2 Két quia mo6 phéng

Két qua mo phéng ctia ca hai heé Asym-AWPC-CS va Asym-AWPC-MUSIC
duge thyc hién trén may tinh ca nhan véi cau hinh: Chip: Intel® Core™ i5-
2415M CPU 2.30GHz x 4; RAM: 3,8 GB. Hinh 3.8(a) va 3.8(b) tuong ting minh
hoa thoi gian tinh ctia he Asym-AWPC-MUSIC va Asym-AWPC-CS (dugc tinh
trung binh trong 20 lan thit). Nhu vay, ding nhu phan tich 1y thuyét trong phan
3.5.1, thoi gian tinh ctia hé Asym-AWPC-MUSIC hau nhu khong phu thuoc
vao s6 mau K va gid tri nay rat nhé (phan tram cta giay); trong khi d6 hée
Asym-AWPC-CS c¢6 thoi gian tinh phu thuoc vao s6 mau, s6 mau cang tang
thi thoi gian tinh cang nhiéu (khodng vai hosic vai chuc giay). Tuy nhién, he
Asym-AWPC-CS van mang tinh kha thi do 1y thuyét CS 4p dung cho uwéc lugng
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Hinh 3.5: Phd khong gian ctia Asym-AWPC-CS va Asym-AWPC-MUSIC.

Asym-AWPC-CS. Mac du vay, Asym-AWPC-CS luon ude lugng chinh xac DOA
clia 6 ngudn tin hiéu dén trong tat ci cac truong hgp trong khi Asym-AWPC-
MUSIC chi lam viéc tét nhat trong moi trudng khong tuong quan.

3.4 Cai thién do phan giai ciia Asym-AWPC-CS

3.4.1 Danh gia d6 phan giai

Khi quan sat phé khong gian duge tao bdi he Asym-AWPC-CS trong phan
3.3.4, ching ta thay ring do sau phan cach giita cac dinh phd chua lén, diéu
nay du béo vé kha nang phan giai ctia he¢ Asym-AWPC-CS chua t6t. Phan nay
sé thuc hién viéc cai thien do phan gidi clia hé théng duya trén viec dieu chinh
do bat déi xiing ctia Asym-AWPC.

Nhu da trinh bay trong phan 3.3.3, hiéu niing clia viéc gidi van dé toi wu
héa phu thuoc vao hé sd lien két x. Néu hiéu ning gidi khong tot sé tao ra
nhiéu gia tri khac 0 khong mong muén trong vector thua (cac gia tri ndy cang
nhé cang tot). Trong ap dung CS cho uée lugng DOA, heé s6 lien két duge dua
ra trong phan 3.3.3 bi 4nh huéng nhiéu bdi mot phan nhoé cac géc dén gan
nhau ma khong phan anh duge hé s6 lien két ciia ma tran do tng véi phan 16n
cac géc con lai. Do dé, he s6 lien két trong uée lugng DOA nén duge thay ddi
thanh: x = max|g, 4, >{[a” (p1)a(¢2)[}/{lla(d1)|[la(¢2)[|} v6i € la dO phan gidi ctia
hé théng. Hinh 3.6 hién thi hé s6 lien két trong khoadng [—175°,175°] v6i e = 5°
theo do bat ddi xing Ad. Tai e = 5°,  nhan gia tri nhé hon khi Ad tang.

3.4.2 Két qua moé phéng

Hinh 3.7(a) chi ra rang do nhon ctia cac dinh phd tng véi Ad = 0,6 t6i hon
ddi v6i Ad = 1,5. Kha nang phan gidi duge biéu dién trén hinh 3.7(b) véi céc
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Thong thudng, cdc phan tit anten trong mang dugc tiép dien dong déu (ULA
va UCA Ia cic cau tric tieu biéu), nhung trong mot s6 trusng hgp, viéc tiép
dién khong dong déu ciing mang lai nhiéu dic tinh tha vi.

Phan nay sé thyc hién vige: nghién citu vé: (i) ba dac tinh ¢6 lien quan dén
cau tric mang (bao gém: tinh duy nhit cia vector ddp ing mdng, tinh vo hudng ciia
mdng, va ngudng phan gidi); (ii) phan tich s6 hoc cau hinh cia ULA va UCA;
va (iii) tim hidu vé mot s6 cau hinh anten khong tam pha (AWPC) dugdc phat
trién béi nhém nghien citu ciia téc gia Phan Anh.

1.3.1 Tinh duy nhét ctia vector dap iing mang, tinh v6 huéng
clla mang va ngudéng phan giai

Tinh duy nhét cia vector ddp twng mdng: Dé khong xudt hien céc dinh
phé khong mong muén trong phé khong gian, tinh duy nhat ctia vector dap
tng mang phai dugc dam bado. Mitc do phu thuoc tuyén tinh hang 1 ctla
vector dap tng méng dugc khdo sat qua cong thic ACF: y(¢1,¢2) & 1 —
laf (¢1)a(p2)?/|la(é1)||*|a(¢2)]?, trong d6 ||| 1& norm-2. Gia tri nay sé bang 0
khi hai vector phu thuoc tuyén tinh va bang gia tri cyc dai 1 khi hai vector
truc giao nhau.

Tinh vé huwdng cia mang: Mang 13 vo huéng khi CRLB mot ngudn tin hiéu
13 hang s6 trong khoang tir 0° dén 360°.

Nguéng phan gidi: Luan an st dung phuong phap xéc dinh nguéng phan
giai thdng ke SRL ctia Smith, duge phét biéu nhu sau: hai tin hiéu c6 thé dugc
phan giai vé géc néu sy khac biét gitta hai géc 16n hon do léch chuan ciia udce
lugng chénh léch gitta hai goc, hay 64 < \/CRLB(J,), SRL dugc xac dinh boi
phuong trinh 6] = CRLB(dy). Tinh vo huéng ciia mang duge danh gia thong
qua CRLB mot nguon trong khi dé ngudng phan gidi SRL duge danh gia bai
CRLB hai nguon.

CRLB: CRLB biéu dién duong bao thap vé phuong sai ctia phép toan udc
lugng khong léch bat ky. Quan hé gitta CRLB va phuong sai 161 u6c lugng
MSE dugc bidu dién béi: MSE®) = & {(é —6)(0 - o)H} > CRLB(6) = J~1(9),
trong d6 @ 1a vector chita cdc tham sd can uwdc lugng, 6 1a vector chita cac
tham s6 u6c lugng, €{6} = 6 dudc goi la u6c lugng khong lech, va J 1a ma
tran thong tin Fisher. CRLB dugc phan lam hai loai dya theo mo hinh di
lieu dugc gidi thiéu trong phan 1.2. Trong d6 mo hinh xac dinh ¢6 Ji; per =

H A N 2 ~ ~ ~ = s~
2 Re[ 2@ 220D thygng duge chon néu K va D nhd, vi mo hinh ngdu nhien
n T J
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CRLB | nguén

16° SR S|
180 100 - 0 50 100 150
DOA0)

Hinh 1.2: CRLB mot ngudn
ctia mang ULA va UCA

(a) ULA (b) UCA

Hinh 1.1: ACF ctua mang.

c6 Jij scu = trace[C;l(e)w%ofe)C;l(e)wa%oge)] dudce chon néu K va D 16n.
1.3.2 Mang ULA va UCA

ULA va UCA 1a hai cau tric duge sit dung nhiéu nhat trong nghién cttu
va tng dung do né lam don gidn héa qua trinh tinh todn. ULA 14 mang vé6i
cac phan tit dit cach déu nhau mot khoang d trén mot dudng théng trong khi
UCA 1a mang c6 cic phan tit sip xép déu trén mot duong tron ban kinh R.

Vector ddp ing mdang: Vector dap ting mang ciia ULA va UCA lan lugt ducge
biéu dién béi:

2w

avra(6) = {L--wexp{*jT(M - 1)dcos<z>HT,

T
ayca(4) = [1, ..., €xp {sziﬂRcos@) - (M - 1)?\7;)” .

Tinh duy nhét cia vector ddp wng mdang: Tinh duy nhat clia vector dap
ting mang ULA vad UCA dugc biéu dién tuong tng trén hinh 1.1(a) va 1.1(b).
Nhitng toa do goc tuong ting véi gia tri ACF tién t6i 0 1a nhitng diém vi pham
tinh duy nhat ctia vector dap ttng mang. Nhu vay, mang ULA 13 mang vi pham
tinh duy nhat Gng v6i ¢1 = —¢o, trong khi d6 mang UCA 14 mang cé vector
dap ting mang dam bao tinh duy nhat.

Tinh v6 hudng cia mdng: Tinh vo huéng ctia mang ULA va UCA dugc biéu
dién trén hinh 1.2 v6i M =6, SNR = 20dB, va s6 mau K = 1000. Nhut vay, mang
UCA ¢6 18i u6c lugng ¢ mic trung binh, dong déu theo cac huéng; trong khi
d6 mang ULA ¢6 161 uée lugng cuc 16n theo huéng doc truc va cyc nhd theo
huéng vudng goéc vdi truc.

Ngudng phan gidi: Trong truong hop SNR = 10dB, K = 100, thi SRLyLa ~
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(d) Phan bé chuan (e) Asym-AWPC (f) UCA
Hinh 3.3: SDDI tri tuyét d6i ctia ma tran do (a, b, ¢) va HIS tai hang 12 (d, e. ).

HH i
y H i
150 100 50 100 150 -150 100 50 o 50 100 150
DOA(dS) DOA(d0)

(a) 6 ngudén khong tuong quan (b) 2 ngudn tuong quan, 4 ngudn con
lai khong tuong quan

Hinh 3.4: Phd khong gian ctia Asym-AWPC-CS va Asym-AWPC-MUSIC.

tor mau thu thap va ¢ > 0 14 tham s6 diéu chinh. Trong luan 4n, phuong
phap lip diém Newton cut dugc chon dé gidi bai toan do né cé tdc do hoi
tu nhanh. Hiéu nang ctia phuong phap nay phu thuoc vao hé sd diéu chinh
¢ va he s6 lien két ~. V6i mot ma tran do tuy ¥, » duge dinh nghia béi:
K = maxs, 26, {|a” (¢1)a(g2)[}/{l|al1)l[la(p2)}-

3.3.4 Két qua mo phéng

Trong hinh 3.4(a), 3.4(b), va 3.5(a), ching ta ciing thiy ring cdc dinh phd
ctia Asym-AWPC-MUSIC nhon hon so véi céc dinh pho trong Asym-AWPC-
CS, diéu nay thé hien ring do phan giai ciia Asym-AWPC-MUSIC cao hon
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Phé Khong gian MUSICE)

MM

T o T L e qunvendy P s e
Hinh 3.1: Phd khong gian ciia
Asym-AWPC-MUSIC trong
mot sé trudng hop.

(a) Tuong quan bién do (b) Tuong quan pha

Hinh 3.2: Dinh phd ctia tin hiéu theo hé sé tuong quan.

trong phuong trinh (1.3)). Sau khi khoi phuc 2, phd khong gian ctia thuat toan
CS dugc biéu dién bdi: Pos(¢i) = = S8, 26, (k) v6i i =1,..., Dscan-

3.3.2 Daic tinh cia ma tran do dudc tao bdi Asym-AWPC

Xét diéu kien dé ap dung ly thuyét CS vao uéc lugng DOA, ching ta cé:
(i) Dt ligu du thua: luon ddm béo do ban than vector DOA z ludn la vector
thua trong khong gian; (ii) Ma tran do A 6n dinh: tuong duong véi viec thoa
man diéu kien RIP, diéu kien dé ma tran gan truc giao. Trén thuc té, rat kho
dé xay dung dugc ma tran A thoa man RIP do viéc tinh toan rat phtec tap.
Tuy nhién, néu nhu ma tran do A 13 ma tran ngdu nhién (cac phan ti trong

ma tran doc lap, c6 phan b6é Gauss, Bernoulli,...) va M = O(Dlog £2) < D, thi
dit lieu thua van c6 thé khoi phuc duge.

Dac tinh clia ma tran do tao bdi Asym-AWPC duge so sanh v6i ma tran
do ngdu nhién phan b chuan va ma tran do tao bdi mang UCA trén hinh 3.3.
Cac két qua chi ra ring ma tran do tao béi Asym-AWPC la ma tran xac dinh
c6 phan bd kha ngdu nhién trong khi khong c6 nhiéu sy thay doi vé gia tri
trong ma tran do tao bdi UCA. Diéu nay giai thich tai sao ching ta khong thé
ap dung CS déi vé6i dit lieu thu thap truc tiép tit mang UCA, van dé xay ra
tuong tir d6i véi mang ULA. Ngudc lai, ma tran do tao bdi Asym-AWPC c6 dac tinh

gan giéng phan bé ngau nhién nén cé thé dp dung truc tiép CS.

3.3.3 Thuat toan khoi phuc: Binh phudng téi thiéu c6 diéu chinh
Iy

Cac thuat toan khoi phuc tin hiéu dung trong CS thudng dya trén bai toan
t61 uwu hoéa, v cu thé trong truong hop nay tuong duong véi bai toan binh
phuong t6i thiéu c¢6 diéu chinh i;: min ||Az — x| + ¢||z]: V6i ||z, = S Pscan 2],

A e CM*Pscan 13 ma tran do, z € CPeen 13 vector bién, x € CM 1a vec-
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0,7° Vi SRLyca ~ 0,43°, tuong tng cau hinh ULA c6 nguéng phan giai 16n hon
cau hinh UCA.

1.3.3 Anten khong tam pha (AWPC)

Anten khong tam pha dugc dé xuat nham gidi quyét van dé sé ngudn tin
hiéu dén nhiéu hon s6 phan ti anten. Mot anten dugce goi 1a khong c6 tam pha
néu gian do pha khong la hang sé trong pham vi clia mot bip séng.

AWPC dung cho hé tim phuong mot nguon tin hiéu: Anten khong tam pha
vdi gidn do bien do G(¢) = const va gidn do pha ®(¢) = ¢ (trong luan an goi la
AWPC) dugc dé xuat cho he tim phuong mot nguon tin hiéu béi tac gid Phan
Anh. Cau tric cia AWPC dugc biéu dién trén hinh 1.3 véi A, C, B, D la céc
dipole dugc tiép dién véi pha tuong tng 1a 0°, 180°, 90° va 270°; khodng cach
gitta cAc phan ti anten dén gbc toa do bang d/2; va kd < 1 (v6i k 1a hé sb song).

i 4

dr2 dy/2

D D
—@— i <~0» a2 —@—» —@— o2 4’? 02 —@—»
B X B X
di/2

“+1 +e

Hinh 1.3: C4u tric anten AWPC. Hinh 1.4: Cau tric anten New-AWPC.

AWPC ding cho hé tim phuong nhiéu ngudn tin hiéu: Viéc két hop AWPC
va thuat toan MUSIC dugc dé xuat béi tac gid Tran Cao Quyén nham nang cao
s6 DOA ¢6 thé udc lugng. Céac méu tin hieu duge lay sau mdi bude quay anten
Ag (cho cé truong hop quay déu va ngau nhién). Khi d6 vector dap ting méang
ing véi goc ¢ trd thanh: a(¢) = [exp{jd},...,exp{j(¢ + A¢nr_1)}]". Tuy nhién, do
gidn do pha ctia AWPC 13 ham tuyén tinh dan dén céc hang va cic cot trong
ma tran A déu phu thuoc tuyén tinh véi nhau va do d6 thuat toin MUSIC
khong thé xac dinh duge s6 lugng ciing nhu DOA ciia cac nguon tin hieu. Dé
khic phuc han ché trén, tac giad Tran Cao Quyen da cai tiétn AWPC véi cau
tric nhu trén hinh 1.4 v6i gidn do bien do dugce gia thiét 14 hing s6 va gidn
do6 pha ®(¢) = arctan (sin (%2t sin ¢) /sin (%22 cos ¢)), trong d6 di va da lan luct 1a
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Hinh 1.5: So dd tdng quét ctia bo tao chiim.

khodng cach gitta hai phan tif anten cia mang AC va mang BD. Luan an goi
cau tric nay 1a New-AWPC. Tuy nhién, New-AWPC 1 cau tric vi pham tinh
duy nhat ctia vector dap ting mang, chua c6 danh gia vé cac dic tinh thuong
duge quan tam clia hé tim phuong vo tuyén xi Iy mang nhu: tinh vo huéng
cia mang, ngudng phan giai,...

1.3.4 Nhan xét

Nhu vay, déi véi mang tiép dien dong déu, UCA 1a méng dam bao tinh duy
nhat ctia vector dap tng mang, c6 tinh chit vo huéng, va ngudng phan gii
thong ké nhé hon ULA. Trong khi d6, New-AWPC 13 mot cau hinh anten hita
hen ap dung cho hé tim phuong do phan giai cao, s6 nguon tin hiéu uéc lugng
nhé hon sé phan tit anten.

1.4 Thuat toan tim huéng séng dén
1.4.1 Thuat toan tao chum

So do6 tong quat clia hé théng tim phuong st dung cac thuat toan tao chiim
duge biéu dién trén hinh 1.5. Bip séng duge tao va quét trong khoang khong
gian bing cach thay ddi vector trong s6 w = [w,...,wy]”. Cong suét 16i ra
y(t) = wx(t) duge tinh bdi phuong trinh (1.2).

Per(w) = E{ly®)]*} = &{|w " x(t)|*} = w7 e{x(t)x" (t)}w = w'Ryw (1.2)

B§ tao chum Balett: Phuong phap Balett thyc hién viéc cuc dai héa cong
suat 16i ra theo mot huéng cho trude. Xét mot tin hiéu dén theo huéng ¢o,
cong suat tin hieu nguodn o2, va cong suat tap am o2, dé cong suat 16i ra dat
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Chuong 3

Hé tim phuong st dung Asym-AWPC trong méi
trudng cac nguon tin hiéu tuong quan

3.1 Giéi thiéu

Trong chuong nay, hi¢u nang ctia hé tim phuong Asym-AWPC-MUSIC (két
hogp gitta thuat toan MUSIC va Asym-AWPC-0.6) trong moi trudng cdc nguon
tin hiéu tuong quan dugce cai thién bang cach st dung thuat toin nén mau CS
(goi la he Asym-AWPC-CS). V6i dac tinh cia mang Asym-AWPC, thuat toan
CS dugc ap dung truc tiép dé wdc lugng DOA ma khong can phai st dung
thém ma tran bién ddi c6 dic tinh ngdu nhieén nhu Iy thuyét CS yéu cau doi
v6i cdc mang truyen thong (ULA, UCA,...).
3.2 Hé tim phuong Asym-AWPC-MUSIC

Mtc do d4nh hudng clia moéi trudng cdc ngudn tin hiéu tuong quan lén
pho khong gian MUSIC sit dung anten Asym-AWPC-0.6 duge biéu dién trén
hinh 3.1. Hé gom 6 nguon (-60°, -40°, -20°, 20°, 40°, 60°) dén mang Asym-
AWPC-0.6. Cac dinh phd tng véi cac ngudn tuong quan —20° va 40° bi suy
gidm hozc tham chi bién mat trong trudng hop cac nguon giéng nhau, trong khi
cac nguon khong tuong quan con lai thi khong. Do cao clia céc dinh phd MU-
SIC phy thude vao hé sb tuong quan duge biéu dién trén hinh 3.2(a) va 3.2(b)
tuong tng véi hé sé tuong quan bién do va heé sé tuong quan pha.
3.3 Heé tim phuong Asym-AWPC-CS
3.3.1 M6 hinh dw liéu

Xét kich ban nhu trong phan 3.2. Dt Oscan = (é1,...,¢p...,) 12 tap hop
cac g6C VOi Dgean 12 tong sd cac géc ching ta mudn quét, 6 € O.can. St dung
Asym-AWPC-0.6, ma tran quét goc c6 kich thudc M x Dsear duge dinh nghia
b6i: A(Oscan) = [a(é1),a(p2),...,a(¢p,...)], v6i M la s6 mau khong gian (chinh
12 86 budc quay anten Asym-AWPC-0.6 cong 1). Chiing ta ciing dinh nghia
vector thua c¢6 kich thuéc Dscan x 1: z(t) = [21(t), 22(), . . ., 2D.eun (1)]T, VO D 12
cac he s6 khong bang 0, z(t) = s(t) tai cac vi tri ting véi D nguon, va cac hé s6
0 tng v6i Dscan — D vi tri con lai. Do d6, mo hinh dit lieu (1.3) duge viét lai
thanh: x(t) = A(scan)z(t) + n(t) (gid tri clia x(t) cling gidng véi gia tri clia x(t)

17



2.4.4 Ngudng phan giai

Mbi quan hé gitta nguéng phan giai thong ke SRL va Ad da duge khéo sat
trong truong hgp SNR=0dB, K = 1. Két qué chi ra rang: SRL gidm dong nghia
v6i kha nang phan giai tang khi Ad tang; tuy nhién, v4i Ad trong khoang [0, 5; 1]
thi SRL tré nén bao hoa & gia tri 0,4.

2.4.5 Hiéu ning ctia hé théng

Hiéu nang clia hé théng Asym-AWPC véi Ad = 0,6 (ky hieu 1la Asym-
AWPC-0.6) dugc so sanh véi mang UCA 4 phan tt (ky hieu 1a UCA-4e).
Cong cu tinh dugc sit dung dé so sanh la 16i can trung binh binh phuong
RMSE = \/% P (¢i — ¢:)?, V6i ¢; 1a gbc thute clia ngudn tin higu dén, ¢; la goc
u6e lugng.

2.4.6 Két qua moé phéng

Hiéu nang ctia hai hé théng dude so sanh theo SNR, ngudng phan giai goc
v s6 mau tin hiéu thu thap K, tuong tng v6i cac hinh 2.8, 2.9, v 2.10. Ldi
u6c lugng duge tinh trung binh trén 100 lan thit va 4p dung véi truong hop 2
ngudn tin hiéu dén. Két qua mo phéng chi ra rang: hiéu nang ctia hé st dung
Asym-AWPC-0.6 t6 ra vugt troi hon han heé st dung UCA-4e.

20 07

—6— Asym- AWPC-0.6
2 ——ucA4 06

—6— AsymAWPC.06
—— UCA-4e

—6— AsymAWPC06
005} ——ucade

RMSE(d0)
RMSE(d0)

0 5 0 i fi) [L A A T
SNR(dB) Khoang cach g6c(dg)

Hinh 2.8: Hiéu nang ctia hé  Hinh 2.9: Hiéu nang cta hé Hinh 2.10: Hiéu nang cta hé
théng theo SNR. théng theo khodng cach géc.  théng theo K.

2.5 Két luan chuong 2

Trong chuong nay, Sym-AWPC, SymII-AWPC-UCA, va Asym-AWPC dugc
nghién citu vd dé xuit nhim khic phuc van dé lap lai phd trong khong gian
360°. Asym-AWPC v6i Ad = 0,6 duge lya chon v6i cdc dic tinh: kich thude
nhé gon, t6i thiéu anh hudng ciia ghép tuong hd, 1a mang vo huéng, va ngudng
phan giai thong ké nhoé. Hiu nang ctia Asym-AWPC-0.6 t6t hon UCA-4e. Céac
noi dung trinh bay trong chuong duge cong bo trong cac cong trinh tir 1-5.
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cuc dai theo hudng ¢o thi w = a(¢o)/\/a" (do)a(do); v khi d6, phd khong gian
dugc tinh bdi: Poaen(6) = [a” (0)Rea(6)]/[a” (¢)a())-

Bé tao cham Capon: Tao chiim Capon khic phuc han ché vé do phan giai
ctia phuong phap Balett. Véi w = [Rx'a(¢o)]/[a” (¢0)Rx ‘a(o)], phd khong gian
ctia phuong phap tao chiim Capon dugc tinh bdi: Peapon(¢) = 1/[a” (#)Rxa(s)].

1.4.2 Thuat toan MUSIC

Xét D nguon tin hiéu v6i cac huéng khong biét truée ¢1,...,ép dén mang
anten gom M(M > D) phan tit vo huéng duge dit tily ¥ trong mat phang
géc phuong vi tai cac vi tri (z1,%),..., (@, ynm). Tai thoi diém ¢, véi 6 =
[61,...,¢6p]T € CP la vector huéng clia cac nguodn tin hiéu dén mang anten;
A0) = [a(¢1),...,a(ép)] € CM*P 13 ma tran chita cac vector dap ting méang
a(pg) € CM; s(t) € CP va n(t) € CM lan lugt 1a vector tin hi¢u nguon va vector
tap am, vector tin hiéu thu thap x(¢t) € C dugc biéu dién béi:

x(t) = A(0)s(t) + n(t) (1.3)
Vector dap ting mang dugc biéu dién chi tiét nhu sau:

exp{—j & (Z1cos pg + Jrsingdg)}
a(pq) = : (1.4)
exp{—j 4T (Zn cos pg + Y sin o)}

Ma tran hiép phuong sai khong gian dugce biéu dién béi:

Cx = Ry = &{x(t)x" (1)}
= A&{s(t)s" ()} A" + e{n(t)n" (1)} (1.5)
= ARAY + 521,

v6i &{-} 1a ky hiéu clia ky vong thong ké; {s(t)s” (t)} = Rs, E{n(t)n (1)} = 021,
lan lugt 1a ma tran tuwong quan clia tin hiéu nguon va ciia tap am, I, € CM*M
la ma tran don vi. Khai trién riéng ma tran R, dugc: Ry = Zfrle Amemell v6i
Am V& e, (m=1,..., M) tuong ting la cac gia tri riéng va céac vector riéng cua
Rx. Néu siap xép céac gia tri rieng theo thit tu gidm dan (A, > ... > ) thi c6
thé dinh nghia Eq £ [e1,...,ep] VA En £ [epy1,...,en] lan lugt 14 cdc ma tran
chita D vector riéng tng vdi khong gian con tin hiéu va M — D vector riéng ng
v6i khoéng gian con ctuia tap am.



V6i K mau thu thap, ma tran tuong quan tin hiéu dugc wdc lugng bdi:
Rx = + 38 x(k)x(k). Khai trién rieng ma tran ta c¢6: Rx = EAEX +
EaALB, v6i Bs 2 [&1,...,80], Bn 2 [épt1,...,6um], As 2 diag{\i,...,Ap}, V2
An 2 diag{\pi1,..., n}, trong d6 A, VA &, (m=1,..., M) tuong dng la cac gia
tri riéng va cac vector riéng clia ma tran tuong quan udc luong Ry. Phd khong
gian ctia MUSIC duge tinh bdi: Puusic(é) = [a” (¢)a(¢)]/[a? (¢)E.EH a(¢)].

1.4.3 Thuat toan ML

Nguyén tac hoat dong ctia phuong phap ML 1a tim mo hinh dit liéu gidong
nhat vé6i dit lieu thu thap dya trén ham téi wu héa nhiéu chiéu: maxe Lx(0),
trong do: Lux(6) = —{Indet[Cx(8)] + % 323, X" (k) — 1 (8)]Cx M (0)[x(k) — 1, ()]}

1.4.4 Nhan xét

Déi v6i cac thuat toan c6 do phiic tap tinh toan vira phai, Balett, Capon, va
MUSIC la cac thuat toan thuong duge danh gia vé nhiéu mit trong cac cong
trinh nghién cttu. Tuy nhién, luan 4n quan tam dén hai noi dung quan trong:
(i) kh& nang phan giai va (ii) kh& nang lam viéc trong moi truong da duong.
Khé nang phan gidi cia ba phuong phap trong trudng hgp mang ULA dugc
biéu dién trén hinh 1.6 v6i thuat toan MUSIC c6 do phan giai tot nhat nhung
trong moi trudsng da dudng, hiéu nang cua phuong phap nay sé giam do thuat
toan udc lugng duge tinh duya trén khai trién rieng ma tran tuong quan Rs.
1.5 Anten khong tam pha tong quat va thuat toan MUSIC

dy .—PX

S o3

2
£ 02

01

e N e,

o B ‘ W aivor %!
0 20 40 60 80 100 120 140 160 180
DOA(do)

Hinh 1.6: Phd khong gian chudn héa ciia thuat Hinh 1.7: Anten khong tam pha téng
toan Balett, Capon, va MUSIC trong trusng hop quat.

2 nguodn dén 85° va 90°, SNR = 20dB, mang

ULA v6i M =6, K = 100.

So dd ciia anten khong tam pha tong quat duge biéu dién trén hinh 1.7 véi
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2.4 Asym-AWPC

Khéc v6i SymII-AWPC-UCA, Asym-AWPC 1a cau tric gom 4 dipole dude
dé xuat v6i di # do, ho#ic ds # dy nham gidi quyét van dé phu thuoc tuyén tinh
loai 7/2 va loai = clia vector dap tng mang trong AWPC. Asym-AWPC dugc
khéo sat khi két hop thém diéu kién ring buoc dé gidm thiéu dnh hudng ciia
ghép tuong hd gitta cac phan t1i anten dong thai kich thue anten dude gitt t6i
thiéu. Diéu kieén ring budc nay dan t6i (di,ds, ds,ds) = (A/4,M/4,V/3A/4, (V/3/4 +
Ad))) vi Ad > 0 duy tri diéu kién bat déi xitng ctia Asym-AWPC.

2.4.1 Phan tich s6 hoc tinh duy nhat ctia vector dap iing mang

Hinh 2.6 biéu dién st phu thuoc ciia AFL vio do bat déi xiing Ad ciia anten
Asym-AWPC. Xét trong khodng 0 < Ad < 2, Ad = 0,6 1& gia tri cho AFL 16n
nhét, tuong duong véi do phu thudc tuyén tinh ciia cic vector dap tng mang la
nhé nhat. Phd MUSIC ting véi cau hinh Asym-AWPC (Ad = 0,6) ctia 6 ngudn
tin hieu khong tuong quan tai (—60°, —40°, —20°, 20°, 40°, 60°) c6 cic dinh phd
gi4 gan nhu bang phang (hinh 2.7).

09 1
08 09
0.7 g 08
06 07

05

AFL
©
o

04 »

04
03 éos \}U
02 P J

01 0.1

UUU&

05 1 15 2 150 100 50 0 50 100 150

Ad DOA(d9)

Hinh 2.6: Bidu dién AFL theo Ad. Hinh 2.7: Phd MUSIC chudn hoéa.

2.4.2 Két qua mo6 phéng
2.4.3 Tinh v6 hudéng ciia mang

Tinh vo huéng ctia Asym-AWPC phu thudc vao do bat déi xing Ad dude
khao sat dya trén hai thuéc do: Average-CRB: C(Ad) = 1Y, CRLB(¢, Ad) va
Margin-CRB: ee(Ad) = max CRLB(¢, Ad) — min CRLB(¢, Ad), v6i L 1a s6 lugng goc
khéo sat. Xét Ad = (0;2], K = 1000, SNR=20dB, gia tri Ad = 0,6 dugc xac dinh
dé Asym-AWPC c6 tinh chat ciia mang vo hudng, sai s6 udc lugng trung binh,
va kich thuéc ciia mang nhd gon.
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Hinh 2.3: Cau tric SymIl- Hinh 2.4: AFL chuan héa ciia  Hinh 2.5: Phé MUSIC ctia

AWPC-UCA 6 phan tit. mang SymII-AWPC-UCA  méng SymII-AWPC-UCA 3
theo s6 phan t& anten phan ti wdc lugng 24 ngudn
SymII-AWPC (N). tin hieu.

SymH—AWPC—UCA (ilI'QC ChO bél a(gz&z) = [al(qﬁi), a2(¢¢), Loo,anm (¢1)]T v6i

am(¢:) = G(¢i + (m — 1)A¢) X
H®(Gi+(m=1)A0)}

I {2(@i+(m—1)Ag)+ 25 cos(9; - 37 ) }

T

ej{q)(qbﬁ(m*lm"s)+ = C"S(%*W) }

2.3.1 Phan tich s6 hoc tinh duy nhat ctia vector dap ting mang

Cong thiic AFL chuan héa thé hien quan hé giita mic do phu thudc tuyén
tinh loai 7 vado s6 phan ti anten trong mang SymII-AWPC-UCA dugc biéu
dién béi: a(N) = L, trong d6 n(N) £ ming, 4, ¥(¢1, d2; N) VOi |¢1 — go| > 90°.
Céc dinh phd gi sé xuét hién v6i bien do bing bien do céc dinh phd that khi
n =0 va bién do giam dan bang 0 khi n — 1. Hinh 2.4 biéu dién AFL chuan héa
dudi dang dB theo s6 phan tit anten trong mang SymII-AWPC-UCA. Trong
d6 7(3) = 43.25 dB, diéu nay c6 nghia la n(3) 16n hon nhiéu 7(1), hay phu thuoc
tuyén tinh loai = trong SymII-AWPC da dudc gidi quyét bang cich sit dung
SymII-AWPC-UCA 3 phan ti.

2.3.2 Két qua moé phéng

Mot vi du vé u6c lugng khong gian tin hiéu gom 24 nguodn st dung mang
SymII-AWPC-UCA 3 phan tit (12 dipole) dugc biéu dién trén hinh 2.5. Pho
MUSIC nay thé hién ring mang SymII-AWPC-UCA 3 phan tit khong c6 hién
tuong phu thuoc tuyén tinh clia vector dap ting mang dong thoi uwdc lugng
chinh x4c v6i s6 ngudn tin hiéu 16n gap déi sd phan tit anten vat 1y.
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4 chan t A, C, B va D dat cach gdc do thi cac khoadng di, do, ds, v dy; léch
pha tuong tng ctia dong kich thich 1& 1, 92, s, v ¢u; AC L BD. Anten c6
gidn do bien do G(¢) = VR2{B(4)} + I2{B(4)} va gian do pha ®(¢) = £8(¢) Vil
B(4) 1a hé s6 mang ciia anten. Trong truong hgp o1 = 0°, 1 = 180°, 3 = 90°, va
Wy = 270°%; dat Ady = dy +d2, Ade = di — d2, Ads = ds + ds, V& Ady = d3 — d4 thi

R{B(¢)} = —2sin (gAdl sin gi)) sin (gAdg sin ¢>) — 2sin (gAdg cos gb) cos (gAdzl cos d)) ,
. [k . k . . [k . [k
S{B(¢)} = —2sin (EAdl s1n¢> cos <§Ad2 sin ¢) — 2sin (5Ad3 cosd)) sin <§Ad4 cos gb) .

Thuat toan MUSIC ap dung déi v6i anten khong tam pha trong truong hop
tong quat ciing tuong tu nhu cac truong hop da xét truse day. Dé don gian
trong tinh toan, gidm do phiic tap trong thiét ké phan ciing ctia bo phan diéu
khién pha, dong thsi han ché bét s6 cau hinh anten phai xét, géc quay anten
dugc chon ¢6 dinh Ag,, = A¢. Khi d6, vector dap ttng mang trd thanh:

G(¢) exp{j®(9)}
a(¢) = G(¢+ Ag) eX.I?{EJCI’(({b‘FAd))} (16)

G(¢+ (M —1)A¢) exp{j®(¢ + (M — 1)A¢)}

1.6 Két luan chuong 1

Chuong 1 da cung cap mot s6 kién thic téng quan vé mot sb cau tric hinh
hoc, phuong phap uéc lugng DOA pho bién ding cho hé tim phuong xit 1y
mang, cong cu danh gia vé tinh duy nhat ciia vector dap ttng mang, tinh vo
huéng,... Trong cac cau tric mang anten va cic thuat toin xem xét, UCA-
MUSIC hita hen mang lai hé thong tim phuong c¢6 do phan gidi cao, ddm bao
tinh duy nhat clia vector dap ting mang, tinh vo huéng ciia mang. Hé théng
nay duge dung lam moc tham chiéu cho hé thong dé xuat ciia luan an trong
chuong 2 va 3. Bén canh d6, hé théng AWPC-MUSIC ciing dugce trinh bay lai
dusi dang tong quat. Mot sé cong thiic danh gia trinh bay trong chuong 1 dugc
cong bb trong cac cong trinh 1-4.
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Chuong 2

Khic phuc van dé lip lai pho khéng gian citia hé
tim phuong st dung anten AWPC

2.1 Giéi thiéu

Chuong nay thyc hién viéc khac phuc han ché dau tién cia hé tim phuong
AWPC-MUSIC, dé la hien tuong lip lai phé khong gian xuat hién trong New-
AWPC. Day 1a van dé quan trong do né cho phép mé rong khong gian hoat
dong ctia hé thong len 360°. Ba cau tric duge nghién ciu va dé xuat la: Sym-
AWPC, SymII-AWPC-UCA, va Asym-AWPC. Cac cong thitc phan tich s6 hoc
dugc sit dung dé lam r6 va phan tich mic do lip lai phd ctia mdi cau tric gom:
tinh toan dudng bao CRLB va mic do truc giao gita cac vector dap ting mang
(ACF, AFL).
2.2 Sym-AWPC

Sym-AWPC la cau triic anten khong tam pha dé6i xing (bao gom ca New-
AWPC). Cau triac Sym-AWPC ¢6 di = d> = %4¢ va d3 = ds = B2 Vector dap
ung mang ctia Sym-AWPC ¢6 dang nhu phuong trinh (1.6) véi

G(¢) = \/Siﬂ2 <§dAC cos <Z5) + sin? (gdBD sin ¢>1

®(¢) = £L—sin (gdAC COS¢) ,—sin (gdBD singzb).

2.2.1 Lua chon géc quay anten A¢

Géc quay anten A¢ duge chon dya trén viéc tinh trung binh CRLB theo goc
dén, theo mdi cau hinh anten xét dén va dudgc goi 1a AC-ACRB. Véi L 1 s6 cap
(dac,dsp) v ACRB = = [T [J44] 'd$, AC-ACRB dudc tinh bdi: AC — ACRB =
1 Y dncdpp) ACRB. M&bi quan hé gita AC-ACRB va M dugc biéu dién cu thé
hon trén hinh 2.1. V6i K = 1, SNR=20dB, 0,2\ < dac,dsp < 10X, két qué chi
ra rang: (i) A¢ = 360°/M sé& cho AC-ACRB thap nhat trong tat ci cac truong
hop; (ii) khi M > 15, AC-ACRB gan nhu gidm bao hoa nén gié tri can déi gitia
mic do tinh toan va do chinh xéc w6c lugng xung quanh M = 15.
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AC-ACRB.
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001 Pagz

- DO‘S(GM °
(a) dac =dpp (b) |dac —dep| > 0,5
Hinh 2.2: Phd MUSIC chudn héa ctia anten Sym-AWPC.

M

Hinh 2.1: AC-ACRB theo M.

2.2.2 Phan tich sé hoc tinh duy nhat ctia vector dap ing mang

V6i Sym-AWPC, trong truong hop dac = dsp duge goi 1a SymI-AWPC va
dac # dpp duge goi 1la SymII-AWPC. V6i cd Syml-AWPC va SymlII-AWPC
ta déu c6 Puusic(¢ £ 180°) = Puusic(¢) va duge goi 1a 161 phu thuoc tuyén
tinh 7. Trong khi d6 SymI-AWPC c¢6 thém 16i phu thuoc tuyén tinh =/2.
Xét trong khong gian 180°, mitc do khong phu thuoc tuyén tinh 7/2 ctia vec-
tor dap tng mang dugc danh gid thong qua cong thic AFL: n(dac,dsp) =
ming, ¢, 7(¢1, ¢2; dac,dpp) VOi |¢p1 — ¢o| = 90°. AFL cang 16n, tinh duy nhat cia
vector dap ting méng cang dudgc ddm bao. Dya vao cong thic nay luan an da
ching minh: Sym-AWPC chi hoat dong dugc trong nita mit phing va tinh duy
nhat clia vector dap tting mang chi duge ddm bao néu |dac — dsp| > 0, 5.

2.2.3 Két qua mo6 phéng

Sym-AWPC dugc chon ¢6 M = 17, A¢ = 360°/M, (dac,dsp) = (5,2);2,3)),
ting v6i min — ACF = 1 v ACRB =~ 4.9 x 107° trong trudng hgp K = 1000,
SNR=20dB. Phé MUSIC chuan héa duge biéu dién trén hinh 2.2(a) va 2.2(b)
tuong ing dac = dsp Va |dac — dsp| > 0,5X. Duong théng dit nét biéu dién
DOA thyc trong khi dé duong lién nét biéu dién phé MUSIC chuan héa dugc
u6c lugng. Sdu nguon tin hieu dén theo géc phuong vi (-60°, -40°, -20°, 20°,
40°, 60°) v6i SNR biang nhau va bang 20dB.

2.3 SymlII-AWPC-UCA

SymII-AWPC-UCA dugc dé xuat dé mé rong viing hoat dong cia hé thong
tir 180° lén 360°. Cau tric ciia SymII-AWPC-UCA dugc biéu dién trén hinh 2.3
véi N = 6 phan tit SymII-AWPC (R 1a ban kinh). Vector dap ing méang ctia
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