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MG DAU

Dat van de

Téng quan vé hé tim phuong xi¥ 1y mang

Hé tim phuong, hay con goi 1a tim huéng séng dén (DOA), luon déng vai
tro quan trong trong cic tng dung: thong tin, dinh vi, giam sat, dan ducng, tim
kiém citu nan,...

Ngay nay, véi su phét trién vuot bac ciia xit Iy tin hiéu, cac hé tim phuong
xtt Iy mang cho phép cung lic u6e lugng nhicu tham s6 (huéng séng dén, tan
s0, thoi gian truyeén,...) clia nhiéu tin hiéu (cting kénh hoac khac kénh) trong khi
hé tim phuong truyen thong khong theé.

Cau tric clia mot hé tim phuong xit Iy mang gom hai phan co ban, ciing 1a
hai phan quyét dinh dén hiéu ning ctia hé thong, 1a: mdng anten va thudt todn
ude lugng tham so.

Méng anten c6 thé c6 cau tric 1-D, 2-D, hoac 3-D; nhung, pho bién la
mang 1-D va 2-D. Cu thé:

- Mang 1-D gom: mang thang cach déu ULA [25] va khong cach déu NLA [6].

- Méang 2-D gom: méng tron cach déu UCA [25], méng chi nhat cach déu
URA [33], mang chit thap d6i xiing va bat déi xitng [70], va nhiéu cau tric
méng phang khac duge tim thay trong [5].



Cac thuat toan uéc lugng tham s6, vé cd ban c6 thé chia thanh mot sé

nhoém sau:

Sau:

Céc thuat toan tao chum truyén thong (Barlett, Capon) [25].

Cac thuat toan cau trdc rieng dya trén ma tran hiép phuong sai khong

gian (MUSIC [52], ESPRIT [54)).
Céc thuat toan giong nhat cyc dai (DML, SML, WSF) [25].

Thuat toan Matrix Pencil [32] tuong tu nhu thuat toan ESPRIT nhung
viéc tinh toan dua tryc tiép trén cac mau thu thap chit khong duya trén ma

tran hiép phuong sai khong gian nhu ESPRIT.

Céc thuat toan khéc: thong thudng 14 cac bién thé clia cac thuat toan da
néu ¢ trén nhu: Root-MUSIC [4]; Cycliec-MUSIC [58], TST-MUSIC [31],
Multiple Frequency-MUSIC [1], FO-MUSIC [67], Unitary-ESPRIT [40],...
Bén canh do6, trong nhitng nam gan day thuat todn nén mau (CS) cing

duge st dung trong wée lugng DOA [66].

Hé théng tim phuong xtt 1§ mang duge phét trién chi yéu theo céc hudng

Tang do chinh xac.

Tang do phan giai.

Giam do phiic tap tinh toan.

Uéc luong DOA v6i chi mot mau thu thap.

Uéc lugng DOA clia cac nguon tin hiéu tuong quan.

Ting s6 nguon tin hiéu uéc luong trong khi khong md rong géc md clia

mang anten.
Khic phuc van dé lap lai pho khong gian.

Dam béo tinh v6 huéng ctia mang.



Khi phat trién hé tim phuong xt I mang bang cach két hop cau trac hinh
hoc clia mang vé6i thuat toan wée luong thuong chi dude 1gi vé mot sd6 mit. Vi
du:

- Cac thuat toan ¢6 do phtc tap tinh toan cao thuong cho do chinh xac cao,
do phan gii cao, va hoat dong tot ngay ca khi moi truong cac nguon tin
hiéu tuong quan hozic s6 mau thu thap bang mot (DML, SML, WSF) [25].

- V6i céc thuat toan c¢6 do phitc tap vita phai (MUSIC, ESPRIT) cho do
phan giai cao (nho hon gisi han phan giai Rayleigh [60]) nhung khong lam
viec duge trong moi trudng cdc nguon tin hiéu tuong quan hodc s6 mau
thu thap bang mot [35].

- Déi v6i van dé nang cao hiéu nang uéc luong trong moi trudng cic nguon
tin hieu tuong quan: c6 thé st dung mot s6 ki thuat tién xi 1y nhu FBA,
FBSS,...két hop véi cac thuat toan MUSIC va ESPRIT nhung lai tang do
phiic tap tinh toan, gidm hiéu suat géc md, dong thoi chi 4p dung duge véi
mot s6 cau tric mang dic biet nhu ULA [22][42] (trong khi d6, méng ULA
lai 1d mang ton tai van dé lap lai pho, khong dam bao tinh vo huéng ctia
méang cing nhu kich thuéc méng kha 16n); thuat toan Matrix Pencil ciing
14 mot tdng vien v6i kha nang gidm do phtc tap tinh toan do khong can
thyc hién qué trinh tién xi 1y ciing nhu viéc uéc luong duya trie tiép trén
cac mau tin hiéu chi khong dya trén ma tran hiép phuong sai khong gian
nhung hi¢u suat goc md van bi han ché [36]; va trong nhitng nam gan day,
thuat toan nén mau CS dugc st dung v6i nhiéu wu viet nhung hé thong
ciing phai théa man mot sé diéu kien nhat dinh dé giai bai toan nghiem

tha [7][29][60][53].

- Dé c6 thé ting hieu suit goéc md clia mang, dic biet v6i trudng hop sb
DOA nhiéu hon sé phan tit anten, phuong phap chuyén tit thong ké bac
thap len thong ke bac cao duge ap dung [47][67][72]. Tuy nhién, pham vi
ap dung ddi v6i phuong phap nay chi v6i tin hiéu non-Gauss va cau hinh
ULA, UCA, dong thoi nhuge diém lén nhat ctia phuong phap dé la do
phiic tap tinh toan lén, tinh khong on dinh cao [18]. Phuong phép cai tién
thong ké bac hai nhu trong [65] cling 1a mot ting vién nhung lai chi ap



dung cho mang ULA. Ngoai ra mot huéng gidi quyét khac dé la cai tién
cau tric mang anten thay cho cai tién thuat toan uéc luong, cu thé 1a st
dung anten khong tam pha (AWPC) két hop véi thuat toan MUSIC [51]
sé duge phan tich chi tiét 6 phan sau.

- Dé giam thoi gian tinh toan ciing nhu trong mot s6 tng dung chi thu thap
duge mot s6 it dit lieu, mot s6 phuong phap st dung viéc uéc lugng chi
dira trén mot lan thu thap mau tin hiéu, cic phuong phap nay bao gom:
DML, SML, va WSF [46]; Matrix Pencil [32]; CS [60][66]. Ba phuong phép
dau c6 do phtic tap tinh toan rat cao, phuong phap tiép theo bi han ché
ve hiéu suat goéc md, va phuong phap cudi cing chi thie hien duge sau khi
qua mot sd phép bién déi. Mic du vay, hau hét cac phuong phap déu co6
sai s6 u6c luong nhé hon néu s6 mau thu thap duge sit dung nhiéu hon.

Ditng truée wu, nhuge diém ctia hé tim phuong x 1y mang, véi muc dich
ting dung cho cac hé tim phuong thu dong, ¢6 dinh (tram co sé cia hé tim kiém

citu nan, gidm sit cac nguon phét,...), luan 4n duge giéi han trong pham vi sau:
- Nguon tin hiéu bang hep cb dinh.
- Chi u6c lugng goc phuong vi.

- Thuat toan wéc luong c¢6 do phiic tap tinh toan vira phai.

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

He thong tim phuong st dung anten khong tam pha (AWPC) la mét trong
nhitng phuong phap gidi quyét bai todn nang cao hiéu sudat géc md cia mang.
AWPC thuoc loai mang anten véi cac phan tit duge tiép dien khong dong deu
tao ra gian do pha khong phéai 13 hing s6. Anten nay dugdc gidi thieu lan dau tien
vao nam 1986 bdi tac gia Phan Anh cho tng dung tim phuong mot nguon tin
hiéu bing cach so sanh pha ciia AWPC v6i mot anten chuan [50]; va nam 2005,
2012 bdi tac gid Tran Cao Quyén cho ting dung tim phuong nhiéu nguon tin
hiéu bang cach quay anten AWPC két hgp véi thuat toan MUSIC [51][3] (goi tat
13 AWPC-MUSIC). Uu diém ctia phuong phap sit dung AWPC-MUSIC so véi



cac phuong phap dya trén viée cai tién thuat toan uée lugng (FO-MUSIC,...),

do la:

- Van duy tri tinh 6n dinh, do phan giai cao, va do phic tap tinh toan vita
phai (thuat toan uée lugng van stt dung MUSIC thong ké bac 2).

- DOA uéc luong chi phu thudc vao s6 lan quay gian do biic xa clia anten
(khong phu thudc vao sé phan tit anten vat Iy nhu trong cdc phuong phéap
cai tién thuat toan da néu ¢ tren).

Mac du vay, hai van dé lén con ton tai trong hé thong AWPC-MUSIC d6

N

la:

- Pho khong gian xuat hién cic dinh pho khong mong mudn (hién tugng lap
lai pho), hay néi cich khac tinh duy nhat ctia vector dap ing mang khong
duge dam béo.

- Hiéu nang ciia hé thong bi suy gidm manh trong moi trudng cac nguon tin

hiéu tuong quan.

Muc dich nghién cttu

Cac két qua nghién citu ctia luan an nham muc dich cdi tién hé tim phuong
st dung AWPC tréen quan diém khdc phuc hai nhuoc diém chinh cia he AWPC-
MUSIC, gobm: vin dé ldp lai pho va nang cao hiéu ndang ciia hé thong trong moi
truong cac nguon tin hiéu tuong quan.

T day, muc tiéu ctia luan an gom:

Dé xuat phuong phap danh gid miic do lip lai pho ctia hé thong AWPC-
MUSIC.

Dé xuat giai phap khic phuc van dé lip lai pho.

Dé xuat gidi phap khiac phuc hién tugng suy gidm hiéu nang ctia hé thong

trong moi trudng cac nguon tin hiéu tuong quan.

So sanh hé théng dé xuat véi he théng tieu bicu.



Phuong phap nghién citu

Hudng tiép can

Thit nhat, van dé lap lai pho ddi v6i mot hé théng tim phuong chit yéu do
cau truc hinh hoc clia mang anten. Vi vay viéc danh gia cting nhu khic phuc
hién tugng lip lai pho sé tap trung vao viec khao sat tinh doc lap ciia cac vector
dap tng mang ting v6i moéi cau hinh anten. Bén canh do, ddi véi AWPC, vector
dap tng mang khong chi phu thuoc vao vi tri ctia méi phan tit anten trong mang
ma con phu thudc vao géc quay anten. Duong bao thap Cramer Rao (CRLB)
dugc nghien citu dé ap dung cho viéc tinh géc quay toi wu nay.

Thit hai, déi véi viec nang cao hiéu ning ctia hé tim phuong trong moi
truong cac nguon tin hiéu tuong quan: huéng tiép can nham vao cac thuat toan
c6 do phiic tap vita phai nhung viéc gidi bai toan chii yéu duya triyc tiép trén cac
mau thu thap chi khong dya trén ma tran hiép phuong sai khong gian ctia cac
mau thu thap; dong thoi c6 thé 4p dung thuat todn cho cAu hinh méang anten

tuy ¥.

Phuong phap

Trong luan an, dé dat dude muc dich nghién ctu, nghién ctu sinh da tim
hiéu cac phuong phap nghién citu dudc trién khai trén céc tai lieu, bai bao, tap
chi quoc té,... c6 uy tin, thyc hién viéc tinh toin mo hinh di liéu, phan tich so6
hoc dé dua ra cac dé xuat hop 1y, va sau dé kiém nghiem lai két qua bang hinh

thitc mo phong trén Matlab.

Cu thé, cac phuong phap nghién citu sau da dude stt dung trong luan an:

- St dung CRLB cho: xac dinh goc quay anten AWPC, danh gia tinh vo
huéng cho cau tric AWPC bat ddi xting deé xuat (Asym-AWPC), xac dinh
ngudng phan giai SRL cho Asym-AWPC.

- St dung cong thic dé xuat ACF va AFL dé phan tich s6 hoc mitc do
lip lai pho clia céc cau tric anten Sym-AWPC, SymII-AWPC-UCA, va
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Asym-AWPC.

- So sanh 16i u6c lugng dé danh gia hiéu nang ciia hé thong dé xuat Asym-
AWPC-MUSIC véi hé théng tieu bieu UCA-MUSIC theo s6 mau thu thap,
SNR, va khoang cach goc.

- Van dung 1y thuyét CS vao bai toan udc lugng DOA trong moi trudng cac

nguon tin hiéu tuong quan, s6 mau nho.

- Stt dung phuong phap théng ké dé so sanh dic tinh clia ma tran do dugc
tao béi anten Asym-AWPC véi ma tran do theo 1y thuyét va ma tran do
tao bGi UCA.

- Van dung ly thuyét gidi bai todn nghiém thua binh phuong t6i thiéu co
diéu chinh {; dé khoi phuc tin hieu trong thuat toan CS.

No6i dung nghién citu

Noi dung nghién citu ciia luan an bao gom:

- Nghién citu vé vector dap tng mang va dudng bao thap CRLB tng dung
trong nghién citu cac cau tric hinh hoc clia mang anten; nghién cttu chi
tiét vé mot s6 cau tric hinh hoc ctia mang anten pho bién ding trong céc
hé thdng tim phuong, bao gdm: ULA va UCA; tim hicu vé AWPC dung

cho hé thong tim phuong mot, nhiéu nguon tin hiéu.

- Tim hiéu, mo phoéng va danh gia do phan gidi clia mot s6 thuat toan ude
lugng nhiéu nguodn tin hiéu phd bién, c6 thé ap dung cho ciu tric mang
tuy ¥, bao gom: Balett, Capon, MUSIC, ML.

- Céi tién tiung budc cau tric AWPC qua cic cau tric trung gian Sym-
AWPC, SymII-AWPC-UCA, va dé xuat Asym-AWPC 1a cau tric wu viét
nhat. Khao sat cac dic tinh mang vo huéng, do phan giai ciia Asym-AWPC.
So sanh hiéu nang ctia Asym-AWPC-MUSIC v6i UCA-MUSIC.

- Tim hiéu vé cac ky thuat giai bai toan CS duge tng dung cho hé théng
tim phuong, dé xuat sit dung CS thay cho MUSIC trong hé tim phuong
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stt dung Asym-AWPC lam viéc trong moi trudng cac nguon tin hiéu tuong
quan. Cai tién do phan giai ctia hé tim phuong dé xuat. Xem xét do phic
tap tinh toan ctia thuat toan CS so v6i MUSIC.

Cac déng goép

V6i su hiéu biét ctia nghién citu sinh, nhitng két qua nghién ctu trong luan
an da dat dugc muc dich nghién citu dé ra. Nhitng két qua ndy ndm trong chuong

2 va chuong 3 clia luan an, bao gom:

1. Dé xuat cau tric Asym-AWPC nhim giai quyét van dé lap lai phd cho he
tim phuong ding anten AWPC két hop véi thuat toan MUSIC hoat dong
trong khong gian 360°. Bén canh d6, mdi quan hé gitta tinh chat mang vo
huéng, do phan giai clia hé thong véi do bat doi xing cia anten ciing duge
khao sat. Van dé dudc giai quyét ting buée thong qua hai cau tric trung
gian Sym-AWPC va SymII-AWPC-UCA, cu thé gom:

- Tinh toan duong bao CRLB dbi vé6i cau trac Sym-AWPC.

- Chi ra rang goc quay gian do biic xa A¢ dude tinh trung binh theo s6
lan quay anten cong mot (M) cho higu ning ctia hé théng tim phuong
t6t nhat.

- Déi v6i cau tric Sym-AWPC trong trusng hop khoang cach gitta céc
cap anten d; = dy (duge goi la SymI-AWPC) thi hé thong chi lam viec
trong khong gian 90°, trong khi d6 véi d; # do (duge goi la Symll-
AWPC) thi he thong lam viee duge trong khong gian rong gap hai lan
(1800).

- D61 v6i cau triac SymII-AWPC-UCA: hé théng lam viéc trong khong
gian 360°, s6 phan tit SymII-AWPC cang tang thi cac dinh gid khong
mong mudn cang giam va bao hoa khi s6 phan tit 16n hon 8. Nhugc
diém ctia he thdng nay 1a kich thude dan anten kha cong kénh (tdi
thic¢u 1a 12 chan tit).

- Déi véi cau tric Asym-AWPC: khodng cach bat déi xitng t6t nhat dé

dam bao cac tinh chat: hé thong lam viéc trong khong gian 360°, mang
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vo huéng, do phan gidi cao, kich thuéc nhd gon va giam thiéu ghép
tuong ho 1a Ad = 0,6, trong d6 X 1a bude séng lam viéc clia anten va

clia nguon tin hieu.

- Chi ra rang anten Asym-AWPC khi két hop v6i thuat toan MUSIC c6
hiéu nang t6t hon so v6i mang UCA truyen thong ngay ca khi SNR
thap.

2. Dé xuat st dung thuat toan CS cho hé tim phuong Asym-AWPC hoat dong

trong moi trudng cac nguon tin hiéu tuwong quan, bao gom:

- Khao sat vé kha nang hoat dong ctia hé thong tim phuong sit dung
Asym-AWPC va thuat toan MUSIC trong moi trudng cdc nguon tin
hiéu tuong quan: hé théng c6 thé hoat dong t6t khi cac ngudn tin hieu
khong tuong quan; hiéu nang ctia hé thong gidm khi hé s6 tuong quan

gitta cac tin hiéu tang va hoan toan sai khi cac tin hiéu giéng nhau.

- Danh gia kha nang ap dung thuat toan CS cho hé tim phuong dung
Asym-AWPC: ma tran do dugc tao bdi cau hinh anten dé xuat (gom
4 chan tit) dap tng du diéu kien dé ap dung tryc tiép thuat toan CS
ma khong can phai thyc hién viéc lira chon ngau nhién mot sé6 phan
tr tit mang anten (s6 phan tt kha 16n) nhu déi véi cac cau hinh méng
anten ULA, UCA,...

- Khéo sat vé kha ning hoat dong ctia hé théong tim phuong st dung
Asym-AWPC va thuat toan CS trong moi truong cac nguon tin hieu
tuong quan: hé thong hoat dong tot va khong phu thudce vao mic do

tuong quan clia cic nguon tin hieu.

- Do phan gii ctia he thong tang khi diéu chinh tang do bat déi xing
cua anten Asym-AWPC.

B6 cuc cua luan an

Luan 4n bao gom phan mé dau, 3 chuong, vd phan két luan. Chuong 1
cung cap cac kién thitc vé mo hinh dit liu, vector dap ting mang, duong bao

thap CRLB, cong thitc danh gia tinh duy nhat ciia vector dap ting mang, tong
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quan vé mot s6 cau tric hinh hoc clia mang anten va mot sd thuat toan udc
lugng DOA tiéu biéu. Chuong 2 dé xuét cau tric AWPC méi (Asym-AWPQ)
dung cho hé tim phuong (Asym-AWPC-MUSIC), céi tién cdc tham s6, va danh
gia hiéu nang ctia hé thong Asym-AWPC-MUSIC so v6i UCA-MUSIC. Chuong
3 trinh bay vé hé tim phuong két hop thuat toan CS va Asym-AWPC trong moi
truong cac nguon tin hiéu tuong quan. Va cudi cting la phan két luan va nhiing

dinh huéng nghién citu tiép theo.
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Chuong 1

TONG QUAN VE MOT SO MANG ANTEN VA PHUGNG
PHAP TiM PHUOGNG TIEU BIEU

1.1. Gisi thigu

Khéac vé6i cac hé thong tim phuong truyen thong, hé thong tim phuong vo
tuyén xt Iy mang hién dai c6 thé udc lugng DOA ciia nhidu nguon tin hiéu véi
do phan giai cao. Co sé dé he thong dat dude uu viet nay 1a duya trén mang anten
gom nhiéu phan ti va cac thuat todn xi ly tin hiéu phic tap. Chuong nay lam
nhiém vu cung cap cac kién thiic co ban vé mot sd cau triic mang anten, cong
cu danh gia, va mot s6 thuat toan tim phuong tieu biéu. Cac kién thitc nay ciing
dugc st dung nham muc dich so sanh véi hiéu nang ciia hé théng tim phuong
dé xuat 6 nhiing chuong sau. Bén canh d6, hé tim phuong két hop AWPC dudi
dang tong quat va thuat toan MUSIC, lam tién dé trong céc nghién ctu ciia

luan an, ciing duge tinh toan va danh gia lai.

1.2. M6 hinh dit lidu

Trong trusng hgp tong quat, gid thiét rang c6 D nguodn tin hieu s(t) =
[s1(t), 52(t), ..., sp(t)]T tai cAc hudng tuong tng 0 = [01, ¢1,...,0p, dp]T (v6i 7 va
¢4 tuong ing 1a goc ngang va géc phuong vi ctia nguodn d) dén mang anten gdom M
phan t1t. Vector dit lieu thu thap béi mang anten x(t) = [z1(2), 22(t), ..., 2 ()]
dugce tinh bdi:

x(t) = A(8)s(t) + n(t) (1.1)
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trong d6 A(0) = [a(61, ¢1),...,a(0p, op)] € CM*P 13 ma tran chita cac vector dap
ting mang a0z, ¢g) € CM, va n(t) = [n1(t), na(t), ..., ny(t)]1 € CM 1a vector tap

am.

Do luan 4n chi xét trong mit phing géc phuong vi nén khi d6, 8 =
[61,-.,¢p]" va A(6) = [a(¢1),...,a(¢p)]-

Véi moi truong truyén séng vo tuyén, phan b ctia tin hiéu nguon va tap

am c6 thé mo hinh nhu sau:

- Tin hi¢u ngudn s(t): cac tin hidu ngudn c6 thé khong tuong quan, tuong
quan mot phan hoiic tuong quan hoan toan; c6 thé 1a tin hiéu s6 hoic tin
hiéu tuong tu. Trong trudng hgp tong quat, tin hiéu nguon s(t) duge mo
hinh toan hoc béi vector ngdu nhién phan b6 Gauss, dimg (phan bé ciia qua
trinh ngau nhién khong phu thugc vao thoi gian), trung binh pug = E{s} = 0,
hiep phuong sai Cs = E{(s — pg)(s” — ull)} = Rg, v6i Rg = E{ss’’} 1a ma
tran tuong quan ctia cic tin hiéu nguon. Tuy thudc vao moi trudng vo

tuyén (s6 thanh phan da duong), hang ctia ma tran R c6 thé thay doi.

- Tap am n(¢): tap am vat ly trong cdc mo hinh kénh vo tuyén ciing thuong
duge mo hinh béi vector ngadu nhién phan bo Gauss, ding, trung binh
i, = 0, hiép phuong sai C,, = Ry = 021 [55].

Thuyc chat, cac bién ngAu nhién CGauss trung binh bing 0 rat phd bién va

quan trong do [55]:

- Chiing dugc coi la xap xi tong ciia cac bién ngdu nhién trung binh bing 0

doc lap (dinh 1y giéi han trung tam).
- Chiing dugc coi nhu mo hinh tap am pho bién.

- Dé phan tich tinh toan chi v6i mot s6 thanh phan don gian.
Trong qué trinh mo phoéng, déi véi truong hop tong quat (ap dung véi moi
ky thuat diéu ché), vector ngau nhién s(¢) va n(t) duge bic¢u dién dudi dang cac

bién ngau nhién phitc. Cac bién ngau nhién phtic nay c6 phan bo Gauss d6i xiing

vong v6i phan thyc va phan 4o clia né 1a Gauss, trung binh bang 0, iid [55]. Khi
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d6 phan thuc va phan 4o sé c6 phuong sai bang mot nita phuong sai ctia bién
ngau nhién phic [55].

Trong mo hinh dit lieu duge biéu dién bsi phuong trinh (1.1), tai mdi phan
tit anten, tap am n,,(t) dugc gia thiét c6 phan b6 Gauss ddi xiing vong, trung
binh bing 0, hiép phuong sai o2; trong khi d6, tin hiéu nguon sz(t) c6 thé gia

thiét thuoc mot trong hai loai sau [49]:

- Xac dinh: sg(t) 1a chudi xac dinh khong biét trude, d =1,..., D.

- Ngdu nhien: s;(t) 1a chudi ngdu nhién ¢6 phan bd Gauss vong trung binh
bang khong va higp phuong sai o2;.
Véi cac gia thiét vé tap am va tin hiéu nguon nhu trén, K mau thu thap

tit mang anten X = [x7(1),...,x7(K)]" dugc coi 1a c¢6 phan bo Gauss ddi xiing

vong véi ky vong u, va hiép phuong sai Cx tuong ting nhu sau:

- Mb hinh xac dinh: p, = [As(1)]7, ..., [As(K)]7]T, Cx = 2L

- Mo hinh ngau nhién: p, = 0, Cx = Rx.

1.3. Cau tric hinh hoc ctia mang anten

M3ang anten gom nhiéu phan tit 13 mot trong hai yéu t6 quan trong gép
phan quyét dinh kha nang wéc lugng huéng song dén ctia hé thong tim phuong
xtt Iy mang. Thong tin vé DOA dudc udc lugng tit cdc mau thu thap bdi cac
phan tt anten dit tai cac vi tri khac nhau trong khong gian. Viéc sap xép vi tri
clia cic phan tit anten, hay con goi 1a cau tric hinh hoc ctia mang, anh huéng
dén chat lugng phd khong gian, gom: s6 géc wée lugng, loai goc wée lugng (goc
ngang, goc phuong vi), hién tuong lap lai phd, do phan giai,...

Cac cau tric hinh hoc cia cac mang anten c6 thé dudi dang 1-D, 2-D, hoic
3-D. Trong pham vi ctia luan an, nghién cttu sinh chi tap trung vao viéc xem
xét cac cau tric 1-D va 2-D. Thong thuong, cac phan tit anten trong mang dugc
tiép dien dong deéu, nhung trong mot so truong hop, viéc tiép dién khong dong

déu cling mang lai nhicu dic tinh tha vi.
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Hai cAu hinh anten mang tiép dién dong déu dudc sit dung pho bién nhéat
trong hé thong tim phuong x1t 1§ mang 13 ULA va UCA. Bén canh d6, cic cau
hinh anten khéc cling luon duge quan tam nghién citu tit nhitng nam 90 cho dén
nay nhu: mang thang khong cach déu (NLA) duge phan tich chi tiét trong [6][45]
ve kha nang ddm béo/khong dam bao tinh duy nhat ctia vector dap ting méang
va 161 wéc luong; cac mang khong thing nhu L, X, Y, chit thap, mang tron va
mang xoan dugce phan tich them vé 161 uée lugng trong [5][10][70]; trong khi do,
ddc tinh vo huéng ctia mang chi méi duge nhiac dén nhitng nim gan day vdi
mang UCA [64], mang chit V [28][62].

Phan nay sé thuc hién viéc: nghién ctu ve ba dic tinh c6 lien quan dén
cau tric mang (bao gom: tinh duy nhdt clia vector dap tng mdng, tinh vo hudng
clia mdng, va ngudng phdn gidi); phan tich s6 hoc cau hinh ctia ULA va UCA;
va tim hiéu vé mot s6 cau hinh anten khong tam pha (AWPC) duge phat trien

bdi nhoém nghién citu ctia tac gia Phan Anh.

1.3.1. Tinh duy nhit ctia vector dap tng mang, tinh vo huéng
cia mang, va ngudéng phan giai

1. Tinh duy nhat ctia vector dap ting mang
D6i v6i mot cau hinh anten dung cho hé tim phuong wée luong DOA, tinh
duy nhat cia vector ddp ing mdng 13 yéu t6 can dude xét dén dau tien.
Khi tinh duy nhat nay khong duge dam bao, phd khong gian wée lugng sé
xuat hien khong chi dinh phoé tng véi cac huéng mong mudén ma ca cac
dinh khong mong mudn khéac tity thuoc vao mitc do phu thudc tuyén tinh

cua cac vector dap ting mang.

Van dé phu thudc tuyén tinh ctia cac vector dap ting mang dude dua ra
lan dau tién béi Schmidt vao nam 1981 va dude chia lam hai loai: "tam
thuong" va "khong tam thuong" [39]. Véi loai "tam thuong", vector dap
ing mang trong khong gian tim kiém phu thuoc tuyén tinh vao mot trong
s6 cac vector dap ting mang trong khong gian tin hieu (hang 1) trong khi d6
loai "khong tam thuong" c¢6 vector trong khong gian tim kiém phu thudc

vao tit hai vector trong khong gian tin hiéu tré 1én (hang cao).
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Cac nghién cttu vé hién tuong phu thudc tuyén tinh két luan rang: trong
thuc té c6 vo han cac tap goéc trong khong gian tin hieu phu thudc tuyén
tinh v6i goc trong khong gian tim kiém, né dude thé hien thong qua tap
gbc tao ra phu thuoc tuyén tinh AGS [61].

Hién tuong phu thudce tuyén tinh ciia cac vector dap ting mang cé thé khic

phuc bang cach:

- Phuong phap 1: Tim kiém trén dién rong va loai b cac cau tric hinh
hoc ciia anten tao ra phu thudc tuyén tinh. Phuong phap nay bi gidi
han bdi do phan giai ctia hé tim phuong. Do phan giai cang 16n, khong
gian tim kiém cang rong, tinh toan cang phiic tap.

- Phuong phap 2: Xac dinh dinh that, dinh gid sau moi kich ban tim
phuong bang cach két hgp them ki thuat tao chum bup séng [61].

So sanh gitta hai phuong phap trén ching ta thiy rang: ci hai phuong phap
déu khong thé loai trit mot cach toan dién cac tinh huéng phu thudc tuyén
tinh. Phuong phap 1 chi can thiyc hién tim kiém dién rong nhung chi lam
mot lan duy nhat va khong phai bo sung phan ciing. Tuy nhién s6 tap tim
kiém 1a vo han va két qua tra lai co thé roi vao truong hgp khong cé cau
tric nao thoa man. Trong khi d6, phuong phap 2 doi hoi phai thyc hién
lien tuc sau moéi kich ban tim phuong va sé gap kho khan khi dinh gid nam

gan dinh that, cong véi viec phai bd sung thém phan cing.

Can nhic giita hai phuong phéap, van dé phu thuoc tuyén tinh c6 thé giai
quyét nhu sau:

- Xét khong gian tim kiém v6i do phan gidi va s6 nguon tin hiéu D cho
trude.

- Tim kiém cAu trac hinh hoc clia mang anten dé loai boé phu thudc
tuyén tinh hang 1 dén hang D.

- Néu khong tim dugce cau trtc nao, chap nhan mot cau tric tét nhat
sau do stt dung phuong phép loai trit dinh giad dé xac dinh dinh that.
Thuc chat, & buée nay c6 thé giam bét tinh toan bing céch chi si
dung phuong phéap loai trit khi khong gian tin hiéu wéc lugng dugce
la do mot trong cac AGS tao ra. Tuy nhién, phuong phap tinh AGS
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1a khé khan, méi chi c¢6 cac phuong phap tinh cho mang théng nhu
trong [5][39]. Ngoai ra, cic tap AGS d6i v6i phu thuoc tuyén tinh hang
cao ciing 1a cac tap ngau nhién nén xic suat chita cac goc trong khong
gian tin hiéu la thap. Bén canh d6 cling phai tinh dén viéc luu trit cic

tap nay.

Tt nhitng phan tich trén, luan an lua chon viéc cai tién cau tric anten dé
tranh hién tuong phu thuoc tuyén tinh hang 1. Cac hang cao hon dugc bd
qua do mdi ngtt canh phu thuoc tuyén tinh bac cao 1a tap hop clia cac bién

ngau nhién nén xdc sudt xuat hien duge coi bang 0 [14].

Cong thiic danh gid tinh duy nhat cta vector dap ting mang (ACF) dugc
nghién cttu sinh xay dung trong phu luc A.

. Tinh v6 huéng ciia mang

Sai s6 u6c luong theo goc 1a mot tham s6 khong thé thiéu khi danh gia
hiéu nang ctia mot hé tim phuong. Sai s6 wdc luong nay cé gidi han dudi 1a
duong bao CRLB va do d6 né phu thudc vao cau tric hinh hoc clia mang
anten. D&i v6i he tim phuong véi ving quét 360° thi sai sé uéc lugng khong

doi theo géc can dudce xem xét.

Dinh nghia vé méng vo huéng duge dua ra trong [64] v6i mdng la vo hudng
khi CRLB doi vdi mot nguon tin hiéu la dong déu trong khodng tw 0° dén
360°. Mang UCA la mot vi du ciia mang vo huéng trong khi d6 mang ULA
1a mang c6 sai s6 wdc luong nhé nhat theo huéng vuong goc va 16n hon

nhiéu theo huéng doc truc.

Cong thiic tinh CRLB duge biéu dién trong phu luc B.

. Ngudng phan giai géc

Ngudng phan gidi goc hay con goi 1a ngudng phan giai thong ke SRL, la
khodng cach goc toi thiéu gida hai nguon tin hiéu duge dat gan nhau ma
van cho phép phan giai ding [44].

Maic dit SRL dya trén CRLB khong chi ra tric tiép ngudng phan gidi tot
nhat c¢6 thé dat duge béi mot phép ude lugng khong 1éch, nhung né c6 thé
duge st dung dé dinh nghia mot giéi han phan giai tuyéet déi. Gigi han
phan giai tuyet déi ¢ day duge hiéu la khodng cach goc giita hai ngudn
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tin hieu dén nhoé hon gia tri tuyét doéi clia ngudng phan giai chic chan sé

khong phan giai duge [30].
Cac phuong phap tinh toan SRL dua trén CRLB c6 thé phan lam hai loai:

- Phuong phép 1: duge giéi thiéu bdéi Lee trong [23]: hai tin hiéu c6
huéng séng dén DOA lan luct 1a ¢ va ¢9 dudce coi 1a c6 thé phan giai
néu do léch chuan cuc dai nhé hon hai lan chénh léch giita ¢; va o,
hay SRL 6, = 2max{/CRLB (1), /ORLB(2)}.

- Phuong phap 2: duge dé xuat bdi Smith trong [57]. Phuong phap nay
khic phuc nhuge diém bd qua thanh phan két hop giita hai géc ¢1 va
¢ trong phuong phap 1 va dugce phét biéu nhu sau: hai tin hiéu ¢6 thé
dugc phan gidi vé goc néu sy khac biet giita hai géc 16n hon do lech
chuan ctia u6c lugng chénh lech gitta hai goc, hay 64 < \/CRLB(5).
Khi d6 SRL dat dugc béi phuong trinh 62 = CRLB(S,).

Thuc chat ca hai phuong phép trén déu dua trén viéc quan sat dinh pho
khong gian ctia hai nguon tin hieu duge dat gan nhau. Trong ving phan
gidi duge, do chinh xac uée lugng duge gidi han duéi bédi CRLB. Néu hai
nguodn qué gan nhau, ching khong thé phan biét dude do hai dinh pho
tuong ting v6i hai nguon tin hieu két hop lai thanh mot dinh ndm trong
khodng khong gian gitta hai nguon tin hiéu thiic. Phuong phap 1 duya trén
quan diém tinh SRL la khodng an toan bang hai lan cuc dai ctia do lech
chuan ctia méi goc. Trong khi dé phuong phéap 2 lai dua trén do chénh lech
ctia hai géc uéc lugng bang 0 va khi d6 do phan gidi bang chinh do léch
chuan ctia chénh léch hai goc thue.

Nhu vay, doi véi bat ky phép uée luong khong lech nao ciing ton tai ngudng
phan gidi thong ké SRL phu thudc vao CRLB hay tuong duong phu thuoc

vao vector dap ing mang.

1.3.2. Mang ULA va UCA

Hon tat ca, mang ULA va UCA 1a hai cau hinh anten dudc stt dung nhicu
nhat trong nghién citu va ting dung hé tim phuong vo tuyén xi Iy mang. Ly do
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khién hai cAu triic mang nay pho bién la viec don gidn trong tinh toan, dic biet
12 mang ULA. Phan nay sé xem xét anh hudng ctia cau tric hinh hoc mang
ULA va UCA déi v6i hé thong tim phuong.

1. Vector dap ing mang
Cau trac hinh hoc ctia mang ULA va UCA dugce biéu dién trén hinh 1.1.
Trong d6, hinh 1.1(a) 1a mang ULA véi cac phan tif anten duge dit cach
déu trén mot dudng thang va hinh 1.1(b) 1a mang UCA véi cac phan tit

anten dude dit cach déu tréen mot duong tron.

Cac phan tu anten ctia hé tim phuong xi Iy mang thuong 1a cac phan
tit don gidn (cu thé 1a diople) v6i dien ap cam ting lén 16i vio ctia dipole
la [42):

A cos (% cosf) — cos(&)

7 sin (%) sin 6

V(6,0) = (1.2)

trong do A la budc song, k = ¢ la he sb song, va [ 1a chiéu dai ctia dipole.
Nhu vay, trong mat phang goc phuong vi, dipole dude coi la phan tit vo
huéng.

Thong thuong, khodng cich giita cAc phan ti anten trong mang phai du
xa dé dam bao khong xay ra ghép tuong ho gitta cac phan tit anten khién
sai s6 u6c luong tang. Hién tuong ghép tuong hd duge xem xét chi tiét
trong [15][27]. Ngudgc lai, néu khoang cach gita cac phan tit anten qua 16n
sé lam xuat hién bup séng tuong duong bup séng chinh, ngoai ra cing
khién kich thuéc mang anten 16n. Khoang cach gitta hai phan tit anten lién

tiép thuong dugce chon 14 0, 5.

Vector dap tng mang ciia ULA va UCA lan lugt duge bicu dién béi:

ayra(¢) = : (1.3)
exp{—j 3 (M — 1)d cos ¢}

1
ayca(¢) = : (1.4)
exp{—j & Rcos(¢ — (M — 1)37)}
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trong d6 d 1a khoang céach gitta hai phan tit anten lien tiép (ddi véi mang
ULA) va R 1a ban kinh ctia dudng tron (ddi véi mang UCA).

. Tinh duy nhét ctia vector dap ting mang

Dura trén phuong phap duge mo ta trong phan 1.3.1 va cac phuong trinh
biéu dién cac vector dap ting mang (1.3) va (1.4), tinh duy nhat ctia vector
dap ting mang tng véi mang ULA va UCA dudc biéu dién tuong tng trén
hinh 1.2(a) va 1.2(b). Nhiing toa do goc tuong tng véi gia tri ACF tién t6i 0
14 nhitng diém vi pham tinh duy nhét ctia vector dap ting mang. Nhu vay,
mang ULA 13 mang vi pham tinh duy nhat ting v6i ¢ = —¢p2 va cac cap
goc doc truc (¢1, ¢o) = (0°,180°), (180°,0°), (0°, —180°), (—180°, 0°); trong khi

d6 mang UCA 14 méang c6 vector dap ttng mang ddm bao tinh duy nhat.

. Tinh v6 huéng ciia mang

Phan nay sé xét dén tinh vo hudng ctia mang ULA va UCA. CRLB mot
nguon trong truong hop mang gom M phan tit anten, mdi phan tit anten
trong mang 14 vo hudng, va s6 mau tin hieu 1a K duge tinh béi [22]:

__1/SNR+[a(¢)> 1+ SNRJa(¢)? !
CRLBIO) = o SNRJa(o)Pla(@)F ~  SNRJa()P 2K SNRIA(9)

(1.5)

Do moéi phan tit anten trong mang la vo huéng néen |a(¢)[?> = M. Khi do
phuong trinh (1.5) tré thanh:

1+ M SNR 1
— 1.
CRLB(Y) = —3/SNR 2K SNR[a(0) (16)
Trong truong hgp M SNR >> 1 thi (1.6) c¢6 thé tinh xap xi béi:
CRLB() ~ = (1.7)

2K SNR|a(¢)?

trong do:
(@) [tra = al(0)"a(e)



@ @ & @ >
.

il i 2d - aef
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Hinh 1.1: Céu tric hinh hoc clia méang: (a) ULA va (b) UCA.
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Hinh 1.2: ACF ctia mang: (a) ULA va (b) UCA.
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CRLB | ngudn

DOA (do)

Hinh 1.3: CRLB mot nguon ctia mang ULA va UCA.

P _aa
VOla—6—¢.

Tu phuong trinh (1.8) va (1.9) chiing ta thdy CRLB ctia méng ULA ty le
véi @ nén sé dat cuc tiéu theo huéng vuong goc va cue dai theo hudng
doc truc, trong khi d6 v6i mang UCA, CRLB la hang s6 vi vay no 14 méang
vo huéng. Dé c6 cai nhin ré hon, phuong trinh (1.8) va (1.9) duge biéu dién
trén hinh 1.3 véi cac tham s6: s6 phan tit anten 14 M = 6, SNR = 20dB, s6
mau K = 1000. Nhu vay c6 thé thay ring: mang UCA c6 16i uéc lugng nhd
dong deéu theo cac hudng; trong khi d6 mang ULA c¢6 16i u6e lugng cuc 16n
theo huéng doc truc va ciic nhé theo huéng vuong goc véi truc, dieu nay 1a
khong tot dbi véi he tim phuong 360° c¢6 xac suat cac goc dén bang nhau.
Hon nita, CRLB mot nguon thyc chat cling 1a tham s6 danh gia hiéu nang
hay 16i u6c luong trong hé tim phuong. Dya trén két qua tinh toan, duge
biéu dién trén hinh 1.3, 16i uéc luong ctia mang UCA & mic trung binh va
dong deu trong khi d6 mang ULA thi khong.

. Ngudng phan giai
Ngudng phan giai duge tinh dya tren CRLB nhiéu nguon tin hiéu véi J;;
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dugce tinh chi tiét nhu sau [8]:

Ji; = 2R { <RSAH R;lARs) © (Agf R;1A9>T + <RSAH R;1A9> © (RSAH R;1A9>T}
(1.10)

trong d6 ® 1a phép nhan Hadamard va Ag = Zil 272.

Trong truong hop s6 mau K = 100, SNR = 10dB, mdi quan hé gia 4,
va /CRLB(0,) ctia mang ULA va UCA dugc biéu dién tuong ting trén
hinh 1.4(a) va hinh 1.4(b). Ngudng phan gidi SRL dugc xéc dinh ting véi
54 = \/CRLB(3,). Nhu vay, SRLyra ~ 0, 7° va SRLyca ~ 0, 43°.

T cac két qua tinh toan dat duge, véi cac tham s cling gia tri (s6 mau
K, ty s6 tin hiéu trén tap am SNR, khoang cach giita cAc phan tit anten
d = %, va s0 phan t1i anten D), cAu hinh UCA ¢6 ngudng phan giai nhé

hon cau hinh ULA.

1.3.3. Anten khong tam pha (AWPC)

Phan nay sé tim hiéu vé anten khong tam pha trong dé xuat cia tac gia
Phan Anh, tac gid Tran Cao Quyén, va kién thitc clia nghién cttu sinh vé anten

khong tam pha tong quét.

1. Khai niém
Anten dudc st dung trong cac hé théng thong tin vo tuyén thong thuong
déu nham muc dich bitc xa ning luong theo yéu cau, chli yéu quan tam
dén gidan do bién do. Trong cac hé thong nay, anten déu 1a anten c6 tam

pha.

Khai niéem tam pha duge hiéu la: tam ctia mot hinh cau c6 bé mit pha la
hang s6 trong khu vie clia mot bup séng, pha nay sé nhay mot luong =
khi chuyén sang bip séng tiép theo [50].

Nhu vay, ngude lai, mot anten dude goi 1a khong c6 tam pha néu gian do

pha khong 1a hing s6 trong pham vi clia mot bup soéng.

2. Anten khong tam pha dung cho hé tim phuong mét nguon
Anten khong tam pha duge ap dung lan dau tién cho hé tim phuong dugc
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dé xuat bdi tac gia Phan Anh trong [50]. Anten nay c6 gidn do bién do 1a
hing s6 va gidn d6 pha xodn 6¢ nhu trén hinh 1.5(a) va hinh 1.5(b). Trong
luan an, anten duge ky hieu la AWPC.

Dura vao dic tinh gidn do pha c6 dang xoan, hé tim phuong stt dung AWPC
dé ude lugng DOA ciia mot ngudn tin hieu duge mo ta chi tiét trong [50]
du6i dang hé tim phuwong chi thi pha va hé tim phuwong chi thi bién do.
Phan nay chi mo ta lai phuong phap xay duyng cau tric hinh hoc duya trén
gidn do bitc xa ciia AWPC, lam co s6 cho nhitng nghién citu 1y thuyét &

cac chuong sau.

Trong thiét ké mang anten c6 hai bai toan dude dit ra:

- Bai todn thudn (tinh gidn do bitc xa tong cong dua trén viec biét trudc
dang hinh hoc clia mang, gidn do bic xa va dong kich thich gom bién
do va pha ctia mdi phan tit anten): To hop do thi phuong huéng clia
mang anten bang cach cong cidc thanh phan trudng tao ra bdi moi
phan t& anten tai diém khao sat. Trong truong hgp mang gom cac
phan tit anten giéng nhau, kich thich nhu nhau thi dya trén nguyén
Iy nhan do thi phuong hudéng.

- Bai todn nguge (it gidn do biic xa tim ra cau tric anten va dong kich
thich phtt hgp): Day la bai todn khé va chi thyc hién duge véi mot s6
truong hop.

Xuat phat tit nhu cau xay dung cau tric anten cé gian do bién do 1 hing
sO va gian do pha c6 dang ®(¢) = ¢, bai toan thiét ké anten trong phan
nay thuoc loai bai toan ngudgc.

Trong truong hgp tong quat, xét trong mit phang phuong vi, gian do bic
xa c6 thé bicu dién dudi dang gidn dd bien do G(¢) va gian do pha ®(¢)
nhu sau:

9(¢) = G(9) exp (j®(¢)) = 91(¢) + jg2(9), (1.11)

trong do6: gi(¢) = G(¢) cos ®(¢), g2(¢) = G(8)sinP(¢), va g1(4), g2(¢) dugc
dat vuong goéc véi nhau (tuong tng véi biéu dién phan thic va phan o

clia s phiic).
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Hinh 1.5: Gidn dd biic xa ctia anten AWPC véi kd < 1.
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Nhu vay, néu ta biét trude G(¢) va ®(¢) ta cé thé xac dinh duge cac anten
thanh phan g1(¢) va ga(¢).
Trong trudng hop anten xoan dung cho ting dung tim phuong c6 G(¢) = 1
va ®(¢) = ¢ ta co:

91(¢) = cos ¢

92(¢) =sin¢

(1.12)

Theo phan tich trong [50], mot s6 cau triic anten sau c6 thé sit dung dé to

hop anten c6 gidn do pha xoan, bién do 1a hing so6:

Cac dipole ¢6 truc dat vuong goéc nhau.

Hai anten vong c6 mat phang dit vuong géc nhau.

Cac mang dipole dat doc.

Hai cap dipole dat ngang.

Hai cap anten vong dit ngang.

Trong cac phuong phéap trén, cau tric dugce lua chon dé cé cac dic tinh:
he théng phan cuc doc, s6 phan tit anten nhd nhét, giam thieu ghép tuong
hd 1a hé anten gdm hai mang, mdi mang gom hai dipole dit doc duge biéu
dién nhu trén hinh 1.6.

Trong d6 A, C 1a hai phan tit anten thuoc mang anten thit nhat, duge tiép
dién v6i pha tuong ting 14 0° va 180°; B, D 1 hai phan t1t anten thuoc mang
anten thit hai, duge tiép dién véi pha tuong tng 14 90° va 270°; va khoang

cach gitta cac phan tit anten dén goc toa do O bang nhau va bang d/2.

Khi d6, gian do biic xa clia moéi mang anten sé 1a:

91(¢) = sin (% cos ¢>

kd

92(¢) = sin <7Sm¢> (1.13)

Gian do bien do G(¢) va gian do pha ®(¢) tuong ting nhu sau:

G(¢) = \/sin2 (@ cos qb) + sin? (@ sin gb)
2 2 (1.14)

O(¢) = Lsin (% CoS ¢) , sin (% sin gb)
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Hinh 1.6: Cau tric anten AWPC véi kd < 1.

v6i Z ky hiéu 1a goc tao béi phan thuyc va phan 4o ctia s6 phic.
V6i diéu kien kd < 1, thi sin (% cos ¢) ~ & cos ¢ va sin (& sin¢) ~ & sin ¢,

phuong trinh (1.14) tré thanh:

2 2
G(¢) = \/(l%d cos ¢> + <I%d sin gb) = ]%d = const (1.15)

d(¢p) = 4% cos ¢, %sinqﬁ =¢

Nhu vay, phuong trinh (1.15) da ching minh: anten pha xoidn phan cuc
doc duge xay dung tit 4 phan tif anten nhu trén hinh 1.6 véi pha tiép dién
cho méi phan tit A, B, C, D tuong ttng 1a 0°,90°, 180°, 270°.

. Anten khéng tam pha dung cho hé tim phuong nhiéu nguodn

He thong tim phuong sit dung AWPC nhu mo té trong [50] thuc chat chi co
thé xac dinh duge DOA trong trusng hgp mot nguon tin hieu dén. Trong
khi d6 mot hé tim phuong thong thuong luén phai thyc hién nhiém vu
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xac dinh huéng ctia nhiéu hon mot nguon tin hiéu. Ding trude yéu cau
nay, cling véi sy phat trién ctia ky thuat x 1y tin hiéu mang, thuat toan
MUSIC trong phan 1.4.2 dugc lya chon két hgp véi AWPC vi céc 1y do:

- La huéng phét trién gan nhu duy nhat clia cac hé thong tim phuong
trong nhiing thap ky gan day vdi kha nang cho do phan gidi cao, udc
lugng cung lac nhiéu nguon tin higu [22].

- C6 thé 4p dung cho moi cau tric hinh hoc clia mang anten [25].

Anten AWPC két hop véi thuat toan MUSIC duge gidi thieu lan dau tién
trong [51] nhung con han ché va dugc giai thich chi tiét nhu sau.

Heé théng tim phuong sit dung AWPC thyc hién viéc quay anten mot goc
A¢y, (cho ca truong hgp quay déu va ngdu nhién) dé tao ra mot phan ti
40. Sau khi quay M — 1 lan, vector dap ting mang ting véi goc ¢ la:

exp{jo}
a(¢) = : (1.16)
exp{j(¢ + Adpr—1)}

Trong trudng hop nay, do cac hang va cac cot trong ma tran A déu phu
thuoc tuyén tinh véi nhau, hang ciia ma tran A luon bang 1 dan dén hang
ciia ARsAH ciing bang 1 va do d6 tuong duong véi viec c6 M — 1 gia tri
rieng clia ARsAH luon bang 0. Vi vay thuat toan MUSIC khong thé xéc
dinh dugc s6 lugng ciing nhu DOA clia cdc nguon tin hiéu. Hay néi cach
khac, doi védi AWPC c6 gidn do pha la ham tuyén tinh, viéc st dung thudt
toan MUSIC cing khong thé tao nén hé tim phuong vo tuyén nhiéu nguon
tin hiéu.

Mot phién béan khac ctia anten khong tam pha duge gisi thiéu trong [3].
Cau tric nay dudc bicu dién trén hinh 1.7 va trong luan an dugc goi la
New-AWPC. Khac v6i AWPC ¢6 di = dy = d va kd < 1, thi New-AWPC
c6 di # do. Gidn do pha ctia New-AWPC c6 dang:

o0~ 2 (s (i) on () ) (1

trong d6 di va ds 1an luot 13 khodng cach gitta hai phan t1t anten clia mang

anten AC va mang anten BD (gian do bien do dugc gia thiét 1a hang s6).
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Hinh 1.7: Cau tric anten New-AWPC.

Nhu vay, gian do pha ctia New-AWPC c6 dang phi tuyén dan dén viéc tang
hang ctia ma tran A. Vi du minh hoa duge dua ra trong [3] bang cach chon
tiy ¥ di = 5\ va dy = 3\ cho két qui phéo MUSIC gom 6 dinh trong khi
d6 s6 nguon thye té can uée lugng 1a 3. Ngoai ra, tai liu [3] ciing dua ra
vi du so sanh su khéc biéet vé chiéu cao dinh pho trong hai truong hop goc
quay (quay khong déu) khac nhau. Nhu vay, qua mot s6 phan tich va vi du
minh hoa ctia [3], c6 thé so bo két luan vé kha nang két hop New-AWPC
v6i thuat toan MUSIC dé tao ra hé tim phuong vo tuyén nhiéu nguodn tin
hi¢u. Tuy nhién, trong [3] mdi chi 1a nhitng nghién cttu ban dau véi gia
thiét gian do bien do ctia New-AWPC 1a hang s6 trong khi thyc té day
14 ham phu thuodc vao goéc phuong vi ¢. Hon nita, cau tric New-AWPC vi
pham tinh duy nhat ctia vector dap ting mang, chua c6 danh gia vé cac
dic tinh thuong dude quan tam ciia hé tim phuong vo tuyén xit Iy mang
nhu: tinh v6 huéng ciia mang, ngudng phan giai,...
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1.3.4. Nhan xét

Nhu vay, doi v6i mang tiép dien dong déu, UCA 1a mang ddm bao tinh
duy nhat ctia vector dap ting mang, c6 tinh chat vo huéng, va ngudng phan giai
théng ké nhé hon ULA. Trong khi d6, New-AWPC 13 mot cau hinh anten hita
hen 4p dung cho hé tim phuong do phan giai cao, s6 nguon tin hiéu udc luong

khong phu thuoc vao s6 phan tit anten vat 1y.

1.4. Thuat toan tim huéng séng dén

Cac thuat toan xac dinh DOA cho hé tim phuong x1t Iy tin hiéu c6 lich st
phét trién tit nhitng nam 1980. Can ban c6 thé chia thanh hai loai nhu sau:

- Cac phuong phap dya trén pho: gom cac thuat toan tao chiim (Barlett,
Capon,...) va thuat toan MUSIC.

- Cac phuong phap tham s6: ML, ESPRIT,...

K7 thuat dua trén pho thuc hién viéc tinh pho khong gian va tim DOA tng véi
cac dinh trong pho, trong khi dé k¥ thuat tham s6 thuc hién viéc uée luong truc
tiép DOA ma khong can tinh pho [42]. Cac ki thuat thuoc nhém dau tién c6
uu thé vé tinh toan (gom do phiic tap va sé lugng phép tinh) nhung hiéu nang
(gom do chinh xac va do phan giai) thi khong phai ltc nao ciing t6t, dic bigt
13 truong hop cac tin hieu nguon c6 do tuong quan cao. Ngudge lai, cac ki thuat
thuoc nhém thit hai lai cho hiéu nang t6t hon nhung phai trd gia bang tinh
toan do thie hien tim kiém cac tham s6 nhiéu chicu. Trén thuc té, do khong
tim kiém trén pho khong gian, hiéu ning cia nhéom tht hai dudge danh gia béi
thuée do khac, d6 1a tinh thong nhat (géc uée lugng hoi tu vé gia tri thuyc khi
s6 mau tin hi¢u tién ra vo cting) va higu qua thong ké (sai s6 uéc lugng tiem
can CRLB) [42].

Trong cac thuat toan tim phuong, c6 mot s6 thuat toan bi gidi han ap
dung chi v6i mot s6 cau tric hinh hoc dac biét clia mang anten (thudng 1a mang

ULA). Gi6i han nay thusng dudc stt dung dé giadm do phiic tap tinh toan, tang
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hiéu nang ctia hé thdng hay c6 thé dé dang 4p dung mot sé bien phép tién xit
Iy cho truong hop cac nguon tin hiéu tuong quan.

Bén canh cac thuat toan tim huéng séng dén tieu biéu vita néu, trong
nhitng nam gan day, thuat toan nén mau CS ciing dudc quan tam nghién ciu
cho cac ting dung tim phuong. Thuat toan nay vé co ban c6 mot s6 dic tinh wu
viét nhu: do phan gidi cao, do phiic tap tinh toan vira phai, ¢c6 kha nang lam
viéc trong moi truong cac nguon tin hiéu tuong quan, va véi s6 mau nhé. Tuy
nhién, mo6 hinh di lieu ctia thuat toan dudc tiép can theo huéng gidi bai toan
nghiém thua (khac v6i mo hinh dit lieu clia cac phuong phap tim phuong truyén
thong).

Noi dung ctia phan nay tap trung vao viéc phan tich mot s6 thuat toan
pho bién c6 thé st dung cho moi cau tric hinh hoc ctia mang anten, cac thuat
toan nay bao gom: Balett, Capon, MUSIC, va ML. Thuat toan CS dugc phan

tich chi tiét trong chuong 3 ctia luan an.

1.4.1. Thuat toan tao chum

So do tong quat clia hé théng tim phuong st dung cac thuat toan tao
chtim dugc biéu dién trén hinh 1.8. Vé6i s6 do nay, biip séng duy nhéat dudc tao
va quét trong khoang khong gian khio sat bang cach thay doi vector trong sd

w = [wy,...,wy|". Cong suat 16i ra y(t) = wx(t) dugc tinh béi:
Pap(w) = E{ly(t)*} = E{lw"x()]"} = wH E{x(t)x" (t)}w = w'Rxw  (L.18)

Trong truong hgp 16i ra gom K mau thu thap [y(1),...,y(K)] thi phuong trinh (1.18)
tré thanh:

1 < 2 1 - H H Hn
PBF(W):?;MW :?;w x(k)x" (k)w = wH R w (1.19)

Khi d6, pho khong gian duge vé béi cong suat 16i ra ing véi goc quét. Cac
goc ting véi cac dinh trong phd khong gian chinh la cac géc can ude lugng.

Vector trong sé clia bo tao chiim duge liya chon bang nhiéu phuong phap,
phu thudc vao thuat toan tao chum. Téng quan vé cac thuat toan tao chiim dugc

trinh bay chi tiét trong [12]. Trong d6, hai thuat toan sau day thudng xuyén
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Hinh 1.8: So do tong quét clia bo tao chiim.

duge nhéc dén trong cac tai lieu nghien cttu, d6 1a thuat toan Balett (con goi la
bo tao chim truyén théng) va Capon (con goi 1a bo tao chiim MVDR). Nguyén

tac clia cac bo tao chium nay nhu sau:

1. B6 tao chum Balett

Phuong phéap tao chiim Balett 1& phuong phap don gian nhat trong cac ki
thuat tao chium. Phuong phap nay thuc hién viée cire dai héa cong suat 16i
ra theo mot huéng cho trude.
Xét mot tin hieu dén theo hudng ¢g, cong suat 16i ra ciia bo tao chiim duge
tinh béi:
PRajett (W) = WHRXW =

= wha(pg)Rsal® (o)W + wHRyw (1.20)

= |wHa(¢0)|20§ + WHU%IW

= |w'a(go) 02 + |w|*or,
v6i 02 va o2 lan lugt 1a cong suat tin hiéu nguon va cong suat tap am.

Dé cong suat 16i ra dat cuc dai theo huéng ¢o va 16i giai khong tam thuong
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thi can c6 rang buoc |w| =1 [25]. Khi d6, phuong trinh can phai giai la:

max PBalett (W)
w

(1.21)
Vil [w| =1
Loi giai ctia phuong trinh t6i wu (1.21) la:
I C) (1.22)
atl(¢o)a(d)
Do dé, pho khong gian clia phuong phép tao chiim Balett dugc tinh béi:
aH<¢)Rxa(¢)

Phalett (¢) = "o ()a(0) (1.23)

. Bo tao chum Capon
Tao chiim Capon la mot trong s6 cac phuong phép tao chiim phd bién
nham khic phuc han ché vé do phan gidi clia phuong phap Balett. Phuong
phap nay c6 phuong trinh téi wu nhu sau:
m“i,n Pcapon (W)

(1.24)
voi wha(gg) = 1

Phuong trinh (1.24) thé hién ring phuong phap Capon thic hién tdi thiéu
héa cong suat tap am va cong suat theo cidc huéng con lai trit cong suat
theo huéng ¢g dude dat ¢6 dinh. Phuong phap nay ciing giong nhu bo loc
thong dai khong gian nhon hay con duge goi 1a bo loc dap ting khong méo
phuong sai t6i thicu MVDR [25].
Nghiém ctia (1.24) la:

R, 'a(¢o)

~ afl (go)Rx'a(n) 129

Do d6, pho khong gian ctia phuong phap tao chitm Capon dudc tinh béi:

1
afl(¢)Rx'a(¢)

PCapon(¢) - (126)
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1.4.2. Thuat toan MUSIC

Cac thuat toan tao chim dugdc trinh bay trong phan 1.4.1 mac du rat don
gian trong tinh toan nhung do phan giai cua né hoan toan bi giéi han bdéi goc
md (kich thude vat 1Y) cia mang. Dac biet, 6 ty s6 SNR théap, cac ki thuat tao
chiim khong thé phan biét dudc cac ngudn séng dén gan nhau [18]. Cac thuat
toan dua trén khong gian con da khac phuc nhuge diém nay va duge goi 1a "sieu
phan giai". Mo ta chi tiét vé cac thuat toan nay dude cho trong [18]. Phan nay
chi trinh bay vé thuat toan MUSIC duya trén théng ké bac 2, c6 kha ning ap
dung cho moi loai tin hiéu véi cau tric mang anten tiy .

MUSIC la thuat toan duge dé xuat bsi Schmidt vao nam 1979. Thuat toan
duge mo ta hoan chinh trong bai bao nam 1986 [52] va duge viét lai chi tiét
trong [22][35].

So do khdi ciia hé tim phuong st dung thuat toan MUSIC dugc cho trén
hinh 1.9.

]

E Dan anten i

: ___________________________________________________ I
i Phanthu | | !
| thap div lidu i
! ]
i |
5 y ; -
! |
i ADC ADC ADC ||
! ]
i ¥ ¥ v
| i
i B6 nhé |
! i
! i

Thuat toan uéce lwgng DOA (vi dy: MUSIC)

Phin xt¢ ly
tin hiéu

Hién thi phd khéng gian MUSIC

Hinh 1.9: So d6 khéi hé tim phuong st dung thuat toan MUSIC.
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Xét D nguon tin hieu v6i cac huéng khong biét trude ¢, ..., ¢p dén mang
anten gom M (M > D) phan tit vo huéng duge dit tiy ¥y trong mit phang goc
phuong vi tai cac vi tri (Z1,91), ..., (Tam, Unm)-

Tai thoi diém ¢, vector tin hiéu thu thap x(t) € CM duge biéu dién baéi:
x(t) = A(0)s(t) + n(t) (1.27)

voi 0 = [¢1,...,0p]T € CP 1a vector huéng clia cdc nguon tin hiéu dén mang
anten; A(0) = [a(¢1),...,a(¢p)] € CM>*P 1a ma tran chita cdc vector dap ting
mang a(¢) € CM; s(t) € CP va n(t) € CM lan lugt 1a vector tin hiéu nguon va
vector tap am.

Vector dap tng mang dugc biéu dién chi tiét nhu sau:

exp{—j%”(:il cos ¢ + Y1 sin ¢}
a() = : (1.28)
exp{—j%”(:f'M cos ¢ + yas sin ¢}
trong d6 A la budc song ctia tin hiéu.

Tat ci cac vector dap ing mang ing véi moi huéng séng dén trong khong
gian dugc gia thiét 1a biét trudc (day la gia tri chuan héa ctia mang can phai
luu trit); vector tin hiéu va vector tap am c6 trung binh bang 0; vector tap am
trang hoa khong gian (tap am dén mdi phan tit anten déu c6 phuong sai giéng
nhau o2, khong tuong quan vdéi nhau [25]) va doc lap théng ké véi cac tin higu
nguon.

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

Cy = Ry — E{x(0)x" (1)}
= A&{s(t)s ()} AT + E{n(t)n’ (1)} (1.29)
= ARA + 521,
trong d6 €{-} 1a ky hieu ctia ky vong thong ke; E{s(t)s” (1)} = Rs, E{n(t)nf (1)} =
021, lan luot 1a ma tran tuong quan ciia tin hiéu nguon va clia tap am, I, €
CM*M 13 ma tran don vi.

Khai trién rieng ma tran Ry dudc:
M

Ry = Z Amemell (1.30)
m=1
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V6l Ay, Va ey, (m =1,..., M) tuong tng la cac gia tri riéng va cac vector riéng
cua Ry.

Néu sap xép cac gia tri rieng theo thit ty gidm dan (A\; > ... > A\yy) thi ¢
thé dinh nghia Es £ [e1,...,ep] VA Ey = [ep41,..., ey lan lugt 1 cac ma tran
chita D vector riéng tng v6i khong gian con tin hiéu va M — D vector riéng tng
véi khong gian con cua tap am.

Ma tran tuong quan tin hiéu dugc uéc lugng thong qua cac mau thu thap

nhu sau:
R 1 -
Ry = — > x(k)x" (k) (1.31)
k=1
v6i K 1a s mau tin hiéu thu thap tai mdéi phan tit anten.

Khai trién riéng ma tran tuong quan tin hieu uéc lugng:
Ry = EAED + EpALEL (1.32)

PR A A A - A ~ ~ N A . N N N A
vol Eg = [el,...,eD], E, = [eD+1,...,eM], Ay = dlag{)\l,...,)\p}, va Ay, =
diag{Ap+1,.... A}, trong d6 A, va &, (m = 1,...,M) tuong tng la cac gia
tri riéng va cc vector riéng ciia ma tran tuong quan udc luong Ry.

Pho khong gian ciia thuat toan MUSIC dugc bicéu dién béi:

'l (¢)a(0) (139
OB, Bl a(0)

Puusic(¢) = "

1.4.3. Thuat toan ML

Thuat toan ML 13 phuong phap thuong dudc st dung nhiéu nhat trong
cac phuong phap tham sé6 nham khac phuc han ché ctia phuong phap dya trén
pho khi hoat dong trong moi truong da dudng véi tin hieu tuong quan cao hoac
tham chi giéng nhau. Dic biet, ML c6 thé hoat dong véi s6 mau rat nhé, tham
chi bang 1.

Nguyén tac hoat dong ctia phuong phap nay 1a tim mo hinh di lieu giong
nhat véi dit lieu thu thap, cu thé nhu sau:

Xét mo hinh dit lieu nhu trong phan 1.2. Tin hiéu thu thap x(¢) c6 k¥

vong p, va hiép phuong sai Cy. Ham mat do xac suat ctia K mau thu thap
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x(1),...,x(K) dugc tinh béi [26]:

K
Px(1),..x()0®) = [ [ m exp{—[x" (k) — u (8)]C (0)[x(k) — 1 (6)]}
= (1.34)

Ham log-likelihood sau khi loai bd cac thanh phan khong phu thuoc vao
dugc tinh bai:

Lx(0) = Inpy(1),... x(k))6(X)

1 K (1.35)
= —{Ilndet[Cx(0)] + - > (k) — il (0)]C N (0)[x(k) — 1y (0)])}
k=1
Phuong phap ML thuc hién:
max Lx(0) (1.36)

Day 1a van dé t6i vu héa phi tuyén nhiéu chiéu rat phiic tap. Cu thé 1a néu
s6 nguon tin hieu D < 3 c¢6 thé dung phuong phép chia luéi dé tim xap xi vi tri
cuc dai sau d6 dung cac phuong phéap giai gradient dé tim chinh xéc gia tri. V6i
D 16n hon can phéi ¢6 cac phuong phap gidi manh hon [26].

1.4.4. Nhan xét

- D¢ phate tap tinh todn: Do phiic tap duge biéu hién béi phuong phap tinh
cuia moi thuat toan. Cac phuong phap Balett va Capon chi thyc hién viéc
tim kiém 1-D (mot chiéu) trong d6 Capon phiic tap hon do phéi tinh ma
tran nghich ddo; MUSIC thuc hién khai trién rieng va tim kiém 1-D; trong
khi d6 ML thyec hien tim kiém D-D (D chiéu).

- S6 nguon tin hiéu udc luong: Phuong phap Balett, Capon bi han ché béi
do rong bup séng ctia thuat toan tao chitm, MUSIC bi han ché béi s6 phan
t1t anten (chi wée lugng duge t6i da M — 1 nguon), trong khi d6 thuat toan
ML khong bi han ché.

- Nguéng phan gidi: (chi ap dung déi v6i cac phuong phap duya trén pho)
Ngudng phan giai ctia cac phuong phap uéce luong dya trén phd thuong dua

trén viéc so sanh véi tieu chuan phan gidi Rayleigh duge phat bic¢u nhu
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Hinh 1.10: Phd khong gian chuédn héa ctia hé tim phuong sit dung thuat toan Balett,
Capon, vd MUSIC trong truong hop 2 nguon tin hiéu dén tai 85° va 90°, SN R = 20d B,
mang ULA 6 phan tit, s6 mau thu thap K = 100.

sau: hai dinh pho dugc goi la phan gidi néu dinh bip séng thi hai nim
cting hodc bén ngoai diém khong ctia btip séng thit nhat [26]. Thuat toan
Balett dugc coi tuong ting v4i phan giai Rayleigh véi goc dién tuong ting
v6i mang ULA y = kdcos¢ = 27. Kha nang phan giai ctia ba phuong phap
Balett, Capon, MUSIC trong trusng hgp mang ULA dugc biéu dién trén
hinh 1.10 va vé mit 1y thuyét duge tinh bdi cac cong thiic trén bang 2.1.

- Moi truong da duong: Moi truong da dudng tao ra cac tin hiéu la cac phién
ban suy giam va tré ctia nhau hay néi cach khéc tao ra cac tin hiéu tuong
quan v6i nhau. Trong cac thuat toin dé cap & trén thi ML 1a thuat toan
khong phu thudc vao tin hiéu da duong do né sit dung phuong phap uéc
lwgng mo hinh. Trong khi d6, MUSIC la thuat toan uéc lugng dua trén viéc
khai trién riéng ma tran tuong quan Ry vi vay hiéu ning ctia phép toan
u6c luong nay sé gidm khi do tuong quan giita cac tin hiéu nguon tang.
Tuy nhién, véi MUSIC, do tuong quan nhé hon 0,8 van cho két qud udc
lugng tin cay [42].
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Bang 1.1: Cong thiic tinh ngudng phan giai ctia thuat toan Balett, Capon, va MUSIC
cho mang ULA [42].

STT | Thuat toan Ngudng phan giai
1 Barlett X = 2”
1
2 Capon =8,71 [MsSNR] 4
B ] 2880(M72) KM2y2 |
3 MUSIC X = {X . W ’71 + 1 —+ GO(M—Xl) == X}

- Léi udc lugng: Loi wée luong hay hiéu nang clia mot phép toan bat ky
thuong dudc so sanh v6i duong bao thap CRLB. Duong bao nay dugc
chiing minh 1a nguéng thap nhat ma bat ky phép toan udc luong nao co
thé dat duge [25][26]. CRLB dugc nhéc lai chi tiét trong phu luc B clia
luan an. Duya trén thude do 1a duong bao CRLB thi 16i binh phuong trung
binh ctia goc wde luong doi véi cac thuat toan udc lugng nhu sau: thuat
toan Capon cach xa CRLB, MUSIC gan CRLB va chi cach vai dB, trong
khi d6 ML (d6i v6i mo hinh ngdu nhién) dat duge CRLB [25].

Trong pham vi giéi han cta luan an (thuat toan wdc lugng c6 do phic tap
tinh toan vita phai), ddi véi cac phuong phap tim phuong phd bién, thuat toan
MUSIC la thuat toan duge nghién cttu sinh lira chon.

1.5. Anten khong tam pha tong quat va thuat toan
MUSIC

So do tong quat ctia anten khong tam pha duge biéu dién trén hinh 1.11
v6i 4 chan tit A, C, B va D dat cach goc do thi cac khodng dy, da, d3, va dg; léch
pha tuong tng cta dong kich thich 1a 1, 1, s, va y; AC 1 BD.

Theo ly thuyét anten [2], dién trusng tong cong tao bdi cac phan tit anten
trong mang dudc bicu dién bdi:

]/{7 e —jkRo

B(6) = =2 S |10l 3(¢) (1.37)

vGi ¢ 1a hudng truyén song, k 13 hé s6 song, Ry 1a khodng cach gitta mang anten

va diém khao sét, |Io| 1 bien do dong dién kich thich tai m&i phan tit anten, vi
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Hinh 1.11: Cau tric anten khong tam pha trong trusng hgp tong quat.

B(¢) 1a he s6 mang. Ap dung 1y thuyét duge néu trong [2] v tham khao them
hinh C.12, trong truong hgp nay, 8(¢) duge tinh bdi:
5(¢> _ ejl/z’le*jk(h sin ¢ + ejz/)gejkdz sin ¢
+ ejz/)gejkdg cos ¢ + ejz/)46—jk:d4 cos ¢ (138)

Véi cac diéu kien vé vi trf va dong dién kich thich nhu trén, gidn do bic
xa clia anten khong tam pha tong quat dudi dang gian do bien do G(¢) va gidn
do6 pha ®(¢) nhu sau:

G(9) = \/R2{B()} + SHB(9)} (1.39)

®(¢) = £5(¢) (1.40)

v6i Z ky hiéu l1a pha ctia s6 phtc.
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Trong truong hop ¢ = 0°, ¥ = 180°, 13 = 90°, va ¢y = 270° thi

R{5(8)} = —2sin (k (ds + do) sin ¢> sin (’;'(dl ~ dy)sin ¢>)

k
— 2sin < (d3 + dy) cos ) Ccos (2 ds — dy) cos ¢) (1.41)
k k
I{5( = —2sin (2 (d1 + dg) sin ¢> cos <2 — dy) sin gb)
k k
— 2sin 5 (ds + d4) cos ¢ | sin 5 (ds —dy) cos @ (1.42)

Két qua (1.41) va (1.42) duge chiing minh trong phu luc C.

Thuat toan MUSIC 4p dung ddi véi anten khong tam pha trong truong
hop tong quat ciing tuong tu nhu cac truong hop da xét trude day chi khéac biet
vé vector dap ting mang. Vector dap ing mang clia anten khong tam pha tong

quét duge biéu dién béi:

G(¢) exp{jP(¢)}
a(¢) = 3 (1.43)
G(¢+ Adrr—1) exp{j®(¢ + Adnr—1)}

vii G(¢) va ®(¢) lan lugt duge tinh bdi phuong trinh (1.39) va (1.40).

Nhu vay, phuong trinh (1.43) da bo sung thém phan gian do bién do so véi
phuong trinh (1.16). Vector dap ting méng la ham phu thudc vao goc t6i ¢ thuode
khong gian tin hiéu, cAu tric hinh hoc ciia anten khong tam pha (dy,ds, d3, dy),
va vao goc quay anten tai moi budc Agy,.

Géc quay anten tai mdi budc Ag,, cé thé duge chon ngau nhién hoac déu.
Tuy nhién dé don gian trong tinh toan, giam do phic tap trong thiét ké phan
ciing ctia bo phan diéu khién pha, dong thsi han ché bét s6 cau hinh anten phai
xét (gid tri A¢,, ngau nhién dé xuat hién cac tinh huéng khé kiém soét tinh duy
nhat ciia vector dap ting mang), Ay, dugc chon ¢6 dinh ddi véi moi bude quay
A¢y, = Ag. Khi d6, vector dap ting méng trong phuong trinh (1.43) tré thanh:

G () exp{j®(¢)}

a(6) = G(¢+ Ag) eXI?{j¢(¢+A¢)} (1.44)

|G(¢+ (M —1)A¢) exp{j®(¢ + (M — 1)A¢)} |
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Bang cach Iga chon A¢,, 1a hang s6, vector dap tng mang chi con phu
thuoc vao cau tric hinh hoc clia mang anten (dy,ds,ds, dy), s6 lan quay anten
(M —1), va gbc quay anten tai moi budc A¢. Gié tri cia A¢ ciing dudce lya chon
trude dya trén viec t6i thiéu hoa 16i u6c lugng binh phuong trung binh clia moi
cau hinh anten dugc xét dén. Chi tiét duge xem xét 6 phan 2.2.1.

1.6. Két luan chuong 1

Chuong 1 da cung cap mot s6 kién thiic tong quan vé mot sé cau tric hinh
hoc, phuong phap uéc luong DOA pho bién diing cho hé tim phuong xit I mang,
cong cu danh gia vé tinh duy nhat cia vecto dap tng mang, tinh vo hudng,...
Trong cac cau tric mang anten va cic thuat toan xem xét, UCA-MUSIC hita
hen mang lai hé thong tim phuong c6 do phan gidi cao, ddm bao tinh duy nhat
clia vector dap ing mang, tinh vo huéng ctia mang. He thong nay dudc diung
lam moéc tham chiéu cho hé théng dé xuat clia luan an trong chuong 2 va 3.
Bén canh d6, hé théng AWPC-MUSIC ciing dugdc trinh bay lai dusi dang tong
quat. Mot s6 cong thitc danh gia trinh bay trong chuong 1 duge cong b trong

cac cong trinh 1-4 cta tac gia.
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Chuong 2

KHAC PHUC VAN DE LAP LAI PHO KHONG GIAN CUA
HE TiM PHUONG SU DUNG ANTEN AWPC

2.1. Gi6i thiu

Nhu da trinh bay 6 chuong 1, AWPC-MUSIC vén 1a cau tric duge gisi
thiéu nham gidi quyét bai toan ting hi¢u suat méang (sdé nguodn tin hieu ude
lugng 16n hon s6 phan tit anten). Tuy nhién, he tim phuong loai nay c6 hai han
ché 16n. Chuong nay thyc hieén viéc khiac phuc han ché dau tién dé 1a hién tuong
lip lai pho khong gian xuat hien trong New-AWPC. Day 14 van dé quan trong
do n6 cho phép md rong khong gian hoat dong ctia hé thong tir 180° lén 360°.

Ba cau tric dude nghién ctu va dé xuat 1a: Sym-AWPC, SymII-AWPC-
UCA, va Asym-AWPC, trong do:

- Sym-AWPC la cau tric tong quéat héa ciia New-AWPC, va chi hoat dong
trong khong gian nhé hon 180°.

- SymII-AWPC-UCA la cau tric lay ¥ tudng ttt UCA nhiam dam bao tinh
duy nhat ctia vector dap ting mang trong khong gian 360°.

- Asym-AWPC c¢6 cau triic nhé gon, bat doéi xing, va ciing hoat dong trong
khong gian 360°.

Cac cong thitc phan tich s6 hoc duge st dung dé lam 16 v phan tich miic
do lap lai pho ctia mdi cau tric gdm: tinh toan dusng bao CRLB va mtc do
truc giao gitta cac vector dap ting mang (ACF, AFL). MUSIC dugc st dung lam
thuat toan uéc luong trong cic két qua mo phong ctia chuong.
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2.2. Sym-AWPC

Sym-AWPC la cau tric anten khong tam pha ddi xting. Anten nay bao
gom cd New-AWPC (duge nhic dén trong phan 1.3.3). Cau tric Sym-AWPC c¢6
dy = dy = dATC va dy =dy = d%’?. Vector dap ting mang ciia Sym-AWPC ¢6 dang
nhu phuong trinh (1.44) véi:

G(¢) = 2\/sin2 (gdAC cos qﬁ) + sin? (gdBD sin d)) (2.1)
O(¢p) = £L—25sin (idAC cos ¢> , —2sin (§dBD sin q§) (2.2)
va sau khi duge chuan héa (chia cho 2) tré thanh:
.ok .o [k :
G(¢) = 4 /sin EdAC cos ¢ | + sin §dBD sin ¢ (2.3)
®(¢p) = L—sin (EdAC cos gb) , — sin <§dBD sin gb) (2.4)

2.2.1. Lya chon géc quay anten A¢

Dé vector dap ting mang ctia Sym-AWPC chi phu thuoc vao cau tric hinh
hoc clia cAc phan ti trong mang anten (dac,dpp), gid tri géc quay anten A¢
nén dude chon ¢6 dinh. Phan nay sé tra 16i cau hoi gia tri ctia A¢ nén duge chon
14 bao nhiéu dira trén viéc tinh trung binh CRLB theo goc dén va theo mdi cau
hinh anten, dugc goi 14 AC-ACRB. Céng thiic cu thé nhu sau:

1
AC-ACRB = - , zd: )ACRB (2.5)

v6i L 14 s6 cap (dac,dpp) va

ACRB = - / 345 do (2.6)
2 J_,
trong do [J]4¢ dude cho bdi:
B 2SN R? H\2
[J]¢¢ - (1—|—SNR|a\2)2[2(§R(a a)) (2'7)

+ (L + SNR[al*)(la*a* — [a™a])
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Hinh 2.1: AC-ACRB theo M.

véi a= 32

Két qua (2.7) dugce chitng minh chi tiét trong phu luc D.

Mbi quan hé giita AC-ACRB va M dugc biéu dién trén hinh 2.1 (M la
kich thudc clia vector dap ting méang va lien quan tdi s6 1an quay anten M — 1).
Cac duong v6i mau sic khac nhau tuong ting véi cac gia tri goc quay A¢ duge
chon ngau nhién va duge tinh trong trusng hop K = 1, SNR = 20dB, 0,2\ <
dac,dpp < 10X. Két qua chi ra rang:

- L&i binh phuong trung binh (AC-ACRB) ciia DOA duge ude lugng giam
khi M ting va tat ci cac duong cong hoi tu vé ciing mitc khi M tiép tuc
tang. Khi M > 15, AC-ACRB gan nhu khong gidm nita nén ching ta c6
thé chon gia tri can déi du t6t gitta mic do tinh toan va do chinh xac udc

lugng xung quanh 15.

- Viéc chon A¢ = 360°/M sé cho AC-ACRB thap nhat trong tat ca cic truong
hop.
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2.2.2. Phan tich s6 hoc tinh duy nhét ctia vector dap ing mang
Véi Sym-AWPC, ching ta nhan thay:
a(¢ +180°) = —a(o) (2.8)

tuong duong
Pyusic(¢ +180°) = Pyusic(¢) (2.9)

luon xay ra véi moi (dac,dpp) va duge goi 1a 16i phu thuoc tuyén tinh = v do
d6 cau tric nay chi c¢6 thé sit dung cho hé tim phuong trong khoang khong gian
180° thay vi 360°.

Két qua (2.8) dugc chitng minh trong phu luc E.

Hon ntwa, trong trudng hop dac = dgp cung sé ¢6 thém mot 16i phu thudc

tuyén tinh khac goi 13 161 /2.
a(¢ +90°) = £3{a(¢)} F jR{a()} (2.10)

tuong duong
Pyusic(¢ £90°) = Pyusic(¢) (2.11)

hay tinh duy nhét ctia vector dap ting mang trong truong hop nay chi ton tai
trong khoang khong gian 90°.

Két qua (2.10) dugce chiing minh trong phu luc F.

Nhu da nhic dén trong phan 1.3.2, ACF dugc st dung 1a cong cu danh
gia tinh duy nhat ctia vector dap ting mang. ACF bing 0 sé khong dadm béo
tinh duy nhat. ACF cang gan 1, tinh duy nhat cang dugc ddm bao. Mot vi du
dién hinh vé sy phu thuoc cia ACF vao cau hinh Sym-AWPC (chi xét trong
khong gian 180°) trong trudng hgp M = 17 va A¢ = 360°/M dudc bicu dién trén
hinh 2.2 trong doé:

n(dac,dpp) = min (61, é2; dac, dpp) VOl |61 — 62| = 90° (2.12)

1,2

dugce dinh nghia 1a4 mitc do khong phu thuoc tuyén tinh AFL, duge dua ra dua
trén y(¢1, ¢2) thap nhat trong s6 cac goc phu thuoc tuyén tinh loai 7/2. AFL

cang 16n, tinh duy nhat ctia vector dap ting mang cang dugc ddm bao.
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Hinh 2.2: AFL theo dac, dgp duge chuan héa theo .

Cu thé hon, v6i hinh 2.2, phuong trinh (2.12) biéu dién gia tri cuc tiéu
ctia ACF theo céc cap goc (o1, d2 € (—90°,90°), |¢1 — ¢o| = 90°) ting v6i mdi cip
(dac,dpp). Gia tri nay bang 0 néu dy = do, dong thoi néu |dsc — dpp| > 0,5\
thi gia tri cuc tiéu ctia ACF sé 16n hon 0,6. Nhu vay c6 thé két luan rang, Sym-
AWPC chi hoat dong dudc trong nita mit phang va tinh duy nhat ctia vector
dap ting mang chi dugc ddm bao néu |dac — dgp| > 0, 5.

2.2.3. Két qua mo phéng

Phan nay sé thic hién mot s6 mo phéng minh hoa cho cac két qua tinh
toan trong 2.2.2. Cau hinh ctia Sym-AWPC dugdc chon 1a M = 17, A¢ = 360°/M,
(dac,dpp) = (5,2X;2,3)), ting v6i min-ACF = 1 v ACRB ~ 4.9 x 107 trong
truong hop K = 1000, SNR = 20dB. Két qua dugc bié¢u dién trén hinh 2.3(a) va
hinh 2.3(b) tuong tng trong hai trudng hop dac = dpp va |dac — dpp| > 0,5
Duong ditt nét biéu dién DOA thuc trong khi dé dudng lién nét biéu dién pho
MUSIC chuan héa duge uéc lugng. Sau nguon tin hicu dén theo géc phuong vi
(-60°, -40°, -20°, 20°, 40°, 60°) v6i SNR bang nhau va bang 20dB.

Hinh 2.3(a) biéu dién phé MUSIC chuan héa ting véi cau hinh Sym-AWPC

v6i dac = dgp = 2,3\. Cau hinh nay c6 cac vector dap tng mang phu thuoc
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(b) |dAC — dBD| > 0, 5\

Hinh 2.3: Pho khong gian chuan héa ciia hé tim phuong sit dung thuat toan MUSIC
va anten Sym-AWPC: (a) dac = dpp, (b) |dac — dpp| > 0,5A.
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tuyén tinh tai (¢1,¢2 = ¢1 +90°) (loai 7/2) va (¢1,d2 = ¢1 +180°) (loai 7) va do
d6 ben canh 6 dinh thyc tai (-60°, -40°, -20°, 20°, 40°, 60°), 24 dinh gid xuat
hién tai (30°, 50°, 70°, 110°, 130°, 150°), (-150°, -130°, -110°,-70°, -50°, -30°),
(120°, 140°, 160°, -20°, -40°, -60°), va (20°, 40°, 60°, -160°, -140°, -120°), tng véi
(91,02 = 1 +90°), (P1,d2 = 1 —90°), (¢1, P2 = d1 +180°), va (¢1, d2 = ¢1 — 180°).

Trong khi d6, hinh 2.3(b) biéu dién pho MUSIC chuan héa ctia Sym-AWPC
v6i (dac = 5,2X\;dgp = 2,3)). Cau hinh nay cho cac vector dap ting mang phu
thudc tuyén tinh chi tai (¢1, g2 = ¢1 £ 180°) (loai 7)) v do d6 né c6 the st dung
dé uéc lugng DOA trong khong gian [—90°,90°], gbc u6e lugng cling chinh 1a géc
dén thyc trong khong gian tin hiéu tai (-60°, -40°, -20°, 20°, 40°, 60°).

Nhu viy, Sym-AWPC c6 thé si dung dé udc lugng DOA ciia nhiéu nguon
tin hiéu khi két hop vdi thuat toan MUSIC trong khong gian 90° néu dac = dpp,
duge goi la SymI-AWPC; va trong khong gian 180° néu dac # dpp, dudc goi
la SymII-AWPC.

2.3. SymII-AWPC-UCA

Maic dit Sym-AWPC da khéc phuc dude nhuge diem ciia AWPC, nghia 1a
c6 thé két hgp vé6i thuat toan MUSIC dé tao nén hé tim phuong vo tuyén nhiéu
nguon tin hieu do phan giai cao, s6 nguon tin hiéu nhiéu hon sé phan ti anten;
nhung Sym-AWPC chi sit dung duge trong khong gian 90° v6i SymI-AWPC va
khong gian 180° véi SymII-AWPC. Dé c6 thé mé rong ving hoat dong hay tinh
duy nhat ctia vector dap itng mang dude ddm bao trong khong gian 360°, SymII-
AWPC-UCA dugc dé xuat. Cau tric ciia SymII-AWPC-UCA bao gom N phan
tt SymII-AWPC duge dit cach déu trén mot duong tron c¢6 ban kinh R. Vi du
minh hoa vé SymII-AWPC-UCA gom 6 phan tit dugce biéu dién trén hinh 2.4.

Nhu da phan tich trong phan 1.3.2, UCA von 1a cau tric anten ddm bao
tinh duy nhat ctia vector dap ttng mang trong khoang khong gian 360°. Vi vay,
SymII-AWPC c6 thé cai tién viing hoat dong tit 180° len 360° khi dugc st dung
lam phan t1t anten trong UCA.

Vector dap ting mang cia SymII-AWPC-UCA dugce cho béi:

a(¢i) = [a1(di), az(¢i), ..., an(d)]" (2.13)
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Hinh 2.4: Cau trac SymII-AWPC-UCA 6 phan tii.
v6i

am (i) = G(9i + (m — 1)Ag)x

i HOGi+(m-1)A0)) 1"

oH{ @ (@it (m—1)A)+ 258 cos(9i -5 ) }
(2.14)

ej{@(@—&-(m—l)Agzﬁ)—i—@ Cos((}%‘%)}

trong dom=1,..., M.

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

Hinh 2.5(a) va 2.5(b) lan lugt biéu dién ACF ctia ciu tric SymII-AWPC
va, SymII-AWPC-UCA 3 phan tii.

Ching ta c6 thé dé dang nhan thay cau tric sau da lam gidm mic do phu
thuoc tuyén tinh loai 7 trong cau tric trudc.

Dé khao sat sy phu thudc giita mitc do phu thudce tuyén tinh loai 7 vao sb
phan tit anten trong mang SymII-AWPC-UCA, cong thiic AFL chuan héa dugc
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Hinh 2.5: ACF ciia anten: (a) SymIIF-AWPC, (b) SymIIl-AWPC-UCA 3 phan tit.
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Hinh 2.6: AFL chuan hoéa ctia méang SymII-AWPC-UCA theo s6 phan tit anten SymII-
AWPC (N).

dua ra nhu sau:

o) = 1Y)
) = n(1)
trong do
n(N) £ min Y(o1,d2; N) VO |p1 — 2| > 90° (2.15)

¢17¢2

Cac dinh pho gia sé xuat hien véi bien do bang bieén do cac dinh phd that
khi n = 0 va bién do giam dan bang 0 khi n — 1.

Hinh 2.6 biéu dién AFL chuan héa duéi dang dB theo s6 phan tit anten
trong mang SymII-AWPC-UCA. Trong d6 7(3) = 43,25 dB, diéu nay c6 nghia
12 7(3) 16n hon nhiéu 7(1), hay phu thuoc tuyén tinh loai 7 trong SymII-AWPC
da dugce gidi quyét bang cach sit dung SymII-AWPC-UCA 3 phan tit. Hon nita,
chiing ta ciing quan sat thay 7(N) > 7(3) doi véi N = 4,...,15. Do d6 SymlII-
AWPC-UCA véi N > 2 hoan toan cé thé st dung cho hé v6 tuyén tim phuong
trong khoang khong gian 360°. 7(N) tang manh trong khoang N = 3,...,8 va
dan bao hoa trong khoang N =9, ..., 15. Diéu nay gitp ching ta c6 thé can nhic
viéc lya chon s6 phan ti SymII-AWPC trong mang SymII-AWPC-UCA do s6

phan tit cang 16n, mang cang cong kénh.
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2.3.2. Két qua mo phéng

Phan nay van tiép tuc véi kich ban mo phéng nhu trong phan 2.2.3 dé
minh hoa vé kh& ning giai quyét van dé phu thuodc tuyén tinh ciia mang SymII-
AWPC-UCA trong khong gian 360° v6i: 6 nguon tin hieu dén tai cac géc phuong
vi (-60°, -40°, -20°, 20°, 40°, 60°); SNR = 20dB; K = 1000.

Hinh 2.7(a) va 2.7(b) déu chi ra ring ci hai mang SymII-AWPC-UCA 3
phan ti va SymII-AWPC-UCA 8 phan tt tuong ting déu da giai quyét duge van
dé phu thuoc tuyén tinh loai = ctia SymII-AWPC. Dinh pho ting véi cac huéng
gia ctia SymII-AWPC-UCA 8 phan tit thap hon so v6i 3 phan tit 1a do 7(8) > 7(3).

Mot vi du vé viec uée luong pho khong gian tin hieu gom 24 nguon s dung
méang SymII-AWPC-UCA 3 phan tit (12 dipole) dugc biéu dién trén hinh 2.8.
Phé MUSIC nay thé hién ring mang AWPC-UCA 3 phan ti khong c6 hién
tugng phu thudc tuyén tinh ctia vector dap tng mang dong thoi uée lugng véi
s6 nguon tin hi¢u 16n gap doi sé phan tit anten vat 1y (thuc té, kich thude vector
dap tng mang trong truong hop nay 1a 17 x 3 thay cho 3 nén van théa man dicu
kién vé quan hé gitta s6 nguon tin hiéu dén va so6 phan tit anten trong thuat toan

MUSIC - s6 nguon tin hieu dén nhé hon s6 phan tit anten).

2.4. Asym-AWPC

Mic du da dam bio duge tinh duy nhat ctia vector dap ting mang trong
khong gian 360°, SymII-AWPC-UCA van chua thyc sy thuyét phuc do cau tric
vat 1y clia mang con cong kénh véi it nhat 3 phan tit SymII-AWPC, tuong duong
v6i 12 dipole. Asym-AWPC 1a cau tric duge dé xuat véi mong muén kich thude
vat Iy clia méng anten dugce thu nhé hon véi chi 4 dipole trong khi d6 van dam
bao duge su doc lap tuyén tinh clia cic vector dap ting mang trong khong gian
360°. Cau tric cia Asym-AWPC ciing gidéng nhu anten khong tam pha trong
truong hop tong quéat (hinh 1.11) nhung cé hodc d # do, hoiic d3 # dy.

Can ctt vao gidn do btic xa clia anten duge tinh todn trong phan 1.5 va
vector dap ting mang ciia hé tim phuong sit dung anten khong tam pha trong
phuong trinh 1.43, phu thudc tuyén tinh loai 7/2 va loai m ¢6 thé duge gidi quyét
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Hinh 2.7: Pho khong gian chuén hoéa ctia hé tim phuong st dung thuat toan MUSIC
va anten: (a) SymII-AWPC-UCA 3 phan ttt, (b) SymII-AWPC-UCA 8 phan tii.
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Hinh 2.8: Pho khong gian chuan héa ctia hé tim phuong stt dung thuat toan MUSIC v
anten SymII-AWPC-UCA 3 phan tit (12 dipole) trong truong hgp ude lugng 24 nguon

tin hiéu.
néu

G (64 90°) # G(6) (2.16)
va

G(¢p +£180°) # G(9) (2.17)

Diéu nay tuong duong véi viec anten khong tam pha tong quéat c6 hoac
di # ds, hodc d3 # d4. Va anten nay duge goi 1a anten khong tam pha bat doi
xtng Asym-AWPC.

Asym-AWPC dude khéo sat khi két hop them mot s6 diéu kién rang buoc
dé giam thiéu anh hudng ctia ghép tuong hd gitta cac phan tit anten diat gan
nhau trong khi d6 kich thudc anten dudc giit t6i thiéu. Cac diéu kieén ring budc
nay dan t6i AB = BC = AC = )\/2 tuong tng cac gia tri:

(d1,dy, ds, dg) = (A4, 7/4,v/3X/4, (v/3/4 + Ad)N) (2.18)

va Ad > 0 duy tri diéu kién bat ddi xing ctia Asym-AWPC.
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2.4.1. Phan tich s6 hoc tinh duy nhét ctia vector dap ing mang

Ham ACF ciia Asym-AWPC duge biéu dién trén hinh 2.9(a). So sanh véi
ACF ctia SymII-AWPC trén hinh 2.9(b), cau tric Asym-AWPC c6 kha nang giai
quyét van dé phu thuoc tuyén tinh ctia vector dap ting mang trong khong gian
360° nhu SymII-AWPC-UCA nhung chi can 4 dipole thay vi 12 dipole (trong
truong hop s6 phan tit anten ctia SymII-AWPC-UCA bang 3).

Hinh 2.10 biéu dién sy phu thuoc ciia AFL vao do bat déi xing Ad cia
anten Asym-AWPC. Xét trong khoang 0 < Ad <2, Ad = 0,6 la gia tri cho AFL
16n nhat, tuwong duong véi do phu thudc tuyén tinh clia cac vector dap ting mang

14 nho nhat.

2.4.2. Két qua mo phéng

V6i cau hinh Asym-AWPC (dy, da, d3,dy) = (M4, A/4,v/3)\/4, (V/3/4+0,6)N),
pho MUSIC ctia 6 nguon tin hi¢u (—60°, —40°, —20°, 20°, 40°, 60°) nhu kich ban
mo phéng & cac phan trén dude biéu dién trén hinh 2.11. So v6i phd MUSIC
ctia SymII-AWPC-UCA, céc dinh pho gid gan nhu 14 bing phang.

Nhu vay, trong cac cau tric dude xem xét Sym-AWPC, SymII-AWPC-UCA
va Asym-AWPC thi Asym-AWPC v6i Ad = 0,6 1a cau trac ddm bao t6t nhat
tinh duy nhat clia vector dap ing mang trong khong gian 360°, dong thoi kich
thude vat Iy cia Asym-AWPC nho gon véi chi 4 dipole.

2.4.3. Tinh v6 huéng cia mang

Tinh vo huéng clia Asym-AWPC phu thuoc vao do bat doi xitng Ad ducc

khéo sat dua trén hai thude do: Average-CRB (C) va Margin-CRB (ee) dugc
dinh nghia nhu sau:

C(Ad) = % S CRLB(¢, Ad) (2.19)
o
ee(Ad) = max CRLB(¢, Ad) — min CRLB(¢, Ad) (2.20)

v6i L 1a s6 lugng goc khao sat.
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Hinh 2.9: Biéu dién ACF ctia: (a) Asym-AWPC, (b) SymII-AWPC.
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Hinh 2.12: Ham danh gia tinh chat vo hudéng ctia mang: (a) Average-CRB, (b) Margin-
CRB.

60



Hinh 2.13: Ngudng phan gidi thong ké SRL theo Ad.

Thong thuong theo dinh nghia, mot mang 1a vo huéng chi can CRLB mot
nguon 1a hang s6 déi v6i moi géc dén hay tuong duong Margin-CRB tién t6i 0.
Tuy nhién, trong trudng hop nay, chiing ta mong muén 16i wéc lugng cang nhé
cang tot nén xét them Average-CRB nho nhat cé the.

Xét Ad = (0;2], K = 1000, SNR= 20dB, hinh 2.12(a) va 2.12(b) tuong tng
bieu dién Average-CRB va Margin-CRB ctia Asym-AWPC theo Ad. Ching ta
thay ring trung binh ctia CRLB (C) gidm khi Ad ting hay néi cach khac Ad cang
16n, do chinh xac uéc lugng trung binh cang cao. € tang manh trong khoang
(0; 1,4] va hoi tu khi Ad rat 16n. Trong khi d6, gia tri thang giang cia CRLB (e¢)
14 hing s6 trong khodng Ad = (0;0,6] va thay déi dang ké ngoai khodng nay.

Viéc xac dinh gia tri Ad dé Asym-AWPC c6 tinh chat ctia mang vo huéng
chti yéu phu thuoc vao gia tri ee. Tuy nhién diéu nay ciing phai can nhic sao
cho sai s6 uéc lugng trung binh € ciing nhu kich thuéc clia mang khong qué 16n.
Gia tri t6t nhat c6 thé trong khoang khao sat dé 1a Ad = 0,6.
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2.4.4. Ngudng phan giai

Trong truong hop SNR=0dB, K = 1, mdi quan hé gitta nguéng phan giai
théng ke SRL va do bat déi xitng clia cau tric Asym-AWPC (Ad) duge bicu
dién trén hinh 2.13. SRL gidm dong nghia v6i kha nang phan gidi tang khi Ad
cang 16n. Tuy nhién, khi Ad trong khoang [0, 5; 1] thi SRL trd nén bao hoa & gia
tri 0,4.

2.4.5. Hiéu nang cuia hé théng

Trong s6 cic cau truc anten khong tam pha dé xuat, Asym-AWPC véi
Ad = 0,6 (dugc ky hiéu 1a Asym-AWPC-0.6) noi bat v6i cac dic tinh: kich
thu6c mang nhé gon, ddm bao tinh duy nhat clia vector dap ting mang trong
khong gian 360°, 1a mang v6 huéng, ngudng phan gidi thap, dong thai cé theé sit
dung cho ca truong hop s6 nguon tin hiéu 16n hon s6 phan tit anten. Véi nhiing
uu diém nay, Asym-AWPC-0.6 1 cau tric dugc lua chon dé so sanh hiéu nang
v6i UCA (1a mang anten ddm bao tinh duy nhat ctia vector dap ting mang trong
khong gian 360° va c¢6 dic tinh méng vo hudng).

Thong thuong, dé danh gia hiéu nang clia mot hé théng tim phuong vo
tuyén, ngudi ta st dung cong cu tinh 16i can trung binh binh phuong RMSE
nhu biéu dién trong cong thitc (2.21), dong thdi so sanh v6i higu nang ctia mot

hée thong khac trong ciing mot dieu kién so sanh.

D
1 .
RMSE = J = ;_1: (65 — 1)? (2.21)

v6i ¢; 1a goc thue ctia ngudn tin hicu dén, ¢; 1 goéc ude luong duge thuc hien
bdi hé tim phuong.

Trong phan nay, hiéu nang ctia hé théng tim phuong sit dung Asym-AWPC-
0.6 s& dugc so sanh véi mang UCA 4 phan tit (ky hieu 1a UCA-4e), vé cac mit

sau:

1. Trong truong hop s6 nguon tin hiéu can uéc lugng DOA 16n hon sé phan
tit anten (D =6, M = 4):
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- Kha ning uéc lugng huéng séng dén trong khong gian 360°.

2. Trong truong hop s6 nguon tin hiéu can uéc lugng DOA nhé hon s6 phan
tu anten (D =2, M = 4):

- Ldi u6c luong phu thuodce vao t¥ s6 SNR clia cac nguon tin hieu dén.

- Ldi u6c luong phu thude vao khodng cach goc ciia cac nguon tin hieu

dén.

- Ldéi w6c lugng phu thuoc vao s6 lan 1ay mau tin hiéu tai 16i vao clia

moi phan tit anten K.
2.4.6. Két qua mo phéng
Kich ban mé phong:

1. UCA-4e:

Hinh dang: Cac phan tit anten dugc sip xép cach déu nhau trén mot

duong tron.

z s 2 N N _ 1
Ban kinh ctua dudng tron: R = m)\.

S6 phan tt anten: 4.

Loai phan tit anten: Vo huéng.

Dic diém: Léi ra clia mdi phan tit anten duge ndi véi bo RF-IF.

2. Asym-AWPC-0.6:
- Hinh dang: Cac phan tit anten dugc sap xép nhu trén hinh 1.11 véi
cac tham s6 (dy = dy = \/4,d3 = V/3\/4, dy = V/3X\/4 +0,6)).
- S6 phan tit anten: 4.
- Loai phan tt anten: Vo huéng.

- Dic trung noi bat: Léi ra ctia mdi phan ti anten dugc ndi véi mot bo
quay pha c6 gia tri nhu & phan 1.5 vd duge cong véi nhau. Sau do 16i
ra bo cong duge ndi véi bo RF-IF nhu trong so do khéi hinh 1.9. Nhu
vay 4 phan tif anten vo huéng nay tuong duong v6i mot phan tit anten
c6 gian do bién do va pha nhu cong thie (1.39) va (1.40).
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- S6 lan quay gian do biic xa ciia hé anten: 17-1.

- Do 16n bude quay gidn do biic xa ciia hé anten: %.

3. Nguon tin hiéu dén:

- S6 nguon: 6 trong trudng hop sé nguon tin hiéu can ude lugng DOA
16n hon s6 phan tit anten, va 2 trong truong hop s6 nguon tin hiéu can
u6c luong DOA nho hon s6 phan tit anten.

- Ty s6 SNR thong thuong ctia méi nguon: 20dB.

- Goéc phuong vi dén: (—120°, —80°, —10°,0°,40°,55°) trong trudng hop
s6 nguon tin hiéu can uéc lugng DOA 16n hon s6 phan tit anten, va
(—10°,40°) trong truong hgp s6 nguon tin hiéu can udc lugng DOA
nho hon s6 phan tit anten.

- S6 mau tin hieu thu thap thong thuong tai moéi phan ti anten: K =
1000.

Két qua mé phong:

Hinh 2.14, 2.15, 2.16 v&a 2.17 lan lugt biéu dién hiéu ning ctia hé tim phuong
trong titng truong hop cu thé véi cac duong lién nét (hodc danh dau o) biéu dién
hi¢u nang ctia hé thong st dung Asym-AWPC va dudng dit nét (hoac danh dau
+) biéu dién hiéu nang ctia hé thong sit dung UCA-4e.

1. Pho khong gian MUSIC

Phd khong gian MUSIC ctia hé tim phuong st dung Asym-AWPC-0.6 va
UCA-4e dugc biéu dién trén hinh 2.14. Cac duong thing ddt nét ing véi
cic goc thuc clia cdc nguon tin hiéu dén. Gid st s6 nguon tin hieu dén
duge uée lugng chinh xac D = 6. Nhu vay, cing trong diéu kién chi c6 4
phan ti anten vo huéng, Asym-AWPC-0.6 c6 thé uéc lugng chinh xéc 6
nguon tin hiéu dén nidm phan b trong khodng (—180°;180°), trong khi d6
UCA-4e thi khong thé. Diéu nay 14 do déi véi Asym-AWPC-0.6, hang ciia
ma tran tuong quan trong khong gian duge md rong thanh 17 do st dung
phuong phap quay gidn do bitc xa trong khi thu thap dit lieu. Trong khi
d6 déi v6i UCA-4e, gia tri nay chi 1a 4. Theo thuat toan MUSIC trong
phan 1.4.2, UCA-4e chic chan khong thé uée luong duge goc dén ciia cac
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Hinh 2.14: Pho khong gian MUSIC ctia hé tim phuong diing Asym-AWPC va UCA-4e.

nguon tin hiéu khi s6 nguon tin hiéu dén D = 6 > M = 4 nhu bi¢u dién béi
duong dit nét UCA-4e-6s. Tuy nhién, trong truong hop gia thiét s6 nguon
tin hieu duge udc luong sai ma dan dén D < M — 1, trong mo phéng chon
D = 3, sé van c¢6 thé hién thi dugc cac dinh phé nhung két qua khong ding
(duong cham-gach UCA-4e-3s). Diéu nay 1a do viec uée lugng sai s6 nguon
tin hiéu sé dan dén viéc Ira chon sai cac vecto riéng trong khong gian con

tap am.

2. Hiéu nang clia he thong

Phan nay thyc hién viéc xem xét hiéu nang ctia hé thong theo SNR, nguéng
phan gidi géc va s6 mau tin hiéu thu thap K cho ca hai he thong Asym-
AWPC-0.6 va UCA-4e vé6i chi 2 nguon tin hieu dén. Ldi udc luong duge
tinh trung binh trén 100 lan thi.

Dit Kycae 12 s6 mau thu thap bdi moéi phan tit trong mang UCA-4e,
Kasym Awpc-06 1a s6 mau thu thap béi mdi phan tit 4o tao bdi Asym-
AWPC-0.6 (s6 phan tit 40 tao bdi Asym-AWPC-0.6 dugc chon 14 17). Dé
tong s6 mau sit dung mang UCA-4e bing tong s6 mau sit dung cho Asym-
AWPC-0.6, thi Kycade = 4,25KAsymAawpPc06. S0 mau K trong cic mo
phong duge dinh nghia béi K = Kyca-ge-
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Hinh 2.15: Hiéu nang ctia he thong theo SNR véi K = 1000, DOA = [—10°,40°].
Hiéu nang ctia hé thong duge xét chi tiét nhu sau:

- Theo SNR: hinh 2.15 bi¢u dién hiéu nang ctia hai hé théng theo tj s6
SNR. Khi SNR t#ng, hiéu nang ctia ca hai hé théng tang. Dén khi SNR
16n hon 10dB thi 16i goc uée lugng clia ca hai hé thong déu bang 0.
Trong khi d6, trong viing SNR thap, nh6 hon 10dB, hiéu niang ctia he
stt dung Asym-AWPC-0.6 t6 ra vugt troi hon han he stt dung UCA-4e.

- Theo khodng cdch géc: Ngudng phan giai goc thuce chat 14 khodng cach
goc gitta hai ngudn tin hiéu dén ma hé théng con cé thé ude luong
dugc chinh xac. Hinh 2.16 biéu dién hiéu ning clia cd hai hé théng
theo khoang cach goc ciia hai nguon tin hiéu dén. V6i hé théng si
dung Asym-AWPC-0.6, vin c6 thé uéc lugng chinh xac géc dén ngay
cé khi khodng céch gitta hai goc chi 1a 0,6°. Trong khi do6, véi he thong
UCA-4e, khi cédc gboc cach nhau 5°, 16i udc lugng van con kha 16n.
Tuy nhién, 16i nay c6 thé duge cai thién néu s6 phan tit trong UCA
dugc tang lén, nghia 1a s6 phan tit anten trong dan UCA phéi 16n hon
nhiéu s6 nguon tin hiéu dén can udc luong, diéu nay dong nghia véi

kich thudc hé thong tang len.

- Theo s6 mau tin hiéu thu thdp K: Theo 1y thuyét, hiéu nang ctia hé
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Hinh 2.17: Hi¢u nang ctia he théng theo s6 mau thu thap K (bat dau tu 17) véi

SNR = 20dB, DOA = [—10°, 40°).
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thong dugc cai thién khi s6 mau tin hieu cang 16n. Két qua mo phong
d6i v6i ca hai hé thong déu cho két qua phu hop véi Iy thuyét. Tuy
nhién, nhu trén hinh 2.17, hé théng st dung Asym-AWPC-0.6 c6 thé
u6c lugng dang ngay cd khi s6 mau tin hieu 1a kha nhé trong khi he
thong UCA-4e can nhiéu hon it nhat gap 10 lan. Nhu vay hé thong
dung Asym-AWPC-0.6 sé giup giam thoi gian thyce thi thuat toan wée
lugng DOA so v6i hé dung UCA-4e.

2.5. Két luan chuong 2

Noi dung noi bat ctia chuong la nghien ctu va dé xudt mot s6 cau hinh
anten dung cho hé tim phuong nhiéu nguon tin hiéu véi sé6 phan tit anten it hon
s6 nguon tin hiéu dén, bao gom Sym-AWPC, SymII-AWPC-UCA, va Asym-
AWPC. Trudc tién, cdc cau hinh nay déu duge tap trung xem xét dé giai quyét
van dé dam bao tinh duy nhat ctia vector dap ting mang trong khong gian hoat
dong. Két qua 13 Sym-AWPC c6 khong gian hoat dong 90° néu d; = dp va 180°
néu dy # dy; SymII-AWPC-UCA va Asym-AWPC c6 viing hoat dong 360°. Trong
cac cau hinh c6 viing hoat dong 360°, Asym-AWPC 1a loai c6 kich thuéc nhd
gon v6i chi 4 dipole. V6i do bat ddi xting Ad ciia Asym-AWPC bang 0,6, anten
dam bao kich thuéc di nhd, téi thiéu anh hudng ctia ghép tuong hd gitta cac
phan ti, 13 mang vo hudng, va 16i uwéc lugng clia hai géc dén gan nhau nho.
Hiéu nang cia Asym-AWPC-0.6 cling duge so sanh v6i UCA (méng c¢6 dic tinh
vo huéng, vector dap ting mang khong phu thuoc tuyén tinh trong khong gian
360° va la méang hién duge st dung nhiéu trong thuc té [48]). V6i cling s6 phan
ti anten vat 1y bang 4, hé st dung Asym-AWPC-0.6 cho két qua tét hon so véi
hé dung UCA-4e vé cac miat: SNR thap, 161 u6c lugng khi hai géc dén gan nhau
nho hon, va s6 mau tin hiéu thu thap tai moéi phan t anten can thiét ciing nhé
hon. Cac noi dung trinh bay trong chuong dude cong bé trong cac cong trinh tir

1-5 cua tac gia.
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Chuong 3

HE TIM PHUONG SU DUNG ASYM-AWPC TRONG MOI
TRUONG CAC NGUON TiN HIEU TUGNG QUAN

3.1. Gi6i thieu

Asym-AWPC-0.6 14 cau tric anten duge dé xuat két hop véi thuat toan
MUSIC nh&m tao ra hé vo tuyén tim phuong do phan giai cao, s6 nguon tin
hieu uéc lugng c6 thé 16n hon sé phan tit anten, va hoat dong trong khong gian
360° (trong chuong nay duge goi 1a he Asym-AWPC-MUSIC). Tuy nhién, véi
han ché ctia thuat toan MUSIC, Asym-AWPC-MUSIC chi dat chat luong tot
nhat khi cac nguon séng dén khong tuong quan. Trén thuyc té, moi trudng vo
tuyén la moi truong phiic tap véi cac thanh phan da duong (ba co ché truyén
dan chinh trong moi truong vo tuyén do6 la: phan xa, nhiéu xa, va tan xa dudc
dinh nghia chi tiét trong [34]). Céc thanh phan da duong nay thuc chat 1a cac
phién ban tré va/hoic suy gidm ctia tin hiéu goc, trong luan an duge goi 1a cac
tin hiéu tuong quan. Mitc do tuong quan gitta cac tin hieu duge biéu dién thong
qua hé s6 bien do (trong khoang (0;1]) va hé s6 lech pha gitta tin hiéu phién ban
va tin hieu goc, tuong tng vdéi hé so6 tuong quan bién do va hé s6 tuong quan
pha [8].

Déi véi cac thuat toan dua trén viec khai trién rieng ma tran tuong quan
khong gian 16i vao nhu MUSIC, cac tin hieu da duong sé lam giam hang cta
ma tran tir d6 lam giam hiéu nang udc lugng DOA ciia he thong. Asym-AWPC-
MUSIC khong nam ngoai quy luat nay.

Dé c6 thé khoi phuc lai hang ctia ma tran déi véi he thong wée lugng DOA
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stt dung MUSIC trong moi truong da duong, mot s6 ki thuat tien xi 1y nhu
FBA, SS, FBSS [43]...dugc ap dung. Tuy nhién, cdc phuong phap nay chi dung
trong trudng hop s6 nguon tin hi¢u can uée lugng nhé [43], mang anten c¢6 cau
tric dich hodc doi xtng tam, va dac biét 1a lam gidm hiéu suat géc mé clia
mang [13][22](25][42].

Mot phuong phap khéc cé theé sit dung dé cai thién hiéu nang ctia hé théng
Asym-AWPC-MUSIC trong moi truong da duong ma khong lam gidm hiéu suat
géc md clia mang 1a ding céc thuat toan uée luong khong dua trén khai trien
rieng ma tran tuong quan tin hiéu 16i vao, cu thé 1A DML, SML, WSF [25],
nhung céc thuat toan nay it khi dude diing trong thuc té do c6 do tinh toan rat
phtic tap [22], dac biet khi s6 nguon tin hi¢u wdc lugng 16n nén khong phai la
dé6i tuong dude xem xét trong luan an.

Trong nhitng nam gan day, thuat toan nén mau CS nhan dugc nhiéu sy
chi ¥ trong xit 1y tin higu [7] v6i cac ting dung nhu phuc hoi va xay dung lai
anh, chon cau hinh trong hoc may, tao anh radar,... [16]. Thuat toan nay cho
phép thu thap va xay dung lai tin hiéu thua tit mot s6 mau it hon dinh Iy 14y
mau Nyquist-Shannon [7][17][20][53]. Ddi véi ude lugng DOA, duge coi 1a mot
dang tin hiéu thua vé mat goc, CS c6 kha niang udc lugng DOA véi s6 mau
nhé [60][66] va trong moi truong cac nguon tin hiéu tuong quan [66]. So véi cac
thuat toan siéu phan giai (MUSIC, ML), CS dam béo kha nang siéu phan giai
nhung khong can phai uéc lugng ma tran hiep phuong sai nhiéu [60].

V6i muc dich nang cao hiéu nang ctia hé tim phuong st dung Asym-AWPC
trong moi trudng cac nguon tin hiéu tuong quan, chuong nay sé thyc hién cac

noi dung sau:

- Khao sat anh hudng ctia moi trudng cidc nguon tin hiéu tuong quan lén

pho khong gian ctia Asym-AWPC-MUSIC.

- V6i cac dac tinh wu viet ctia CS, dé xuat st dung CS thay cho thuat toan
MUSIC cuia trong hé tim phuong st dung Asym-AWPC.
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Hinh 3.1: Pho khong gian MUSIC ciia hé tim phuong sit dung Asym-AWPC-0.6 trong

mot s6 trudng hop clia moéi trudng cac nguon tin hiéu tuong quan.

3.2. Hé tim phuong Asym-AWPC-MUSIC

Phan nay sé xét anh hudng clia moi truong cac nguon tin hiéu tuong quan
len pho khong gian MUSIC st dung anten Asym-AWPC-0.6 thong qua kich ban
mo phong sau:

Xét mit phéng phuong vi gdm 6 ngudn tin hieu dén Asym-AWPC-0.6 tai
cac goc (—60°, —40°, —20°, 20°, 40°, 60°) v6i SNR clia méi nguon bang nhau va
bang 20dB. S6 mau thu thap K = 10. Cac nguon tin hiéu dugc sap xép theo 3

kich ban sau:

- Kich ban 1: tat ¢4 6 nguon tin hieu dén khong tuong quan véi nhau (cac

nguon tin higu doc 1ap v6i nhau).

- Kich ban 2: 2 nguon tin hiéu dén tai géc —20° va 40° tuong quan v6i nhau
(nguon tin hiéu tai goéc dén 40° 14 phién ban tré clia nguon tin hiéu tai
—20° vé6i he s6 tuong quan bien do bang 1, hé s6 tuong quan pha bang 1°),

4 nguon dén con lai khong tuong quan.

- Kich ban 3: 2 nguon tin hiéu dén tai goc —20° va 40° giéng nhau, 4 nguon

con lai khong tuong quan.
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Hinh 3.2: Gia tri cac dinh pho ctia tin hiéu theo hé s6 tuong quan.

72



Phé khong gian ctia Asym-AWPC-MUSIC trong moi trusng da dusng dudc
biéu dién trén hinh 3.1 v6i dudng lién nét, duong diat nét, va dudng cham gach
tuong tng vdi cac kich ban mo phéng 1, 2, va 3. Ching ta nhan thay rang, cic
dinh pho ting véi cic ngudn tuong quan bi suy gidm (kich ban 2) hodc tham chi
bién mat (kich ban 3) trong truong hgp céc nguon giong nhau, trong khi céc
ngudn khong tuong quan con lai thi khong (kich ban 1). Dé r6 hon, chiing ta
biéu dién do cao ciia cac dinh phdé MUSIC phu thuoc vao hé s6 tuong quan bién
do va he s6 tuong quan pha tuong ting trén hinh 3.2(a) va 3.2(b).

Trong truong hop nguon tin hiéu dén tai géc 40° chi chiu anh hudng cia
he s6 tuong quan bien do (hé s6 tuong quan pha bang 0°), hinh 3.2(a): 4 gia tri
dinh pho tng v6i 4 nguon khong tuong quan (—60°, —40°,20°,60°) luon 16n va 6n
dinh trong khi 2 dinh ting véi 2 nguon tuong quan con lai (—20°,40°) gidm nhe
trong khoang 0,1 dén 0,9 va gidm dot ngot trong khoang tit 0,9 dén 1.

Trong truong hop nguon tin hieu dén tai goc 40° chi chiu &nh hudng ctia he
s6 tuong quan pha (hé s6 tuong quan bién do bang 1), hinh 3.2(b): bén dinh phd
khong tuong quan (—60°, —40°,20°,60°) luon 1én va 6n dinh trong toan pham vi
khao sat trong khi d6 hai dinh tuong quan con lai (—20°,40°) giam manh khi hé
s6 tuong quan pha tién gan dén 0° va 360°.

Nhu vay, ching ta c6 thé két luan riing hiéu nang ctia he Asym-AWPC-
MUSIC gidm khi hoat dong trong moi truong cdc nguon tin hiéu tuong quan
va tham chi khong thé hoat dong dugc néu cac nguon tin hieu dén gidng nhau

hoan toan (hé s6 tuong quan bien do bang 1, hé sd tuong quan pha bang 0°).

3.3. Hé tim phuong Asym-AWPC-CS

3.3.1. Mo hinh di licu

Xét kich ban nhu trong phan 3.2. Dit Oscan = (61,...,6p,...) 12 tap hop
cac goc VOi Dyeqn 12 tong s6 cac goéc ching ta mudn quét, 8 € Osean (0sean dudc
biét trude). St dung Asym-AWPC-0.6, ching ta dinh nghia ma tran quét goc
6 kich thude M x D 13 A(Oscan) = [a(¢1),a(d2),...,a(¢p.... )] (biét trude), véi
M 13 sb mau khong gian (chinh 1a s6 budc quay anten Asym-AWPC-0.6 cong
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1).
Ching ta cting dinh nghia Dgeqp, x 1 1 vector thua (mot s6 it caAc phan ti
khong bang 0, phan 16n cac phan tit con lai bang 0):

2(t) = [21(t), 22(1), ., 2D, (1) (3.1)

v6i D 1a cac he s6 khong bang 0, z(t) = s(t) tai cac vi tri ting v6i D nguon, va
cac he s6 0 tng v6i Dgeqn — D vi tri con lai. Do d6, mo hinh dit ligu (1.27) dugc
viét lai thanh:

x(t) = A(Osean)z(t) + n(t) (3.2)

Nhan thiy rang gia tri clia x(t) trong phuong trinh (3.2) ciing gidéng nhu
gia tri cua x(¢) trong phuong trinh (1.27).

Gia sit dit liéu sau khi khoi phuc la z (phuong phap khoi phuc di ligu duge
trinh bay & phan 3.3.3), pho khong gian ctia thuat toan CS duge biéu dién baéi
[69]:

1 K
Pes(9i) = = > ek), (3.3)
k=1

voii=1,..., Dscan-

Nhu vay, van dé uéc lugng DOA sit dung thuat toan CS da chuyén thanh
van dé udc lugng nang lugng tng véi cac goc dude quét [16]. Mo hinh dit ligu
ctia thuat toan CS duge biéu dién tuong minh trén hinh 3.3(a).

Van dé co ban ctia thuat toan nén mau CS chinh 1a khoi phuc lai dit licu
tit s6 mau thu thap nhé hon kich thuée dit lieu hay néi cach khac 1a gidi he
phuong trinh vé6i s6 phuong trinh nhé hon s6 an. He phuong trinh loai nay c6
vo 86 nghieém va c6 thé gidi duge néu théa man cac diéu kién sau (ciing la dicu

kien dé ap dung CS) [54]:

- Dit lieu phai du thua (s6 phan ti khac 0 trong vector dit lieu can khoi
phuc z nhé hon ho#ic bang kich thudc ctia vector dit lieu thu thap x).
Day ciing chinh 1 gi6i han trén theo ly thuyét vé s6 nguon tin hiéu ma

Asym-AWPC-CS c¢6 kha nang wéc lugng duge.

- Ma tran do A 6n dinh theo nghia thong tin "ndi bat" trong z khong bi lam
hong bdi viee gidm s6 chiéu (duge thyc hien bdi ma tran A).
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Dir liéudo (x) Ma tran chira cac vector lai  Dir liéu thua (z)
cua khong gian quét (A)

s

(a) V6i ma tran do c6 phan bé ngau nhien

P

O TTTTITITT]

o o Ma tran chira cac vector lai
Dir liéu sau bién d6i (y) Ma tran bién d6i (B) cua khong gian quét (A) Dii

B

p—

iéu thua (z)

OO TTTTIE T T )«

Dir liéu do (x)
(b) Ap dung v6i méang ULA, UCA

Hinh 3.3: Mo hinh di ligu cia thuat toan CS: (a) véi ma tran do c6 phan bo ngau
nhién va (b) 4p dung véi mang ULA, UCA [54].
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Khi d6, viec giai hé phuong trinh trong CS sé chuyén sang van dé t6i uu
héa nhu phan tich trong phan 3.3.3.

3.3.2. Dac tinh ctia ma tran do dudc tao béi Asym-AWPC
Xét dieu kien dé ap dung ly thuyét CS vao uéc lugng DOA, chiing ta cé:

- Dt lieéu du thua: ludon dam bao do ban than vector DOA z ludn la vector

thua trong khong gian.

- Matran do A 6n dinh: tuong duong véi viec thda man diéu kien RIP [60][54],
diéu kien dé ma tran gan truc giao. Trén thuec té, rat kho dé xay dung duge
ma tran A théa man RIP do viéc tinh toan rat phic tap [54]. Tuy nhién,
néu nhu ma tran do A 1a ma tran ngau nhién (cac phan tit trong ma tran
doc lap, ¢6 phan b6 Gauss, Bernoulli,...[69]) va M = O(Dlog 2) < Dy [54]
thi dit lieu thua van c¢6 thé khoi phuc duge.

Dic tinh thong ké clia ma tran do tao bdi mang Asym-AWPC-0.6 va mang
UCA dugc so sanh mot cach tuwong déi so vdéi ma tran do tao bdi phan bo Gauss
bang cach quan sat hinh 3.4. Trong do, cac hinh bén trai biéu dién gia tri ciia cac
phan t1t trong tri tuyét ddi cia ma tran (c6 kich thude 17 x 360) dudi dang hinh
anh (SDDI) hay mau sic, va cAc hinh bén phai biéu dién thong ké dudi dang
phan b6 dit lieu sé (HIS) cia mot hang duge chon ngdu nhién trong ma tran
(hang 12). C4 hai cach théng ke cho phép quan sat dac tinh thong ke clia ma
tran do mot cach dé dang. Cac két qua chi ra ring khong c6 su thay doi vé gia
tri trong hang duge chon doi véi thiét ké mang UCA (hinh 3.4(e) va hinh 3.4(f)).
Diéu nay giai thich tai sao chiing ta khong thé ap dung CS déi véi dit lieu thu
thap truc tiép tit mang UCA, van dé xdy ra tuong tu d6i véi mang ULA [60].
Ngugce lai, ma tran do tao bdi Asym-AWPC (hinh 3.4(c) va hinh 3.4(d)) cé dac
tinh gan giong phan bb ngau nhién (phdan b6 chuan) (hinh 3.4(a) va hinh 3.4(b))
nén co thé dp dung truc tiép CS. Nhu vay, hé tim phuong trong moi trudng cac
nguon tin hiéu tuwong quan khi két hop anten Asym-AWPC va thuat toin CS sé

¢6 nhitng thuan lgi sau:

1. Viéc thuat toan CS c6 thé ap dung lén dit lieu thu thap truec tiép tit Asym-
AWPC sé lam giam do phiic tap phan ciing do khi ap dung CS ddi véi cac
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hé tim phuong st dung mang ULA, UCA, mo hinh dit liéu thay déi nhu
biéu dién trén hinh 3.3(b). Dit liéu x sau khi dugc thu thap bdi mang anten
phai dugc bién doi bdi ma tran bién déi B (1a ma tran ngau nhién) dé trd
thanh y = Bx = BAz mdi du diéu kien dé ap dung CS. Phuong phap nay
duge mo ta trong [21][54][69].

2. Ngoai viéc c6 thé tao ra ma tran do c6 dic tinh ngdu nhien thi Asym-
AWPC con c6 kha nang gidi quyét van dé kich thuéc méng 16n khi ap
dung CS. Theo 1y thuyét, xét mot vi du st dung CS cho hé tim phuong
t6i da 6 nguon tin hiéu, ching ta can mang anten v6i s6 phan tit it nhat 1a
M = O(6log 3%20) = O(11). Trong truong hgp mang la ULA, kich thuée cta
mang doi v6i he xac dinh DOA duya trén CS khoang 11A/2. Trong mot s6
cong trinh cong bo st dung CS v6i méang 14 ULA, s6 phan tit anten yéu cau
kha 16n, vi du: 20 phan tit dé udc lugng 6 nguodn tin hiéu [29], 8 phan ti
dé u6c lugng 2 nguon tin hieu [69], hodc 30 phan tit dé wde lugng 5 nguon
tin hiéu [66]. Trong khi d6, Asym-AWPC vdi chi 4 phan ti vit lj c6 thé

tao ra cdc phan ti¢ do ddp ting yéu cau cia CS.

3.3.3. Thuat toan khéi phuc: Binh phuong tdi thiéu cé diéu
chinh [,

Nhu da phan tich trong phan 3.3.1, viéc khoi phuc dit lieu thua trong thuat
toan CS dudc chuyén sang van dé toi wu héa, trong dé toi wu héa i1 nhu bieu
dién trong (3.4) thuong duge lya chon do ¢6 do chinh xac cao [7][16][53].

z = argmin||z||; v6i Az =x, (3.4)

trong d6 ||ull, = (3, |us|?)"/P duge ky higu 1a norm I, clia vector u.

Phuong trinh (3.4) cting dugce coi tuong duong nhu bai todn binh phuong
t6i thiéu co diéu chinh I; vd duge gidi bing mot s6 phuong phap chuan nhu cac
phuong phap lap diém [59]. V6i thuat toan binh phuong t6i thi¢u cé diéu chinh
l1, ching ta gidi van dé téi wu hoa dudi dang:

min | Az — x]|3 + &]|zl|: (3.5)
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voi ||zlly = 2 2], A € CM*Pscan 13 ma tran do, z € CPser 13 vector bién,

i—
x € CM 1a vector mau thu thap va ¢ > 0 la tham s6 diéu chinh [59].

Trong phan nay, phuong phap lip diéem Newton cut, duge chon dé giai
phuong trinh (3.5) do n6 ¢6 téc do hoi tu nhanh. Phuong phap nay dudgc mo ta
chi tiét trong [59]. Hiéu ning clia phuong phap nay phu thuoc vao he s6 dicu
chinh ¢ va he s6 lien két x. V6i mot ma tran do tly ¥, » dude dinh nghia bdi
38]:

a" (¢1)a(¢2)|

"= I Taton) [alGo)l| (3.6)

Phuong phép lap diém Newton cut sé hoi tu cham néu &€ qua nhé dng véi

viéc nghiém thu duge khong thyc sy thua (trong nhitng phan sau ¢ duge chon
bang 0,1) va x gan 1 [38].

3.3.4. Két qua mé phdng

Kich ban mo6 phéng dudc gitt nguyén nhu trong phan 3.2 nhung thém
truong hgp tat ca 6 nguon tin higu déu giéng nhau (kich ban 4).

Két qua mo phéng dude bicéu dién trén hinh 3.5 va hinh 3.6, trong dé
hinh 3.5(a), hinh 3.5(b), hinh 3.6(a), va hinh 3.6(b) tuong tng bié¢u dién kich
ban moé phéng 1, 2, 3, vi 4. Dudng dit nét biéu dién truong hop st dung thuat
toan CS trong khi d6 duong lién nét biéu dién thuat toan MUSIC.

V6i Asym-AWPC-MUSIC, 4 nguon khong tuong quan, cu theé 1a -60°, -40°,
20°, 60° ludn la cac dinh phd nhon trong tat ca céc kich ban; trong khi dé 2
nguon tuong quan con lai, cu thé 1a —20°,40° phu thuoc vao hé s6 tuong quan
dudi dang tuong quan bién do va tuong quan pha. Trong tat ca cic hinh, cac
dudng thang ditt nét biéu dién cac DOA thuc.

Trong hinh 3.5(a), hinh 3.5(b), v& hinh 3.6(a), ching ta cling thay rang cac
dinh phd ctia Asym-AWPC-MUSIC nhon hon so véi cac dinh pho trong Asym-
AWPC-CS. Phuong phép nay du doan rang do phan gidi cia Asym-AWPC-
MUSIC cao hon Asym-AWPC-CS.

Mac du vay, Asym-AWPC-CS luon udc lugng chinh xac DOA ciia 6 nguon
tin hieu dén trong tat ca cac truong hop clia moi trusng vo tuyén ké ca khi cac

nguon tin hieu giéng nhau hoan toan trong khi d6 Asym-AWPC-MUSIC chi lam
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,(do) $,d0} 6,(do) 0,id0)

(a) Ad = 0,6 (b) Ad=1,5

Hinh 3.7: ACF tao bdi Asym-AWPC véi: (a) Ad =0,6; (b) Ad=1,5.

viéc tot nhat trong moi truong khong tuong quan. Day chinh 1a 1y do Asym-
AWPC-CS 1a phuong phap hita hen cho hé tim phuong vo tuyén lam viéc trong
moi truong da duong. Tuy nhién, Asym-AWPC-CS can phai dugc cai thién ve
do phan giai.

3.4. Cai thién do phan giai ctia Asym-AWPC-CS

3.4.1. Danh gia d6 phan giai

Khi quan sat phd khong gian dudc tao béi hé Asym-AWPC-CS trong
phan 3.3.4, chiing ta thay ring do sau phan cach gitta cac dinh phd chua l6n,
diéu nay dy bao vé kha nang phan gidi ctia hé Asym-AWPC-CS chua t6t. Phan
nay sé thiyc hién viéc cai thien do phan giai clia hé théng dya trén viéc dieu
chinh do bat déi xiing ctia Asym-AWPC.

Nhu da trinh bay trong phan 3.3.3, hiéu ning ciia viéc gidi van dé toi uu
héa phu thuoc vao hé so lien két . Néu hiéu nang gidi khong tot sé tao ra nhicu
gia tri khac 0 khong mong mudn trong vector thua (cac gia tri nay cang nho
cang tot).

Trong trudng hop tong quat (dimg véi moi tng dung), he s6 lien két clia
ma tran do dugc biéu dién bdi phuong trinh (3.6). Ham ndm trong phuong trinh
nay c6 quan hé véi cong thiic tinh ACF dugc dinh nghia béi (A.1). Nhu bicu
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Hinh 3.8: He s6 lien két trong khoang [—175°,175°] v6i € = 5°.

dién trén hinh 3.7, ACF véi Ad = 0,6 va Ad = 1,5 luon nhé néu |¢; — ¢o| gan
0° hodic gan 360°, ting v6i ham trong phuong trinh (3.6) luon 16n trong khodng
nay. Diéu nay c6 nghia 1a hée s6 lién két ctia ma tran do trong uée lugng DOA
néu tinh theo phuong trinh (3.6) luon 16n va khong doi. Néi cach khéc, trong ap
dung CS cho ude lugng DOA, phuong trinh (3.6) bi d&nh huéng nhiéu bdi mot
phan nhé cac géc dén gan nhau ma khong phan anh duge hé s6 lien két clia ma
tran do ting v6i phan 16n cac goc con lai. Do d6, he so lien két trong udc luong
DOA dugc nghién citu sinh dé xuat déi thanh:

L 2 (@n)a(é)]
" loiaalze a(o) [a(@2)] (3.7)

Vv6i € 1a do phan giai clia he thong. Hinh 3.8 hién thi hé s6 lien két trong khoang
[—175°,175°] v6i € = 5° theo do bat dbi xing Ad ctia Asym-AWPC. Tai e = 5°, &
cang nho khi Ad cang tang.

3.4.2. Két qua moé phéng

Pho khong gian ciia Asym-AWPC-CS v6i Ad = 0,6 va Ad = 1,5 duge
biéu dién trén hinh 3.11 tuong ting véi dudng dit nét va lien nét. Hinh 3.9(a)
chi thi rdng do nhon ctia cac dinh pho tng véi Ad = 0,6 t6i hon déi véi
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Hinh 3.9: Pho khong gian chuan héa ciia hé tim phuong Asym-AWPC-CS véi Ad = 0,6
va Ad = 1, 5.

Ad = 1,5. Kha nang phan gidi dugc biéu dién trén hinh 3.9(b) véi cac goc
thuc (—60°, —40°, —20°,20°, 25°,60°). Hai goc dat gan nhau tai 20° va 25° c¢6 the
duge phan giai béi Ad = 1,5 ma khong duge phan giai béi Ad =0, 6.

3.5. Do phtc tap tinh toan cua Asym-AWPC-CS

Phan nay sé thuyc hién viéc so sanh do phic tap tinh toan clia Asym-
AWPC-CS so v6i Asym-AWPC-MUSIC dura trén viéc do thoi gian giai bai toan
ude lugng hudng song dén ctia hai hé (bd qua thoi gian thu thap di ligu va thoi
gian tinh gia tri clia cdc phan t1t trong ma tran vector dap tng mang). Khong
mat tinh tong quat va dé thuan tién trong so sanh, cac ngudn tin hieu duge xét

trong phan nay la cac nguon khong tuong quan.

3.5.1. Do phtc tap tinh toan

Asym-AWPC-CS 1a phuong phap udc lugng huéng séng dén c6 hiéu nang
t6 ra uu viet hon Asym-AWPC-MUSIC trong moi trudng cac nguon tin hiéu
tuong quan. Bén canh d6, Asym-AWPC-CS con 1a mot trong s6 cidc phuong
phap c6 thé hoat dong chi v6i s6 mau thu thap K = 1 trong khi Asym-AWPC-
MUSIC thi khong thé, nhu biéu dién trén hinh 3.10. Do phtc tap tinh toan clia
mot phép toan ude luong huéng séng dén phu thuoc chtt yéu vao phuong phap
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Hinh 3.10: Pho khong gian chuan hoéa ctia Asym-AWPC-MUSIC va Asym-AWPC-CS

trong trudng hop cac nguon tin hieu khong tuong quan va sé mau K=1.

gidi. D61 v6i he Asym-AWPC-MUSIC vé6i thuat toan tim phuong 1a MUSIC,
duge mo ta chi tiét trong phan 1.4.2 thi do phic tap tinh toan nidm chi yéu
& phan tinh ma tran hiép phuong sai khong gian, khai trién rieng ma tran, va
tinh phd khong gian (cac phép tinh nay duge tinh mot lan dit cho s6 mau thu
thap 16n hay nhé). Trong khi d6, he Asym-AWPC-CS duya trén thuat toan CS,
duge mo ta chi tiét trong phan 3.3.1, ¢c6 do phiic tap tinh toan tap trung vao
phuong phap giai bai toan nghiem thua va két qua phd khong gian dude tinh
trung binh theo s6 mau thu thap. Tit phan tich 1y thuyét c6 thé thay ring so
v6i hé Asym-AWPC-CS, thoi gian tinh ctia hé Asym-AWPC-MUSIC sé it phu

thuoc vao sé mau hon.

3.5.2. Két qua mé phéng

Két qua mo phéng ciia ca hai he Asym-AWPC-CS va Asym-AWPC-MUSIC

duoc thiyce hién trén may tinh ca nhan véi cau hinh:
- Chip: Intel® Core™ i5-2415M CPU 2.30GHz x 4

~ RAM: 3,8 GB
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Hinh 3.11: Thoi gian tinh ctia hé Asym-AWPC-MUSIC va Asym-AWPC-CS.

Hinh 3.11(a) va 3.11(b) tuong ting minh hoa thdi gian tinh ctia hé Asym-
AWPC-MUSIC va Asym-AWPC-CS (duge tinh trung binh trong 20 lan thi).
Nhu vay, dang nhu phan tich Iy thuyét trong phan 3.5.1, thoi gian tinh cta heé
Asym-AWPC-MUSIC hau nhu khong phu thuoc vao s6 mau va gia tri nay rat
nhé (phan tram cia giay); trong khi d6 he 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). Nhuge diém nay ciia hé Asym-AWPC-CS chi c6 thé duge
cai thien khi tim cach cai tién hon nita phuong phap gidi bai toan tim nghiém

thuwa. Van dé nay khong dudce dit ra trong luan an.

3.6. Két luan chuong 3

Chuong 3 nghién cttu vé viéc xac dinh DOA trong moi trudng cdc nguon
tin hiéu tuong quan véi dan anten c6 s6 phan tit nho, tham chi it hon sé nguon
tin hiéu. Diéu nay dudc thyc hién bang cach két hop cau tric Asym-AWPC véi
thuat toan CS. Két qua udc luong dat duge kha tot cho moi truong hgp ciia moi
truong vo tuyén trong khi néu stt dung thuat toan MUSIC thi hiéu niang sé gidm
hoiic khong thé thuc hien dudc tiy thudc vao mic do tuong quan ciia cAc nguon
tin hieu. Do phan giai trong pho khong gian ctia hé Asym-AWPC-CS c6 thé
dugc cai thien bang cach tang do bat doéi xing ctia anten Asym-AWPC tuong

ing v6i viec gidm heé so lien két clia ma tran do tao bdi anten nay. Bén canh
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nhing vu diém noi troi, van dé do phiic tap tinh toan ctia he Asym-AWPC-CS
ciing da dugc xem xét. Cac két qud nghién cttu ctia chuong nay phan 16n dude

cong boé trong cong trinh 6 va 7 clia tac gia.
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KET LUAN VA KIEN NGHI

Két luan cta luan an

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

Déi vdi van dé cdi tién cau tric anten khong tam pha, nghién citu sinh da
dé xuat cau tric anten Asym-AWPC nham giai quyét van dé lip lai pho khong
gian trong bai todn tim phuong sit dung MUSIC véi s6 nguon tin hiéu nhiéu
hon s6 phan tit anten. Viéc cai tien AWPC duge thuyc hién timg budc qua céc
cau tric Sym-AWPC, SymII-AWPC-UCA, va Asym-AWPC. Phuong phap cai
tién dua trén viéc tinh toan duong bao CRLB ciing nhu phan tich vector dap
ing mang clia mdi cau tric. Vi Sym-AWPC, cau tric chi gom 4 dipole nhung
viing khong gian hoat dong bi gigi han trong 90° néu la cau tric SymI-AWPC
va trong 180° néu la cau trac SymII-AWPC. Véi SymII-AWPC-UCA, cau tric
nhd gon nhat ciing bao gom 12 dipole (3 phan ti SymII-AWPC). Cang tang s6
phan tit SymII-AWPC, céc dinh phd khong mong mudn cang nhé. Tuy nhién,
v6i s6 phan tit SymII-AWPC 1én hon 8 thi cdc 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 thuée nhé gon dong thoi cé thé b qua dude ghép
tuong ho, do bat doi xing t6t nhat 1a Ad = 0,6. Day ciing 1a két qua dé dam
bado Asym-AWPC van 13 mang vo huéng. Lya chon gitta hai cau tric hoat dong
trong khong gian 360°, Asym-AWPC noéi troi hon SymII-AWPC-UCA do cau
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tric chi can 4 dipole trong khi d6 SymII-AWPC-UCA can it nhat 12 dipole.
Day chinh 13 1§ do Asym-AWPC dugc lira chon cho phan nghién ctu tiép theo
cua luan an.

Déi vdi van dé khai thdc nhimg wu diém cia Asym-AWPC cho hé tim
phuong so nguon tin hiéu nhiéu hon sé phan té anten trong moi trudong cdc
nguon tin hiéu tuong quan, truéc hét nghién cttu sinh khao sat anh hudéng ciia
moi truong cac nguon tin hiéu tuwong quan doéi véi he théong tim phuong Asym-
AWPC-MUSIC. Két qua nhan dugc la: trong pho khéng gian chuan hoa, cac
dinh pho tng véi DOA clia cidc nguodn tin hiéu tuong quan gidm manh khi hé s6
tuong quan bién do 16n hon 0,9 va hé s6 tuwong quan pha nhé hon 10°; cac dinh
nay bién mat khi céc tin hieu hoan toan gidong nhau (he s6 tuong quan bang 1).
Viéc tim kiém thuat toan tim phuong cho moi trudng cidc nguon tin hiéu tuong
quan mot cach toan dién da duge dat ra. Thuat toan CS duge lya chon do viéc
tinh toan khong phu thudc vao do tuong quan clia cac nguon tin hiéu dén. Nhuoc
diém ctia CS 1a s6 phan ti anten can thiét kha 16n va ma tran do dudc xay dung
tit anten phai 14 ma tran ngau nhién, khong phit hop véi cac mang pho bién nhu
ULA, UCA. Tuy nhien Asym-AWPC da gidi quyét van dé nay. Cac két qua da
chiing minh dugc kha nang hoat dong tot ctia he Asym-AWPC-CS trong moi
truong hgp clia moéi trudng cac nguon tin hiéu tuong quan. Hon nita, do phan
giai ctia hé thong Asym-AWPC-CS ciing dudc cai thien nho viec gidm heé s6 lien
két, itng v6i viec ting do bat ddi xing clia anten Asym-AWPC trong khodng
khéo sat (0;2]. Mot van dé can duge xem xét d6i véi he Asym-AWPC-CS do 1a
thoi gian tinh phu thuodc vao sé mau K. Tuy nhién, Asym-AWPC-CS van c6 thé
hoat dong t6t ngay ca khi s6 mau K = 1.

Nhu vay, ca hai van dé duge nghién citu trong luan an déu cé lién quan truyc
tiép dén viec phat trién cac hé thong tim phuong nhiéu ngudn tin hiéu véi kich
thuée nhé gon. Tit day, nghién citu sinh c6 thé két luan ring anten Asym-AWPC
duge dé xuat ciing véi thuat toan CS rat hitu ich cho linh viie tim phuong vo

tuyén.
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Nhitng kién nghi nghién citu tiép theo

1. Nghién cttu anh huéng ctia s6 lan quay anten Asym-AWPC lén két qua
pho khong gian ciia hé tim phuong Asym-AWPC-CS.

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

3. Xay dung hé théng phan cing dé kiém nghiém cac két qua mo phong.
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PHU LUC A. Céng thiic danh gia tinh duy nhéat ctia vector

dap ng mang

Phan nay cung cap cong cu kiém tra sy phu thuodc tuyén tinh hang 1 cia
vector dap tng mang, 14 hang c6 xac suat xuat hién 16n nhat. Viec kiém tra

dugce thuc hien qua cong thiic ACF duge biéu dién duéi day:

2" (¢1)a(gn)?
la(é1)[[2lla(2)|2 (A1)

Y(p1,¢2) =1 —

trong do .|| 1a ky hiéu ctia norm-2.
ACF la thudc do do phu thuoc tuyén tinh gitta hai vector dap ting mang,
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.
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PHU LUC B. Céng thiic tinh CRLB

Tinh vo huéng ctia mang duge danh gia thong qua CRLB mot nguon [24]
trong khi d6 ngudng phan gidi SRL duge danh gia béi CRLB hai nguon [57].
Phan nay sé trinh bay vé CRLB cho truong hop tong quét.

1. Pinh nghia:

Cramer Rao Lower Bound (CRLB) hay Cramer Rao Bound (CRB) dugc
dat tén dé tudng nhé Harald Cramér va Calyampudi Radhakrishna Rao.
CRLB biéu dién dudng bao thap vé phuong sai clia phép toan udc lugng
khong lech bat ky.
Maic dit ton tai mot s6 duong bao phuong sai khac nhu ciia McAulay va
Hofstetter (1971), Kendall va Stuart (1979), Seidman (1970), Ziv va Zakai
(1969), nhung CRLB van 1a dudng bao duge sit dung phd bién do kha niang
ap dung dé dang hon [56].
Quan heé gitta CRLB va phuong sai 16i uéc luong MSE dugc bieu dién nhu
sau:

MSE(9) =& {(é —0)(6— o)H} > CRLB(O) =J"Y6)  (B.1)

trong d6 6 1a vector chita céc tham sb can udc luong, 6 1a vector chia céc
tham s6 udc lugng, £{8} = 0 dugc goi la ude lugng khong lech, va J 1 ma
tran thong tin Fisher.
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2. Phan loai CRLB:
CRLB cho trusng hgp tong quat duge tinh béi:

CRLB(0)=J"1(0) = (—8 {%} ) B (B.2)

véi p(x,0) la ham mat do pho cong suat ctia dit lieu thu thap.

K
p(x,0) = [ [ p(x(k)),6) (B.3)
k=1

v6i gid thiét K mau lay theo thoi gian 1a doc lap théng ke.

Trong truong hgp vector dit lieu thu thap x gom M bién ngau nhién c6
phan bé Gauss phtic véi gia tri trung binh u,(6), hiep phuong sai Cy(8)
thi ham log-likelihood biéu dién bdi [26]:

K

Inp(x, 8) = —K Indet[Cx(0)] — S (x (k) — 1 (6))C5 (0)(x(k) — p1,(6))
k=1

—KMInm
(B.4)

Do gi4 thiét cdc mau theo thoi gian 14 doc lap thong ké nén chi can tinh
CRLB cho truong hgp dit lieu thu thap gom mot mau theo thoi gian. Két

quéd cudi cling sé duge nhan véi K mau. Khi d6, ham log-likelihood sé 1a:
Inp(x,8) = — Indet[rCx(6)] — (x" — 15! (8))C5 ' (8)(x — px(6))  (B.5)

va cac phan t trong ma tran Fisher duge tinh béi :

7y = traCe[C;l(e)ﬁ(;;eiwC’:l(g) 8%29)] + 2 Re[%ﬂc;l(a)ﬁlg—éj))]
(B.6)

Thong thuong CRLB dugc phan lam hai loai dya theo mo hinh da liéu
dugc gidi thieu trong phan 1.2. Trong d6 mo hinh xac dinh thuong duge
chon néu s6 mau K va sé nguon tin hiéu D 1a nhé, vA mo hinh ngau nhién
duge chon néu K va D 16n [70].

Khi d6, ciac phan tii trong ma tran Fisher ing v6i mdi mo hinh duge tinh

nhu sau:
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- M6 hinh xac dinh:

2
Jij peT = — Re|
O-TL

- M6 hinh ngau nhién:

Jij scH = trace[C;l (9)
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00;

0Cx(6)

00;
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PHU LUC C. Gian do bic xa ctia anten AWPC tong quat
(Cong thic 1.41 va 1.42)

Hinh C.12 biéu dién chi tiét hon hinh 1.11 vé hé anten khong tam pha tong
quat véi 4 chan td A, C, B va D dat cach goc do thi cac khodng dy, da, d3, va
dy; léch pha tuong ing ctia dong kich thich 1a ¢y, 19, 3, va ¢y; AC L BD.

Hé anten khong tam pha tong quat c6 gian do bien do G(¢) va gian do pha
®(¢) dugc cho trong cong thite (1.39) va (1.40) la:

G(9) = \/RH{B(9)} + $2{B(0)} (C.1)

(9) = £B(9) (C.2)

Trong trucng hgp pha ctia dong kich thich 1 = 0°, ¥ = 180°, 13 = 90°, va
Wby = 270° thi:

B(¢) =+ 1[cos(kd; sin ¢) — jsin(kd; sin ¢)]
[ )

— 1[cos(kdy sin ¢) + j sin(kdg sin ¢)

+

( (
( (
Jjlcos(kds cos ¢) + j sin(kdg cos ¢)]
— jlcos(kdy cos ) — j sin(kdy cos ¢)] (C.3)
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Nguén dén

Vs

Hinh C.12: He anten khong tam pha trong truong hop tong quét.

Do do,
— [sin(kd3 cos ¢) + sin(kdy cos ¢)]

—

R{B(¢)} = [cos(kd; sin ¢) — cos(kds sin ¢)

— —92gin {g(dl + dy) sin 4 sin | =(dy — dg) sin cb]

NN R

(ds — dy) cos ¢-

— 2sin {g(d;}, + dy) cos qb} cos
(C.4)

| + [cos(kd3 cos ¢) — cos(kdy cos ¢)]

=

{B(¢p)} = —[sin(kd; sin ¢) + sin(kda sin

= —2sin {g(dl + dy) sin gb} Cos E(dl — da) sin gb—

— 2sin {g(d;}, + dy) cos qb} sin |:g(d3 — dy) cos (b}
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PHU LUC D. Tinh dudng bao thip CRLB moét nguén trong
trudng hgp mé hinh ngau nhién (Cong thic 2.7)

CRLB trong truong hop tong quat duge tinh baéi:

CRLB(0) =J1(0) = {—8 l%} }1 (D.1)

V6i K mau thu thap thi:

CRLB(6) = %J—l(e) (D.2)

Trong truong hop mo hinh gom 1 nguon tin hieu dén va dit lieu thu thap c6
phan b6 Gauss trung binh bang 0 thi: 8 = ¢, x(¢) = a(¢)s(t) + n(¢) va Cx = Rx.
Ma tran Fisher J tré thanh:

T = trace [R5 0) R ) ) (D3)
trong d6
Rx(¢) =a(¢)Rsa (¢) + onl
a3 [a(0 % o (6) + 1 (D.4)
—o2 [a(gb)S;lVRaH (6) + I}
nén
PRl — v | P20 (g) + a2 )] (.5)
Ky hicu a(¢) = a, %5 = a, Rx(¢) = Ry, va T51? = Ry Tit (D.3) va



(D.5), ching ta co:
Jpg = trace (R;lRXR,:le)
—trace | SNR (Ry'aa” + Ry'aa'l) SN (Ry'aal + Ry'aal’ ) |
— SN R trace {(R;laaHf +2 (R'aa) (R'aal) + (R;laaHﬂ
=SNR? {trace {(R;laaH> 2} + 2trace [(R;laaH) (R;laaH)] + trace {(R;laaH) 2} }
N R {(aHRX1a>2 49 (aHR;13> (aHRgla) n (aHRxla)z]
(D.6)
Xét cong thie tinh ma tran nghich déo:

(A+BCD) !=A"1-_A'B(C!+DA'B)")DA! (D.7)

Xét Ry dugc viét lai dudi dang Ry = o2 (I+aSNRall)

n

Ap dung (D.7) dé tinh R;! v6i A =1, B=a, C = SNR, va D = a” chiing

ta co:
Rl =02 [1—1 _Ila (SNR—l v aHI_1a> - aHI]
—? [I ~Ta(SNR™ +al'Ta) Talt I] (D.8)
H
=on’ (I - SNR?? +all a)
Gia thiét phuong sai nhiéu 02 =1 thi Ry! =1 Wia},a.

Xét thanh phan a’ R 'a ta co:

Hp -1 H aal’ .
N S e Y
H, H:
:aHél— aaa " a (Dg)
SNR-! 4 alla

—(1- 2 ala
SNR~1 + |a|?
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Xét thanh phan a’Ry'a ta co:

do afla = (a a

H
Hro—1- CH aa .
- I—
ARy a=a ( SNR—1+aHa)a
.l allaal’a
B SNR-1 +ala
:’3’2 _ ’aHa|2
SNR=1 +al?

H.)H.

Xét thanh phan (afRg'a) ta co:

H

Hp-1_.\ _.H (1 _ aa
(a Ry a) - (I SNR-T +alla

H

=a a—

~lal? -

Xét thanh phan a’Ry'a ta co:

H
alR la = (aHR;la)

o SNR2 [ all R a "o (aHR;1é1> <aHR;1a> + (aHRgla)z}

—SNR? {

2 [|a|2

(-

+

(D.10),

:<1_

(D. 11) a (D.12) vao (D.6), ta dugc:

ja?
- SNR1+|al?

la'al?

aH aaH a

SNR-1 +afa
jal*
SNR~1 + |a|?

)

2 jal!
SNR1 + |a|2] [|a| SNR~1 + |a|?

)a

\3\2 Ay
SNR~! +|al?

¥ )}
SNR~! + |al?
|a|? _SNR’1 + |al? — |a|?

 SNRT+[a2~  SNR !+ |af?
_ SNR™!
 SNR-1 + |a]?
B 1
1+ SNR|a|?
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nén (D.13) tré thanh:
Jeo =SNR2{ |1 - [af* afla 2
v SNR-1+ [af?
H_; |2 4 2 2
o8 (Y . N NS . G P | PR . S DY
SNR~! +|a|? SNR~! + |a|? SNR~! +|al?
1 2
_ 2 H .
—oNH {Kusmwa\?)a i

2 [(|a|2 (1+ SNRlaf?) — SNR|aHa|2) (HS—;VRMPH {|a|2 (HS—WH

(v |

2

—SNR?> [ — —
SNE (1+SNR|a|2)

XH( ) (aﬂ [(!al +SNR\a|2)—SNR|aHa|2>} yay2}

2
—SNR?
(1 + SNR|a|2)

x{[<aHa)2+(( )"y

Do a’a 1a mot vo huéng, dong thai ap dung cong thiic:
a2+ (a*)? = (a + a*)* — 2aa* = (2R(a)) — 2|al? = 4R2(a) — 2|al? vao (D.15) ta

+2 [(\ap (1+ SNRal?) - SNR‘aHéllQ)] |a‘2}

(D.15)
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2
Jss =SNR? (HS;NRIaIQ)

x { [43%2 (aHa) - zyaHaﬂ +2 [(|a12 (1+ SNRJaf?) — SNR]aHa]2>] \a|2}

L ( SNR >2
1+ SNR|a|?
x { 2% (a'a) — || + [ (1a? (1 + SNRla]?) — SNRla"a[?) | |a*}
SNR \?

= (i 5vmr)

X {2@%2 (aHé1> — |afa|? (1+ SNRJa?) + |a%|a? (1 + SNR|a|2)}
2 (SN—R)Q {2%2 (aHa) + (1+ SNR|al?) <|a|2|a|2 - |aHa|2)}

1+ SNR|al]?
(D.16)
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PHU LUC E. Ching minh phu thudc tuyén tinh loai 7 cta
vector dap tng mang trong cau tric Sym-AWPC (Cbéng thiic
2.8)

Xét vector dap ting mang duge biéu dién dudi dang: a(¢) = [a(¢),a(¢ +
Ag),...,a(¢+ (M —1)A¢)]" trong d6 a(¢p+mAg) = G(¢p+mAg) exp jP(¢ + mAP).

Biét ring:

G(¢) = \/sin2 (gdAC Ccos ¢> + sin® (gdBD sinq§) (E.1)

®(¢p) = Lsin

gdAC coS qb} ,sin {gdBD sin gb} (E.2)

Xét:

G(¢ 4 180°) = \/sin2 <§dAC cos(¢ & 1800)) + sin? (gdBD sin(¢ + 180°)>

— \/sjn2 <_§dAC coS ¢) + sin? (—gdBD sin Qb)

2 2 E.3
= \/{— sin <§dAC cos d))] + [— sin (gdBD sin ¢)] (3
= \/sim2 (gdAC coS gb) + sin® <§dBD sin ¢>

= G(9)
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d(¢ £ 180°) = Lsin

= /sin (—gdAC coS ¢> ,sin <—§dBD sin gzﬁ>
= /—sin §dAC cos¢ | ,—sin EdBD sin ¢
= 180° + O(¢)

Do do,

a(é + 180°)

G(¢ £ 180°) exp j[®(¢ £ 180°)]
— G(6){cos[P() + 180°] + j sin[® () + 180°]}
G(6)][~ cos ®(9) — jsin D(6)]
—~G(6)[cos B(9) + jsin B()
= —a(¢)

vl moi dyc va dgp.
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PHU LUC F. Chitng minh phu thuéc tuyén tinh loai 7/2 ctia
vector dap tng mang trong cau tric SymI-AWPC (Céng thiic
2.10)

V6i SymI-AWPC ¢6 dae = dgp = d thi: Xét vector dap ting mang dudgc
biéu dién dudi dang: a(¢) = [a(¢), a(¢ + Ad),...,a(¢d + (M — 1)A¢)]T trong do
a(p + mAe¢) = G(p + mAep) exp jP(d + mAg).

G(p) = \/Sin2 (gdcos ¢) + sin? (gdsin ¢) (F.1)

®(¢p) = Lsin {gd cos gb} ,sin {gd sin qb} (F.2)

Biét ring:

Xét:

G(p£90°) = \/ sin? (gdcos(¢ + 900)) + sin? (gdsin(ezs + 900))
= i (o) o (hacoso)
_ \/{:F sin (gdcos ¢>} 2 n {i sin @dcos d))r (F.3)
_ \/ sin? (gdcos ¢> + sin? (gdsin ¢>)

= G(9)
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Do do,

O(¢p +£90°) = Lsin {gd cos(¢ + 900)} , sin {gd sin(¢ + 900)}

= /Fsin (gdsin (b) , = sin (gdcos ¢)

= ®(¢) £ 90°

)
){cos[@(6) F 90°) + j sin[(9) F 90°]}
) 2 sin @ (@) F j cos B(6)]
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DPAI HOC QUOC GIA HA NOI CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PAI HQC CONG NGHE DPéc lap - Ty do - Hanh phiie

S6: 565 /QD-DT
Ha Noi, ngay ©2 thdng 08 ndm 2015

QUYET DINH
Vé viée thanh 1ap Hoi dong cAp Pai hoc Québc gia chdm ludn in tién si

HIEU TRUONG
TRUONG DAL HQC CONG NGHE

Cin cir Quy dinh vé T4 chirc va hoat dong cua céc don vi thanh vién va céc don vi
true thude Pai hoc Quoc gia Ha Noi (PHQGHN) ban hanh theo quyét dinh s6 3568/QD-
PHQGHN ngay 08/10/2014 ctia Gidm déc PHQGHN;

Can cir Quy ché Dao tao Sau dai hoc ¢ DHQGHN ban hanh theo Quyet dinh so
1555/QD-DHQGHN ngay 25/05/2011 va dugc sira dbi, bd sung theo céc Quyét dinh s6
3050/QD-DHQGHN ngay 17/09/2012; Quyét dinh s6 4280/QD-DHQGHN ngdy 14/11/2014
ciia Giam déec PHQGHN;

Cin ctr don xin bao vé cip Pai hoc Qubc gia luin 4n tién si ciia nghién ciru sinh
Tran Thi Thiy Quynh va nhan xét cua tip thé can bo huéng din;

Xét dé nghi ctia Trudng phong Dao tao va Chu nhiém Khoa Dién t-Vién thong,

QUYET DINH:

Piéu 1. Thanh lap Hoi ddng cip Dai hoc Qubc gia chim ludn 4n tién si clia nghién
ctru sinh Tran Thi Thiy Quynh, sinh ngay 22/09/1979, tai Ha Noi.

Tén dé tai luan an: “Nghién ciiu nang cao hiéu nang cua hé tim phuong sir dung
anten khong tam pha trong méi trueong cdc nguon tin hiéu twong quan™;

Chuyén nganh: K¥ thuat vién thong Ma s6: 62 52 02 08

Danh séch cac thanh vién Hoi dong kém theo quyét dinh nay.

Diéu 2. Hoi dong cap Dai hoc Qudc gia cham ludn 4n tién si cia nghién ctu sinh
Tran Thi Thiy Quynh theo ding Quy ché Dao tao Sau dai hoc & DHQGHN va céic quy
dinh hién hanh. Hoi dong chim lun 4n tu giai thé sau khi da hoan thanh viéc d4nh gia luén
an hodic qué 3 thang ké tir ngay thanh ldp ma chua t6 chirc duge budi bao vé 1an thir nhit.

Diéu 3. Truong phong Hanh chinh Quén tri, Truéng phong Dao tao, Thi trudng
cic don vi lién quan, cac thanh vién trong Hoi dong va nghién ciru sinh Tran Thi Thiy
Quynh chiu trach nhiém thi hanh quyét dinh néy.@é,

= ‘HIEU\TRU'ONG
Noi nhin: .}.l-'.-"/

- Nhu DPiéu 3; ) ‘Ij o)

- PHQGHN (dé béo cio); >

= Ly VT BT, DTS,




PAIHOC QUOC GIAHANQI  CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HQC CONG NGHE Poc ldp - Tw do - Hanh phiic

DANH SACH HQI PONG CAP PAI HQC QUOC GIA CHAM LUAN AN TIEN si
(Theo Quyét dinh sé:5€5  /OD-DT ngay 03 thdang 08 nam 2015
cua Hiéu truong Truong Dai hoc Céng nghé)

i % Chirc danh khoa hoe, Chuyén nganh-Linh Co quan cdng tac Trach nhi¢m
Ho va tén vue chuyén mon trong Hgi dong
GS.TS. Nguyén Binh Dién t-Vién thong | Hoc vién Cong nghé BC-VT | Chu tich
TS. Pham Minh Trién Pién ti-Vién thong | Truong DH Cong nghé, Thu ky
DHQGHN

PGS.TS. Pao Ngoc Chién | K¢ thuat anten va Bd Khoa hoc - Cong nghé | Phan bién
truyén song

4 PGS.TS. Nguyén Vin Pirc | Dién ti-Vién thong | Truong PH Béch khoa HN | Phan bién

5 | TS. Lé Hai Nam Dién tir-Vién thong | Hoc vién K§ thust qunsy | Phanbién

6 PGS.TS. Nguyén Tién Ban | Pién ta-Vién thong | Hoc vién Cong nghé BC-VT Uy vién

7 | PGS.TS. Trinh Anh Vi Dién ti-Vién thong | Truong DH Cong nghé, Uy vién
DHQGHN

Danh séch nay gom 07 ngzrd'i./by




PAI HOC QUOC GIA HA NOI CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HOC CONG NGHE Poc lap - Tw do - Hanh phiic

Ha N¢i, ngay 23 thang 09 nam 2015

_ QUYETNGHI Wt I
CUA HOI DPONG CAP DA HQC QUOC GIA CHAM LUAN AN TIEN Si

Cin cir Quyét dinh sb 565/QD-DT ngay 03/08/2015 cta Hiéu truong Truong Dai
hoc Céng nghé, Pai hoc Qudc gia Ha Noi vé viéc thanh lap Hoi déng cé‘ip Pai hoc Qudc
gia chdm luén 4n tién si, Hoi déng cé‘ip Pai hoc Quéc gia chim ludn 4n tién si cua nghién
ciru Tran Thi Thiy Quynh , sinh ngay 22/09/1979 da hop vao hdi.... .. gio . 2. phut,
ngay 23/09/2015 tai Truong Pai hoc Cong nghé.

Tén dé tai luan an:  “Nghién citu nang cao hiéu ndng cua hé tim phuong sir dung
anten khong tam pha trong méi truong cdc nguoén tin hiéu
twong quan ;

Chuyén nganh: Ky thuét Vién thong Mi s6: 62 52 02 08

Sau khi nghe nghién ctru sinh (NCS) trinh bay tom tét lun én tién si; cac phan bién
doc nhan xét; Thu ky Hoi déng doc ban tong hop céc nhan xét khac; NCS tra 1&i céc ciu
hoi cia Hoi dong va dai biéu tham du; dai dién tap thé huéng din doc nhan xét, Hoi dong
da hop, trao doi y kién va théng nhit két luan nhu sau:

1. V&y nghia khoa hoc va cong nghé cia lufin 4n, cia cic két qua ludn 4n:

Hé tim phuong luén déng vai trd quan trong trong céc tng dung vé tuyén nhu truyén
thong, dinh vi, giam sat — dan duong, tim kiém ctru nan... Vén dé dat ra la vén dé truyén
théng, duoc nghién ctru nhiéu nam nhung luén ¢ tinh thoi su va cap thiét. Hé théng nay
¢6 nhiéu tiém nang ung dung thuc té phuc vu bai toan kinh té - xa hoi va an ninh quéc
phong.

Dé tai tap trung giai quyét cdc bai toan khi sir dung anten khong tdm pha, cu thé co
hai van dé chinh can giai quyét do 1a phd khéng gian xuét hién dinh khong mong mubn
va hiéu ndng bi suy giam manh trong méi truong cac ngudn tin hiéu tuong quan.

Véi van dé phd khéng gian xuit hién dinh khong mong mudn, luan 4n dé& xuit ciu
triic anten Asym-AWPC dé giai quyét van dé lap phd trong khong gian 360° thay thé cho
cau tric AWPC ban dau,

V6i vin dé hiéu ning bi suy giam manh trong mdi truong cdc ngudn tin hiéu tuong
quan, ludn an dé xuat str dung thuat toan CS cho hé Asym-AWPC trong mdi trudng céc
ngudn tin hiéu turong quan dé niang cao hiéu nang lam viéc cua hé théng.
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Két qua duge phén tich va so sanh v6i cac két qua nghién ciu truée d6 va chimg

minh duge tinh hiéu qua va kha thi cia cac dé xuat maoi.

2. V& tinh hién dai, hop Iy va dé tin cfy cia phwong phip nghién ciru ma NCS di sir dung:
Phuong phép nghién ctru duge nghién ciru sinh sir dung 1a hop ly, hién dai va c6 do
tin cay cao khi xuat phat tir tim hiéu ly thuyét va giai phap tir cac ngudn tai liéu dang tin
cay trén thé gi¢i nhu cac hoi nghi, tap chi chuyén nganh... sau d6 sir dung céac cong cu
mo phong danh gia da duogc kiém chung dé phan tich, danh gia thiét ké ciling nhu giai
thuét. Dua trén céac ngudn tai liéu dang tin cdy cung voi nén tang kién thirc chuyén nganh
{6t ciia nghién ctru sinh, cac giai phap dugc dé xuét va chimg minh thong qua toan hoc
ciing nhu dénh gia thong qua cac cong cu md phong dang tin cay. Két qua thu dugce cho
thay phuong phap tiép cén, giai quyét vén dé cua nghién ctru sinh la hoan toan phu hop

voi bai toan dat ra.

3. Vé cdc két qua méi cta lufin an. Gid tri cua cdc két qua nay trong linh vye khoa hoc
chuyén nganh vé mit ly thuyét va irng dung:

Luan 4n da dé xuét hai két qua mai trong giai quyét hai van dé do la lap phd trong
khong gian 360° va van dé suy giam hiéu nang trong moi truong cdc ngudn tin hiéu
tuong quan. Cac dé xuét nay rat c6 y nghia yé mat khoa hoc cling nhu tng dung trong bai
toan tim phuong str dung anten khong tdm pha gop phan xdy dung hé thong xac dinh
huong song dén nho gon, c6 kha ning ude luong s6 ngudn tin hiéu nhiéu hon s6 lugng
phin tir anten déc biét hé thong co thé hoat dong trong khong gian 360° va mdi trudng
cac ngudn tin hiéu trong quan.

4. Nhirng thiéu sét vé ni dung va hinh thire cia ludn dn:

- Phén dit vin dé cén lam noi bat hon nira phuong phép nghién ciru da sir dung, néu
ro cong cu sur dung dé mo phong.

- Trong hinh 2.8, can giai thich kha nang udc lugng chinh xac s0 luong tin hiéu ngudn
gép dbi s6 phan tir anten.

- B6 sung thém phén gigi thiéu vé thuat toan CS trong phan trinh bay céc thuét todn
tim huong song dén.

- B6 sung nhén xét vé gidi han trén cla 5O ngufm tin hiéu u6c lugng trong phuong
phap Asym-AWPC-CS.

- Con mot s6 16i ché ban dién tu.




5. Két luin ciia Hi dong:
Nbi dung dap g day di doi véi yéu cau Ludn an Tién si.

Cin tham khao, chinh sira theo y kién dong gop ctia hoi dong.

Quyét nghi nay duogc ..<..../... g thanh vién ciia Hoi ddng nhét tri thong qua.
CHU TICH HQI DONG

THU KY HOI PONG
W ey SRR
GS.TS. Nguyén Binh

TS. Pham Minh Trién
XAC NHAN CUA CO SO PAO TAO
T/ L HIEU TRUONG

TRUGNG PHONG BAO TAC

2/ TrRUSWE
i a1 nge GCt-
\ COKG KGHE

o =
Nguyén Phuong Thai




DAI HOC QUOC GIA HA NOI CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HOC CONG NGHE Péc lap - Ty do - Hanh phic :

Ha Ngi, ngay 02 thang 10 nam 2015

BAN XAC NHAN DA SUA CHUA CAC THIEU SOT CUA LUAN AN

Ba Tran Thi Thiy Quynh dwoc céng nhan 1 nghién ctru sinh (NCS) theo Quyét
dinh s6 2377/SPH ngay 14 thang 12 nim 2006 cia Gidm déc Dai hoc Quéc gia Ha Noi.
Thyc hién Quyét dinh sé 565QD-DT ngay 03/08/2015 cua Hiéu trudng trudng Dai hoc
Cong nghé vé viéc thanh lap Hoi dong cip Pai hoc Qudc gia chdm luan 4n tién si cua
NCS Trén Thi Thiy Quynh. Hoi dong da hop ngay 23/09/2015, (c6 bién ban kém theo).
Theo Quyét nghi ciia Hoi ddng, NCS phai bd sung va stra chira cac diém sau diy trong
luén éan:

1. Phén dit van dé can l1am ndi bat hon nita phuong phép nghién ciru da sir dung, néu
ro cong cu sur dung dé mo phong.

2. Trong hinh 2.8, can giai thich kha ning wéc lugng chinh xéc sé luong tin hiéu
nguon gap doéi so phan tir anten.

3. B0 sung thém phin gi6i thiéu vé thuat toan CS trong phan trinh bay cac thuét toén
tim huéng song deén.

4. BO sung nhén xét v& gidi han trén cia sb ngudn tin hiéu uée lugng trong phuong
phap Asym-AWPC-CS.

5. Con mot s6 16i ché ban dién tir.
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Ngay 02/10/2015, NCS Tran Thi Thity Quynh d4 ndp ban luin an va tém tit ludn

RUCTNG L :

Al NOC )1 an ¢6 chinh sira. Ching t6i nhan thiy rang ndi dung, hinh thtc ctia ludn 4n va tém tit

KG KGHE /' Jluan 4n da dugc sira chita, bd sung theo cac diém trén cia Quyét nghi (Ban gidi trinh sira
> ; :

LR chira ctia NCS kém theo).

Xin tran trong cam on./.

THU KY HQI PONG CHU TICH HQI PONG
/W)‘L/ 2 AN
| ot T e

TS. Pham Minh Trién GS. TS. Nguyén Binh




NGHIEN CU'U SINH CAN BO HUONG DAN XAC NHAN CUA

TRUONG DPAI HOC CONG NGHE
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T/L HIEU TPU’UN(:
F?U'GNG PHONG BAO TA(
Tréin Thi Thiy Quynh GS. TSKH. Phan Anh
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guyén Phuong Thdi

PGS. TS. Trin Minh Tudn




CONG HOA XA HQI CHU NGHIA VIET NAM
Poc lap - Ty do - Hanh phic

Ha Néi, ngay 02 thang 10 nam 2015

BAN GIAI TRINH ) S
CUA NGHIEN CUU SINH VE VIEC SUA CHUA, BO SUNG LUAN AN

Ho va tén NCS: Tréin Thi Thiy Quynh

Tén dé tai ludn an: Nghién ctru niang cao hi¢u ndng ctua h¢ tim phuong sir dung
anten khong tdm pha trong méi trudng cdc nguon tin hiéu tuong quan

Chuyén nganh: K¢ thuét Vién thong Mai sb: 62 52 02 08

Sau khi hop Hbi ddng cAp Pai hoc Qudc gia chim luan 4n tién si, Nghién ctru sinh
da nghiém tic thuc hién viéc nghién curu, tiép thu, stra chira, bd sung ludn an theo Quyét
nghi ctia Hoi dong va ¢6 cac giai trinh nhu sau:

1. Phin dat van dé cin 1am ndi bat hon nita phuong phdp nghién ciru da st dung, néu rd
cong cu sir dung dé mod phong.

- NCS da bd sung tai trang 6 ctia lun an.

2. Trong hinh 2.8, cin gii thich kha ning wéc lugng chinh xédc sé lwong tin hiéu ngudn
ghp d6i s phén tir anten.

- NCS da bé sung phén giai thich tai trang 54 cla luan 4n.

3. B6 sung thém phan gidi thidu vé thuat toan CS trong phan trinh bay céac thuét toan tim
huéng séng dén.

- NCS di bd sung phan gidi thiéu tai trang 32 ciia lufn 4n.

4. B6 sung nhén xét vé gidi han trén cta sd ngudn tin hiéu uée lugng trong phwong phap
Asym-AWPC-CS.

- NCS di bo sung phan nhén xét tai trang 74.
5. Sira chita mot s6 181 ché ban.

- NCS da sira chita mot sb 161 ché ban tai cac trang: 16, 19, 28, 31, 39, 42, 47, 48, 50, 51,
53, 54,71, 73,74, 76, 84, 89, 112, 113, 114, 115.




Xin trdn trong cam on./.
CAN BO HUONG DAN

p

GS. TSKH. Phan Anh

PGS. TS. Trin Minh Tuin

NGHIEN CU'U SINH

Tran Thi Thiy Quynh



PAI HOC QUOC GIA HA NOI CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HOC CONG NGHE Poc lap — Tw do — Hanh phic

BAN NHAN XET LUAN AN TIEN SY

Tén dé tai ludn an: Nghién ctru ning cao hiéu nang ctia hé tim phuong st dung
anten khong tim pha trong moi trudng cac ngudn tin hiéu tuong quan.

Chuyén nganh: K§ thuat vién thong Ma sd: 62 52 02 08
Nghién ciru sinh: Tran Thi Thiy Quynh

Ho va tén nguoi nhian xét: Dao Ngoc Chién  Hoc ham, hoc vi: PGS.TS.
Chuyén nganh: K¥ thuat vién thong

Co quan cong tac: Trung tdm Nghién ciru va Phét trién Qubc gia vé Cong nghé
mo, BO Khoa hoc va Céng nghé

Y KIEN NHAN XET

1. Tinh cép thiét, thoi sw, y nghia khoa hoc va thye tién

Hé tim phuong hay con goi la hé tim hudéng séng téi (DoA) luén déng mot vai
tro quan trong trong cac tng dung vo tuyén nhu truyén thong, dinh vi, gidm sét va din
duong, tim kiém ciru nan, v.v. Ngiy nay, véi su phat trién nhanh chéng cta cac ky
thudt xir 1y tin hiéu tién tién, cac hé théng tim huéng séng t6i xir Iy mang cho phép
cung lic cé thé tinh toan, wdc lugng nhiéu tham s nhu hudng, tan sd, thoi gian, v.v.
ctia nhiéu loai tin hiéu khac nhau cung hodc khac kénh von 12 vin dé ma cac hé tim
hudng séng téi don gian khong thé xir ly dugc.

Theo d6, vin dé dat ra trong ludn 4n mic du la van dé truyén thng, da dugc
nghién ciu qua nhiéu nim nhung lubn ¢6 tinh thoi su va cép thiét khi trién khai ap
dung céc thuét toan xir 1y tin hiéu mang tién tién, c6 nhiéu tiém ning tng dung trong
thue té phuc vu nhu céu kinh té - xa hoi cling nhu quéoc phong, an ninh.

2. Sy khong triung lip ciia két qua nghién ciru cia ludn 4n véi két qua cia
ciac cong trinh khoa hoc ciia cic tac gia khic; tinh trung thie, ré rang va day du
trong trich din tai liéu tham khio

Céc két qua nghién ciru duge dé cap trong ludn an tip trung vao van dé cai tién
hé¢ tim phuong dua trén hé tim phuong st dung anten khong tdm pha (AWPC) trén
quan diém khic phuc hai nhugc diém chinh ctua hé AWPC-MUSIC, tir d6 dua ra cac dé
xudt gdbm: (i) phuong phéap danh gia mic do lap lai phd ctia hé théng AWPC-MUSIC;
(ii) giai phap khéc phuc vén dé lap lai phd; (iii) giai phap khic phuc hién tuong suy
giam hiéu ning cua hé thong trong moi truomg cac ngudn tin hiéu twong quan; va (iv)
so sanh hé théng d& xuét véi hé théng tiéu biéu truyén thong.




Véi nhiing dé xuét néu trén, cac két qua dat duge cia luén 4n dam bao tinh doc
lap, khong tring lap véi cac két qua da cong bd cha cdc tac gia trong va ngoai nudc
khac.

Céc cong trinh nghién ctru cta ludn an dugc trinh bay mot cach khoa hoc, logic,
dam bao tinh trung thuc, ding diin cua cac két qua nghién ciru; danh sach tai li¢u tham
khao va cach trich dan duoc trinh bay ding quy dinh, chinh xac.

3. Sw phit hop giira tén dé tai véi ndi dung, giira ngi dung véi chuyén nganh
va mi s6 chuyén nganh

Tén va ndi dung cua ludn 4n hoan toan phi hop véi chuyén nganh Ky thudt vién
thong v6i Ma sb: 62 52 02 08.

4. Sw hop ly, dd tin ciy va tinh hién dai cia cic phwong phap da sir dung aé
nghién ciru

Trong luan 4n, tac gia da st dung céc ly thuyét va ky thudt:

(i) CRLB dung cho viéc xac dinh goc quay anten AWPC, danh gia tinh vb
huéng cho cdu tric AWPC bét ddi ximg, xéc dinh ngudng phéan giai SRL cho AWPC
bit dbi xting;

(ii) Cong thirc dé xudt AFL va ACF dé phan tich sé hoc mirc d9 13p lai ctia pho
ciia céc chu triac anten AWPC bét dbi ximg;

(iii) L3i wéc luong dé danh gia hiéu ning cta hé théng dé xuit Asym-AWPC-
MUSIC véi hé thong UCA-MUSIC;

(iv) Ly thuyét CS ude lugng DoA trong mdi trudng céc nguon tin hiéu tuong
quan, s& mau nho;

(v) Phuong phép thong ké dé so sanh dic tinh ma tran;

(vi) Ly thuyét giai bai todn nghiém thua binh phuong téi thidu c6 diéu chinh dé
khoi phuc tin hi¢u trong CS.

Céac ly thuyét va ky thuat néu trén c6 co s& khoa hoc vimng chic, da dugc sir
dung nhiéu trong cac cong trinh nghién ctru trong cung linh vue, theo dé6 ddm bao su
hop ly, do tin cdy va tinh hién dai cta cac phuong phép da sir dung dé nghién ciru.

5. Nhirng két qua nghién ciru méi ciia tic gid; nhitng két qua méi; mire do
déng gop cho su phat trién khoa hoc chuyén nganh; déng gép méi phuc vu sin
xuiét, kinh té, xa héi, an ninh, quéc phong va doi séng. Y nghia, gi4 tri khoa hoc va
dd tin cily clia nhirng két qua.

Céc dong gép mai cua ludn an bao gom:

(i) Céu tric Asym-AWPC nhim giai quyét van dé lap lai phd cho hé tim phuong
sir dung anten khong tdm pha AWPC két hop véi thuat toan MUSIC hoat dong trong
khong gian 360 do;




(ii) Str dung thuat toan CS cho hé¢ tim phwong Asym-AWPC hoat dong trong
mol trudong cac nguon tin hiéu teong quan.

Céc dong gop néu trén da gop phan tich cyuc cho sur phat trién cua linh vuc khoa
hoc va cong nghé lién quan dén cac hé théng vo tuyén va (mg dung, dic biét trong linh
Ve quéc phong, an ninh.

6. Uu diém va nhwoe diém vé noi dung, két cAu va hinh thire ciia luin 4n

[Luin 4n duogc trinh bay mot cach khoa hoc, logic vé mit ndi dung, dep v€é mat
hinh thirc. Phan bién danh gia cao hinh thirc trinh bay cta ludn an.

7. Sw phit hop ciia ndi dung ludn 4n véi ni dung cia cac cong trinh da
dwoe cong bé trén tap chi, tuyén tip cong trinh héi nghi khoa hoc; gia tri khoa
hoc ciia cic cong trinh da cong bé.

Toan bd ndi dung cua ludn an duoc tfmg hop, bién tip tir 07 coéng trinh coa tac
gid ludn én cung céac nha khoa hoc trong cung linh vue, theo d6 ndi dung ctia ludn 4n
phil hgp véi ndi dung ctia céc cong trinh da duge cong bé.

8. Su ddp ting cic yéu chu dbi voi ludn an tién sy? Bin tom tit luin 4n phin
anh trung thanh ndi dung co ban cia ludn 4n? Ludn 4n c6 thé dwa ra bao vé dé
nhin hoc vi tién sy?

Trong s& 07 cong trinh duge liét ké co 02 bai béo tap chi va 05 bai béo hoi thao
khoa hoc quobc t&. Theo dd, vé co ban, ndi dung luén an dap Gng du dbi voi trinh do
tién s§. Ban tom tat ludn 4n phan anh trung thue ndi dung co ban cta ludn an, theo do
¢6 thé dua ra bao vé trude hoi dong cp trudng.

9, Cac y kién khac (néu c6)

Cén bd sung két qua, nang cao ham lugng khoa hoc cta céc cong trinh da cong
bo trong mot s6 hdi thao khoa hoc quoc té dé co thé xem xét, dang trong cac tap chi
khoa hoc chuyén nganh trong va ngoai nudc./.

Ha Néi, ngay 9[,1 thang 9 nam 2015
XAC NHAN CUA CO QUAN CONG TAC NGUOI NHAN XET
Trung tam NC&PT Quéc gia mié; Cong nghé mo xdc
nhén chit ky bén canh la cua Ong Dao Ngoc Chién
— Gidm doc Trung tam //

GIAM POC PGS.TS. Pao Ngoc Chién

i .
TRUNG TAM
NGHIEN cUU

QUOC GIA VE




PAI HOC QUOC GIAHANOI ~ CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PAI HOC CONG NGHE Péc lap - Tu do - Hanh phiic

BAN NHAN XET LUAN AN TIEN ST

Tén dé tai ludn an: “Nghién cieu ndng cao hiéu ndng ctia hé tim phwong sir dung
anten khong tam pha trong moi truong cdc nguon tin hiéu twong quan”;

Chuyén nganh: K§ thuat vién thong M sd: 62 52 02 08

Nghién ciru sinh: Tran Thi Thiy Quynh

Ho va tén ngudi nhin xét: Nguyén Vian Diec  Hoc ham, Hoc vi: PGS. TS

Chuyén nganh:

Co quan cong tac: Vién Dién tir - Vién thong, DHBKHN

Y KIEN NHAN XET

I. V& tinh céip thiét, thoi sy, ¥ nghia khoa hoc va thye tién ciia d@ tai lufn 4n:

Cac hé théng xac dinh hudng song dén ludn dong vai tro quan trong trong an
ninh quoc phong va dan su. Miéc du dugc phat trién tir rat 14u nhung cho dén nay, véi
su phét trién cia khoa hoc k¥ thudt, céc hé théng xac dinh huéng song dén img dung
cong nghc xir 1y tin hiéu mang van ludn duoc nhiéu nha nghién ctru trong nudc va
qude té quan tdm phat trién. Cac huéng nghién ctru chi yéu tip trung vao cai tién cdu
tric mang anten hoac dé xuit cac thuat toan udce lugng hudng séng dén m6i nham dép

rng yéu cAu vé sd ngudn tin higu udc lugng, dd phan gidi, kich thudce hé thong, do
phire tap tinh toan,....

Luin 4n tip trung vao viéc cai tién cdu tric mang anten AWPC (chu tric chi
gbm 4 phin tir dipole) va d& xudt két hop anten voi thudt todn CS nhim ning cao higu
ning cta hé théng ude lugng huéng song dén véi kich thuée nhé, do phan giai cao,
khong gian hoat dong 360°, va lam viéc tt trong moi trudong céac ngudn tin hiéu twong
quan. Vi vy, vin dé dat ra trong ludn 4n mang tinh cép thiét, thoi su, va c¢6 y nghia
khoa hoc va thue tién.

2. Két luin vé sy khong trung Lip (hay trung lip) cia két qua nghién ciru ciia lufn dn
véi két qua ciia cdc cong trinh khoa hoc cia cdc tdc gid khic; tinh trung thwe, rd
rang va diy di trong trich diin tai li¢u tham khao:

a. Vé sy khong triung 1dp cua ludn an:




Céc cong trinh nghién clru cua nude ngoai ¢o rat nhiéu cai tién lién quan dén

cAu triic mang anten ciing nhu cdc thut todn tim phuong. Tuy nhién, theo hiéu biét
ctia ngudi phan bién thi véi cau tric anten AWPC chi gdbm 4 phan tir dipole ¢6 thé uée
luong cing lic nhiéu ngudn séng dén thi chua c6 cong trinh nao dé cép dén.

Duéi day liét ké mdt s6 cong trinh nghién ciru cta cac nghién ctru sinh trong

nuée da bao vé thanh cong luéin an tién si (c6 lién quan dén dinh huéng nghién ciru
ctia NCS. Tran Thi Thuy Quynh), bao gom:

Hoang Pinh Thuyén, “Nghién ctru cac phuwong phap s6 dé tong hop dic trung
huéng mang anten va thiét 1ap anten thich nghi”, 2004.

Tran Xuan Viét, “Nghién clru hé anten c6 gia cong tin hi¢u theo dic tinh pha”,
2006.

Lam Hong Thach, “Théng tin dinh vi trén bién sir dung song vo tuyén dién tng
dung trong viiag bién Viét Nam”, 2009.

Trin Cao Quyén, “Anten thong minh 4p dung cho hé théng thong tin da song
mang”, 2012.

Pham Duy Phong “Thuit todn uéc lugng cdc tham sb cia tin hiéu trong hé
théng théng tin v6 tuyén”, 2012.

Nhin chung, cdc cong trinh tap trung chii yéu vao cai tién céc thuét toan xir ly

tin hiéu va cdu triic anten thudng 1a mang truyén théng ULA va UCA. Riéng cong
trinh ctia TS. Tran Cao Quyén c6 lién quan truc tiép dén luan 4an ctia NCS. Trin
Thi Thuy Quynh, cu thé nhu sau:

Trong ludn 4n tién si cta tac gia Trin Cao Quyén cé d& xuét viéc cai tién ciu
tric anten AWPC (vé6i gian db bién do 1a hing sb va gian dd pha tuyén tinh)
béng cach diéu chinh khoang céch ddi xtng giita hai cip anten dipole. Véi cdu
tric d& xudt, gian dd pha s& c6 dic trung phi tuyén (gian d6 bién do duge tac
gia Trin Cao Quyén gia thiét la hang s6). Céu triic nay khi sir dung v6i thuat
toan MUSIC s& cho hé tim phuong do phan gidi cao, ¢6 kh niing uéc luong sb
ngudn tin hiéu nhiéu hon s phan tir anten. Tuy nhién, nhugc diém cia ciu tric
ndy 1a phd khéng gian udc lrong xuat hién cac dinh phé khoéng mong mudn
(con goi 1a hién twong lap lai phd) din dén viéc xé4c dinh sai sb lugng va céc
huéng song dén cta hé théng. Hon nira, trén thuc té, dic tinh cta gian db bién
do ciing cén phai duogc tinh dén trong viéc udc lugng huéng séng dén.

Péi v6i ludin dn ciia NCS. Tran Thi Thuy Quynh: dya trén cac két qua dat duge
trong ludn én ctia tac gia Trdn Cao Quyén, NCS. TrAn Thi Thuy Quynh da khao
sat mot cach toan dién céu truc anten AWPC (voi cac cAu tric anten c6 do ddi
xtmg khdc nhau), dé xuft mot sé cdu tric anten nim trong ho anten AWPC
nhim giai quyét van dé l&p lai phd, trong d6 ciu tric Asym-AWPC dugc dé
xudt ¢6 céu triic nhod gon. Bén canh do6, nghién ctru sinh ciing dé xuit két hop hé

o
A Aol v T




anten Asym-AWPC véi thudt todn CS dé hé thong hoat dong tdt trong moi
trudong cdc ngudn tin hiéu twong quan.
Vi nhitng nhan xét trén, toi két ludn két qua nghién ctru cia luén an khong tring 1dp
v6i két qua ciia cac cong trinh khoa hoc ciia céc tac gi khac.

b. V& tinh trung thue, rd rang, va déy du trong trich dan tai liéu tham khéo: céc noi
dung trong luin an khong phai do tac gia dé xuét déu dugce trich dan rd rang, diy du tir
céc ngudn tai liéu: sach, tap chi,... trong va ngoai nude ¢ uy tin. Tai liéu tham khao
m&i nhét 1 nam 2014,

3. Vé su phu hop giira tén dé tai véi ndi dung, giira ndi dung véi chuyén nganh va ma
s6 chuyén nganh:

Tén va ndi dung ctia dé tai phit hgp v6i chuyén nganh K§ thuat Vién thong, ma s6 62

52 02 08.

4. Swhop ly, d9 tin ciy va tinh hién dai cia cic phwong phip da sir dung dé nghién ciu:
Trong ludn 4n sit dung cac phuong phap nghién ciru va gia dinh sau:
- Pudng bao thp CRLB ding dé xac dinh géc quay anten AWPC, dénh gid tinh vo
huéng ctia mang cho cau tric Asym-AWPC, xdc dinh ngudng phén giai SRL.
- Cong thirc ACF va AFL dé phan tich s6 hoc mirc do lap lai phd ciia céc clu tric
anten khao sat va dé xuat..
- L3i wée luong dé danh gia hiéu ning ctia hé théng.
- Ly thuyét CS ding trong ude lugng DOA.
- Phuong phap thdng ké dé so sanh dgc tinh ctia ma tran do trong thudt toan CS.
- Ly thuyét gidi bai toAn nghiém thua binh phuong tdi thiéu c6 diéu chinh I dé khoi
phuc tin hiéu trong CS.

Hau hét cac phuong phap nghién ctru trén duge nghién ciru sinh tham khao trong
cdc tai liéu déng tin cdy va mang tinh hién dai, riéng dbi v6i cong thic lién quan dén mirc
do 1ap lai phé ACF: nghién ctru sinh xufit phat tir viéc khao sét phd khong gian ciia thuft
toan MUSIC dugc tinh tir cong thie 1.33. Theo ly thuyét cia thuat toan MUSIC, mdt dinh
phd s& xuét hién trong phd khong gian khi vector ddp (mg méang tmg vdi huéng séng dén
a(¢i) nao do truc giao véi khong gian con nhiéu E,. Hay noi cach khéc, véi goc dén thuc té,
al'(¢i)En ludn tién t6i 0. Hién twong lap lai phd (hay cac dinh phé khong mong mudn xuit
hién) xay ra khi trong khong gian quét xuéit hién goc phu thude tuyén tinh véi goe séng dén
thue té. Nghién ciru sinh da phan tich van dé tinh duy nhét ctia vector dép (mg méang trong
phén 1.3.1 va da lya chon viéc khdo sat hién tugng phu thude tuyén tinh hang 1 cta cic
vector dép img mang. Dé c6 thé quan sat mdt cach tuwdng minh, cong thire ACF trong phu
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luc A (trang 100) dugc nghién clru sinh dua ra dé khao sat mirc do phu thude tuyén tinh
hang 1 cta hai cap goc bat ky trong khong gian udc lugng.

Cong thirc ACF dugce st dung trong viéc khao sat cau tric anten ULA va UCA
twong Ung trén hinh 1.2a va 1.2b. Phd khong gian ctia hai céu triic nay trong khong gian
360° phd bién trong céc tai liéu lién quan dén thuat toan MUSIC nén khéng dugc nghién
ctru sinh dua ra trong luén an.

Pé quan sat rd hon quan hé gitra cong thirc ACF va pho khong gian ctia hé théng
xac dinh hudng song dén, nghién ctu sinh quan sat ACF tmg véi céu tric SymII-AWPC va
SymII-AWPC-UCA 3 phén tir trong tng trén hinh 2.5a va 2.5b, va ph6 khong gian tuong
(mg trén hinh 2.3b va 2.7a. Trong hinh 2.5a, cic cip vector dédp (mg mang phu thuge tuyén
tinh (mau xanh nude bién) s& tao ra céc dinh phd khong mong mudn (dudng dirt nét chi thi
dinh thuc) nhu trong hinh 2.3b. Viéc cai tién cau tric mang anten da lam giam mirc dd phu
thude tuyén tinh (hinh 2.5b) va tuong tmg lam giam dinh phd tmg véi cac géc khong mong
mubn (hinh 2.7a).

Céng thitc AFL 1a cong thire céi tién cia ACF dé dé dang trong viéc dinh lwong anh
hudng cia céc cAu tric dé xuét dbi véi mirc dd phu thude tuyén tinh cia vector dap tmg
mang (hay d6 cao cua cac dinh ph6 khong mong mubn).

Nhu vay, nghién ctru sinh da str dung phuong phéap phén tich ly thuyét, kiém chimg
cac két qua dé xuat bing mo phong Matlab. Phuong phép nay dugc chéip nhéin doi véi ludn
an tién si.

n

_ V& nhirng két qua nghién ciru méi cia tic gid; néu rd nhing két qua méi; ddnh gia
mire d déng gop cho sw phat trién khoa hoe chuyén nganh; déng gép méi phue vy
sin xuit, kinh té, xa hdi, an ninh, qubc phong va doi song. Panh gid y nghia, gid tri
khoa hoc va d tin ciiy cia nhirng két qua dé:

Luén &n co6 2 két qua mai, bao gé“)m:

- Dé xuét céu tric anten Asym-AWPC nhim giai quyét vén dé 1ip lai pho trong
khong gian 360° cia hé tim phuong sir dung AWPC. Lién quan dén dé xuét
khac phuc vin dé 1ap lai phd nay, nghién ciru sinh ciing da thuc hién mat sb dé
xufit trung gian gdm Sym-AWPC (phén 2.2), SymII-AWPC-UCA (phin 2.3) va
két luan Asym-AWPC la cdu triic uu viét v6i kha nang hoat dong trong khong
gian 360° va c6 kich thude nhd gon; mdt sé khao sat vé dic tinh mang vo
hudéng (phan 2.4.3), d6 phan giai (phan 2.4.4), hiéu ning cia hé thong st dung
Asym-AWPC (phin 2.4.5) ciing da dugc phén tich.

- D& xuit sir dung thuit toan CS cho hé tim phwong Asym-AWPC trong moi
trudmg cic ngudn tin hiéu twong quan. P& ning cao hiéu ning lam viéc cia
hé théng sit dung Asym-AWPC trong mdi truong cic ngudn tin hiéu twong
quan, thuat todn CS da duoc nghién ciru sinh dé& xuét thay thé cho thuat toan
MUSIC. Bén canh viéc chimg minh kha nang hoat dong tdt so vai thuét toan




MUSIC trong mdi truong cac nguon tin hiéu twong quan hoan toan (phan
3.3.4), nghién ctru sinh da xem xét vé viéc cai thién d phan gidi cua hé théng
trong phan 3.4 va do phtc tap tinh todn cua hé théng trong phan 3.9

Cac két qua nghién ciru méi co y nghia thue tién va gia tri khoa hoc, gop phan
vao viéc xay dung hé xdc dinh huéng séng dén nho gon, c6 kha ndng uéc lugng s&
ngudn tin hiéu nhidu hon s6 phan tir anten, hoat dong t6t trong khong gian 360° va moi
truong cac nguon tin hiéu twong quan.

Nghién cttu sinh can phai tra 11 2 cau héi sau:

- Tai sao nghlen ctru sinh lai st dung cdu trac Asym-AWPC trong viéc khic
phuc vén dé 1ap lai pho cua hé tim phuong’? CAu tric bat dbi ximg nay liéu c6
anh huong dén cac van dé khéc trong hé théng khong (Cac cdu tric anten thong
thuong 1a dbi ximg)?

- Lydo khién nghién ctru sinh nghi rang thuat toan CS ¢6 thé khéc phuc vén dé
ctia thuét todn MUSIC trong viéc xac dinh hudng song dén trong mdi trudng
c4c nguodn tin hiéu tuong quan’? Uu dlem ctia thudt toan CS so vdi cac phuong
phap xur ly tin hi¢u khac dé khic phuc vén dé nay?

- Neéu mutc do twong quan tin hi¢éu ma co thé con ap dung dugc thuét toan aé
xuit!

6. Nhin xét vé wu diém va nhwoc di¢m vé ndi dung, két cAu va hinh thire ciia ludn 4n:

Vé uu dlem ndi dung cua ludn an rd rang, két cAu ngén gon gdm 3 chuong (céc d& xuit

chinh nim trong churong 2 va chuong 3) va hinh thirc trinh bay phu hop véi yéu cau clia
ludn 4n tién si.

Vé nhugc dlem ndi dung cua ludn an co6 thé mo rong dé danh gia gi6i han trén vé s6
luong nguon tin hiéu ma hé théng Asym-AWPC-CS c6 thé udc lwong dugc, cung nhu
viéc cai tlen thoi gian tinh toan cta hé théng. Ngoai ra nghién ctu sinh cling cin xem
xét thém vé kha niing thue thi hé thong.

NCS cin khio sat s& ngudn tin hiéu tdi da c6 thé tim dugc khi 4p dung thudt todn dé
xuat.

7. Danh gia vé sw phu hop ciia ndi dung ludn dn véi ndi dung cua cic cong trmh da
dwoc cong b6 trén tap chi, tuyen tip cong trinh hdi nghi khoa hoc; nhin xét vé gid tri
khoa hoc ciia cic cong trinh di cong b6?

Nbi dung ludn 4n phit hgp v6i ndi dung 7 cong trinh da dugc cong bb, trong do
c6 5 cong trinh diang trén Ky yéu ciia cac Hoi nghi Quéc té, 1 cong trinh ding trén tap
chi trong nuée, 1 cong trinh dang trén tap chi quéc té (thudc danh muc SCOPUS). Cac
hoi nghi va tap chi déu dugc phan bién doc lap.
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8. Két lufn vé sw ddp g cic yéu cAu d6i v6i ludn 4n tién st hay khéng dap @ng? Bin
tom tit ludn 4n c6 phan dnh trung thanh ndi dung co bin cia luin 4n hay khong?
Luén n ¢6 thé dua ra bio vé dé nhén hoc vi tién si dwge hay khong?

Luén an déap tng cac yéu ciu dbi voi luan an tién si. Ban tom tit ludn 4n phan
anh ddy du va trung thuc cic ndi dung co ban cta luin an. T6i dong ¥ ludn an c6 thé
dua ra bao vé cép Pai hoc Quéc gia dé nhan hoc vi tién si.

9. Cicy kién khéc (néu c6).
Ha Néi, ngay 04 thang 09 nam 2015

XAC NHAN CUA CO QUAN CONG TAC NGUOI NHAN XET
(Ky va ghi ré ho tén)
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PAI HOC QUOC GIA HA NOI CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HOC CONG NGHE DPéc lap - Tu do - Hanh phiic

BAN NHAN XET LUAN AN TIEN SI

Tén dé tai luan an: “Nghién citu ky thudt ndng cao hi¢u nang cua hé tim

phuong sw dung anten khéng tam pha trong méi truong cdc nguon tin hiéu

twong quan’”

Chuyén nganh: K¥ thuét vién thong . Maisb: 62.52.02.08
Nghién ctru sinh: Tran Thi Thiy Quynh

Ngudi nhan xét: Lé Hai Nam Hoc ham, hoc vi: Tién si

Chuyén nganh: Ky thuat Bién tir

Co quan cong tac: Hoc vién Ky thudt Quéan sy
Y KIEN NHAN XET

1/ Tinh cip thiét, thoi sw, y nghia khoa hoc va thue tién cia dé tai luin

[

an:

Viée x4c dinh huéng séng dén ludn 1a mét vin @& duge cac nha khoa
hoc cht y vi nhitng ing dung rong rai dac biét trong cac hé théng dinh vi. Cac
hudng nghién ctru cht yéu nhiam ting d6 chinh xac giam mic do phic tap
tinh toan, tang sd ngudn tin hiéu udc luong ... dé don gian trong viéc xac
dinh cdu tric va tinh toan udc lwong tham sb hé tim phuong xir ly mang thong
thuong sir dung cac mang ULA va UCA. V6i hé thong an ten khong tdm pha
dé xuit cho nhiing két qua dang ch y. Dé tai “Nghién ciru kjf thudt ning cao
hiéu ndng cua hé tim phwong sw dung anten khong tdm pha trong moéi truong
cde nguon tin hiéu twong quan” 13 mét nghién ciru tiép theo nham khic phuc
cac nhuge diém con ton tai cua cic nghién ciru trude do l1a khéc phuc hién
twong lip lai phd va nang cao hiéu ning ctia hé théng khi cac ngudn tin hiéu
tuong quan. Day la mot nghién clru ¢6 y nghia khoa hoc va c¢6 huéng ting
dung thuc tién




2/ Két luan vé sy khong tring lap cia két qua nghién ciru ciia ludn dn véi
két qua ciia cac cong trinh khoa hoc ciia cdc tic gid khac; tinh trung thie
rd rang va diy da trong trich din tai liéu tham khio

Noi dung va két qua nghién ctru ctia dé tai khong tring l3p véi céc cong
trinh da cong bd va cac ludn an da dugc bao vé & trong va ngoai nude. Cac tai
liéu trich dan day du va trung thuc
3/ Sw phu hop giira tén dé tai voi ndi dung; giira ndi dung véi chuyén
nganh va mi s6 chuyén nganh.

Tén dé tai phu hop véi ndi dung nghién ciru va phu hgp v6i chuyén
nganh K§ thuét Vién thong ma s6 62.52.02.08
4/ Sw hop 1y, d tin cAy va tinh hién dai ciia phwong phap da sir dung dé
nghién ciru.

Phuong phap nghién ctru 1a phén tich 1y thuyét va ding céng cu mé
phong dé kiém ching. Pay la nhitng phuong phép nghién ctru hop ly va tin
cay.

5/ V& nhirng két qua nghién ciru méi ciia tac gia;

Luén an da dua ra mot sé déng gbp méi nhu sau:

+ P& xudt céu tric Asym-AWPC nhdm giai quyét van dé lap lai pho
khong gian trong bai toan tim phuong str dung MUSIC véi s& ngudn tin hiéu
nhiéu hon s6 phan tir anten.

+ Pé xuét str dung thuét toan CS thay cho thuét toan MUSIC trong hé
tim phuong dung Asym-AWPC nhidm cai thiém chat lugng cia hé tim
phuong trong méi trudng céc ngudn tin hiéu twong quan
6/ Uu nhuoe diém vé ndi dung, két cau va hinh thirc cia luin an.

Uu diém:

+ Luén 4n c6 b cuc hop ly va ldgic phu hop véi cac cong trinh di cong
bo

+ Céc ndi dung nghién ctru c6 y nghia khoa hoc va da chi rd vu nhugc
diém va diéu kién tmg dung

+ Ludn van trinh bay dep, rd rang
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Nhuroe diém:

+ Luan an s& co6 gia tri hon néu chi 6 cong cu su dung dé mo6 phong
cling nhu murc do tin cdy cia cong cu do.

+ Luén 4n van con ton tai mot s6 181 ché ban dién .

7/ Panh gia vé sy phi hgp cia ndi dung ludn dn voi ndi dung cia cac
cong trinh da dwoc cong b6 trén tap chi va gia tri khoa hoc ciia cic cong
trinh da cong bo.

Noi dung cta luan 4n phu hop v6i ndi dung cia céc cong trinh da cong
bd. Céc cong trinh nghién ctru da duge cong bd & céac hoi thao va tap chi uy
tin va c6 phan bién nghiém tac.

8/ Két ludin vé sw dap {rng cic yéu cAu ddi véi luiin an tién si

Luén 4n Tién si ctia NCS Tran Thi Thiy Quynh dép tmg dugc cic yéu
cau vé& nodi dung va hinh thirc cia mot luan an Tién si theo nhu quy dinh cta
Bb Gi4o duc va Dao tao. P& nghi cho phép NCS Tran Thi Thiy Quynh dugc
bao vé luan an Tién si trude Hoi ddng chim ludn 4n Tién si cip Pai hoc Quéc

gia

Ha Néi, ngay 8 thang 9 nam 2015

Xac nhan cia co quan Nguwoi nhan xét

(hoac co so dao tao)

TS Lé Hai N
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TRICH YEU LUAN AN

I. Tom tit mé dau:

Tén téc gia: Tran Thi Thiy Quynh

Tén luén 4n: Nghién ciru ndng cao hiéu niang cia hé tim phuong st dung anten

khong tim pha trong méi trudng cic ngudn tin hiéu tuong quan.

Nganh khoa hoc ctia ludn 4n: Cong nghé Dién tir - Vién thong

Chuyén nganh: K§ thuat Vién thong Mi sb: 62 52 70 05

Tén don vi dao tao SPH: Trudng Pai hoc Cong nghé

I1. Ndi dung bén trich yéu:

- Muc dich va doéi tugng nghién ctru cta ludn an:

Muc dich: nang cao hiéu niang cta hé tim phwong st dung anten khong tdm pha

(AWPC) trong mdi trudng cac ngudn tin hiéu twong quan.

Déi twong nghién cibu: vi tri cac phan tir clia anten AWPC va céc thudt toan udc

luong hudéng soéng dén do phan giai cao.

Céc phuong phap nghién ctru da sir dung:

Str dung CRLB cho: xac dinh géc quay anten AWPC, déanh gia tinh vo
huéng déi véi cdu triic d& xuit Asym-AWPC, xéc dinh ngudng phan giai
SRL cho Asym-AWPC.

Sit dung cong thirc d xuét AFL va ACF dé phén tich s hoc mirc d6 lap
lai phdé cia cac ciu trac anten Sym-AWPC, SymII-AWPC-UCA, va
Asym-AWPC.

So sanh 18i wéc luong dé danh gia hiéu ning ctia hé thdng dé xuit Asym-
AWPC-MUSIC véi hé théng tiéu bidu UCA-MUSIC theo s mau thu
thap, SNR, va khoang cach goc.

Vién dung ly thuyét CS vao bai toan udc lugng DOA trong méi trudng
céc ngudn tin hiéu trong quan, sé mau nho.

Str dung phuong phap thdng ké dé so sanh dic tinh clia ma trén do duge
tao boi anten Asym-AWPC vé6i ma trin do theo ly thuyét va ma trén do
tao bd1 UCA.

Van dung ly thuyét giai bai toan nghiém thua binh phuong t6i thiéu co
diéu chinh /, dé khaéi phuc tin hiéu trong thuat toan CS.




- Céc két qua chinh va két lun:

Cdc két qua chinh:

1. D& xuét anten AWPC bét dbi xtng (Asym-AWPC) gdm hai cip dipole dat doc
véi it nhat mot cap khong di ximg cho hé tim phwong ding thudt toan phén 16p
nhiéu tin hiéu (MUSIC). Hé théng c6 kha ning hoat dong trong toan khong gian
(tir 0° dén 360°) v6i céc wu diém: chu triic phan cimg don gian, d6 phan giai
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cao, sd ngudn tin hiéu udc lugng c6 theé 16n hon s6 phan tir anten, 16i udc lugng

ddng déu. Cac két qua nghién ciru gom:

Goéc quay gian dd birc xa cia anten duge tinh trung binh theo s6 lan quay
gian dd cong mot cho 151 wéc lugng thép nhét.

Khoang céch bit dbi xtmg clia anten bang 0,6 lan budc séng nhim thoa
mén cc yéu cau clia hé théng dé xuat.

Hiéu ning cla hé théng du6i dang 18i wéc lugng theo ty sb cong sudt tin
hiéu trén cong suét tap am (SNR), khoang céch goc giita hai ngudn tin
hiéu dén, va sd miu tin hiéu thu thap luén tét hon so véi hé sir dung
UCA truyén théng. Hé thong c6 thé phan giai tot v6i khodng céch goc
giita hai nguon tin hiéu dén bing 0,5 do.

2. P& xuét két hop anten Asym-AWPC véi thuét toan CS. Hé théng hoat dong tot
trong moi trudng cac ngudn tin hiéu twong quan ddng thoi khong yéu cau st

dung thém b nhé luu trlt céc phén tir ctia ma trin do nhu céc trudng hop anten

truyén

Két lugn:

théng khac két hop voi CS. Céc két qua nghién ciru gdm:

Hé tim phuong st dung Asym-AWPC va thudt toan MUSIC hoat dong
t6t khi cac ngudn tin hiéu khong tuong quan, suy giam khi hé s6 tuong
quan 16m, va hoan toan sai khi céc tin hi¢u dén giéng nhau.

Ma tran do dugc tao béi Asym-AWPC dap tmg da diéu kién 4p dung
truc tiép thuét toan CS dé wdc lugng huéng séng dén.

Hé tim phuong st dung Asym-AWPC va thudt todn CS hoat dong tét
trong moi truong hgp ctia moi trudng cac ngudn tin hidu twong quan ké
ca khi cac ngudn tin hiéu giéng nhau hoan toan.

Trong khoang khao st tir 0 dén 2, do bat dbi xing cua anten AWPC
cang 16n, d6 phan gidi ctia hé thong ding thuat toan CS cang cao.

Luin 4n da nghién ctru va dé xuit thanh cong céu tric anten va thuét toan tim

phuong d¢ phan giai cao nhim néng cao hiéu ning hé tim phuong sir dung anten




khong tdm trong moi trudng cac ngudn tin higu twong quan. Céc hé théng nay bao
gbdm: (i) Asym-AWPC két hop thuat toan MUSIC trong trudng hop hé s6 tuong
quan gifra céc ngudn tin hiéu nho, va (ii) Asym- AWPC két hop thuét toan CS
trong moi truong hop ciia moi trudng cac ngudn tin hiéu twong quan. Hé théng sau
Vot trdi hon hé théng trude nhung thdi gian xir Iy cling nhw do phan gidi can
duoc cai thién hon.
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II. Content

Goal and research objects of the thesis:

The goal: The thesis focuses on improving performance of a radio direction

finding system using antenna without phase center in correlated environments.

The research objects: AWPC geometries and DOA estimation algorithms.

Research methods:

The Cramer Rao Lower Bound is used for determining the rotation angle
of AWPC antenna, isotropic array characteristic of the proposed antena
(i.e, Asym-AWPC), and statistical resolution limit of the one.

The AFL and ACF formulas are proposed for analyzing ambiguity of
Sym-AWPC, SymII-AWPC-UCA, and Asym-AWPC.

Performance of the proposed Asym-AWPC-MUSIC system is compared
with that of the well-known UCA-MUSIC one in form of estimation

CITor,

Compressive Sensing (CS) theory is applied for estimating DOA in
correlated environments.

Comparision of properties of the measurement matrice, i.e, theorical
matrix, the others are build from UCA and Asym-AWPC, is
implemented by statistical method.

[;-Regularized Least Squares method is used for recovering the sparse
signal in CS.




Main results and conclusions:
The main results:

1. An Asymmetric AWPC (Asym-AWPC), which is composed of two arrays of
vertical dipoles and one of them is asymmetric at least, is proposed. The DOA
estimation system, includes the antenna and Multiple Signal Classification
(MUSIC) algorithm (called Asym-AWPC-MUSIC), operates in full space (from
0° to 360°) with advantages of simple hardware, high resolution, less sensors

than sources, and isotropic array. The detailed results are shown as:

* The performance of the Asym-AWPC-MUSIC is the best if the rotation
angle of the antenna is averaged (360° divides by the antenna rotation

number plus 1).

¢ The asymmetric factor of the antenna is equal to 0.6. This value satisfies

the desired characteristics of the proposed system.

* The performance of the Asym-AWPC-MUSIC versus Signal to Noise
Ratio (SNR), resolution, and snapshot number is better than that of
UCA-MUSIC (the DOA estimation system is composed of Uniform
Circular Array and MUSIC algorithm), respectively. The obtained

resolution is 0.5 degree.

2. The Asymmetric AWPC is combined with Compressive Sensing algorithm
(called Asym-AWPC-CS) to estimate DOA exactly in correlated environments
without the memory for the measurement matrix entries. The detailed results are

shown as:

 The performance of the Asym-AWPC-MUSIC is perfect if the sources
are uncorrelated, degrades if they are correlated, and fails if they are

coherent.

e The measurement matrix, built from the Asym-AWPC, satisfies
conditions to apply CS directly for DOA estimation without memory.
The system works well in correlated environments even the sources are

coherent.,

 In (0;2] examined range, the asymmetric factor of the Asym-AWPC is
larger, the resolution of the system is better.




The conclusions:

The thesis proposes the radio finding systems which work well in
correlated environments. The proposed systems include: (i) the Asym-AWPC-
MUSIC for uncorrelated and small correlated source cases and (ii) the Asym-
AWPC-CS for all cases even the sources are coherent. The latter is better than the
former but the processing time and the resolution should be improved.
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