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MO DAU

Hé théng anten c6 kha ning phat hién hudng séng dén va tir d6 co thé
tao bup song bam theo cac muc tiéu phat song nay khi chung di chuyén 1a mot
loai anten thong minh. Cac thuat toan dién hinh phuc vu cho viéc xac dinh
hudng song dén con goi 1a bai toan tim hudng (DOA-Direction of Arrival) c6
the ké ra la MUSIC (Multiple Signal Classification) [40], ESPRIT
(Estimation of Signal Parameters via Rotational Invariance Technique) [43],
hay MLE (Maximum Likelihood Estimation) [19], v.v. Riéng bai toan diéu
khién bup séng bam theo muc tiéu con goi 1a xir 1y thich nghi thi cac thuat
toan nhu chon dudng theo huéng dc nhat (steepest descent) [8], trung binh
binh phuong toi thiéu (LMS-Least Mean Square) [6-7, 48], v.v. rat hay dugc
dung.

Thuat todn MLE 4&p dung cho mdt dan anten tuyén tinh L phﬁn tr cach
déu thi bai toan tim hudng dugc giai quyét theo quan diém théng ké thuan
tay, tic 1a tim gia tri tot nhat trong tip cac gia tri tinh dugc. Trudc tién ta phai
1ap ham xéc suét hau nghiém xudt hién tin hiéu theo huong roi t6i da hoa nd
theo cac hudng séng dén. Viéc tinh toan kha phirc tap vi phai tinh theo tat ca
cac vec-to hudng kha di. Tuy nhién d6 chinh xac cta thuat toan nay 1a cao.

Thuat toan tim hudéng MUSIC [40], cling ap dung cho mét dan anten
tuyén tinh L phan tr, viéc tim hudng soéng dén duoc qui vé tim cdc tri riéng va
Véc-to riéng cliia ma tran ty twong quan giira cac tin hi¢u thu dugc. Sau khi
chéo héa ma tran tuy twong quan nay thi cic tri riéng nho nhat s& ung véi
khong gian nhiéu. Con cac véc-to riéng g vdi céac tri riéng cia khong gian

nhiéu nay sé& truc giao vé6i cac véc-to hudng cua khong gian tin hiéu. Loi dung
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dic diém nay co thé xay dung dugc phé MUSIC 14 phd theo hudng song dén.
Tuy nhién s6 muc tiéu tdi da ma thuat todn MUSIC c6 thé phét hién duoc 1a
L — 1 muc tiéu.

Thuat toan ESPRIT [43] 4p dung cho cac cdp anten gidng nhau (tirc 1a
anten thr hai c6 thé thu duoc tir anten thr nhat qua mot phép tinh tién) c6
bién d9, pha va phan cuc c6 thé chon tiy ¥. Loi dung tinh bat bién ctia khong
gian con tin hi¢u qua phép quay do dac tinh hinh hoc cta céc cdp anten trong
dan, hudng song dén s& duoc tinh truc tiép. Pay 1a mot phuong phép rat hiéu
qua, tuy nhién cdu tric hinh hoc cua dan anten s& phirc tap hon thong thudng.

Thuat toan xu ly thich nghi, madc du van dung dan anten tuyén tinh L
phan tir cach déu song cach xir Iy hoan toan khac. Tin hiéu thu dugc tir mbi
phan tir anten dugc nhan véi mot trong sé phirc 10i cong lai. Xir 1y thich nghi
& day chinh 1 diéu khién cac trong s6 phirc ndy. Ham muc tiéu 13 phai tdi
thiéu sai s6 trung binh binh phuong, & d6 sai s6 1a su sai khac gitta dép ng
mong mudn va dap ung nhan duoc qua mdt sb6 chu ky lap nhét dinh. Khi su
hoi tu dat dugc cd nghia su sai khac gitta dap ing mong mudn va dap tng
thuc dugc bo qua va dan anten sé& tao ra bip séng hudng dén muc tiéu. Tc dd
hoi tu cua cac thuat toan xtr 1y thich nghi phu thudc vao h¢ s6 hoi tu u (la mot
s6 thue chon giira 0 va 1) va cac cong thire lap.

Nhiing dic tinh ctia hé théng anten théng minh gin véi cac thuat toan
ké trén c6 thé xay dung bd sung cho cac hé thong tin di dong hién hanh dé
nang cao hiéu qua sir dung vé bang tan, cong suét ciing nhu dung nang.

Mait khac thé hé thong tin di dong hién nay va tuong lai (thé hé tha 4)
dung cho bang rong duwa trén co sé truyén dan da séng mang truc giao
(OFDM- Orthorgonal Frequency Division Multiplexing) dugc khuyén cao
trong cac tai liéu [15], [16]. Uu diém cua k¥ thuit ndy 1a viéc chuyén dic tinh

truyén dan tir kénh Rayleigh fading lya chon tan s6 sang kénh Rayleigh
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fading phang. Tdc do truyén dan sé& ty 1& v6i sb séng mang duoc dung Khac
v6i hé théng biang rong da truy cip theo ma W-CDMA (Wideband-Code
Division Multiple Access). Van dé& vé khtr nhidu MAI (Multiple Access
Interference) trong cac hé nay 1a phuc tap. Trong hé OFDM thi van dé cua
nhiéu giita cac song mang (ICI- Intercarrier Interference) va nhiéu xuyén ky
tu (1SI-Intersymbol Interference) dugc giai quyét nhd dua vao tién to vong
CP (Cyclic Prefix). Viéc thyc hién mot hé¢ OFDM khi dung cac bo FFT (Fast
Fourier Transform), IFFT (Inverse Fast Fourier Transform) tré nén don gian
[27], [44]. Pang chu ¥ 14 van dé phat trién anten théng minh cho cac hé truyén
dan da séng mang truc giao ciing da duoc nghién ctu trong [16], [24] va [60].

Hé théng thong tin di dong mdi, hd tro cho truong hop ding nhiéu
anten, la truong hop thuong gap cua hé MIMO (Multiple Input Multiple
Output) con goi 1a hé da anten c6 kha nang lam dung nang kénh tang mot
cach gan nhu tuyén tinh theo s anten st dung [9], [11], [45] va [56]. Khi cac

anten phat va thu dugc coi 1a khong twong quan, ma tran kénh H c6 hang day

P
~HH") theo
nNo

dua, thi dung nang ctia mot kénh MIMO sé¢ ty 1€ voi det(l, +

ham logarit [17]. Khi sé anten (n) 16n hon hodc bang bdn thi dung ning kénh
MIMO duoc coi nhu ting tuyén tinh theo sd anten phét (thu) so véi dung
nang kénh SISO (Single Input Single Output) khi biét thong tin vé phan bd
kénh va trang thai kénh. Trong moi truong thong tin di dong thuc té, phai ké
dén cac ngudn gay tan xa, cac hiéu ung da duong, bong che, khoang canh
giita tram gdc va ngudi dung, v.v. Liic nay hang cia ma tran kénh suy giam,
dung niang kénh MIMO ciing suy giam theo. Mot wu diém cta hé thong
MIMO la kha ning chdng fading cua né. Trong cac diéu kién dia hinh phic
tap nhu trong cac khu d6 thi thi viéc dung nhiéu anten phat -thu cho ich loi 15

rét. Cac hé thong thong tin di dong thr tu (4G) trén co so truyén dan da song
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mang truc giao da khuyén nghi dua MIMO vao str dung. Khi 4y, uu viét cua
anten thong minh ciing c6 thé dugc phat huy tai ca phia phat va phia thu.

Dua vao nhiing phan tich khai quat néi trén, ludn an dé xuit mot mo
hinh anten théng minh c6 kha ning dung lam anten tram gbc cua thé hé di
dong thtr 4 (c6 thé bo sung cho cac anten ctia thé hé di dong hién hanh), goi 1a
hé théng OFDM/SDMA (SDMA-Space Division Multiple Access-Pa truy
cap theo khong gian).

M6 hinh anten théng minh nay bao gém hai hé thong. Do 1a hé thong
tim huéng song dén va hé thong tao bup song anten. Vé hé tim hudéng soéng
dén (trinh bay chi tiét & Chuong 3 va da cong bd trong cbng trinh [2]), trong
d6 dung anten hai phan tir va thuat toan MUSIC. Phan tir anten thir nhat dang
pha, phan tir thir hai khong c6 tdm pha va c6 dac tinh pha phi tuyén. Do phan
tr thar hai c6 dac tinh pha phi tuyén, nén néu lay mau pha cua né L — 2 lan
theo thoi gian, ching ta s¢ dugc mot tap dir lidu twong duong véi Viéce St
dung mot dan anten tuyén tinh L phan tr cach déu. Sau d6 sé& ap dung thuat
toan MUSIC dé tim hudng séng dén mot cach binh thudng.

Céc két qua toan hoc va md phong cho thdy hé tim hudng néu trén co
kha ning phat hién sé luong I6n muc tiéu, mac du chi dung hai phan tir anten.
Mt khéc, chat luong cac dinh pho MUSIC khi diing hé tim huéng nay tuong
duong véi chat luong caa thuat toan MUSIC khi ding dan anten tuyén tinh L
phan tir cach déu.

Vé hé tao bup séng (duge trinh bay chi tiét & Chuong 2, céng bd trong
cong trinh [3-4]), 1a dan anten mang pha bang rong L phan tir (tir 4 dén 8) ¢o
mot buap chinh v6i do rong ¢& 30° két hop kha ning quay bap thich nghi bam
theo muc tiéu trong pham vi mot séc-to 120°.

Anten thdng minh do luan an d& xudt c6 hai trang thai hoat dong. Trang

thai tha nhat khi nguoi dung phan bd déu trong séc-to thi ding anten vo

14



huéng. Trang thai tht hai khi nguoi dung phan b tip trung thanh cic cum
trong séc-to thi chuyén sang hoat dong theo hé théng MIMO 2x2 (M4t anten
vO hudng dung chung ca phat va thu. Mgt anten quay bup thich nghi da trinh
bay & phan trén). Viéc xac dinh kiéu phan b tap trung hay khong cta cac
nguoi dung dugc thuc hién théng qua phé MUSIC cua hé tim hudng.

Céac nghién ctru ap dung anten thich nghi cho OFDM nhu céac céng
trinh cia Wong [24], Li va Sollenberger [60] va Wang cung cong su [16].
Tuy nhién hé xir Iy tin hiéu cia anten trong cic hé théng OFDM/TDMA &
[24] va [60] hay trong cac hé thong OFDM/OFDMA ¢ [16] kha phirc tap va
chua tao ra cac bup song bam theo nguoi dung. Ngoai ra véc-to trong sb phai
t6i uu ca vé bién d va pha, dong thoi phu thudc ca vao ma tran tu tuong quan
ctia tin hiéu va dap ung cta kénh truyén (ma tran kénh).

Panh gia dung luong cta hé thdng OFDM/SDMA dé xuit s& duoc trinh
bay chi tiét & Chuong 4, va da duoc cong bd & cong trinh [6]. Viéc danh gia
nay thuc hién trén 4 hé théng sau day:

Hé théng 1: Cac anten dugc ddt trén ba canh cia mot tam giac déu.
Anten trén mdi canh s& bao phi mot séc-to rong 120° va hoat dong & ché d6
song cong. Trong hé thong OFDM ching t6i goi hé nay 1a SISO-SECTOR-
OFDM.,

Hé thong 2: Khac v6i hé thong 1 anten trén mdi canh 13 anten mang
pha bing rong tao ra mdt blp séng chinh c¢6 dod rong 60° hodc (30°, 15°). Blp
song nay co thé bam theo muc tiéu (vi tri c6 mat do ngudi dung cao nhat
trong mot séc-to 120°) theo két qua du doan hudéng song dén dung dan anten
khong tAm pha va thuat toan MUSIC. Trong hé théng OFDM chung t6i goi hé
nay la SISO-ADAPTIVE-OFDM

Hé thong 3: Ngoai c4c anten trén ba canh tam giac déu nhu hé théng 1,

ta bo sung thém mot anten v hudng (thu phat song cong) & tim tam giac déu
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phéi hop phuc vu cho c4 3 canh. Nhu vy theo huéng ctia mdi canh ta c6 hé
MIMO 2x2 (ngudi dung ciing doi héi co 2 anten). Trong hé thong OFDM
chung t61 goi hé nay 1a h¢ MIMO 2x2-SECTOR-OFDM.

Heé théng 4: La sy bd sung anten vo hudng & tAim tam giac déu vao hé
thng 2. Tt 1a két hop k¥ thuat tao bup cta anten trén mot canh cung sy phdi
hop ctia anten thir 2 ¢ tAm tao nén hé MIMO 2x2. Trong hé théng OFDM
chung t6i goi hé nay la h¢ MIMO 2x2-ADAPTIVE-OFDM.

CAac nghién ctru so sanh cho thdy Hé 2 c¢6 dung luong (s6 luong nguoi
ding/séc-to) cao hon Hé 1 khoang 3 lan (két luan nay s& dugc lam 18 &
Chuong 4 cia Luan an). Dung ndng kénh cua H¢ 3 va 4 con cao hon hé 1 va 2
vi dung thém k¥ thuat MIMO.

Tom lai, nhitng dong gop chinh ctia luan 4n thé hién & cac ndi dung sau
day:

Thir nhdt, luan an d3 dé xuat mot phuong phap méi xac dinh hudng
song dén dung phdi hop anten vo hudng va anten khong tdm pha. Theo
phuong phéap nay sé phan tir ciia hé anten 1a 2 song c6 thé xac dinh mot sé 16n
(L-1) huéng song dén co6 do phan giai twong duong hé anten tuyén tinh L
phan tir.

Thir hai, dua trén cac két qua xac dinh hudéng song dén, luan an da dé
xudt mot mo hinh anten thong minh (tao bup huéng vao noi co cic nguoi
ding tap trung cao) phdi hop véi ky thudit OFDM duoc xay dung dé co thé
taing dung luong nguoi dung trong hé thong. Piéu nay duoc ching minh
thong qua ca biéu thuc giai tich 1dn két qua mo phong.

Thir ba, khi bo sung thém mot anten vo hudng & tdm phdi hop véi cac
anten trén ba canh cta tam giac déu, lun 4an da dé xuat xdy dung mot hé
théng méi két hop dugc ca ba ky thuat MIMO, OFDM va tao bup cua anten

thong minh. Pay chinh 1a mé hinh cia cac hé théng 3 va 4 nhu d4 no6i o trén.
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Céc két qua nghién ciru trén da duoc cong bd trong cac cong trinh [2-6]

va da dugc thao luan rong rai trong cac xeminar khoa hoc.

B6 cyc cua ludn an nhu sau. Chuong 1 trinh bay cac khai niém vé quy
hoach tan s va dung luong hé théng cho hé thong tin di dong thé hé méi, sau
d6 gidi thiéu vé bong che Lognormal (mé hinh truyén soéng quy mé 16n). Sau
d6 néu 1én cac nguyén 1y co ban cua truyén dan da séng mang truc giao
(OFDM) va ctia hé thdng dung nhiéu anten (MIMO). Chuong nay ciing dé
cap t6i da truy cap theo khong gian (SDMA) va cudi cung 13 anten thong
minh cho OFDM.

Chuong 2, ¢6 nhiéu phuong phap tao bip song anten dé phuc vu cic
muc dich khac nhau. Chuong nay trude tién trinh bay cac so d6 xu Iy phan tir
blp s6ng, tiép theo 1a gidi thiéu cac so dd xir Iy khong gian bup soéng (cac so
d6 nay cho phép tao bup song anten hudng vé mot muc tiéu c¢b dinh va co thé
dit cac hudng khong cho cac ngudn nhiu, hodc tdi da mirc SNR (tin trén tap)
dau ra ctia dan anten). Sau d6 néu 1én anten thich nghi, bang rong va bang hep
clng vdi cac thuat toan thich nghi nhu steepest descent, LMS (diéu khién bip
song trong trudng hop nay dé cho muc tiéu di dong). Cudi cung dua ra dan
anten mang pha dé sir dung & tram gdc. Dé hé xir 1y tin hiéu anten don gian va
anten c6 kha nang thich nghi vé1 muc ti€u di dong nén phuong phap quay bup
song thich nghi dung dan anten mang pha & tram gc 1a lya chon thich hop.

Chuong 3 s& trinh bay tuan ty cic thuat toan tim hudng nhu MLE,
MUSIC va ESPRIT. Thuat toan MLE, bai toan tim hudng dugc giai theo
quan diém x4c suat thong ké thuan tay. Thuat toan MUSIC, bai toan tim
huéng duoc giai trén quan diém cac khong gian phy va trinh bay chi tiét véi
cac cong thuc danh gia do chinh xac ctua huéng dén du doan. Thuat toan

ESPRIT loi dung cau tric hai dan anten phu dé tinh huéng song dén mét cach
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truec tiép. Tiép theo, gidi thidu cac khai niém vé anten khong tim pha. Sau d6
phan tich dan anten khong tdm pha véi dic tinh pha phi tuyén. Trong tAm cta
chuong dé cap kha ning str dung dan anten khong tdm pha két hop véi thuat
to4n MUSIC dé tim hudng song dén. Cudi chuong 1a mot sé mé phong danh
gia chét luong cua dan anten khong tim pha dung thuat toan MUSIC.

Chuong 4 s& gi6i thiéu anten thong minh ¢ tram goc tiép dén anten
thong minh cua nguoi dung trén co sd do tinh toan dung luwong hé thong tin di
dong voi 4 hé thdng cu thé sau day: hé thong hién dung cai tién hd tro OFDM
(hé thong 1); hé thong hién dung cai tién hd tro OFDM va tao bip song thich
nghi theo huéng nguoi dung (hé thong 2); hé théng hién dung cai tién hd tro
OFDM va MIMO 2x2 (hé thong 3); hé thong hién dung cai tién hd tro
OFDM, MIMO 2x2 va tao bup song thich nghi (hé thong 4). Chuong nay tap
trung mé phong dung luong duong 1én va xudng hé théng 2. Cubi chuong co
nhén xét cac két qua mo phong.

Cuoi cung cua luan an la phan két luan va dé nghi.
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CHUONG 1
MOT SO KY THUAT CHO HE THONG TIN DI PONG
THE HE MOI

Chuong nay trudc tién trinh bay cac khai niém vé quy hoach tan s va
dung luong hé thdng cho hé thong tin di dong thé hé méi, sau d6 gisi thidu vé
bong che Lognormal (mé hinh truyén séng quy mé 16n). Tiép theo néu Ién cac
nguyén 1y co ban cta truyén dan da song mang truc giao (OFDM) va cta hé
théng dung nhiéu anten (MIMO). Chuong nay ciing dé cap t6i da truy cép
theo khong gian (SDMA) va cudi cung 1a anten théng minh cho OFDM.

1.1 Quy hoach tin s va dung lwong hé thong

Dbi v4i hé thong tin di dong thé hé méi dugc hiéu 1 cac thé hé sau thé
hé thtr 3, cdu tric t& bao hinh t6 ong (hinh luc gidc déu) van duoc ap dung.
Mau tai st dung tan s6 ky hiéu 1a N, X N X N¢. Trong do, h¢ s6 thir nhat, N,
goi 1a hé s6 st dung lai tan sb trong té bao hay sd luong tap tan sé dugc dung
trong mot té bao. Hé so thir hai, Ny, chi s6 séc-to trong mot té bao. Hé sb thu
ba, Nf, 1a hé s6 st dung lai tan s lién té bao hay sb luong tap tin sd s dung
giira cac té bao.

Luan an lya chon mau sir dung lai tan s6 3x3x1 (Hinh 1.1) boi vi dung
lugng cua n6 cao hon so vo1 cac mod hinh khac (1x1x1, 1x3x3, 3x1x1, 3x3x1,
3x3x3) [30].

Theo [20] dbi v6i mot kénh cé cong sudt phat trung binh P, , bing
thong B hitu han, tap 4m phan bd Gauss véi trung binh khong va cong suat

o?, thi dung nang kénh C chuan héa biéu dién nhu sau:
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Hinh 1.1 Mdu tdi sir dung tan sé 3x3x1 véi mét té bao
trung tam va I6p té bao dau tién xung quanh né.

Pa

C/B=log,(1+-%) (bit/s/Hz) (1.1)

o
Dung ning kénh dit giéi han toc do truyén khong 18i v6i cong suit phat gidi
han, kénh Gauss bang giéi han. Ddi voi khai niém dung luong hé thong tin di
dong duogc hiéu 1a sb nguoi dung 16n nhat ma hé théng o thé phuc vu duogc
[2], [25]. Do mang di dong cd cau trac té bao nhu trinh bay & trén, dong thoi
mdi té bao thuong chia ra ba séc-to (mdi séc-to rong 120°), nén dung luong
hé théng xem nhu 13 s6 ngudi dung 16n nhat/séc-to ma hé thdng c6 thé phuc
vu duge. Khai niém hiéu suit st dung phé) la tdc do thong tin tdi da cua mot
hé thong thong tin cu thé trén bé rong phd cua nd. Pon vi cta hiéu suat su
dung phd 12 bit/s/Hz.
1.2 Bong che Lognormal

Céac mo hinh truyén song du doan cudng do tin hiéu trung binh véi mot
khoang cach 16n giita may phat va may thu, rt hitu ich trong du doan ving
bao phu vo tuyén ctia mot may phat duoc goi 1a cac mé hinh truyén song quy

md 16n [49]. Cac mé hinh nay dic trung cho su thay d6i cudng do tin hiéu
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trén mot khoang cach 16n gitra may phat va may thu (vai tram hodc vai nghin
mét).

Thuc nghiém va 1y thuyét déu chi ra ring cong suét tin hiéu thu trung
binh giam logarit theo khoang cach, vdi ca kénh trong nha (indoor) va ngoai
nha (outdoor).

Suy giam trung binh theo quy mé 16n ddi vi mot khoang cach phat thu

bat ky duoc biéu dién 13 mot ham cua khoang cach theo mot hé s6 mil suy

giam n.
PL(r) [ GJ (1.2)
PL(dB) = PL(r.) +10nlog [rij (1.3)

trong d6, 1, 1a khoang cach ddi chiéu, r 1a khoang céach phat thu, n 1a hé sd
suy hao truyén song, cho biét tbc do suy giam ting theo khoang cach nhanh
hay cham.

Cong thire ¢6 diu ngang & trén biéu dién trung binh thng ké cua tat ca
cac gia tri suy giam ddi v6i mot khoang cach r dd cho. Khi ching ta v& trén
mot thang log-log, suy giam dugc mo hinh héa bang mot dudng thing voi
mét d6 ddc bé’mg 10n dB trén mot do chia. Gia tri n phu thudc vao kiéu moi
truong truyén song cu thé. Vi du nhu trong khong gian tu do thi n = 2, con khi
cO cac vat can n s€ ¢ mot gia tri 16m hon.

Viéc lua chon mot khoang céach ddi chiéu trong khong gian ty do phu
hop véi mdi trudng truyén soéng ciling quan trong. Trong cac hé théng té bao
c6 ving bao phu 16n, khoang cach dbi chiéu thuong 1a 1km. Trong cac hé
théng vi té bao thuong dung céc khoang cach nhé hon nhu (100m; 1m).
Khoang cach d6i chiéu nén nam & khu trudng xa dé cac anh huéng cia truong

gan 1a it nhat.
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Suy giam ddi chiéu dugc tinh ding cong thic suy giam trong khong

gian tu do nhu sau

PL(dB) :1OIog§ ——10Iog[ (1.4)

r

GG, A?
(47r)2 r
trong d6 P, 1a cong suét phat, P.1a cong suat thu, G, 1a d6 tang ich anten phat,
G, la do tang ich anten thu va 4 la bude song cua tin hiéu.

Bang 1.1 liét ké cac hé sb suy hao truyén séng cu thé trong cic moi

truong vo tuyén di dong khac nhau (theo chuong 3, tai liéu tham khao [49]

cua Rappaport).
Bang 1.1 Hé sé suy hao truyén séng véi cdc méi trieong khdc nhau
M&éi trudong H¢ so suy hao truyén séng, n
Khong gian tu do 2
Do thi 2.7+3.5
D6 thi bi bong che 3+5

Mo hinh & (1.2) khong xét t6i thuc té 14 méi truong xung quanh c6 thé
rat khac nhau v&i ciing mot khoang cach giita may phat va may thu. Diéu nay
thé hién ¢ gié tri do duogc rat khac véi gia tri trung binh theo (1.2).

Cac phép do chi ra 1, tai gia tri r nao d6, suy giam PL(r) l1a ngau nhién
va phan bd Lognormal xung quanh gia trj trung binh.

PL(r)=PL(r)+ X_ (1.5)

PL(r) = PL(r,)+10nlog [%J + X

va
P.(r)=R(r)—PL(r) (1.6)
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trong d6 X 13 mot bién ngau nhién (theo dB) ¢ phan b Gauss, trung binh
bang khong voi phuong sai, o, (cling theo dB). Gia tri dién hinh &, = 8dB
nhu lya chon trong [42].

Phén bd Lognormal miéu ta cic anh huong bong che phat sinh ngau nhién
trén mot s6 16n nhimg vi tri do dac voi cing mot khoang phan cach phat-thu,
nhung c6 cac mirc dia hinh khic nhau trén duong truyén séng. Hién tuong
nay con goi l1a hién tuong bdong che Lognormal.

1.3 Ky thuat OFDM

OFDM 14 trudng hop dic biét cua ky thuat truyén din da song mang hay
1a truyén dan song song [44]. Trong OFDM dong dit liéu gdc dugce chia ra cho
cac song mang con, dugc diéu ché véi toc do thap va truyén song song trén
kénh.

Trong mot hé thong OFDM, tat ca cac song mang con dugc dong bo voi
nhau, gidi han su truyén dan cho cac so do diéu ché sb. Tat ca nhirng song
mang con ndy truyén c6 dong bd ca thoi gian va tan sd do dé s& hinh thanh
mot khoi phd don.

Hé théng OFDM c¢6 mdt sé wu diém sau: Hiéu suat st dung pho cao do
cho phép xép chong cac song mang con; Khang fading lya chon tan s cao
hon cac hé don séng mang; Loai bo nhiu xuyén ky hiéu, ISI bang viéc dung
tién t6 lap, CP; Bo can bﬁng kénh don gian hon cac hé don s6ng mang; Piéu
ché/giai diéu ché dung FFT/IFFT hiéu qua; Khang nhiéu dong kénh va nhiéu
xung tot.

Tuy vay, n6 ciing c6 mot sé6 nhuoc diém 1a: nhay véi dich tan séng mang
va nhiéu pha hon cac hé théng don séng mang [34], [50-51]; Ty sb cong suat

cuc dai trén cong suat trung binh cao hon cac hé thong don séng mang.
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So dd khéi hé théng truyén dAn OFDM don gian dugc minh hoa ¢ Hinh 1.2

D/A

A 4

s(t)

Kénh

S/P IFFT > P/S
—
S,' —>
Dir liéu vao
Dir liéu ra
S; < <
P/S |¢ FFT < S/P
<« <

A

A

A/D

A

Hinh 1.2 So do khéi hé théng truyén dan OFDM

Dua trén so do ¢ Hinh 1.2 ching t6i s& trinh bay nguyén 1y hoat dong

co ban cia diéu ché OFDM [50]. O phia phat, chiing ta c6 dong dir liéu vao

noi tiép

Sl’S2’SS""’SN

Qua bd bién d6i ndi tiép song song (bd S/P & Hinh 1.2) ta c6 dong dix

liéu ra song song nhu sau
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Chung ta gia thiét chu ky ky hiéu 1a T, chu ky ldy mau 14 AT véi N mau
trong mot chu ky ky hiéu. Nhu vay ta c6 T =NAT. Cac tan sé goc cac song

mang tuong tng Sé€ la

=27 vsin=012..N-1

" NAT
Tin hiéu OFDM dua vao kénh c6 dang nhu sau:
N-1 )
s(ty=>_S,e"™ (1.7)
n=0
Khi lay mau thi k cta tin hiéu OFDM ta c6
S(t=KkAT) =s,
= LN S S L
=)SeNT =>SeM =IFFT(S,) (1.8)

RS rang bo bién ddi Fourier nhanh nguoc (bo IFFT ¢ Hinh 1.2) da 1am
chtrc ning diéu ché OFDM, chuyén tin hiéu tir mién tan s6 sang mién thoi
gian. Sau khi céc song mang duoc diéu ché dugc cong lai véi nhau ¢ bo bién
d6i song song ndi tiép (bd P/S ¢ Hinh 1.2) ta s& thu duoc tin hiéu OFDM. Yéu
cau bién doi dang tin hiéu s6 OFDM thanh dang tin hi€u tuong tu dé truyén
1én kénh v6 tuyén duoc thuc hién nhd bo bién d6i sé twong tu (bd D/A ¢ Hinh
1.2).

Bay gio chiing ta xem xét vé bing thong cta hé théng OFDM. Chung
ta da biét rang nghich ddo cua chu ky ky hiéu chinh 14 khoang phén céach giita
cac séng mang

1
Af =—— 1.9
NAT (1.9)
Tan s cac séng mang |
= v6i n=01,2,.,N -1 (1.10)
NAT

Bing thong ciia hé thong OFDM la
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B —f _fot

OFDM N-1 =
° AT

(1.11)

Pic tinh truc giao caa tin hieu OFDM c6 thé duoc md ta don gian nhu
sau [50]. Néu hai séng mang s;(t) va sj(t) doc lap tuong hd véi nhau thi
chling goi 12 truc giao v&i nhau. Néu Iy tich phan cua tich hai séng mang nay
(& day chi xét phan thuc, néu xét ca phan 4o két qua ciing tuong tu) trong mot
chu ky ky hiéu ching ta c6

= a)
i #

isi (t)s, (t)dt = T!sin(Znifot)sin(Zﬁ jf t)dt = {g

Két qua trén da ching minh rang séng mang s;(t) va s;(t) la truc giao Vi

nhau.

A
v

Borom
Hinh 1.3 Bang théng ciia hé thong OFDM
Phé cua tin hiéu OFDM dugc minh hoa & Hinh 1.3. Nhin trén hinh nay
ching ta cé thé thay riang tin hiéu OFDM c6 N dinh phé va ¢ bé rong pho
Borom. Khoang céch giira cac séng mang 1a Af. Binh cia mot séng mang bat
ky @ng véi cac diém khong cua cac song mang khac. Thoi diém ldy mau mot
song mang chinh 1a tai vi tri dinh ctia song mang d6. Do d6 cac song mang
xung quanh s& khdng anh huéng dén séng mang dang xem xét tai phia thu.
Pay chinh 1 giai thich vé dic tinh tryc giao cua tin hieu OFDM trong mién

tan sd.
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O phia thu, qua trinh dugc thuc hién nguoc lai v6i phia phat. Dau tién
tin hiéu thu duoc s& di qua bo bién d6i twong tu s6 (bd A/D trén Hinh 1.2) sau
d6 tin hiéu duoc dua qua bd bién d6i ndi tiép song song. Tiép d6 tin hiéu
dugc chuyén ddi Fourier nhanh (b6 FFT & Hinh 1.2) va cubi cung di qua bd
bién doi song song ndi tiép dé khoi phuc lai dong di liéu goc ban dau.

Trudc day cic nha khoa hoc da nghién ctu tin hiéu da song mang
nhung viéc &p dung nd con han ché do kho khin & viéc thuc hién cac bo diéu
ché va giai diéu ché. Cung véi su phat trién cta cac vi mach tich hop thi viéc
thuc hién cac bd IFFT va FFT tré nén dé dang rat nhiéu so véi viéc sir dung
cac bo loc thong thuong. Cac bo IFFT va FFT thuc hién trén co s& Cac Vi
mach tich hop da lam cho diéu ché OFDM ngay nay trd nén pho bién trong
linh vuc vién thong.

K¥ thuat OFDM duoc dé nghi dung cho thong tin di dong lan dau tién
nam 1985 [27]. Trong tai liéu [16], hé théng thong tin di dong WiMAX
(Worldwide Interoperability for Microwave Access) dua trén k¥ thuat OFDM
dugc gidi thiéu nam 2008.

Céc hé thong thong tin di dong hién nay nhu GSM, 1S-95, va céac thé hé
3G chi ding cic so d6 diéu ché nhu BPSK (Binary phase shift keying), QPSK
(Quadrature phase shift keying)., vv. Két qua 1a hiéu suét str dung pho thap.
Céc hé thong nay dung cac so d6 diéu ché cb dinh dé dat dugc ty s6 SNR cao.

Téc do ky hiéu cua cac hé théng don séng mang phai cao néu ching
mudn dat duoc hiéu suét sir dung phé cao do do cac hé théng nhu GSM cén
cac bo cin bang kénh phurc tap (t6i 4 chu ky ky hiéu) dé duong dau véi da
duong. Tré trai trong GSM tdi da t&i 15 us hay chu ky tré trai trén 4 ky hiéu.
Dan dén 1a ISI s& pha hity hoan toan thong tin néu ching ta khong dung cac

bd can bang kénh.
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OFDM ban than n6 lam tbi thiéu ca hai anh hudng (da duong va nhiéu
giita cac song mang). Pa duong bi ti thiéu boi viéc dung hiéu sudt sir dung
pho thip va dung khoang bao vé. B can bang kénh dé dang dat duoc qua
viéc dung cac ky hiéu hoa tiéu (pilot symbol). Kiéu can bang kénh nay cho
phép muc SNR trung binh cao. Thém vao do, cic song mang trong OFDM
dugc giir true giao véi nhau, dung ca déng bo thoi gian va déng bo tan sb s&
lam giam nhiéu giira cdc séng mang. Ca hai thuan loi & trén cho phép muc
SNR cao ¢6 thé duy tri trong ca mdi truong da ngudi dung va da dudng. Tiém
nang vé SNR cao nghia la cic so d6 diéu ché bac cao co thé dugc dung trong
cac hé thong OFDM, din dén sy ting 1én dang ké vé hiéu suét sir dung phd

cua ca h¢ thong.

1.4 Ky thuat MIMO
1.4.1 Giéi thiéu hé thong MIMO

Nhu cau vé dung niang kénh trong thong tin vo tuyén, dic biét 1a di
dong té bao, Internet va cac dich vu da phuong tién da tang rit nhanh trén
khap thé giéi. Trong khi d6 dai tan sd vo tuyén 1a hiru han va dung nang kénh
thong tin can thiét s& khong dat duoc néu khong c6 mot sy ting 1én dang ké
ctia hiéu suét str dung pho.

CAc tién bo vé k¥ thuat ma hoa, nhu ma Turbo va ma mat d6 thap 1lam
cho hé thong thong tin tiém can dén giéi han dung ning Shannon trong nhimng
hé thong dung mot anten. Nhiing tién bo hon nita vé hiéu suat sir dung pho c6
thé dat dugc bang cach ting sb lugng anten tai ca hai phia phat va thu. Trong
phan nay trinh bay nhiing gii han dung nang kénh nén tang d6i véi truyén
dan qua kénh MIMO. Nhiing gi6i han ndy chu yéu dua trén cac két qua ly

thuyét cta Foschini [17]. Nhing gidi han dung ning kénh nay nhin manh vé

28



tiém nang hiéu suat sir dung phd cua kénh MIMO, ting tuyén tinh xap xi voi
s6 luong anten.

San pham MIMO cia phong thi nghiém Bell, goi 1a BLAST (Bell
Laboratories Layered Space Time), c6 thé dat dugc hiéu suit st dung phod toi
42 bit/s/Hz. Pay 1a mét su ting 1én dang ké so voi hiéu suat sir dung pho hién
nay 2-3 bit/s/Hz ¢ trong cac mang di dong t& bao va cac mang vo tuyén cuc
bd (WLAN-Wireless Local Area Network) .

1.4.2 M hinh hé thong MIMO

Chung ta xem xét mot hé thong MIMO diém t6i diém dung dan anten

CO n, anten phat va n, anten thu nhu ¢ [11]. Ching ta tap trung vao mo hinh

hé thong tuyén tinh bang gdc roi rac voi so d6 khdi hé thdng nhu ¢ Hinh 1.4.

~ 7,7 —>
—> Tx ' RS ' Rx
. 7 - - .
,/,4
2“7 hir S
e >
SnT hnTnR XnR

Hinh 1.4 So d6 khoi mét hé MIMO

Tin hiéu phat trong mdi médt chu ky ky hiéu duoc biéu dién boi mot véc-to cot
s, ¢6 kich thudc n, x1, trong d6 thanh phan thu i, s; chinh 1a tin hiéu phat di
tur anten th .

Chung ta xem xét mot kénh Gauss, theo 1y thuyét thong tin, dung ning
kénh cuc dai khi phan bd cua nhiing tin hiéu phat ciing 1a Gauss. Do vy
nhimg thanh phan cua s xem nhu 13 nhitng bién Gauss cé trung binh béng

khong va phan bb doc 1ap thong ké. Ma tran twong quan cua tin hiéu phat 1a
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R, =E[ss"] (1.13)

trong d6 toan tu A"bidu didn Hermitian ctia ma tran A, c6 nghia 1a chuyén vi
va lién hi¢p phtic cua A.

Cong suit phat tong cong 1 P voi sb lugng anten phat n_, ¢ thé biéu
dién 1a

P=tr(R,) (1.14)

trong d6 tr(A) biéu dién vét ctia ma tran A, 13 tong cac thanh phan chéo cua A.

Néu kénh 1a khong biét tai phia phat, chung ta gia thiét 1a cac tin hiéu
phat tir c4c anten vai cong suat bang nhau, P/ny . Do d6 ma tran twong quan
ctia tin hiéu phat c6 thé biéu dién l1a

R =—I (1.15)

trong d6 I, la ma tran don vi c¢6 kich thude n. xn, .

Kénh truyén duoc miéu ta béng mot ma tran phitc H, kich thudc
n. xn._. Thanh phan h; cia ma tran H la hé sd fading ctia kénh tir anten phat
thi j dén anten thu th i. Vi muc dich chuan hoa, chiing ta gia thiét ring cong
suat thu d6i v6i mdi mot trong n, nhanh 13 bang cong suat phat tong. Vé mat
vat 1y, diéu d6 co nghia 13 ching ta bé qua suy giam va khuéch dai cia tin
hiéu trong qué trinh truyén séng, bao gébm ca bong che va do loi cua
anten, v.v. Do vy ching ta dat dugc rang budc chuan hoa cho cac thanh phan

ciia H, trén mot kénh véi nhitng hé sd phirc theo [9] 1A
L 2 .
>l =n.i=12n, (1.16)
j=1

Khi thanh phan ctia ma tran kénh 1a nhitng bién ngau nhién, sy chuan hoa s&

duogc ap dung cho gia tri ky vong cua biéu dién trén.
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Chung ta gia thiét 1a ma tran kénh duoc biét tai phia thu, nhung khong
phai ludn ludn biét tai phia phat. Ma tran kénh c6 thé du doan tai phia thu
bang cach phat di mot chudi huan luyén. Thong tin vé trang thai kénh du doan
c6 thé trao d6i v6i phia phat qua mot kénh phan hoi. Nhitng thanh phan cia
ma tran H c6 thé xac dinh hoic ngiu nhién. Trong thong tin vo tuyén, nhiing
thanh phan ctia ma tran kénh chu yéu tuan theo phan b Rayleigh hoic Rice.

On (tap am) tai may thu dugc miéu ta bf?mg mot Véc-to cot cd kich
thude n, <1, biéu dién 1a N. Nhitng thanh phan cta cia né 13 nhimg bién
Gauss phirc, trung binh bang khong va doc lap thong ké, véi phuong sai phan
thuc bang phan a0. Ma trin tuong quan cta tap 4m tai mdy thu la

R,, = Efnn"| (1.17)
Néu khong c6 tuong quan giita nhitng thanh phan cta N, thi ma tran tuong
quan tap am la

R, . =0o’l (1.18)

nn NR
MJi nhanh trong n, nhanh thu cé cong suét tap Am giong nhau 1a o2,

May thu dua trén nguyén tic toi da hda xac suat hau nghiém trén n,
anten. Tin hiéu thu duoc biéu dién bang mot véc-to cot X, kich thude n, x1,
trong d6 mdi thanh phan twong tmg v4i mot anten thu.

Chuing ta biéu dién cong suit trung binh tai ddu ra voi mdi anten thu 12
P. Ty s6 SNR trung binh tai mdi anten thu 1a

y= % (1.19)
Chung ta gia thiét 13 cong suat thu trén mdi anten 13 bang cong suat phat tong.
Mitc SNR bang ty sb cua cong sut phat tong voi cong sudt tap Am trén moi

anten va doc 1ap véi n, . Do dé ta suy ra la
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Dung mot mo hinh tuyén tinh, véc-to tin hiéu thu c6 thé biéu dién 1a
X=Hs+n (1.21)
Ma tran twong quan tin hiéu thu, E{xx*'}, cho bai
R, =HR_H" + o’ (1.22)
Cong suét cia tin hiéu thu tong la tr(R,).
1.4.3 Dung niing ciia hé thong MIMO
Phan trudc, chlng ta di gia thiét 1a ma tran kénh 1a khong biét tai phia
phat, trong khi nd c6 thé dugc biét hoan toan tai phia thu [17]. Bang cach
phan hoach riéng, bat ky ma trin H nao déu c6 thé viét lai 1a
H = UDV" (1.23)
trong do, D 1a mdt ma tran kich thudc n, xn,, chéo va khong am, U va V la
cac ma tran don nhat kich thudc n,xn, Va n, xn, tuong tmg (C6 nghia 1a
U =1, va W"=1,,véi I, va | cokichthudc ngxn.va n. xn. lacac ma
tran chéo don vi tuong Ung).
Céc thanh phan chéo cta D 1a binh phuong cua cc gia trj riéng ctia ma
tran HH" ky hiéu 1a A, xac dinh nhu sau
HH"q=Aq (1.24)
trong d6 ( la mot véc-to kich thudc n, x1 g véi véc-to riéng A . Hon nira,
cac cot cua U 1a cac veco riéng cia HH"™ con cac cot cua V la cac véc-to
riéng cia H"H. Thay (1.23) vao (1.21), véc-to tin hiéu thu viét lai 1a
Xx=UDV"s+n (1.25)

Bién doi
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X =U"x
s =V"s (1.26)
n=U"n
dan dén kénh gbc twong dwong voi mot kénh méi
X =Ds +n (1.27)
S6 lugng nhing gia tri riéng khac khong ctia ma train HH" bang voi
hang ctia ma tran H, goi lar. DPéi voi ma tran H, kich thudce ng x N, hang
ctia nd 14 m=min(n,,n,), c6 nghia 1a co it nhat m gia trj riéng khong am. Biéu
dién cac gid tri riéng cia H 1a \[4,i=12,---r va thay /4 vao (1.24), ching ta
c6 cac thanh phan tin hiéu thu la
[=JAsi+nl veii=12, .7 (1.28)
[ =N Voii=r+1,..,ng
Tir (1.28) suy ra 1a cac thanh phan x}; i =7 +1,..,ng khong phu
thudc vao cac tin hiéu phat, hay 1a do khuéch dai cta kénh truyén bang khong.
Con céc thanh phan, X; ;i =1,2,..,r phy thudc vao cac thanh phan phat va
ca kénh truyén. Do vdy mé hinh kénh MIMO tuong duong & (1.27) c6 thé
xem nhu 1a bao gém r kénh nhé song song va khong tuong quan. Mdi kénh
nho duoc gan cho mot gia tri riéng cia H, twong tng voi do khuéeh dai cua
kénh.
Néu n. >n,, hang cia H khong thé cao hon n., (1.28) chira la c6 n,

kénh nho trong kénh MIMO tuong duong, nhu Hinh 1.5,
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X1

S [ — O NI
C e b
D—

SR ——] e >
SO R

Hinh 1.5 So d6 kénh MIMO tuwong dwong khi ™ >n,

Nguoc lai, néu n, >n,, s& c6 n, kénh nho voi khuéch dai khac khong
trong kénh MIMO tuong duong, nhu Hinh 1.6. Cac gié tri riéng la mdt cach
biéu dién kénh MIMO thich hop dé danh gia cac duong truyén.

S —| T > D—> X1
S2 44 -------- > [>—> X2

SnT —»Q --------- > D—» XaT

XnR

Hinh 1.6 So do kénh MIMO twong dwcong khi n; <n,

34



Céac ma trin twong quan va veét cia ching doi véi tin hiéu r,Xxva n’

theo [11] c6 thé suy ra la

R.=U"R_U
R, =V"R.V (1.29)
R =U"R,U

tr(R,.)=tr(R,)
tr(R.)=tr(R,) (1.30)
tr(Rn,n‘) =tr(R,))

Cac mdi quan hé trén chi ra cdc ma trén trong quan cta x’, s'va n’ co
tong cac thanh phan chéo giéng nhu ddi véi cac tin hiéu goc x, s va n. Do d6
chung c6 cing cong suat.

Luu y rang trong kénh MIMO tuong duong ¢ (1.28), cac kénh nho 1a
khéng tuong quan, do dé c6 thé cong dung ning kénh cta chung lai. Gia thiét
la cong suat tir mdi anten trong kénh MIMO twong dwong 13 P/n, ching ta

c6 thé dy doan dung ning Shannon tong, C, theo [9] 1a

: P
C= BKZI092(1+ “) (1.31)

O_Z
trong d6 B, la bing thong cuia mdi kénh nho bang nhau, P, 1a cong suit tin
hiéu thu trong kénh tht i, c6 gia tri

AP

Ny

P, =

(1.32)

v6i [, 14 gid tri riéng tht i cua ma trdn kénh H. Do d6, dung niang kénh theo

[9] 6 thé viét lai 1a

c=BYlog,a+ "7 y=B log, [T+ 57  (133)
i=1 nTO' i=1 nTG
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Bay gi0, chiung ta s€ chi ra lam cach nao dung nang cua kénh lién quan
dén ma tran H. Gia thiét 13 m=min(n,,n,), thi (1.24) xac dinh quan hé gia tri
riéng-véc-to riéng co thé viét lai 1a

(41,-Q)g=0 (1.34)
trong do, Q, 1a ma tran Wishart xac dinh nhu sau
HH" n.<n;

Q= (1.35)
H'H n,>n

Co nghia 13, A1d mot gia tri riéng ctia Q, néu va chi néu dinh thic cua
A, —Q phai bang khong:

det(4l,-Q)=0 (1.36)
Céac gia trj riéng A ctia ma tran kénh c6 thé tinh duoc bang cach tim cac
nghiém cua (1.36). Chung ta xem xét da thuc dac trung p(4) ¢ bén trai cta
phuong trinh (1.36)

p(A) = det(Al,, ~Q) (137)
Pa thitc nay c6 bac m, vi méi hang cua Al,,—-Q déng gép mot va chi mot liy
thira cia A trong da thirc. Vi mot da thire bac m, véi cac hé sé phire ¢6 chinh
xac m diém khong, chiing ta c6 thé viét lai da thuc dic trung 1a

p() =] [0~ 4) (1.38)

trong 46 4 14 nghiém cua da thie dic trung p(4), bang véi cac gia tri riéng
cua ma tran kénh.

Bay giod chung ta viét lai (1.36) 1a
[T -4)=0 (1.39)
i=1

Can bang hai vé ctia (1.36) va (1.39) cho ta

36



m

[T(2-4)=det(al, -Q) (1.40)

i=1

n 2
Thay A=- il

vao (1.40) ta co

fl[(u nf:2)=det(lm+mzz Q) (1.41)

Tir d6, dung niang kénh theo (1.33) viét duoc 1a
C =B, log, det(l +L2Q) (1.42)
n.o

Chu ¥ 13 néu cac hé s6 cta kénh 1a ngiu nhién, thi (1.33) va (1.42) biéu
dién dung ning tc thoi hay luong thong tin twong hd. Dung ning trung binh
ctia kénh c6 thé dat duoc bang viée 1y trung binh trén tat ca cac hé s6 kénh.
1.4.4 Dung ning mot kénh MIMO 2x2

Chung ta gia thiét ma tran kénh H 13 ngau nhién [17], nhung khong
d6i trong sudt mot chu ky truyén din. Twong tmg v6i gia thiét nay 1a mo hinh
kénh MIMO Fading Rayleigh bién doi cham. Vi dung niang kénh C, 1a mot
bién ngiu nhién, nén ta c6 ham phan bd xac suét tich lily cua dung ning, P..
Ham nay xéac dinh xéc suét tai mot muc dung nang cu thé.

Néu goi ham P (outage probability) 1a xac suat dimg kénh tai mot muc
dung ning cu thé thi

P=1-P (143)

Trong tinh toan dung ning mot kénh MIMO, nguoi ta quan tim dén P
hon la cac gidi han Shannon. That vay khi xem xét mot kénh MIMO 2x2 theo
[17] thi chan duéi cia dung ning chuan hoa la

P

oo (22)) (1.44)

C/B,>> log,(1+

trong d6 zZ =|h,|* 12 bién ngiu nhién Chi-Squared véi 2 bac tu do.
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Z; va zij’tuén theo phan bd Gauss véi trung

Thanh phan hy =2z; + jz; 5
binh bang khong va phuong sai bang 0.5. Tir d6 suy ra |n;|tudn theo phan bo
Rayleigh.

Con chan trén ctia dung ning chuin hoa theo [17] 12

P
20°

C/B, <3 log, L+~ (1)) (1.45)

trong d6 47 = |hn|2 + |hlz|2 13 bién ngau nhién Chi-Squared véi 4 bac tu do.
1.5 Ky thuat SDMA

Hé truyén dan OFDM c6 thé sir dung nhiéu kiéu da truy cap khac nhau.
Chung t61 stir dung k¥ thuat da truy cdp theo khong gian (SDMA) nhu vay hé
OFDM tr& thanh OFDM/SDMA. Trong phén trudc da dé cap cac kién thirc
co s& vé OFDM. Phan nay sé& ban bac k¥ thuat SDMA.

Theo [49] thi k§ thuat SDMA diéu khién ning luong phéat dén ting
nguoi dung trong khong gian. Trong cac hé thong mang di dong té bao truyén
thong, tram gbc khong co thong tin vé vi tri cac ngudi ding trong pham vi
mot té bao. Do d6 tram gdc s& phat tin hiéu di tat ca cac hudng dé phu song
trong pham vi mot t& bao. Ké qua 1a c¢6 sy lang phi cong suat khi khong c6
nguoi dung & do, thém vao doé lai tao ra can nhiéu dbi voi cac té bao xung
quanh ding cuing tan so.

Tuong ty nhu vdy, & phia thu, anten thu tin hiéu dén tir tit ca cac
huéng bao gdom ca tap 4m va cac tin hiéu nhidu. Bang cach ding anten mang
pha va lgi dung su khac biét vé vi tri trong khong gian ciia cac nguoi dung
trong té bao, k¥ thuat SDMA thyc hién da truy cap theo khong gian.

Vé ban chat, gian d6 birc xa cta tram gbc (ca phat va thu) duoc thich
nghi véi mdi nguoi dung nham dat duge d6 loi cao nhit theo huong cua

nguoi dung do.
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Noi tom lai, khi ma mdi ngudi ding duge gan mot ma khong gian thi
nguoi ta c6 thé dung méa nay dé phan biét ching. Trong k¥ thuat anten mang
pha thi m& khéng gian noi trén chinh la véc-to hudng thanh 1ap tir dan anten
va c6 gia trj duy nhat ddi voi mdi nguoi dung. Van dé& vé xac dinh véc-to
hudng s€ dugc chung t6i trinh bay sau & Chuong 3.

1.6 Anten théng minh cho OFDM

Nhu ching ta d3 biét, viéc st dung anten thong minh cho cac hé théng
thong tin di dong OFDM dé nang cao tinh ning, hiéu qua ciia hé théng (trong
d6 c6 van dé dung lugng) 1a van dé co tinh cap thiét, dd dugc nhiéu tac gia
nghién ctru, nhiéu cong trinh di duoc cong bd va cho dén nay né van con 1a

van dé mang tinh thoi sy.

Chung t6i chi diém lai cac két qua chinh & cac cong trinh [16], [24] va
[60]. Cac cong trinh lién quan c6 thé ké dén nhu [1], [3-5], [10], [14], [21],
[29], [33], [36], [59] va [61].

Trong [24], Wong xem xét st dung anten thong minh cho mang di
dong. Tuy nhién tac gia méi chi xem xét dén mot té bao. Cac van dé vé nhiéu
chua duoc giai quyét day du. Tac gia di thyc hién viéc téi wu trong sd phic
(bién d6 va pha) ctia dan anten tai ca tram gdc va nguoi dung dé cuc dai murc

SNR & dau ra.

Trong [60], Li va Sollenberger chu yéu xem xét ap dung anten thich
nghi cho hé théng OFDM/TDMA dé nén nhiéu dong kénh. Khi ding cau trac
thu phan tap voi hai anten thu, bd xir 1y sai sd trung binh binh phuong
(MMSE-DC) cai tién c6 thé nén nhidu déng kénh dugc khoang 5dB. Khi str
dung két hop ca du doan kénh thuan va nguoc, tac gia da khai thac trang thai
kénh qué khu, hién tai va tuong lai vao vi¢c du doan kénh. Do d6 dd chinh

xac cua dap ung kénh du doan tang 1én. Véc-to trong $6 phu thudc ¢4 vao ma
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trdn ty twong quan cta tin hiéu va ddp Gng cua kénh truyén. C6 thé thay
nhugc diém cua cac cong trinh [24] va [60] 1a hé anten xir 1y tin hiéu s& phirc

tap.

Trong [16] tac gia dé cap khia canh ting dung luong hé théng WiMAX
di dong dung anten thong minh véi cac minh hoa bang dd thi. Tuy nhién tac

gia khong tap trung dé 1am rd nguyén nhén cua sy ting 1én nay.
1.7 Két luan

Céac hé thong tin di dong thé hé méi nhu WiMAX hay LTE (Long
Term Evolution) can c6 sy hd tro ciia ca ki thuat da anten va ky thuat truyén
dan da song mang. Chinh vi vdy chuong nay di trinh bay cac kién thirc co so
d6 cung véi cac khai niém lién quan dén quy hoach tan sé va dung luong hé
thong.

Cac h¢ anten thong minh cho OFDM da dugc gidi thi€u. Tuy nhién
ching con bi han ché vi kha ning diéu khién rat phirc tap. That vay, trudc hét
trong sb cla cac anten nay phu thudc cd vao ma tran kénh truyén va ma tran
tu twong quan cua tin hiéu thu, tiép theo 1a cac yéu cu vé tdi uu trong sd phai
duogc thuc hién ca vé pha va bién do (do sir dung dan anten thich nghi). Ngoai
ra, kha nang tao btap song anten bam theo ngudi dung di dong dua trén cac
thong tin vé hudng song dén cua ngudi dung trong cac hé anten thong minh
ndi trén chua dugce dé cap.

Van dé xay dung mot hé anten thong minh dap Gmg yéu cau nang cao
dung luong cho hé théng va c6 kha ning diéu khién don gian s& duoc trinh
bay sau & Chuong 2. Trén co s¢ d6 chung toi s& dé xuat str dung mot phuong

phap diéu khién bap séng mai goi 1a phwong phap quay bip thich nghi.
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CHUONG 2

TAO BUP SONG TRONG HE ANTEN THONG MINH

C6 nhiéu phuong phép tao bup song anten dé phuc vu cac muc dich
khac nhau. Chuong nay dau tién trinh bay cac so d6 xir Iy phan ttr bup song,
tiép sau 1a gi6i thiéu cac so d6 xtr 1y khong gian bup song (cac so d6 nay cho
phép tao blp song anten hudng vé mot muc tidu cd dinh va co thé dat cac
hudéng khong cho céac nguén nhiéu, hodc t6i da mirc SNR (tin trén tap) tai dau
ra ctia dan anten). Sau d6 trinh bay vé anten thich nghi bing rong va bang hep
cuing vdi cac thuat toan thich nghi nhu steepest descent, LMS (diéu khién bip
so6ng trong trudng hop muc tiéu di dong). Cudi cing dua ra dan anten mang
pha dé sir dung & tram gdc. Pé cho viéc xir 1y tin hiéu cua hé anten dugc don
gian va anten c6 kha nang thich nghi véi muc tiéu di dong thi phuwong phap
quay bup song thich nghi dung dan anten mang pha & tram gdc 13 su Iya chon

thich hop cho luan an.

2.1 Céc so @6 xir Iy phan tir biip song
Xem xét mot dan anten thu ¢O L phan ti, tin hiéu tir mdi phan tir duogc
nhan vo1 mot trong sb phuc w,1=12,...,L , va dugc cong lai dé hinh thanh

tin hiéu dau ra cua dan anten [26], [28]. Hé anten dan nay dwoc minh hoa &
Hinh 2.1.

Do vay tin hi¢u dau ra caa dan anten 1a
y(t) = > wix, () (2.1)
1=1
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Phan Phan
tr 1 tir 2

x1(t) x2(t) x,(¢)

y(0)

Hinh 2.1 Hé anten dan

trong d6 x;(t) va w; 1 tin hiéu thu tai phan tr th | va trong s6 twong tng.
Gia thiét 1a song phang trén phan tir thir | dén 7 gidy trudc khi né dén phan tir
gbc (c6 thé chon 1 phan tir s6 1 ctia dan anten) thi tin hiéu dén tir phan tir tha
| gdy boi ngudn thir K 13

m (t)exp(j2zf (t+7)) voil<k<D (2.2)
trong d6 m, (t)1a tin hi¢u ban tin tir nguén thir k va f, 1a tan s6 song mang.

Tin hiéu dén dan anten 12 mot véc-to biéu dién nhu sau
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exp(j277,(6,))
x(t)= > m, (| SN |y (2.3)
- .exp(j27er(9k))
trong d6 0,13 hudng dén ciia ngudn thir k, L 12 s6 phan tir cta dan anten, n(t)
la vec-to tap am.
Goi a, la véc-to hudng (steering vector) gan véi ngudn thir k
a, =[1 exp(j27z,(6)), --- ,exp(j2zz,(6))]  (2.4)

Véc-to tin hiéu co thé biéu dién gon lai la
D

x(t) =>.m, (t)a, +n(t) (2.5)
k=1

Ma tran twong quan dan khi cac nguén (nguoi dung) 1a khong twong quan cho

boi
D
R=> paa, +o’l (2.6)
k=1

trong d6 p, 1 cong suat ctia nguodn thr k, o2 1a cong suét tap am N(t).
Néu goi A=[a,,...,a,] 1a ma tran dan (array manifold) va ma trin S ¢6
kich thuéc D x D biéu dién twong quan cia cic nguon, thi ching ta c6
R=ASA" +5’l (2.7)
Cong suit tirc thoi ¢ dau ra la
P(t) =w"x(t)x" (t)w (2.8)
Cong sut trung binh & dau ra la
P=w"Rw (2.9)
2.1.1 So’ d0 tao bup séng truyén thong
Theo [46] so dd tao bup truyén thong, coOn goi 1a so do tré va lay tong,
c6 cac trong sd voi bién do bang nhau. Pha cta céac trong s6 duoc lwa chon dé

hudng dan theo hudng (8,,4,) goi 1a hudng chinh (trong d66, 1a goc phuong
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vi, ¢, 1a goc ngang). Néu goi a_la véc-to huéng trong huéng chinh, thi trong
s6 cua dan 1a
1

W, =—a 2.10
=1 (2.10)

Tir (2.10) suy ra véc-to trong s6 12 mot ham sb cua véc-to hudng.
2.1.2 So' b tao bup khong

Theo [47] so d6 ndy c6 mdt bip voi dap tmg don vi trong huéng mong
mudn va dap tng khong d6i v6i nhidu, thuc hién yéu cau nay bang viéc lap
cac trong sd theo nhitng rang budc thich hop.

Gia thiét a_la véc-to huéng trong hudng cé dap tmg don vi va a, la véc-
to hudng gan v6i hudng khong. Véc-to trong sé mong mudn s& 1 nghiém cua
hé phuong trinh sau

w,a, =1

. (2.11)
w,a =0,i=1..K

Néu goi A=[a,,..,a ] va e =[L--0],tacd w!A=e .NOGi chung, néu sb
diém khong 1a nhoé hon L-1 va A khong phai 13 mot ma tran vudng thi véc-to
trong s6 du doan co thé biéu dién theo [26] &
w,, = A" (AA")" (2.12)

2.1.3 So do tao bup toi wu

So dd tao bup tdi wu theo [47], con goi 1a so d6 tao bup cd dap tng
khong méo phuong sai toi thicu (MVDR-Minimum Variance Distortionless
Response). So d6 khong yéu cau biét hudng va mirc cong sut ciia nhidu ciling
nhu mirc tap 4m nén Ma chi can biét hudéng cua myc tiéu.
2.1.3.1 T6i wu khong rang budc vé huéng cac ngudn nhiéu

Trong trudng hop nay véc-to trong sd duoc tinh nhu sau

Wirp = yOR*N1a0 (2.13)
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Ry 1a ma trin twong quan dan cta nhiéu va z, 1a mot hing sb.
2.1.3.2 Téi wu rang budc
Trong sd trong so d6 nay bi rang budc dé c6 mot dap umg don vi theo
hudéng muc ti€u, tuc la
Wea, =1 (2.14)
Tir (2.14) ta suy ra gia trj trong sd nhu sau
" Rya,

Wi = (215)
a,Rya,
Trong thuc té, néu st dung ma tran twong quan dan tong (tin hiéu va nhiéu)

thi ta dugc gia tri trong s6 nhu sau

Wi =— 0 (2.16)

Ttir (2.16) ta suy ra véc-to trong s toi uu 1a ham cua véc-to huéng va ma tran
tuong quan dan anten. That vy, nhitng trong sé nay 13 nghiém cta bai toan
t6i wu sau
Téi thiéu hoa w" Rw (2.17)
V6i diéu kién rang buoe w'a, =1
Piéu d6 c6 nghia 12 khong chi téi thiéu hoa cong suat nhidu dau ra ma con

yéu cau dau ra c6 SNR max.

2.1.4 So’ d0 tao bup toi wu dung tin hiéu ddi chiéu

Nguyén 1y hoat dong cta so dd nay 1 dung tin hiéu ddi chiéu (di biét)
r(t) trr di tin hiéu dau ra cua dan dé tao ra mot tin hiéu sai sb
(e(t) =r(t) —w'x(t) ) sau d6 ding tin hiéu sai s6 nay dé diéu khién cac trong
s6. Cac trong sd duoc diéu chinh dé sai sb trung binh binh phwong giira dau ra

cua dan va tin hi€u doi chiéu la bé nhat.
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Véc-to trong s theo [48] cho bai
w, =Rz
z=E[x@®)r(t)] (2.18)
trong d6 X(t) 1a tin hiéu vao dan anten, r(t) 1 tin hiéu d6i chiéu.

So dd nay chinh 1a bd loc Wiener, c6 thé dung dé 14y ra cac tin hiéu yéu
khi c6 mit cac ngudn giy nhiéu manh bing cach dat tin hiéu ddi chiéu bang
khong.

2.2 Cac so d0 xir Iy khong gian biip séng

NGi chung, ddi véi mot dan c6 L thanh phan, mot so do xtr Iy khong
gian bip séng bao gdm mot bip chinh hudéng vé phia muc tidu va mot tap
khong nhiéu hon L-1 bap phu [28] (Hinh 2.2).

Pau ra cac bup phu duoc danh trong s va trir di boi bup chinh. Cac
trong s6 duoc hiéu chinh dé tao ra gia tr1 dy doan cua nhiéu co6 mit trong bup
chinh. Do vay qua trinh trir s& loai bo duge cac nhiéu nay. Mit khac céac blp
phu duogc thiét ké dé khong bao gdm tin hiéu muc tiéu dé khdng thé loai bo tin
hi¢u muc ti€u trong phép trur.

Qua trinh tao ra L-1 bup phu tin hiéu x(t) (L thanh phan anten) ding
mot ma trdn B . Ma trin B xem nhu mdt ma tran tién loc, c6 dic tinh 1a L-1
cot ctia n6 1a doc 1ap tuyén tinh va tong cac thanh phan cta mdi cot bang
khéng, dan dén 1a L-1 buap doc 1ap va co dap tmg khong theo hudng muc tiéu.

Pau ra cac bip phu dugc danh trong s6 va 1ay tong. Cac trong sd duoc
hiéu chinh dé loai bo nhiéu tbi da. Viéc nay lam bang cach t6i thiéu hoa cong
sudt tong trung binh dau ra sau khi trir hai bup bang cach ding bai toan tbi uu
khong rang budc vé hudng cac ngudn nhiéu va dan dén toi da hda mirc SNR

dau ra.
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» Vv, \
xl(t) > Vl Bl:lp chinh
Ye(t)
>V,
y(t)
x;(t) .\ C
Bup phu _
Vp(t)
q:(t)
x,(t) > gt \
> B > W,
—| - /
o,
q.(t)

Hinh 2.2 So do xu 1y khéng gian bap song
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2.2.1 Xir Iy khong gian biip séng toi uvu
So dd nay c6 dau ra ctia bup chinh theo [28] Ia
y. (1) =V,"x(1) (2.19)
trong d6 X(t)1a tin hiéu vao dan anten, V. la véc-to trong sb cua bup chinh.
PAu ra ctia ma tran tién loc B 12
q(t) =B"x(t) (2.20)
Pau ra tong cua dan anten 12
y® =y.®-y,O=y.)-w"qt) (2.21)
trong do y_(t) 1a dau ra bap chinh, y (t) la dau ra btp phu (bp nhiéu). Vi B
c¢6 hang 1a L-1, nén theo [28] thi véc-to trong s6 du doan c6 dang
Wigsw = (B"RB)"B"RV, (2.22)
Pé dam bao 1a khong c6 tin hiéu muc tiéu di qua cac bip phu thi can c6
B"a, =0 (2.23)

Bup chinh ding so do tao bap truyén théng nén véc-to trong s6 cho boi

a
V. = f" (2.24)
2.2.2 So d6 loai bé bup phu
Goi «a;, i =1,2---L biéu dién tré pha dé xoay dan theo huéng muc tiéu
[26]. Chung cé gia tri nhu sau
o =2rfr(9.6) 1=12,..,L (2.25)

Tin hiéu d&én dan anten sau khi tré pha s& tré thanh
X (t) = D x(t) (2.26)

Vo1 @, dugce dinh nghia
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exp(joy) 0
®, = (2.27)

0 exp(ja,)
Bup chinh dugc hinh thanh nhd st dung cac trong s6 ¢b dinh trén tt ca
cac phan tir anten. Cac trong sb nay dugc chon bang 1/L dé c6 dap tng don vi

theo hudng muc tiéu

vV - % ! (2.28)
PAu ra ciia ma tran tién loc B 12
q(t) =B"x (t) (2.29)
Ma tran B ¢6 hang L-1 va théa man
B"I=0 (2.30)

thi du ra tong 1a

y) =y.0)-y,®)=y.(t)-w"q(t) (2.31)
trong d6 y,(t)1a dau ra bip chinh, y (t)la dau ra bup phu. Vi B ¢6 hang L-1,
C4c véc-to trong s6 du doan theo [26] 1a

w=(B" RB)™*B" RV (2.32)

v6i R =&} Ro,

2.2.3 So' d0 loai bé nhiéu sau tao blp (PIC)

Pay 12 mot loai so d6 dién hinh trong sd cac so dd xu 1y khong gian
bup song. Khac voi cac so d6 da trinh bay ¢ trén, cac so d6 loai bo nhiéu sau
tao bup khong dung ma trin B. Nén cac phan tir ciia bip chinh ciing 1a cac

phan tir ciia bup phu.
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Do d6, theo [26] dau ra cua bup chinh véi gia thiét dung so d6 tao bup

truyén thong 1a

y_(t) =V, x(t) (2.33)
Dau ra ctia bup nhiéu 1a

q(t) = U;'x(t) (2.34)
Pau ra tong tro thanh

y(t) = y.(t) —wa(b) (2.35)
O day véc-to trong so du doan 13 mot gid tri vo hudng

Wae = A RY, (2.36)

U'RU,

2.2.3.1 So' @6 loai b6 nhiéu sau tao bup véi tao bup nhiéu truyén thong
(CIB)

Néu ta thay d6i dé cho bup nhidu dung so do tao bip truyén thdng thi
so d6 nay goi la loai bo nhidu sau tao bup véi tao bip nhiéu truyén théng.
Véc-to trong sd cac bap nhiéu theo [28] Ia

a
u ==t 2.37
cie | ( )

Lua chon nay nham dam bao dan anten ¢ dap ung don vi theo hudng

nhidu. Véc-to trong sd du doan 13

| (2.38)

2.2.3.2 So d6 loai bo nhiéu sau tao bip véi tao biip nhiéu truc giao (OIB)
Néu ta thay d6i dé cho bup nhiéu ding trong s6 nhu sau
U, =U, (2.39)
trong d6 U_1a théa man diéu kién

U'a, =0 (2.40)

00
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Vi U, truc giao vdi a nén goi la so dd loai bo nhiu sau tao bup voi
tao bup nhiéu tryc giao. Rang budc nay dam bao bup nhiéu c6 dap tng khong
theo huéng muc tiéu. Trong s6 du doan trd thanh

a"RU
Wog = ———%— 2.41
"7 LU"RU, (241)

2.2.3.3 So' @b loai bo nhiéu sau tao biip v6i tao bup nhiéu cai tién (IIB)
Néu ta thay d6i dé cho bup nhiéu dung trong s nhu sau

Uy = (2.42)
a"R™a

C6 nghia 1a bip nhiéu co dap tng don vi theo hudng nhiéu va cé dap tng suy
giam trong hudng muc tiéu. Nén ta goi 1a so do loai bo nhiéu sau tao bup véi
tao bup nhiéu cai tién. Véc-to trong s6 du doan cho boi

H
Wis = ao—Lal (2.43)

2.3 So sanh cac so' @6 loai bé nhiéu sau tao biip véi cic so' @6 xir Iy phan
tur bup song
Pé so sanh chat lugng céc so dd loai bo nhiéu sau tao blp vo1 cac so dd
xtt 1y phan tir bup song, ta xem xét hai tham s sau : dap tng cong suit chuan
héa ctia bip nhiéu trong huéng nhiéu, y, va tham s6 vo hudng, p (1a ham cua
cau trac hinh hoc cua dan anten va huéng song dén).
o Khi p=y,, chat lugng cua cic so d6 loai bo nhidu sau tao bup ti uu
gidng nhu chat lugng cua cac so d6 xir Iy phan tir bup séng toi wru.
e Khi p>y,, mic SNR cia so do loai bo nhiéu sau tao bip nho hon cua
cac so dd xtr Iy phan tr bap séng toi wu.

e Khip=~1, mic SNR cta hai so @6 gan nhu nhau.
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2.4  Anten thich nghi
Anten thich nghi dugc dung dé thu tin hiéu dén tir myc tiéu va nén tin
hiéu dén tir cac ngudn nhidu. Ciu tric co ban ciia mot anten thich nghi theo

[8] dugc mo ta nhu Hinh 2.3

1

™~
N

2

™~
EN

Piéu
= khién

Hinh 2.3. Anten thich nghi

Anten thich nghi bao gdm mot anten véi L cong (L >1), L trong sb
phuc,w,,...,w , mdt mang ldy tong cac tin hiéu va mot bo diéu khién céc
trong s6. NOi chung, mot trong sd phirc 1am suy giam bién d6 va thay doi pha
cua tin hiéu truyén qua no va thuong dugc gia thiét 1a mot ham truyén doc lap
véi tan sb.

Céc uu diém ciia mot anten thich nghi 1a:

e Bip chinh cta nd cé thé thay d6i theo kénh truyén dé téi da hoa

mirc SNR ciing nhu dé tdi thiéu héa nhidu va tap am.
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e Viéc tao bup thich nghi bang cach dung cac thuit toan thich nghi
trén co s& hi€u chinh trong $6 v&i mot ham muc tiéu rang budc cho

trudc, thi du thuat toan LMS la quen thudc, don gian.

2.4.1 B0 lgc thich nghi bang hep

Nhu trong [48], bai toan xtr Iy thich nghi hay loc thich nghi 1a tim tap

trong s6 dé to1 thiéu héa mot ham muc ti€u.

Theo quan diém ciia xur 1y thich nghi, chiing ta xem xét cac tham s

nhu 13 s6 bd tré trong bo loc, hé so hoi tu. Hién nhién 1a s6 bd tré, J, quyét

dinh chiéu dai ctia bo loc. Hé s6 hdi tu, [, cho biét toc dd hoi tu ctia bo loc tir

cac gia tri khoi dau cia cac trong so dén cac gia tri toi uu sau mot sO budc

1ap.

Cdc gia thiét bai toan:

d(n) 1a dap mg mong mudn c6 phan bd Gauss véi moi n va doc lap
thdng ké, tirc 12 E[d(m)d (n)] =0, m #n.

x(n) 1a véc-to dir liéu dau vao, co phan bd Gauss voi moi n va doc lap
thdng ke, tirc 12 E[x(n)x"(k)] = 0, n # k.

Dit liéu dau vao va dap ing mong mudn c6 phan bd doc 1ap thong ke,
tuc la

E[x(n)d"(n)] = 0.

w(n) 1 véc-to trong sd.

e(n) la sai s6 du doan.

e(n) = d(n) —w"(n)x(n) (2.44)
w'(n) = [wi(n), wa(n), ..., w (n)] (2.45)
x'(n) = [x(), ..., x(n—J + 1)] (2.46)
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Ham muc tiéu biéu dién la

J(n) = E [le(n)’(] = E [(d(n) - w" (mx(n) (d" (n) - x" (n) w(n))] (2.47)

J(n) = 55-w" (n) p(n) — p(n)"™ w(n) + wMR(nw(n)  (2.48)

trong do
52=E[d(n)d” (n)] (2.49)
p(n) = E [x(n)d" (n)] (2.50)
R(n) = E [x(n)x"(n)] . (2.51)

2.4.2 Thuit toan chon dwdng theo hwéng doc nhat
Pay la mot thuat toan xir 1y thich nghi dién hinh véi cac bude xir Iy nhu sau:
Buéc 1: Chon mot gia tri ban dau cua véc-to trong sé w(n) = w(0)
ngau nhién.
Buéc 2: Tinh dao ham theo hudng dé t6i thiéu hoa ham muc tiéu.

V J(n) = d(n)/dw(n) = 0 (2.52)

Buéc 3: Lap cac gia tri trong s6

w(n+1) =w(n) + 0.5« [-VI(n)] (2.53)

biéu kién can va da dé thuat toan hoi tu la

O< u< (2.54)

max

trong d6 Amax 14 gia tri riéng 16n nhat ciia R(n).
buong hoc tap (learning curve) cho béi ham muc tiéu, J(n), nhu 1a mot
ham s6 theo s 1an lap, n.
2.4.3 Thuit toan trung binh binh phwong tdi thiéu
Theo thuat toan nay, vVéc-to trong s6 cho bai

w'(n) = [wi(n), wy(n), ..., w ()] (2.55)
Véc-to cua cac mau dit liéu dau vao c6 thé biéu dién la
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x'(n) = [x(n), ....x(n—J + 1)] (2.56)

Véc-to sai s6 1a
e(n) = d(n) — w"(n)x(n) (2.57)
trong d6 d(n) 1a dap tmg mong mudn bao gdm cac hudng tdi va cac thong tin
vé dong bd. Bo qua ky vong trong (2.50) va (2.51) chling ta co
p(n) = x(n)d" (n) (2.58)
R(n) = x(n) x"(n) (2.59)
Pé tdi thiéu hoa ham muyc tiéu, thay vi lay dao ham theo huéng nhu
trong thuit toan chon dudng theo huéng doc nhat ta tinh toan truc tiép nhu

sau
VJ(n)=-2p(n) + 2R (n) w (n) (2.60)

vI(n) = -2x(n)d"(n) + 2 x (n) X" (n) w (n) (2.61)

Qua trinh lap tiép theo c6 thé thuc hién nhu sau
w (n+1) = w(n) + gx(n) [d"(n) - x"(n)w(n)] (2.62)
Véc-to trong so co thé dugc viét dudi dang don gian hon 1a
w(n+1) =w(n) + xx(n) e’(n) (2.63)
Sau moét vai vong lap, ta sé dat duoc vec-to trong s6 toi uu. Két qua la, bup
s6ng chinh s& hudng dén muc tiéu va cac huéng khong s& dit vao nhiéu.
Do cac hé thong tin di ddong méi can hd trg bang rong nén & phan tiép

theo chung t6i s& gidi thidu vé bo loc thich nghi bang rong.
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2.4.4 B0 lgc thich nghi bang rong

Xl(t-JT)

Xa(t) X (t-T)
D : T = T .......... __>
\ 4 A\ 4 \ 4
W]_]_ W12 WlJ-l
T 1

y(®)

=

A 4

WL

D ; T : T ---------- __»
\4 \ 4 \4
W1 Wi Wi 3
T 1

Hinh 2.4 So' do bé loc thich nghi bing réng theo kiéu

dwong dan cham phan doan.

Mot b0 loc thich nghi bang rong dién hinh mé ta nhu & Hinh 2.4.
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Trong do, cac véc-to trong sd cua bd loc thich nghi bing rong 1a [22]
W' =[w],w,,...,w/]
W, = [W11’W12""1W13

w, :[W21’W22""’W2J] (264)

W, :[WLl’WLZ""’WLJ]
Tap dit liéu dau vao 1a
X' () =[x (1), X" (t=T),... X" (t —(J —1)T)]

(2.65)Tir d6 tin hiéu dau ra cta bd loc thich nghi bing rong trd thanh

YO =33 Kt~ (k=DTw, 2.66)
y(t) = W'X(t)
2.5  Dan anten dé nghi
Gia thiét tram gdc c6 cdu trac tam giac déu. Trén mdi canh cla tram
gbc dat mot dan anten mang pha bang rong L phan tir (tir 4 dén 8), cach déu
nhau nira budc séng. Yéu cau dbi voi dan anten nay 1a phai tao ra mot bup
song chinh c6 do rong c& 30° va hoat dong & ché do song céng. Khi d6 néu
ngudi ding nam trong bup chinh ndy thi dan anten s& cho dap tng don vi hay
la a'a, =1.
Cau tric dan anten mang pha bang rong ky hiéu 1a T,, & trén Hinh
4.2). Co thé ndi rang tai mdi thoi diém, dan anten luén hinh thanh mot bup
song chinh hudng dén nguoi dung. Gia sir ngudi dung & hudng t6id,, thi dan
anten s¢€ tao ra bup song chinh theo hudng 6, .
Diéu nay cé thé thuc hién dugc véi cach lam nhu sau: Xdy dung mot
dan anten tuyén tinh, cdch déu, tiép bién dé giong nhau, tiép pha ting déu.
Ta gia thiét bo qua cac hién tugng bat thuong nhu khoang cach giita hai

phz‘in tor anten 1a 16n hon hodc nhé hon A,/2, bién do dong kich thich cho céc
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phan tir anten khac nhau, c6 nhiéu hon mot bup chinh trong ving nhin thay
duogc (grating lobe) va sb phan tir anten quéa nhiéu hay dan qua dai.

Viéc thuc hién diéu khién blp song rat don gian, ta chi can diéu chinh
cac bo di pha, tao ra hién tuong cong dong pha theo hudng 0., lap tac bup

chinh s& dat dugc ¢ hudng do.

lo

) |
: >/ :|0 @ : e? |9° .....
T @: |
\ I i3 5=Pdcoshy
—/ |

Hinh 2.5. Dan anten mdang pha diéu khién bip song

Theo 1y thuyét anten [13], [41], hé s6 dan AF (array factor) la:
AF = | elmgifeos0 4| g™ gifteoss (2.67)
trong d6 1. 1a bién d9; o, la pha cua dong kich thich tai phan tir anten thi i,
[ 1a hang sb truyén séng; d 1a khoang cach giita hai phan tir anten.
Vi tiép pha cho ting déu cho cac phan tir anten nén ta c6

|, =16 = g e (2.68)
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L1
Suy ra AF — Iozejlﬂd(cosﬁ—cosﬁo) (269)
i=0

Tur d6 ta thay ring AF dat cuc dai taicosd =cosé,, hay 6 =0, .
2.6 Phwong phap quay bup thich nghi

Quay bup thich nghi 1a mét phuong phap quay bup séng anten trong
khong gian thich nghi vi moi trudng kénh. That vy, néu mot hé anten thong
minh ¢6 kha nang quay bup thich nghi tirc 1a bup song chinh cta hé anten nay
c6 kha ning quay bam theo muc tiéu di chuyén (phan biét voi cac phuong
phap t6 hop bup thich nghi nhu trong cac thuat toan LMS) trong pham vi mot
séc-to ma noé phuc vu.

Pé thuc hién viéc quay bup thich nghi, ching t6i st dung mét dan
anten mang pha bang rong va diéu khién pha ciia dan anten nay. Theo [39] d¢
blp séng chinh anten hudng theo hudng 6, thi ta chi can tiép pha tang déu cho
cac phan tir anten lién tiép sao cho chung khac pha nhau mot luong
@ =—pdcosd, (trong d6 B la hang sb truyén song, d = A,/2 1a khoang cach
giita hai phan tir anten lién tiép, A, 1a budc song & tan s6 trung tam).

Piém khéc biét co ban giita quay bup thich nghi va quay bup tuan tu
d6 1a bup séng anten lac ndy c6 kha ning bam theo muc tiéu di chuyén ngiu
nhién.

Véc-to trong sd cua dan anten quay blp thich nghi 1a
1
w=—a(é
1 ©,)

trong d6 L 14 s6 phan tir cia dan anten, a(f,) 1a véc-to huéng muyc tiéu dugc
biéu dién nhu sau:
a(6,) =[L exp(~ jBd cos@,),exp(~ j2/3d cosb),), --,exp(~ j(L ~1) Bd cos@,) |

Ldc nay thong tin vé hudng dén ciia muc tiéu (Véc-to hudng a(6,)) c6 dugc tir

hé théng tim phuong (hé nay sé& trinh bay k¥ & Chuong 3). Khi muyc tiéu thay
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d6i, véc-to hudng s& thay doi va véc-to trong sb s& cip nhat theo. Muyc tiéu
trong bai toan cua luan an la vi tri c6 mat do nguoi dung cao nhat trong mot
séc-to.

Ly do chung t6i lua chon thuét toan quay bup song thich nghi vi khau
xur ly tin hi€u ctia n6 don gidn hon so v6i céc thudt toan thich nghi khac nhu
LMS hay cac so d6 xir Iy phan tir hay khong gian bup song téi vu (trong sd
ctia cac thuat toan LMS hay xur 1y bup song t6i wu phire tap, phu thudc vao
nhiéu tham sd nhu gia tri trong s6 & thoi diém trude, véc-to sai sb hay ma tran
kénh.,wv).

Pac biét, tuy xir 1y tin hiéu don gian nhung bap song ctia dan anten
mang pha c6 kha ning thich nghi voi kénh truyén, khic phuc dugc cac nhuge
diém t6i wu cimg ciia cic so d6 xu 1y phan tir hay khong gian bup song da
trinh bay ¢ trén.

2.7 Kétluan

Mic du ¢6 nhiéu wu diém vé kha ning chdng nhiéu nhung céc so db xu
Iy phan tir bup song hay nhiing so d6 xur Iy khéng gian biip séng van chua co
kha ning diéu khién thich nghi v6i su thay doi ciia méi truong kénh.

Luan an dung anten mang pha da don gian hon mot budc so vdi anten
thich nghi thong thuong (chi can diéu khién pha thay vi phai diéu khién ca
pha va bién d¢). Pong thoi thuat toan quay bap thich nghi duoc ching t6i lua
chon dé diéu khién buap song trong hé anten thong minh vi kha ning diéu
khién ctia n6 don gian hon thuét toan LMS hay céc thuat toan tao bup song t6i
uu khac. Pay chinh 1a diém m&i cua ludn an, d3 duoc cong bd trong cac cong
trinh [4,6].

Mot diém dic biét 1a qua chuong ndy chiing ta thay rd vai tro cua véc-
to hudng rat quan trong trong cac ky thuat tao va diéu khién bip séng anten.

Pong thoi do chinh xac cua thuat toan quay bup thich nghi ciing phu thugc rat

60



nhiéu vao véc-to hudng a(@). Cac van dé phat hién hudng song dén (véc-to

hudng) sé duoc trinh bay & Chuong 3.
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CHUONG 3

XAC PINH HUONG SONG PEN DUNG DAN
ANTEN KHONG TAM PHA

Trong chuong ndy, trude hét sé trinh bay cac thuat toan tim huéng nhu
MLE, MUSIC va ESPRIT. Véi thuat toan MLE, bai toan tim hudng duoc giai
theo quan diém xac suit théng ké thuan tay. Véi thuat toan MUSIC, bai toan
tim hudng duogc giai trén quan diém cac khong gian phy va trinh bay chi tiét
v6i cac cong thirc danh gia do chinh xac cua huéng dén du doan. Véi thuat
toan ESPRIT, bai toan sir dung cau tric hai dan anten phy dé tinh huéng song
dén mot cach truc tiép. Tiép theo, gidi thiéu cac khai niém vé anten khong
tdm pha. Sau d6 phan tich dan anten khong tdm pha véi dac tinh pha phi
tuyén. Trong tdm cua chuong dé cap kha niang st dung dan anten khdng tam
pha két hop véi thuat toan MUSIC dé tim hudng song dén. Cudi chuong 1a
mot sé mo phong danh gia chat luong cta dan anten khong tim pha dung
thuat toan MUSIC.
3.1 Phuwong phap MLE

Phuong phap nay do Ilan Ziskind va Mati Wax dé xuét trong [19].
Chung ta gia thiét dung mot dan anten tuyén tinh L phan tir cach déu nhau nira

budc song. Tin hi¢u dau ra cua dan anten la:

y(®) = A(O)x(t) + n(t) (3.1)
trong d6 X(t) 1a véc-to tin hiéu dén c6 kich thude D x 1, ¢6 dang
X(1)= [Xo(t) Xa(t) ... Xp-1(1)] (3.2)

A(6) goi la ma tran dan véi cac cot la cac véc-to hudng ; n(t) véc-to tap am,
cac mau cua nd 1a doc 1ap thong ké véi nhau va tuan theo phan bd Gauss, c6

trung binh bang khéng va phuong sai o?.
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Céc gia thiét khi giai quyét bai toan tim hudng theo [19] 1a:

-S4 ngudn tin hidu dén 1a biét trudc va nho hon sb phan tir cia dan anten
D <L.

- Tt ca D véc-to hudng 1a doc 1ap tuyén tinh.

- On n(t) 1a mot qua trinh ngau nhién, Ergodic, Gauss, trung binh bang
khong va phuong sai ¢ ; cic mau tap am n(t,) la doc 1ap thong ké.
Bai toan sé& 1a udc luong 6,,---,6, tir K mau (snapshots) dit liéu ctia dan

anten. Cac mau dit liéu ctia dan anten c6 thé biéu dién 1a
y(t), . y(t) (3.3)

Suy ra ham mat do xac sudt cUng lGc cta cac mau dir liéu theo [19] 14

K

tO=11——=5

1 2
§ S t[ e (;\y(ti)—A(a)x(ti)\j (3.4)

Suy ra ham Log likelihood, bé qua céac thanh phan hang s cho boi
1 K
lyy =—KLlogo® —= >y (t) - A@)XE)| (3.5)
i=1

Chung ta mudn t6i da hoa l1og theo cac bién chua biét. Néu ching ta xét

theo o? trudc thi
/\2 1 K 2
o = _Z‘y(tl) - A(e)x(tl)‘ (36)
KL=

Néu dua o*vao ham Log likelihood thi bai toan tbi da hoa ljq trér thanh

max{—KLIog {GAZ = ﬁZ\y(ti) —AQ)x(t,)| }} (3.7)
X i=1
Bai toan nay tuong duong véi viéc tdi thiéu hoa sau
min{3ly(t) - AOXG | 38)
! i=1

Viéc tdi thiéu hoa theo s trudc, sau d6 theo @ s& dan dén
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1o (@) = 2Py ®)f (3.9)
voi
Py =AO)A" (O)A(0)) A" (0) (3.10)
Véc-to tap am trong y(t) s€ lam cho nd 1éch ra khoi vi tri trong khong
gian tin hiéu va du doan MLE phai tim kiém trong ma tran dan véc-to hudng
gan giéng nhat voi y(t).
Bai toan t6i da hoa ham Log likehood 1a mot bai toan tdi wu phi tuyén.
Trong trudng hop khong thé c6 mot nghiém dang cong thirc, thi can thiét sir
dung cac so d6 lap (iterative) nhu (theo [48]): Gradient descent, Newton—
Raphson, vv
Khi s6 nguon tin hiéu dén 13 nhé hon s phan tir ctia dan anten va cac
ngudn nay khong twong quan, phuong phap MLE vuot troi cic phuong phap
khac [19].
3.2 Phwong phap MUSIC
Phuong phép nay do R. O. Schmidt gigi thiéu trong [40], [31]. Gia thiét
ta van dung m6 hinh tin hiéu nhu & cong thire (3.1). Ma tran ty twong quan tin
hi¢u dén la
R, = E[xx"] (3.11)
Suy ra ma tran tu twong quan tin hi¢u dau ra cua dan anten 1a
R, = AR A" +0°I (3.12)
Chéo hod ma tranR_, ta dugc cac tri riéng 4,
A={, A, A} (3.13)
Céc gia tr1 riéng nay thoa man phuong trinh
R, —41/=0 (3.14)

Pua (3.12) vao (3.14) ta d& nhan thiy cac gia trj riéng ciia ARA" 12
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v ={v;|lv; = 1; — 0%} i=01,..,L—1 (3.15)
Nhu trong tai liéu [40], D 1a sb song dén. Béi vi D nhé hon L, AR, A"
1a x4c dinh duong v6i hang D. Do d6, L — D gia trj riéng ciia AR,A"™ bang
khong hay L — D gié trj riéng ciia R_bang ¢ . C4C Véc-to riéng tuong tng
vOi céac gia tri riéng nady 1a nghiém cua phuong trinh
(R,-4ADg,=0 v6ii=01,.. L—-1 (3.16)
Gia thiét cac tri riéng sap xép nhu sau
MA>A>>A (3.17)
thi ta c6 nhiing gia tri riéng nho nhét tuong tng 13, Ap, ..., A, . CaC Véc-to
riéng tmg voi cac tri riéng nay la
V,={q,,i=D,...,L-1} (3.18)
Mbét diém quan trong, khong gian phu nhiéu s& truc giao véi khong

gian phu tin hi¢u, hay la cac véc-to riéng thudc V_ sé truc giao vdi cac Véc-to

hudéng
Aqi=0 i=D....L-1 (3.19)
Tir d6 suy ra, huéng cta séng dén, @, s& 1a dinh caa ham phé MUSIC nhu
Sau
L (3.20)
a" (V. Vv, "a(9)

3.3 Mot s6 md phong dé minh hoa hoat dong va danh gia chat lwrong cia
phwong phap MUSIC dung dan anten tuyén tinh L phan tir.

Cho mdt dan anten tuyén tinh c¢6 L=8 phan ttr, dit cach déu nhau mot
khoang céch d doc theo truc z. Do vay hudng 0=0° hodc 6=180° l1a hudng doc
truc va 0=90° 13 hudng vudng goc véi truc. Gia thiét c6 6 ngudn khong twong

quan ¢ cac hudng 6=0°, 7°, 10°, 20°, 25° va 30° v4i SNR bang nhau va bang
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20dB. Sb snapshot duoc str dung 14 K=100. Dung 10 mé phong Monte-Carlo
cho mdi phé MUSIC. Chung t6i duge phd MUSIC nhu Hinh 3.1.

60 L . . L : L
55 |- | | -
50
45
40 f-

351

Pho MUSIC (dB)

30

25

20

]
1

15 L r r r r r r r
0 5 10 15 20 25 30 35

Cac nguon tai huong 0 do, 7 do, 10 do, 20 do, 25 do va 30 do, M=10 mo phong

Hinh 3.1. Phé MUSIC véi 6 nguon tai cac hueong 0°, 7°, 10°, 20°,
25° va 30°.

Noi chung, trung binh va phuong sai ciia du doan huéng séng dén dung
thuat toan MUSIC 14 cac bién ngdu nhién. Do vdy chung ta phai xac dinh
chung véi gia thiét 1a biét trudc phan bd ciia chung. Van dé nay da duoc
Stoica va Nehorai giai nam 1989 [35].

Céc gia thiét vé bai toan nhu sau: Cac gia tri riéng du doan c6 phan bd
Gauss va doc lap théng ké, cac sai s6 du doan cua cc vector riéng 1a lién hiép
Gauss. Thong ké cua chiéu cac véc-to riéng nhidu 1én khong gian tin hiéu
cling 1a lién hiép Gauss. Tdn tai dao ham ctia phd MUSIC theo huéng dén.

Véi cac gia thiét trén, chung ta c6 duoc cac két qua sau:

o Néu co mot nguon:
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Phuong sai cia MUSIC sé& bang phuong sai cia tiém can chin dudi

Cramer Rao.
var,,, = Var,.cx (3.21)

Chin dudi Cramer Rao 13 chin dudi nho nhat theo quan diém thng ké toan
hoc.

o Néu c6 D nguon khéng twong quan:

Ty s6 cua phuong sai MUSIC va phuong sai cia tiém cin chian dudi
Cramer Rao la

Mo _ 14 ASNR™ (3.22)

Var,.cq
trong 46 ASNR 14 ty s6 tin trén tap ctia dan anten.
o Néu cé D nguén tiong quan:
Phuong sai cia MUSIC s& khong tiém can dén phuong sai cua chan
dudi Cramer Rao. Sai s6 du doan hudng dén MUSIC 1a :
9, =0i-0 (3.23)
Phuong sai ctia phd MUSIC theo [35] Ia:
o’ a'(6)q,a(6)

= ) (3.24)
trong d6 K la s6 lugng snapshot va
0o =0sAAg (3.25)
A, =diag[4, -0, A, —0o’] (3.26)
A, =A-c’l (3.27)
ds =[0G, 05 | (khong gian tin hiéu) (3.28)
q, =[0s...---» 9, 1(khong gian nhiéu) (3.29)
h(6) =d" (0)a,q,d(9) (3.30)
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4(6) - 2@

(dao ham cua vector huéng). (3.31)

M6 phéng 1: Panh gia do chinh xac cta ude luong hudng song dén

Hai ngudn doc 1ap, 0, thay doi tir 92° dén 110° theo budc goc 1a 2°,
0,=90° va SNR;=SNR,=3dB. S phan tir cia dan anten, L=8; sb snapshot,
K=100. Ching t6i c6 do léch chuan cta hudng dén ctia ngudn thir nhat véi sy

thay d6i ctia nguén thtr hai cho bai Hinh 3.2.

o 8
L]

o

gl
[

-40

Do lech chuan uoc luong goc toi cua nguon thu nhat(dB)
(=]
(=]

1 1 1 1 1 1 1
2 94 96 98 100 102 104 106 108 110
Goc toi cua nguon thu hai (degree)

1

\
(&)

0=

Hinh 3.2. B¢ léch chudn huwdéng dén cia nguon thir nhat theo sw thay doi

hwéng dén ciia nguon thir hai.
Mob phéng 2: Panh gia do chinh xé4c cta udc luong hudng song dén

Hai ngudn khong tuong quan, 6,=90°, 0,=100°. SO phan tir cia dan
anten L=8, K=100. SNR;=SNR; va thay dbi tir 0dB dén 8dB, véi budc thay
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d6i 1a 1dB. Chlng t6i ¢6 do 1éch chuin cia hudéng dén ciia ngudn thir nhét

theo su bién do6i ctia mic SNR cho boi Hinh 3.3.

Do lech chuan uoc luong huong den cua nguon thuc nhat(dB)

__15 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7

Thay doi cua muc SNR(dB)

(=)

Hinh 3.3. B¢ léch chudn huéng dén ciia nguon thir nhat theo sw bién doi ciia
murc SNR.

Tir két qua mo phong & Hinh 3.2 va Hinh 3.3 c6 thé thay rang khi cac
nguodn cang xa nhau hay mirc SNR tang thi d6 l1éch chuan udc luong hudng
dén cua ngudn thir nhat cang giam. Piéu ndy c6 nghia 1 d6 chinh xac cia du
doan phé MUSIC cang cao.

3.4 Phuwong phap ESPRIT

Phuong phap nay do Richard Roy va Thomas Kailath trinh bay trong
[43]. Thuat toan nay vé co ban duy tri dac diém vé tinh bat ky ctia cac phan tir
ctia dan anten, nhung 1am giam di viéc tinh todn mot cach dang ke.

Céu trac dan s& sap xép thanh cac cip anten gdm hai anten giong nhau

(doublet). Chung ta c6 thé chon lya dic tinh hudng, 4o khuéch dai, pha va
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phan cuc ciia mdi anten trong cac cip. Anten thir hai trong cing mot cip co
thé nhan dugc tir anten thir nhat boi mot phép tinh tién theo mot véc-to A goi
la véc-to dich chuyén (displacement vector).

V& mit toan hoc, dan anten theo ciu tric ESPRIT sé& gém hai dan phu
(Z,va z,). Dan phu tht hai Z, s& thu dugc tir dan phu thir nhat Z, theo mot
phép tinh tién véc-to A. Tin hiéu dau ra cua hai dan phu la

Y, (t) = Ax(t) +n,(t)

Yy, (t) = ADx(t) +n,(t) (3.32)
trong d6 X(t) 12 véc-to tin hiéu dén quan sat tai dan phy Z,; @ 13 ma trin
chéo c6 kich thuéc D x D, ¢0 cac phan tir 1a tré pha giita cac anten trong céac
cdp anten d6i véi D song mang va duoc biéu dién nhu sau

® = diag {exp(jz,),....exp( i)} (3.33)
trong 46y, =w,Asing, /c, w, 14 tan s6 goc cua séng mang, C 1 van toc anh
sang; n,(t)va n,(t) la vec-to tap am trén hai dan phu.

Goi U, va U, 1a 2 ma tran c6 kich thudc L X D véi cac cot 1a D vec-to
tuong tng véi cac gia tri riéng 10n nhat cua hai ma tran twong quan dan R,
va R,, - Do d6 hai ma trdn U,va U, lién hé véi nhau theo mot ma tran

chuyén d6i v

U, =y, (3.34)
Béng thoi hai ma tran nay lién hé v4i ma tran dan A va A@ theo mot ma tran
chuyén T.
U, =AT (3.35)
U, = AeT

Dua U, vao U, xét dén A c6 hang day du
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TyT ' = (3.36)
Theo d6, cac gid trj riéng clia w bang voi cac thanh phan chéo ctia @, va cac
cot ctia T 12 c4c véc-to riéng ctia ®@. Pay 1a cac moi quan hé chinh trong thuat
toan ESPRIT.
Ta can du doan y tir cac phép do y,(t)va y,(t). Mot su phan hoach
s& dua ra cac gia tri riéng ctia nd, cho ching bang cac thanh phan chéo ciia @

dwa dén cac gia tri huéng du doan, 6, nhu sau

0 = cosl{Arg—(;tm)}, m=1---D (3.37)

27A

3.5 Anten khbng tam pha

Loai anten nay do Phan Anh dé xuat trong [37].
3.5.1 Cac khai niém

Theo [39] dic tinh hudng cua mot anten duoc xem nhu 1a mot bién do6i
Fourier ctia phan bd theo chiéu dai. Pé don gian, chiing ta Xem xét truong hop
hé thong mot chiéu trong d6 phan bd theo chiéu dai chi phu thudc vao mot
bién s cua toa do Pé Céc. Vi cac két qua dat dugc d6i voi hé thong mot
chiéu c6 thé mé rong cho hé thdng hai chiéu nén tinh tong quat cta van dé
khong mat di.

Néu ta bo qua dic tinh riéng cua cc phan tir birc xa, ching ta cd
|
g(0) = [ f(u)e™’du (3.38)
-1
trong d6 g(0) 1a dac tinh hudéng; @=sinavéi @ 1a goc giita phap tuyén cta

truc anten va hudng quan sat ; f(u) 1a phan bd dai ; u = 2TﬂxV(’ri X la toa do cua
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cac phﬁn tir buc xa doc truc cua anten (géc toa do duoc chon tai trung diém

a

cua anten) ; | = , L, la chi€u dai cua anten.

Phuong trinh (3.38) ¢ thé dung dé giai thich dic tinh loai anten nay.
Phuong trinh nay dua ra co sé dé nghién ctru mbi quan hé gitra phan bd dai va
dac tinh hudng cta anten.

NOi chung, g(6)1la mot ham phirc.

9(0) = 9, (0) + ig, (0) = G(9)e™ (3.39)
trong d6 g, (6) va g;(6)1a phan thyc va do cta dic tinh hudng anten, G(d) 1a
dic tinh bién do, ©(F) 1a dic tinh pha. Pong thoi, ham f(u) ciing 1a phic

f(u) = A(u)e’*™ (3.40)
trong d6 A(u) 12 mot ham miéu ta phan bo bién do, d(u) 13 mot ham miéu ta

phan b pha.

3.5.2 M6i quan hé giira phan b6 dai va diic tinh pha

Ij A(u)sin[u@ + ®(u)]du
d(O) =artg (3.41)
| A(u)cos[ug + (u)]du

Pbi v6i anten c6 tim pha, ®(0) s& 1a hang s6 trong mdi chu ky va nhay 1én =«
radians khi dich sang chu ky ké tiép.
3.5.3 Piéu kién cho anten c6 mot tim pha

Piéu kién can va du cho anten c6 tdm pha theo [37] 13 phan bd bién do
phai 1a ddi xtng hoic ddi xtrng ngugc

A = A (3.42)
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va phan bd pha phai 1a 1¢ hodc hang sd
D(-u) =—D(u),
hoac ®(u) = const. (3.43)

3.5.4. M6 rong diéu kién ciia mot anten c6 tAm pha cho mot dan anten

Céc diéu kién dat dugc ¢ trén ddi voi mot anten cd tdm pha ding cho
cac anten day. Cac diéu kién nay c6 thé md rong cho mot dan roi rac dung 1y
thuyét 14y mau cho pho khong gian. Ly thuyét ndy phat biéu nhu sau

sin@_, (u—Au)
0., (U—nAu)

f) = f(nau) (3.44)

trong d6 Au = 07;

1a budc lay mau. Vi O=sina, nén 6., =+1. Chlng ta co

AU =27 hodc |AX| = 4/2.

Theo 1y thuyét 1dy miu, phd khong gian hoan toan xac dinh bang cac
gia tri roi rac cach nhau khéng 16n hon Au=7( AX< A/2). Do viy, néu cic
phan ttr cia dan cach nhau mét khoang < A/2, thi diéu kién (3.42), (3.43) sé&
tr¢ thanh
ol =1 (3.45)

n = (D—n = (DO (346)

3.5.5 Phan tich dan anten khong tam pha véi dic tinh pha phi tuyén

Trong phan nay ching tdi dé xuit mot so d6 dung 4 dipole dimg xép
thanh 2 cdp. Truc cta cdp tho nhat vudng goc voi truc cua cdp thr 2. Toa do
Pé C4c cua cac dipole va pha ciia dong kich thich cia chiing 1a

S6 1 (0, -d1/2, 0) ; 0 radian.
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S62 (0, dy/2, 0) ; 7 radian.
S6 3 (dJ/2, 0, 0) : 7 /2 radian.
S6 4 (-d,/2, 0, 0) : 37 /2 radian.
Hé anten dé nghi nay 1a mot kiéu cuia anten khong tdm pha [37] (vé ban
chat ta két hop 2 anten c6 tdm pha dé tao ra mot anten khong tdm pha). Cu
thé, dién tur truong cua dan anten khong tdm pha tao ra tai mot diém M trong

khong gian (R, 1a khoang cach tir diém M dén anten) 1a:
E= Zj: E =-2E¢ "™ [sin(ﬂTdz c0S6) + | sin(%dlsin 0)] (3.46a)
Suy ra hé s6 dan cua cap dipole thi nhat, AF,,, 12
AF, =2I0jzsin(ﬂ7dlsin¢9) (3.47)

trong do6 1, 1a bién do cua dong kich thich va 6 1a goc phuong vi. Tuong tu,

hé s dan cuia cap dipole thir hai la
AF,, = 2I0jzsin(ﬂ7dzcost9) (3.48)

Do do6, dac tinh pha cua h¢ anten s¢€ 1a

sin(ﬂ—dlsin 0)
}: artg (3.49)

AF
Dd(H) =art 12
) QHAF

34

sin('BZdzcose)

NGi chung, ®(6)1a mot ham phi tuyén theo 6. Néu chon d, =54, d, =34
ching toi co

(3.50)

®(6) = arg sin(5zsin @)
sin(3z cos O)

Pic tinh pha nay biéu dién bang do thi Hinh 3.4
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Hinh 3.4 Bdc tinh pha ciia hé anten dé nghi véi d, =52, d, =34
3.6 Két hop dung dan anten khong tim pha va thuit toan MUSIC

Trong céc phan trudce da gi6i thiéu vé dan anten khong tAm pha va thuét
toan MUSIC. Trong phan ndy viéc két hop sir dung dan anten khong tam pha
va thuat toan MUSIC dé tim hudng séng dén s& dugc phan tich.

Mo hinh anten do chung t6i dé xuat bao gém hai phan tir. Phan tir thir
nhat 1a mot don cuc (monopole) do vay dic tinh pha cia né 1a khong thay doi
(déing pha). DPac tinh pha ctia phﬁn ttr thr nhat trong hé toa do cuc dugc mo ta
& Hinh 3.5. Phén tir anten thi hai 12 dan anten khong tdm pha (viéc phén tich
chi tiét phan tir nay da trinh bay ¢ muc 3.5.5) voi dic tinh pha cta phan tir thi
hai dugc mo ta trong Hinh 3.6. Mot diém quan trong la ddc tinh pha cua anten
thir nhat va hai déu dugc biéu dién 1a cac ham cia gbc phuong vi. That vay
ching ta co

®,(0)=C, vO<(0,27) (3.51)
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B sin(5zsin )
CDB(@)—artg{—Sm(sms 0)} o e(02r) (3.52)

Tiép theo sé& phan tich viéc sir dung dan anten dé xuit nay két hop véi
thuat toan MUSIC dé xac dinh hudéng ctia cac ngudn phat song. Thay vi st
dung mot dan anten L phéan tir tuyén tinh cach déu dé nghi ding mot dan
anten 2 phan tir két hop dich pha va 1dy mau phan tir th hai theo thoi gian D-
2 1an. Véi cach lam nhie vdy doi véi phan tir thit 2 ¢6 déc tinh pha phi tuyén sé
hinh thanh mot ma tran dan co hang D twong tw nhw ma trdn dan truyén
thong (sit dung dan anten L phdn tir tuyén tinh cdach déu).

Céc budc xtr 1y tin hiéu tiép theo hoan toan twong tu nhu phuong phap
MUSIC truyén thong. Vi ma tran tu tuong quan dau ra cua dan anten dong
hang v&i ma tran dan, do do khi chéo hda no ta s€ c6 dugce L gia tri riéng,
A, Ayr.oy A, . Trong s6 céc tri riéng nay chung ta s& tim dugc D tr riéng khong
am, tuong ung voi D ngudn phat song. Két qua nay hoan toan tuwong tu nhu
két qua sir dung mot dan anten L phan tir tuyén tinh cach déu.

Dbi v6i dan anten L phan tir tuyén tinh cach déu, thi khoang cach gitra
cac phan tir nhé hon hodc bang A/2. Pdi véi dan anten 2 phan tir két hop di
pha va ldy miu theo thoi gian thi lugng di pha tuong tmg trong mdi lan dich

pha s& nho hon hodc bang 7 .

Hinh 3.5 Pdc tinh pha ciia phan tir thir nhdt ® .(0) trong hé toa do cuc
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Hinh 3.6 Pdc tinh pha ciia phdn tir thir hai D, (0) trong hé toa do cuc
Vi cac phan tir sau phan ttr th nhat cta véc-to hudéng duoc xay dung
trén cac mau do thoi gian khac nhau cua dic tinh pha ciia phan tir anten thi

hai nén véc-to hudng hiéu [38] (chinh 1a cong trinh sé [2]) c6 dang

a, (0) =[Lexp(=j®,(0))....exp(-j®,(6,))]  (3.53)
Sau khi thay thé véc-to hudng thong thuong bang véc-to hudng hiéu chinh thi
phd MUSIC hiéu chinh tré thanh

1
an(0)V,V)'a, (0)

P, (6) (3.54)

Minh hoa hoat déng dir dodn hwéng séng dén ciia dan anten khéng tdm pha
va thudat toan MUSIC
Gia thiét c6 D ngudn phat xa tai cac goc phuong vi tir 6, dén 6, . Mo
hinh tin hi¢u la
y=Ax+n (3.55)

Tin hiéu dau ra cua dan anten 1a
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y=ly, V.l (3.56)
Thanh phan tap 4m, n véi trung binh bang khong va phuong sai oc6 dang

n=[n n,] (3.57)
Céc tin hiéu dén c6 dang

X = A cos(a,t - ®,(6))

: (3.58)
X, = A cos(a,t —D,(6,))
Ma tran dan dat dugc tai phép do dau tién 1a
1 Y
A = : (3.59)
1 o 101(60)

Néu thay ddi dic tinh pha dau tién ma ching t6i dat cho anten khong
tam pha, didc tinh pha cua anten ndy s& thay doi. Két qua 1 c6 mot anten méi

va (3.59) tro thanh

1 e—j¢2(91)

A= (3.60)

1 e*jq)z(go)

Néu thay d6i dic tinh pha ban dau cua anten khong tdm pha D-2 1an, thuc
hién phép do D-2 1an, s& c6 ma tran dan nhu sau
1 e—j®1(91) e—jd’ofl(@)
A=|" (3.61)

1 e_jq)l(gD) e_jd)Dfl(gD)
Ma tran twong quan cua y la: R,

R, =E[yy"1=E[(AX+n)(Ax+n)"]
— E[(Ax+n)(n" +x"A")]
=E[Axn" + Axx"A" +nn" +nx"A"]
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R, =AR, A" + ol (3.62)
trong do R, = E[xx"]

Dung thuat toan MUSIC tim cac gia tri riéng va cac Véc-to riéng cua

R,,. C6 thé thay Vi @ (0)phi tuyén nén ma trdn R la toan hang D khdng
phu thuoc L. Do vay c6 D gia tri riéng, thoa man phuong trinh‘Ryy —Al ‘ =0.

Giai phuong trinh ndy s& tim dugc D véc-to riéng, thoa min diéu kién
A"q, =0; day chinh 1a tinh toan pho MUSIC, két qua 1a ching t6i tim dugc
D dinh phd tuong tng v6i D hudng cua cic ngudn phat.

Qua phdn phan tich trén ching t0i da chimg minh vé mdt todn hoc cé
thé dung dan anten hai phdan tir két hop véi thudt toan MUSIC dé phat hién ra
huéng ciia D nguén phdt.

3.7 Mot s6 md phéng dé danh gia chat lwong ciia dan anten khong tim
pha dung phwong phap MUSIC.

Gia thiét c6 3 ngudn tin hiéu diéu ché theo mot phuong thirc bat ky nao do,
dat tai cac hudng : 0.2, 1, va 2 radians. Mirc SNR cila cac ngudn nay 1a bang
nhau va bang 20 dB (SNR;=SNR,=SNR;=20dB). Chiing t6i ding 2 dan anten
dé so sanh. Dan thir nhat 12 mot dan anten khong tdm pha 2 phan tir (dan
anten dé nghi), dan thtr hai 13 mot dan tuyén tinh 3 phan ti. Cac bude xu 1y
tin hiéu nhu di duoc mo ta trong muc 3.6, chling t6i dat duoc cac két qua md

phdng sau:
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Hinh 3.7. Phé doi véi nguén tai 0.2, 1 va 2 radians trong mdt phang phwong
vi. Puong lién nét la véi dan tuyén tinh va dwong diet nét la véi dan anten

khdng tdm pha. GoOc quay cua anten khong tam pha la 0.1 va 0.5 radians.

Két qua md phong trén ddy cho thdy rang, ca hai dan anten déu c6 thé phat
hién cac ngué)n tai vi tri 1 va 2 radians. Cac dinh phé ctia dan anten dé nghi va
dan anten tuyén tinh truyén thong 1a xap xi 30dB va 40 dB (Hinh 3.7).

Bén canh, thuat toan MUSIC chi c6 thé phat hién téi L-1 ngudn trong dan
anten L phan tir (dan tuyén tinh 3 phan tir chi phat hién dugc 2 ngudn). Dan
anten dé nghi c6 thé phat hién thém ngudn tai 0.2 radians trong khi dan anten
tuyén tinh truyén thong thi khong thé (dan 2 phan tir ¢6 thé phat hién duogc 3
ngudn). Mot cach tong quat nhu di giai thich & muc 3.6 dan anten dé nghi c6

thé phat hién D ngudn khi sd phan tir ctia dan anten nho hon D. V& nguyén
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tic, sb ngudn phat hién duoc khong giéi han boi s phan tir cia dan anten
(Hinh 3.7 va 3.8).

Tuy vay, c6 3 dinh gia ddi v6i ca hai dan anten tai cac huong 7+0.2, 7+1
, V& 7 +2 radians (¢ ca hai Hinh 3.7 va Hinh 3.8). Diéu nay c6 thé hiéu duogc
bdi vi c6 mot su 14n giira hai hudng dén nguoc nhau (@ va 7+« ). Hién tuong
huéng dén 4o nay co thé duge khic phuc bang cach sir dung ciu trac anten
khéng tAm pha bat ddi xtng [62].

Cubi cung, chat luong cta dan anten dé nghi phu thudc vao goc quay cia
anten khong tam pha c6 dic tinh pha phi tuyén. Khi géc quay la 0.1 va 0.5
radians, dinh phd cua dan anten dé nghi 1a 30dB (Hinh 3.7). Khi goc quay la
0.5 va 0.8 radians dinh pho cua so dd dé nghi 12 35dB (Hinh 3.8).

60. L L L L L L
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Hinh 3.8. Phé ciia 3 nguén tai 0.2,1 va 2 radians trong mdt phang phirong vi.
Puong lién nét la véi dan anten tuyén tinh va dwong dirt nét la véi dan anten

khdng tdm pha. GoOc quay cua anten khong tam pha la 0.5 va 0.8 radians.
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3.8 Két ludn

Mic du phuong phap MUSIC tim hudng séng dén rat hiéu qua nhung
s6 muc tiéu toi da ma thuat toan nay co thé phat hién dugc bi gidi han bdi s6
phﬁn tir cua dan anten (sé muc tiéu phat hién dugc la L-1 muc ti€u voi1 dan
anten L phan tr tuyén tinh cach déu ). Vé nguyén tac dé co duoc thoi gian ldy
mau va xur 1y hitu han thi cin s6 phan tir anten 16n, con dé c6 sb phan tir
anten da nho thi can thoi gian 1dy mau va xir 1y 16n.

Chung t6i dé xuét str dung mot hé tim hudng mdéi, trong d6 dung anten
hai phan tir va thuat toan MUSIC dé phat hién hudng song dén. Phan tir thir
nhat 1a mot don cuc dang pha, phan tir thit 2 khong c6 tdm pha va c6 dic tinh
pha phi tuyén. Cac két qua phan tich va mo phong cho thay rang hé tim huéng
nay lam viéc rat hiéu qua.

Do phan tir thtr hai ¢6 dic tinh pha phi tuyén, néu ldy mau n6 L-2 lan
theo thoi gian, s€ dugc mot tap dir liéu twong duong vai viée st dung mot dan
anten tuyén tinh L phan tir cach déu. Vi ma tran dan c6 hang 1a D, nén ta c6
thé phat hi¢én duogc D muc ti€u. Noi cach khac 1a s6 muc tiéu phat hi¢n duoc,
vé nguyén tic s& khong bi gi6i han bdi s6 phan tir anten ctia dan (& ddy chung
t61 ding anten c6 2 phan tir nhung c6 kha nang phat hién D muc tiéu).

Cac dong gop moéi cua hé tim huéng duge thé hién trén ba diém sau

day va duoc cong bd trong cong trinh s [2] :

Piém thir nhdt 13 vé mit ciu tric dan anten, hé tim hudng ctia chung
t6i co cau truc dan anten hai phan tir don gian hon nhiéu cau trac dan anten
tuyén tinh L phan tu.

Piém thir hai 1a vé s6 lugng muc tiéu c6 thé phat hién dugc. Theo do,
sb lugng muc ti€u phat hién dugc cua h¢ tim hudng cua chung to61 khong bi

€161 han bd1 s6 phan tir ciia dan anten sur dung.
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Diém thir ba d6 1a vé chat luong dy doan, cac tinh toan va mo phong da
ching minh rang chat luong du dodn huéng song dén cua chung t6i chap
nhan duoc khi so sanh véi phuong phap MUSIC truyén thong trong mot sd
tmg dung (luan an s& trinh bay cac tng dung ndy & Chuong 4). Pé tim hiéu
sau hon vé chat lugng du doan ban doc cé thé tham khao chi tiét hon nhu

trong tai liéu [32].
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CHUONG 4
ANTEN THONG MINH DUNG CHO HE THONG TIN

DI PONG THE HE MOI

Chuong nay trinh bay vé viéc 4p dung anten théng minh cho hé thong
tin da song mang, bat dau boi anten thong minh ¢ tram gdc, tiép dén anten
thong minh ctia nguoi dung. Trén co so do tinh toan dung lugng hé théng tin
di dong voi 4 hé thong cu thé sau day: Hé thong hién dung cai tién, hd trg
OFDM (h¢ thdng 1). Hé théng hién dung cai tién, hd trg OFDM va tao bup
song thich nghi theo hudng nguoi ding (hé thong 2). Hé thong hién dung cai
tién, hd trg OFDM va MIMO 2x2 (hé théng 3). Hé thong hién dung cai tién,
hd trg OFDM va MIMO 2x2 két hop tao bup song thich nghi (hé thdng 4).
Viéc mo phong trong chuong ndy dugc tap trung vao khao sat dung lugng
duong 1én va dudng xudng cua hé thong 2, ngodi ra cd danh gia dung luong
duong 1én ciia hé théng 4. Cudi chuong c6 nhan xét cac két qua mo phong.

4.1 Anten théng minh & tram goc
4.1.1 Anten & tram goc truyén thong

Theo Chuong 5, tai liéu tham khao [57] cua Lee, cau trac anten mot
tram gdc truyén théng duge mé ta nhu & Hinh 4.1 (trén hinh chi v& mot canh).
Anten dugc dat trén 3 canh ctia mdt tam gidc déu [57]. Anten trén mdi mot
canh s& phuc vu mot séc-to 120°. Trén mdi séc-to, TX; va Rx; dung dé phat va
thu théng tin con Rx, va Rxs dung dé xac dinh hudng song dén. Vé ciu tric

chi tiét cta anten Tx; VA Rx; dugc mo ta trong [23].
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Rx, Txva Rxy RX3

Hinh 4.1 Céu tric dan anten BTS cii

Anten khéng tam

Monopole , ‘

don cuc i

( ) i I pha dung dé xac dinh
] “—  hudng song dén.

R xI Anten nay dat trén
I | dinh cua tram goc.
1
1
1

«— Tx; va Rxy (dipole)

TxavaRx2
(12 anten mang pha L phan tir)

Hinh 4.2 Céu tric dan anten BTS méi

4.1.2 Anten théng minh & tram goc
4.1.2.1 Anten thu va phat

Chuing t6i dé xuat dung anten thir nhat 1a mot dipole dat ¢ tAm cua tram
gbc, ky hiéu 1a Tx; va Rx; nhu trén Hinh 4.2. Anten thtr hai 1a cac dan anten
mang pha bang rong L phan tir (thuong tir 4 dén 8 phan tir) dit ¢ ba canh cua
tram gbc, ky hiéu 1a Tx, va Rx, nhu trén Hinh 4.2 va Hinh 2.4. Ca hai anten
nay déu lam viéc & ché do song cong. Pé thuc hién viéc ndy ta ding mot

duplexer dé ndi vé6i hai dau phat va thu nhu ¢ Hinh 4. 3.
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Rx

>

duplexer Tx

A

Hinh 4.3 Cdu triic thu phdt song cong ding duplexer

Nguyén 1y phdi hop hoat dong ctia Tx; Va TX, nhu sau. Néu cac ngudi
ding co phan bd déu trong pham vi mot té bao thi anten vo huéng (Txy) s&
duoc dung dé phat quang ba cho ca ba séc-to trong té bao d6. Khi cac ngudi
diing phan bd thanh cic cum trong séc-to thi cac anten mang pha (cac TXy) sé
duogc sir dung phdi hop thém véi anten vo hudng & trén. Pham vi quét cua Tx,
rong 120° nén dam bao phuc vu toan bd mot séc-to. Blp séng chinh cia Tx,
rong ¢& 30° hudng vao vi tri c6 mat d6 ngudi dung tap trung cao nhat.

Vi cach bd tri nhu trén thi dé phuc vu cho ca ba séc-to, s6 lugng anten

mang pha bang rong can cho mot tram gbc s& 1a ba cai.
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Cap
phat
nguoi
dung

Thu

‘ OFDM

®4 Méng 4_<
Pha :
1/ 4_<
Y
Q‘) MIMO 2x2
P
Dipole
— R
Quay bup thich nghi Da(0)
d(n) H¢ tim phuong i]
(DOA) :]
®g(0)

Hinh 4.4 So do khéi anten thu ciia tram géc
(MIMO 2x2 ADAPTIVE OFDM)
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4.1.2.2 H¢ anten tim hwéng cia tram goc

Chung toi dé xuét dung hé tim hudng dé xac dinh hudéng song dén gdom
hai phan tir va thuat toan MUSIC nhu d& miéu td & myc 3.6. Dan anten nay
duogc dit trén dinh cua tram gbc (Hinh 4.2).
4.1.2.3 Céc tham s6 hé thong

Nguoi dung sir dung diéu ché QPSK, sau d6 dung diéu ché OFDM véi
cac tham s6 nhu sau:
1. Biéu ché: QPSK, n=2bit/s/Hz
2. S6 song mang N = 2048

3. Piéu ché OFDM:B__ =20 MHz, f,=2,5 GHz; Af = 9.72 KHz;

OFDM

T=102.86us

4. Anten thu phét: 2 anten phat (Txy, TX,); 2 anten thu ( Rxy, RX»)

5. Anten tim hudng: Dan anten khong tim pha 2 phan tir, trong d6 phan tir 1
1a don cuc, dang pha; phan tir 2 14 khdng tam pha, pha phi tuyén. So db khdi

anten thu cta tram goc mo ta nhu & Hinh 4.4.
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4.2 Anten thong minh ciia nguwoi dung
Chung t6i dé& xuat mdi nguoi dung sé sir dung hai anten dipole phat va

thu dong thoi. So dd khéi anten phat ctia nguoi dung mé ta ¢ Hinh 4.5.

A

T/ Nguoi

dung
Phat
&+

thir i
OFDM
Hinh 4.5 So do khoi anten phat cia nguoi
dung (MIMO 2x2 OFDM)

A

4.3 Céc hé thong cu thé va mé phéng
4.3.1 Hé thong hién dung cai tién hd trg OFDM (hé thong 1)

Cac anten dugc dat trén 3 canh ciia mét tam gidc déu. Anten trén mdi
canh s& bao phii mot séc-to rong 120° va hoat dong & ché d6 song cong.

Trong hé thong OFDM goi 1 hé SISO-SECTOR-OFDM (Hinh 4.1).
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4.3.2 Hé théng hién dung cai tién hé tro OFDM va tao bUp song thich
nghi theo hwong nguoi dung (hé thong 2)

Khac voi hé thong 1 anten trén mdi canh 13 anten mang pha bang rong
c6 thé tao ra mot bap séng chinh c6 d6 rong 60° hodc (30°, 15°). Blp song nay
6 thé bam theo muc tiéu (vi tri c6 mat do nguoi dung cao nhat trong mot Séc-
to 120°) theo két qua du doan hudng song dén dung dan anten khong tdm pha
va thuat toan MUSIC. Trong hé thong OFDM goi 1a hé SISO-ADAPTIVE-
OFDM (Hinh 4.2).
4.3.2.1 Céc tinh toan dung lwong cho dwong Ién hé thong 2

Bai toan gom c6 cac gia thiét sau:

- Cu tric anten cta Hé 2 da duge mo ta & trén,

- Xét cau trac té bao hinh luc gidc déu va hai 10p té bao dau tién xung
quanh té bao trung tam (tong sd luong té bao, M=18). Cac tram gbc dat
tai tAm cua cac té bao. MObi séc-to c6 t6i da K nguoi dung hoat dong
dong thoi.

- MAu sir dung lai tan s6 1a mau 3x3x1(d4 trinh bay & Chuong 1).

- Co6 diéu khién cong suat trong mdi té bao dé cong suat phat mdi ngudi
dung la P.

- Hé thong thong tin di dong da song mang truc giao hd tro nhiéu kiéu da
truy cap. O day xét vi du truong hop da truy cap theo khong gian
(SDMA\). C6 nghia 13 mdi nguoi ding trong mot séc-to déu dung ciing
mot tap tan s6 (N song mang; N=2, 8, 16, 32, 64) va déu c6 kha ning
cung mot lac truy cap vao hé théng theo cac hudng khac nhau, khoang
cach khac nhau trong khéng gian. Chi tiét tach nguoi dung theo SDMA
c6 thé tham khao & Chuong 10 tai lidu s [12].

- Suy giam cdng suat theo cy ly duogc coi la tuan theo luat Lognormal,

phuong sai, §; = 8 dB (da trinh bay ¢ Chuong 1).
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- Suy giam cong suét giita ngudi ding va tram gbc xét trong moi truong
do6 thi va phu can ty 1€ voi r*veiria khoang cach gitra nguoi dung va
tram géc.

- Dan anten mang pha bang rong L phan tir cach déu (tir 4 dén 8 phan tir)
v6i do rong bup chinh khoang 30°.

- H¢ tim hudng dung dan anten khong tam pha va thuét toan MUSIC (d&
trinh bay & Chuong 3).

- Théng tin vé hudng dén cta ngudi dung dung dé diéu khién bup séng
chinh cta dan anten mang pha trén mdi sector bam theo muc tiéu (&
day muc tiéu 14 vi tri c6 mat d6 nguoi dung cao nhat trong sector) bang
thuat toan quay bdp thich nghi (da trinh bay & Chuong 2).

- Anten ciia nguodi dung ¢ day chi yéu cau la anten v hudng. Do dé, xac
sudat vwot nguong, P, la xdc sudt ma BER cua hé thong vieot qua mot
mirc nguong P, nao do, dwdi mirc nay chdt lwong hé théng la chdp
nhan duwoc.

Véi cac gia thiét nhu trén, ching toi s& tién hanh tinh toan xac sut
vuot ngudng 12 ham s cua sé nguoi dung va do rong bip séng anten v6i mirc

BER=10" (d4p mg kha ning truyén tin hiéu hinh anh) nhu sau :
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Phan

tr
thtr 1 aj
>——> aj
aj
Phan
to ]
thu L Qg
[>—'- af
aj

A/D

S/P

A 4

v

FFT

zy(1)

zy(n)

—_—

\4

Zy(N)

Nhan
dang
song
mang

Hinh 4.6 So do khoi phan thu tram goc ding anten mang
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Trudce hét so dd khdi phan thu tram gdc dung anten mang pha L phan ttr

két hop v6i hé théng OFDM/SDMA duge mé ta & Hinh 4.6. Theo do, tin hiéu

dau vao mot tram gdc sau khi qua dan anten mang pha nhu & cong trinh [6] 1a:

N-1
X(t) = E X;,Cosm, (t—7,)a,
_\EK—lN—l o
+—> > % cosa,(t—7,)a, (4.1)

k=1 n=

o

~
LN

z‘ﬁ'ﬂz

M N-1
+
m=

2.2 2.8 X cosw,(t-7, )a, +n(t)

1 0 N=0

=
1l

trong do

thanh phan thir nhat trong (4.1) 12 thong tin tir ngudi ding mong mudn;
thanh phan thir hai trong (4.1) twong Umg véi cac ngudn nhidu dong
kénh trong cling mot té bao trung tdm d6i voi nguoi ding mong mudn;
thanh phan tht ba trong (4.1) tuong tng véi cac ngudn nhiéu dong
kénh & cac té bao xung quanh dbi voi nguoi dung mong mudn;

()13 tap 4m tudn theo phin bd Gauss v&i trung binh bang khong,
phuong sai, o*:

K 1a s6 ngudi ding hoat dong dong thoi trong mot séc-to; N 1a s song
mang ma mdi ngudi dung st dung (N=2, 8, 16, 32, 64); M 1a s6 luong
té bao trong mo hinh bai toan (M=18);

Xy 1a dir liéu dau vao cua nguoi dung thir k ddi véi song mang tht n tai
té bao tha m; 8,1a véc-to hudng ddi véi nguoi dung tht K tai té bao
trung tam; a, la véc-to huoéng dbi véi ngudi dung thir K tai té bao thu
m;

7,14 tré tir nguoi dung thir k vao tam té bao (noi dat tram goc); 7 la tré

tir nguoi dung thir k & té bao th m vao noi dit tram goc;
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- P la cong suat phéat d6i voi mdi ngudi dung gia thiét co diéu khién cong
suat tai tram goc, sao cho tat ca cac nguoi dung déu phat cung mot muc

cong suat.

2

4 o]
r” Hak S o A X XA n , e
- B = (Loj > la ty sO cong suat nhiéu dong kénh ctia nguoi dung
CAE e
k k

thir K, tir té bao thir m vao té bao trung tdm; ™ 1a khoang cach tir ngudi
dung thir k trong té bao thir m vao té bao trung tam; ,?|" tuan theo luat
Lognormal véi phuong sai, 0, =8dB.

Theo Hinh 4.6, sau khi ldy FFT cua X(t), dir liéu thu dugc tir ngudi

dung tht 0 (ngudi ding mong muén) tai song mang thir n trong té bao goc 1a

JP P«

z(nN)=—=x"_a +W X: 8, +

N n,o 0 = (4 2)
\/E M K-1 N .
Wz_léﬂkm Xn,kakm +£(n)

D061 véi anten mang pha thi bién dd céc trong s6 doi voi cac sdbng mang
(subcarrier) la nhu nhau, nén sau khi nhan véi trong s6 va cong ching lai ta

¢ nhu ¢ cong trinh [6]

K
Zo __Zxr?oao N ZX:,kak
n=0 n=0 k=1
P N-1 M K-1 m
R— Z ﬂkm Xn.kakm +é& (43)
N n=0 m=1 k=1

trong d6 1,,1,1a CCI (Co-channel interference, nhiéu dong kénh) tir cac ngudi
ding ¢ té bao trung tAm va tir cac ngudi ding trong céc té bao xung quanh.
Quad trinh dy doan a,: O day viéc du doan a, dugc thuc hién nho Hé

tim hudng cta anten thong minh di gidi thiéu & Chuong 3. Trong hé thong cd
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st dung anten thong minh noi trén, dan anten s€ c6 dap Uing don vi theo
huéng muc tiéu, hay 1a a"a =1. St dung tinh chit quan trong ndy va ding
gia tri a, du doan dugc, thanh 1ap bién quyét dinh (thuong dung trong k§

thuat tach nhan tin hiéu théng ké [18]) d_ nhur sau:

_ H
do - Zoao
P N-1 K H
0
d, =S, + N 0kz;xn,ka0 a,
P N-1 M K-1 H H
m

" N n:Omzzl k=1 ﬁkm Xn'kao akm e, (4-4)

K-1 H M-1K-1 H H
d =S, +) laa + | a,a, +ea,

d =S, ,+n+n,+n,

Phuong sai cua n,,n, dugc tinh nhu sau

K-1 2
var(n,) = sz_;HaoHakH =PI,

(4.5)

<

-1K-1

var(n,)=P2 > B,

1 k=0

2
al'a || =PI

4

3
Il

trong d6 l5 14 ty 1& cong suat nhidu trén tin hiéu tai té bao trung tam; 1,1 ty 1¢
cong suat nhiu trén tin hiéu tai cic té bao xung quanh.
Xét ty s6 nang luong bit trén mat d6 nhidu va tap am la

E, _ P _ 1 (4.6)
N,+I, ©

2 2
THPILPL, fp+|3+|4

Yéu cau vé chat luong BER < 10® hay v &, —> 6dB=S dé dap tmg
+

dugc kha ning truyén tin hiéu hinh anh (theo [20], may thu tdi wu voi hé 64
mirc (64 ary) tin hiéu truc giao thi dé dat mirc BER=10" hé thdng can mirc

Eb/No=6dB).
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Suy ra

5, <S)
N +1

0 0

P =Pr(BER > P,) = Pr(

2 4.7
:Pr(%<8):Pr(I3+I4>%—%) (1)

fp +1,+1,
T d6 thdy rang xac suat vuot ngudng 1a xac suat dé hé 15i nhiéu,
khong chép nhéan duoc 12 mot ham sd cua hai bién sd 15 va |,
Xét tai toi da cho mot séc-to: CO K ngudi dung hoat dong dong thoi. Vi
s6 luong cac ngudn nhiu do cac ngudi dung khac 1a ngiu nhién, nén cé thé
thay Hao“akHZtrong l3, 1, bdi mot bién ngau nhién Bernoulli, ¥, . Bién nay co

xac suat xuat hién p.

1 p
= 4.8
X {0 g=1_p (4.8)
Tu d6 15 6 thé viét lai 1a
K-1
L= % (4.9)

P
Tir (4.9) ta suy ra |3 c6 phan bo nhi thire véi tham sé (K-1, p).

Tinh p:

Ta gia thiét ngudi dung phan bd thanh cac cum trong mot té bao. Pong
thoi cling hop 1y néu gia thiét phan bd cum cia ngudi dung theo goc trong
mdi séc-to tuan theo phan bd Gauss, trung binh bang m; phuong sai, o.

Tai thoi diém ban dau quan sat, vi tri trung binh ¢ gitta cta Séc-to
(truong hop 1). Vi mdi séc-to bao phu mot goc 120° nén ta c6 m=60°,
Jo =60°. Suy ra xac sudt vi tri trung binh roi vao bap séng chinh cta anten

nhu ¢ Bang 4.1.
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Bdng 4.1 Xdc sudt vi tri trung binh, truong hop 1

Do rong bup chinh 60 do 30 do 15 do
p Q(0) = 0.5 | Q(0.5) =0.3085 | Q(0.75) = 0.2266

Trong truong hop nguodi dung phan bd déu trong séc-to, thi ta s&
chuyén sang ding anten vo hudng.

Véi Q(X)1a ham 16i xac dinh nhu sau

Q)= 1—[e "0y
Trén thuc té, vi tri trung binh c6 thé di chuyén ngiu nhién trong pham
vi mot séc-to quan sat. Chung toi xét trudng hop, trung binh c6 thé xuat hién
& canh clia séc-to (trudng hop 2). Lic nay thi m=120°, Vo =60° Xéc sudt ma
vi tri trung binh nam trong bup séng chinh ciia anten nhu & Bang 4.2.

Bdng 4.2 Xdc sudt vi tri trung binh, truong hop 2

Do rong bup chinh 60 do 30436 1536
p 1-2Q(0.5) 1—20Q(0.25) 1—-20Q(0.125)
= 0.3829 = 0.1974 = 0.0995

Véi gia thiét vé xtasuy ra l,co thé viét lai 1a
M-1K-1

I, :Zz}(kﬂkzm (4.10)

m=1 k=1

Déi v6i mot sé 10n ngudi dung, bién ngdu nhién 1, (chiu nhidu tir KM
nguoi ding) cé thé xap xi boi mot bién Gauss voi trung binh 4K va phuong

sai o?K (t,0, phu thudc vao p, phuong sai bong che o, va sb té bao giy
2

nhidu M). Néu goi & :%—% thi ta suy ra xac suit vuot ngudng dudng lén hé

thong 2 nhu ¢ cong trinh [6] 1a
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gl

P, =Y Pr(l, > —k|l; =k)Pr(l, = k)

Ej K -1 5—k K (4.11)
P, = [k jpk(l— P Q=)

k=0 oK

Két qua mo phong xac suat vuot ngudng duong Ién hé thong 2 mé ta ¢
Hinh 4.7 va Hinh 4.8 (chung t6i danh gia trung binh va phuong sai cua Iy
ding tich phan Monte Carlo [58] va xét cho 2 16p té bao dau tién xung quanh

té bao trung tam).

Xac suat vweot ngwdng dwong 1én , trwong hop 2, N=2,8,16,32
1 — PR PR e PR
[0 200 300 400
Pr(BER<10e-5
0.1
—e— 1540
—m— 30d0
120 d6
60 dd
0.01
0.001
S6 ngwei dung /sector

Hinh 4.8 Xdc sudt vieot ngudng dwong lén Hé 2,
truong hop 2, N=2, 8, 16, 32, 0=30.
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Pr(BER<10e-5)
0.1

1 -

X

0.01

p——— - v ’_r'v" 'v" "71
10/ 200 //00 A(

0.001

0.0001

/

S6 ngwoi ding /sector

o

Xac suat virot nguwdng dworng lén, trwng hop 1, N=2,8,16,32

—e— 153d0
—m— 30 do
120 do
60 do

Hinh 4.7 Xdc sudt vieot ngudng dwong lén Hé 2,

Tir két qua trén Hinh 4.7, ching ta thdy tai P, =10, néu dung anten véi
blp song 15° thi c¢6 toi da 230 nguoi dung/ séc-to, néu dung anten véi bap

song 30° thi c6 120 ngudi dung/ séc-to, con voi bup song 60° thi chi ¢o 75

truong hop 1, N=2, 8, 16, 32, 0=30.

nguoi dung/ sec-to.

Tir két qua trén Hinh 4.8, chling ta thay tai P, =10, néu dung anten voi
blp séng 15° thi c¢6 tdi da 105 nguoi dung/ séc-to, néu dung anten véi bap
song 30° thi c6 75 ngudi ding/ séc-to. Ciing trén hinh nay, tai P =1, néu dung

anten voi bup song 60° thi co toi da 90 ngudi dung/ séc-to, con véi bip song

120° thi chi ¢6 35 ngudi dung/ séc-to.

Tir cac két qua md phong ¢ Hinh 4.7 va Hinh 4.8, ta c6 thé suy ra dung
luong duong 1én hé théng OFDM/SDMA dung céc loai anten khac nhau nhu

& Bang 4.3.
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Bdng 4.3 Dung heong dwong lén hé théng OFDM/SDMA ding cdc logi

anten khac nhau.

Loai Anten S6 nguoi dung toi da

trong séc-to

Séc-to 35
Thong minh (Bup chinh rong 60°) 75
Thong minh (Bip chinh rong 30°) 120
Thong minh (Bup chinh rong 15°) 230

Theo Bang 4.3 thi néu ding anten v&i d6 rong bap song chinh 15° s&
cho két qua ting dung luong cao nhét, tuy nhién dé tao dugc bup song hep
nhu vay chi véi 4 dén 8 phan tir 1a kho. Cho nén ta chi quan tam dén két qua
v6i anten théng minh c¢é bup song chinh rong ¢& 30° (két qua boi dam trong
Bang 4.3).

Tir két qua nay ta suy ra la hé thong 2 c¢6 dung luong dudng 1én cao
hon hé thong 1 khoang 3 1an. Pong thoi ting dung luong trong truong hop 2
kém hon truong hop 1 vi trudng hop 2 1a trudng hop x4u nhit (khi ngudi
ding nam & canh ctia séc-to).
4.3.2.2 Céc tinh toan dung lwgng cho dwong xudng hé thong 2

Cong suat ctia mdi tin hiéu dén nguoi ding mong mudn tir té bao thir m

la
el
P, =pPg:=plnl (4.12)
rm

trongdo B, <B., m=12---M
Gia thiét c6 K ngudi dung trén mdi té bao hoat dong dong thoi, phan bd
ngau nhién trong mdi t& bao v&i khoang cach ti tram gdc khac nhau. Tin hiéu

thu tai nguoi dung mong mudn 1a

100



X(t) = W IBOXn,k Cos a)n (t - Tk)a:ak
n=0 k=0
P M-1IN-1K-1
+%222ﬂmxﬁl cose, (t -7, Jal'a, (4.13)
m=1 n=0 k=0
+n(t)

Sau khi 14y FFT cua X(t), tin hiéu thu duoc cia ngudi dung tha 0

(ngudi dung mong mudn) tai song mang thir n trong té bao trung tam la

B P

Zo(n): ﬁoxno +i§ﬁ0XSKagak

\/_ N ' N = ' (4.14)
T3S X, +n(n)
z,(n) =S, (n)+n,(n) +n,(n)+n(n) (4.15)

D061 véi anten mang pha thi bién dd céc trong s6 do1 véi cac song mang
(subcarrier) la nhu nhau, nén sau khi nhan véi trong s6 va cong ching lai ta

c6 nhu ¢ cong trinh [6]

d =— X' +— x’.aa +
0 N ﬂon:o n,o N ngﬂ nko Tk
(4.16)
P N-1 M K-1
_ﬁmzz Xr:nka:ak +n
N n=0 m=1 k=0
d,=S,+n+n,+n

trong d6 S, la tin hiéu mong mudn tir té bao trung tam, n; 1a nhidu trong té
bao trung tam, n, 1a nhiéu tir cac té bao xung quanh té bao trung tam, n 1a
nhiéu nhiét (tap am).

Trong truong hop ly tuong, khong c6 tuong quan chéo giltta cic tin
hiéu, cac tan s hoan toan tryc giao thi ny va n, bang khong. Phuong sai cia ny

van, la
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(4.17)

var(n,) = Z P H
Ty sb gitra ning luong bit trén mat d6 nhiéu va tap am la
N S (4.18)
ot oy G, +G,
L

v6i Gy va G, 1a ty so gitta cong suét tap nhiéu trén tin hiéu tai té bao trung tim

va tai cac t€ bao xung quanh.

(4.19)

G :iK lﬂ

m=1 k=0

(4.20)

A . 1 2 N 7 A ~ \ A A A
Neéu goi 6 = §_% thi xac suat vuot ngudong duong xuong hé thong 2

P, =Pr(G, +G, > ) (4.21)

Két qua mo phong xac suat vuot ngudng duong xudng hé thong 2 mod

ta & Hinh 4.9 va Hinh 4.10.
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Xac suat vweot ngwdng dwérng xudng
trwong hop 1, N=2,8,16, 32

1— , B
) 100 200 300 400
0.1 ——15 dé
Pr(BER<10g-5) —=-30d5
60 do
0.01 d 120 d6
0.001 {

S6 ngwei dung/sector

Hinh 4.9 Xdc sudt vieot ngudng dwong xuong Hé 2,
truong hop 1, N=2, 8, 16, 32, 0=30.

Xac suat vwot nguwdng dwéng xudng
trwong hop 2, N=2,8,16,32

1— A A L A
0 0 200 300 100

——154d0
-—2-30d6

0.1
/ 60 do
Pr(BER<10e-5) 120 d

0.01

S6 ngwei dung/sector

Hinh 4.10 Xdc sudt vweot nguwdng dwong xuong Hé 2,
truong hop 2, N=2, 8, 16, 32, 6=30.
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Tir két qua trén Hinh 4.9, ching ta thiy tai P, =107, néu dung anten voi
blp séng 15° thi c¢6 tdi da 200 nguoi dung/ séc-to, néu dung anten véi bap
séng 30° thi c6 110 ngudi dung/ séc-to, con voi bup song 60° thi chi cd 60
ngudi dung/ séc-to.

Tir két qua trén Hinh 4.10, ching ta thdy tai P, =10, néu dung anten
v6i bup song 15° thi ¢ toi da 100 ngudi ding/ séc-to, néu dung anten voi blp
s6ng 30° thi c6 75 nguoi ding/ séc-to. Ciing trén hinh nay, tai P =1, néu dung
anten voi bup song 30° thi c6 toi da 90 ngudi dung/ séc-to, con véi bip song
120° thi chi ¢6 30 nguoi dung/ séc-to.

Tir két qua mo phong ¢ Hinh 4.9 va Hinh 4.10, ta c6 thé suy ra dung
luong duong xudng hé théng OFDM/SDMA dung céc loai anten khac nhau
nhu & Bang 4.4,

Bang 4.4 Dung lwong dwong xuong hé thong OFDM/SDMA ding cdc

loai anten khac nhau.

Loai Anten SO ngudi ding toi da

trong séc-to

Séc-to 30
Thong minh (Bup chinh rong 60°) 60
Thong minh (Blp chinh rong 30°) 110
Thong minh (Bup chinh rong 15°) 200

Theo Bang 4.4 thi néu dung anten v&i d6 rong bap song chinh 15° s&
cho két qua ting dung lugng cao nhét, tuy nhién dé tao dugc bup song hep
nhu vay chi véi 4 dén 8 phan tir 1a kho. Cho nén ta chi quan tim dén két qua
diing anten thong minh c6 bap chinh rong ¢& 30° (két qua boi dam trong Bang
4.4).

104



Tir két qua nay ta suy ra 1a hé thong 2 c6 dung luong duong xubng cao
hon hé théng 1 khoang 3 lan.

Pong thoi, ting dung lugng trong trudng hop 2 kém hon truong hop 1
vi truong hop 2 13 trudng hop x4u nhat (khi ngudi ding ndm & canh cua séc-
to).

4.3.3 Hé thong hién dung cai tién hd tro OFDM va MIMO 2x2 (hé thong
3)

Ngoai cac anten trén 3 canh tam gidc déu nhu hé thong 1, ta bd sung
thém mot anten vo hudng (thu phat song cong) & tim tam giac déu phdi hop
phuc vu cho ca 3 canh. Nhu vay theo hudéng cua mdi canh ta c6 hé MIMO
2x2 (ngudi dung ciling doi hoi c6 2 anten). Trong hé théng OFDM goi 1 hé
MIMO 2x2-SECTOR-OFDM.

4.3.4 Hé thong hién dung cii tién hé tro OFDM va MIMO 2x2 két hop
tao bup séng thich nghi (hé thong 4)

Ta bd sung anten vo hudng & tdm tam gidc déu vao hé théng 2 hay la
két hop k¥ thuat tao bup ciia anten trén mdi canh cung sy phdi hop ciia anten
v6 hudéng & tAm tao nén hé MIMO 2x2. Trong hé théng OFDM chiing t6i goi
12 hé MIMO 2x2-ADAPTIVE-OFDM. H¢ anten nay c6 thé ding lam anten
tram géc cta thé hé di dong thu 4, bd sung cho cac anten cua thé hé di dong

hién hanh sin c¢6 (Hinh 4.2).
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Céu tric dudng 1én xét cho mot té bao trung tim nhu ¢ Hinh 4.9.

Tx1 Rx1
MS, /'D BTS
Tx2 Ry

Dipole bang rong
Phat huéng 6,

Phat tan so @, *** )y N Dipole bang rong
4 Dan bang rong
Thu huéng 6,---6,
Thu tan s @, @,

Dipole bang rong
Phat huéng 6,
Phat tan s6 @@,

Hinh 4.11 Céu triic dwong 1én hé MIMO 2x2-Adaptive-OFDM.
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Dbi v6i hudng truyén tir ngudi dung MS; dén tram gbe ludn cé hai bup
song (do la Tx, —Rx,,Tx, —Rx,). Cac truong hop twong tu xay ra voi nhitng
ngudi dung khac. Tat nhién & day ta gia thiét tram gdc dung cdu tric anten
thu bang rong ,---o,, theo cac huéng 0=(4,,...,6,). Con cac nguoi ding
dung céu trac anten phat bing rong voi mot goc hudng bat ky nao dé trong
tap 0.

Chung ta c6 thé tham khao so d6 chi tiét cau trac thu cua tram goc &
Hinh 4.4 va cau trac phét ctia nguoi dung & Hinh 4.5 dé thay rd vé dic tinh da
tan cta ngudi dung va cia tram gdc. COn vé cau tric dan anten bang rong da
ban bac & Chuong 2.

O muc 1.4.4 ching tdi d4 ban bac vé dung niang mot kénh MIMO 2x2
(Hé 3). Do d6 khi xem xét vé dung nang kénh thi Hé 3&4 s& con cao hon nita
so vo1 He 1&2 vi sur dung thém k¥ thuat MIMO.

That vay, ¢ tram géc ta ¢c6 K dir liéu thu tai anten Rx, va K dir liéu thu
tai anten Rx, trong trudng hop hé thong MIMO 2x2-Adaptive-OFDM. Trong
khi d6, ta chi c6 K dit liéu thu tai anten Rx, trong truong hop hé théng SISO-
Sector-OFDM. Tuy nhién, néu chi xem xét vé xac suat vuot ngudng 1a ham
s6 ctia sO ngudi dung va do rong bup song anten thi ¢ ca Hé 2 va Hé 4 s& 1a
nhu nhau. That vdy, ngoai trir ¢c6 thém mot hudng phat-thu, thi s6 nguoi ding
ti da trong mot té bao van chi 1a K.

4.4 Két ludn

Céu trac anten cho tram goc va ngudi dung nhu da trinh bay & trén 12
su két hop cua mot hé tim huéng méi véi tao bap anten quay thich nghi, ap
dung cho h¢ thong tin dung cong nghé OFDM va ky thuat MIMO. Pay chinh
1a nhitng diém méi cta luan an.

Uu diém cua viéc ap dung anten thong minh cho hé thong tin di dong

thé hé méi duoc thé hién & bon khia canh.
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Khia canh thir nhat: HJ tro truyén din da séng mang truc giao cho
phép tang téc do truyén din, giam nhiéu giita cac sdng mang va nhiéu xuyén
ky tu.

Khia canh thir hai: St dung hé tim phuong méi co cu tric don gian.

Khia canh thir ba. St dung thém ky thuat tao bup séng anten quay
thich nghi cho phép ting dung luong cia hé thong. That vy cac tinh toan va
mo phong cho thdy dung luong Hé 2 (SISO-ADPTIVE-OFDM) cao hon Hé 1
(SISO-SECTOR-OFDM) khoang 3 lan.

Khia canh thir tw:. Co thé str dung két hop ca MIMO 2x2 viao hé thong
OFDM/SDMA tao nén H¢ 3 (MIMO 2x2-SECTOR-OFDM) va H¢ 4 (MIMO
2x2-SECTOR-OFDM) véi dung nang kénh cao hon Hé 1& 2.

Chuong nay ciing néu 1én mét mo hinh cdu tric mang di dong
OFDM/SDMA cu thé gdom 18 té bao va ap dung mau st dung lai tan sb
3x3x1.

Céc két qua trén 13 co s¢ dé di t6i két luan vé loi ich khi ap dung anten
thong minh vao hé thdng thong tin di dong OFDM/SDMA.

Cac két qua khoa hoc lién quan d cong bd d6 1a cac cong trinh [3.4,6]

(tai liéu tham khao [52], [54-55]).
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KET LUAN VA PE NGHI

Lu4n 4n nghién ctu va xdy dung mé hinh st dung két hop ky thuét
anten thong minh vao hé théng thong tin di dong hién hanh va da dat duoc
nhimg két qua méi sau.

Thir nhdt, luan an da xady dung mdt h¢ tim hudng méi (chuong 3) dung
anten hai phan tir. Phan tir th nhat 1a mot don cyc vo hudng. Phan tr thir hai
khong c6 tdm pha va c6 dic tinh pha phi tuyén. Khi két hop voi thudt toan
MUSIC thi hé¢ tim huéng nay c6 kha ning phat hién sé muc tiéu khong bi gidi
han béi s6 phan tir anten ctia hé. Tuy nhién dé phat hién dugc sd muc tiéu nhu
ctia dan anten tuyén tinh cach déu L phén tir, phai tién hanh ldy miu theo thoi
gian L-2 1an nita dé duoc tap dit liéu twong duong.

Thit hai, luan an da dé xuat mo hinh két hop anten thong minh (14 anten
diéu khién blp song theo huéng song toi) vao hé thdng thong tin di dong
OFDM dé tao nén hé théng to hop OFDM/SDMA véi 4 cau hinh cu thé: Hé 1
la SISO-SECTOR-OFDM, Hg¢ 2 la SISO-ADAPTIVE-OFDM, H¢ 3 la MIMO
2x2-SECTOR-OFDM va Hé 4 1a MIMO 2x2-ADAPTIVE-OFDM. Két hop
tinh toan va mo phong da chimg minh duoc rang: Dung luong cua Hé 2 cao
hon Hé 1 khoang 3 l1an; Dung ning kénh ciia Hé 3&4 con cao hon ciia Hé
1&2 vi dung thém ky thuat MIMO; HE 2 dung phuong phap quay bup thich
nghi, don gian hon so v&i thuét toan LMS.

M® hinh anten thong minh va céc tinh toan dung luwong duong 1én cho
hé thong tin di dong OFDM/SDMA dugc dé xuit va trinh br:iy trong luan an
c6 thé ap dung cho hé théng LTE.
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