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MO PAU

DVB-T2 (viét tit cua "Digital Video Broadcasting — Second Generation
Terrestrial™) 1a tiéu chuan truyén hinh sé mit dat thé hé tht hai, ké tiép tiéu chuan
tién nhiém DVB-T véi céc tinh ning ndi troi hon nang cao hiéu qua trong viéc truyén
tai noi dung s dén khéach hang. Hé théng truyén tai tin hiéu nén sé video, audio va
dir liéu khac trong PLPs (Physical Layer Pipes), sir dung k§ thuat diéu ché OFDM
v6i cac kénh ma hoa lién két va tron 1an. Phuong an truyén din dugce dé xuat nhiéu
nhét cho tiéu chuan nay 1a MIMO — OFDM véi két ndi ma hoa kénh va chén. Téc do
bit ciia hé théng nay cao hon so véi DVB-T, phil hop dé truyén dan tin hiéu HD trén
truyén kénh truyén hinh mat dat [7].

K§ thuat MIMO c¢6 thé tang dung luong kénh truyén, sir dung bang thong rat
hiéu qua nho ghép kénh khéng gian, cai thién chat luong cua hé thong dang ké nho
vao phan tap tai phia phat va phia thu ma khong can tang cong suat phét cling nhu
tang bang thong cua hé thong. Trong khi d6 ky thuat OFDM 1a mot phuong thuc
truyén dan téc d6 cao véi ciu trac don gian nhung co thé chdng fading chon loc tan
s6, bang cach chia ludng dit liéu téc do cao thanh N ludng di lidu toc do thap truyén
qua N kénh truyén con st dung tap tan sé truc giao. Kénh truyén chiu fading chon loc
tan s6 duogc chia thanh N kénh truyén con c6 bing thong nho hon, khi N du lén céc
kénh truyén con chiu fading phang. OFDM con loai bo duoc hiéu tng 1SI khi sir dung
khoang bao vé du 16n. Ngoai ra viéc s dung k¥ thuat OFDM con giam do phtc tap
cua bo Equalizer dang ké bang cach cho phép can bang tin hiéu trong mién tan sé. Tir
nhitng vu diém ndi bat cua hé théng MIMO va k§y thuat OFDM, viéc két hop hé théng
MIMO va ki thuat OFDM la mét giai phap htra hen cho hé thong truyén hinh k§ thuat
sd mat dat.

Nhan thay tiém nang tng dung cta ki thuat MIMO, OFDM va su két hop ki
thuat MIMO — OFDM trong hé théng truyén hinh ky thuat s mit dat nén toi da lua
chon dé tai “Panh gia hiéu nang hé théng truyén hinh sé mat dat DVB — T2 sir dung
ki thuat MIMO - OFDM” @ 1am luan vin tot nghiép cao hoc.



1. Téng quan vé van dé nghién ciru

Trén thé gigi: ké tir ndm 2010, chuong trinh phat séng DVB — T2 dé ¢6 mit &
nhiéu qudc gia, &p dung cho ca truyén hinh tra tién va mién phi ciing nhu mot sé kénh

thir nghiém.

Tai Viét Nam: Ké tir ngay 11 thang 11 ndm 2011, hai mang DVN-T2 SFN cua
Cong ty ¢ phan am thanh Toan Cau Audio da dugc chinh thirc ra mat tai ca Ha Noi
va thanh phé H6 Chi Minh. Sau d6, dich vu twong tu da dugc cung cip & cac thanh
phd khac. Mdi mang co ba kénh da kénh mang hoan toan 40 kénh am thanh SD, 05
HD va 05 (MPEG-4 / H264).

Ké tir khi hé thong DVB-T duoc thiét ké, cac ky thuat diéu ché va phuong
phap mi héa d3 c6 nhimg budc tién quan trong. Viéc dua cac ky thuat MIMO vao
DVB-T2 dudng nhu 1a mot xu thé tat yéu. Hién tai, trong cac nghién ciru dau tién vé
ki thuat DVB-T2 di duoc quan tdm nhiéu hon. Nam 2009 bai bao “MIMO
performance of the next generation DVB-T” cua tac gia P. Prieto [5] da chi ra dugc
nhitng loi ich khi 4p dung ky thuat MIMO — OFDM vao DVB — T2, va dua ra két
luan rang BER cua hé théng MIMO t6t hon nhiéu so véi hé thong SISO va MISO.

Nam 2012, trong bai bdo “Implementation and Performance Analysis of
MIMO Digital Video Broadcasting-T2” cta tac gia A. Ramya va B. Devi [7] da dé
cap dén viéc str dung nhiéu ang ten co thé gilp cac hé thong truyén dan cé thong
luong cao hon va dang tin cay, n6 c6 nhitng lgi thé hon so véi truyén dng ten don.
Ho ciing tién hanh md phong hé thong DVB — T2 khi sitr dung MIMO — OFDM va
két luan day 1a giai phap cdng nghé s& cung cap tét hon cho s lwong 16n ngudi ding
su dung HDTV.

Tuy nhién, cac hé théng MIMO déu gap phai mot sé van dé nhu: Can nhiéu
giita cac kénh (ICI), la do sy chong chudi thong tin doc lap duoc truyén béi nhiéu
ing-ten phat; Dong bo giita cac ang-ten (IAS), dai dién cho cac gia dinh co sé cho

khong gian — thoi gian va tré phan tap gitta cac phwong phap ma hoa; Can thiét nhiéu



chudi tan s vo tuyén can thiét dé truyén tai tat ca cac tin hiéu dong thoi. Va dé khic
phuc cac van dé trén thi ky thuat MIMO thudng tap trung chi yéu vao 3 huéng: ky
thuat beamforming da ludng, ghép kénh khong gian, ma hoa phan tap (thoi gian,
khong gian...), & nang cao chat lugng truyén tin. Trong luan vin nay s& nghién cau
vé hiéu ning cua hé théng truyén hinh sé mat dit DVB — T2 sir dung k§y thuat MIMO
— OFDM va xem xét dén k§ thuat ghép kénh khong gian MIMO SM.

2. Muc dich nghién ciru
v" Nghién ciru duoc tdng quan hé thdng truyén hinh sé mat ¢at DVB — T2.
v Phén tich, danh gia hiéu nang hé théng truyén hinh sé mat ¢at DVB — T2 s
dung k§ thuat MIMO — OFDM.
3. Pdi twong va pham vi nghién ciu
v" Nghién ctru vé hé thong truyén hinh sé6 mat dat DVB — T va DVB — T2.
v Nghién ctu ung dung k¥ thuat MIMO cho hé thdng truyén hinh s6 mat dat
DVB - T2.
4. Phuwong phap nghién ciru
v' Dua trén cac tai liéu gigi thiéu, phan tich vé DVB — T va MIMO dé mo ta
téng quan cac hé thong.
v Phan tich mé hinh tng dung MIMO cho DVB - T2.
v' M0 phéng qué trinh truyén nhan caa DVB — T2 sir dung MIMO — OFDM.
5. Noi dung

Luan van gém 3 chuong, thu ty nhu sau:
Chuong 1: Téng quan vé truyén hinh sé mat dat DVB —T.
Chuong 2: K§ thuat MIMO — OFDM trong truyén hinh s6 mat dat DVB —T2.

Chuong 3: Phan tich, danh gia hiéu nang hé thong DVB — T2 str dung k¥ thuat
MIMO — OFDM.



CHUONG 1-TONG QUAN VE TRUYEN HINH SO MAT PAT
DVB-T
1.1 Téng quan vé hé théng truyén hinh sé

1.1.1 Cdc dic diém chung ciia hg théng truyén hinh sé

Cong nghé truyén hinh s6 ¢6 nhiéu wu diém hon han so véi cdng nghé truyén
hinh twong ty nhu: kha ning st dung hiéu qua phé tan, truyén dan phat song duoc
nhiéu chwong trinh trén mot kénh, c6 kha nang phat hién va sta 16i, khac phuc duoc
nhitng wu diém thuong thay trong truyén hinh twong tur, c6 kha ning twong thich véi
nhiéu loai hinh dich vu khac nhau ciing nhu kha ning phat song cac chuong trinh
truyén hinh do phan giai cao HDTV... viéc truyén dan tin hiéu truyén hinh sb dugc
thuc hién thong qua cap dong truc, cap quang, vé tinh hay truyén hinh s6 mat dat [1].

Cac dic diém chung caa hé thdng truyén hinh sé mat dat:

v Yéu cau vé bang tan 1a mot su khac nhau rd nhat gitta tin hiéu sb va tin hiéu
tuong ty, tin hiéu s6 von gan lién voi yéu cau bang tan rong lon. Doi véi tin
hiéu sé tong hop yéu cau tan sb l1ay mau bang bén Ian tan s6 séng mang mau
nhu d6i v&i hé NTSC 1a 14,4MHz néu thuc hién ma hoé véi nhitng ma 8 bit,
tbc do bit s& 1 115,2 Mbit/s do rong bang tin khoang 58 MHz.

v' Mot trong nhitng wu diém Ién nhat caa tin hiéu sé 1a kha nang chéng nhiéu
trong qué trinh xt ly tai cac khau truyén dan va ghi. Nhidu tap &m trong hé
thng twong tu o tinh chat cong, ty 16 S/N cua toan bo hé théng 1a do tong
cong cac ngudn nhidu thanh phan gay ra. Vi vay luén nho hon ty 1é S/N cua
khau c6 ty Ié thap nhat. Nhidu trong tin hiéu s6 duoc khic phuc nho cac mach
stra 1i. Bang cac mach nay c6 thé khdi phuc lai cac dong bit nhu ban dau.

v' Tin hiéu sé khong bi anh huong bai méo phi tuyén trong qua trinh ghi va
truyén ciing nhu ddi véi ty 18 S/N, tinh chat nay rat quan trong trong viéc ghi
doc chuong trinh nhiéu lan dic biét vai cac hé thdng truyén hinh nhay cam véi
cac méo khuyéch dai vi sai nhu hé NTSC.

v' Tin hiéu sé khong bi anh huéng béi méo phi tuyén trong qué trinh ghi va

truyén ciing nhu ddi véi ty 18 S/N, tinh chat nay rat quan trong trong viéc ghi



doc chuong trinh nhiéu lan dic biét vai cac hé thong truyén hinh nhay cam véi
cac méo khuyéch dai vi sai nhu hé NTSC.
1.1.2 CAc tiéu chudn truyén hinh sé tiéu biéu

Hién tai trén thé gigi cha yéu st dung 3 tiéu chuan phét séng truyén hinh sé
la: DVB (Digital Video Broadcasting) tiéu chuan Chau Au; ATSC (Advanced
Television System Committee) tiéu chuan cua My; ISDB - T (Intergrated Services
Digital Broadcasting-Terrestrial) tiéu chuan cua Nhat [2].

a. Tiéu chuan ATSC

Pic diém chung:

Hé thong ATSC c¢6 cau tric dang I6p, tuong thich véi md hinh OSI 7 16p cua
cac mang dix liéu. M&i 16p ATSC c6 thé twong thich véi cac ang dung khac cing 16p.
ATSC sur dung dang thic goi MPEG-2 cho ca Video, Audio va dit liéu phu. Bac tinh
truyén tai va nén di liéu cia ATSC theo MPEG-2. Tiéu chuan ATSC c¢6 mot sé dac
diém nhu bang 1.1.

Bang 1.1. Pdc diém co ban cia ATSC

Tham so Pic tinh
vid Nhiéu dang thicc anh (nhiéu d6 phan giai khac nhau). Nén anh
ideo
theo MPEG-2, tr MP @ ML t6i HP @ HL.
Audio Am thanh Surround cua hé thong Dolby AC-3.
_ Cho cac dich vu mé rong (thi du huéng dan chuong trinh, thong
Dt liéu phu ] . . S e e,
tin hé thong, dir li¢u truyen tai téi may tinh).
. Dang dong goi truyén tai da chwong trinh. Thu tuc truyén tai
Truyen tal
MPEG-2.
Truyén dan RF | Biéu ché 8-VSB cho truyén dan truyén hinh s6 mat dat.

Phuong phap diéu ché VSB cua tiéu chuan ATSC: Phuong phap diéu ché VSB
bao gom hai loai chinh: Mét loai danh cho phat song mat dat (8-VSB) va mét loai
danh cho truyén dix liéu qua cap téc d6 cao (16 VSB). Ca hai déu sir dung ma Reed-

Solomon, tin hiéu pilot va dong bé timg doan dit liéu. Toc do ky hiéu (Symbol Rate)



cho ca hai déu bang 10,76 MSb/s. N6 ¢d gigi han ty sé tin hiéu trén nhiéu (SNR) la
14,9 dB va téc do dir liéu bang 19,3 Mb/s. Thyc chat cta qua trinh diéu ché VSB 1a

diéu ché bién do nhiéu mac, cho nén cac bo khuéch dai cong suét yéu cau co do tuyén

tinh cao.

b.

Tiéu chugn DVB
DVB la mét t6 chtrc gom trén 300 thanh vién ctia hon 35 nuwdc nham phat trién

k¥ thuat phat hinh k¥ thuat sé trong toan Chau Au va cho cac khu vuc khac. Chuan

DVB duoc st dung & Chau Au, truyén tai tin hiéu Video s6 nén theo chuan MPEG-

2 qua cap, vé tinh va phat séng mat dat.

v
v

Chuan DVB ¢6 mot s6 dic diém nhu sau:

M4 hoa Audio tiéu chuan MPEG-2 I6p 1.

M4 hod Video chuan MP @ ML.

Do phan giai anh ti da 720 x 576 diém anh.

DVB gém mét loat cac tiéu chuan, trong d6 co ban 1a:

DVB-S: Hé thdng truyén hinh s6 ¢6 nén qua vé tinh. Hé théng DVB-S sir dung
phuong phap diéu ché QPSK.

DVB-C: Hé théng cung cap tin hiéu truyén hinh s c6 nén qua mang cap, sir
dung cac kénh cap c6 dung lwong tir 7 dén 8 MHz va kiéu diéu ché QAM: 64
- QAM, 128-QAM, 256-QAM. DVB-C c6 mic ty s6 S/N cao va diéu bién ki
sinh thap.

DVB-T: Hé théng truyén hinh mat dat voi cac do rong kénh 8MHz, 7MHz
hoic 6MHz. Su dung phuong phap mi hoé sira sai ghép da tan tryc giao
COFDM.



c. Tiéuchuan ISDB - T
Bang thong s6 k¥ thuat (Bang 1.2) md ta chi tiét hé thong truyén hinh s mat
dat str dung mang da dich vu (ISDB-T). Hé théng nay c6 thé truyén dan cac chuong
trinh truyén hinh, &m thanh hoac dit liéu tong hop. ISDB-T st dung tiéu chuan ma
hoa MPEG-2 trong qua trinh nén va ghép kénh.
Bang 1.2. Cac thdng sé truyén dan cho ISDB-T véi dé réng kénh truyén 8 MHz.

Kiéu Kiéu 1 Kiéu 2 Kiéu 3
S6 doan dir lidu 13
Do rong bang tan (MHz) 7,433 7,431 7,426
Khoang cach song mang (KHz) 5,291 2,645 1,322
S6 séng mang 1405 2809 5617

Kiéu diéu ché song mang

QPSK, 16QAM, 64QAM, DQPSK

S6 ky hiéu trong méot khung 204
Khoang thoi gian tich cuc
o 189 378 765
trong mot ky hiéu (us)
1/4 47,25 94,5 189
Khoang
1/8 23,625 47,25 94,5
bao vé
(us) 1/16 11,8125 23,625 47,25
S
1/32 5,90625 11,8125 23,625

Ma hda stra sai noi

Ma hoa chap (1/2, 2/3, 3/4, 516, 7/8)

M4 hoa stra sai ngoai M& Reed Solomon (204, 188)

Hé thong str dung phuong phép ghép da tan truc giao OFDM cho phép truyén
da chuong trinh véi cac diéu kién thu khac nhau, truyén din phan cap, thu di dong
V.V... C4c song mang thanh phan dugc diéu ché QPSK, DQPSK, 16-QAM hoic 64-
QAM. Tiéu chuan ISDB-T ¢ thé st dung cho cac kénh truyén 6, 7 hoic 8MHz. Tuy

nhién mai chi thuc hién & Nhat Ban véi d6 rong kénh truyén 6MHz.



Dic diém cua hé théng ISDB-T:

v ISDB-T sir dung ghép xen thoi gian, trong khi DVB-T khong st dung ky thuat
nay.

+ Uu diém: Tang hiéu qua chong can nhidu xung.

+ Nhuoc diém: Tang thoi gian tré va ting d6 phuc tap caa may thu.

v' ISDB-T st dung phin doan tan sé: Viéc phan doan tin sb nay s& 1am sai
nguyén tic caa mot kénh truyén hinh sé 13 mot kénh bang rong trong d6 cac
dich vu dugc dit & cac muc khac nhau. Néu chia kénh thanh cac doan tan sé
khac nhau cho cac dich vu khac nhau, khi mot doan tan sé bi anh huang, thi
toan bo dich vu nam trong doan d6 s& bi mat. B6 1a mot trong nhitng Iy do tai
sao cac nha thiét ké DVB-T da khong str dung ky thuat phan chia tan sb.

v’ Chua c6 thiét ké cu thé cho dai tin 8MHz.

v/ Can nhiéu may phat cho mang don tin hon hé DVB-T.

Khoang bao vé 1on nhat cua hé Nhat chi c6 189 ps (1/4 chu ky ctua symbol).
Tuong Gng voi khoang bao vé nay cho khoang cach t6i da gitra cac may phat 1a
56,7km. Trong khi sir dung hé phét s6 cua Chau Au, khoang céach tbi da giita cac may
phat dbi véi mang don tan tgi 67km (néu 1a phat 8K va khoang bao vé bang 1/4 chu
ky cua symbol).

v' May thu s theo h¢ ISDB - T yéu cau loc khat khe hon may thu DVB-T.

1.1.3 Xa Iy va truyén ddn tin higu truyén hinh sé
Ngay nay, cong nghé ki thuat s6 ngay cang thAm nhap sau vao trong nhiéu linh

VyC cta cudc séng, nhiéu hoat dong cua con ngudi s& khong ton tai néu khong co ky
thuat s6 va su phat trién vuot bac cia né nhu hién nay. Chung ta d3 duoc biét nhitng
rng dung cua nd tir nhitng chiéc dién thoai cho dén cac thiét bi tu dong, nhitng chiéc
dia CD da thay thé hoan toan dia nhua trong mot thoi gian rat ngan. Khi khoa hoc ki
thuat phat trién, nhu cau vé sé lugng va chat lugng cac chuong trinh truyén hinh ngay
cang cao thi ki thuat san xuét va truyén dan twong tu cac chuong trinh truyén hinh
ngay cang to ra kém vu thé. Ky thuat x ly tin hiéu s6 va céac thuat toan nén tin hiéu

hinh anh ra doi da lam xuat hién ky thuat truyén hinh sé. K§ thuat truyén hinh sé ra



doi da giai quyét yéu cau trén mot cach triét dé. Nhu ta da biét do rong bing tan cua
mot kénh truyén hinh twong ty 12 8 MHz, véi bang tan nay ta c6 thé truyén mot vai
chuong trinh truyén hinh sé c6 nén bing cach thuc hién ghép kénh va diéu ché sé

chang.

Truyén hinh sb 1a tén goi mot hé thdng truyén hinh ma tit ca cac thiét bi ky
thuat tir Studio cho dén may thu déu 1am viéc theo nguyén Ii k¥ thuat sé. Trong do,
mét hinh anh quang hoc do camera thu dugc qua hé théng dng kinh, thay vi né duoc
bién d6i thanh tin hiéu dién bién thién twong tu nhu hinh anh quang hoc (ca vé do
ch6i va mau sac), no sé duoc bién do6i thanh mot day tin hiéu nhi phan (day céc s6 0
va 1) nho qué trinh bién do6i twong tu sang s6. DAy tin hiéu nay qua nhiéu budc bién
d6i nhu ki thuat nén dé 1am giam tdc do bit téi gia tri phi hop véi do rong kénh
truyén. Sau dé, qua cac budc xir 1i, diéu ché s6 dé ¢ thé phat di trén mot phuong thuc
truyén din nhu cap quang, vé tinh hay phat trén mat dat. Va bén thu thuc hién qué
trinh nguoc lai dé khoi phuc lai tin hiéu hinh anh ban dau.

Céc phuong thirc truyén dan tin hiéu truyén hinh sé:

v' Truyén qua cap dong truc:

+ Dé truyén tin hiéu video sé cd thé sir dung cap dong truc cao tan. Tin hiéu
video dugc s6 hoa, nén sau d6 duoc dua vao diéu ché. SGng mang cao tan duoc
diéu ché 64-QAM, 128-QAM va 256-QAM.

+ Do rong biang tan cua tin hiéu phu thudc vao tde do bit cua tin hiéu, phuong
phap ma hod stra sai va kiéu diéu ché.

v Truyén tin hiéu truyén hinh sé bang cap quang:

+ Bing tan rong cho phép truyén céc tin hiéu sb co toc do cao.

+ Do suy hao thip trén mot don vi chiéu dai.

+ Xuyén tin hiéu gitra cac soi quang dan thap (-80 dB).

+ Thoi gian tré qua cap quang thap.

v Truyén tin hiéu truyén hinh sé qua vé tinh: Thong tin vé tinh dic biét c6 wu

thé trong céc trueong hop:
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+ Cu ly lién lac lon.

+ Lién lac diém dén da diém trén pham vi rong ciing nhu pham vi toan cau.

Kénh vé tinh khac véi kénh phét song trén mat dat 1a c6 bang tan rong va sy
han ché cong suat phét. Khuéch dai cong suat cua cac Transponder 1am viéc véi lugng
back off nho trong cac diéu kién phi tuyén, do d6 sir dung diéu ché QPSK 1a téi wu.

Cac hé thong truyén qua vé tinh thuong 1am viéc ¢ dai tan sb ¢ GHz.

Phét song truyén hinh sb trén mat dat: Hién nay, c6 ba tiéu chuan vé truyén hinh sé
mit dat tiéu biéu nhu da néu trén 1a: ATSC, DVB - T va ISDB - T. Ba tiéu chuan trén
¢6 diém giéng nhau la str dung chuan nén MPEG-2 cho tin hiéu video. ATSC sir dung
diéu ché 8-VSB con DVB-T va ISDB-T str dung phuong phap ghép da tan truc giao
OFDM, trong d6 cac song mang thanh phan duoc diéu ché QPSK, 16 QAM hoic 64-
QAM.

Truyén hinh sé qua vé tinh, cap hitu tuyén va mat dat hién nay dang 1a linh
vue duoc nghién ciu manh mé, nhat 1a tai Bic My va Chau Au. Khé khin nhat vé k§
thuat Ia truyén hinh s6 mat dat chiu anh huong cua séng phan xa, pha dinh va nhiéu
xung. N6 cang tré nén kho khin hon d6i véi muc tiéu caa Chau Au dit ra 1a phat trién
mang don tan nham muc tiéu tang sb lugng kénh truyén hinh trong bang tan hién co.
Trong mang don tan, tat ca cac may phét lam viéc trén ciing mot tan sd, dugce dong
bo bang mot nguon tan s chung c6 d6 on dinh cao va cing phéat cac chuong trinh
giong nhau. M4y thu thu duoc tin hidu tong hop tir cac may phat khac nhau véi thoi

gian tré khac nhau.

Diém khéc nhau co ban cua 3 tiéu chuan 1a phuong phap diéu ché. Tiéu chuan
Chau Au va cta Nhat sir dung phuong phép ghép da tan tryc giao c6 ma (COFDM)
cho truyén hinh sé mat dat, né da tro thanh phd bién trong phat thanh truyén hinh
trong khoang 10 niam tré lai day. K¥ thuat nay dau tién duoc st dung cho phéat thanh
s6, sau d6 khoang 5 dén 10 nam dugc sir dung cho truyénhinh sé mat dat. Pay 1a ki

thuat duy nhat c6 thé tao ra kha niang thuc hién mang don tan.
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Chinh vi vy phuong thirc truyén dan va phat song nhu: truyén hinh sé cap
DVB-C, truyén hinh sé mat d¢it DVB-T, truyén hinh sé vé tinh DVB-S, truyén hinh
d6 phan giai cao HDTV, truyén hinh qua Internet IPTV, 3G TV... Sy ra doi va thay

thé cuia truyén hinh sé cho truyén hinh tuwong tu 14 mot xu thé tat yéu khach quan.

1.2 Truyén hinh sé mit dit theo tiéu chuAn DVB - T

Phat song truyén hinh sé mat dat duoc nghién ctu thir nghiém & My (tiéu chuan
8-VSB) tir nam 1994 dén cudi nam 1995 da dugc FCC chap nhan. Trong cing thoi
gian nay 300 t6 chirc phat thanh truyén hinh thudc 30 nudc trén thé gii da tham gia
du 4n DVB - Du 4n xay dung tiéu chuan phat thanh, truyén hinh sé thugc nhiéu linh
vyc: vé tinh, cap, mat dat... DVB-T sir dung phuong phap diéu ché COFDM.
COFDM la phuong phap diéu ché c6 kha nang chéng phan xa nhiéu duong, phi hop

Véi cac vung dan cu c6 dia hinh phtrc tap va c6 kha nang thu di dong [3].

~1ia Phat son
Dix l‘lcu g Tx % RX
SO —

‘ ~ 1z A x Thu
Mi héa Ma ho(aktArug/)en dan i Bidii
A én £
nguon ~ ché
£ Da hop/ stra 101

it s i wsave  ias i N g% cos ,/
Giai diu Gia1 ma héa truyén dan Giai ma
. > > D/A

ché  [7] (kénh) Giai dahop/staldi || ngudn

Hinh 1.1. So d6 khéi tong quan hé théng truyén hinh s6 mat dit DVB — T
Cac thanh phan chinh cua hé théng truyén hinh sé mat dat DVB-T bao gom:

v" Ngudn tin hiéu: Bién déi tin hiéu video va audio thanh céac dix liéu sb.

v' M4 héa ngudn: Thyc hién nén tin hiéu sé b ng bo ma hoa nén MPEG-2 & cac
ti s6 nén khac nhau. Viéc ma hoa tin hiéu duoc thuc hién kha phic tap dua
trén co s& nhiéu khung hinh anh chira nhiéu thdng tin vai su sai khac rat nho.

MPEG chi gui di nhitng di liéu thay d6i va dit liéu lGc nay c6 thé giam di 100
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dén 200 lan. Viéc nén tin hiéu audio ciing dugc thyc hién dua trén dic diém
tai ngudi kho phan biét am thanh tram nho vaéi &m thanh 16n khi chdng ¢ tan
sb 1an can nhau.

v Géi va da hop video, audio va dir liéu phu thuoc vao mot dong dir liéu, & day
la dong truyén tai MPEG-2.

v' Dbiéu ché: Qua trinh diéu ché tin hiéu phét séng bang dong dit liéu bao gom ca
ma hoa truyén din, ma hoa kénh va cac ky thuat ha thap xac suat I5i chong lai
c4c suy giam chat luong do phading, tap nhiéu. ..

v Phia thu: Thyc hién cac budc nguoc lai md goi, giai ma, hién thi hinh anh va

tiéng.

1.2.1 Dgc tinh ky thugt ciia DVB — T

DVB-T pho bién véi hau hét tat ca cac hé théng truyén dan mit dat hién dai,
sir dung diéu ché OFDM (ghép kénh phan chia tan sé truc giao). Kiéu diéu ché nay,
sir dung mot s6 lugng 16n séng mang con, mang lai tin hiéu manh mé c6 kha niang xur
ly cac diéu kien kénh rat nghiém trong. DVB-T c6 cac dac tinh ky thuat lam cho né
tré thanh mot hé thong rat linh hoat:

v 3 diéu ché tay chon (QPSK, 16-QAM, 64-QAM): C6 mat su can bang gitta
tbc do lwong ma tai d6 dir liéu co thé duoc truyén di va tin hiéu dé ty 18 tiéng
on ¢6 thé dugc dung thir. Cac dinh dang diéu ché bac thap hon nhu QPSK
khong truyén dir liéu nhanh nhu cac dinh dang diéu ché cao hon nhu 64-QAM,
nhung chiing c6 thé dugc nhan khi cuong do tin hiéu thap hon.

v’ 5tbc do FEC (stra 13i chuyén tiép) khac nhau: Bat ky hé théng vé tuyén nao
truyén dit liéu sé& bi 16i. Bé sira cac 15i nay, cac hinh thic sta 16i khac nhau
duogc str dung. Toe do thuc hién viéc nay anh hudng dén tde do truyén dir lidu.
Muc do sta 161 dugc ap dung cang cao, mic do hd tro dit lidu sira 15i can
truyén cang 16n. Do lai, diéu nay l1am giam téc do dit liéu cua truyén dan.
Theo dé, can phai phi hop voi mic sira 16i chuyén tiép voi cac yéu cau caa
mang phat séng. Viéc stra 16i sir dung ma hoa tich chap va Reed Solomon véi
ty 16 1/2, 2/3, 3/4, 5/6 va 7/8 tlly theo yéu cau.
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v 4 tuy chon Khoang thoi gian bao vé.

v' Céc s6ng mang 2K hoic 8K: Theo yéu cau truyén, sb lugng séng mang trong
tin hiéu OFDM c6 thé thay d6i. Khi sir dung it song mang hon, mdi séng mang
phai mang bang thong cao hon cho cung toc do dit lieu ghép kénh. Piéu nay
c6 tac dong dén kha ning phuc hdi dbi véi cac phan xa va khoang céch giita
cac may phat trong mot mang tan sb duy nhat. Mic du cac hé théng duoc dan
nhan 2K va 8K, sé lwong nha mang thuc té duoc sir dung 1a 1705 hdng cho
dich vu 2K va 6817 hang cho dich vu 8K.

v Bing thong kénh 6, 7 hoac 8 MHz: C6 thé diéu chinh bing thong truyén dén
bang théng c6 san va phan tach kénh. Ba con s6 cta biang thong ¢ san.

v Video ¢ 50Hz hoic 60Hz: Téc do 1am méi cho man hinh c6 thé thay d6i. Theo
truyén théng dbi véi truyén hinh twong tu, diéu nay duoc lién két véi tan sb
dugc sir dung cho cac ngudn cung cap chinh tai dia phuong.

Mang don tan DVB — T: Mt trong nhitng loi thé cua viéc sir dung OFDM Iam
hinh thirc diéu ché 1a né cho phép mang thuc hién nhiing gi duoc goi 1a mang tan sb
don. Mot mang tan s don, hoac SFN 1a mot trong d6 mot sé may phat hoat dong trén
cling tan s6 ma khéng gay nhiéu. Nhiéu hinh thtc truyén tai, bao gom ca cac chuong
trinh phat séng truyén hinh twong tir cii s& gay tré ngai cho nhau. Do d6, khi 1ap ké
hoach mang, cac khu vuc 1an can khéng thé st dung cting mot kénh va diéu nay 1am
tang dang ké lugng pho can thiét cho mot quéc gia. Bang cach sir dung OFDM, SFN
cd thé duoc thuc hién va didu ndy cung cdp mot mirc do cai thién hiéu qua phd dang
ké.

Diéu ché phan cap DVB-T: Mt co sé khac duoc DVB-T cho phép duoc goi
1a Biéu ché phan cap. Sir dung ky thuat nay, hai ludng dit liéu hoan toan riéng biét co
thé duoc diéu ché trén mot tin hiéu DVB-T. Ludng "Uu tién cao" hoic HP duoc
nhang trong ludng "Uu tién thap™ hoac ludng LP. Str dung nguyén tic nay, cac dai
truyén hinh DVB-T ¢4 thé nhdm muc tiéu hai loai may thu khac nhau véi hai dich vu

hoan toan khac nhau.
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Mot vi du ¢ thé st dung dich vu nay 1a cho dich vu truyén hinh di dong DVB-

H duoc tdi wu héa cho cac diéu kién thu khé khin hon c6 thé dugc dat trong ludng

HP, véi cac dich vu HDTV, DVB-T duoc nhim muc tiéu dén dng ten ¢ dinh duoc

truyén trong ludng LP.
1.2.2 Péc diém ciiaDVB - T

Tiéu chuan DVB-T Ia tiéu chuan c6 nhiéu vu diém, hién dai, mang tinh mg

va c6 kha nang tuong thich cao, duoc nhiéu nudc sir dung nhu.

v

v

Hiéu qua str dung tan pho cao hon va chat lwong tét hon so v&i phat song twong
tu.

Trén dai tan truyén hinh c6 thé phat duoc mot sé chwong trinh truyén hinh cé
chat luong cao, chat lugng on dinh, khiac phuc duoc cac hién twong béng ma,
can nhiéu, tap nhiéu, tap am...

May thu hinh c6 thé lap dat dé dang & céc vi tri trong nha, xach tay hoic luu
dong ngoai troi, chuyén doi linh hoat chuong trinh. C6 kha nang 1am viéc Véi
c4c ti 1& khuon hinh 4:3,16:9 (bang tan tiéu chuan) va 20:9 (bang tan cao).

Str dung dong truyén dit liéu theo tiéu chuan Quéc té (dinh dang lay mau 4:2:0,
nén MPEG — 2 MP@ML, c6 kha nang twong thich hoac chuyén doi 1én/xubng
cac 16p bac thap va cao, phan cap gitta SDTV va HDTV).

Tiéu chuan phat séng sé khong gay tro ngai cho viéc quy hoach tan sé.

C6 kha nang sir dung lai mot phan ha ting cua hé thong may phat hinh ki thuat
tuong tu. Chi phi du tu phut hop vai Viét Nam.

Nhuoc diém cua tiéu chuan truyén hinh sé mat ¢at DVB-T la:

Cac song mang c6 cong suat thap nén d& bi anh huong cua fading lya chon tan
s6. Khi thuc hién diéu ché 64-QAM, néu nhu c6 su sai léch chat it vé pha va
bién d6 s& gy cho dau thu giai diéu ché sai so vai tin hiéu ban dau.

Pé dam bao chat lugng thu séng tin hiéu truyén hinh sé DVB-T tir may phét

can phai luén gitr dugc tinh truc giao cac séng mang.
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1.3 Truyén hinh sé mit dat theo tiéu chuan DVB — T2
La tiéu chuan truyén hinh sé mat dat thé hé tha hai, ké tiép nguai tién nhiém
DVB-T véi cac tinh ning ndi troi hon nang cao hiéu qua trong viéc truyén tai noi

dung sb dén khéch hang.

Hé thong truyén tai tin hiéu nén sb video, audio va dix liéu khéac trong PLPs,
st dung k§y thuat diéu ché OFDM véi cac kénh ma hoa lién két va tron 1an. Véi toc
d6 bit cao hon DVB - T, DVB - T2 phil hop dé truyén céc tin hiéu HDTV va céc kénh
truyén hinh mat dat [1].

1.3.1 Ddc tinh ky thugt ciia DVB — T2
a. Lopvatly
Trong mot kénh cua DVB-T2 ¢ thé thuc hién truyén duoc nhiéu dong dix liéu
(dich vy) khéc nhau, hoan toan trong subt c6 kha nang tai dir licu doc 1ap vai cau tric
va céc thong sb cau hinh khac nhau.Véi mdi dich vu s& c6 cac cau hinh khac nhau
nhu: Phuong thirc diéu ché, FEC...C4c cau hinh nay duoc goi 1a cac “éng” Lép vat
Iy PLPs [3].

Dir licu Xur ly dong dix Tréo Anhxa | bitu [
A A > T K - . Lo A
dauvao | Jjay vao bit Frame ché ]

Hinh 1.2. Lép vat ly DVB - T2

b. Bdang tan phu (1.7 MHz va 10 MHz)

Dé dap (ng céc dich vu chuyén dung, vi du truyén tin hiéu tir camera vé mot
studio Ivu dong, DVB-T2 con bao gom tuy chon biang tan 10MHz. Cac may thu dan
dung khong hd tro bang tan nay. DVB-T2 con st dung ca biang tan 1.712 MHz cho
cac dich vu thu di dong (trong bang I1I va bang L).

c. Céac mode sdng mang m¢ réng (doi véi 8K, 16K, 32K)

Do phan dinh xung vuéng trong db thi phd cdng suit suy giam nhanh hon ddi

Véi kich thude FFT 16n. Piém ngoai clng cua phé tin hiéu OFDM c6 thé trai rong

hon, diéu nay ciing dong nghia véi viéc nhiéu séng mang phu trén mot symbol duoc
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sir dung dé truyén tai dit liu. D6 loi (gain) dat dwoc ¢ gitta 1.4% (8Kmode) va 2.1%
(32Kmaode).
d. MISO da trén Alamouti (trén truc tan so)
Do DVB-T hd trg mang don tan (SFN), sy hién dién cua tin hiéu c6 cudong do
manh twong tu nhau tir 2 may phét c6 thé tao nén diém “16m” (deep notches). Bé khic

phuc hién twong nay, may phat doi hoi phai ¢ cdng suat cao hon.

DVB-T2 c0 tuy chon sir dung ky thuat Alamouti: véi mot cap may phat
Alamouti 1a mot vi du ctia MISO, trong d6 mdi diém cua do thi chom sao duoc truyén
boi mot may, con may phat tha 2 truyén phién ban c6 chinh sita mot chdt cua ting

cap cua chdm sao Vai thir ty nguoc lai trén truc tan sé.

Tx0 j -K RXx
|y

Hinh 1.3. M6 hinh MISO

e. Symbol khéi dau (P1 va P2)

Nhitng symbol dau tién cua khung DVB-T2 & 16p vat Iy 1a cac symbol khoi
dau. Cac symbol nay truyén mot sé lugng han ché cac théng tin bao hiéu bang phuong
thire truyén co d6 tin cdy. Khung dau tién duoc bit dau bang symbol P1, diéu ché
BPSK véi do tin cay cao. Véi khoang bao vé & ca hai dau, symbol P1 mang 7 bit
thong tin (bao gém kich thuéc FFT caa symbol dir liéu). Cac symbol P2, sb luong
dugc ¢b dinh cho mdi kich thuéc FFT, cung cap théng tin bao hiéu 16p 1 ké ca tinh,
dong va kha ning ciu tric.

Cac bit dau tién cua théng tin bao hiéu (L1) c6 phuong thirc diéu ché va ma

hoa ¢ dinh, céc bit con lai (L1) ty Ié ma duoc xac dinh 1 1/2 nhung phuong thirc
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diéu ché co thé duoc lva chon gitta QPSK, 16-QAM va 64-QAM. Symbol P2 noi
chung, con chira dir liéu PLP chung va/hoic PLP dir liéu.
f. Mdu hinh tin hiéu Pilot (Pilot Pattern)
Pilot phan tan dugc xac dinh tir trudc ca vé bién do va pha, va dugc “ciy” vao
tin hiéu vai khoang cach déu nhau trén ca hai truc thoi gian va tan sé. Pilot phan tan

duoc sir dung dé danh gia su thay doi trén duong truyén.

I I L -
‘I[F j - # 1
RiiiieasssaRanaRnneRiR

' ‘
1 T -
| mes s -

Hinh 1. 4 MAu hinh pilot phan tan déi véi DVB-T (trai) va DVB-T2 (phai)

9. Phuwong thite diéu ché 256-QAM
Trong hé théng DVB-T, phuong thirc diéu ché cao nhat 1a 64-QAM cho phép
truyén tai 6bit/symbol/song mang (c6 nghia 1a 6bit/té bao OFDM). O DVB-T2,
phuong thirc diéu ché 256QAM cho phép ting 1én 8bit/té bao OFDM, ting 33% hiéu
suat sir dung pho va dung luong dix liéu dbi vai mot ty 16 ma cho trudc.
h. Chom sao xoay (Rotated Constellation)
Mot trong s6 cac ky thuat méi dugc st dung trong DVB-T2 a chom sao xoay
va tré Q. Sau khi d3 dinh vi, chom sao dugc “xoay” mot goc trén mit phang 1-Q nhu

mo ta trén hinh 1.5.

Im ()

1™ 0000
° op1o
lo— | 1010

1000
° 0001

° 0011

a 1011
LJ

Re(
100 ° 0101 Q

° Q38

1101 ° 0100

C) T 0Tl

Y 140
1100

Hinh 1. 5 Chom sao 16-QAM ‘xoay’
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i. 16K, 32K FFT va ty I¢ khoang bao vé 1/128

Tang kich thuéc FFT dong nghia voi viéc 1am hep khoang céch gitta cac song
mang va 1am ting chu ky symbol. Viéc ndy, mot mat lam ting can nhiéu giita cac
symbol va 1am giam gidi han tan sb cho phép ddi voi hiéu tng Doppler. Mit khéc,
chu ky symbol dai hon, ciing c6 nghia 1a ty 1& khoang bao vé nhé hon ddi véi cung
gia tri tuyét d6i cua khoang bao vé trén truc thoi gian. Ty 16 khoang bao vé bang 1/128
trong DVB-T2, cho phép 32K sir dung khoang bao vé c6 cung gia tri tuyét di nhu
8K 1/32

j.  Ma sia sai LDPC/BCH

Trong khi DVB-T sur dung maé stra sai trong va ngoai la ma chap va mé R-S,
DVB-T2 va DVB-S2 sir dung cac md@ LDPC/BCH. Cac méa nay cho phép kha nang
bao vé tot hon, truyén nhiéu di liéu hon trén cing mot kénh théng tin.

k. Tréo bit, té bao, thoi gian va tdn so

Muc dich cua trdo Ia trai noi dung thong tin trén mién thoi gian va/hoac tan sé
sao cho ké ca nhidu dot bién Ian phading déu khdng cd kha ning xo4 di mot chudi bit
dai caa dong dir liéu gbe. Trao con duoc thiét ké sao cho cac bit thong tin dugc truyén
tai boi mot diém xac dinh trén do thi chom sao khong twong wng véi chudi bit lién
tuc trong dong dix liéu gdc.

l. Ky thudt giam thiéu ty sé cong sudr dinh/cdng sudt trung binh

PAPR trong hé thbng OFDM cao c6 thé 1am giam hiéu xuat bo khuéch dai
cong suat RF. Ca hai ky thuat lam giam PAPR dugc sir dung trong hé théng DVB -
T2: mé rong chom sao tich cuc ACE va han ché am sac TR.

K3 thuat ACE lam giam PAPR bang cach mé rong cac diém ngoai cua do thi
chom sao trén mién tan sb, con TR lam giam PAPR bing cach tryuc tiép loai bo cac
gia tri dinh cta tin hiéu trén mién thoi gian.

Hai k¥ thuat b6 sung cho nhau, ACE hiéu qua hon TR ¢ mic diéu ché thap
con TR hiéu qua hon ACE & mirc diéu ché cao. Hai k¥ thuat khdng loai trir nhau va

c6 kha ning str dung dong thoi. Tuy nhién ACE khong dwoc st dung véi chuan xoay.
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Han ché: Dung diéu ché OFDM, sir dung chudi bao vé tranh nhiéu phan tap
da duong nhung lam giam hiéu suat duong truyén, do chudi bao vé khdng mang dir
lieu. Yéu cau vé diéu ché truc giao rit nhay cam vai cac hiéu tng Doppler, dich tan
va dich thoi gian néu c6 sai s6 ddng bo. Khi mat di tinh truc giao, OFDM khéong con
loi thé cua nd, ddn dén nhiéu lién ky tu, lién tan s6. Cac yéu té anh huong dén sy truc
giao: léch tan s6 séng mang, léch tan sé ldy mau, léch thoi gian dinh thi, nhidu pha
va kénh truyén thay dbi theo thoi gian.

1.3.2 Péc diém ciia DVB — T2

Hé théng DVB-T2 duoc chia thanh 3 khéi chinh & phia phat (551, SS2, SS3)

va 2 khdi chinh & phia thu (SS4, SS5) nhu trinh bay trong hinh 1.6 duéi day:

T2-MI DVB-T2 TS
s . femmeeeeeeeee—a- D e
$53 SSa: SS5
' H Ditu che ! Giai dieu H Giai ma ;
e e T2 —» chéT: || MPEG [
Byl Bty
: A ) Ve i W
gt o L O ] ] 553 . S8 ; SS5:
Tin el L B Dituché || | Giaidien || Gidi ma =
: Ghépkénh | ! 3 : : : e
hiéu ! - ! T2 ! chéTz i MPEG hiéu
vao ——¥ Video/audio _:,T:-Gateway ' : !
' ! ra
H e B
= = [ (I | (N (I TS 5 N SR S S
' [ I [N N S (N Jee— ! SS4: : SSs:
[ Giai dieu E Giai ma i
KénhRE | chéT: |[4»| MPEG (>
_________________________________ ' E '
................ ot
! ThuT

Hinh 1.6. M6 hinh céu tric DVB-T2

DVB - T2 la tiéu chuan hé thng tién tién nhét cua thé gisi truyén hinh sé mat
dat (DTT), cung cap dung lugng cao hon, linh hoat va hiéu qua hon 50% so voi bat
ky hé théng DTT khac. N6 hd trg SD, HD, UHD, TV di dong, radio, hoic bat ky su
két hop nao [1].

DVB-T2 la chuan k§ thuat thé hé tht hai caa hé théng truyén hinh sé6 mit dat.
Giong nhu DVB-T, h¢ théng nay dung diéu ché OFDM nhung hd trg mode diéu ché
1én dén 32K. DU sir dung nhiéu séng mang hon nhung hé théng van chap nhan duoc
c4c echo xay ra c¢6 d6 dai nhu di dugc chap nhan trong DVB-T, tuy nhién khoang

bao vé s& ngan hon va diéu nay ciing giup cho dung luong dit liéu truyén dan dat hiéu
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qua cai tién cao. Mit khéc, thong tin pilot ciing it hon va gan véi mac téi thiéu vé mat
ly thuyét.

DVB-T2 cho phép gian do chom sao 1én dén 256-QAM trén mdi séng mang,
do d6 dung lugng dir liu truyén s& c6 murc ting kha 16n trong cling bing thong kénh.
DVB-T2 ciing nhu DVB-T ké thira co ché sta 16i tir cac hé thdng vé tinh twong @ng,
cu thé truong hop cia DVB-T2 14 ké thira co ché sta 16i cia DVB-S2. Mic du ma
LDPC rét tot voi kénh AWGN (trong dudng truyén vé tinh), nhung ma nay lai khong
t6t khi tng dung trong COFDM d6i vai kénh truyén chiu tac dong lon cua cac kénh
séng phan xa (multipath) cia duong truyén mat dat. Bé khac phuc phan nao van dé
nay, DVB-T2 dinh nghia va sir dung cac chom sao xoay. Ngoai ra, DVB-T2 ciing
gidi thiéu k¥ thuat goi 12 md Alamouti, 1a mét vi du cua duong truyén MIMO.

Hiéu qua thuc té cia DVB-T2 hién van dang dugc khao sat nhung véi kénh
truyén gan thang (near line-of-sign) nhu truyén dén céc anten dat trén mai nha thi
hiéu qua cai tién duoc ky vong sé trong ty nhu DVB-S2 so véi DVB-S. Déi vai kénh
truyén c6 su c6 mat cua cac kénh phan xa hoac xen nhiéu thi hiéu qua cai tién s& kho
du doan hon va s& can ¢6 cac thir nghiém tir thuc té.

Mot khao sat cia BBC véi kénh truyén tuong duong kénh Gauss va cac thong
s6 DVB-T2 nhu sau:

v' Diéu ché 256QAM

v" Khoang bao vé 1/128

v' Tiké md FEC LDPC 3/5
v" Mode 32K

Dung luong dir liéu truyén dat duoc véi cac thong sé nay 1a 39.5Mb/s, nghia
la dung luong I6n hon 50% so véi Multiplex A cia Anh dung DVB-T (danh gia dua
trén kénh truyén twong duong kénh Gauss). DVB-T2 di dat duoc toc do bit va hiéu
qua cao chi trong mot giai doan ngan cai tién. Tuy nhién, dic tinh cua kénh truyén
mat dat kha khac biét voi dac tinh caa kénh truyén Gauss, nén viéc du doan chinh xéc
muc do cai tién can c6 mot thoi gian danh gia dai. Mat khac, mot ki thuat ¢ kha

nang dung cho ca thu séng ¢6 dinh va di dong da khong duoc khao sat nhiéu trong ho
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cac chuan DVB-T d6 1a MIMO. MIMO thich hop vdéi viéc dung hai hoic nhiéu anten
cho viéc truyén va thu séng. Mot giai phap don gian caa hé théng MIMO hai anten
la str dung mot anten dung theo phén cuc doc va mét anten dung phan cuc ngang. Ca
may phat va may thu déu can c6 cac anten phan cuc nay dé phéat séng va thu song.
Khi thu séng, du may thu phai xi ly tin hiéu dé tach riéng hai duong truyén thi van
c6 nhitng thanh phan cua tin hiéu x&o trén véi nhau. Tuy nhién, véi ki thuat xi 1y tin
hiéu hién nay thi diéu nay khong khé dé khac phuc. Ky thuat nay rat manh va co thé
gia tang gan gap do6i dung luong dir lidu trong mot bang thong xac dinh (hoac sé& cai
tién 16n vé sic manh cua tin hiéu bang cach cho phép ti 18 bit sira 16 16n hon trong
ma sira 15i). Thach thic chinh can xem xét ¢ day 1a can c6 su thay doi dang ké vé ha
tang truyén dan. Vai hién trang hién co, viéc sir dung anten dang hudng dé cé thé
hoat dong tét cho ca hai phan cuc la rat kho va ton chi phi.

Mot kha nang kha thi khi @ng dung MIMO Ia str dung nhiéu anten & ca may
phat va may thu. Diéu nay s& rat phd hop véi cac tan sb cao (vi du l6n hon 5GHz) vi
c4u tric anten khi d6 khong qua 16n. Nhin chung, ki thuat MIMO c¢6 thé gia tiang tdc
d6 dit liéu cho bang thong kénh va 1a mot hudng cai tién quan trong ddi véi chuan
DVB-T2 hién dang duoc trién khai tai mot s khu vurc.
1.4 Két luan chwong 1

Str dung cdng nghé truyén hinh sé dem lai nhiéu loi ich cho nguoi st dung,
hiéu qua cao cho nha cung cap dich vu. Cong nghé truyén hinh sé khdng chi ting sb
kénh truyén ma con cho phép nha cung cap dich vu ma rong kinh doanh ra cac dich
vu M&i ma véi céng nghé tuong tu khdng thé thyuc hién dugc. Hién nay truyén hinh
s6 phét trién hét sic da dang vé loai hinh dich vu, phuong thirc truyén dan va phat
séng. Lya chon tiéu chuan truyén hinh sé mat ¢at DVB-T cua Chau Au 1a mot sy lva
chon dting din dé xay dung hé théng truyén hinh sé mat dat & Viét Nam. Truyén hinh
s6 mat dat 6 nhiéu wu diém hon han so vai cong nghé truyén hinh tuong tu.

Nhu cau ngudi xem truyén hinh ngdy cang ting cao ca vé thoi lwgng phét song,
chat luong chuong trinh va chat luong hinh anh. Véi xu thé hoi tu trong linh vyc da

phuong tién, va sy phat trién manh mé cua cong nghé k¥ thuat truyén hinh céc dich
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vu truyén hinh méi nhu: HDTV, 3D TV... ra doi dd dang va s& dugc nhiéu nguoi lua
chon do d6 tiéu chuan DVB-T can phai nhanh chéng bo sung thém cac tinh ning mai.
Tiéu chuan truyén hinh sé mit dat thé hé thir hai DVB-T2 véi nhitng dic tinh
vuot troi hon so véi tiéu chuan DVB-T di khang dinh 1a chuan truyén hinh sé mat
dat 1y twdng cho truyén hinh c¢6 d6 phan giai cao HDTV, 3DTV va s& dem dén nhiéu
co hai trién khai cac dich vu méi.
Nhiéu nudc trén thé gidi da nghién ctu, tng dung, trién khai thanh céng tiéu

chuan DVB-T2 va d3 nhan duoc su tng hd cao cia ngudi xem.



23

CHUONG 2 - KY THUAT MIMO - OFDM TRONG TRUYEN
HINH SO MAT PAT DVB - T2

2.1 Téng quan vé ky thuat MIMO

Trong giao tiép khong day, Multiple-Input Multiple-Output (MIMO) 12 khéi
niém st dung nhiéu anten & ca may phat va may thu dé co duoc s cai thién vé hiéu
suat. N6 1a mot trong nhirng cdng nghé anten théng minh méi duoc gidi thiéu. Cha y
rang cac dau vao va dau ra la cac thuat ngir vé kénh radio ma mang cac tin hiéu,
khéng phai thuat ngit vé anten. Trong thé gigi thuc, dung luong va hoat dong cua
truyén thong khong day thuong bi giéi han bai hai yéu té 16n: da duong va nhiéu
d6ng kénh. Pa duong 1a mét tinh trang phat sinh khi mét tin hiéu truyén trai qua phan
Xa tir nhitng vat can khac nhau trong méi trudng truyén dan. Diéu nay gay ra nhiéu
tin hiéu dén may thu tir cac hudng khac nhau. Nhiu dong kénh 1a su giao thoa gitra
hai tin hiéu hoat déng ¢ cuing tan s6. Piéu nay thudng dugc gy ra boi mot tin hiéu
tr mot té bao khac nhau chiém cac dai tan s6 nhu nhau. Anten thdng minh 13 mot
trong nhitng cdng nghé htra hen nhat ma s& cho phép cong suit cao hon trong mang
khong day bang cach giam anh huong da duong va nhiu dong kénh. Trong mot hé
thong anten thdng minh céc array cua n6 khong phai 1a thong minh, d6 1a xu ly tin
hiéu ky thuat s6 ma l1am cho chdng théng minh [8]. Gan day, cac nghién ciru vé cong
nghé MIMO da nguoi ding da dugc phé bién. MIMO duoc sir dung béi vi n6 ¢ kha
nang dé doi pho hiéu qua véi cac van dé gay ra boi kénh da duong.

Y twong chinh caa MIMO 13 str dung nhiéu anten cho ca bén phét va bén thu
nhdm lam ting dung luong kénh khéng day. Dung luong duoc thé hién nhu toc do
dir liéu téi da dat duoc cho mot xac suat thap tly y cua 16i. Do d6, cac nghién ctu
huéng t6i phét trién cac chuong trinh va ma ngudn ma né s& cho phép hé thong dat

toi gigi han dung lugng Shannon cua chdng.
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2.2 Mo hinh kénh MIMO va dung lwgng kénh MIMO
a. Mo hinh kénh MIMO
Gia sir hé théng MIMO ta xét gom n, dau vao twong ing Vi n, anten phat

Va n, dau ra tuong g véi n, anten thu. Hé théng co thé dwgc ma ta trén hinh 2.1
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Hinh 2.1. So d6 khéi hé théng MIMO

Khi chi c6 mot anten phat va mot anten thu, hé théng suy bién thanh hé SISO
(Single-Input Single-Output). Con néu ¢6 n, >1 anten phat va mot anten thu thi d6
la hé MISO, nguoc lai néu chi c6 mot ang-ten phat va cé n, >1 anten thu thi hé thong
suy bién thanh hé SIMO.

Véi md hinh trén, mdi kénh truyén dan gitra mot cap anten phét i va anten thu
j 1a mot kénh vo tuyén c6 dap tng kénh truyén Ia h, véi j=1,2,...,n, i=1,2,...,n,.
Vay nén, hé théng s& cd n,n, kénh vo tuyén thanh phan, nghia 1a n.n, kénh SISO.
Cac kénh thanh phan nay cé thé doc lap hodc tuong quan véi nhau.

Tai mot thoi diém nhat dinh, cac tin hiéu x,.x,....x, dugc phat trén twong tng
trén n, anten phat. Sau do tai bén thu da nhan duoc cac tin hi¢u y,.y,,...,y, . Khi do,
quan hé giira tin hiéu phat, tin hiéu thu va dap ung kénh truyén duogc biéu dién nhu

Sau:
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y=Hx+w (2.1)
Trong do, y = [yl,yz,...,ynR ]T X = [xl,xz,...,an ]T la véc to tin hiéu thu, phat. Ky

hiéu T phia trén dé biéu thi phép chuyén vi trong ma tran, cu thé ¢ day 1a chuyén tir
véc to hang sang biéu dién dang vécto cot.

hl,l hl,nT
H=|: R la ma tran kénh
ng,l Ng,Np

W= W W, W, ]Tlé véc to tap am Gauss trang cong tinh, AWGN. Tung thanh

phan, w,Voij=1,2,...,n,, cOgiatri ngau nhién theo phan b Gauss véi tri trung binh
bang 0 va phuong sai bang o, ciing c6 thé ky hiéu dang W, ~ N(O, 62) .
Néu N véc to X,,X,,...X, dugc phat lién tiép, dit liéu thu dugc s& Ia
Y., Y,..... Y, . LGc nay, mdi quan hé vao ra co thé duoc biéu dién dugi dang ma tran
nhu sau:
Y =HX+W (2.2)
Trong d6, Y =[Y.Y,.... Y|, X=[X,.X,,...X], W=[W,W,.. W] lac4c thanh
phan tin hiéu thu, tin hiéu phat va nhiéu.
b. Dung lwong kénh MIMO
Dung luong kénh truyén duoc dinh nghia 1a téc do truyén dan tbi da voi mot
X4&c suat 16i twong d6i nho nao dé. Pdi véi kénh truyén khdng st dung phan tap, c6
d6 loi h, chiu anh huong caa tap dm cong tring Gauss thi dung lwong kénh truyén cé
thé tinh dugc theo dinh 1y Shannon nhu sau:
Caso = W log, L+ p|n[*)  [bit/s] (2.3)
Trong d6 W 14 bang tin cua kénh truyén tinh bing Hz va pl|h|’ chinh Ia ti s6
tin hiéu trén tap am (SNR) tai dau vao may thu. Tir cac cong thac (2.3) chlng ta thay
rang véi mot kénh vo tuyén cé d6 rong bang tan nhat dinh khéng sir dung phan tap
khong gian (SISO) thi dung lugng kénh truyén ti 1 véi SNR ¢ dau vao may thu theo

luat logarith. Vi vdy, muén ting dung lwong kénh truyén thi chi c6 cach ting cong
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suit phét. Tuy nhién, do mdi quan hé logarith nén dung lwong kénh truyén SISO ting
rat cham.

MIMO duoc dé xuit dé khic phuc han ché vé dung luong kénh truyén cua cac
hé thong SISO. Véi N, anten phat va N, anten thu, trong mdi truong pha-dinh
Rayleigh giau tan xa va bién d6i cham, kénh MIMO N, xN, nhu & hinh 2.1, cho
phép dat duoc dung luong kénh truyén

N.Wlog,(1+p) néu N, < N,
(2.4)

Cmvmvo =

NTW10g2(1+p%) néu N, > N,

T

Xem xét cdng thtc (2.4) ching ta thiy ring dung lwong cua kénh MIMO ting
tuyén tinh theo sé anten phét hoic thu va cé thé dat dén r = min(Ng, N;) lan dung
lwgng cua mot kénh truyén SISO.
2.3 Ky thuat MIMO — OFDM

Hé thdng MIMO ¢4 thé ting dung luong kénh truyén, sir dung biang thong rat
hiéu qua nho ghép kénh khong gian (V-BLAST), cai thién chat lugng cia hé thong
dang ké nho vao phan tap tai phia phat va phia thu (STBC, STTC) ma khéng can ting
cdng suit phat ciing nhu ting bing théng cta hé thong. Ky thuat OFDM la mot
phuong thirc truyén dan toc do cao véi cu trac don gian nhung co thé chng fading
chon loc tan s6, bang cach chia ludng gitr lidu téc do cao thanh N ludng dir liéu téc
d6 thap truyén qua N kénh truyén con st dung tap tan s truc giao. Kénh truyén chiu
pha dinh chon loc tan sé duoc chia thanh N kénh truyén con c6 bang théng nho hon,
khi N di I6n cac kénh truyén con chiu pha dinh phang. OFDM con loai bo duoc hiéu
ung ISI khi sir dung khoang bao vé du Ion. Ngoai ra viéc sir dung ki thuat OFDM
con giam d6 phuc tap cua bo Equalizer dang ké bang cach cho phép can bang tin hiéu
trong mién tan sé. Tir nhimg wu diém noi bat cua hé thong MIMO va ki thuat OFDM,
viéc két hop cua hé thong MIMO va ky thuat OFDM 1a mét giai phép hra hen cho
hé thdng truyén hinh sb tuong lai [4].
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C6 nhiéu loai hé thong MIMO — OFDM, tly vao tung ky thuat MIMO ma
chiing ta c6 cac hé thdng khac nhau, hé théng MIMO - OFDM ma héa khéng gian —
thoi gian, hé théng MIMO — OFDM ghép kénh khéng gian.

) OFDM OFDM
Truyeén Truyén
Dt liéu Ma || OFDM OFDM | e — Dit liéu
— Diéuché —»{ hoa Truyen Truyen o™ diéliaclhé' —
STC STC '
|l OFDM OFDM L sl
Truyén Truyén

Hinh 2.2. So do khéi hé théng MIMO - OFDM

Cau tric may thu va phat caa hé thong MIMO — OFDM bao géom N, anten
phat va N, anten thu, két hop véi ki thuat OFDM str dung N, séng mang phu.
Tin hiéu thu duoc tir anten thu thir i, tai song mang phu thr k caa symbol

OFDM c6 thé biéu dién nhu sau:

y,(k)=h, x,(k)+h,x,(k)+....... +h, Xy (K) +n, (k)

Y, (}() =h,x,(k)+h,x,(k)+....... +h, Xy (K)+n,(k) 2.5)

Y (K) =hy x,(k)+h,x,(k)+....... +h (k) +n (k)

NrNtXNl
V6i X (k) la symbol phat trén song mang thir k trong symbol OFDM
n. (k) 12 nhiéu Gauss tai anten thu thir i

h; 12 hé s kénh truyén tir anten phat thir j toi anten thu thi i

Kénh truyén hé thong MIMO — OFDM c6 thé mé ta thong qua ma tran H nhu sau:

h11 h12 tht
H= hy hy - hyy (2.6)
h h - h
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Antenna 1
#0 #l === #n  fF-==- #9
Antenna M 10 slots
¢
Frame #0 #1 === #n - —--- #9
preamble + 8 OFDMsymbol\‘
< >
Slot o #0 " S N P R 7
preamble
CP OFDM Symbol

Hinh 2. 3 C4u trtic khung dit liegu MIMO — OFDM

Trong méi truong thoi gian thyuc, khung (frame) 1 don vi van chuyén nho nhat
bao gom 10 khe. Mdi khe bao gom 1 khe preamble va 8 symbols OFDM. Preamble
duoc sir dung cho muc dich ddng bo thai gian. Mdi OFDM symbol duoc gan thém 1
CP. CP duoc sir dung dé giam nhidu symbol 1SI va can bang kénh mét cach don gian
hon. Mbi frame dugc van chuyén qua séng mang phu (dinh thoi pha, dinh thoi tan sé
va ude luong tan so offset).

Tiép theo ta s& xét hé théng MIMO-OFDM Alamouti véi muc dich dat do loi

phan tap toi da nham tbi uu chét luong hé thong.

: E?) o IFFT | Il
SR EAE. — 3 \V,
J X (_E\) ) —’E—v\ / [.L—F'-Y{ ]ffﬂ_\[ F"‘i'/]f
' s ol o
——»{ Mapper ” //_____\\‘ P fr—— ~ i}:
X, : Y Y
XE)) —-obmH \ (TrFrmTrroe
] — : o IFFT | T
X,(V) L

Hinh 2.4. May phat MIMO — OFDM Alamouti
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il »(1) N
Y\ | e ¥

IFFT

‘ W(N Data
//' SIP R ‘1( ) o] B6kéthdp Demapper |——»
2 / ' cpP

/ removal

; —

Y ]1 (('))) Bé wde lwsng
) 22N IFFT |—
7. L

y

Hinh 2.5. May thu MIMO — OFDM Alamouti

So d6 Alamouti duoc ap dung nham dat duge d6 loi phan tap 16n nhat trong
moi truong fading chon loc tan sb véi cau tric phan ciing kha don gian.

Tai phia phat dir li¢u sau khi dugc by mapper diéu ché s& duogc dua qua bién
d6i ndi tiép sang song song va dua vao 2 vector N symbol X1 va Xa.

Ta ki hi¢u F* 1a ma tran bién d6i IFFT va F la ma tran bién d6i FFT

1
F'=—F 2.7
N (2.7)

Trong chu ky symbol k, X1 s& dugc cho qua bd bién d6i IFFT tao ra khéi N
symbol.
S, =F'X, (2.8)
Sau khi s1 duogc chén khoang bao vé CP, vector dir liéu sé dugc dua ra anten
phat thir nhat. Ciing trong chu ky symbol thi k, X2 s& duoc cho qua bd IFFT tao ra
khéi N symbol.
S, =F'X, (2.9)
Sau khi s2 dugc chén khoang bao vé CP, vector dit li¢u s€ dugc dua vao anten
phat thir hai.
Trong chu ky symbol thir k+1, X1 s& duge cho qua bo déo va lay lién hiép phic
khi cho qua IFFT d tao ra kh6i N symbol.
S, =F'X] (2.10)

Véiky hiéu X, cho lién hop cta X
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Sau khi sz duoc chén khoang bao vé CP, vector dir liéu s& dugc dua ra anten
thir hai. Ciing trong chu ky symbol thit k+1, Xz s& duoc cho qua b dao va lay lién
hiép phirc trudce khi cho qua IFFT dé tao ra khdi N symol.

S, =-F'X; (2.11)

Sau khi s'1 dugc chén khoang bao vé CP, vector dir liéu s& dugc dua ra anten
thi nhat. Qua trinh phat s& 14p lai qua trinh trinh bay trong chu ky symbol k va k+1.

Tai phia thu, vector thu sau khi dugc loai bé khoang bao v¢ c6 dang sau:

y, = Hlsll + st? +v, = HIF-‘)1<1 —;HZF")% -*wl 2.12)
y,=H;s, +H,s, +v, =-HF X5 +H,F X, +v,

Véi Hi 12 ma tran vong ciia kénh truyén tir anten phat thir nhat toi anten thu va
Hz 12 ma trén vong cta kénh truyén tir anten phét th hai t6i anten thu.

Sau khi qua bd FFT vector thu s& c6 biéu thuc sau:

Y =AX +AX,+V,
) . (2.13)
Y, =-AX,+AX| +V,

Véi Y1 =Fy1, Y2 =Fy2, X1 = Fxg, X2 = FXz, 1a cac FFT tuong tng cua yi, Yo,
X1, X2, Ay, va A, la cac ma tran dugc tinh theo biéu thirc sau:

A, =FHF"

y (2.14)
A, =FH,F

Do tinh chat cia phép bién d6i FFT va IFFT d6i v6i ma tran vong Hi va Hp
A, va A, la cac ma tran duong chéo.

A, = diag(®,)
P e (2.15)
A, =diag(%,)
Céc gia tri 4 (k) véik=1,2,...,N chinh la N-FFT cta dap tmg kénh truyén tir
anten phat thir 1 téi anten thu, twong tu cac gia tri 4, (K) voik =1, 2,...,N chinh la N-

FFT cua dép ung kénh truyén tir anten thir 2 t&i anten thu.
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Sau d6 Y1 va Y2 s& duoc dua qua bo wdc lugng A, , va A,. Kénh truyén sé

dugc wdc luong thong qua chudi huan luyén biét trudce, ta c6 thé viét lai vector thu

Y| | %X A v,
L@H—x; XTMKJ{VJ (2.16)

-—
2Nx1 INX2N 2Nx1 2Nx1

Y1va Y2 theo dang sau:

Véi 41 va 42 1a cac ma tran duong chéo, c6 duong chéo 1a X1 va Xz
%, = diag(X,)

X, =diag(X,) 217

Vector huan luyén d3 duoc quy ude trude tai may thu va co tinh chat sau:

{Xl _X}{ XL Xi}zal (2.18)
X2 X1 X2 X

A,, Vva A, dugc wdc lugng theo biéu thirc sau:

EHE T I )

) ) (2.19)
LM
A, X X lLVa
Ta udc luong duge A,, va A, theo biéu thirc sau:
A, = diag(h
7 aeC) (2.20)

Sau khi uéc lugng duoc A,, va A, ,cac vector Y1 va Y2 theo sau chudi vector
huén luyén s& dugc dua vao bo két hop dé khoi phuc lai X1 va Xz . Viét lai biéu thuc

trén ta duge biéu thie thu nhu sau:
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Y, () ] [ X, X, (1) IEXOREAAON
Y(N) | X, (N) X,(N) || &, (N) N V,(N) (2.21)
Y,() | | -X5(1) X; (1) M) ||V,
Y,(N)| | -X;(N) XI(N) [[A(N) | [V,(N) |

Sép xép lai thit tu vector thu ta duge biéu thire:

Y1) ] [ X0 X, EAOREAION
z XX () ? ?

Y,(N) | AN || V(N

Y,1) | LM |V, (2.22)
: XMNX,N) || :

YN | -X;(N)X;(N) [[2,(N) ] [V,(N) |

Biéu thirc trén cho thiy k§ thuat OFDM di chia kénh truyén pha dinh chon loc
tan s6 thanh N kénh truyén nhoé chi chiu fading phang, tirc 13 hé théng MIMO-OFDM
c6 kha nang chéng lai fading chon loc tan s va dat duoc sy phan tap 16n nhit nho
vao so d6 Alamouti.

2.4 Ky thuat ghép kénh khéng gian

Pé lam ting toc do ghép kénh cua hé thong truyén thong thi mot trong cac
phuong phap don gian nhat 1a 1a sir dung k¥ thuat ghép kénh khong gian (Spatial
Multiplexing - SM), bang cach gui thong tin doc lap trén cac anten truyén. Trong hé
théng MIMO 2x2 véi SM, mét ky hiéu thong tin duoc truyén boi mot anten va duoc
nhan boi hai anten thong qua hai duong dan khong gian [9]. Su da dang vé khong
gian caa MIMO SM ¢4 thé duoc tang 1én bang cach ap dung ma tran xoay R cho cac
ludng dit liéu:

cosO sin0
R :{ } (2.23)

sin® —cosH
Ma tran xoay 2x2 c6 dang trong (2.23) va la mét ho ma tran dugc dac trung 1a

ma tran tryc giao, tac 1a RRT = I. Mot ma tran xoay véi tham sb két hop tuyén tinh
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cac ludng dix liéu doc lap d&& mdi anten truyén tai thdng tin cua tat ca cac ludng dit
licu lam ting sy da dang khong gian. Méi quan hé dau vao - dau ra caa khéi xu ly

dua trén ma tran xoay la:

N cosO sin@ || x, cos 0 sin©
=| . =| . X, + X,
Y, sin® —cos0 || x, sin © —cos0

NG so sanh véi truong hop khéng ap dung ma tran xoay véi mdi quan hé dau vao:

IR MEHEHE

Co thé thay rang vecto thong tin [x,,x, ] duoc truyén qua céc vecto co s [1,0]'

(2.24)

(2.25)

va [O,l]T cho truong hop khong xoay; [cos6,sin G]T va [sin6,-cos G]T cho truong hop

X0ay.
Antenna #1 Antenna #1
A A
1

o x| cosd "

{0} sin@ |
X,
1 [

Antenna #2 Antenna #2
{ sin@ i|
Xy
SM ROT —cos®

Hinh 2.6. Biéu dién vecto cua hé théng MIMO véi hai 1an truyén anten c6 ma tran
xoay (phai) va khong cé (tréai).

Hinh 2.6 minh hoa biéu dién vecto cua hé thbng MIMO 2x2 truyén cac ky
higu thong tin x, va x, trong so d6 ma khong &p dung ma tran xoay (so do bén trai
c6 nhan SM) va véi ung dung ma tran xoay (so do bén phai c6 nhan ROT). Trong
truong hop khong quay, mdi ky hiéu dir lidu x, va x, dwoc phan bé tryc tiép vao mot
anten phét duy nhat. B4i véi trudng hop xoay, ca hai ky hiéu x, va x, dugc phan bd

cho ca hai anten phét.
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Vi du sau day so sanh cac tin hiéu thu dugc c6 va khéng co xir ly ma tran xoay
tai may phat trong tinh hudng khi tin hiéu tir mot trong cac anten phat trong kénh
MIMO bi mat do nhan ra mo dan. Cac biéu twong nhin duoc trong mot hé thong
truyén thong voi kénh MIMO 2x2 trong trudng hop mat tin hiéu tir mot trong cac ang

ten phat. Mdi quan hé tin hiéu dau vao - dau ra cho truong hop khéng xoay cé thé

] [h, h, |1 0][x,
Lj{hﬂ h22M0 1} Lj (2.26)

channel linear—transf

duoc biéu thi nhu sau:

Va cac ky hiéu dau ra r, va r, 1a (nhidu duoc bo qua dé giam bét ky hiéu):

L= hllxl +h12X2 (2 27)

r, =h, X, +h,x,

M&bi quan hé tin hiéu dau vao - dau ra cho truong hop xoay cé thé dugc biéu

5| {hy hy |[cosO sin® | x,
I, - h,, h,, |[sin® —cosb || x, (2.28)

thi nhu sau:

channel linear—transf
va cac ky hiéu daura r, va r, la:
r, =h,, (X, cosO+x,sin0)+h,,(x, sin®-x, cos0)
r, =h,, (X, cos0+x,sin0)+h,,(x, sin®—x, cosH) (2.29)
Gia sir tin hiéu tir anten phat dau tién bi mat, cot dau tién cia ma tran kénh

MIMO 2x2 1a vecto khéng, tac 13, [h,,,h, ] =[0,0]". Cé4c biéu tugng nhan dugc cho

11°

truong hop khong xoay la:

fi = PXs (2.30)
r, =h,Xx,
va ddi voi truong hop xoay la:
r, =h, (X, sin6-Xx, cos0) (2.31)

r, =h,, (X, sin0—x, cos 0)
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Nguoi ta c6 thé quan sat thdy rang véi viéc st dung ma tran quay, hai ky hiéu
truyén x1 va X2 dugc nhan ngay ca trong truong hop tin hiéu caa mot trong cac may
phat bi mo dan.

2.5 Hoat dong cina hé thong truyén hinh sé mit dat DVB — T2 sir dung k§

thuat MIMO - OFDM

DVB la mét nguyén Iy truyén phét dua trén tiéu chuan MPEG-2 véi hinh anh
va 4m thanh dugc nén & chat luong cao. DVB-T2 la phién ban mé rong cua tiéu chuan
truyén hinh DVB-T, duoc sir dung dé truyén hinh ki thuat s mat dat. Hé théng nay
truyén phat hinh anh va am thanh nén va cac di liéu khéc trong cac “ong 16p vat 1y
(PLPs), sir dung hé théng diéu ché OFDM véi ma hoa kénh ghép néi va dan xen. Téc
d6 bit cao hon ngudi tién nhiém caa nd DVB-T, tao ra hé thong tiéu chuan cho tin
hiéu sng mang HDTV trén kénh TV mat dat st dung diéu ché OFDM [1]. Khong
gian cua DVB-T2 la:

v' OFDM hoat dong theo cach phan chia dong dit lidu s6 vao mot lugng I6n dong
dir liéu s6 thip hon, mdi dong dix liéu dugc diéu ché sé bang cach thiét 1ap cac
tan s6 song mang ké nhau véi khoang cach déu nhau chat chg.

v' Mang mat dét hoat dong ¢ cac mode 1K, 2K, 4K, 8K, 16K, 32K.

v DVB-T2 c6 d6 phuc tap cao bai vi nd cho phép lua chon nguyén 1y diéu ché
(QPSK, 16-QAM, 64-QAM, 256-QAM).

v DVB-T2 xac dinh dbi voi kénh c6 bang thong 1.7, 5, 6, 7, 8, va 10 MHz.

v Cac khoang bao vé 1/4, 1/8, 1/16, 1/32, 1/128,...

v' Déi véi yéu cau thuong mai va ky thuat DVB-T2 s& duoc danh dé cung cap
kha nang thu toi uu cho cac tram (c6 dinh) va b thu di dong.

v' Hé thdng mai s& cung cap téi thiéu 30% gia ting vé tai, dudi diéu kién kénh

tuong tu da dugc sir dung cho DVB-T.
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So db khéi hé théng DVB-T2 duoc biéu dién trén hinh 2.7 duéi day:

o
-~ - =
DPiu ché g
MA QPSK g =
goA || 16QaM s
64 QAM &
256 0AM .
2 !
-

-
Pilgt

1
Insert
.
'

| U'ée tinh kénh |

Giai diéu ché
QPSK

16 QAM
64 QAM
256 QAM

GIAI
MA

Pilot
Extraction,

Pilot

GIAI MA MIMO

Extraction

— Y )
= IFFT [~
S/P Add P/S |DAC|
l—{ GI |-
e/ —/
e W g W GEER
—>| IFFT [
+
s/ | aga| |P° _’
l—»{ GI |—»]
—
— ) SRS =
KENH MIMO  _
N\
W
i«—| FFT |e—
+
k/S Remove S/p ‘_l
e— O Jee
—
[<—| FFT |+
+ l IA
P/s Remove S/p |AD c|
le—| Gl o
~—

Hinh 2.7. So db khéi hé thong DVB -T2

Trong so d6 nay bao gdm chudi truyén va nhan DVB - T2 chung, trong d6 céc
khéi giai m& va ma hda MIMO chu yéu duoc xem xét. O phia may phat, sau qué trinh
mi hoa va diéu ché bao gom: B6 ma héa BCH va LDPC, xen k& bit, 6, thoi gian va
tan s6 va anh xa chom sao quy trinh ma héa MIMO dugc thuc hién. Cac dau ra cua
qua trinh nay dugc xir Iy nhu hai ludng dit liéu doc 1ap ma viéc chén thi diém, chuyén
d6i IFFT va b sung khoang bao vé (GI) dugc &p dung. May thu bao gom céc khéi
bd sung dé khdi phyc thong tin truyén di. C6 mot sb giéi han ly thuyét vé kénh truyén
phat mat dat duoc khao lan dau tién trén kénh c6 d6 rong 8 MHz. Téc do dix lidu toi

da co thé theo ly thuyét duoc biéu dién xap xi theo gidi han Shannon théng qua cong

thirc sau néu SNR I6n hon khoang 10 dB:

Trong do,

CZ%XBXSNR

C = dung luong kénh (bits/s)

B = bang thong (Hz)

SNR = i I& tin hiéu/nhidu (dB)
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2.6 Két luan chwong 2

MIMO 14 cdng nghé v tuyén dau tién coi viéc truyén ba da ludng 1a mot
phuong an dugce khai thac. MIMO ting cong suit cua mot lién két vo tuyén bing cach
truyén nhiéu tin hiéu qua nhiéu anten cing vi tri. Piéu nay duoc thuc hién ma khéng
can thém ning luong hoic bing thong. Mi hoa thoi gian — khong gian dugc st dung
dé dam bao rang cac tin hiéu duoc truyén qua cic ang ten khac nhau truc giao voéi
nhau, gitp ngudi nhan dé dang phan biét tin hiéu nay véi tin hiéu khac. Ngay ca khi
¢ duong truy cap giita hai tram, phan cuc anten kép c6 thé dugc st dung dé dam bao
rang c6 nhiéu hon mot duong truyén manh.

Trong khi d6, OFDM cho phép truyén thong bang thong rong dang tin cay
bang céch phan phdi dir liéu nguoi dung trén mot sé kénh con hep, khoang cach gan
nhau. Sy sap xép nay 1am cho né cé thé dé loai bo cac tro ngai 16n nhat doi vai truyén
thong bang thong rong dang tin cay vi du nhu ISI (ISI xay ra khi sy trung lap gitra
cac ky hiéu lién tiép lon so véi thoi lugng cia cac ky hiéu). OFDM cho phép céac ky
hiéu thoi lugng dai hon. Mot tién td tuan hoan (CP) cd thé duoc chén dé tao khoang
bao vé (thoi gian) ngan chan ISI hoan toan.

MIMO-OFDM la mét su két hop dic biét manh mé vi MIMO khéng c6 gang
giam thiéu sy lan truyén da ludng va OFDM tranh sy can thiét phai can bang tin hiéu.
MIMO-OFDM c6 thé dat dugc hidu qua pho rat cao ngay ca khi may phat khong co
thong tin trang thai kénh (CSI). Khi may phét c6 CSI (c6 thé thu dugc thdng qua viéc
sir dung céc chudi dao tao), cd thé tiép can cong suat kénh ly thuyét. CSI cd thé dugc
st dung, vi du, dé phan bd cac chom sao tin hiéu kich thudc khac nhau cho cac song
mang con riéng 1é, st dung téi wu kénh lién lac tai bat ky thoi diém nao.

Chinh vi vay ma hiéu niang cua hé théng DVB — T2 s& dugc cai thién dang ké
khi 4p dung k¥ thuat MIMO — OFDM, d6 1a dat dugc hiéu qua vé han ché su trai tré
kénh. Hon nita, n6 cho thay téc do dir lidu quan trong véi hiéu nang duoc cai thién

i bit trén cac lién két chi c6 mot anten duy nhét tai ca may phat va may thu.
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CHUONG 3 — PHAN TiCH, PANH GIA HIEU NANG HE

THONG DVB - T2 SU DUNG KY THUAT MIMO - OFDM
3.1 M0 hinh hé théng DVB — T2 sir dung ky thuat MIMO — OFDM

Trong hinh 3.1 duéi day sé& gi6i thiéu mé hinh md phong qué trinh truyén va
nhan cua hé théng DVB — T2. T4c gia da st dung phan mém Matlab & mé phong hé
thdng, trong d6 so d6 ma hoa dua trén sy két hop giita ma LDPC (kiém tra chin 1¢
mat do thap) va md BCH. Cac ma LDPC c6 thé dat duoc ty 18 16i cuc thap gan dung
lwgng kénh bang céc sir dung thuat todn giai ma c6 do phic tap thap. Cac ma BCH
bén ngoai dugc sir dung dé sira cac 16i nho do bo giai ma LDPC. Sau qua trinh ma
hoa va diéu ché, thi dau ra cia qua trinh nay s& duoc xt Iy nhu hai ludng dit liéu doc
lap dé chén thi diém, chuyén doi IFFT va khoang bao vé (GI) b6 sung duoc &p dung.
Khi d6, bén phia may thu DVB — T2 s& bao gém cac khoi bd sung dé phuc hdi truyén
thdng tin.

CAu trlc cua hé thong DVB — T2 trong vi du nay thuc hién cac nhiém vu:

v' Tao BBFRAME bing mét ngudn ngau nhién, bang cach st dung ngudn ngau
nhién nhi phan Bernoulli va khdng thuc hién x4o tron bang co so.

M4 héa BCH, cho tat ca cac tham s6 ma hda

M4 héa LDPC, cho tat ca cac tham s6 ma hoa

Interleaving (Sip xép lai cac ky hiéu trong vector dau vao)

Diéu ché 64 — QAM

M4 hoa khéng gian thoi gian

Str dung k§ thuat truyén MIMO — OFDM va kénh fading da kénh Rayleigh
M6 hinh kénh AWGN

Két hop tin hiéu dau vao va tin hiéu udc tinh kénh theo cau trdc cua ma khéi

NS N N N N SR RN

thoi gian khong gian truc giao (OSTBC)

<\

Giai diéu ché tin hiéu dau vao

<\

Deinterleaver (Khoi phuc tht ty cac ky hiéu trong vector dau vao)
v Giai md LDPC/BCH
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Hinh 3.1. M6 hinh hé théng DVB —T2 sir dung k§ thuat MIMO — OFDM
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Decrete-Time:
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Bang 3.1. Cac théng s6 md phéng cia hé thang

Théng sb Gia tri
Diéu ché 64-QAM
S6 lan lap lai 50
Mo hinh kénh MIMO, Rayleigh
So do anten 2x2
Ma hda kénh BCH/LDPC
Ty 1é ma 3/4

Céc két qua thu dugc sau khi chay chuong trinh la:

Scatter Plot

»

=
=8
o

-1 0 1
In-phase Amplitude

Hinh 3.3. Tin hiéu vao Hinh 3.4. Tin hiéu ra khi st dung k¥
thuat SISO - OFDM

Trén hinh 3.3 12 cham sao tin hiéu dau vao, chdm sao tham chiéu (64-QAM),
hién thi cac tin hiéu néi va diém cb dinh c6 gia tri thuc va phuc tap trong mit phang
1/Q. Str dung khéi nay dé thyuc hién phén tich dinh tinh va dinh luong trén céc tin higu

song mang don bién diéu.
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bse
57

Hinh 3.5. Tin hiéu ra khi st dung ky Hinh 3.6. Tin hiéu ra khi st dung ky
thuat MIMO - OFDM thuat MIMO - OFDM

Véi két qua chom sao tin hiéu dau ra trén hinh 3.4, 3.5 va hinh 3.6 & trén c6
thé thay, khi 4p dung k¥ thuat MIMO thi chim sao tin hiéu nhan duoc c6 chat luong
t6t hon nhiéu so véi ap dung ky thuat SISO. Trong khi k¥ thuat SISO ¢6 chim sao
tin hiéu nhan duogc co ty 18 bit 16i BER 16n thi MISO ciing khéng cai thién dwoc nhiéu,
khi chay mé phong mot thoi gian ngan da xay ra hién tuong ti 18 bit 161 BER ting,
con MIMO thi BER gan nhu rat nho, diéu d6 cho thay ky thuat MIMO dang 1a lua

chon hang dau cho cac tiéu chuan truyén hinh s6 mit dat.
3.2 Phan tich, danh gia két qua

Ta biét rang trong truyén dan vo tuyén dién, hiéu niang cua hé théng ngoai viéc
phu thudc vao cac giai phap ki thuat con phu thudce vao méi truong truyén dan noi
céch khac 1a kénh truyén. Ban chit thay d6i ngau nhién theo thoi gian va khdng gian
cuia kénh truyén gay ra nhitng anh huong Ion dén hoat dong hé théng. Bé han ché anh
huong cua kénh truyén va thiét ké hé théng véi cac thong sé tdi wu, can dic biét quan
tam dén cac dac tinh cia kénh truyén vo tuyén va md hinh hoa kénh truyén hop ly.
Dé so sanh tinh chat cua kénh truyén, nguoi ta st dung mot ) thong s6 nhu tan xa

thot gian (tan xa thoi gian gay hién tugng tré, c6 cac loai tré nhu: tré vuot murec, tre
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trung binh vuot muc va tré hiéu dung); ngoai ra con cé su anh hudng cua hiéu ung
fading,... Nhitng thong s6 nay tao nén cac duong truyén lan du phong. Cac thong sb
nay co thé duoc xéac dinh boi dic tinh tir bo thu cua cac thanh phﬁn da duong.

Pé danh gia hiéu ning hé théng DVB-T2 sir dung k¥ thuat MIMO - OFDM,
muc nay nay tap trung vao md ta két qua tin hieu MIMO — OFDM thdng qua céc diéu
kién truyén dan khac nhau (duéi tac dong caa moi trudng truyén dan). Trong do, khao
sat duoc thuc hién véi hé thbng MIMO 2x2; tin hiéu diéu ché 64-QAM va sir dung
mé& LDPC/BCH. Anh huong cua sy da dang dén chét luong thu da duoc nghién ciu
bang cach so sanh cac ky thuat SISO, MISO va MIMO dugc dé xuat véi cac cau hinh
kénh khac nhau. Két qua mé phong ta thay tuy diéu kién méi truong truyén ma chat
luong tin hiéu cua SISO, MISO va MIMO c6 thé thay d6i, diéu d6 duoc thé hién nhu
hinh 3.7, hinh 3.8, hinh 3.9, cu thé nhu sau:

Truong hop thi nhat st dung hé théng MIMO cho phép dat duoc dung luong
cao hon va két ndi tin cay hon (BER thap hon) cac hé théng khac. Véi hé thng
MIMO dung luong ting tuyén tinh véi s6 luong anten cia hé théng MIMO d6 sir
dung, ma khong can ting do rong bang thong hay cong suat phat. Mat khac vi hé
théng MIMO sir dung nhiéu anten & may phat va may thu, do d6, loi dung dugc thanh
phan pha dinh da duong trong truyén séng vo tuyén, bién nhuoc diém cua viéc truyén
song da duong thanh wu thé cia nd. Bén canh d6 hé théng MIMO con c6 vu diém
manh vé mat phan tap so vai cac hé thdng khong day hién c6, toc do cua hé thdng
MIMO ting khi ta sir dung ma khdng gian-thoi gian vai diéu kién khoang cach gitra
cac anten la du I6n va trong moi truong pha dinh phong phd. Véi cac phan tich trén
ta thyc hién md phong kénh truyén MIMO két hgp OFDM trong diéu kién st dung
duong truyén da tia (truyén dan c6 pha dinh da duong). Vé6i dic diém kénh truyén
nay hé thbng MIMO phat huy téi da loi thé do d6 cai thién chat luong tin hiéu thu,
BER giam thiéu. Trong khi hé théng MISO khéng khic phuc duge nhuge diém cua
hién tuong pha dinh da dudng nén chat luong tin hiéu thu khéng cai thién ma chi

tuong duong véi hé théng SISO. Két qua md phong duoc chi ra trén hinh 3.7.
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] Hé théng Hé thdng Hé théng
Tham so
MIMO MISO SISO
S6 anten phat 2 2 1
S anten thu 2 1 1
Tin hiéu diéu ché 64-QAM 64-QAM 64-QAM
frames 20 20 20
Dir liéu symbol truyen
1024 1024 1024
di
Dt liéu symbol trén
. 64 64 64
khung bién doi IFFT
Chiéu dai chudi bao v¢ 16 16 16
. Fading Fading Fading
Kénh truyen ] ] ]
Rayleigh Rayleigh Rayleigh
D0 rong bang thong 8MHz 8MHz 8MHz
Khoang bao vé 1/8 1/8 1/8
FFT size 8k 8k 2k
3/5 3/5
FEC 2/3 CC+RS
LDPC+BCH LDPC+BCH
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BER TREN KENH MIMO TOT HON KENH MISO VA SISO TREN CUNG Eb/No
- T | T s

10

Bit Error Rate
3,
(Y

10

Eb/No (dB)

Hinh 3.7. Quan h¢ gitra BER va Eb/No khi sir dung MIMO, MISO va SISO

Bang 3.3. Thang ké két qua mé phéng trieong hop 1

BER
Eb/No (dB)
MIMO MISO SISO
15 3.7x10* 2.8%102 3.7x10%2

Tir hinh 3.7, vi du véi cuing ti s6 Eb/No 1a 15 dB thi BER cua hé thong MIMO
14 3.7x10“con hé théng va MISO la 2.8x102va SISO la 3.7x102. Nhu vay BER trén
hé thdng MIMO thap hon rat nhiéu so véi hé thong MISO va SISO.

Truong hop thir hai tiép tuc gitt nguyén céc théng sé dau vao cho cac hé thong
MIMO, MISO va SISO, tuy nhién s& cai thién chat luong phét cho hé théng MISO.
Trong trudng hop ndy sir dung nhiéu anten phia phat va mot anten phia thu, viéc phan

tap anten phat dwoc thuc hién thong qua ky thuat Alamouti hoiac st dung
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Beamforming dé ting hiéu suat phéat va ving bao phu. Phuong phap nay duoc thuc
hién khi bén phat biét duoc thong tin dic tinh cta kénh truyén. Phia thu két hop tin
hiéu thu dugc tir nhiéu anten phat, két qua sir dung hé théng MISO dung luong hé
thong ting theo ham logarit ctia sé anten phat va co thé dugc xac dinh gan dung theo
cong thic (2.4).

Nhu vay trong trudng hop thir hai ndy ta moé phong kénh truyén véi hé thong
MISO gdm hai anten phat mot anten thu va st dung Beamforming dé ting hiéu sut
phat. Qua mo phong véi dir liéu dau vao nhu trén két qua thu duoc tai may thu BER
giam thiéu twong ti nhu st dung hé théng MIMO, két qua md phong duoc chi ra trén
hinh 3.8 va théng ké trén bang 3.4.

BER TREN KENH MIMO VA MISO TOT HON KENH SISO TREN CUNG Eb/No

e
o
'
T

Bit Error Rate

10 =

Eb/No (dB)

Hinh 3.8. Quan hé¢ gitra BER va Eb/No khi st dung MIMO, MISO va SISO va ky

thuat Beamforming
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Bang 3.4. Thang ké két qua mé phéng trieong hop 2

BER
Eb/No (dB)
MIMO MISO SISO
15 9.2x10" 107 3.7x107

T hinh 3.8, ta thiy nhu truong hop thir nhat, véi cing ti s6 Eb/No 1a 16 dB
thi BER cuia hé thong MIMO 13 9.2x10 va MISO la 107 con hé thong SISO c6 BER
la 3.7x10°2 Nhu vay trong truong hop nay hé thong MISO di dat hiéu ning gan bang
hé thdng MIMO do d6 BER trén hé thong MIMO va MISO thap hon rat nhiéu so véi
hé théng SISO.

Mit khac ta thay vi diéu kién kénh truyén phu thudc vao méi trudng vo tuyén
nén khong phai bao gio hé thong MIMO ciing ¢6 loi (hé thong MIMO ¢ lgi khi khic
phuc nhugc diém cia kénh truyén da duong).

Truong hop thir ba tiép tuc voi cac thong sé dau vao nhu truong hop thir nhét,
va xét hé thong SISO trong diéu kién moi trudng 1y tudng 1a loai bé hoan toan nhidu
pha dinh, chi con tap 4m nhiét AWGN. Khi @6, kénh truyén ma ton tai tia truyén
thang (LOS), cuong do trudng cia tia LOS cao hon cac tia khac tai may thu s& dan
dén hiéu niang ciing nhu dung luong cua hé thong SISO tét hon. Nhu vay trong truong
hop thir ba ndy ta mo phong kénh truyén véi hé thong SISO ma tia LOS c6 cudng do
manh. Két qua thu dugc tir hé théng SISO trong truong hop nay BER ciing giam thiéu
tuong tu truong hop sir dung hé thong MIMO va MISO. Két qua mé phong duoc chi
ra trén hinh 3.9 va thong keé trén bang 3.5.



Bit Error Rate

48

BER TREN KENH MIMO, MISO VA SISO NHU NHAU TREN CUNG Eb/No

Eb/No (dB)

Hinh 3.9. Quan h¢ gitta BER va Eb/No khi st dung MIMO, MISO va SISO véi
kénh truyén co tia truyén thang (LOS)

Bang 3.5. Théng ké két qua mo phéng trieong hop 3

BER
Eb/No (dB)
MIMO MISO SISO
16 2x10° 3.1x10" 1.5x10%

Tir hinh 3.9, véi ciing ti s6 Eb/No 1a 16 dB thi BER cua hé théng MIMO Ia
2x10va MISO 1a 3.1x10* con hé thong SISO ¢ BER la 1.5x10*. Nhu vay trong
truong hop nay hé thong SISO dat hiéu ning cao hon hé théng MIMO va MISO.
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3.3 Khuyén nghi, dé xuat

Ta biét rang trong truyén dan V6 tuyén dién, hiéu ning cua hé théng ngoai
viéc phu thudc vao céc giai phap ky thuat con phu thudc vao méi truong truyén dan
noi cach khéac 1a kénh truyén. Ban chit thay ddi ngau nhién theo thoi gian va khong
gian cta kénh truyén gay ra nhirng anh hudéng Ién dén hoat dong hé thong. Dé han
ché anh huong cua kénh truyén va thiét ké hé thdng véi cac thong sb ti wu, can dic
biét quan tam dén cac dic tinh caa kénh truyén vo tuyén va mé hinh hoa kénh truyén

hop ly.

Cac giai phap ky thuat nhu ghép kénh khdng gian, véi muc dich 1a dé 1am ting
téc d6 ghép kénh cua hé théng truyén thdng bang cach tan dung su da dang vé khong
gian cia MIMO, nd c6 thé dugc tang 1én bang cach ap dung ma tran xoay R cho cac
ludng dit liéu. Diéu ndy s& phan nao giai quyét duoc bai toan chi phi va tan dung toi
da khong gian khi nang cép ting sd luong dng ten voi phuong thac truyén MIMO.

Tuy nhién, chat lugng tin hiéu tai diém thu con phu thudc vao tinh chat kénh truyén.
3.4 Két luan chwong 3

Trong chuong ndy, chung ta da tién hanh md phong hé théng DVB — T2 khi
str dung k¥ thuat MIMO — OFDM bing céng cu phan mém mé phong Matlab, qua dé
c6 thé thay rang MIMO 1a k¥ thuat cho phép két hop nhiéu duong dan hon vi nd ¢6
nhiéu dudng lan truyén du phong hon. Khi sir dung cac phan cuc truc giao, cac duong
dan khdng anh huong nhiéu dén viéc tiép nhan va céc giai phap MISO, MIMO duoc
xem Xét, cO hiéu qua tuong tu.

DVB — T2 ¢6 hiéu qua str dung pho trén kénh truyén, téc do bit cao hon thé hé
trudc d6 ciia DVB. Céc phan tich dua ra da chimg minh duoc rang céng nghé MIMO
la mot giai phap then chét dé nang cao ning luc hé théng va do tin cdy cua lién két
ma khong can bat ky su bo sung nao vé bang thong hay cong suat truyén tin hiéu.
Khong nhitng thé, n6 con cho thiy tiém ning c6 thé truyén dan tin hiéu HDTV trén

hé thdng truyén hinh mat dat.
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KET LUAN

Ludn van da tién hanh md phong, d4nh gia hiéu nang hé thdng truyén hinh sé
mit dat DVB — T2 sir dung k¥ thuat MIMO — OFDM, céc két qua di chi ra duoc wu
diém khi &p dung ky thuat MIMO c6 hiéu qua tét hon nhiéu so véi cac ky thuat SISO
truyén thong.

Cac két qua dat duoc cua luan vin:

+ Noi dung luan vian cao hoc d3 cung cip duoc nhitng kién thirc co ban nhét cua
cac hé théng truyén hinh sé va céc giai phap ky thuat xir Iy va truyén dan tin
hiéu truyén hinh sb. trong d6, nhat manh vé wu diém cua cac hé théng truyén
hinh s mat dat theo tiéu chuan DVB — T va DVB — T2.

+ Luan vin cling d@ mé phong duoc hé théng truyén hinh sé mat dat DVB — T2,
dé tir rat ra dugc nhirng két qua truc quan vé hoat dong cua hé thong ciing
nhung cac k¥ thuat truyén dan tin hiéu.

Luan van da chi ra dugc hiéu qua khi ap dung ky thuat MIMO — OFDM, tuy
nhién dé nang cao chat luong cia hé thong, thi can phai quan tim dén cac yéu té khéc
nhu cac giai phap ky thuat va méi truong truyén dan.

Huéng nghién ciru tiép theo cua luan vian 1 nghién ctiru c&c giai phap ky thuat
méi ma hién nay dang ap dung cho cac tiéu chuan truyén hinh sé6 nhu DVB-C, DVB-

S dang 4p dung dé cai thién chat luong cho hé théng DVB —T2.
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PHU LUC

Luan van st dung céng cu Matlab thyc hién mé ta, danh gia két qua tin hiéu
MIMO — OFDM théng qua cac diéu kién truyén dan khac nhau. Chuong trinh mé

phong sir dung trong luan van duoc trinh bay & phan duéi day.

%MO PHONG MIMO OFDM
clear all;

close all;

% system-wide variables
%global ECHO SYMB_ENERGY SYMB_SAMPLES SYMB_TIME CH_CONF
SMPLPER GAIN...

% SIG_PWR PULSE INDENT TIMING VERSION
VERSION ='2.2.0;

ECHO ="'on’

% ECHO = 'off"

% prog_info = 1;

prog_info =0;

% INDENT = 12;

%fashion;

md = 4;

s=8;

fr_length = 10;

frames = 20;

zf=3;

src_mode = "rand’;

% src_mode = ramp’;

% src_mode = ‘const’;
src_const = 1;

enc_scheme = ‘"att’;



53

pulse_shape ="rrc’;

% pulse_shape = 'rect’;

pulse_cutoff = 8;

pulse_rolloff = 0.4,

SYMB_TIME = 0.0001;

SYMB_SAMPLES = 4;

SYMB_ENERGY =1,

CH_CONF=[22];

ch_snr_pts = 10;

ch snr_lo=1;

ch_snr_hi = 10;

ch_snr =4;

% ch_snr = linspace(ch_snr_lo,...

% ch_snr_hi,ch_snr_pts);

% ch_fading = 'none’;

% ch_fading = "awgn’;

ch_fading = 'rayleigh’;

est_csi = 'perfect’;

% pre-requisities

%SMPLPER = SYMB_TIME / SYMB_SAMPLES;
%SIG_PWR =SYMB_ENERGY / SYMB_TIME;
%GAIN = rescale(md,SYMB_ENERGY);
TIMING = 0; % disable DETECT timing when running performance measurement
timing = 0;

name = 'MIMO’;

clear all;

clc

%Dieu che OFDM

clear all%xoa tat ca cac bien



54

close all%xoa tat cac hinh

clc%xoa man hinh

Dlen=1024; % Tat ca du lieu symbol duoc truyen

Flen=64; % 64 du lieu symbol tren khung duoc bien doi IFFT
IFFTlen=2*Flen; % chieu dai 128 symbol cho IFFT

F=Dlen/Flen; % so luong frame

G=16; % chieu dai chuoi bao ve

x1=zeros(Dlen/2,1);%tao ra chuoi symbol sau khi duoc ma hoa gpsk
y=zeros(IFFTlen,1);

yl=zeros(IFFTlen,1);

z=zeros(F*IFFTIlen,1);%chuoi symbol sau khi duoc chuyen doi song song noi tiep
ofdm_sg=zeros(F*IFFTlen+G,1);%chuoi symbol sau khi duoc ghep chuoi bao ve
% tao nguon tin hieu

x=randi(Dlen,1,2);%tao chuoi tin hieu 0 va 1 bat ki

% chuyen sang mien phuc

%x1=qgpsk_dc(x);%ham con chuyen doi gpsk

for i=1:F

% chuyen doi noi tiep song song

for j=1:Flen/2

y(J+IFFTlen/2-Flen/4)=x1((i-1)*Flen/2+j);

end

% dua ve cac song con truc giao

y1=ifft(y,length(y));%bien doi ifft

% chuyen doi song song noi tiep

for j=1:IFFTlen

z((i-1)*IFFTlen+))=y1());

end

end

%chen chuoi bao ve
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fori=1:G
ofdm_sg(i)=z(F*IFFTlen-G+i);
end

for i=1:F*IFFTlen

ofdm_sg(G+i)=z(i);

end

% Do thi trong mien thoi gian

%figure(1);

%subplot(2,1,1);

%stem(real(z),'r.");

%xlabel(‘chi so thoi gian');ylabel('chi so bien do";
%title('phan thuc");

%subplot(2,1,2);

%stem(imag(z),'r.");

%xlabel(‘chi so thoi gian');ylabel('chi so bien do');
%title('phan ao’);

%figure(2);

%f = linspace(-Flen,Flen,length(z));
%plot(f,abs(z));%bieu dien gia tri tuyet doi cua tin hieu sau dieu che ofdm theo
mien thoi gian

%title('gia tri tuyet doi cua tin hieu trong mien thoi gian’);
y2 = fft(z);%chuyen tin hieu sang mien tan so
%xlabel(‘chi so thoi gian’);

%ylabel('chi so tuyet doi cua tin hieu’);

% neu Y2 la be hon 0.01 thi Y2=0.001

for j=1:F*IFFTlen;

if abs(y2(j)) <0.01

%y2(j)=0.01;

end
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end

%y2 = 10*log10(abs(y2));%chuyen y2 sang dB

% Do thi trong mien tan so

%figure(3);

%f = linspace(-Flen,Flen,length(y2));

%plot(f,y2);

%axis([-IFFTlen/2 IFFTlen/2 -20 20]);

%xlabel(‘truc tan so");

%ylabel('chi so tuyet doi cua tin hieu theo dB');
%title('pho cua tin hieu trong mien tan so");
%%%%%% %% %%%%% %% %% %%%% % %%
%Dieu che 64-QAM%%%%%

%function y=dc64gam(x)

for i=1:4:length(x)

if X(i)==0 & x(i+1)==0 & x(i+2)==0 & x(i+3)==0
y((i+3)/4)=exp(j*pi/4);

elseif x(i)==1 & x(i+1)==0 & x(i+2)==0 & x(i+3)==0
y((i+3)/4)=exp(j*3*pi/4);

elseif x(i)==1 & x(i+1)==1 & x(i+2)==0 & x(i+3)==0
y((i+3)/4)=exp(j*5*pi/b);

elseif x(i)==0 & x(i+1)==1 & x(i+2)==0 & x(i+3)==0
y((i+3)/4)=exp(*7*pi/4);

elseif x(i)==0 & x(i+1)==0 & x(i+2)==1 & x(i+3)==0
y((i+3)/4)=2*exp(j*pi/6);

elseif x(i)==0 & x(i+1)==0 & x(i+2)==1 & x(i+3)==1
y((i+3)/4)=2*exp(j*pi/4);

elseif x(i)==0 & x(i+1)==0 & x(i+2)==0 & x(i+3)==1
y((i+3)/4)=2*exp(j*pi/3);

elseif x(i)==1 & x(i+1)==0 & x(i+2)==0 & x(i+3)==1



y((i+3)/4)=2*exp(j*2*pi/3);
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elseif x(i)==1 & x(i+1)==0 & x(i+2)==1 & x(i+3)==1

y((i+3)/4)=2*exp(j*3*pi/4);

elseif x(i)==1 & x(i+1)==0 & x(i+2)==1 & x(i+3)==0

y((i+3)/4)=2*exp(j*5*pi/6);

elseif x(i)==1 & x(i+1)==1 & x(i+2)==1 & x(i+3)==0

y((i+3)/4)=2%exp(j*7*pil6);

elseif x(i)==1 & x(i+1)==1 & x(i+2)==1 & x(i+3)==1

y((i+3)/4)=2*exp(j*5*pi/4),

elseif x(i)==1 & x(i+1)==1 & x(i+2)==0 & x(i+3)==1

y((i+3)/4)=2%exp(j*4*pil3);

elseif x(1)==0 & x(i+1)==1 & x(i+2)==0 & x(i+3)==1

y((i+3)/4)=2*exp(j*5*pi/3);

elseif x(i)==0 & x(i+1)==1 & x(i+2)==1 & x(i+3)==1

y((i+3)/4)=2*exp(j*7*pi/4);

elseif x(i)==0 & x(i+1)==1 & X(i+2)==1 & x(i+3)==0

y((i+3)/4)=2*exp(j*11*pi/6);
end

end

clear all;

clc;

M = 32;

k = log2(M);

n = 2e5;

nSyms = n/k;

hMod = modem.qammod(M);
hMod.InputType = 'Bit’;
hMod.SymbolOrder = 'Gray’;
hDemod = modem.gamdemod(hMod);
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x = randi([0 1],n,1);
tx = modulate(hMod,x);
EbNo = 0:30;
SNR = EbNo +5- 10*log10(k);
rx = zeros(nSyms,length(SNR));
bit_error_rate = zeros(length(SNR),1);
for i=1:length(SNR)
rx(:,1) = awgn(tx,SNR(i),'measured');
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR)
[~,bit_error_rate(i)] = biterr(x,rx_demod(:,i));
end
EbNol =0:30; % In dB
SNR1 = EbNo1 +8- 10*log10(K);
rx = zeros(nSyms,length(SNR1));
bit_error_ratel = zeros(length(SNR1),1);
for i=1:length(SNR1)
rx(:,1) = awgn(tx,SNR1(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR1)
[~,bit_error_ratel(i)] = biterr(x,rx_demod(:,i));
end
EbNo2 = 0:29; % In dB
SNR2 = EbNo02 +10- 10*l0og10(K);
rx = zeros(nSyms,length(SNR2));
bit_error_rate2 = zeros(length(SNR2),1);
for i=1:length(SNR2)
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rx(:,i) = awgn(tx,SNR2(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR2)
[~,bit_error_rate2(i)] = biterr(x,rx_demod(:,i));
end
EbNo3 = 0:30; % In dB
SNR3 = EbNo03 +12- 10*log10(k);
rx = zeros(nSyms,length(SNR3));
bit_error_rate3 = zeros(length(SNR3),1);
for i=1:length(SNR?3)
rx(:,1) = awgn(tx,SNR3(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR?3)
[~,bit_error_rate3(i)] = biterr(x,rx_demod(:,i));
end
figure;
semilogy(EbNo, bit_error_rate,'*-',EbNo1, bit_error_ratel, 'o-',EbNo02,
bit_error_rate2, "*-',EbN03, bit_error_rate3, '+-');
grid on;
legend('Kenh TU6','Kenh P1','Kenh F1','Kenh Gaussian");
xlabel('Eb/No (dB)");
ylabel('Bit Error Rate');
title(BER CHO CAC KENH MO PHONG KHAC NHAUY;
clear all
M3 = 32;
k = log2(M3);
n = 2e5;



60

nSyms = n/k;
hMod = modem.qammod(M3);
hMod.InputType = 'Bit’;
hMod.SymbolOrder = 'Gray’;
hDemod = modem.gamdemod(hMod);
x = randi([0 1],n,1);
tx = modulate(hMod,x);
EbNo7 = 0:30;
SNR7 = EbNo7 +6.3- 10*log10(k);
rx = zeros(nSyms,length(SNR7));
bit_error_rate7 = zeros(length(SNR7),1);
for i=1:length(SNR7)
rx(:,1) = awgn(tx,SNR7(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR7)
[~,bit_error_rate7(i)] = biterr(x,rx_demod(:,1));
end
EbNo8 = 0:30; % In dB
SNR8 = EbN08 +11.4- 10*1og10(K);
rx = zeros(nSyms,length(SNR8));
bit_error_rate8 = zeros(length(SNR8),1);
for i=1:length(SNR8)
rx(:,1) = awgn(tx,SNR8(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR8)
[~,bit_error_rate8(i)] = biterr(x,rx_demod(:,i));

end
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EbN09 =0:29; % In dB
SNR9 = EbN09 +11.6- 10*log10(Kk);
rx = zeros(nSyms,length(SNR9));
bit_error_rate9 = zeros(length(SNR9),1);
for i=1:length(SNR9)
rx(:,i) = awgn(tx,SNR9(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR9)
[~,bit_error_rate9(i)] = biterr(x,rx_demod(:,1));
end
figure;
semilogy(EbNo7, bit_error_rate7,'~-',EbN08, bit_error_rate8, 'o-',EbN09,
bit_error_rate9, '*-";
grid on;
legend('SISO','MISO','MIMO");
xlabel('Eb/No (dB)");
ylabel('Bit Error Rate');
title(BER TREN KENH MIMO VA MISO TOT HON KENH SISO TREN CUNG
Eb/No');
clear all
clc;
Clear;
M2 = 32;
k =log2(M2);
n = 2e5;
nSyms = n/k;
hMod = modem.gammod(M2);
hMod.InputType = 'Bit’;
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hMod.SymbolOrder = 'Gray’;
hDemod = modem.gamdemod(hMod);
x = randi([0 1],n,1);
tx = modulate(hMod,x);
EbNo4 = 0:30;
SNR4 = EbNo4 +6.3- 10*log10(k);
rx = zeros(nSyms,length(SNR4));
bit_error_rate4 = zeros(length(SNR4),1);
for i=1:length(SNR4)
rx(:,1) = awgn(tx,SNR4(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR4)
[~,bit_error_rate4(i)] = biterr(x,rx_demod(:,i));
end
EbNo5 = 0:30; % In dB
SNR5 = EbN05 +7- 10*log10(K);
rx = zeros(nSyms,length(SNR5));
bit_error_rate5 = zeros(length(SNR5),1);
for i=1:length(SNR5)
rx(:,1) = awgn(tx,SNR5(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR5)
[~,bit_error_rate5(i)] = biterr(x,rx_demod(:,i));
end
EbNo6 = 0:29: % In dB
SNR6 = EbNo06 +12.5- 10*1og10(k);
rx = zeros(nSyms,length(SNR6));
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bit_error_rate6 = zeros(length(SNR6),1);
for i=1:length(SNR6)
rx(:,i) = awgn(tx,SNR6(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR6)
[~,bit_error_rate6(i)] = biterr(x,rx_demod(:,1));
end
figure;
semilogy(EbNo4, bit_error_rate4,'~-',EbNo05, bit_error_rate5, 'o-',EbN06,
bit_error_rate6, '*-");
grid on;
legend('SISO','MISO','MIMQY;
xlabel('Eb/No (dB)");
ylabel('Bit Error Rate');
title(BER TREN KENH MIMO TOT HON KENH MISO VA SISO TREN CUNG
Eb/No');
clear all
clc;
M4 = 32;
k = log2(M4);
n = 2e5;
nSyms = n/k;
hMod = modem.qammod(M4);
hMod.InputType = 'Bit’;
hMod.SymbolOrder = 'Gray’;
hDemod = modem.gamdemod(hMod);
x = randi([0 1],n,1);
tx = modulate(hMod,x);
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EbNo10 = 0:30;
SNR10 = EbN010 +12- 10*1og10(K);
rx = zeros(nSyms,length(SNR10));
bit_error_rate = zeros(length(SNR10),1);
for i=1:length(SNR10)
rx(:,i) = awgn(tx,SNR10(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR10)
[~,bit_error_ratel10(i)] = biterr(x,rx_demod(:,i));
end
EbNo11 = 0:30; % In dB
SNR11 = EbNo11 +11.3- 10*log10(k);
rx = zeros(nSyms,length(SNR11));
bit_error_ratell = zeros(length(SNR11),1);
for i=1:length(SNR11)
rx(:,1) = awgn(tx,SNR11(i),'measured");
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR11)
[~,bit_error_rate11(i)] = biterr(x,rx_demod(:,i));
end
EbNo012 = 0:29; % In dB
SNR12 = EbNo012 +11.7- 10*log10(k);
rx = zeros(nSyms,length(SNR12));
bit_error_ratel12 = zeros(length(SNR12),1);
for i=1:length(SNR12)
rx(:,i) = awgn(tx,SNR12(i),'measured’);

end
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rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR12)
[~,bit_error_rate12(i)] = biterr(x,rx_demod(:,i));
end
figure;
semilogy(EbNo010, bit_error_rate10,"*-', EbNo11, bit_error_ratell, 'o-',EbNo012,
bit_error_ratel2, *-);
grid on;
legend('SISO','MISO','MIMO);
xlabel('Eb/No (dB)");
ylabel('Bit Error Rate");
title(BER TREN KENH MIMO, MISO VA SISO NHU NHAU TREN CUNG
Eb/No');
clear all
clc;
M5 = 32;
k =log2(M5);
n = 2e5;
nSyms = n/k;
hMod = modem.qammod(M5);
hMod.InputType = 'Bit’;
hMod.SymbolOrder = 'Gray’;
hDemod = modem.gamdemod(hMod);
x =randi([0 1],n,1);
tx = modulate(hMod,x);
EbNo013 = 0:30;
SNR13 = EbN013 +6.3- 10*log10(K);
rx = zeros(nSyms,length(SNR13));
bit_error_rate = zeros(length(SNR13),1);
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for i=1:length(SNR13)
rx(:,i) = awgn(tx,SNR13(i),'measured’);
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR13)
[~,bit_error_rate13(i)] = biterr(x,rx_demod(:,i));
end
EbNo14 = 0:30; % In dB
SNR14 = EbNo14 +11.3- 10*log10(k);
rx = zeros(nSyms,length(SNR14));
bit_error_rate1l4 = zeros(length(SNR14),1);
for i=1:length(SNR14)
rx(:,1) = awgn(tx,SNR14(i),'measured");
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR14)
[~,bit_error_ratel4(i)] = biterr(x,rx_demod(:,i));
end
EbNo015 = 0:29: % In dB
SNR15 = EbNo15 +12- 10*log10(k);
rx = zeros(nSyms,length(SNR15));
bit_error_ratel5 = zeros(length(SNR15),1);
for i=1:length(SNR15)
rx(:,1) = awgn(tx,SNR15(i),'measured");
end
rx_demod = demodulate(hDemod,rx);
for i=1:length(SNR15)
[~,bit_error_rate15(i)] = biterr(x,rx_demod(:,i));
end
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figure;

semilogy(EbNo013, bit_error_rate13,"*-',EbNo14, bit_error_ratel14, 'o-',EbNo15,
bit_error_ratel5, "*-");

grid on;

legend('SISO','MISO','MIMO";
xlabel('Eb/No (dB)");

ylabel('Bit Error Rate');

title(BER TREN KENH MISO TIEM CAN KENH MIMO";
clear all

Dlen=1024,

Flen=64;

IFFTlen=2*Flen;

F=Dlen/Flen;

G=16;

x1=zeros(Dlen/2,1);

y=zeros(IFFTlen,1);

yl=zeros(IFFTlen,1);
z=zeros(F*IFFTlen,1);
ofdm_sg=zeros(F*IFFTlen+G,1);
x=randi(Dlen,1,2);

for i=1:F

for j=1:Flen/2
y(j+1FFTlen/2-Flen/4)=x1((i-1)*Flen/2+j);
end

y1=ifft(y,length(y));

for j=1:1FFTlen

z((i-1)*IFFTlen+j)=y1(j);

end

end



fori=1:G
ofdm_sg(i)=z(F*IFFTlen-G+i);
end

for i=1:F*IFFTlen
ofdm_sg(G+i)=z(i);

end
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