Ol GIAN

A

EU KHONG GIAN - TH

XU LY TiN HI

TRAN XUAN NAM - LE MINH TUAN

XU LY TIN HIEU
KHONG GIAN - THGI GIAN
Ly thuyét va Mé phong

I T
g —

-]

—

ST A A

1,
=

k. B~ B T

W7 AT

—.

—

e

Theta(Degrees)

@ NHA XUAT BAN KHOA HOC VA KY THUAT

\

7




PGS.TS. Tran Xuan Nam (Chi bién) - TS. Lé Minh Tuin

Xu ly tin hiéu
khong gian va thoi gian

Ly thuyét va Mé phdng

NHA XUAT BAN KHOA HOC VA KY THUAT



Lainéi dau . . . . . o xiii

I Co sé ve lap trinh MATLAB va ly thuyét moé phéng 1

1 Gidi thieu MATLAB 3
1.1 MATLAB lagi? . .. ... ... ... .. ... ...... 3
1.2 Khéi dong va Thoat khéi MATLAB . . .. ... .. .. 5
1.3 Lam viéc véi MATLAB Desktop . . . .. ... ... .. 6
1.4 Caclenh MATLAB coban .. ... ... ... ..... 7
1.5 Cacky hieudacbiet . . ... ... ... .. ... ... 8
Tai lieu tham khao . . . ... .. ... ... ... ... ... 10
2 Tinh toan va lap trinh sit dung Matlab 11
2.1 Cacphéptinhséhoc. . ... .. ... ... ... ... 11
22 Cactoantitsosanh . .. ... ... .. ... ... ... 12
2.3 Cactoan tulogic . .. ... ... ... ... ... ..., 14
24 VéctovaMatran. . . . .. .. .. ... ... 16
2.5 Lap trinh v6i MATLAB . . ... ... .......... 24
2.6 St dung do hoa trong MATLAB . . ... ... ..... 33
Tai liéu tham khdo . . . . .. ... ... ... .. ..., . 38
3 Ly thuyét md phdéng 39
3.1 Khai niém va vai tro cia mo phéng . . . . ... L. 39

3.2 Vidu vé sy can thiét clia mo phong trong truyén thong 41



Muc luc

11

3.3 Nguyén ly xay dung mé hinh mé phong . . . ... .. 45
3.4 Cac phuong phap mo6 phong . . . . . .. ... 47
3.5 Cac tham s6 lien quan dén mo phéng . . . . . . . . .. 48
3.6 Mo phong Monte-Carlo trong thong tinsé . . . . . . . 51
3.7 Mo phéng bang thong va mo phéng bang géc . . . . . 60
3.8 Tom tat chuong . . . . ... ... ... ... ... ... 62
Tai lieu tham khao . . . . ... ... ... . ... ....... 62

II Ly thuyét kénh truyén va cic phuong phap diéu ché 63

4 Kénh théng tin vé tuyén 65
4.1 Keénhtapam AWGN . . . ... ... ... .. ... ... 65
4.2 Kénh pha-dinh. . . ... ... ... ... 70
4.3 Keénh pha-dinh Rayleigh . . . . ... ... ........ 79
4.4 Kénh pha-dinh Rice . . ... ... ... ...... ... 80
4.5 Mo phong pha-dinh Rayleigh va pha dinh Rice . . . . 82
4.6 TOmM AL . . . ... 88
Tai liéu tham khdo . . . . . ... .. ... ... .. ..., 88
5 Cac ky thuat diéu ché sb 91
5.1 Céac he thong thong tinsé . . . .. ... ... ... ... 91
5.2 Céc phuong phap dieuchécosd . . ... ... ... .. 94
5.3 Phuong phap dieu ché PSK . . . ... ... ... .... 97
5.4 Ky thuat diéu ché bien do cau phuong QAM . . . . . 112
5.5 Mo phong truyén dan BPSK qua kéenh AWGN . . . . 122
5.6 Mo phéng hé théng truyen dan MPSK . . .. . .. .. 125
5.7 Mo phoéng truyen dan QAM . . . . . ... ... ... .. 129
58 Tom tat. .. .. ... 133



1ii

XU LY TIN HIEU KHONG GIAN - THOI GIAN

III Cac hé théng phan tap va iAng-ten mang thich nghi 153

6

7

Ky thuat thu phat phan tap khong gian-thoi gian 155

6.1 Cac phuong phap phantap . . .. ... ... ... ... 155
6.2 Ky thuat két hop phan tap khong gian thu . . . .. . 159
6.3 Ky thuat két hop phan tap khong gian phat . . . . . . 174
6.4 TOm AL . . . . ... 186
Tai licu tham khao . . . .. ... ... ... ... ... ... 186
Ang-ten thich nghi 195
7.1 Cackhainiémcoban .. ... ... ... .. ...... 195
7.2 Mo hinh tin hiéu mang ang-ten. . . . .. ... ... .. 196
7.3 Nguyén ly tao bip séng thichnghi. . . . ... ... .. 200
7.4 Dac tinh bup séng cua ang-ten thich nghi . . ... .. 204
7.5 Tiéu chuan t6i wu pham chat . . . . .. ... ... ... 205
7.6 Cac thuat toan thichnghi . . . ... ... ... ... .. 211
7.7 Uu diém ctia ang-ten thich nghi . ... ....... .. 216
7.8 Tom tat . . ... 219
Tai lieu tham khao . . . .. ... ... ... ... ... . ... 220

IV Ma khéng gian-thdi gian va cac hé théng MIMO 231

8

Cac hé théng MIMO 233
8.1 Mo hinh kénh MIMO . . . . ... ... .. ... ..... 233
8.2 Dung lugng kénh truyen MIMO . . . . ... ... ... 236
8.3 Céac phuong phap truyén dan trén kenh truyén MIMO 246
8.4  Ghép kénh theo khong gian . . . . . ... ... .. 248
8.5 (Céac bo tach tin hiéu tuyén tinh . . .. ... ... ... 251
8.6 Cac bo tach tin hieu phituyén . . ... ... ... ... 259
87 Tom &b . . . . . .. 292

Tai liéu tham khdo . . . . .. ... ... ... ... ... . 293



Muc luc

v

9 Ma khoéng gian — thdi gian 321
9.1 Gigithieu . .... ... .. ... ... 321

9.2 Ma khdi khong gian —thoi gian . . . . . ... ... ... 322

9.3 Tomtat. ... .. ... ... ... 339

Tai lieu tham khao



1.1

2.1
2.2

3.1

3.2

3.3
3.4

3.5
3.6
3.7

4.1

4.2
4.3

4.4
4.5
4.6

Danh sach hinh ve

Moi truong lam viec cia MATLAB . . . .. ... ... 6

Do thisin(z) vacos(x). ... ... 35
BER ctia hé thong BPSK trén kénh pha-dinh Rayleigh. 36

Hé théng truyén thong qua kénh AWGN c6 thé dé

dang thyc hién phan tich giai tich. . . . . .. ... ... 42
Vi du vé mot hé thong khoé thie hién phan tich giai

tieh (1. oo 45
Luge do xay dung mo6 hinh mo phéng. . . . . . ... .. 46
Mb6i quan hé gitta sai s6, thoi gian chay mo phéng

theo do phtc tap cia mo hinh [1]. . ... ... ... .. 46
Mo hinh mé phong Monte-Carlo [3]. . . . . . . ... .. 52
Biéu dién phuong phap moé phéng Monte-Carlo. . . . . 54

Anh huéng ctia s6 luong mau N t6i do chinh x4c clia
két qud mo phéng. . . . . ... ... 59

Mot vi du vé tap am Gauss v6i gia tri trung binh 0
vaphuongsaio?2=1. ... ... ... ... ... ... .. 66
Ham mat do xac suat Gauss véio2=1. ... ... ... 67

Mat do pho cong suat va ham tu tuong quan ciia tap

AM ETANG. . . .. 68
Ham phan b6 ctia tap am AWGN. . ... ... ... .. 70
Mo hinh truyén séng da duong. . . . .. ... ... ... 71
St lan truyén ctia duong [ t6i mot tram MS. . . . . . . 72

\'



Danh sach hinh vé vi

4.7
4.8
4.9

4.10
4.11

4.12
4.13

4.14

4.15

5.1
5.2

5.3
5.4
3.5
5.6
5.7
5.8
5.9

5.10
5.11

Mot vi du vé dap ting xung ctia kénh da duong. . . . . 75
Mo ta pho tan Doppler ¢6 dang hinh chit U. . . . . . . 7
Kénh truyén da dudng dugc mo hinh héa nhu mot
bo loc FIR c6 cac hé s6 khong ddi theo thai gian;
=+ .. 78
Dap tung xung cia mot bo loc FIR. . . . . . . ... .. 78
Dap ting tan sb ctia kénh truyén pha-dinh: (a) Kénh
pha-dinh phang, (b) Kénh pha-dinh chon loc theo tan

SO. o e e e e e 79
Ham phan bd Rayleigh véi o2 =1. . ... .. ... ... 81
Ham phan bé Rice cho cac gia tri khac nhau ctia K
VOL Ay = 1o 83
Duong bao tin hiéu bi pha-dinh Rayleigh, s6 lugng
tia L = 35, tan s6 Doppler cyc dai fp =100 Hz. . ... 85

Duong bao tin hiéu bi pha-dinh Rice, s6 lugng tia
L = 35, tan s6 Doppler cic dai fp = 100 Hz, he sb
Rice K=bva K=10.. .. ... ... .. ... .. .... 87

So do khéi clia mot hé théng thong tin s6 dién hinh. . 91
M6 hinh hé théng thong tin s6 véi dieu ché va giai

dieuché.. .. ... ... . ... ... 93
Cac vi du ve diéu ché s6 bang gbc. . . . . ... ... .. 95
Cac phuong phap diéu ché séng mang co s8. . . . . . . 96
Biéu dién tin hieu BPSK trong khong gian hai chiéu. . 98
So d6 bo diéu ché/giai dieu ché dong bo BPSK. . . . . 99
Chom sao tin hiéu 8PSK st dung ma héa Gray. . . . . 103
So do diéu ché va giadi dieu ché MPSK. . ... ..... 104
X4c suat 16i ky hiéu ctia tin hieu MPSK trong kénh

AWGN. ... 106

X4c suat 16i ky hiéu gan dang ctia tin hieu MPSK. . . 107
X4c suat 16i ky hiéu ctia tin hieu MPSK trong kénh
pha-dinh Rayleigh. . ... ... .. ... ... ...... 111



vii XU LY TIN HIEU KHONG GIAN - THOI GIAN
5.12 Mot s6 dang chom sao tin hieu QAM. . . ... ... .. 115
5.13  So do bo diéu ché va giai dieu ché QAM. . . .. .. .. 117
5.14  Chom sao tin hieu 16-QAM v6i ma hoa Gray. . . . . . 118
5.15  Xa&c suat 16i ky hiéu cta tin hieu QAM trong kénh

AWGN. . .. 120
5.16  Xac suat 16i ky hiéu ctia tin hieu QAM trong kénh

pha-dinh Rayleigh. . .. ... ... ... .. ... .... 121
5.17  So do mo phong truyen dan BPSK trén kenh AWGN. 123
5.18  Pham chat BPSK trén kenh AWGN. . . . ... ... .. 125
5.19 Mo phéng truyen MPSK qua kénh pha-dinh Rayleigh. 126
5.20  Pham chat 15i ctia hé théng SPSK trén kenh AWGN. . 129
5.21  Pham chét 18i cia hé thong SPSK trén kénh pha-dinh

Rayleigh. . . .. ... ... ... .. .. .. 130
5.22  Pham chat 16i ctia hé thong 16QAM trén kenh AWGN.132
5.23  Pham chat 16i ctia hé théng 16QAM trén kenh pha-

dinh Rayleigh. . . ... ... ... ... ... ... ..., 133
6.1 Mo hinh phuong phap két hop chon loc. . . . . . .. .. 160
6.2  Phan phdi xac xuat (CDF) ctia SNR cho phuong

phap két hop phan tap lua chon. (Vé bang chuong

trinh combSNRcdf.m). . . . . .. ... ... ... ... .. 162
6.3 Do loi phan tap ctia cic phuong phap két hop phan

tap. (Vé bang chuong trinh combSNRcdf.m) . . . . . . . 163
6.4 Mo hinh phuong phap két hgp ty s6 cuc dai. . . . . . . 165
6.5  Phan phdi x4c xuat (CDF) ctia SNR cho phuong

phap két hgp ti s6 cue dai. (Vé bang chuong trinh

combSNRcdf.m) . . . . . ... ... 168
6.6 So do cau tric may thu véi 2 nhanh phan tap MRC

va mot bo tach tin hieu toi wu. . . . ... ... L. 171
6.7 Pham chat BER trung binh cia may thu MRC véi

M nhanh phan tap st dung diéu ché BPSK. . . . . . . 174



Danh sach hinh vé viii

6.8

6.9

6.10

6.11

6.12

7.1
7.2
7.3
7.4
7.5
7.6

7.7

7.8

7.9

7.10
7.11

8.1
8.2

So do phan tap MRT c¢6 N nhanh phan tap véi cac
duong phdn hoi. . . . ... ... ... 176
So do cau hinh phan tap phat gitt cham v6i N nhanh
phan tap. . . .. ... 177
So do may phat ma khoi STBC Alamouti véi 2 ang-

ten phat va 1 ang-ten thu. . . . ... ... ... ... .. 178
So do Alamouti STBC véi 2 ang-ten phat va 2 dng-

tenthu. . . ... ... oo 182
Pham chat BER ctia cac hé théng Alamouti STBC

so sanh véi cac heé thong MRC. . . ... ... ... ... 185
Cau hinh mot ang-ten thich nghi v6i M phan ti. . . . 196
Cac cau hinh méng khac nhau clia ang-ten thich nghi. 197
Mo hinh tin hiéu cta ang-ten thich nghi. . . .. .. .. 198
Cau hinh mot bo tao bip séng bang hep. . . . . . . .. 201

Cau hinh bo tao bup séng stt dung cac day gitt cham. 202
Bo tao bup séng trén mién tan s6 st dung FFT. Vi

du mo ta cho truong hop xit Iy tin hiéu tai mot bang

tancon k. . ... ... 203
Bup séng chuan hoa clia dan tuyén tinh cach déu véi
M =5 phan tt vd huéng phat xa #=60°. . . ... ... 205

Vi du vé duong huén luyén ctia thuat toan LMS. Ang-
ten mang tuyén tinh véi d = \/2, M =4, p=0.05, va
SNR;, =0dB . . .. .. ... ... 213
Mot vi du vé duong huan luyén ctia thuat toan RLS.
Ang-ten mang thich nghi véi d = \/2, M =4, v =
0.999, va SNR;, =0dB . . ... ... ... ... ..... 215
Ti s6 SNR dau ra theo s6 phan ti ang-ten. . . . . . . . 217
Cai thién vung pht nho st dung ang-ten thich nghi. . 218

Céc mo hinh phan tap khong gian. . . . . . ... .. .. 233
Mo hinh kénh MIMO vo tuyén. . . . .. ... ...... 234



X

XU LY TIN HIEU KHONG GIAN - THOI GIAN

8.3
8.4
8.5
8.6
8.7

8.8
8.9

8.10
8.11
8.12
8.13

8.15
8.16

8.17
8.18

8.19

8.20

8.21

8.22

8.23

9.1

Mo hinh tuwong duong ctia kénh truyén SISO. . . . . . 237
Mo hinh tuwong duong ctia kénh truyén MISO. . . . . . 237
Mo hinh tuong duong clia kénh truyén SIMO. . . . . . 238
Mo hinh kénh MIMO tuong duong. . . . ... ... .. 240
Dung lugng Ergodic ting v6i cac cau hinh MIMO khac

nhau. . ... ... 243

Dung liugng ergodic ting v6i cac gia tri SNR khac nhau.245
Dung lugng outage Coyr5/W ting véi céc gia tri SNR

khac nhau. . . ... ... ... ... . 247
Phuong phap phan kénh theo khong gian. . . . .. .. 248
Phan loai cac bo tach tin hieu MIMO-SDM. . . .. .. 249

So do bo tach tin hieu tuyén tinh cho MIMO-SDM. . . 251
So do nguyeén ly hoat dong ctia bo tach tin hieu V-

BLAST. . . . . 263
Pham chét clia cac bo tach tin hieu cho hé théng 4 x4
MIMO-SDM. . . . . ... .. 266
Biéu dién mot dan 2 chidu. . .. ....... ... ... 267
Vi du biéu dién thao téc ctia thudt toan LLL tren
mot luéi 2 chieu. . . . . . . ... ... 269

Mién (ving) quyét dinh ctia cac bo tach tin higu [18]. 271
Mo hinh twong duong ctia bo tach tin hiéu c6 trg gitp

rait goncosddan. . . ... oL 273
Minh hoa nguyeén 1y hoat dong clia mot bo gidi ma cau.279
BER ctia hé théng 4 x4 MIMO-SDM; Diéu ché 16QAM.284
Nguyén 1y tim cac diém tin hiéu clia thuat toan giai

ma cau trong khong gian phite. . . . ... ... ... .. 287
Xac dinh thit tu thit t6i vu tai 16p & cho cac ky hicu

8-PSK trong . . . ... ... ... ... ... ... ... 290
BER ctia hé thong 4 x 4 MIMO-SDM; Diéu ché SPSK. 292

So do khéi ctia mot hé thong ma héa STBC. . . . . . . 322



Danh séach hinh vé X

9.2

9.3

9.4

Cau tric ctia mot khung thong tin gom cic ti ma

O-STBC. . ... . 334
Pham chat BER ctia ma OSTBC thuc, N =4, M = 1;
Diéu ché 4PAM. . . .. ... .. ... ... 338

Pham chat BER ctia ma OSTBC phiic, N =4, M =1;
Diéu ché 16QAM. . . . .. ... ... ... ... ..... 339



2.1

6.1

8.1
8.2
8.3

Danh sach bang

Cac tham s6 dinh dang duong do thi trong MATLAB 34

Quy luat ma hoa khong gian-thsi gian Alamouti . . . 177
Thuat toan tach tin hiscu QR . . . ... ... ... ... 261
Thuat toan tach tin hieu V-BLAST . ... ... .. .. 264
Thuat toan rat gon co sé dan LLL . . . . .. ... ... 270

Xi






Loi néi dau

Thong tin vo tuyén da phat trien manh mé trong nhimng thap
nién vita qua. Cac hé théng thong tin vo tuyén da dugc ting dung
rong khap, dap tng nhu cau truyén thong tdc do cao va truy nhap
“moi ltc, moi noi” clia con ngudi. Khac véi cac hé thong truyen thong
hitu tuyén, cac hé thong thong tin vo tuyén phai lam viéc trong cac
diéu kien bang thong han ché va kénh truyen khic nghiét chiu anh
hudng ciia céc hién tugng: pha-dinh, hiéu tng Doppler va nhiéu. Dé
han ché dudc cidc anh hudng nay ctia kénh truyén vo tuyén, cac ki
thuat truyén dan tin hieu da dugc phat trién khong ngimg. T céc
bién phap phan tap khong gian thu duge dé xuat vao nhing nam 70,
mot loat cac ki thuat truyen dan va xtt Iy tin hieu méi da duge dé
xuat st dung va dua vao cac chuan giao dién vo tuyén cho cac hé
thong thong tin di dong duong thoi. Phan 16n cac ky thuat méi tap
trung vao khai thac mién khong gian con nhiéu tiém nang, tao nén ky
thuat xt 1y tin hiéu két hop khong gian-thoi gian. Cac k§ thuat xt
Iy tin hieu khong gian thoi gian c6 thé ké ra bao gom: ki thuat phan
tap khong gian thu/phét, ky thuat dng-ten mang thich nghi (adaptive
array antenna), ma khong gian thoi gian (space-time code), va céc hé
thong truyen dan da dng-ten phéat da ang-ten thu (MIMO: Multiple
Input Multiple Output).

Do ¢6 cac uu diém noi troi vé nang cao chat lugng tin hiéu thu,
loai bé &nh huéng ciia hién tugng truyen séng da duong, triét nhiéu,

va nang cao dung luong kénh truyén nén cac ki thuat nay da dugc tich

Xiii
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hop vao hau hét cac chuan giao dién vo tuyén cho cac hé théng thong
tin di dong 3G /4G, he thong WiMAX (Worldwide Interoperability via
Microwave Access), Wi-Fi (Wireless Fidelity), va phat thanh, truyén
hinh sb.

Cudn sach nay tap trung chinh vao 1y thuyét va phuong phap mo
phong cac ky thuat xit 1y khong gian thoi gian néi trén. Muc tiéu cta
cudn sach 1a cung cap cho nguoi doc cic kién thiic co ban nhat vé
mo hinh tin hiéu, cdc thuat toan xit Iy tin hiéu thu/phat, dén phuong
phap mo hinh héa va xay dung chuong trinh mo phong st dung cong
cu Matlab. Noi dung cudn sach duge chia thanh 3 phan:

- Phan 1: Co s6 vé lap trinh Matlab v& 1y thuyét mo phéng. Phan
nay trinh bay co sd vé lap trinh MATLAB, Iy thuyét co ban
vé mo phong, va phuong phap mo phong Monte-Carlo dugdce st

dung rong rai trong danh gia cac hé thong truyen thong.

- Phan 2: Co s6 1y thuyét kénh truyén va cac phuong phap diéu
ché. Noi dung phan nay tap trung vé ly thuyét kénh truyén vo
tuyén, phuong phap moé phéng céc kénh truyén vo tuyén pho
bién nhu kénh pha-dinh Rayleigh, pha-dinh Rice, va ciac phuong

phéap diéu ché sb.

- Phan 3: Cac hé thong phan tap va ang-ten mang thich nghi.
Noi dung phan 3 tap trung vao cidc phuong phap phan tap
khong gian nhu cac hé thong phan tap khong gian phat (MISO:
Multiple-Input Single Input), cac hé thong phan tap khong gian
thu (SIMO: Single-Input Multiple-Output), cac ky thuat két hop

tin hiéu phan tap, va ang-ten mang thich nghi.

- Phan 4: Ma khong gian-thoi gian va cac hé thong MIMO. Phan
nay tap trung vao cac ki thuat truyén dan khong gian thoi gian
tien tién bao gom: cdc phuong phap ma héa va gidi ma khong
gian-thoi gian, phuong phap ghép kénh phan chia theo khong

gian va cac ky thuat tach tin hiéu.
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Cudn sach duge bién soan nham dip tng nhu cau giang day va
nghién citu vé cac linh vie lién quan. Noi dung Phan 1 va Phan 2 da
duge stt dung lam gido trinh cho mon hoc Mo phéng cdc hé thong vién
thong s dung MATLAB phuc vu cho dao tao dai hoc va sau dai hoc.
Noi dung phan 3 va Phan 4 dugc stt dung lam gi4o trinh cho mon hoc
X ly tin hiéu khong gian thoi gian phuc vu cho dao tao sau dai hoc.
Toan bo noi dung cudn sach duge tong hop tit cac két qua nghién ctu
hon 10 ndm clia cac tac gid. Hi vong cudn sach ciing sé la nguon tai

lieu tham khéao c¢6 gia tri phuc vu cho dao tao va nghién ctu.

Nhém téac gia

Tran Xudn Nam va Lé Minh Tudn
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