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Abstract

Multiple-Input Multiple-Output (MIMO) system achieves high performance in
the area of frequency spectrum usage and channel capacity, and it effectively against
the effect of wireless fading channel. MIMO system has become the most superior
and important technology in the 4th generation of mobile communication system. By
using MIMO technology, the digital audios, images and other multi-media products
can be transferred in wider application range. Meanwhile, copyright or patent of
those multi-media information during the transaction is facing challenges. This paper
is drawn to evaluate and analyze the security issue transmitted by MIMO system
which has been paid a great attention in modern society.

This article focuses on the application of digital watermarking technology in
MIMO system, so as to achieve the copyright protection of multi-media works. The
simulation results prove that this is an achievement method and effectively secure
the multi-media in the wireless channel.

This paper firstly concentrate on the study of digital watermarking technology,
making use of the good performance of the chaos and Turbo coding technology with
self-testing ability of digital watermarking so as to increase the robustness. In this
algorithm, mean quantization of low frequency range by DWT is used to detect the
digital watermark without original host image. Then study on the key technique of
MIMO system: channel capacity, by comparing with the channel gain in different
numbers of antenna system, the results show that MIMO system is the key to
increase information capability; in the fading of wireless channel, analysis is drawn
at Rayleigh Fading Channel, Rice fading channel and coherent antenna channel, each
fading channel has increase the side effects of channel gain; much attention has been
paid on STC, and the simulation compare three space coding technology to against
the fade of wireless channel. The results shows that STTC works the best among all
of them, and by using the STTC encoding and decoding during the transmission of
MIMO is enhance the information security system. Finally by using the digital
watermarking technology into the MIMO system, the system according to the above

analysis which is embedding digital watermarking by Turbo code and mean
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quantization, MIMO system uses STTC. Through MATLAB platform, the
simulation results show that digital watermarking which has transmitted in wireless
channel is well invisibility and strong robustness so as to achieve the blind detection
in the receiver under different wireless channels and attacks.

The algorithm has pointed out the high robustness of copyright information
which embedded in multi-media products while transmitting in MIMO channel, and
enhanced the invisibility of watermarking and extracting convenience, can be used in
the 4th generation of mobile communication in the open environment so as to protect

the multi-media information.

Key word: Digital watermarking, Turbo code, MIMO, Wireless fading channel,
STTC
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1.1 I REARBESMENX
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4G fEFR 100 JKLL BRI TR, FTUEZEEMARAMAN SRS HEANE, 2%
RV —HE .

MIMO (Multiple-Input Multiple-Output, %I Z4HiH) AR A HE LK
BB GFEHARANERMRHES, CLZRERFRRIIKE. ERASFIAZ
BIBRIRE, EAEMARTRAMREZRNDENERT, ARNRLEFEER
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—WRESFEEE N HEBRERANEFE™ M, REBEIFEN
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EEREREFTILH M, 2HATERBERTERNEEEFRREEX
50123%70; XEBETLHSMGE b, BRERE B2 R ERAN M
DT 25 %m0 W, WA AR HFE S B BRI

VEEN R F 5 KEM )&
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BRI R BN ENSE. E5/RANEETRMEEL, mBE
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1985 £ Salz X MHE¥EA MIMO 15 FHERE W E KNS K
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mIBEMANL, b MIMO EZBFHANFEREE T REMELE
fiti; 1 Wolniansky % A7E Foschini Bt 2 EXEH-N/RELREHNE
Z B (V-BLAST) & THRRER RIS NI RENEGEHAR 5
SMFE RS ERBREREEARS, X-PARRIIRT ELER
X MIMO EEARBIFK#E . MHT MIMO RZER—AIMHE., FEFia
ARG, HHEALARE®., XEEABEERENERTEANA, FEEPE
R I% 4y AN 7S B G B 7 TH BB .
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FEENGESLHELR, f MIMO ELERFRAES T KRF RMER TR
BRBMEREST, RERSAEXRBEHANARNEENARNRTA.
¥R & Foschini {8 NURLKZE BTS2 5, Tarokh 2 A K M4m0
BE (TCM) BARGERESEBEH T EHMKER (STTC) ¥, Alamouti
HTHRATSHNEERE R FNERERET —MRAMNRIrERTH
£, HPHEAABETEXHMESHER2HN (STBC). KETEH AR
NEFAREFZFNEE L, WLk BFEwl. BELE, %5015
GBI ARMAMES L HwE, HIELH 5 RH (Orthogonal Frequency
Divided Modulation, OFDM) K AREH ML EHEZE LR EBE MIMO
HEARRE-H- (ST HBHAY, % MIMO-OFDM R4 7E M
REEHBEBRDPRBERSENHL, HASTTRRAREHERTSES
#H B =HmFERB,
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BLAST B HfF & s RE S 7F 3G B BN E R 19.2 JRELFF R 84, B
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SMER L, HEZERANSR, H—HMER L, BB LBENHI—NT



SCER IR PR S

FEBHAREE, W EE, XMHERMTESA R ETERBRK
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KU, BRI RN BREERMEEHETINF, RERER
MNGEBEZHNEENR/MIBEBFENEE: CEREBAE5R—FAM
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L. MAX-LOG-MAP HiZ X B P LI, B RIECHELERT MEEH,
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XA, x,x BEBHKRORS, L) WEERE. KHEH Viebi Hik (Soft
Output Viterbi Algorithm, SOVA) &I &tk B 7735 12 A4 M B 12 1 P55 B 22 1
BIE, DRELEAFER, HLOG-MAP HiLH KIE 1dB.
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A Logistic BMEEALFEH. AP, 4 AEHSH, BEENEE 4 B
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LREET, BER—ENERF L, ERFRARKEIER.

2.3.3 JKEDHIHRA

HE/MNFE A # (Discrete Wavelet Trancform, DWT) £ B #if ¥ /K £l
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AU, EPEERYEREESL, WRBOKEESA 0’ HE=1THRGHE
FEHRMEE, NRERPKEESH 0 H=AFRGMETMASE, WRNK
KEUESH “17;

2) FRBEIKENE BB Turbo FAS A3 1T LOG_MPA H iR

3) FiEMJEKKEE B RREE AT REL, BRRRKKEER.

2.3.5 E1GIKED ZERITEMN F55%

BFKED RGP A RN B0t b 25 3 S AU MR BOK ER I 47 3R,
FAANFYRREIEAARERE., AREREEREAZNMATET. OF
FERHEARTHERARFIXA, FHNIZE LR R EH

BB ARG REERENKENFEN N EEER, FEEZEALN
WERARAMEBRAELEEMER, BEFEBRIE (Peak Signal to Noise Ratio, PSNR )
RBFHABIRAKDEEGSREEARGERREHEHZRZRNEER
W, HEXmF>L
M x N xmax(I%))

, (2-6)
Z(Ii,j —Ii,j)z
ij

PSNR =

AF, MxNABEBRERST, I, ARGEKENEEELS G, ) EME, 1, iR
BUKEPREBEZEARRR (7, j) AL HI{E .. PSNR FIMEISE, BEZRBIAHELERESS, H
FRRBAKE G E BB R SR WA,

AT O RBUKE 5 RAGKENIMEUE, RAE—HTHAXEHR (NC)
KR EAZ I ER, NCHIEBEE 1, RNK/KESEGKEFARUERE
MR, RUUKENME BRI . HEXH>),



PR TR 3

ZI,JxI;J
NC-—-ME?— (2-?)
iJ d

2.4 HFIKEMAERXLE

LRKPTE R MATLAB7.7, RHERAERA lenabmp (512x512) #5
KRR, FFRANRAKENEGRX DN 64x64 AR XM —EL EER,
Turbo FBRIFRH KN 172, 4188 H 3GPP FRMEMIRTAR, RAMAF B AR
{£H LOG_MAP #85, &R ECH 15 K.

B 2-9 fiR kAL BT, Turbo KEIHRAGIREUKZR, MHaHREAIA
ENPRR 5 R ARK B BRI A — W ELAR X R 3 NC I 1, BDIRAVEKER(E B S
REEKEE B 2HF.

7 2

@BRBEAEE ORHKNEE OBAKEEEER (@RKEIER
E 29 XXt Turbo 7K EHIRIHREY

SAKER P YRR, KIS HIRA T Rl e AT, HRER MR AR I
i« BYI% . JPEG AR LA R P ESE BB LB TR BN T RiE
KR Turbo 4TI F/K EN AU RE 148 TR A AL 4| S 4R i i) B 7K ER
SRR X RE (31, 16) BCH %83, (31, 16) RS &R, (7, 4) W%
BARLHER 12 HERRD ML KPR SRIT BT T K.
SCRR[26) 52 B AN R S5 RS K EP LU AT, R GRAE R ZK B I RAK EP AR
B, BATEKEMEE P KA RZEENRE, YHREEROER
TR BPBKEIRABERIFEE, REZ, NMGHHEESYWKERARRE.
Bt A OB R 4 S PSS R BIE T 122,
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B TR E AT X

D El AR AR S
AT ERA R RAESS MR MERS, EEAGFEETRERMGE, X
KX EHRAKENEE B P I RGO, &R 8% 57K ENEE R K EN R

B R WE 2-1.
x&2-1 KEPE BT AR I AR LL B
TS | BCH 4af% | RS Zwf5 | NG | BRGIE | Turbo 4ifd
PSNR | 20.1092 20.1025 20.1000 20.0949 20.1096 20.0893
NC 0.88083 0.96892 0.96044 0.96993 0.97107 0.97110
n| e s | it | it | it | st

KRERWTLLEN, ERHNARAENBEET, RS HEBHAUEZIREARA
B, HRPAREKDMRBORERL, SRREKENHRRBRE Turbo
K ENRISR UM R Z T L. Turbo I KENEIEMPIR ST AR AR R
XL K NP R AT

2) WERBR A
WA ZHEGARSE, HRGEE, BRLCEE~LNEGHEK

TG RS . SR DA KENRI B B AR 5, &0 5 A K BN I
REBUKEIZCR IR 2-2,
R 22 JKENHUMEh R A B i 1k BE EL R

SRS

7nE

i

TS | BCH 4569 | RS %05 | XEAEE | HB%IE | Turbo 4wl
PSNR | 18.3753 18.3395 | 18.3101 183993 | 18.4070 18.4147
NC | 087877 | 096778 | 096174 | 0.96211 | 0.96184 0.96577
a VI | Eoe g | ol | e | Ao vag
ot R Rt R RS

z | #2: We




LS YN R A UAT '

SRR, BERER A XK EN B 1R L m e A 2w K, B Turbo
7K ERST IR SR BOUMC R IR K T BCH 4nid /K NSRBI BUN R, B RS W5
FKER. BUBAEE K EN A $ 4 BS K ED 4R U R 1

3) BYIHGH

SZHRETREFEERIETETRS

EIER, FEERES=RER,

WEY). E4E. KRBRIBIVING, MEJRE (128~256,256~384) BREKX
WIHATIY). Bl K TR IRBUK ENRIRCR IR 2-3,

&R 2-3 KEFUBIUIR d At

TMHHE | BCH 46653 | RS4wfid | N | HBEREE | Turbo Y
PSNR | 19.0560 | 19.0560 | 19.0560 | 19.0560 | 19.0560 19.0560
NC | 0.90068 | 093682 | 0.93231 | 093311 | 0.93193 0.93970
bl AL 6! fg&f ? S GIE
e | Jl& | & | HE R | HE Fr

LA RTUEN, YIBEEXKERMEMRA, ERTRNEKEER
WERABHE L. SHAERETAETRKERIBRMEHFAAE. H
XME, Tubo ZwfG/KENSEEFBIVIR T ) AE N B IX UMM S KENH kPR

HH.

4) JPEG [LE45%t
JPEG JEA A TESE, BT MR8 5. TE4EM & IR BTk EE A

0~100, fJREEEIK, [E48LLA/D,

80, HFhAESRDKENEEUK IR Wk 2-4,
% 2-4 JKENHT IPEG L4 G E LR

BGFREBLT. KRERAKRREEA

B &

2 RE

*‘ifl

HE

it

T4 | BCH Zwf5 | RS 4whS | IXEARS | HH%ES | Turbo A%
PSNR | 25.1286 | 25.1286 | 25.1286 | 25.1286 | 25.1286 25.1286
NC | 090581 | 098252 | 0.95739 | 0.97429 | 0.97290 0.98341
q 2a s dg il | an b
b ﬁ_vf, K35 |t it £ £if

ne
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SO TSR 7478 3T

LR RRH, AEEKEEIELRFIFEECh 80 1 JPEG [E4i X 2 1E
WHMM, R2 RS HE/KEMAHHRIZK. Tubo fi%/KENH ZHIHL JPEG
JEGE T e ) R SRR K EN SR B AT R

5) PEEKKE

RE SRR AR PR, ERE R EANKEEREN LS
ESREORNFTERZEAKEENSE, HRAFRGEEKNKEEERT K
H. LR EBRAKEIR B BT 55 M EIER, SRl KEnRBUK
ENRCR & 2-5.

£ 2-5 KEHL 5x5 PEIEH M EEHLE

TS | BCH 4865 | RS WIS | MNHEE | BERGS | Turbo Zwid

PSNR | 24.9084 24.9084 24.9084 24.9084 24.9084 24.9084

NC 0.95675 0.96740 0.97594 0.97461 0.97394 0.97815

KER

we | F W\ Kz | N* HE

on| 303 | KT Rt gt it Bt
;?tj&

LA R R, MREKEEER Sx5 PEBHEHHRRERAENN, H
#1, Turbo ZRSKENEIERIBL 5x5 FEIRBAE HIRE 11 R A B K E STk 5%
.

B ERAERATLUE M. ZEKETRARTT A L, Turbo 4miE¥/KENE
EERMABHEEFKNMEERAKR, EEFEER (WEARE) BMTHLE
AR FOKENE S, KR EELE, Tubo MEHFKENSEERT
PR Eh e 75 I e A B AN i BCH g st Bl M9 57 /K B, R I hig
O B5R T H AL 4mB0KED, W1 Turbo s HF /K EN VA RER BRI
S5 EE TR PR B, FAEX AT JPEG [E48. FEIEE
HWd FAAREEHEEHIRNS. FEXRAYEELIRARTIETULIRT K
ENEIE SR




LR TSRS

2.5 RSN

FEHERERRERTIAZF KB REMIEL, IR E 5B R P ) Turbo
IS EOR R THFKENRE, TR/ BN EEE RN TR E RN
KENAFEEGEBRARGHNZS5. 85, hTRIE Tubo FHbSHIEFKEEK
AREMRT HAEA B mASRKENBAR, Bl (5 EERMER, EH] Turbo HAGHK
FKENEE A R — i M BUK BN AT A& R
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RS MW s AT

$£3EF MIMO EZLBERFGHRERA

3.1 MIMO B AREKRIE

MIMO, i B, MR 2 RIEZBRRE RS E 3-1 22—/ 5 #.£) MIMO
SHERZEIES, RiZEWmA N, BIRE, BRHSE N, BIREZ.

DR § PR
: —p
Dx (0 : yi (O

: Y ;Y s
DXy (D 3 =M

B 3-1 K MIMO YEEREAYS
15 BF S A SIS BE —AME RARHR, Bt b N, B TLAR IR ST ) LU
Wi, SBRUFRETREGERP-IMRERENE, BEXERFEE, &L
BN, ARG, NG BBREH D —RERFI. BEOHE j MR
8 EEBUES y, (1) TULE X A:
$O=3h, x50+, G-
Kb, x, () ARFHEBIMRERERE T, b HWRIERK BERRRE j L#fE
EIHEE, n,() MBS,

3.2 MIMO RIS EA S
#F N, BIRERSMN BIERRER MIMO (5, EREHAMEER
EERANENET, REMIEEEHRROMEY R RS LT
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R TP AR

BMoazH, NREEEFYER:

Es
NN,
Ho, Ef{o} RAEMHMEEHEMEREFELE, det(e) MHFETHIR, HEQME
XmF:

C = E{log,[det(], + o (3-2)

0= {H H,N,<N, 53)

HH" N, >N,
—RCRi, HYH M HH" #i2 5B B F 1T
HREREMBRREBEEHEKR, FEFEMTEA 3-2) BHRE
%, FEB) Laguerre ZIRRIMAT 7.

E al K
C=|log,(1+—-1 (L™ () A e *dA (3-4)
[ 1og.( IR ey C RO R

AH, m=min(N,N,), n=max(N,N,), L' ™(A)H kX Laguerre £INR .
4#m=n=N,=N_, FJE{LA:

n—x

limC/n21/(7) log2(1+%u),/(l/v—lM)a’v2log2 %—1 (3-5)
0 0

(3-5) XKW, MIMO FIEABEREHn REHMERXR, 5E®REE /N,
BITEMIEHX R, Hik, MIMO REMIL KRR H LA REZH AR H
RANAEEKBL AT RIE MIMO HEBEEERNMRE, LR SISO.MISO.
SIMO. MIMO {58347 T E, R 1x1, 1x2, 2x1. 2x2 % 4 HREH,
BENERFIEEFE, BIEEAESERLZEMXRMAE 3-2,
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S NG i s AT

8

———— —_——

—— 2Tx2Rx}
18 - 2Tx1RX r

—— 1Tx2Rx |
16 — 1Tx1Rx |
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»

-
N
T

{FIEA R (b/s/Hz)
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-
-
-
-
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-
-
-
-
P
o
-
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-
-
-
-
-
-
-
——

10 15 20 25 30
SNR (dB)

K32 AREERREHARFEERR

ME 3-1 Sl LB, FEEXREHB RN, FEFEREmEM, WA
{FilfERetb 190 5dB, SISO %%, SIMO R4 MISO RAMEEA &M
K% 2bit/s/Hz, i MIMO REEHEE R EREMN 4 bivs/Hz, FHITERFERLKGE
EH, MIMO RZMEHEAREEAT SISO 4. SIMO Z4M MISO R4/
fREAE. KT, MIMO BRAENERLEFETFHRENHHEZEMN
7.,

3.3MIMO & A G T % EE

—VIRLIBIETE A th 2 6] P IS M Z B SR IEE, 235 TR
K&t i BOETRRS, PETREMN. FEMNMSEHRN, FR)X
BERNES SREGFSHERET &L MIMO RAEHRENL, TLFEES
MIMO &5 {8 S RENZHEERFEENYT B, ARANELFET, %N
73 Ai FOSRS 53 A 1F A RME B R AR RY . A A o MR WO 2 B GRS 0
EAGEAEMCEREN, KRR AR EREIE RFE; 702555 5%
W 2 (B FFTE EL B A AR AR e, U SR 0 A R BRI A5 IR AE 20 R,
WAERGEEEH THREZADEROMEAT L HTHXLEE, THEE
fFIEERTHAEZY MK ELFE.
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e NN AT

3.3.1 %% (Rayleigh) R%Z{5iE

BRI =R R TR ESERE SR AT S AR BEE, BluRZRE
BIRIE SR AR EER, SABERNERBAIER, TE&EMTRNTE
EHEM, LT HBS%, ATIRRGE SRR . KNBEKRESZEX
ERPIE RS TR, o LCREREESEM AT E R o ISR 24 K F )
ERMPELER.

H Ca, o) REFHMNFEZGEERY, Kb, s R-FRBRE, oRT-HE
ARG, XA B4 3 AR B 1) 431 0 8 53 43 A 00

fu@=[" f. (aprp= [ exp(- —)d;o-—exp(——) (3-6)

2ro

2
exp(— Ea;;)da L 3-7

S, @)= [ fopt@pya= [ 2 "

3.3.2 %87 (Rice) %=

HERYARBESE, BERINESHAEHSEMNRANREEHEERRKEH
S EN, EMEEFEEHETUAR 3-8) X&Kx:
H=AH; +H,, (3-8)

K, H o RAEBH . NEERBRNGEESR, H, RrEHEH. AR
HERHFEETE.

AL BRERESEMATER o HFEFHERSHEIIE. K ZEE
AR B AR

f(a)=——exp(— +p ), (—"—’3) (3-9)

HHF D BENEH D BENHRIEAEHAANEESH—FKHEFK

2
K= 2Aa (3-10)

AT WK BT MIMO [FEARREW, Xt 2x2 ) MIMO {58 T i
H, KEFSHE1. 10, 100, 1000 15 MR, Wk 3-3.
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IO KSR L AR X

a 2R RGN TR RSN R

Q- ———r—— " — o~ — -~ TiT ~—c-- e~ - o rmoo—mem o
[ Ko i,«»
K=10 r
—t—— =100 |

L K=1000 4
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s
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-
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e
o

AR (/siHz)
3

fa

0 5 10 15 20 25 30
SNR (dB)

3-3 ARIEHAETF 22 MIMO R4 {EIEA B

M ESERAUEY, FEFESEK BTN, FEXTFK
TEKH, BEEFRILKEK, MEEREMERRER. Fd, ZKEFK
B EERN, NEEFEMNEEEADAKAL.

333 R&MBXEE

— R, MIMO & NMRERHIE SHFFIR LRI EMKIES. B
REASOHARM L REEZANTEF, MIMO FERFEAH KRR R R,
BMAZFRRE EESZRKHEXCNEMES. MXNESEASTIERK
ESrE, EREE.

St FHOR M) MIMO {538, 15188 M LLRR A5,

H=R!"H, (3-11)

R, H O ABRARARIEY F 54 MIMO {5185 M, R AN, x N, 4B %
izl
Xt F R REM KN MIMO (518, {FIEHEPENRRA:
H=H,R" (3-12)

Kb, R AN, x N, RAHIFIERE,
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RS W NG e VA

o 22 i v ittt k= <[ 7). AR A

__El(n—n)r,-1n)] (3-13)
VRl B -5
KA, #Mr SRR RRREEREINBRN AL ESRSME, R b
R S Bl 5 S M3 ME .
AT HHXRE p X MIMO [FEAEMZW, XF 2x2 ) MIMO {583
TTHE, p#HH 0.1, 0.3, 0.6 §10.95, Wk 3-4.

2248 RHTRARGEEERR

3

——

-
el

~
e

-
&

-
~N

-
s
-

{SEHR (b/siHz)
3

x

-~
-
-
-
-
-
pls
A

-3
-
-

0 5 10 15 20 25 30
SNR (dB)

B 3-4 FFHEXEH 272 MIMO REEER &

HOTESERITURBRE, REMKXRTEK, MMEENAENZWHEK, T
BERHBA, FEABRKEK.

3.4 TR HRIGERA

AT 24287 MIMO RAL 5 B RE ARG, EEERE LA BE MRS,
{FEA B LMK E B ARERRSMARENE BRIUR AT RN
$hn. b MIMO RZEH Rk At s iy R sk = e R A T 2= 4 (STC) HiRo
SR RS 53 REBRME S, EARREHTRKIENE S P IR R
A (BRI A, AT AN AL 7 5 U RS o SR B A B 494 28
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R MW IR e S 0AT S

34.1 ERHREEKXRE
—/ANRA N, BIRIEREN N, BIHEBCREH MIMO RS A 3-5.

B 3-5 ZERmISEAKEE

ZHBIERFIIEAT RN RIS, #1THH BRI BEEN N, B R F
RIEHEMBHES . RERKERN RS HE0ESHATRETCY.
Bomxt R B E ST SRR ILE, SHFERERKEINGES, ¥
A3 5 i SR R AR R

B AT AR RS KZENMEE 2B E0G (LSTC). FRHKAS (STTC).
ZS (STBC). ENIEMENEE BEHM I mEFERSER (CSD.

3.4.2 S ERETHRS

SRR (LSTC) HFEZt#HE Bell 3:3 E ) Foschini % AT 1996 £
REK. ERER, BERE. SERHHERRSAIZBRICER. K54
L F B AT AR s, B T ARSI T RIS RAE SN RERIE,
MR XS RS, BT 9 ETHBNEEEERIEERESS
t, RtFEH#ATEEM T, FHEEHRRPEE S B R B LR ET
Hrd g, REHEANTEZNFEE, [BREEMNESF. 2ETHBNE
SR 346,
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RAe: N s S AT

Yi%
= o fHUmm R ,»g Ly
ﬁ 2
& =3
FE Z% i RKEENt
i fFHGIEN —» @ [ BN
(a) RiXumiLR
K1, KENr o EE
o fhit
v P
P ,l_‘u
G HIB S o~
R 5 |y [ R

(b) BEWumtsy
3-6 HEZFRGKER

HEZHBERREIREABESEE L ERBBASESEFISEN,A
KEMRMCERIER, 2 58A N, MG SE T EERE, BECH
ER LR L RIS BT N A R RE LRSS KX % . KIESEREHEE
REREWHFRIAR, AN, MHTEERESGENESHE=MsETH
@M. KF4SEZHI (Horzontally-BLAST) . EH 4+ E T W 15
(Vertical-BLAST) FI%} f 43 & & I 5 ( Diagonally-BLAST) ), &, V.BLAST
R EL 00 4 67 A T 7 X = o 2% B 4 B0 <P B 2 K0 o

T EEAEESH TERTHEEM T, Wl RARENRKEFBEA
R—BALRFD (ML) Hik, EAFETRREESHESPRE—MS
g, el

& = argminlF — e[ (3-14)

R RIEES KM E. ML SERENA BRKA 7R L8 kB e E,
WERHRERRILN, HHREIRKHTEEN, .
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sUE CAF A48 3C

10 . - — — - T~
: —b— 1x2 V-BLAST ML ]
—8— 2x2 V-BLASTML |
—— 2x3 V-BLASTML E

—W— 2x4 V-BLAST ML_J

SER

10 - - 1 1 1
0 5 10 15 20 25 30
SNR(dB)

B 3-7 ARREHH ML EREEMREHLE

B 3-7 ATAIAREE PRSI RE (12 # 2x2) RERFRE /> ML
RO RERREF, BHARNREHEBS, ThHTFHEKR: X TFHEKEK RS
RE (01 2x2, 2x3 Ml 2x4) REBWKRLBE ML FBEME ML, XEF &
KoM R ARERE, Eik, LSTC REMFEEMM R SBEERRENFEBEX.

B2 ML HikizH 2R RERAN ST Ea8usm, NFERH
REMBREFHIEER . TREARUTE2EREN ZF (%) HEEM
MMSE Hi%. ZF HiESIAT SOEERERE AL T 8E, elHl T RERERKEFES
A TP, T MMSE Sk R o ZF SEHERTERIRS, LR TEERS
fIZma. B 3-8 fE 3-9 5454 ZF ¥ EEM MMSE #HEEEAN R KL 5
RETRFRELEL .
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RO T K PALB X

10 ; T T T -t

—8— 2x2 VBIASTZF
~—O— 2x3 V-BLAST ZF L
—x7— 2x4 V-BLAST ZF

SER

0 5 10 15 2 25 30
SNR(dB)

B 3-8 AREIKRLEK ZF FRERt AR

—a— 22 V—BLXS?MMSE]
—6— 2x3 V-BLAST MMSE

—%— 2x4 V-BLAST MMSE

SER
-
S

0 5 10 15 20 25 30
SNR(dB)

&l 3-9 AN[FR& %A MMSE 38 AR LR
% F V-BLAST AR EFRIESER, B 3-8 ME3-9 RAH TR KL
HARBEAE R . ZF FBEEM MMSE 3B EEEA R &5 REmEK

REAFRIFIHERES ML EREIEIEM, (585855502 M BB R 2 /5 B 1 i
wm.
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DU TS 2R 3

343 ERRALE

ZH R RS (STTC) BB 1998 fEH Tarokh ¥ R IXEDMEHARE MK HIG
HH (TCM) BARMESREHPY, & REEABRIFEM RGP R

B T R
Bkt ‘Y"

. )
I ﬂgw@ :
- m
TR _Ym.
Bl

A 3-10 BRI gRRo R R

3-10 A2 B A B BE B G A5t A 20 D B2 8B g S 0 2% B A 25 R 4 B0 S 8
4. BEEEST—CR A M-PSK BX M-QAM A%I%%. LI 4-PSK H#1, & 3-11 %
4 REMPIE G FRFFFEATHER wISEE, 8 it 24, 84
WA 4 MERRNELERE (B 3-11 (). TGRSR mE
3-11 (b), LLINFEMIEIREN 1, WA LAFAIH 00 01 10 11 B, ZRiEplinsd 3]
10, 11, 12, 13, WEXREZ 1 EAEHEIEHR (1, 1, 1, 1), R&2 ERHK

BAEA 0, 1, 2, 3.
00,01,02,03, f i
10,11,12,13,

20,21,22,23,

an
.

30,31,32,33,

(a) 4-PSK 2EF (b) 4-PSK KR E
B 3-11 4-PSK 4 RRAEAFH R85 M % K
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SR TR e 3

AR LR IR KA Viterbi HE KL, BEETRFRDBIHBER
ERNFEEEIHE A, TR R AR KR S HE:
Nr t 2
;J’g _ghj,iq!i
R, b, AR KL BIBRCRE j MIFERERFER, y/ BEERE j7E B2
%W?H%{a%o Viterbi B 7] DA ] S HEFE A AR m-tb - (R 887, RURSiEHN: R
BERS y/ NIEERA 0 R, BAREGHITT R, HS5BRETFERNS
THATHE, THHEENZRMRRRES, B iEmEmEEmasgEHERfn R
BEESET. SRS MRAENSEABREWEE BRERTHE, FHESAE
B/ —4& 5%, RAEHERZNYN, B 3-12 Fi7R 4-PSK ZEVIERRA N 0 BHE
2, BPhrdTRRSR Y SNEFRENER RIHE.

(3-15)

B 3-12  Viterbi FEHRERR

& 3-13 41 T 4-PSK BB %], 2bivHz FH RIS FEIRE T HtEgethsk,
Fl—E%Ht L, BEERASHE M A& B ISR TR S £ PR, TR
IR A CEFE TR
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ERS: B U e DA

STIC

SER

T aRkE
—o— B £
CRE

) 1 2 3 4 5 6
SNR(dB)

3-13  4-PSK AHIAFPRA TH STTC RAMERELLE
Viterbi HikBRAERIER/MMIFEERE, BRENITEERAESRE S

ENRENERNERREIEK, BRFERIERAMFETR, TEA
8 TR 38,

8 4 10

3.4.4 =R 43 4HAD

FRHAAFS (STBC) & 1998 418 Alamouti® % 56 #2 4, Tarokh®IZEMbLE
B LGS EXRBEEN TN RIBHE AR, HTERHBEARGNA, EEm
UK B R IUAR 1300, EERRLEAEEAR, MAKBKTFEMERE,
fBRT R BREDFNE AN N E. HERE LETRERINMEL, BRE
—pik, WERAIRKHRESE.

i) o S HI SRS R R B S SR A R s, &A% B AN 2 F S
5. BIE BRI, B m AN, Bt 2" NMEHBREIERE, BSHELE
BEIES x,x,,m0x, » XX LKA IFRZmEEMS (3-16) BHTHEPT,

q - "
G=|: : (3-16)
1 Nt

cp vee cp

He p REE p Wz, BEERE LHMRIEESHFALMER. 2 K2 KK
KA, X,. X, PHERRE 1 HKL 2 ERRSF5I.
X, =[xx] X, =[x,x] (3-17)
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BB TR AR

PIR S FFIE R IEAE, Bl: X, eX,=0.
SUFEFER, BRANGES2H My,
y=hx thx, +n  y,=—hx, +hx +n, (3-18)
Hevh, hAEERB n, n AEETRMERS,
BPBERESS

[YUJ’;]T:(Z].: _hlhz“][xvler*'[ﬂp’h]r (3-19)
R4 BT RABURR AL, BIXFA B R R AR O
S -hmtos 4 -hsi-hif) G20

HBHER (319 BAMYxFx,, BUEREREIIES.

STBC

—8— STBC 2x2
~—©— STBC 2x4 |
—%— STBC 4x4

0 5 10 15 20 25
SNR(dB)

B 3-14 RRIRLHH STBC RAEMEREL
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