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JEAT A, PACRERESTT B, T s . KRR RS A T L, SR R4
R, RERFAHEE S TRAERMNCDMARS, FTRENIRETERWE REA MR
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FIMMSEMMV R H A IR EZ H P . A SCR 5 B Matlab R HI v SENLOT ARSI 59, N v BeE
—EETAEIREE, DAIMMSER R R as A% S8 FIM VIR R T B as 76 % Bl A5 T s AT R EL R, 3
WIMMSERMMV P B SR AE BRI s vevt b 2% B BAT B0/l DLR AR I8 F A AIVa . BE T4
FATHE TS AN [RIPR I BETH R RE TR 2 - ZEL L FEAH L (138 R TE R

1 MMSEHMYV ¥R a1 JR 2

MMSEMMVE R ¥ a5 7 5l % | TMMSER AR HMVE AR, MMSE(Minimum Mean Square
Error) HiAR 2 &% B e A PR W0 B — o B8 R 2t BoR, e R A B R Ul /N T IR E R
(BB AMEE[|[W e (t)—p(t)|?]) A HER. 5 6 8 AR RAE I [H) B R 28 SE I Bl B 45 5 r () KTE R
e () = S 5 VPOl - rean(t - )V Br+n(t). R PERAHEEI A

k=1 =0

PHESIER, o, () RFN BRI kK MRG0 () AR REDE 7, RIER, ()2

s BHEA: 2004—10—12
1EEEN: T (1980-) , F, JREUNA, HEEEEMNSA B TLL T EM L= BB TR

30



RS, V(O)RBAMIR EB(V(0) = [ ,2msinb oimsing | g—jrsing o—jensing )Ty gk
BNHMBE, n(t)2 A8 E XRBIHEANNMEIAN—ANSEESFFp(t) HHAXNSHEFF R
SEE[|Wr(t)—p(t) ) /MEBL T W, 570 I 3 % s h IR B Wi BIE N 3,
A5 5 G TR LI R, B BB A R TG A8 I BUR.

S HEMMSES 3%, 44 KMV (Minimum Variance) 892, R “fe /N3850 2 ] 8 b DA B /)
WE[|WTS(n) AR, B AIFIAN—MEERNSHERE ST

2 {iEEM

R L EMMSERMV) IR B, 3% % 5 HAH N Matlabfi 2P, SAMMSER R ¥ B4
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3 PiEAERSGRSH

3.1 XRBHITHIIAK

1) A5 SB[ EY (0)HEATCREME, B:

V() = [ef2nsind einsing | g=imsind g—j2msin0)T
2) [ B 5 () BT
r(t) = apz(t)V(6) + crz(t — 1)V (0,) + apx(t — 2)V (02)+n(t), (1.1)

XA x(t) =s(t)+p(t), sO)RHFES, pt)RSEES, ENIFEME. KTEEDn(t), KA
WFRNFH—MEEM S E SR dbREBES T, HE X0 = 0°,0, = 25°,0, = 45° (ZRAH
FEE, BN A BE A ORI AN 73 ST, 3200 WA FATE FE S NS A B, HARPIIRE A 242 TR
M); Y#a = 0.63 + j0.47, a1 = 0.51 — j0.45, a = 0.44 + 50.32.
3.2 EAHEXITEAR

1) MMSE#H&E &AL I EAAX: W, =R7'P, (1.2)
A BMERHER= Er(t)r(t)"], E*ﬁ%@%P:_F[r(t)*p(t)].

o) MV HRIACMBIER A5 W =
X CREBA NN 7] & VIR E.

3) Array PatternfJiHH AR

Array Pattern(JGEH), FREMEBRTE SR BEER PO) =V (0)"W|. (1.4)

4) B KN UG TR L SINR TR A

31



(W - (0z(8)V (60)) |*
(W i - (qrz(t = DV (01) + cna(t — 2)V(6:2) + n(t)) >
—YRFE S HE SINR (#42db): SINR = 10log(FE [tsinr]) . (1.6)
3.3 4mIEKI
3.3.1 KMMSE & R & 8 89 RAALAALE) A2 E I
for t=1:400
Pndb=10*log10(Pn);
n(:,:,t)=wen(5,1,Pndb); %Fwgn %4 B H B
r1(:,:,t)=a0*x(1,6+2)*¥VO0; 12(:,:,t)=al*x(1,6+1)¥*V1+a2*x(1,t)¥*V2+n(:,:,t); % T H AR AR BTG E
r(s,5t)=rl(:,:;t)+r2(:,:,t); RR(::t)=conj(r(:,:t))*r(:,:,t). s PP(:,:,t)=conj(r(:,:,t))*p(1,t4+2);
end
R=mean(RR,3);P=mean(PP,3); Wopt=R\ P; %A I LAt IiAA W
theta=[(-pi/2):pi/180:pi/2];
for t=1:181
deg=(-pi/2)+(t-1)*pi/180;
V=[exp((2*pi*sin(deg))*i);exp((1*pi*sin(deg))*i);1;exp((-1*pi*sin(deg))*i); exp((-2*pi*sin(deg))*i)];
v1(1,t)=abs(V.*Wopt); % v AEAIE K M array pattern
end
figure(1); % 1EHE
plot((theta*180)/pi,v1);%draw the curve of MMSE, here the unit of MMSE is degree!

tsinr =

Wopt %show the Wopt of MMSE
3.3.2 KMVIE R & 3 69 RAACAALE) G2 5L I
V0=[1;1;1;1;1];
for t=1:181
deg=(-pi/2)+(t-1)*pi/180;
V= [exp((2*pi*sin (deg))*i) exp( (1*pi*sin(deg)) 1) iexp( (- 1*pi*sin(deg)))sexp((-2*pi*sin(deg)) i)}
C=V0’; MVBW=(inv(R)*C’)/(C*inv(R)*C’); %compute the Wopt
v2(1,t)=abs(V.”*MVBW);
end
figure(2); %draw a pic for the situation of MVB

plot((theta*180)/pi,v2);
3.3.3 R4z FRSINR# %42 % 3L
for t=1:400
Pndb=10*log10(Pn);
n(:,:,t)=wen(5,1,Pndb); %Fwgn & #4E B H B
rl(:,5,t)=a0%x(1,642)*VO0; r2(:,:,t)=al*x(Lt+1)*V1+a2*x(1,t)*V2+n(:,:,t); % HARHEEER T E
() =rL (10 12(.40);
tsinr(1,t)=((abs(Wopt.”*r1(:,:,t))).%)/((abs(Wopt.”*r2(:,:,t))).%);%SINR for each sample
end %IXMEFRRMMSERSINR, I H K Wopt BUSMVBW R ZRMVEISINR T
SINR=10*log10(mean(tsinr)) %Average SINR
3.4 fhESH
3.4.1 BRRANIEAL F AT 6945 B oA
3411 HHIT-IRR B4 = B
FATEA00 KHFE S, MRIFSLAE(1.1) UL K AR (1.2)F1(1.3), B 45 B2 7T AL mAUEW
M—90° 51 +-00° WHEA S A0, 112 7T LA SRR M Pattern M2k, B P(0) — Ofizk.
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3.4.1.2 {5 TMEHLSINRKIGE T

a) MG SHMENOMIIHE, PR EIVERISINRIEA KAE20~30 db, ZEHIAK.

b) HEN{E S HMER HORIIHE, MMSERISINRYTKZLIFE20~30 db, FFEEH FMVEISINR
fERA0 dbZEI5 dbz 8] HAR/DN. X T M AG 5 P FIEA AR %, MMSEHNBRZ 2T
B HHMVIFE £ .

3.4.2 KEMMSERMAZ 5 F F A0 0 2E 6945 Ao H7
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T %A (1.1) P MMSEE KR 5 T HRB(E M) K 3, RAER T 0(2.1)8 TR (3.1)1)
BRGESr): r(t) = apz(t)V(0y) + arx(t)V(01) + asx(t — 2)V (0y)+n(t) » (2.1)
r(t) = apx(t)V(0y) + aqz(t —2)V (01) + aox(t —2)V (02)+ n(t) . (3.1)
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Simulation of MMSE and MV Beamformer in Smart Antennas

WANG Chang', WANG Yuan-zhao?

(1. PHS Center, China Telecom Chaozhou Branch, Chaozhou 521000, China
2. Physics Department, Hangshan Teachers College, Chaozhou 521041, China)

Abstract: By programming to simulate and compare the MMSE Beamformer and MV Beamfo-
rmer in Smart Antennas, this article shows the characteristics of these two kinds of Beamformers
and suggests the proper application situations of them in smart antennas.

Key words: smart antenna; MMSE; MV; SINR; optimality; simulation

(L#£297R)
The Development Trends of DC Power Supply Technique

ZHENG Yao-tian
(Physics Department, Hanshan Teachers College, Chaozhou 521041, China)

Abstract: This paper discusses the characteristics of linear power supply and switching power
supply in DC power supply technique. Then the development trend of power supply technique is
pointed out as switching power supply.

Key words: power supply technique; switching power supply; linear power supply
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