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A Novel Adaptive Semi-blind Beamforming Algorithm
for MIMO-OFDM Wireless Communication Systems

Du Jiang Peng Qi-cong Zhong Jun
(Inst. of Comm. and Info. Eng., UEST of China, Chengdu 610054, China)

Abstract In this paper a novel adaptive semi-blind beamforming algorithm is proposed
for OFDM-MIMO systems. First the nonlinear neural networks combined with maximized
mutual information rule are used for estimating the coarse weights of beamformer, then the
beamforming algorithm adaptively adjusts the vector weights by means of the known pilot
tones inserted into the frame structure, thus the channel equalization can be further im-
proved. The proposed algorithm is compared to two other channel estimatars under various
multipath fading environments through simulations and experimental data. The results show
that the semi-blind beamforming algorithm has much better overall performance in terms

of BER, moreover has high aperture gains with very good directivity in the beamformer
pattern.

Key words Matrix channels, A daptive semi-blind algorithm, Neural network, beam-
former, MIMO-OFDM, Multiple antenna arrays
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MM ERAEET B BN B R EEIMES. MM RERMFERESEFRITMILF A
B, X7 MIMO-OFDM ZSZGHBA S E.
MIMO ?‘?‘%ﬂ%%%u y(n) [yl d(n) Y2, d(n) "o yN,d(n)] ) d= {1:25 to 152} yg{%:@\

HFE51T48. £ OFDM 5N EBERRERXAN

y(n) =g(u),  uln)=Wzx(n)+wo(n) (8)

H g(-) st M ey Mg REL.
KRB HBENERERRNAHEN R EHLEMBESE (W, w) EB Y M X Z[EH
E{§J§\E I(Y'-' X) ﬂj(: E

max I[(Y,X) = H(Y) - H(Y|X) (9)

K H(YY) = - ) fy(®)logfy(y) = ~Ellogfy(y)] & Y &4 (entropy) . B F Y 5 X ZH &
FE—ITRERERSR, T HY|X) =0, XERMRAHEN R D9 EHBRESH (W, w)
£ H(Y) &K.

. (8) FIRAKRTR Y U REF RE A

fr (W) = fx(x)/|J] (10)
|J| £ Jacobi ZERERYHEXTE. A (10) AT (9), 185

H(Y) = ~Ellogfy (y)] = Ellog|J|] - Ellogfx (x)] = Ellog|J|] + H(X) (11)

A% H(X) 5280 (W, w) Jik, MK (11) RIS, RN EFEHRBRETY, TH—5#s

iy
s

= (8/0W)E[log|J|] = W H 4+ (I - 2y)mH} 12)
Vwo = (8/0wo)Ellog|J|] = I - 2y
FIRRBETFEZE, SMBA T n TR/ B &N B 2.
winth) — Wb o win)
wi" = wi®) + pvwi? } 1

ﬁ?ﬁ%&%wléﬁ:ﬁﬂ%{*%1‘5%‘%%% MIMO {5 E /I B RIE 4% B BN HIRA

. (7) fis (13) A — 1R BN EEN L ERERE RSN ERESEE. BEE
E%iu: H¥4a LMS #E, HEEHES LMS MElayb s B,
4 FRERS59

HATH LR LOSG BT Z MR- FEZEE ) 1 NLOSEN T 2 RIREHFIE) 7
A EX A0 WY EER T T R4, 3F 5 S 5B S E /41135 (Pilot Symbol Assisted
channel estimator, PSA 5 k) ##4THEEEXT . PSA BB F a4 i ) S 4XT I A9 435 3%

R, HEBTBFUEREAT 4 PIdE AT Ak TH M E R R — R A . BB IEE SR E S COST
207 SBAGEPRHE—3, AJCEM T WP B EEMREL, W3E 1. OFDM 4R A HIPERLAN

2 ppX, B4 FFT 31 64 1 16-QAM EBAR, SHEY 4, WAEEGHTHITEFESY
192 MINGRAFS; BRI 20MHz, RS HEREEY 4us , ﬂﬁbﬂﬂﬁ$j§l 24 Mbps , i




%6 it L% BT MIMO-OFDM T4GE F RY A —FBhy B SN 3 Bl U8 B 993

x1 . HIPRLAN2 {Zil#i%!

{&il FBAREY R (ns) ik AEEIR:Y
A 50 Rayleigh LOS
B 100 Rayleigh NLOS

TR R Z8a 955 (FEC) | SLie¥#i bl 23 4~ OFDM &5, 4 200 . REMFIH 4 %
STREE 4 B R B ERYEI S A RESY, FAAREESCIaBE e i &

X2 S0 B FE 200 % Monte Carlo Sci 8Bl Ay AUR BT 74, FIKH BOKELELS
%* 4% 5 W B EIR IR AR (BER) 55 PSA BEull B B0 To b B8 5] 4015 b AR %4

1(a) BEFE A | BIEE4EA95 K Doppler 5% fp = 5Hz BT iTag st 1,
X 1(b) EE{EE B AR a#EE R K Doppler $ii#% fp = 50 Hz B b Ta0 B Xt H,.

R WAEMFIRY SNR | A3CHy 5 H S BB 3 SR8 B8 AE 1R I X 48 S B T B BN
fy, [H15iRHFFE BER &/, tERERIF.

10" ; 1 —— 10° F —_— S —
- — L S V01
©PSAHL e OPSAH
107 * K )P H ﬁfi. Tl —~ A ORI
10-2 10—2
o d oY,
0 (0]
m M
10-3 10‘3
107 1o
1078 * * ‘ ‘ I ‘ * * *
0 5 10 15 20 25 0 5 10 15 20 25 30
SNR(dB) SNR(dB)
(a) Afiilli A, f,=5Hz (b) 1£4i51ki B, f ,=50Hz

M1 ARFERGTREEE LR

52 RERE A, {FWRH SNR=14dB T, YBINEE K AT A TR NGRS
PSA %?‘%Xﬂ*“%ﬁ%ﬁ BN VERE T 2K, i RIPT BE S B3 B o3 m, BI& K Doppler 3%
MK, ¥ BER TF, HAXHEEHZE BER FTRIEF LB TR, FHEH BER &/,

A 3 BRI FXHEHIRRIE AR EE WL ERE. AETRE 4 ~EEYFEnS
WelH, RPXMHEELESTLX 4 MEES, HEE 4 4 DOAGRE ) FBRgEREE

HIDIERAFRIEECR, FEHU SR T X Fhil SRE a8 1R 189 7 514,
5 B

AR T —FHE AT MIMO-OFDM £ XL M5 LB e85 RR L E BE VR
FEREE. RO SRR, RERAER N RS EEE %8+, 7 BER HEH
BT HAGH A PSA Hik, X T R LR 2 55 HI 09 5 R4 8 00 B BB LA I ¥
T —&Frangte. WHh, XMEBRTSFAT OFDM 8 S5, &Kﬂﬁi%%ﬁéﬁﬁf“ﬂﬁﬂ
RE, HEHITNS TDMA fl CDMA M, FrUFEETEHERTARXLEFZT OFDM

HIB=RALEHRLEERE, EERREFERENEEE GRS RS T
Z HY N RT3 .




994 B F 5 F B % # & 26 #
10° | , , . - 1 . , 10 —
10" |
| o)
| =
m 10{1: ﬁ
-~ P
¢! | R
: !
, H
1072 |
10~ -20 ———-—
50 100 150 200 250 300 350 400 450 500 —80 —60 —40 20 0 20 40 60 80
Bt K Doppler i (Hz) FRE(S)

[1]
2]
3]
4]

[5]
[6]
[7]
ft:

B

B 2 f{5iE A {§8i SNR=14dB &}, #3089 B3 FXREMFEFRENBPRE LS ERE
FHERERFESE AN PSA B HERE |

g F X W

Hanzo L, Webb W, Keller T. Single- and Multi-Carrier Quadrature Amplitude Modulation. West
Sussex, England. John Willey Sons Ltd, 2000: 321-345.

Tsoulos G V. Smart antennas for mobile communication systems: Benefits and challenges. Elec-
tronics & Communication Engineering Journal, 1999, 11(2): 113-116.

Haykin S. Adaptive Filter Theory, fourth edition. Englewood Cliffs, New Jersey, USA, Pearson
Education Inc., 2002: 232-243.

Le Minh Tuan, Jaedon Park. A semj-blind LMS adaptive beamforming algorithm for smart

antenna in an OFDM system. IEEE Antennas and Propagation International Symposium, San
Antonio, Texas, USA, 2002, Vol.1: 618-621.

Bingham J A C. Multicarrier modulation for data transmission: An idea whose time has come.
IEEE Commun. Mag., 1990, 28(5): 5-14.

Wu Y, Zou W Y. Orthogonal frequency division multiplexing: a multicarrier modulation scheme.
IEEE Trans. on Consumer Elect., 1995, 41(3): 392-399.

Muquet B, de Courville M. Blind and semi-blind channel identification methods using second

order statistics for OFDM systems. Proc. ICASSP, Phoenix, Arizona, USA, 1999, vol.5: 2745-
2748.

: ., 1969 4, @14, HAMHRTHAZTHEZREMNBHLREGRL, XHLX 10 &5,

MR RLEFEAROHR.
: B, 1972 4, M1E, HRIABAEETHESLE. DSP 8%t

{L
R %, 1946 4%, BESEHELIRERKEK, HE, F4+908, ER M HLAE 5 A AE 5 (H 5 4 52
&




