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Research on the algorithm model of smart antenna sound
array adaptive beam forming based on QPSO

ZHAO Ping, LIU Jie, MA Yong-huan, YAO Hong-fei
(School of Electronics and Information, Northwestern Polytechnical University, Xi'an 710129, China)

Abstract ; The smart antenna sound array adaptive beamforming algorithm model based on quantum particle
swarm optimization( QPSO) algorithm was presented, which applied QPSO to adjust array antenna radius
and the initial phase of array element, and then controlled the forming of the sound smart antenna array
beam,so that the main lobe of the antenna beam aligned direction desired sound source signals, nulling a-
lignment direction to interference signal ,and forming the optimal gain main lobe and side lobes peak ratio.
Matlab simulation results showed that the model could enhance the direction of the main lobe gain by about
10 dB, reducing noise directional gain by about 3.75 dB, effectively increasing the system communication
capability and anti-jamming capability, and presented a universal scanning angle.

Key words: smart antenna; sound array; adaptive beam forming; quantum particle swarm optimization

(QPSO) ;the main lobe gain

0 7= PORBESRTH— MG R G, BR T 7E I ek | i 35

H PEATRIBTAN B R B R AR B T AR 2 3k 73
NTHREILLEEREMAE, Gk R4 ERRRIRIEA, W5 1 ARG 23 1Y 58 T MBT 5T

ST AR AT RLM A, He F BT ARG AR S {5 gl g, 5 R4 il R

5 H H7.2015 - 04 - 27
E£WB:BE g A#FA45 B (61271279,61201157)
EERN A TF(1958—), B, kB /LA, BT L RFNHZ GL, T2HR T @A F TALRGAA.



55 5/6 M

R, % T QPSO iy i R&F 7] B & N BOR W R H =R AT R - 125 -

G5 I R R O B RE R R T 16 1 I Ay 5 3k 3 B
Bz

TR BEREZTT 1] R I BIFFE v, ol T2 B 7 0 A1
7, HO R G AL TLAE 77 AR R R 9 BELAR /)N, T
Rt B A) AF S T 1) 1) 3K 36 ) P ) s 2 A
VR Jm X TD-SCDMA ZRGE HY b HY 155 il 5 56 %
AT TR, T P R R, PR B BR
TRBGTT X RGUERE = AR W AT, KT W) Y
I A (R SF — R AR £ (R LE, XA 5T 1)
AT P A 308 £ 5 e 2 — R R . SRS
FIFH 5 R SUMTRE T304 (PSO) SEBL T F R 2R
PEFEF , SCHR6 ] S8 1 3 o 1R 1 #FSE 2 QPSO
( quantum particle swarm optimization ) fi{) K £& [ 51| i
Ak

RSO SR BRI AT T RIS, TR
XoF SEPRREFN BT FEAT PR RE 2 H7. 46 T, AR SRS
BRERL S M5 A 18 0 35 R U 1% KA Ak Tl it
PEATRIESE iz F QPSO J332: 3 17 1 181 % [ Ji] 4 )
KL TR TCHI AR AR L, P25 BE R B 51 1Y)
PERTE R, (o R R T AR Y 0 R P U5 5 U Tl
TR UE TR 505 1w, I HIE R0 4 4 £
SEERIEEIE LY , SR 43 £ RE ) ANt TR RE 11532
—E T

1 BRERLMSIE T RE

BRER LS B M A YEAR 5% , BE T LA T2k
LG R B (5 A SE, AT LU T & 3 & 4
TEASEMM ARG L AR ERITE DL, m] L 2 A 55 o
GULES A Eey SN MR (PR LT €
Lo 5 DA T T ) A0 B, 7 AR A TA) b B SE 1] R
B KL HEARTT 18], FRF R 55 e sl B 5 4
A AF 5 XV, AT S BRA (55 5 B2 1) die KAk
A TS 1 H .

HRTPRIY WA S8 BRI T — &
ARt (R D 3 g ol 55 R 1 Dy T o4 3 AN WL
WAE HARIRASRATAE. PSO R FH S HOCR A 1
J7, TERBER SR, 5 T, NI s £
GUSATEN) 2 R 2B AR REAL S BOa B )
REXS R GBS B o I IR 8 18 L 25 T
HEERAELL 5 B AE o P A s 0 A 42 1] 9 24 2
LA

ISR TR M, M TTIRIEES O d R 25
TCHI ALY N wy sy, w,, A5 S REAEH RS, B
KA RBTT 0.

¥ <
T 0’%

B1 Jesisdegys aL %

ARSCAERZFEF L, AR (51 0 2645 5%
M AR AL R FE S XHE 5 {55 R B R, Bl
A HRES 3G, SRR B T 3515 5 R Bk ol i 75 )it
I FARE S, 10K 205 11 56w R R Rl & ™ AR
RRBRZE, B 2k LRl 007 S AEXS B[R] {5
TRORHE % (AR) JEBRAEAT 0 MBIk g , AR SCHR H 22 58
IS5 5 R4 T 3 22 v AV HI ) I3 2 30 435 5ok
BT R UK 2 iR

2 AT

A -

E A=
B2 EZERBFEEINMETRETE

TR 2 i, 22 s R — Ry rh 41 A5, oAt 22 v X
HFRIES 0, Thak Sy sOR IR 1015 5 1% 34 45 HAt
FIRR RS A, FRR IR A0 P AH SR A B30 0] 1 5
55 AT Rl G HOR, AR B B e i L2 ih H R B
. AR RIS

Yr.d :h‘r,d(ﬁys,r) +z 4 @
Horp b, NS E TR B NHORREL, v, 9 4k
WG T 2, o .

2 PSO Fakelit

BN RE R LR H I8 NV R PSO Sk TR Ak,
R T 7057 % IR RS B 1 AR MRS, SR Y
WSk B R R B R EENE RN R
—, HLEHSI A QPSO Hik. QPSO Bkt T4
PSO Bk, 76 5 R 0 B i T 5 % SRR Y 24 il
JRER R B BN & R e B AR

FEAR SCATR N I R, 32 A o [ ] 4 9] R 4% 1Y)



- 126 - MMNBIIZRZHR(BRAMFR)

2015 4

FAASE AN & AR AT VR AL, DAY 7 i (R I 0 H A 3
filt b A5 2 g5 R 19 1 25, QPSO 55 i B4 P BR )
wr:

1) BEHLTAR I N AR T 00 46 7 F |, BIRLT-40
HA N, BT 16 KLk A4k Mo H 2R 2 15 A 2
7, IR 45 D = 17, IHFERT LAFROR

O Pz T P
W= 402.,1 §02.,2 €02.,17 @
Orvi Pynz2 T Pnar

AR AT 1 AR T, AR AL IX ) AT L
FTHRECLO, 1] 22 1] fy B BILAEL, A2 X ) ] RUAR 4 2
PREBE X BBE N [1,4 ] Z [ BEHLIE.

2) BRI SATAENE P, (0) =i(1,2),
LEFEAENE P, (0) =max {f(¢;(1,:)) ],

flp(1,) = Fom g
3) B REASRLT BB R AR LA p, (2 + 1),
BB KA bR &N f(@, (2 +1) ) 0]
P,(t+1) =
{P,,i(t) F(P(1))=f(g(t+1))
e (t+1) [P, (1)) <flg;(t+1))
4) e R E N
P (t+1) =
max{P, (t+1) ,P,(t+1),--,Py(t+1)} &
5)MYEAKXSTHIE mbest (1 +1) 5
6) HHE A X @ISR T HEVLAL Q,, T i
SRV, P LA
Qi=¢P,+(1-@)Py., ©
7) M2 T AR BB X (e +
1).
FEPATHER2) 2 T) , HEEARBOR B i
FIEARDHEL, SR L.
3 FERESAE B 4 WO ROE B
I
7 RSO e ) 2 0 T e 2 {5
W E U B S G R AT g 5, S A ST Y [ 9
AEFRAHEL , 75 [ 50 b BRAT HLRR S RO AR H, aniseit g
A Al PR AE. AR SCAE QPSO AR BER L A 1&
IO SR IS B ) 2 57 v e 45 P I 4] R WAL R TP
T, T R O A 4% R I RO 5 5 b, O N
WL A G2 1 18] 72 A R AT BE 4 i i
PEANE S A PERE.

@

H1 TP A RIS A7 EAR X 1, it A
RELFEHN ey n] 22 B N, SRR MR IR A AR (2 AR
LA RS B, (AR RE S 5 ) _EARAS e
o (O3 i, T IR AE A B SRR B KA B 5 A 7
WEBIG5850 AT, SR 16 AN 73 A1 35 (4 75 e B 51
RN a MBI, B80S E [ BRI 7
WZHC (6,,00) WS35 B AT 258

M

E = ”z::llnexp .

{j[z)tﬂ(sinﬁocos(wn - @) —sinfycos(g, —¢@,)) — an] }

Hrp, 28 M R F IR E R Y60, 25
(6o, ¢0) 70 BB AP S AT RS, 55 n A7 )
TR S 0, = 2n/M) *n, 28 o, H
5 n ANEEREAAL, 28 o s N T A, iR
VAL gt 2z ) [52 J 1 2 T LT S 2R AN 3 iz,

B3 BB =T X A

AR SR 5 A5 5 b B 9 e 1A B R A
T[] PR AR A 1) 8 R 8, A B T B0 5E 1) BEL A
SR AT 1) 2R, 70 BEE AR A A, R
HH R R A5 1 L v .

st M A, B ooz a4 AR B TRl
FIRE T RARIE D s, AARIETCHIOL 220 B, , 224
S5 B e AR B 8 i A L

SNR,,,, =1 §,1 zaH<r4»0d,€Dd>M_IOL(rd,‘94a€Dd)

PR ERAERL ) o R BN

Wopr = ,U“Mila("d’edo%z)

IR BUNE S B BB M S8 0, MTHAE B3
IBHSHL 0, FIZERR, WIS [ 51 7 1] I A RE 6 52 B
A EAS , T00 55 A o o L1 5

4 PiELCRE 2T

LA 16 FE Tl A 5 ), ] Matlab £ 47
D7 E, BRI f2 Ay 30°, £y 90°, W75 ) 100°, 1A



%5 5/6 W

R, % T QPSO iy i R&F 7] B & N BOR W R H =R AT R - 127 -

T A T3 g AT

IR« AN ATANT DI AL 305 X B 51 K 2 33
J7 1) I 45 77 1) JH— AR AL 51 5 1) BEA T4 B, 4
RANE 4— 6 .

24r
22
20}

150 200 250 300 350
A (°)

B4 TR HEF] 250 6 B

0 50 100

150 200 250 300 350
FIE(°)

S RS S T 6 A

050 100

1 25/dB
90 1

1w/
180 -+

20\

270

Ho6 RS T—ARHET] T e H

DU T8 R BB R 2k 1 3 I RO A
A3 1 SMI ( sample matrix inverse ) , 3 33 A 4 #&
BRI B 2] R e A0 ] W 7 % A 471 SR 2k 1 e S
] 3 4 7 1] A — ARSI 5 1 g AT B, 25 R AN 1#

T—E 9 Fi7s.

151

1 45/dB

1 1
60 90

1 1
-90 -60 -3

00 30
ks (°)
B 7 SMI fikhAb)s M9 544 7 o B

200080 60 —40 —20 0 20 40 60 80 100
FE ()
B8 SMI F ik kA 61453 % 7 a A

1.0~
0.9+
0.8
0.7-
0.6
0.5F
0.4r
0.8

&“fVVAW%qAN V\/
-100-80 60 40 -20 0 20 40 60 80 100

g ()
B9 SMI H kAt 69 )a — L5 5] 7 6 B

H5/dB

K= ek 3] SMI AR ALRCR s, FIH QPSO
TR VR BEATE A5 150 Jo] 4 3] 2 A2, X o 27) SR 2 ) A1
Jr1a) 3 i 7 1) A — RS D A R SR N
K 10— 12 Frs.

it LB RS R SMI Sk B 4
il W T el R A (E AR 1 4 £ A A
WA 2. (3 58 7E 3K 2] SMIEALCR 5, FILA QPSO
Gk, WR AT LA A3 i 3 0 A0 5% I ) e 0 L, S E
SBR[ o AR R 5 1) ) H A, AR AR
TR —, TR 253558 10 B, M 5[] 3 25 FAIK



- 128 - MMNBIIZRZHR(BRAMFR)

2015 4

0 50 100 150 200 250 300 350
RN (©)

B 10 QPSO HF ikttt /s 64 145 5854 7 v B

100 150 200 250 300 330
AR (°)

B 11 QPSO Sk kA 69 51 38 3 57 )

0 50

Wi 5/dB
90 1

270

A 12 QPSO HikhAE 6902 — 5] 7 & A

T 3.75 B BB TR SC7 AT RO N T i)
ER (et 7] ARG e S
5 45k

ASCWFTE T8 RE R LR A5 B 5 3 7 O RO
R B A, 42 R QPSO Bk (AR 18 4 B4 371 Ok
LR TR ST UG R AL 1 T %, R ASE TR R P 214

R LR 75 B9 1 30 7 e A D8 o, 08 o 371 g o 3 of
WEA R R T 1), b o T L S 0 ), B E
R 25 3 R 5% I 1 0 U L, 5 T A Ak DN %
EE, f FHAS SO RS 2 e 25 3495 10 B, 75 Jy i) 344
LA T3.75 dB, B RUERTH T ARGl ERE ) bt T
Pere )y, B A L 2 I

52 3k

[1] LiY, Wang HW, Xu H. Capacuty analyses and compari-
sons of pure-full-duplex and half-duplex wireless commu-
nication systems[ J ]. Mobile Communications,2014(18) .
63.

[2] Zhang L. P, Zhao P, Wang W, et al. The adaptive beam
forming algorithm based on MIMO array with particle
swarm optimization [ J ]. Educational and Information
Technology,2010( 1) :397.

[3] Zhang H Z,Yang Y J, Wang X F. Research on variable
step size LMS adaptive beam-forming algorithm for smart
antennal[ J ]. Computer Simulation, 2014 (8) :2338.

[4] He H,Wu C C,Li H,et al. Smart antenna adaptive inter-
ference suppression in TD-SCDMA system[ J]. Advanced
Materials Research,2011(204 -210) :476.

[5] Abu-Al-Nadi D I,Ismail T H, Al-Tous H, et al. Design of
linear phased array for interference suppression using array
polynomial method and particle swarm optimization [ J ].
Wireless Personal Communications,2012,63(2) :501.

[6] JinL, Zhao P, Wang Y W et al. The application of QP-
SO algorithm for waveform optimization of antenna array
[J]. Electronic Design Engineering,2014(12) :130.

[7] Ying H E,Hong H E, Li L I, et al. Application of smart
antenna interference suppression techniques in TD-SCD-
MA systems [ C] // Proceedings of the Sixth International
Conference on Fuzzy Systems and Knowledge Discovery,
Piscataway ; IEEE ,2009 :525 - 529.

[8] Zhao P,Shi H S. A kind of algorithm for increasing accu-
racy of position location in mobile network system[ C] //
Proceedings of the 2003 International Conference on Neu-
ral Networks and Signal Processing, Piscataway: IEEE,
2003723 -726.

[9] Zhao P,Han X, Cheng S, et al. The research of location
algorithm model based on fuzzy identification with strati-
fied synchronization and cooperative difference[ C] // Pro-
ceedings of the 2nd International Congress on Image and
Signal Processing, Piscataway : IEEE,2009:1 - 5.

(10] X4, 542k RFHRMEEZERE T AEE &
e R )] B FAROK # # 4,2011,40(2) 1237,



