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Signal detection and optimal weights of search method
based on V-MIMO system

LIU Quan, ZHOU Yuanping
(School of Electronic & Information Engineering, Sichuan University, Chengdu Sichuan 610065, China)

Abstract: Some algorithms in the Virtual-Multi-Input Multi-Output(V-MIMO) system by an antenna
launching multiplexing data are introduced, such as channel estimation, signal detection method and the
optimal weights of search algorithm. Firstly, the Least Mean Square(LMS) algorithm is applied to two
channel estimation in V-MIMO system, to prevent the channel estimation error caused by the weakness in
the data channel during a frame time, guaranteeing the accuracy of channel estimation. Secondly, V-MIMO
system utilizes the Maximum Likelihood(ML) detection algorithm to improve the detection accuracy and
reduce the bit error rate. Finally, the traversal algorithm and variable step breaklocal algorithm are
adopted respectively for less users and more users data transmission to search the optimal weights, which
reduce the computational complexity of the system in 2x2,1x2,2x3,2x4 of the actual test, V-MIMO system
improve the transmission efficiency of at least 70% on the basis of invariable power and bandwidth, and
reduce the number of the transmitting antenna.

Keywords: transmission efficiency; spectrum efficiency; optimal weights; virtual channel

AR, 25 AR (MIMO)E R C o —Fh B M F X, Bt MIMO M5 R & R E W EHRY
SRR, A ERR EEX LA PR Y, S Z BN MIMO R G B AL i R P,
F N AP LR AT I MIMO 38 {5 45 A 2 ) F 45 8] vh 224> 1 38 110 J5E 3R 50 30 22 B0 i R AT 1% . AR 72 A1
MF B ST R BT, B R A T A0 2 B RO R RO (R M MRR R HBE R ST M OB, L — R
1o B A% R LR I R R AR, R Sl ok AR 1 B RS2 B g A TR . DRI, — R R R AL i 2 i
FUBCE B BT R T 1], AR SCHR Y B R AU 22 e A (V-MIMO) & e 76 A 8 ity 58 S R e s L T, il ad fE—
R 5 2 B8R, A8 — A 1000 25 B A 28 X B8 AT A Ak 3, 5% ) S Bk L S T8 A9 AH OGP, AR IR B R
RGA R FIEHE S T V-MIMO B 400%5 B 15 18 R 48 09 R85k B/ 19 5 1% 2% (Minimum Mean Square Error,
MMSE)fF B Al 11, Fe KSR (ML)5E 55 8 M B0k | S5 DA A 48 2 580 12 of (R E 3 15 o ok

KisEHE: 2017-12-22; {&€EHH: 2018-03-12



1100 KMZMESEFEEFR 516 %

1 V-MIMO ZZ&HIN A
1.1 V-MIMO ZE R {FEWNIEILHE
15 MIMO 355 % 31 0 M 80—/ T 5308, 30 e 0 02 £ 08 000 {0 10 36 52 B 09 45538 B, (2 ) F
L PR MIMO R G54, ARSI/ H1 22 B 1 P8O K 1 Ak TH 50 28 495 1030 135 I ik
(BEBEAESS m RRLE x, E 1 U, B0 PR AR R ST R+ x, = W, 8,0+ WoaS + o+ Wt Smr
(m=1,2-,M), H s, Fm5 i MBS R j B FEIR . 4 S, =[8,0:500 8,0, 1 B 5 m AR % 41
KA PR s w,, =4, (=12 M3l =1,2,,U,) FRE m WE SR W5 15 PR s,
T2 I AL L A, , 6, B AU BT WA SR o 2 W,y = [ oW W, 17 RS m AN 28 5 36 1)
R, XA m AR RS TR A P S, U ZR G A T U T

T T T
h11W1 h12W2 thWM Sl
T T T
Y = hZIWI h22W2 hZMWM SZ +n=HS +n (D)
T T T
thWI h21W2 hNMWM SM

XbF (), A AR R 2 S B A T R RE OLA 0 A A (R, S PR AR Il A AR OGP AT R POLAR R s A R,
TR A — A, BRI R MR MIMO R 48, SAEHAE R 9B/ T P 8omr, BIDR V-MIMO R 48 X R EEY
RIS BTF, X — MR LA 2 TP B 7 A BT T DG A, ke P 9 A 0L £ T A (A B A A
MR, AREN— G AR D) EATE— i, B B A il

1.2 &EF Zyng-7000 BEFEEH V-MIMO REINEERIEN B

V-MIMO %4t j2— &5 T A5 B AR LG5 R YL, FEAMEHLT B 8™ A itk | QPSK i il K
B, AU PR . OB B AR AL . AD9361 SR WO R A A B IR PR B | (B A TR AR B |
figp VR A B AR, i S i R WA O 4 D REASE R AN P 1~2 B o 1B 1 A, A R AR R, o el Al Ak B
BB, BB 78 & 5 35 (1 dio-oscilloscope B4 Y TFIEACAS S B o S WA %HIE i AD9361 S JidR [ 47 4k B &
SR, P2 b, R R A0 B A R L MR A L SRR A DCECUE DL . fFEAS T SRR RO R AE )
REAL AL, 400 i AR5 [ RE 7E dio-oscilloscope A4 1 TF IR AR5 rh 52 88

ba;eég:md i QPSK virtual interpolation matched A1D93 fll
. modulation :> channel i filter filter aune
generation plate

I

weight receiving end
combination serial port
preferred feedback

Fig.1 V-MIMO system transmitter
P 1 V-MIMO R4 I 3

time and . detection and
AD9361 extraction matched channel . g .
receiving plate || freauency [ epelon Py ARG e on [—»]  identification of
synchronization radiation patterns
QPSK MMSE
demodulation detection 2x2
ML detection the receiving end
1x2, 23, |::> serial port
2x4 freedback is sent

Fig.2 V-MIMO system receiver
Pl 2 V-MIMO FR e i



% 6 x|l A% ETF V-MIMO REME SRS BRNERS 101
2 EEMIT
2.1 Mgt

V-MIMO Z4i+h, B mig ok iS50 780 E s i 7 A1, 4 nehrenons| et | ey | 4 e

P B 09 5P A LIRSS o (B e SEBR I Bl f vh, (S IE e —
W Fy B () L2 e A AR Al o AE TS A LI 2 Be 51 F A, il 2 Ik

Fig.3 Frame structure
3 Wigkty

(RN ORERE=E AN S K (R R 1= I L) 1E ST R X 1 I
2.2 MMSE fE & f&it

MIMO Z i, {7 BRI g FERAL, 55 149/ TEE MM T 5. 58 i RRK B ki
2 PR BOIR 25 R R 4 2 il 1 173 9 £ A ST

1
Kk k k
z M/i,khjisilsml +s,n;,

/:I\k = t=l m=i .
X Y
- =1
A SS RN i RS RGN k B Bs 10 T RUF S0LE IR0 (E s p) 2R 5 K B P SO0 N5 0 AR I

Rk BAE A j IR AR FIE & REG w, RoREE i RS RARIEE kM P B AUE . MMSE 5k
RE U AR G 3t 3 583 MR 75 A9 52 00, (] R X 145 T A A8 8k, i ad 2 WA TE A TE A B R O ECSE A T E , IR

t
k
Z Sl
1

T = — )

fews TARE A TR e

23 RENRZRERS SR 2_ - "
T 4 A0 R P T LB B (50— A A = L oo’ )
IS8, R4 R R MR 978 Ak, 75— WOSCHR 10 16 5 1 7 EH
F g — A Ak ER S T A A A O 2 AT LR T fig E
Mo BT IR SEh (58 . B MMSE 223 £ 1 Sk 114 25 2000 .
B T R 4B 3 RS I 8 [ A D 4 SR 3 g e 2 400 , - : - - -
-600 -500 -400 -300 -200 -100 0

FUAE W, . ATEAYT V-MIMO R G019 o4k £ 3 , AT B0
RGO AE T o (H R IXOE S AR R T A R
W — AU S FUE A BRI 2 S s A R AHE

SRR B, KRR — 25 K I 2B A D A () B 1o
o —— ]
e === =
— T~

3 1%%*@7}”\“5*&@*%? E 103 \—/‘
= ——sim (nTx=2, nRx=2, ML)

31 EERNEEHE B 10*H i (112, k-2, 28

d e smlEED —+sim (nTx=2, nRx=2, MMSE)
10 ; ; :

Di B EME YT 0~15 dB, HiFIEE(5HE, 2
A A, 2 AN, AR SRR 0,1 (55, i
it QPSK P, mHT I, {55 8% 40 000 K. A
g anE s pron, i BEEATAEL, EE L MIMO R4 2x2

real/H

Fig.4 V-MIMO system channel estimation constellation

4 V-MIMO Z Gt fiB At 2 R R

0 2 4 6 8 10 12 14
average SNR/dB

Fig.5 Detection algorithm simulation

P 5 Al

R, ML A I 38 7 A0 50 R BH B 4T MMSE 53 9%: #1328 (Zero-Forcing, ZF)$ ¥, MMSE BEsRIkRZ, ZF 5

HEROR 2% .
3.2 ML # U7 V-MIMO & % Fh i 5z Ff /= 18

1E V-MIMO R GeH, MR i Bk b - s 420

HHKEE.

PRLHCR T ML A i 1

2R S Y FIfE

Y=HS=WX +W,X, +--+W X, 3)
S iy QPSK {5 X, il X, (AL &5 Y AR AZ L A9 41 & A I 2 B (5 5 (OF V-MIMO R 4i, ZIRTIF R4,

FUAE R 25 08 T ARAL, B JEAT 08 B2 A IR )



1102 KMZMESEFEEFR 516 %

33 NE#EAFAR

TE R AUE A Rt B, SR 7 A8 R B E RO R PUE I R g, BERERS. i —RXK
LA N B, BEREHANECN T, BUERMEBEREK N S, WHERFE M ER XS 360/5)Y . MK
28 1 BCE R P BRI, TE A A A A R, PR P B R G T DR R T A RS,
B 1R 1Y) 2 4 )R U At () IG5 % B 1 4 R Bk

Kl(6) K 1T2D Bz, 155 % 40 000, RUEGHA) I PIE KN 3, [FMELLH 13 dB, — MR RLI R =0 A
13 dB, [EEHF—ANFBUE R 0, HMAES 4h— M BUE (3T R Ak AE 2 AU .

E(7)h 2T3D 2, {55 M 8CH 40 000, FUEGEHOD®E DK R 3, ([FHELLA 13 dB, 2 R RLIRZE N
10 dB, [EEH P —ANFBUE R 0, BAES 4b 2 ABUE (AT R s 3 M AUE).

0.7
0.6}
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

0.5 - B
Q ~~1T2D weight 5
E 0.4 > 1T2D not weight | g
g 03 ]
[}

0.2F
0.1F

0 20 40 60 80 100 120 140 160 180
weight weight 1 120180

weight 2
Fig.6 V-MIMO system 1T2D weight traversal Fig.7 V-MIMO system 2T3D weight traversal
Pl 6 V-MIMO R4t 1T2D (AUE I i 7 V-MIMO RZtHY 2T3D AUEi i

H1 B (6)~F (7) AT 1, BE AT 5 A R A AR S W« A LEAU(E X 1R A% 5 G (52 A, A e A X 52 5 3 A SR 1 5
W o PR, TR EAR N B R AU LA, AR R R FRAR — AR R 2k 52 22 B H30HE 7 A iR A R, [ B B 2 2 i 23008 1Y
G5 (2TAD B BRI 4 di2s (1], FELL WA AT RGBT . TR B 2T4D & 2% B b, i i A SEbR, 2R
FHBT A8 R ).

AR SCHR Y — OB 19 T V-MIMO 2R 48 2 B AU I AUE 18 R B0k, B 26 K breaklocal 33 o B UK n,
VIR BAE LA Wy, = [, W, W, 0,1, BUE TR KR step(0<step<3), 2B K= HiI17 6.

W, =W, +0xstep 4
AX
0 ={ (5)
—-AX

A AX={1051050.1} ; 0 &5 MERBAHL A AL, H AX 5y B TR BN AL, M9 AU E S . L
{ER /NP R B R T7 30, 8RB — A Jm) 78 09 e JUAUEL , W I 75 J5) 3 e D0 ASU(E 1 Sl B SR T RA5 K A U AL
B Y IS £ Jr T e D AR S, AR SR /N AP R i R T 2o [T RF SHG F F Jay 98 A 10 R AN R LU B U SR R e
BAF, ARG B Ay 22, 0 S R A ACEDIR A L TR I 5B Sy e 0 ) AR — A o IXRETT DL R F
AN AR B 4 SR Fe

4 V-MIMO RGHBEEHEFEEESEERNWH
4.1 LFREHEFEEHNEE

V-MIMO £ % /& — 33T Zynq 7000+AD9361 (¥ 2 % 2 Y iy I R AS R 40, anl&l 8 Frz, & mi & S b e i
M T o 2L 1k, v R S AR v o g B ROEE A AR L A QPSK I AN, AE i 7E ARM LT A9 S
BEINAUE A I HEEDY . VCRC B P S AR, il AD9361 S & S AR T 4.2 GHz (980 5 5 i 2 o BB 4y
i3 & S AR A HDMI 3 115 @R #5395 113 4%, Linux R GRS T SD R A e & S A b, S8t (558 ik
Mg R 5K . UL & AD9361 $E UM, BpF b AT IS IR A . U A T . R AN L A ECHE D . DU E
{5 T AN T RIS S A, 5 ok B PR AT A 0 . W 9 BT, B MACR 1) B0 15 B 7R B W o AR I AL 1 R B
B, WHERALAR  SNR ., BRI LM g, ROy =X AR RE . 15 S 0 I I A R AR A T IR A T Y
TR R A B S5 Bl it UART 5 O B 00 19 OTG S 1, & SR 3 S 35t A0 B sh 8 PR B AUE 41 4
A5 A A SC AR 55, F T PR AR R, SO s 5 B A



R X WEETF V-MIMO R ESRNERMIVERER 1103

Fig.8 V-MIMO system hardware platform Fig.9 Receiving software interface
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