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Abstract: In the wireless data communication network, the array element inter-symbol interference cause the
non-stationary characteristics of channels and it also has a channel imbalance effect, so a channel equalization design is
required to improve the performance of data transmission of wireless network. Traditional methods use Hilbert
transform spread-spectrum for communication channel equalization and discrete data analysis. Dug to the expansion of
multipath channel which causes inter-symbol interference, and in order to improve the performance of channel
equalization, a wireless network channel equalization algorithm based on nop-stationary time-frequency analysis is
proposed. This algorithm proposes a space multipath channel model for witeless nétwork data transmission and uses
time-frequency analysis method to suppress the inter-symbol intéfference of signal communication. It also uses this
extracted time-frequency characteristics for orthogonal fréquency division multiplexing decomposition of
communication channel. Through time-frequency characteristic analysis, the phase deviation of spatial symbol is
reorganized and the path deviator ofjphase shift is removed to realize channel equalization. Simulation results show that
this proposed algorlthrn has a good performance for channel equalization. It can effectively suppress the inter-symbol
interference of communication channel and reduce the bit error rate of the wireless data communication network to
improve the quality of the communication.

Key words: wireless network; communication; channel equalization; time-frequency analysis

Bt 9 28 PR RER AR, TR M 28 )32 N I A (WiFi)SET7 3, SR s Bt A% S A B 45, 75
RN ZE ] 45 @u LML — MR ol RMSIEE RS, Al B B o2 R sk
ARSI M. A 4G, 3G B GPRS LB RN BBkl & A A4, (EAEAT— A i almT LUse Bl

@© Wk :2016-06-06; 5 E 5 i 17]:2016-08-29  [doi:10.15888/j.cnki.csa.005663]

Software Technique * Algorithm #KfFHiA « Hik 179

© EREERREST  hup/iwvww.e-s-a.org.en



R[N VA

http://www.c-s-a.org.cn

2017 4 2645 % 2 W

€11 PRSI A E I B2 L TR o (/S py R 1SN
IR AR —, MEIIAE A E AT T ok
e T e P 3 G I 1 A, A — AN % (T
Jria. AERLM BRI, T FEoohd e TS
BUFERA PR E, 7 AR KA, o Bt
ITEENA BT, Semosk Mg Bt ag. of
FEL M AE R A B R BT EE X,
FHOR M SVER T2 B TR A,

FEJCER M 28 Bl AR, M B B 1 1 D8 3oy

W2, Bl WA AN A5 R AR F N 3,

it I 5 SR KT AN W7 e, DRAIE T 2 190 2% A5 e 1Y)
A IR 6 F8 B TR ATDRS TR B A0S, A i s ) b K g
[A)_E A7 ARG PE, o2l 99 2% 10 45 T 2 1 2 PR UE TS 26 1Y

LMAT R M PRE PEDR 3R A% Ge IR 3 2 i v e 22

A5 3T I RS A R 00 T S 00« 135 LR N
VRIS S TR B R R RN
SIS, L e S HEAT T 4 P % A i
(AR B YE T T, S 2 I T4, 5
TE0 0 LB AR O 00, LA R 4 24 i 99 2% 3 13
Fohki 2wk, MR SCIRIEAT T SO e, K
Ff SCRRI3 TR — Bl Tl o 20 0 i 42 T 4
S840 12515 TS 0, S A 4 % S R A 44
PR, WA RBE, AR 1T SN AE 7 10 VT K,
VT AT 2 ) FL SCRTA] R e — A U 2 2
(9 T2k P 24 0 0 2 T 0, R AR £ 5 i
LR P SR BTN, B AR e v UL JE 2% I 4 B0 0 £ 4 5%
FEARAE T, (B RS R D K T R AR, R

GerssE TEA . SCER[SIRH Hilbert A8 4y S50 253E4T. |

WSS B4, Wk Hilbert 25 Hefd B Sk i b1k,
m%%ﬁz%#@@ﬁmm?%aﬁﬁw%ﬁ%ﬁ

O R B N, AT SRR AL G IR AEAE BRI,

2 SO i TRl SR A A7 ) T 0 4¢3 12 34
M5, AR T o 4 Bt B A5 AR e H 5 TE R
M, 75 3 0 2 9 208 a1 11 2 1) 22 AR AR A, R
U B0 Mt U5 VA BEATSAR A5 5 R W) T3 AL 2, S
5 SR B H 18 PR AR AL o 8 175 5 TE AT 1E AT R
oy, SCHUEE M, 07 BSeus BEAT T PR RE DI
HIAE, R TASCEANYERE, FRAR T BEoohy
BT 3 BURFE AR PR, S T IR 1R
SEPERMPTTIRNE, AT R mn 1 o2k M4 1) Kot A%
ke,

180 #AFH AR « 53 Software Technique * Algorithm

IS RS C U N WA Y i
L1 Rk RS HIBIEE RS E

50 4 2 D 0 AR AR I R B
B 5 £k 9 4 B 1 R 2 0 2 1 B R
BPSK RN B it AR B R 12,
T 45 BRI 15 2 PR3 I8 2 AR PERE T
AR IO A TR AP I VN
W= Gty w4, w000, BRI IR I AR  A
IF T Py LA 0 2 OB A A0 AL i 1) S B8 i I 1) P2 31
Fi s R AR A M 50 (51 GO, (<8,
Se D), ru=(P(NB)") ) ELmA BRI

SR A B HO M (RS R L2
R,(1)=E[w(k)w" (k+1)]
(1)

:ji{@.ANEE;e<5%fﬁ“}a(a)a”(9)de
1, Gy MTA A ZE07 0 3e7s o e W 2% Hedf i 45 A
AT 40 D AT RO TR B AR RARURE AR, TG 2 190 28 Hic 4 2
AR TE I I AR ZARRF R AT RO R, el 5o
x(t)=Re{a, (t)e > Vs (17, (1) ) (2)
G2 100 5% B0 AU 3 % 1 448 B e WA i ) I
[ AN A2 ] ANAR IR, S, SR 23 Bedbh & 1) 7 Sk
ARLeME IR I, T T IR A2 ik i AT i3k
C@0=Z%@?WMW%HL®) 3)

o, () 5 n 6B L Bt e T %
AT LA PRy oMk 4 BRI (5 50 # P 4k B
oo 753 Tk 10 s SO £ 5 01 P AT S R

’ Mﬂ=§%pﬁ—%) @)

e, a, MUz, 53 30 0] N AN [i] S A2 FR) I 1) S 38 AT
BAANT 22, ISR G L W 24 B i A5 R A R UE S
VESE DURH G, SR FH SR S AR 0o I & 190 29 B0 0 £ £ T
IR LR AR 5 AR 3R B AR 3R
TL=n-10lgr+ar ®)]
MR ER RGBT, AR T M 4 B A R
g, AFAERS AT, AR AT F R 5 ik el
T 2Aem A A A .
1.2 FEERIRIT
T2k I 2% B A (5 T 10 20 3 B R 25 7 A i Y
FR R A TA) T PO R AR A A7, S B0 2 M) 5 Kl A5
FOR PR, AT —Bh R T AP R 3070 # ) o 2k

© TEREBIK AR

http:/fwww.c-s-a.org.cn



2017 4 #5264 %2

http://www.c-s-a.org.cn

LR SN A

W 25 (5 S B 5005, To 2 I 25 B a At A R e 1K) (T 1)
s S B4R W] 23y I SRS ML 3 7 AR 2 1m) 32 1
oINS TRV SE AR 4 1, BT o2 W 48 Bt il 5 R 4efs
ER I 1 .

RILWEHR RO RS

{a”} € (w) . Gy (w) —-{G'R(w) P‘ HFER {L}>

n(t)
K1 Josk s B s Ao E e s

1 eh, Bl s B S &t Tk g
(5 P - ofFERUES), MG FEAT NN, AT
AL AR T2 3518, 4 thJo 2k M 25 Bt i A5 (15 1
U RIVE S WAR :

h(t)=Y a,(t)e*Ve(t=iTy) Q)

B, G, (2) B R 4 A A 1 P

15 2 A5 0 R KR S, ST IR 23 B 770,

S 37 0 5 AT 3% 1 6 T, 9 o o AT i i,

S tr @) RIS (S), 75 2 7 MRS D it £ G 9
5 U LA 15 i AR A B 2

h(t)=2a,(1)6(t=iTy) (6)

b, 7 () RORBERZ AR 2 R, WA
KRR, RS B W o 2400
DL [l A R =i BPSK i #)78, 53106
S AR AR AU S 1 b TN RS iR

s(t) =cos[2x fyt + Bt +y, ] (7)

Forb, £y 5wy 20 ORI S B 5 (TR A |

7. HIHAS BT Lk 00 4 Kcdfa A i 14 22 ) 22 AR (e TE R Y

2 Tk I i e S
2.1 Ttk MBS SRR

T R ) T 4 D0 48 00 A 1) 24 1) 22 4 435
ORI b, A ST — Bl T AR PR 3540 1T 11
L W 4 A TE I ST SR AW 7 A T S £
A AR AT, X T 2 PR G 4 I 4 T
12 I 1A J 904 3300 e T LA 425

()= pO)*h(t)+n,, (1) (®)

AR T A S B 50 P A 2 P W 2 75 5 L T
T 1) F ), S b AT 2 o i,
By, =h —m ZEEHEL IMF (44, BT (E BRI %

TG I O30 £ £ 5 e AT S0 45
S, =SO*h,(0)+n, () ©)
o, K () TR S MBS, LB X
H SR 50, 1 R B 52 AT
1= 0%, (1) (10)
=SO*p(=t)*h,(O)*h(=t)+n,(t)
A
m, (1) = S(t)*hli(t)*np[(_t)
1, (0* p(=0)* (5D (11)
(0, (<6 L
0 ek o SO A A S, AT ) S, 0
R TR, A R i i -
=2 (0% i)
! M M (12)
= S()* p)* p(=0)* LK (O h(=1)+ 2 (1)

SREb, (1) Ay e 90 4 0 A5 £330 2 T i
P, Fomh: m@)=n,(0)* p(¢) . W ERBIF, 5]
Tk I 2 B A5 1 S SR L ) 2 B

Prl () [ Prl(_[)

J , *
. S S

Rﬁ I [ Pyz (_[) P(1)

214

L B y
S SO 12O e P20y 170
. | . .
. vYR & .

X

A

| wit | By (=0)° PO
4

B2 JEgk M St A AR A K R

PR F IR A5 SR AE SR S5 1, HEAT BRI K45
FONT, AR A AR U B T R
2.2 ZREMEEEHESII

TETCE ML IEAE T, TR e a3 8UEE
BAAFRaREE, F= AR AN, A SCR
) IR ) 0015 A T EAT IEAS M4 52 43, SIEER
fFIEI MO, He T IEASH S AR P2 AT,
15 B30 A5 A5 18 2R MRS S I AR I R R Ol

|s(f) = 1‘1\/;{[0(%)%(%)]2 +Hs()+s)I'} (13)

Software Technique * Algorithm K fFHiA « 53k 181

© TEREBIK AR

http:/fwww.c-s-a.org.cn



R[N VA

http://www.c-s-a.org.cn

2017 4 2645 % 2 W

A, 4 IR TG M 48 B A A SRR T 4 A
S, c(v) RaIEBEARIE L, c(v,) R TCL M 4% £
PR AEF B R SR AENS 2, 1 5B IBORAE M 2% T - K T
B ()% h (=) W55 P ARA T2 N, 51N BRI s
M e AL, e PEmABUR L

{b,by,L by =argmin(~ max |ZV:bvoxv F) (14)
bl b} Sy ex, <o1snsy V=

ek QAM G S FE 2 Fh V AN
TR TIFH X, v=1,2L V), 35 =38, %
x" AT ISR AE SR, R FH IS A0 4 A 45 28 30 A7 15 T 1)
R AT AR, EA5 T s Fomh:

+ Vmax x; > Vmax
s = (15)
x; 0<x; <V__ :
HF I B EOR, 15 2IRE 005 s K
S, =% +7 'y M (16)

ST 45 B B i RS 0 IE £ S s RO
Gl T sy FEUEAT PRI G, SCHLBRME D, 15
BRAE B h:
y()=reh(t)®s(t)+z(t) (17)
R, R R ST R R
B, s() RERETE S, h(r) & TC L I 4 B £
FOPEOIRE, BN BE R, I S, iR
BITAURKGHAT B LR, ST Y
{b,by,L by =argmin(~ max |ZV:bvoxv F) (18)

bl b} Sy ey, <o1snsy V=
=1

S F R AT, TSI AT 00 £ 30

ATIEAS Y o0 ik, SR TGS M ok, 38 milfs

J.

3 IHSERSERM

h T MR A SL B (1) 0 2 W9 244455 18 340 1 5504 o
AR TR, R AR Tk RE T T LR, EAT 0
SEI . 7 ELSEE ST AE Matlab 7 D7 ECIRAE b, fECSE
6 2435 k- CPU: Inter Pentium 4 2.0 GHz #(#
By, K H 1000Mb/s [ LK 9 A2 $L3EA T TG 26 19 45 18
M, BREZR Sk Windows 7. o2k L% T 1) T4k
PR H T o R A REAR IR R ANCA 3900, K
FEAIE g 20 f5 3R, T 0% N 2 kBaud, {5
155 KA R 5~10 KHz. I8 584 10 ms fIZE 2 i 45
5%, Hlm R4 FHN IR 5 24 m s kB
RAG, JEAT A0 D0 BEATLT 51 55 v 7= A= 16 O Bl L

182 #AFH AR « 53 Software Technique * Algorithm

Fe A REAT T 1) T4 4 b 3, it 38 A5 1 b A5 B
HISTC R REI 5 ms. 75 EIRSHucE M HA B it
(o Eht b, BEAT IO 2 M 48 AR KA T8 3145 BT B
T LM B TS R E ALY, 73R M
LB AR (2 1) 2 AR AR TR, SRR REA TR ER A,
SRAFIAF AR5 PR 2342 F AR G e & 3 plros

500

400

300

Is(®)

200

100

0

0 5000 10000 15000
AR [Hz
Kl 3 TCEk 4S5 15 5 TR A 4

N AT, SR IS BT 7 125, AR IOE 5 1
SR, B A DGR PRI, MG IR B, T L
1 Sk — AN AT S LG 22 190 46 KU 308 15 14, 76 0k
R, SRS SC TR I B I AR G o 385 £ 2 AT
Ay 52 43 1%, SEBUAE S 2, 0 T % kA3
v RE, SEHIASCELER T 4 5E Hilbert A5t
T IR SE, AT L W S R e, A
FT e A 2 U — P A S 08 AR, 7581 45 R ]
4755, ANEERLI SREFELA SC T P B 6 ity
Vg, (75Tl WOV BT TP AT, B A
AL 10 2 ) T4

i ]
0.5} :
E
=
=S
m
)
-0.5+ -
0 0.1 0.2 0.3

time(s)

(a) 144 Hilbert A8 gy 4 5 1

© TEREBIK AR

http:/fwww.c-s-a.org.cn



2017 4 #5264 %2

http://www.c-s-a.org.cn

LR SN A

0.5r b

NI PR

&

YAl

-0.5+ 4

0 0.05 0.1 0.15 0.2
time(s)

(b) ALIri%
Vel 4 (B Pk RERT LE
iR, UL %% Bit Error Rate, BER) it
SebR, AT IR M ORI A, BRSO T R
MRS AR S R, WEIRT I, SRAIASSCOE, 47
SRR TR R, ORIk A, S8 T SRS
LRI,

BER/%

5 5 ot

4 L '
FETCE Ml E s, B FREohdim 14 580
B HAAETARE, P A R Y, TR T
BT vert, $mod M B bERE. ASCiEl—
FpIET-AE SRR B Ao M IR To 2k M a5 Y i 459, 15k
FIEE T oL M4 B0 5 R E iR, AS31Jc4m

SR AR AT 1 23 1) AR TR, SR IS M it
APIEAR AR 5 5 1A TP B, SCHLEIE o, Sk
KRG IRRY], RASCHE BA B M TE A TR fE,
A PN KIHT T PEERERS, AEAT SIS (5 18
(IR IR T, BRI AR .

S0k

1 Lu K, Xia Y, Zhu Z, et al. Sliding mode attitude tracking of
rigid spacecraft with disturbances. Journal of the Franklin
Institute: Engineering and Appliec?i_ Mathematics, 2012,
349(2): 413-440, i -

2 XUZRSE RiHe, 2255, 8 T A BE 5% PTRM AL HE
A% 6] 40 (1955 1. 40 76 44K, 2010,18(4):263-267.

3 WA, AR EROR. 2 v SIS T T 0 O £ AT AT
G5 S B K R v SEWL H 2015,35(4):938-943.

4 58, SR 5K ) 25 o SR O i BEAFR AR 5 ik Bk

f2541.,2014,25(7):1371-1387.

5 ARmE, 5Kt 1L PN A5 — i ZE TR AL A AT ) WSN

BHRRA Sk T 24 41],2014,42(6):1205-1209.
6 BEVE XU, SR YL Raptor i fE AL EAS Th TR AEDF
AN S B 7 T RE,2013,41(7):1054-1056.

7 VA, BB SR JC e S R [ S A S i I T

241,2015,36(5):795-800.

8 XI5 JR R LMW 5 S EAl v i 1T S o L

11,2010,10(14):157-159. g ‘

9 Eéléfz?@zﬂ%ﬁiﬂim BB TR AR PR R e R

Feqk AE (TS KT S ,2008,33(6):121-124.

10 5K K, 5k — 55,9 0% — M &N GraphSLAM £
B PR ST A5 B 5 4571,2015,44(3):316-320,327.

11 Zhao ZD, Niu WJ, Han DS, Ding SS. Cell selection
algorithm for edge user in heterogeneous wireless network.
Telecommunications Science, 2015, 31(12): 2015340.

12 Li B, Zhao CL, Sun MW, Zhou Z, Nallanathan A. Spectrum
sensing for cognitive radios intime-variant flat-fading
channels: A joint estimation approach. IEEE Trans.

Communication, 2014, 62(8): 2665-2680.

Software Technique * Algorithm #KfFHiA « &k 183

© TEREBIK AR

http:/fwww.c-s-a.org.cn





