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ABSTRACT

On the basis of analysis of the orthogonal wavelet transform theory and
scoresinterval often mathematical model agorithm (FSE-CMA), proposed
a score interval norm adaptive algorithm (WT-FSE-CMA) based on
orthogonal wavelet transform. The algorithm will be introduced to the
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theory of orthogonal wavel et transform T/2 scores between norm adaptive
algorithm, make full use of the wavel et transform to the correlation of the
signal, as well as the fractional spaced equalizer for signal sampling
properties. With potter, T/2 scores intervals norm adaptive algorithm, the
algorithm convergence speed, small steady-state error, equalization effect
is better. Finally, use the wireless channel adaptive algorithm simulation

results, verify the performance of the algorithm.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Inthewirel esscommunication system, thelimited
bandwi dth and multipath propagation can lead to se-
vereinter-symbol interference (Intel-Symbol Interfer-
ence, 151), need to use bal ancing techniquesto eimi-
nate a thereceiving end. Compared with thetraditiona
adaptive equalization, adaptive does not require peri-
odictraining series, thechannd utilizationratioishigh,
thusisapplicableto wirelesschannel equaization. In
the adaptive agorithm, often mathematica modd ago-
rithm (Congtant ModulusAlgorithm, CMA) waswidely
used because of itssimpleoperation, but thetraditional
norms of adaptive algorithm based on porter interval
(Baud Spaced Equalizer, BSE-CMA) slow conver-

gence speed and steady-state error isbig. Adaptive d-
gorithm based onfractiond interval norm (Fractiona
Spaced Equdizer, FSE-CMA), a thereceiving end to
sendyardsyuan T (T for potter interval) therate of the
receiving sgnd sampling, toimprovetheperformance
of theagorithm™, but it did not reducethe equalizer
input signal of the correlation, thisis one of the most
important factorstoinfluencetheagorithm convergence
speed. Theresearchi4 shows: inthe adaptive equal-
izationagorithm, through theequaizer’s input signal for
wave et transform, and thesignd energy normdization
processing, canreducethesignd of thecorrelation, and
accel eratethe convergence speed of equaization algo-
rithm effectively.

Inthispaper, using thetheory of orthogona wave-
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let transform, thescoreinterva often mathematica model
adaptive of each sub-channe equalizer input signal for
orthogona wavel et transform, get ascoreinterva norm
adaptive algorithm (Wavelet Transform Fractional
Spaced Equalizer, WT-FSE-CMA) based on orthogo-
nal wavelet transform. Thedgorithm of equalizer struc-
turedifferent from the scoreinterval equdizer, interms
of convergence speed and steady-state error of per-
formance, superior to BSE-CMA and FSE-CMA al-
gorithm.

SCORE INTERVAL EQUALIZER

Themainideaof scoresinterval isreceived signal
sampling, thuscan get moreinformation moredetailed
channel. Number of sampling ratemodel can beequiva
lent to asingleinput multiple output’s (SIMO) multi
channel modd®. Scoresinterva ( p asaninteger) FSE
much channel model, asshowninFigure 1.
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Figurel: Singleinput multipleoutput channel equilibrium
model in discretetime
Set a(k) issymbol length T cycleemissionsigna
sequence, the NO. p sub-channels’s
(p=0,1---,P-1) impulseresponseas.
c?(k)=d(k+)P-p-1] @
Theoutput of the sub-channelsfor:

No—1

yP (k)= > ali)e® (k—i)+nP (k) @

i=0
Ontheformula, N, showspotter interva sampling

of channd impulseresponse.
Define three vector expressed in baud rate.

c(k) =[c? (k)--- PR y(k) =[y? (k)
yEP (1" n(k) =[N (k)---n"P (K)]" -
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In formula, ()T shows transpose. At this time, the

equalizer’s input signal vector isy

y(k) = Ca(k) +n(k) (3
Intheformula(3), C isthechannd matrix,and

c(0) c(1)
c(0) c(D)

c(N.-1)
.. (N -

c(0) c(® c(N. -1

Set theNO. p sub-channds (P correspondstothe

equalizer and therelationship betweenthesamplingis

f® (k) = f (kP— p), thentheoutput of the equalizer
for:

N -1

z(k) = Z fr()y(k—i)=f7y(k) @

Among them, f (k) =[ f @ (k)--- f *2(K)]" .
Takeformula(3) intoformula(4) available:
2(k) = f "[Ca(k) +n(K)] = f "Ca(k)+ f "n(k) = h" (k)a(k) +v(k) (5)
Informula, h' (k) = f "C shows system channel
and equalizer of synthetic impulse response,
v(k) = f "n(k) showsthe system of output noise.

Set thelength of theequalizer for N, =2M, ,the

T/ 2(P = 2) scoreinterva equalizer’s the output of the
sgnd as

2M -1

z; (k)= Z F)y(k=i) ©)

If the part of the output of theequdizer samplingto
remove,only theodd index sampling 2k +1, thereare:

2(K) 0 z, (2k +1) = Z%l f(i)y(2k+1-1i)

i=0

M -1 M, -1
=3 FOah)YO (k=i)+ Y FOG0)yO (ki) @)
0 i—0
In formula, fO®@) = f(2),

f(l)(i)z f(21+1), y(o’(i):y(Zi) ’
y® (i) =  (2i +1) . With often mathematica model al-
s LBioTechnology
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Figure2: Thealgorithmof T /2 scoresinterval adaptivebased on orthogonal wavelet transform

gorithmto update f (" (k) , get updated formulaas:

f P k+1) = £ P (k) + 1,y (K)ek)z(k) ®
Informula,
e(k) = Ry —12(k) [ ©)

z(k) = 29 (k) + 2P (k) (10)

Informula(7)~(10),constituted often model adap-
tiveagorithmbased on T / 2 scoresinterva (T/2-FSE-
CMA).

SCORE INTERVALADAPTIVEALGORITHM
BASED ON ORTHOGONAL WAVELET
TRANSFORM

Thetheory of wavelet analysisshowstha whenthe
equalizer finiteimpulseresponsefor f (k), f(k)can
be used to represent aset of orthogonal wavelet basis
function. Inthefractional spaced equalizer, assuming

that each sub-channelsequalizer tapnumber M, =27,

under thelimited length, theequdizer f (k) canbeex-
pressed as.

J K Kj
f(k):zzdjm'¢jm(k)+zvjm'¢jm(k) (]_1.)
j=1 m=0 m=0
Informula,k=0,1---,M ¢, (k) and show the
wavelet function and scaling function respec-
tively,k, =M, /2" -1. (j=12,---,J), J showsthe
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biggest scal efor thewavel et decomposition, d, and v,
show theequdizer weights. According to thetheory of
sgnd transmisson, sub-channesequdizer z(n) ’s out-
put:

M1 M1 k K,

20= Y 160 Y= 3 VALY Y 8 900+ D0, 0,,K]

| i= j=1 m=0 m=0

K, M -1 ki M -1

-3 Y0 YK0) 4 002, (S, y(k-i)-0, K]

m=0 i=0 m=0 i=0

=3 ) 1003V 00 5,00

j=1 m=0

Theformulashowsthat introducing the wavel et
transform isthe essence of thefractiona spaced equal-
izer, theinput signal of each sub-channel equalizer or-
thogonal wavel et transform, changing the structure of
theequalizer®, inthetransform domain, after wavelet
transform of signd to adjust theequalizer weights. At
thispoint, thea gorithmof scoresinterval principleof
T / 2 adaptive based on orthogona wavel et transform,
asshowninFigure2.

Lengthof M ; sub-channel equalizer of theinput

sgnd Y(K)=[Yo; Yoo - YOMf_l]T.Accordingtothe

Malla fast dgorithm, if make Q matrix for theorthogo-

na wavelet transform:
The Q:[GO;G&Ho;GzH1Ho;"';GJf1HH'” H1H0; HHHH”' H1H0]

Informula, H; and G, isconsisting of matrix by
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thewavelet filter coefficient h(n) and scaefilter coef-
ficient g(n) respectively,amongof H;and G; ,each
of the elements respectively:
H;(ILk)=h(k-2) , G;(I,k)=g(k-2) , (|=
1~M,/ 9i1, k=1~M, /2)).

Set

R(k):[rl,o(k)1 rl,l(k) rJ,kJ (k)' SJ,o(k)a
,W(k) :[dl,O(k)1 dl,l(k)

"'dJ,kJ (k)vVJ,o(k)" “Vik, (k)]T

Sy, (K]

the R(k) = y(k)Q (13)
z(k) =W " (K)R(k) (14)
Atthispoint, formula(8) into

W (k+1) =W (k) + R (k)e(k) R(K) z(k) (15)
In formul a,
R(K) = diago7,(K), 07, (K), 07, 1(K),0%.4(K), .00, 4(K)
the

o7 (k+1) = o], (k) + 1= B) 1 (K [ (16)
07an(k+D) = fo; (K +@A-p) s (K F @7

Informula, B isforgetting factor. Equalizer of the
input Sgnd after the orthogonal wave et transform, and
on theenergy normalization process. In order to keep
the consistency of each sub-channel equalizer struc-
ture, input signal of each sub-channel equalizer using
the same wavel et decomposition, and decomposition
seriesisthesame. Formula(9), (10), (13)-(17) consti-
tutesthe T / 2 scoreinterva often mathematica modd
adaptive a gorithm based on orthogond wavel et trans-
form.

PERFORMANCEANALYSIS

A) Convergenceanalysis

Scoreinterva equaizer for input and output Sgnas
are sampled at arate of about T/pP(pP>1), avoids
thefrequency aliasing caused by undersampling, can
effectively compensate thedistortion of channel char-
acterigtics®. After introducing orthogona wavelet trans-
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form, theinput signal of each sub-channd equdizer for
orthogona wavel et transform, signal autocorrelation
matrix into zonal distributionl®”, itsenergy is concen-
trated near thediagonal, decline sincethe correation of
thesignal, speed up the convergence speed.
B) Computational analysis

Compared with the T/2-FSE-CMA, WT-T/2-
FSE-CMA ineachweight coefficient iteration process,
needtorunthepoint N ( N isthelength of theequal-
izer)sgnd y(k) of orthogona wavelet transform, has
acertain amount of calculation. Thewavelet analysis
theory showsthat the orthogonal wave et transform Q
for N x N orthogonal matrix. Inconsderingtheactua
sgnal lengthisvery long, and thelength of thefilter is
very short, namely Q for sparse matrix. Assumethat
Q number for each line of the non-zero elementsin
L(LO N),theformula(13) therequired number of
multiplicationis| N . Compared with the T/2-FSE-

CMA, WT-T/2-FSE-CMA to completeawei ghtsup-
dated, increasesthetotal number of calculationfor LN .

THESIMULATION RESULTS

Totest WT-T/2-FSE-CMA’s effectiveness, use the
wirelesschanne simulation experiment, and T/2-FSE-
CMA and CMA arecompared.

[Experiment 1] Themixed phasewirelesschannel

Mixed phase wireless channel for

c=[0.3132 ~0.1040 0.8908 0.3134]; emission

signd for 4psSK ; Signd tonoiseratiofor 20dB ; right
of equalizer long is 32; step length
Hwrriarsecwa = 0.04, Hrizrsecma = 0.01,
Uewa = 4.8x 1073 ;usethe center tap coefficient of ini-
tidization; for theinput sgna of each sub-channesus-
ing pB2 orthogonal wavel et decomposition, decom-
positionleve is3 layersthepower initiad vaueisset to
4 forgettingfactor g = 0.999 ;500 Monte Carnot Smu-

lation, thesimulation resultsisshownin Figure 3.
Figure 3 (a) shows: on the convergence speed, WT-
T/2-FSE-CMA agorithmthan T/2-FSE- CMA ago-
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Figure3: Theresultsof simulation

rithmand CMA agorithm nearly twiceasfast. Onthe
steady-state error, WT-T/2-FSE-CM A dgorithm com-
pared with T/2-FSE-CM A dgorithm basic same, com-
pared withthe CM A agorithm, reduced nearly 2dB .
Figure 3 shows: introducing orthogonal wavel et trans-
forminto the scoreinterval equalizer, the output eye
diagram of the equaizer ismoreclear and compact.

[Experiment 2] Theminimum phasewir e esschan-
nel

The for
c=[0.9656 -0.0906 0.0578 0.2368]"®, emission
signal for 16QAM signal; signal to noise ratio

minimum phase channel

for 25dB;right of equalizer long is 32; step length
= 0.7X10_3!

_ 3
HwT-T/2-FSE-CMA =1.2x107, ty5prsecmn

Ueun = 2.5%10°%; usethecenter tap coefficient of ini-

tidization; for theinput signal of each sub-channdsus-
ing pB2 orthogonal wavel et decomposition, decom-
positionlevel is2 layersthepower initid vaueisset to
4,forgetting factor g = 0.9999 ;2500 Monte Carnot
smulation, thesmulation resultsisshownin Figure4.
Figure4 (a) shows:on the convergence speed, WT-
T/2-FSE-CMA algorithmsand T/2-FSE-CMA ago-
rithm and CMA dgorithmisbasicaly thesame. Onthe
steady-state error, WT-T/2-FSE- CMA agorithmre-
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Figure4: Theresultsof simulation

duced nearly 2dB than CMA dgorithm, comparedwith

the T/2-FSE-CMA algorithm, reduced 1dB . Figure4
showsyjintroducing orthogonal wavelet transform into
thescoreinterval equaizer, the output eye diagram of
the equalizer ismore clear and compact.

CONCLUSION

Onthebasisof analysisof theorthogona wavel et
transform theory and scoresinterva equdizer, proposed
T/2 scoresinterva adaptivedgorithm based on orthogo-
na wavel et transform. Thea gorithm makesfull use of
thewavel et transform to the correlation of thesignal,
and combined with theadvantages of the scoreinterval

equalizer for sgna beforesampling. Thewird esschan-
nel smulation resultsshowycompared with T/2-FSE-
CMA and CMA, the agorithm on the convergence
speed and steady-state error has certain improvement,
and increase the amount of calculation is not many.
Therefore, thedgorithm can effectively redizethe sepa-
ration of sgna and noiseand signal red-timerecovery.
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