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ation Group S ChenOverview

Low-
omplexity a�ordable blind equalisation for high-order QAM
 Constant modulus algorithm
 Con
urrent CMA and de
ision-dire
ted s
heme (De Castro et al,ICC'2001)
Multi-stage blind 
lustering or bootstrap maximum a posteriori probabilitys
heme (Chen et al, ICC'1993)Comparative study
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ation Group S ChenBlind Equalisation
 Baseband 
hannel model
r(k) = n�1Xi=0 ais(k � i) + e(k)

ai = aiR + jaiI: 
hannel taps; s(k) = sR(k) + jsI(k) 2 M -QAM set:S = fsil = (2i�Q� 1) + j(2l �Q� 1); 1 � i; l � Qgwith Q = pM = 2L and L an integer; e(k) = eR(k) + jeI(k): Gaussianwhite with E[e2R(k)℄ = E[e2I(k)℄ = �2e
 Equaliser y(k) = m�1Xi=0 wir(k � i) = wTr(k)w(k) = [w0 w1 � � �wm�1℄T : equaliser weight ve
tor with wi = wiR + jwiI;r(k) = [r(k) r(k � 1) � � � r(k �m+ 1)℄T : equaliser input ve
tor
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urrent CMA and DD S
hemeDe Castro et al (ICC'2001): w = w
 +wd
 CMA equaliser w
 minimises�JCMA(w) = E h�jy(k)j2 ��2�2i�(k) = y(k) ��2 � jy(k)j2�w
(k + 1) = w
(k) + �
�(k)r�(k) )
 DD equaliser wd minimises�JDD(w) = 12E �jQ[y(k)℄� y(k)j2�with quantized equalizer output de�ned byQ[y(k)℄ = arg minsil2S jy(k)� silj2
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ation Group S ChenDD adaptation follows CMA adaptation:wd(k + 1) = wd(k) + �dÆ(Q[~y(k)℄�Q[y(k)℄)(Q[y(k)℄� y(k))r�(k)where Q[~y(k)℄ and Q[y(k)℄ are equaliser hard de
isions after and beforeCMA adaptation, and indi
ator fun
tion
Æ(x) = � 1; x = 0 + j00; x 6= 0 + j0� wd is updated only if equaliser hard de
isions before and after CMAadaptation are the same� Hard de
ision dire
ted adaptation: if de
ision is wrong) error propagation� If equaliser hard de
isions before and after CMA adaptation are the same,de
ision is probably right one
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heme

After 
orre
t equalisation, equaliser outputy(k) � s(k � kd) + v(k)with � E[v2R(k)℄ E[vR(k)vI(k)℄E[vI(k)vR(k)℄ E[v2I(k)℄ � � � � 00 � �

Thus, the a posteriori PDF of y(k) is approximately

p(w; y(k)) � QXq=1 QXl=1 pql2�� exp��jy(k)� sqlj22� �

where pql are the a priori probabilities of symbols sql, 1 � q; l � Q.
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ation Group S ChenBootstrap MAP equaliser maximises log of the a posteriori PDF 
riterion�JMAP(w) = E[JMAP(w; y(k))℄where JMAP(w; y(k)) = � log (p(w; y(k)))using sto
hasti
 gradient algorithmw(k + 1) = w(k) + ��JMAP(w(k); y(k))�wgiven sto
hasti
 gradient

�JMAP((w(k); y(k))�w = PQq=1PQl=1 exp��jy(k)�sqlj22� � (sql � y(k))PQq=1PQl=1 exp��jy(k)�sqlj22� � r�(k)

� L = log2(M)=2 stage pro
edure to a
hieve minimum 
omplexity
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ation Group S ChenTwo-stage for 16-QAM

ρ1/2

First Stage

y(k)

Second Stage

y(k)ρ1/2
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ation Group S ChenComputational Complexity per Weight Update

equaliser multipli
ations additions exp(�) evaluationsCMA 8�m+ 6 8�m �CMA+DD 16�m+ 8 20�m �MAP 8�m+ 23 8�m+ 19 4

� m is equaliser order� Four exp(�) evaluations implemented through look up table� Tuning of bootstrap MAP equaliser more 
ompli
ated, as it involves Lstage swit
hings, ea
h having a set of di�erent algorithm parameters
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Communi
ation Group S Chen16-QAM Example22-tap 
hannel, 23-tap equaliser, 
hannel SNR= 25 dB
 Estimated MSE; and maximum distortion measure:MD = Pn
�1i=0 jfij � jfimaxjjfimaxjwith ffign
�1i=0 
ombined impulse response of 
hannel and equaliser
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5-tap 
hannel, 23-tap equaliser, 
hannel SNR= 30 dB
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ation Group S Chen256-QAM Example

22-tap 
hannel, 23-tap equaliser, 
hannel SNR= 80 dB
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lusions

Two novel low-
omplexity blind equalisers: 
on
urrent CMA and DD s
hemeand bootstrap MAP s
heme* Bootstrap MAP blind equaliser has simpler 
omputational 
omplexity perweight update, faster 
onvergen
e rate, and marginally better steady-stateequalisation performan
e+ Tuning of bootstrap MAP blind equaliser is more 
ompli
ated, as it involvesL stage swit
hings, ea
h having a set of di�erent algorithm parameters
 Both o�ers signi�
ant improvement in equalisation performan
e over thevery simple CMA
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