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ABSTRACT

In this paper, a complex fuzzy adaptive decision feedback equalizer(CFADFE) based on the LMS algorithm is
proposed. The proposed equalizer is based on the complex fuzzy adaptive equalizer. The CFADFE is constructed
from a set of changeable complex fuzzy IF-THEN rules, where the ‘IF’ part of the rule is characterized by the state
of the decision feedback. The role of decision feedback is to reduce the computational complexity. Computer simu-
lation shows that the CFADFE not only reduces the computational complexity but also improves the performance
compared with the conventional complex fuzzy adaptive equalizers. We also show that the adaptation speed is
greatly improved by incorporaling some linguistic information about the channel into the equalizer. It is applied to

M-ary QAM digital communication system with linear and nonlinear complex channel characteristics.
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with decision feedback
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Table 1. Fuzzy rules for the decision according to feedback states

fei?:ta;k center input
0.4+j0.4 | (P4,P2:P4,P2) (N3,N6:P4,P2) (N5,P7:P4,P2) (N8 N1:P4.P2)
ey | 04104 | (7RSI NG) (P2,N4:N3.NB) (N1,P8:N3,N6) (N6,P3:N3,N6)
- -0.4+j0.4 | (P6,N3:N5,P7) (P1.N8:N5,P7) (N2,P4:N5,P7) (N7 N5:N5,P7)
-0.4-j0.4 | (P8,P5:N8,N1) (P5,N7:N8,ND) (P3,P6:N8 N1) (N4 N2:N8.N1)
0.4+j0.4 | (P4,P2:P7.P5) (N3.N6:P7,P3) (N5,P7:P7.P5) (N8 N1:P7.P5)
(Lgp | 0-4750.4 | (PTPSIP2NA) (P2NATP2NA) (NLPBIP2,NA) (N6.P3:P2,NA)
: -0.4+j0.4 | (P6,N3:N1,P8) (P1,N&:N1.P8) (N2,P4:N1,P8) (N7,N5:N1,P8)
-0.4-30.4 | (P8,P5:N6,P3) (P5,NT:N6,P3) (P3.P6:N6,P3) (N4,N2:N6,P3)
0.4+j0.4 | (P4,P2:P6.N3) (N3,N6:P6,N3) (N5,P7:P6,N3) (N8 ,N1:P6,N3)
(e | 047304 | (PTLPSIPLNG) (P2.NAPLNG) (NI.PS:PLN) (N6.P3:P1.NG)
' -0.4+j0.4 | (P6.N3:N2.P4) (P1.N8IN2,P4) (N2.P4:N2,P4) (N7 ,N5:N2,Pd4)
-0.4-0.4 | (P8.P5:N7,N8) (P5,N7:N7,N8) (P3.P6:N7.N8) (N4 ,N2:N7.N8)
0.4+j0.4 | (P4.P2:P8,P5) (N3,N6:P8.P5) (N5,P7:P8,P5) (N8 N1:P8, P5)
g | 0-ATI04 | (PTPSPSNT) (P2NAIPSNT) (NLPSIPSNT) (N6, P3:P5.NT)
-0.4+§0.4 | (P6.N3:P3.P6) (P1.N8:P3.P6) (N2,P4:P3.PG) (N7.N5:P3,P6) |
-0.4-0.4 | (P8,P5:N4,N2) (P5.N7:N4,N2) (P3,P6:N4,N2) (N4,N2:N4,N2>{
20 e SEFUR Fbart 982 dle fAATY Aee 47t
2] R kgl gl BE M =167]013, HHk W
sl A HHE H{LEel Agde 64710t ulEta o] A
B S PR o7 AT 2 &L o 7% o]
ol =
H N o)Al HIF PISEMR AW SrIrol WF EM T
I 22 (13 ¥ BFHSNR)Y T ¥] E 9 §(bit error
BRI rate) & HEEFTH o] 7)4 T HLaE 2x10* 429
e Mk DS AHE3 2™ SNRO| wa} 109~10"719] )
o o g T A} ALY T A (pseudo-random binary sequence) &
number ol ierations

08 2 #E WA PR GEE FeEe] KRerrrE )
HEMWE AME A o AL, (i) SERRE A
| 3+

Fig. 2 Learning characteristics of CFADFE : (i) without using

any linguistic information, (i) after incorporating some
linguistic information
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Fig. 4 Performance comparison and effects of error propa-

gation for nonlinear channel (¢ =0.1):(i) CFAE, (ii)
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