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Abstract

In this paper, a decision feedback recurrent neural equalization (DFRNE) scheme is proposed for
adaptive equalization problems. The proposed equalizer models a nonlinear infinite impulse response
(IIR) filter. The modified Real-Time recurrent Learning Algorithm (RTRL) is used to train the
DFRNE. The DFRNE is applied to both linear channels with only intersymbol interference and
nonlinear channels for digital video cassette recording (DVCR) system. And the performance of the
DFRNE is compared to those of the conventional equalization schemes, such as a linear equalizer, a
decision feedback equalizer, and neural equalizers based on multi-layer perceptron (MLP), in view of
both bit error rate performance and mean squared error (MSE) convergence. It is shown that the
DFRNE with a reasonable size not only gives improvement of compensating for the channel introduced
distortions, but also makes the MSE converge fast and stable.

I.ME

!

u}

Anb el Azgells AlFA e $Al

-
=l

* AR, iR BT ISR WabEEmE

(Information & Telecommunication LAB. Dept.

of Electronic Eng., Yonsei Univ.)

¥ o] wd ARFAATHRDS] diEy|x drAY
Aldat B4 7171 23] ket o)l Foi S

BT HF 199745860, A% E: 19747A26H

(915)

ke R £ 84 AR TMiolch A8z
TS B4l Ade] BAo] ojabAMelA] Rale, A
2 A3t AR AEE s =R s
el Ade] Fale diguel] o] A% A9
E A7k ZHel 93 ¢iFe] ARk

Al Alxwle] pAlkelld AlBzhe} ZHE AAsH
o A ATE SuiEA BYsp) s Argse
A% 2] 7|%e] F3 7% (equalization)o]cth o]
3 Aol MLPE o83’ A% F3riEeld
MLSE7} AH-=71% gt} MLSESF MLPE o]43t



24 A2 A AHA

=

A 53]

g2 XA vy
7] W, Ay S A st
=S vy o3 ¥l $HE sX|a
sARE MLSES} MLPE )43k A%
TE7F VR BARichs @H3HE
A 2ol AH&517)7} ofFirl.

A4 AlFo) 7l A3, vy =8zt
g TER ZaAeE vk S8 HAY IR o
719 +32% 7FX+= Recurent Neural Network2
o]-4q E3171H (Recurrent Neural Eqaulizer :
RNE)-& Kechriotis®} Manola- $Joll4] 333 A
5 A7) $15le] o] =FollX= A A% AF A
747t £317] (Decision Feedback Recurrent Neural
Equalizer : DFRNE)E- Algkgicl A<kxl 44 43
WA AR T3] 7189 MLPE o83 A74%
ST de WAl o] 9 e AR ),
A &4 grEo] AAAHLE(recursively) S F

= IR o3}7] %5 =t}

o] oA AEZY] ZHdube] sle AdEa A
4 Al vl 54 7 9l DVCR Al2dl
o Akt FHFIE 243, 7B AY F3), 4
o A% 5§}7] MLPE o]83F X734 S3r1&5st

HE 978 (bit error rate) &3} 8 &xe]
el AjRRE 3381719 Aded vla, £33

27l M= A A TE °]%—§_ 371 (RNE)o
sl 7=k Adwsly, 3golxe Akl 44 s
ANA A7 FE1e] et s whell dhsle] A
Hkeh 4ol o] 7] Aol Alddd 53]

o] A58 v, A9k Selx AES dert

o
AR gleldl Al

=

t

=
anE

71

|

il

Y

0. 7 8L S5

AF A 718 ®o| AMEFel2 MLPE o
4%t AU ge 92 feedback AEE A2 Ye
IR ozr] Fx& AlFwed A4 AL
Kechriotiss-oll &3l ad S8l 2857 Aatsiad
o AR 1ol 9% Ige] 3 /) o) o =
3 M, &l = 3NE AN AA AW S35t
718 F-z& el

a8 1ol vehd ode AH A Sl 7
oMo AXtEeIR] = net-valueSe v 7o)

AksoiAie,

ol-&-% wiAdy A9 53

(916)

s st

SiH= 25, wi(d) - 2,8 M
A7, wye 4 = Alele) 4 Fr=E vlehle,
Zj(t h‘———“] EQXH E“g%l—oﬂ O:] OE ‘T*-‘ dzH-O/] =
= e oulshedl, ofgat o] Yozl
x{2), if jer
z,-(t)={y]_(l{_1), o1 (2)

19 Aelx Ag 1= ¥ sl¥Ee] e e
L, AR LS A EH e Ade vehdoh

A (D3 2R 74 e g oyt De
ohat 3kl 78 = 9k

(=]

s(0=Twid - 1D+ Jugd - 3= (3

y{(t+D=As(), Ax)= (4)
AL @elM fe A of7]  Fp(excitation
function)& vehled], A (4)dx2} 3Fo] tanh()2.
2 gEsoiAlcr o7iA, 29 AZE (symbol
duration) 9] net-valueE 7}A| 1 &3S Axkst
B el Fejsloior grpltl,

AL (Dol (DR BE, AH AR dA e

Y TS Asks Aol A x= Y el A
BACTEE 2 3 glck 12§91 126) MLPS o
_9.5‘]— A]?‘:}ul— E;;]J]
2 75 el A3
sble) 228 Zeche 2%

A
T

o 5 ek

External Outputs : yi(t)

External Inputs : xi(t)

T 1. A AEE g P2

Fig. 1. Structure of a recurrent neural equalizer.
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