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ABSTRAOT. T~1t~1ng d1g1tal daia through dispersive 

channels is malnly affecied by 1ntersymbol lnterference 

(lSI). ~he deois10n feedback equa11zer (DFE) was introduced 

as a suboptimum nonlill&ar prooessor to combat lSI for known 

channel charaoter1stics. 

In this paper, the performance of the DPE is invisti­

gated for a mismatohed ohannel. ~he channel cl~acteristic 
, 

under mismatched is allowed to vary With respect to a 

speclfied des1gn 6hBllllAil Ohs.rBcterstio for Which the DFE 

1s design. ~hls 1nvest1gat1on will allow us to exam1ne 

the limits of mismatch for the ohannel performance is 

acceptable. 

I. INTRODUCTION 

The operatlon and oontrol of an electric power 

systams have beoome increasingly complex, as a result of 

the rapid inorease in sbe of power networks. and the. 

requirements for stable operation. Protection and oontrol 

must be reliable, fast, and closely matched to the power 
• 

system. 
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'r1Ul improvemellt u. OCIIPIIUllt 1'1l.,I.a\UU, hal siven 

U8 small ooaputlrl,w1th thi. order o~ re~iabi11t' the, 

0&11. 'be :l.noorpora1:ed U IIIIlIIf kiDde o~ o9Qi;'Q+'1I 11M 4ata 

ooll.ot1ons .. eded to. POWIr .¥ •• ..,. tAl input to the.e 

OCIIIIpU1J.:r IIIUIIt be 1n 41&1t&1 fo~. So. a hishl, reliable 

aDd hish-,pII'e& 4s..Ua:l. 110. ~1'811., •• ua L • .. ,uired to 

meet ,uoh d •• lIUI(I. for" oparaUon and oontrol 01' power 

8,8t.UI. 

A pr11llarJ limitation in all,J attempt to nohe1n 

a high trsnsm1u1ol1 rate 1. the time dispersion Buttered 

b, the .1£11&1 that 1a tr&Dlmitte4 throUSh 'he band-limited 

ohannel. In data t~1.sion s,atems the time 4iapert1on 

imparted on the transmitted s1&l1&1 results 1n an overlap 

1n time between luooelsive l,mboll (d1&1ts) wh1ch 1s called 

1nteraymbol intarteranoa (lSI) (1). 

'rhe other faotor wh10ll affeots the transm1aaion 01' 

di81t&1data'18 the a4dit1ve noiae 1ntroduced 1n the 

8,sta. .' 

'rhe 41&1tal oommunioation 8,810 ... oan be modeled BS 

shown in Fi8. 1. (2). , . 

'rile data seqUillOe {~l .. odulatell a bas10 'tra.namitt1ns 

pulse f1lter x (10) at a rate l/'r. '!he total transm1tted 

s1snal 1s • 

", 
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y(t) • "Jo: l< (t-kT) (1) , 

where T is the duration of the sigllalliDg interval and "Jo: 
is the informatien symbol thet i8 transmitted in the 

intervel kT <t < (k + 1) T .' It • 0, 1, ...... 

The channel thrOugh whioh the signal transmitted 

is as sUllIed linear, dispersive, ,and time invariant. It 

is characterized by the impulse response function ,c(t). 

Also the abel.el noise is assumed additive • 

ak 
~S CIWiliBL 

r(j) 
REOEIVER , 

, 

X(t) (:(t) \.+", U(t) 
\ 

n(t) 

Fig. 1. Oommunication system model 

, 
Tho illJlut to the reoeiver can be represented as 

00 

r(t) ~ kf6 "Jo: h( t-kT) + n (t) (2) 

where, , ... 
h(t) • ,jo(m) l< (t-m) dm, --and n(t) denote. the additive noiso in the syst~n. 

The problem at the receiver is to deteot the data 

sequence {"k.ltram the observation of r(t). So, the 

received waveform r(t) is processed by s receiver thet 
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can be linear or DOnlWILZ' alll1 is opt1mi .. ed .. ceordi~ to 

same msaWre of perfo;I.'!DanCe •. ThWl, the receiver is 

des~d to cambat the noia8 ADd intersymbol interference. 

The researoh effort (1). (5) , was mainly carried on 

aas\w!ng a receiver structure which consisted of a 

Unear signf.,l prooessor followed by a thresholding device. 

reffered to as Unaar Equalizer (I.E). 

Mostly the used m.asure of performance is the mean 

square of error (Kl.lE). The opt1mum receiver with min1mum 

IlBE is obtained WIder the oonstraint that the lSI \mS 

completely el1m1nated at the samp1~ instants, the 

zero forcing colll1ition (ZF). alll1 without that oonstraint 

(2), (4). 

Using the probability of error as a performanoe 

measure for obtaining opt1mum LE w .... f01Jlld (6), (7). 

But determining the system parameters requires con­

siderable numerioal effort. 

The obtllined LB prooessor is .. combination of a 

matched filter and a tapped delay line. 

The iDability of LB to oope with severe lSI has . 

direoted the rE>SelLZ'ch to nonlinear techniques (2). 

Nonlinear prqoessor are based on attempts to 

1mplement either a maz1mum likelihood sequence 

Gsttmation (e) or a inaxi:mUID "posteriori probllb ili 1;.1' 
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(MAP) (9) decision rule. It was shown thet nonlinear 

processor provide significant improvement over the 

simple linear types (2). 

There is e muoh interest in finding suboptimum 

nonlinear prooessor with significant performance ad­

ventnges over the linear equalizer without the 

compleJd.t:r of the nonlinear optimum solut10ns. Thie 

leads us to the deCision feedbaCk equalizer (10), (11) 

which 1s 1llustrated in Fig. 2. It oonsists of two 

parts a fe~d\'1'Ward part (FFF) and feed back pert (FBF). 

The feedfo1'Ward part is a matohed filter plus a tapped 

dela;r line With taps spaoed at the symbol 1nterval T, 

and has at 1ts 1nput the sequence (rk ). ~he feedback 

part is alao a tapped dela;r11ne. whose 1nput are dec1sions 

on previoual;r deteoted symbols. In this case the tapped 

dela:r line of fo1'Ward f1lter processes the s1gnal to 

reduce the (lSI) of all future symbols, wh1le the feed­

back filter subtraots the (ISI) due to all past symbols. 

~he channel charaoteristics are not always available 

to the designer, also it·ma:r be time varying. ~o over­

come suOh problema adaptive processors are investigated , 
(2), (10), .(11), (16), (17),(18). 

But this adaptation will introduce SOBe new elemsnts . 
which in turn inorease the com"lexit:r of the receiver 
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• 
used. Also, we can expect that this new elements w111 

sffsot its performance. 

In our study we allall find the limits of variation 

of ohannel oharacte:rilt19 tor Which the performance of 

DPE i8 acceptable, without use of system a4eptation. 

!!!he pe:rameters for optimum DFl! for known channel 

characteristic are reTi ... 4 (12) in seotion 2.· The 

mean square a:r:ror for mismatched oase is then derived, 

seotion 3, Finally an application of the derived results 

r(t) 
PPP . 

" , .... 
ak 

, • . ':cT,./ THRES-

I 
HOLD 

Ii'BF 

Fig. 2. Deai.ion Feedbaok equalizer 

using a co~ial cable ohannel is examined. 

11- MINIMUM MSE OF DPE FOR MATCHED CASE 

In designing DFE, it 18 assumed that the channel 

frequency ohareoterstic 18 kncwn tor the designer so, 

we Will have a matci:led DR. Thill calle of observations 

will be denotod a matched oall8. If, the channel frequency 



I. 40. K. M. II-Hefaawi et AI. 

eharaoteristio is changed while the DFE remain the same; 

then we will have a mismatched case of observation. 

Vie shall \lse 1n our study .. epec1al atrOlcture of 

decision feedback equalizer different from the classical 

one illustrated at Fig. ). (12). It was shown that this 

is equivelent to the DFE shown 1n Fig. 2. (12). The 

advantage oj~ us1ng this alternate etructure is that the 

forward filter is independent on the number of feedback 

tape, and is intact the otpimum linear eijuslizer. So it 

r(1) J 
I 

FFF jr(t)., fk "'k 
. r 

l'HRESHOLD • 

'::t/ , 

, I 
idle FBF , 

, 

1 
I .J 

Fig.). Decision feedback equalizer 

ak 

-
-j-

+ 

. 

Ueing the MSE as a performanoe oriterion for 

obtaining an optimum receiver, and assuming that the 

past N decisions are correot (12). 
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The error betwe.n tAo iAFUt to the threshold dev1ce 

and the input 1Dto~t1o~ .. Iquence is denoted as ek ' 

where, 

dk • :f'k ~ ~ 

~. dk + (~-~) 

The performance measure i. I 
)!,T 

liSE. E (8k2-)" or f Re (f) df 
-)!,T 

where, 

Re(f) • 11 - G (1') I 2 Rd (f) 

Rd(1') .. o! 14'(1') -11 11 ~ * {-:tin(r) IUn(1'~2 

(4) 

(5) 

(6) 

U) 

(ti) 

(9) 

<p(r) . i iF xn (f) en(1') Un(f) (10) 

G(1') = !r. gk exp (,j2n ktT) (11) 

and. for brevity we have used :tin (f) for :ti(1'+nlT), ete. 

All previo\.lB a.tId next suma are :from - ~ to • _. if 

not declared. 

The input se,uence •••• ~-1' ak , ak+1,.are drawn 
, 

from the set - 11+1 , - (1.1+), •••• -I, I, ..... (M+l) • 

They are a5s~d to be statistically independent with 

var1ance given by , 
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E (":Ie ".. ) - cr;. 2 & k - e 
. 

(12) 

where 

(13) 

E denotes expeoations, andJn is the kroneoker delta. 

Thus, ths signal to noiee ratio (SIN) at the input 

of the DPE Will be &iven by • 

S p 
II' • !l'O72 • 

2 /-
0;,.._ h2~t) 

NOI 
dt 

where the additive noise net) is white with speotral 

density N(f) and assuming it is eque1 NO/2, and P is 

the average si&nal ener&y per sampling pero1d T. 

(14) 

For minimzing the MSE, it was found (12) toot the 

optimum forward fIter is &iven by, 

1 + 

and the optimum baokward filter 1s &iven by, 
. '1' -1 ( b )'1' (gl • ~ , ••• 'S:II) = B b1' b2 , .... 'I! • (16 ) 

where, B is an 'II x 'II matrix With entreis 

(ll) m,n • b (m-n) l-(m. n.;;; 'I! (17 ) 

and J!< 1! 
b : T j ""a2 

up (-j21TfltT) 

k , -i+ 08.2 1 <": IXu(f) en (f) \ 2 
-u 'l' <!.:... N (f) 

. n n 

df' (18) 



Maa8Qura ~ll.tia, Vol. 6, Bo. 2, Deoember 1981 E. 43 

••• ~)T (19) 

The optimum forward filter given by Eq. (15) can be 

reali"ed with.matched filter followed by a tapped delay 

line with transfer function, 

• :?: b,_ exp (-;12 IT fiT) 
k A . 

(20) 

and the tap gains are given by Eq. (18). 

III- THE MSE OF DFE FOR MISMATCHED CASE. 

In this seotion we shall find an expression for 

the LISE for mi!lJDatohed observation case. The DFE will be 

optimized for oertain design channel response. 'then we 

shell find the dependenoe of the LISE when the channel 

response is ch"nged whUe the DFE remains the 8!ll1le as 

optimized for the specified design channel. 

The idea of analyzing a system performance for 

mismatohed observation oase appeared in (13) when analyzing 

the performance of eequ~ntial processors, and in (14), 

(15) when analyzing the millmatched performance of the 

likelihood ratio processors. 

Now we shall use the subscript "dO for the specified , . 

channel to which the DFE is deSigned, and the subscript 

"a" for the actual phanrlel through which the actual data, 

to be processed, is transmitted. 
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From Eq. (10). We oan writ .. 'tor the spaoified 

dasign ch .. on .. l, 

and for the actual channel, 

'PaCf) = ~ F Zn(f) enaCt) Un(f) 

. , 
For tho miSlnatohed oae .. Rd(f) will be given by, 

(21) 

(22) 

R~(t) = ~2 I~(:r) _1\2 + ~ ~Nn(t) I Un(f)I" (23) 

Eq. 

The MSE is 
j!,T 

E (a2 ) = T r (1- G(t) J 2, R~(f) df (24) 
-}2 T, . 

An alternativa torm ot Eq. (24) can b .. obtaino.d using 

E (d. -Jj:-n 

(25) 

where g~ equals ( bli"~) • and W Ck) is the sampled 

correlation function of the aequenoa 'rlk ) and ~hey ure , 
related to the power speotrum Rd(f) by 

);2T 

W (Ie) = T J R~(;f) exp (-j 21ffkT) dt •• (26) 
-wr . 

After simple anangement of (25) • the WlE can be 
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wr1tten 111. the torm, 

MBB _ Wo • 2GD' + GAG' 

where the III&tr10e. D, aIl4 G are g1v!tA b;y 

D. (Wl , W2 ••••• WlII) • 

G • (81' 82' •••• 8») • 

alld A is _tr12: lII:El1l With !tAtHi., 

(A)III,n • W(III_n) • 1,.:11 • II. <l 11 

fhe expre.e1011. obta1Md 1A Iq. (27) ez:pre.. the 

(21) 

(28) 

(29) 

(0) 

I. 45 

mean square .rror tor the miBlll&tohed oue, 1. e the obanzle1 

obal'aota:r1.sUo dUfer trGlll that ou tor wb10h the DB is 

opt !milled. 

fhe values ot 611' 82 ... are obtaiud from Iq. (16). 

IV· APPLI~IOli 

We shall i~.t1sat. the re.ults obtalned 111. •• ot10n 

III. uaiJIg as lIJ1 _ple the ooaxial cable ohe11n81. 'rhe 

BIIIp11tude frequell.Oe;y Obaraota:r1.8tl0 ot this olIanne1 le 

gi veJ1 b;r (12). 

IC(t)\ • [uP (-Q ftl )1 ~ (31) 

WheH, Q :I.a 'epell41l1.g 011. the repeater 8pe.oll1.g. 

Without 1088 ot gltA8%'8l1t;r the tz.nem1tt~ 1e 

IUISUPl8d lIJ1 1,,1e&1 low-pea. til tar With trequenc:y- charaoteristic 

x(t) • 1. • 

" 
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~he number of feedback taps (N) of DFB is chosen 

to be equal 6. 

In our investigation we shall oonsider the attenuation 

of the channel at 1/2 t equal 60 dB for matched case and 

denote it Od. 

Por m!.sme.tch the value of the chlillUlel at tenuation at 

~ ~ will be denoted by Ca, and will takes different valuell 

arround Cd. 

A plot of milan square of error of DFB and LE ~~r 

mieme,l;ch versus Ca is shcwn in Fis. 1., l'1g. 2., and Fig. 

J., for different signal to noise ratio 20, 40, and 60 

dB, respeotively. In the lIame figure a plot of mean 

square of error of DFB and I.E for matohed case. At Fig. 

4. and 5., a oompariSon between DFB and LE for differen 

signal to noise ratio at oonstant chanoel attenuation 

(Cd ~ 60 dB), and for different Od keeping Signal to 

nOise ratio fixed at 40 dB. 

V.·COllCLUSIOIiS 

Using the c.axial cable as an ~ple of a highly 

dispersive channel, it ill found that the perfo~nance of 

decision feedbaok equalizer under mismatoh is quite well 

for certain range ot ohannel attenuation variation, but 

this range is inversely proporatio~ to the signal -to­

nOise retio. 



I 

lIeA.cura hll.till, Vol. 6, Iro. 2, Deoember 1981 E. 47 

20 _ DFE lOR 1lA~CH.l!D CASE 

_._.IlEF lOR MISMA~CHED a 
___ La lOR .IlA~C1!ED CASE 

••••• La J1IOll 1lI/lIlA~HED CASE 

10r------------____ ~.~-::.-=.~-~.~~.--._~"__ _.- _0·::-'--........ -------.. --. ..,.".. .......---.-. ' ..... 
~ ..... 

. ' '" ..... . .... 
..... .... "'"--~+..".... 

........ ---. -- ...... -
./ ... a~ .. _ ...... """""''''_._-:''''"'''''''' __ _ 

~-......... ".. . -----.. 
...... ,;;-:o:r ""':";,. .. ":":. :: 

• 
50 60 70 

(dB) 

Fig. 1 : Pe:r1'oxmanoe ot lift end La WIder mismatch. 
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SIB • 40 dlI 
_ DFE FOR IlATCHEJ) CASE 

_. _ DEl!' FOR MISl4ATCIIEll OAS 

I.E FOR MAT CHED CASE ---
• _ ••• I.E FOR MISl4ATCHED OASE 

1\ . \ 
I " 
i ' 

\ 

I \ . \ 

! \ 
I \ 
I \ . , \. 

" / \ " \ ........ I '. 
'..... i \ .... ,. \ 

I ,___ \. . - , I ......... :=-... , 
~.. ., ..... - --......', , --~~ "" .. /.... ~--;:.. , ,.... ~~';-: -'. ,. .. .. .. -"" ~ ,- .. ~ -

,. / ".' ~ . .~ 
/ ,. 

50 60 70 
(dB) 

Fig. 2 • Pert01'8l&l1Oe 01' DB andLB under mismatch, 

• 
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s/1i • 60 dB 

_ Dl'E 110R IU.TaHEll CAllE 

40 _._ DEl' 110R JlISlIATaHEll CAllE 

__ ':'LE 110R lIATCHEll CASE 

~~.. LE 110R I4ISKATClIED CAllE 
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20 
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'
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\ \. ..... .. ,,'I ' " \ \. /i\ '\ 
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Fig. 3 : l'eri'ormallOe of Dl1'E and LE under mis!!latch, 

70 
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Fig. 4 : Comparison of DPE and LE for matched case. 
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If .. aoompare tbe melLWlquare error of DFE ander 

mismatch an<\ LE for _tohed oa8e, we oan see that the 

following ft:II1.ation eZobannel attenuation, is acceptable, 

for signal-to-noise ratio equala 20 dB, tbe perm1sable 

oha.nnel attanuation variation (A 0) is approJCimately !. 

15 dB, for B/N • 40 dB, '" C hom -5 to + 9 dB, and for 

Bill ~ 60 dB ,A C is equal :!:. 1 dB. 

Also it is eeen that tbe DPE is advantagouB over 

tbe LE 1n tbe mismatched oase, wben the actual channel 

attenuation is near to tbe deeign value. But far from 

this zone, tb& performance of DFE and LE are approx1s1mately 

the same. 

It is shown alao the superiority of DPE over LE for 

matched Oasa. It is found that the MMSE for DFE end LE 

decreases ld.tb the increaee of signal-to-noise ratio and 

with the deorease of ohannel attenuation, but the rate 

of deoreasing of DPE is more greater than Li. 
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