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PERFORMANCE EVALUATION OF DECISTON FEEDBACK EQUALIZER
UNDER MISMATCH

BY
M.M, E1-HEFNAWL, A.ABD EL-MAGID, Y.ABED,AND M.ABO~-ELFETOH

ABSTRACT, Transmlitting diglital data through dispersive
ohannels is mainly affected by intersymbol interference
(ISI). The deoision feedback equalizer (DFE) was introduced
aB & suboptimum nonlinesr processor to combat ISI for known

chapnal oharacterlistics.

In thie paper, the performance of the DFE im invisti-
gaoted for a mismatohed channel. The channel characteristic
under mismatohed ia aliawed to vary with féspeot to &
specified design ¢hannél oharacterstic for which the DFE
is design. This investigatlon will allow us to examine
the limita éf mismatoh fof the channel performance is

acceptable.

I, INTRODUCTION

The operation ani contxrol of an electriec power
systems have beocome increaslipgly complex, as a regult of
the rapid increase in size of power networks, and the
requirements for stable operation. FProtectlion and control
must be reliable, fast, and closely matched to the power

L4

syntam.
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Ths improvement in ocmponenty reliability has given
us smail ocnput&rw.with this order of rc}inbility they
oan be inoorporated in many kinds of oontrols apd data
colldotions mesded Por power symdems, the input to these
computsr must be in 4131t41 form, 30, a gighly roliablc
and high-speed digitel data tTansmiseiea 1s required to
mest puoh demands for oparation and control of power
systems . ‘

A primary limitation in any attempt to aocheive
a high transmigsion rate 1is the time disperaion gufferead
by the sigoal that is transmitted through the band-limited
channel. In data t?ansﬁilaion aysteme the time dispertion
'imperted on the transmitted sigonal results in an ovérlap
in time betwesn suoceasive symbols (digita) which is called .
interaymbol interference (I81) (1).

The other faotor whioh affeots the transmission of
digitel data 'As the additive noise introduced in tha

pystam. %

The digital oommunication syatem ocan be modeled as
shown in Pi&*, 1. (2).

The data sequence {ak} modulates & basio transmitting
pulgse filter x (t) at a(rufe 1/T7. The total transmitted

glgnal 1is ' '
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o+
y(t) = 2 e, x (t-kT) (1)
k=0

where T ia the duration of the signalling interval and a,
is the informsiien symbol that i1s transmitted in the
interval kT<t <{(k+ 1) 7, E =0, 1, ...

The channel through whioh the signal tranamitted
is aspumed lipnear, dispersive, and time invarient. It
is characterized by the impulse response function .c(t).
Algo the chanel noise ig assumed additive ,

a TRANS CHANNEL v (| RECEIVER ~
Kk | (1) a
— % X(%) | e(t) u(t) Iy

n(t)

Fig. 1. Communication system model

The 1npu% tc the recelver can be represented as

r(t) = &, B(t-kT) + n (%) (2)
where, (oo
h(t) = ;-fo(n) x (t~m) dm, (3)
- o

and n(t) denotes the additive nolse in the system.

The problem at the receiver is to detect the data
asquence {e.k}from the observation of r{t). So, the

received waveform r{(t) is processed by a receiver thet
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oan be linsar or nonliusar and is optimized according to
some measure of performance. Thus, the receiver is

degigned to combat the noise and interaymbol interference.

The resesrch effort (1), (5) , was mainly carried on
assuming a receiver structure whioh consisted of a
lineax wsignel processor feollowed by a thresholding device,

reffered to as linear Equaliéer {LB).,

Mostly the used measure of performance is the mean
‘8quare of error (MSE). The optimum receiver with minimum
MSE 18 obtained under the constraint that the ISI was
completely eliminated at the sampling instants, the
gero forcing conditioﬁ (ZP), and without that oconstraint
(2), (4). |

Using the probability of error as a performance
meagure for obtaining optimum LE was found (6),(7).
But determining the system parameters requires con-

aiderable numerical offort.

The obtnined LE processor is a combination of a

matched filier and a tapped delay line.

The ipability of LE to ocpe with severe 131 has
directed the research to nonlinear techniques (2).

Nonlinear prqoessor are based on attempta to
implement elther & maximum likellhood sequence
agtimation (8) or a maximum aposteriori probability
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(MAP)Y (9) decimsion rule. It was shown that nonlineer
prooessor. provide algnificant improvement ovexr the

gimple lineaxr types (2).

There 1is a muoh interest im finding suboptimum
nonlinear prooessor with significant performence ad-
vantages over the limsar egualizer without the
complexity of the nonlinear &ptimum solutions. This
leads us to the decision feedback egualizar (10), (11)
vhichvis 1llustrated in Fig. 2., It consists of two
parts a faodorward part (FFF) and feed bhack part (FBF).
The feedforward part 1s a matched filter plus a tapped
delay line with tape spaced at the symbol interval T,
and has at 1ts inpﬁt the sequenca (rk). The feedback
part is elso a tapped deleyline, whose input are declsions
on previously detected symdbole. In t/is case the tapped
delay line of forward filter processes the signal to
reduce the {(ISI) of all future symbols, while the feed-
baok filter subtymots the (ISI) due to all past symbolas,

The channel charaoteristice are not alwaye aveiluble
to the degigner, also it may be time varylng. To over-
come Buoh pyoblema adaptive processors are Ilnveatigated
(2), (10), (11), (16), (17),(18).

But thie adeptation will lntroduce some new elemsnts

which in turn inoéeaaa the complexity of the receiver
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used. Also, we can expact that this new elements wili
affeot ite performance.

In our study we shall find the limita of variation
of channel characteristic for which the performance of
DFE is acoeptable, without uss of aystem adaptation.

The parameters for optimum DFE for known channel
characteristic are reviswed (12) in seotion 2. The
mean square orror for mismatched case is then derived,

section 3, Finally an application of the derived results

(%) SL

e——— FFP - s —

THRES -
HOLD

FBF

Yig. 2. Decipion Feadbaock equalizer

using & cowxial caeble channel is exemmined.

II- MINIMUM MSE OF DFE FOR MATCHED CASE

In designing DFBE, it ia assumed that the channel
frequency characterstic is known for the designer so,
we will have a matched DFE, This case of obgervations

will be denoted a matched oame, If the ehannel frequency
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characteristic 1e changed while the DFE remain the same,

then we will have & mismatched case of observation.

We shall use in our study a speclal atructure of
declsion feedback equallzer different from the classical
one illustrated at Fig. 3. (12). It was shown that this
1s equivelent to the DFE ghown in TFg. 2. (12). The
advantage of ueing this alternate structure is that the
forward filier 1s independent on the number of feedback
taps, and is infact the otpimum linear egualizer, So It

(1) ppp () Ty )  IPHRESHOLD

————e b——e

IBF

Pig., 3. Declsion fevdback equalizer

will be easy to meke 8 comparison between DFE snd LE.

Using the M3E a8 a performance criterion for
obtaining an optimum receiver, and assuming tliet the

past N decisions are correct (12).
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The arror between the lnput to the threshold device
and the input information seQuence ia denoted sa e

k [ ]
where,
Bkndk-—gk ‘gk (4)
dk - fk - by (5)
& = 4 + (8, = &) ' (6)
and g, 1s the tep gelns of the feedbggk filter.
| The performance measure is ;
%D
MSE = E (ekz)a T f R, (£) af (V)
-%2
where, ’ ‘
R(f) = [1-6(0]% By (D) (8)
R(2) = &2 |8 1% + 5 Fw e o
H(L) = % hz x, (£) C (£) U (£) (10)
6(f) = k‘% gy ©Xp G2 wker) (11)

end . for brevity we have used N (f) for B(f+n/T), ete.

All previous and next suwe are from -acto ¢+ oo, 1T
not declared.

The input sequenc® ..., 8y 3, 8, 8, 1,.aTe drawn
fl'()m the Set - M*l [] - (H*B)’ vew y ‘1’ 1’ L ) 'A(M‘l'l) L}
They are assumed to be statistically independent with

variance given by ,
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E(&ksxa)-oaz 8k-e (12)'

where

Oaf =(M%-1)/3. (13)

E dencotes expecations, andlgn is the kronecker delta.

Thus, the gignal to noige ratio (S/K) at the input
of the DFE will be given by ,
2 Hab
s P AN
N * W72 *© (14)
where the addiiive noise n(t) is white with spectral
density N(f) and assuming it 1a equal NO/2, and P is

the average signal energy per sampling perold Y.

For minimzing the MSE, it wae found (12) that the
optimum forwurd flter ls given by,

2
u(e) = x_'é!;z.r%:(ﬂ ' 2"3 , (1)
1+ q %Z’xn(f) ()
n NG
n
and the optimum backward filter is given by,
(B » B3 » ov s By). = BT (B, by, vuu. BT (16)
where, B 1ig anbﬂ xN matrix with entrels
(B) m,n = b (m-n) lgm, ngX (17)
and 4T o _
w=1 [ % exp (-y2TNfLm) ar (18)
) z
1+ 0o° 1 (£) ¢_(£)
~% T 8 IZ‘X" o9
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The minimum M3E 1s given by,
MUSE = b= (by, bpy see 4 bg) T B7Y (by,by, ool b)Y (19)

The optimum forward filter given by Eg. (15) can be
realived withamatched filter followed by a tapped delay
line with transfer function,

Tu(f) - %; bk exp (-j?lﬂ'fkT) ‘ (20)
and the tap gains are given by Eq. (18).

III- THE MSE OF DFE POR MISMATCHED CASE.

In thia seotion we shmrll find an expression for
the MSE for miamatched observation cese. The DFE will be
optimlzed for certain déaign channel response. Then we
shall find the dependence of the MSE when the channel
response 1s changed while the DFE remains the samue as

optimized for the specified design channel,

The 1dea of analyzing e system performance for
mismatohed observation case eppeared in (13) when analyzing
the perfourmance of mequuntial processora, and in (14),

(15) when analyzing the mismetched performance of the

likelihood ratio procesgors.

Now we ahall use the subscript "d" for the specified
channel to which the DPE 1e designed, and the subscript
"g¥ for the actuasl ghannel through which the actual data,

to be processed, ig transmitted.
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From Eq. (10). We can writa for ths specified
design channel,

(D) = T XUAO O (D T, (21)

and for the actuml channsl,

RO L FZxm onn v (22)

For the mismatched cees E;(f) will be given by,

Ry(f) = o2% |3 (1) -1]_2 v 5 TN () | U (0 (23)
The MSE 1is
E (6°) = T [[1- c(£) | 2 Ry(£)  ar (24)

—RT
An alternative form of Eq. (24) can be obtained uping

Bg., (4) aa follows,
2y o, X 2
B (eT)=B(|dy = &3 &ne douf’)
- \ 2. -
=E( I‘gﬁ 3n'dic-n| )

E (o) = % g—'- 8y ey B (4 o odp o)

N N
n% 1?3 By (25)

where g equals ( Sﬁ-;-gn) , and W (x) i# the sempled
correlation function of {the seguence 'd ) and they ure

related to the power gpeotrum Rd(f) by
%T

Wik = T %{ Ry(£) exp (-) 2WE£kT) af .. (26)

After eimple arrangement of (25) , the iSE can be
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written in the fomm,

MSE = W, - 26DT + qac” {27)
where the metricee D, and G are given dy

Da (W, W, ... W) , (28)

G = (81 Bps svee By) o (29)

and A 16 amatrix ¥xE with enkrpil.

(-A)m.n L '(m_n) [ 1‘“ ’ n & N , (30)

Tha expreseion obtainad in Bq, (27) expreee the
mean sqQquare srror for tﬁo mismatoked vase, 1.6 the channel
characteristio differ from that ons for whioh the DFE ia
cptimigzed.

The values of gy4 8 ... are obitained from Bq. (16).
IV. APPLICATION

We 8hall investigate the reeults obtained in section
III. using as an example tha oocaxial oable ohannel. The
amplitude frequencey oharsoteristic of this channel ie
given by (12).

lc(e)| = [oxp (-a [2] )] " (31)
where, § is depending on the repeater spaocing.

Withauf loss of gensrality the transmitter ie
ssgumed an ileal low-pass filter with frequency charaoteristic

X(f) - 1,
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The number of feedbaok tapa (X¥) of DFE is chosen
to be equal 6.

In ocur investigation we shall oonsider the attenuation
of the chamnel at 1/2 T equal 60 dB for matched case and
denote it Ca.

For mismatch the value of the channel attenuation at
% T will be denoted by Ca, and will takes different values
arround Cd.

A plot of mean aquare of error of DFE and LE roxr
mismatch versus Ca ie shown in Fig. l{, Mg. 2., and Pig.
3., Tor different signal to noise ratio 20, 40, and 60
dB, respectively. In the same figure a plot of mesn
aquare of error of DFE and LE for matohed case. At Pig.
4., and 5,, a oompexison between DFE apd LE for differen
signal to noise ratlio at oonstant channel attenuation
(C4 = 60 aB), and for differsnt Cd keeping pignasl to
noise ratio fixed at 40 dB.

V. CONCLUSIONS

Uging the ceaxliel cable as an example of & highly
dispereive channel, it is found that the performance of
decipion feedbaok equalizer under mimmatoh ia quite well
for certain range of ohannel sttenuation variation, but
this range 15 inversely proporational to the signsl -to-

noige retio.
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S/8 = 20 4B
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Fig. 1 t Performance of D¥E and LE under mismateh.



E, 48. X, M, Bl'ﬂ‘mwi et Al.

—_ DFE FOR MATCHED OASE
30¢ 8/8 = 40 dB —.— DEP FOR MISMATCHED CASE
. LE FOR MATCHED CASE
..... LE POR MISMATCHED CASE
i
20|
. 10}
=
(o)
3
(|
v
f

50 60 70
A (dB)
Fig. 2 1 Perforsance of DFE andLE under mismatch,
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Pig. 3 : Performsnce of DFE and LE undexr mismatch,
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Fig. 4 : Comparison of DFE and LE for matched case.
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Fig.5 ¢ Compérison of DFE and LE for matched case.
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1f we oompere the meansquare erxor of DFE ander
mismatch el LE for matched oase, we can sew that the
following variation ef channel attenuation , is acceptable,
for signal-to-noigse ratio aquals 20 4B, the permisable
ohannel attenuation veriation (A C) is approximately +
15 dB, for S/ = 40 dB, AC from -5 to + 9 4B, and for
S/¥ = 60 4B ,AC i@ squal + 1 4B.

Alao it 1p seen that the DFE is advantagous over
the LE in the mismatohed camse, when the actual channal
attenuation i near to the deaign value. But far from
this zone, the performapca of DFE and LE are approxisimately

the same.,

It 10 shown also the superiority of DFE over -LE for
matched Caso. It 18 found that the MMOE for DFE and LB
deacreages with the i.nomﬁe ¢f signal-to-noise ratio and
with the decrease of channel attenuation, but the rate
of decreasing of DFE im more greater than LR,
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