variance 02, The bit-error rate is computed by the direct
method given by Aaron and Tufts (8], based on the trun-
cated ‘pulse train approximation whose total pulse length
is equal to (2L + 1)T. We computed the BER as a func-
tion of the sampling-time deviation 7 for our optimal pulse
and compared it with corresponding curves for the raised-
cosine, modified triangular rolloff pulse shapes and signals
generated by Panayirci and Tugbay [4]. Since the BER
curves in these examples are even functions of 7, so that
only positive sampling time deviations are shown in Fig-
ure 3 . For all cases, the signal/noise ratio defined at the
nominal sampling time by n = |s(r)|/oy, is 6.361, corre-
sponding to a probability of error of 10-!° in the absence
of intersymbol interference. These curves demonstrate the
definite superiority of our results. In order to see this fact
more clearly, In Fig. 4, the eye diagrams associated with
the optimal signal shape and the raised-cosine pulse shape
is given.

IV. CONCLUSIONS

We have proposed an efficient method for designing op-
timal band-limited Nyquist signals based on generalized
sampling theory. Maximum energy in the time interval
(—oT,oT), where 1/T is the signaling rate and o is a pos-
itive real constant, is achieved as compared to the energy
outside this interval. The constraint for intersymbol inter-
ference may easily be included in the problem. The bit
error rate is computed as a function of the sampling time
deviation 7. For all cases, the other signal shapes demon-
strate the definite superiority of our results. One of the
important conclusions drawn from the results of the numer-
ical example in Section 3, is that the optimal pulse shapes
thus obtained also provide maximum immunity to timing
offsets at the sampling instants, especially small rolloff fac-
tors. In determining the optimal pulse shape, we only used
Djokovic and Vaidyanathan'’s periodically nonuniform sam-
pling method with linear splines. One can perform the
same scheme with different scaling functions, such as cubic
splines. Another way is to use local averages method with
different scaling functions and analysis filters, namely using
Binomial QMF’s which satisfy the perfect reconstruction.
Using longer tap Binomial QMF’s may result in better per-
formance against the others.
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Fig. 2 The optimal signal shapes s(t) in t € [—10,10] for (a) v =
0.25,0 =1 (b) vy = 0.5,0 = 1;.Raised-cosine in t € [-10, 10] for (b)
Y=025(d)y=05 ‘
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Fig. 3 BER against sampling time deviation, SNR= 16 dB,
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