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ABSTRACT

In data transmission systems there is a frequent
need for filters with shaped amplitude response in the pass-
band. In particular, cosine roll-off shaping is commonly
used. A number of filters with various roll-offs have been
designed in connection with the development of several options
of the 203-type Data Set. This memorandum presents the var-
ious filter design and gives an outline of the design pro-
cedure. Also, the relationship between network complexity
and sharpness of roll-off is demonstrated on the basis of
the empirical evidence. It is shown that the complexity of
a 25 percent roll-off filter is approximately 40 percent
greater than that of a 50 percent roll-off filter. Similarly,
a 10 percent roll-off filter is approximately 2.3 times as
complex as a 50 percent roll-off filter. Almost all the

additional complexity results from delay equalization.
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MEMORANDUM FOR FILE

I. Introduction

Raised cosine shaping of the data signal frequency
spectrum is commonly used in déta transmission systems because
of its desirable impulse response properties. Very often 1t
ig convenient to do the shaping in the passband rather than
in the baseband. A generai passband spectrum is shown in
Figure 1. The definitions are in terms of a VSB passband
spectrum with the carrier frequency located at f2. In the
general VSB case, the high and low end of the spectrum may
have different roll-off factors, since one shape provides
the equivalent basebandlshaping while the other gives the
required odd symmetry about the carrier frequency.

The shaping function is frequently equally divided
between the transmitter and receiver filters in order to
maximize the signal-to-noise ratio in thé presence of white
noise. Hence, in terms of Figure 1, the ideal filter has

the following amplitude characteristic:
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In practice, of course, thelideal shape can only be approximated
in the passband and a finite (in db) attenuation can be obtained
in the stop bands.

The approximation problem is not an easy one. Al-
though cosine roll-off filters have been designed in the past,
the resulting networks éometimes required an unnecessarily
large number of components. Recently, however, techniques
developed in Department 4734, have been used to produce a
number of economical designs. The design method is made pos-
sible by the existence of several powerfﬁl computer programs -
primarily optimization programs. In essence, the method relies
on manipulating component values of a bandpass filter to
produce a loss characteristic approximating the ideal one.

Phase equalization is done separately.



IT. Description of Results

Four representative deslgns are depicted in Fig-
ures 2 through 17. For each of the filters, the ideal
response (square root shaping), the approximating network
and its amplitude and delay response are shown.

The filters, except for Filter 3, are intended for
use in various options of the 203-Type Data Set. The require-
ments for the filters call for the amplitude response to be
within +1.0 db of the ideal characteristic over the Nyquist
band of frequencies. The actual computed responses, however,
are usually within a few tenths of a db over the Nyquist band,
with a quite good match over the remainder of the frequency
range.

The filters, again with the exception of Filter 3,
are delay equalized to have delay distortion within approxi-
mately +50 microseconds over the Nyquist band. In the case
of Filter 3, two bridged-tee delay equalizing sections would
be necessary to bring the delay distortion within the above
tolerance.

Finally, particular to all the designs is the pre-
sence of twc attenuation peaks, one above and one below the
data band. The peaks are located at the frequencies of two
pilot tones that are transmitted to facilitate carrier

recovery at the receiver. The receiver V3B filter removes
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these tones from the data spectrum before demodulation. The
abllity to control the position of the peaks demonstrates a
very useful feature of the design technique.

ITII. The Desgsign Procedure

As a preliminary step in the design procedure a
prototype network is designed that will serve as an initial
approximation in the iterative process. In general, the re-
sponse of this network should be made to resemble the desired
one as much as is practical since it may determine whether the
iteration will be successful. Unfortunately no guidelines
exist that determine what constitutes a sufficiently good
approximation; hence, this step is essentially a guesé. For
the VSB filters, the prototype network is usually a filter
with maximally flat passband, 3-db attenuation frequencies
the same as those of the final network and out of band loss
somewhat in excess of the required loss. The additional loss
is a precaution against possible reduction of out of band loss
as a result of inband shaping.

The prototype network can be designed through stan-
dard techniques. A survey of design methods and available
desigh aids and programs is given in a recent memorandum by
G. Szentirmai [1]. For the design of bandpass filters, the
Bandpass Filter Design Program [2] is recommended as a very
versatile and flexible tool. Theoretical background for the

program is given in [3].
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Shaping of the loss characteristic of the prototype
network is-then done by SUPRZX - A General Purpose Successive
Approximation Computer Program [4]. This program matches a
given function (called a "match function") to an arbitrary
curve at specified values of the independent variable. A
subroutine VALUE, which is needed to evaluate the match fun-
ction, usually has to be supplied by the user. A number of
special purpose VALUE subroutines exist, among them one that
evaluates the insertion loss of a ladder network [5]. Hence,
in order to run the program only data cards are needed to
specify the requirement curve, frequencies, network topology,
element values, and features of program to be used. Among
the most useful features are the weighting of requirement
points, matching the shape rather than the absolute amplitude
(i.e., subtraction of a constant) and, fixing selected péra—
meters before iteration.

When encoding the prototype network, the loss of
an inductor can be entered as a series resistance which 1is
kept fixed during iterations. If, after a successful run the
inductance differs considerably from its 'initial value, or if
great accuracy is required, the corrected resistance value
can be inserted and iteration repeated.

If the prototype network has been designed through
the Bandpass Filter Design Program, it usually will have the
proper termination on one end only and an impedance transfor-

mation will be necessary. It may be advantageous to do this



transformation before using SUPR@ZX, since great accuracy in
computations is not required at this polint. Recently a com-
puter program [6] has been made available that does the imped-
ance transformations.

The iteration will not always be succesgsful during
the first run. The program may encounter various difficulties
or fail to come up with an acceptable solution. Remedies to
some of the problems will suggest themselves once familiarity
with the program is gained, others will have to be found by
trial and error. The last resort is a selection of a new
prototype network.

If the SUPRUX is not able to make an improvement at
all, other programs might. In Department 4734 good results
have been obtained with SIMPLX [7]. Although slower than
SUPR¢X, SIMPLX has proven to be more reliable 1n finding a
minimum. It is being used to find crude approximation to the
desired shape, with SUPR@X refining the match. Particularly
useful is the version of SIMPLX written for the CDC 3100 com-
puter, which permits manual interaction with the programs
during the approximation. Although the CDC 3100 computer is
in the network group area, time on 1t can be scheduled by

outside users.

Once a sufficiently accurate amplitude shaping is
obtained, a computation of network response is done to check
the effect of shaping at frequencies other than the match

points. Phase and delay are also computed to determine the
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amount of distortion. Mesh Programs [8] and [9] are well
suited to do this? although other equivalent programs exist.

Delay equalization is also done on SUPR@X with the
appropriate VALUE subroutine. The number of delay equalizing
sections (see Reference [1], Section 3.2) has to be estimated
as well as the initial values of parameters for each section.
This iteration usually converges easily provided that the
initial parameter values are anywhere near the correct value.

Practical delay equalizing sections produce a slight
amplitude notch at the frequency of the maximum delay. The
depth of the notch will depend on the Q of the inductors and
the value of peak delay produced by that section. Hence, a
mesh computation of the delay equalized network may be in
order as a final check of the network's performance. In
extreme cases it may be necessary to predistort the original
amplitude requirement for the anticipated effect of delay
equalizer on amplitude and repeat the iterative process until
satisfactory match 1s obtained.
IV. Summary

The networks presented here have been designed to
satisfy the same delay distortion and stop band attenuation
requirements. The bandwidths of the filters are also very
similar. Hence, the roll-off factor is the most significant
parameter differentiating the networks and some conclusions

can be drawn about the effect of roll-off on the complexity
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of the networks. This dependence 1s illustrated in the graph
of Figure 18. The number of inductors in a network is used
as a measure of complexity since at voice frequencies, the
inductor 1s the largest and most expensive network element.
Included in the data of Figure 18 1s a filter with Qr = Oy =
0.1, which is being designed in Department 4734. Although
the final design 1s not available at this writing, the ap-
proximate complexity of the network is known. As might be
expected, sharpening the roll-off increases the filter com-
plexity. The amplitude shaping is accomplished quite easily;
however, delayAequalization'becomes more difficult. Almost
all of the Increase in complexity is due to additional delay
equalization,
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