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1.0 INTRODUCTION

In order to determine how the market will react to a new
product, a marketing engineer might make a mathematical model
of the market and simulate the system on a computer. Several
factors could be varied, and the results obtained from a
computer simulation. The simulation is useful in providing
answers to the "what if" questions -- "what if" the inflation
rate decreases by 2%, "what if" there were 10% fewer buyers,
etc. In the same way, electrical circuits can be
mathematically modeled, and their performance evaluated from
the results of a computer simulation. When digital signal
processing is implemented on a microprocessor, the effects of
using a finite word length can be readily obtained from a
computer simulation. By using a computer simulation, one can
easily change and evaluate the effects of such factors as the
word length, methods of calculating filters, and the amount of
noise in the system.

This paper deals with the simulation of a microcomputer-
based intrusion detection system and the effects of using a
finite word length in the calculation of the digital filters.
The research was funded and directed by Sandia HNational

Laboratories, Albuquerque, New Mexico. The initial design



for the system was done at Sandia, while the simulation and
coding of the microcomputer implementation was done at Kansas
State University. The filters were first checked for
overflows by using a maximum input signal. One filter in the
low band needed a reduction in gain, and two filters in each
band -- the high pass filter in the quadrature phase just
before the cross multiply, and the first filter after the
cross multiply -- were increased in gain. The modified
filters were then checked for underflows by using a minimum
input signal. The last filter in both the high band and the
mid band had significant underflows and should be removed or
modified to retain the signal present in the previous stage.
The modifications to the filters should improve the system's
performance. Some subjects relating to this are covered as
background material first: digital signal processing,
intrusion detection systems, and the effects of using finite
word length as related to digital filters. Then the filter
algorithm is discussed, and the design of the filters is
covered. Finally, the simulation itself is presented. A
description of the microcomputer implementation is also

included.

1.1 DIGITAL SIGNAL PROCESSING

For many reasons, digital signal processing has replaced
analog signal processing in certain areas. Besides the
obvious cases where no analog equivalent of a digital system

exists, (such as predictive filters) the advantages of using



digital filters can outweigh the advantages of using an analog
system.

Where a microprocessor is used in the implementation,
changing the characteristics of a filter is a simple matter of
changing the coefficients or the form of the £ilter. In the
analog case, circuit components may need to be changed or
entire sections of the circuit rebuilt. The digital filter
will not change its characteristics over time, and dcesn't
require adjustment from system to system as an analog filter
would. Finally, a very complex set of digital filters can be
housedﬂin a much smaller package than the analog equivalent.

The drawbacks related to using digital filters exist
since the signals must be represented as discrete samples and
the calculations required to do the digital filters are
usually done in fixed point precision. The speed of the A/D
converter taking the samples, or the sheer number of
calculations required to implement the system (and thus the
speed of the microprocessor) may affect the bandwidth of the
system. This paper deals more with the effects produced by
using a finite word length than with the problems with using

discrete sampling.

1.2 INTRUSION DETECTION SYSTEMS

In cases where a piece of property is to be secured, a
system that detects an intruder -- someone or something that
is not supposed to be in the area surrounding the piece of

property -- is normally used. Usually, digital signal



processing is chosen, and the system is based on a
microprocessor. An algorithm is devised that picks out
signals that represent intruders, causing an alarm condition.
Much work has been done to reduce the number of "nuisance"”
alarms -- an alarm where no intruder is present.

In this system, the simulation being done is part of an
iterative process. The intrusion detection system was
designed and a decision was made to implement it on a
microprocessor using 16 bit data (with 32 bit partial sums).
Once this decision was made, the simulation was done to see
what effect this particular word length and number
representation would have when the input signal was either a
maximum or minimum magnitude, and how the overall performance
of the system was affected. 1In general, the programs were set
up to simulate any word length from 1l - 56 bits. Results from
the simulation are used to make changes to the system to

improve its performance.

2.0 EFFECTS OF FINITE WORD LENGTH

When a system using digital filters, such as an intrusion
detection system, is implemented on a microcomputer, the need
for high speed usually means that the word length (which is
based on the word length of the microprocessor) is necessarily
short. The form in which the numbers are represented is
covered first, then thé various effects of using a finite word
length are covered : coefficient quantization, input

quantization, product quantization, scaling considerations,



deadbands, and limit cycles.

2.1 NUMBER REPRESENTATION

In this implementation, all numbers are represented by
two's complement fixed point numbers. Coefficients and
signals are 16 bits long with one sign bit, one integer bit,
and 14 fraction bits. Partial sums are kept as 32 bit
numbers. All results are truncated to the 16 bit format. The
effect of guantizing the data by truncation as opposed to
rounding is shown in figure 1. The maximum absolute error of

rounding is smaller than that of truncation.

truncation rounding
Figure 1

2.2 COEFFICIENT QUANTIZATION
Due to the finite word length of the microcomputer

implementation, the coefficients of the filters must be



quantized. Since this quantization is done only once, there
is no restriction on how fast it is done; thus rounding, which
has a smaller maximum absolute error but requires more
calculations and thus more time, can be chosen over
truncation. In our implementation the coefficient word length
is the same as the data word length, 16 bits.

The most pronounced effect of quantizing the filter
coefficients is the movement of the zeros and poles of the
filter. [1,2,3,4,6] 1If these zeros or poles lie close to unit
circle, the filter may become unstable when quantized. [1,3,4]
The actual movement of the zeros or poles can be calculated.
[3,4] There are also methods for estimating the required
coefficient word length for a desired error, either directly
or statistically. [2]

Kaiser has shown that for filters higher than lst or 2nd
order, the direct form is less accurate, and the cascade form

with each section a 1lst or 2nd order system is preferred. [7]

2.3 INPUT QUANTIZATION

The quantizing of the input to each filter can be looked
upon as producing a noise input to the filter. [1,3,4,5] The
effect of using truncation as opposed to rounding is different
in that the statistical mean of the noise produced by the
quantization of the input to the filter is not zero for
truncation. The error produced by the A/D can also be
considered as an input quantization error, producing a similar

additive noise term. [1,4,5,6] As long as the input is of



sufficient magnitude, the noise produced by the gquantization
will stay below the SNR required by the system. If needed,
the word length required to keep a certain SNR can be
calculated directly. A method for calculating the required

word length is given by Oppenheim and Schafer. [5]

2.4 PRODUCT QUANTIZATION

The quantization of the result of any arithmetic
calculation can also be viewed as producing additive noise.
[1,2,3,4,5] Since the order in which the calculations are
made may make a difference in the final result, the form in
which the filter is realized may affect the accuracy of the
filter. There are no simple guidelines for choosing the most
accuraté form of a filter; one may have to resort to
simulating the filter on a larger machine and studying the
accuracy of the various forms. [6] Better precision can be
obtained by retaining a word length of 2N bits after N by N
bit multiplies, keeping a sum of 2N bits, then rounding or
truncating the final result. It‘has also been shown that the
zeros of a filter tend to attenuate the noise produced by the

product and input quantization. [3]

2.5 SCALING CONSIDERATIONS

Tc keep the signal within the dynamic range of the fixed
word length, some signal scaling -- multiplying the input to
the filter by a constant -- may be required. One of the

problems encountered with digital filters is internal



overflows in the partial sums. Two methods for ensuring that
no overflbw occurs both use a scaling factor just before the
input to the filter. [1,2] The first method calculates the
scaling factor by summing the magnitudes of the inputs to a
particular summing node in the form of the filter that is
used. [2] The second method forces the instantaneous energy
in the output of the summing node to be less than the energy
in the input to the filter. The scaling factor obtained in
both methods is an absolute minimum; in practice, a larger
value can normally be used.

Scaling can also be used to boost the magnitude of
particular signal up to a workable value. This form of
scaling also improves the SNR of the filter by using more of

the dynamic range.

2.6 DEADBAND AND LIMIT CYCLES

Two types of limit cycles exist. The first type occurs
for zero or near zero inputs and the second type occurs when
an overflow in a summing node causes a sign change. The range
of input values around zero that produce a limit cycle is
referred to as a deadband.

The zero or near zero input limit cycles are attributed
to the quantization of values to a finite word length.
[1,2,3,5] Since this type of error occurs only in a recursive
digital filter (Infinite Impulse Reéponse or IIR filters),
Finite Impulse Response (FIR) filters are not affected. 1If

the specifications state that the output of a filter with zero



input must be below some magnitude, there are methodz of
determining the bounds of the limit cycle, and thus the
required word length. [2,5]

The second type of limit cycle, overflow oscillation, can
be corrected in two ways. Scaling, as discussed before, can
be used to eliminate the internal overflows. Since the
oscillation is due to the sum changing sign when an overflow
occurs, the oscillation can also be eliminated by setting the
sum to the maximum allowable value and letting the filter
saturate. [1] Though this may produce an undesirable
distortion of the waveform, it may be better than large

oscillations.

3.0 FILTER DESIGN

Now that we know so‘me of the quantization errors that
might occur in the implementation of digital filters in a
fixed length format, the specific filters used in the
algorithm can be designed. The simulation deals with this
part of the overall iterative system design by showing needed
changes to the initial design of the filters to keep the
signals within the dynamic range of the fixed point
representation. Besides eliminating erroneous results from
filters that have overflows, the results from the simulation
allow other filters to have increased gain, thus improving the
SNR of the system. Since the performance of the system is
measured in part by the SNR and the number of nuisance alarms,

the changes made will improve the performance of the system.
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Several ideas were used to reduce the number of
calculations required to compute some filters. Since only
the lower frequencies are of interest, and because the Nyquist
criterion for sampling states that the sampling rate need be
only twice the maximum frequency of interest, we can just save
every n'th sample, provided that we use a low pass filter to
eliminate the frequencies above one-half the sampling rate.
The FIR filters (chosen because they are not recursive and
thus need not be calculated every time) thus eliminate the
higher frequencies, reduce the sampling rate, and reduce the
number of calculations required to compute filters that follow
it.

The specifications for the filters will be given first,
then the initial design of the filters will be covered. The
entire algorithm will be described next, then the overall
design of the system will be discussed. Finally, the filters

will be checked for errors due to quantization.

3.1 PFILTER SPECIFICATIONS

The first step in designing the filters is to specify
their charactefistics. The filter specifications given by
Sandia Laboratories were specifications for certain
bandwidths, dB roll-off, and percent ripple in the passband.
These specifications were used to design the types of filters

and calculate the coefficients for the filters.
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3.2 INITIAL DESIGN

We determined the coefficients for the IIR filters by
using LPDES, HPDES, and BPDES -- utility programs written at
Kansas State on a NOVA 4X computer. (see Appendix 6.2 of Ahmed
and Natarajan for listings of the programs) [1] The
coefficients sent to us from Sandia match those that were
generated at Kansas State., The FIR filters were redesigned to
reduce the number of calculations and we determined the
coefficients using FIRFILT, a program written at Kansas State
on a NOVA 4X computer. (see Appendix 7.1 of Ahmed and
Natarajan for a listing of the program) [1]

All of the filters were designed for unity gain, and were
generally implemented in the direct form. In order to prevent
overflows and keep the coefficients within the range of the
fixed word length representation, the higher order IIR filters
were implemented as two cascaded filters.

The design for the complex predictor and associated
signal strength equalizer was done by Dr.NasirAhmed at
Kansas State University.

The type of filter, the sampling rate, the break
frequencies, and the coefficients for the filter are listed in
appendix B. Also, the amplitude vs. frequency and phase vs.

frequency plots are shown in the appendix B.

3.3 ALGORITHM DESCRIPTION
The algorithm can be divided into three sections : high

band channel, mid band channel, and low band channel, as shown
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in appendix A. The function of each of the filters will be
discussed for each channel. Infinite Impulse Response (IIR)
filters are labelled IIRn (where n takes on the values 1
through 15) and Finite Impulse Response (FIR) filters are
labelled FIRn (where n takes on the values A, B, C, D, E, and

G)-

3.3.1 High Band Channel The 6 pole bandpass filter
IIRl limits the range of frequencies for this channel. The
next block allowed for a variable gain to be introduced. The
1l pole lowpass filter IIR2 reduces the amplitude of the
frequencies above the passband of the channel while the 1 pole
highpass filter IIR3 provides a linear relationship between
the amplitude and the frequency within the passband. The
output of the IIR2 filter is limited to +-2.8 V. Since the two
sides of this channel are 90 degrees out of phase, multiplying
the two together produces I x dQ/dt. The signal at this point
now includes a DC value. The 10 weight lowpass filter FIRA
and 23 weight 1owpass filter FIRB pass the lower frequencies
but are mainly used to reduce the sampling rate from 240
samples per second (sps) to 10 sps. Two FIR filters were used
instead of just one since the two required fewer calculations
and less storage than just one FIR filter. The 3 pole lowpass
filter IIR4 passes only the lower frequencies. The output of
the IIR4 filter is limited to +-1.0 V and the 1 pole lowpass
filter IIRS5 passes only the near DC frequencies. The effect

at this point is to produce the DC component of the I x 4Q/dt
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signal. The final step is to detect DC levels above and below
a certain level,

3.3.2 Mid Band Channel The 22 weight lowpass filter
FIRG mainly serves to reduce the sampling rate from 240 sps to
40 sps. The 8 pole bandpass filter IIR6 limits the range of
frequencies for this channel. The next block allowed a
variable gain to be introduced. The 1 pole lowpass filter
IIR7 reduces the amplitude of the frequencies above the
passband of the channel while the 1 pole highpass filter IIRS8
provides a linear relationship between the amplitude and the
frequency within the passband. The output of the IIR7 filter
is limited to +-2.8 V. Since the two sides of this channel
are 90 degrees out of phase, multiplying the two together
produces I x dQ/dt. The signal at this point now includes a
DC value. The 16 weight lowpass filter FIRC passes the lower
frequencies but is mainly used to reduce the sampling rate
from 40 sps to 5 sps. The 3 pole lowpass filter IIR9 passes
only the lower frequencies. After resampling to reduce the
sampling rate from 5 sps to 2.5 sps, the signal is limited to
+-1.0 V, and the 1 pole lowpass filter IIR10 passes only the
near DC frequencies. The effect at this point is to produce
the DC component of the I x dQ/dt signal. The final step is
to detect DC levels above and below a certain level.

3.3.3 Low Band Channel The 16 weight lowpass filter
FIRD mainly serves to reduce the sampling rate from 40 sps to
10 sps. The 8 pole bandpass filter IIRl1l limits the range of

frequencies for this channel. The next block allowed a
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variable gain to be introduced. The signal strength equalizer
is used to keep the convergence rate of the complex predictor
uniform since signals of larger amplitude will converge faster
than signals of lower amplitude. Since the clutter in this
band of frequencies is more sinusoidal than the signal
produced by the intruder, the complex predictor is useful in
eliminating the sinusoidal clutter. The 1 pole lowpass filter
IIR12 reduces the amplitude of the frequencies above the
passband of the channel while the 1 pole highpass filter IIR13
provides a linear relationship between the amplitude and the
frequency within the passband. The output of the IIR12 filter
is limited to +-2.8 V. §Since the two sides of this channel
are 90 degrees out of phase, multiplying the two together
produces I x dQ/dt. The signal at this point now includes a
DC value. The 9 weight lowpass filter FIRE passes the lower
frequencies but is mainly used to reduce the sampling rate
from 10 sps to 2.5 sps. The 2 pole lowpass filter IIR1l4
passes only the lower frequencies. After resampling to reduce
the sampling rate from 2.5 sps to 1.25 sps, the 1 pole lowpass
filter IIR15 passes only the near DC frequencies. The effect
at this point is to produce the DC component of the I x dQ/dt
signal. The final step is to detect DC levels above and below

a certain level.

3.4 OVERALL DESIGN
The effect of combining the filters in the entire system

may not always result in a unity gain output. For this
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reason, amplitude vs. frequency plots were made for the output
after each filter to determine maximum amplitude, as shown in
appendix C. The coefficients for the filters were then
adjusted to obtain a unity gain wherever possible. Since the
filter coefficients must be representable in the fixed point
format, the gain of a filter can not always be arbitrarily
set, but may be limited to some maximum value. The following
changes to the coefficients were made:

High Band: Multiply IIR3 numerator by 7.4225190
Multiply FIRA by 2.0

Mid Band: Multiply IIR8 numerator by 2.8180921
Multiply FIRC by 2.0

Low Band: Multiply IIR13 numerator by 3.3534541
Multiply FIRE by 2.0

The only point requiring further adjustment was the ocutput of
the complex predictor, which was boosted to unity gain with a
single external multiply in both the inphase and quadrature

signals.

3.5 CHECK FOR QUANTIZATION ERRORS

All of the filters were checked for errors produced from
quantization of the coefficients and for other possible
errors. Since the filters were implemented mostly in direct
form, the quantization of the coefficients could affect the
location of the poles and zeroes of the filter, and thus the

performance of the filter. The only noticeable overflow that
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showed up during the simulation was an internal overflow in
IIR11l, which was corrected by reducing the gain of the filter.
Both IIR5 and IIR10 had significant underflows with a minimum
signal, and should either be eliminated or modified to retain

the signal present in the previous stage.

4.0 OUTPUT SIGNALS FROM ALGORITHM

Now that the entire system has been designed, the
simulation will provide some measure of the performance of the
system. A comparison is made between the outputs at various
points of the double precision version and the same output
points of the fixed point version.

First, the program used to implement the algorithm will
be described, then the input test signals will be covered.

Finally, the output signals will discussed.

4.1 PROGRAM DESCRIPTION

The programs used to do the simulation are given in
appendix D, Basically, the main program consists of calls to
general IIR and FIR filter subroutines and provides the proper
flow for the signals in the algorithm. The simulation program
also includes calls to routines to do the arithmetic
operations in a specified fixed point format. The fixed point
format is simulated by multiplying the number by 2 ** n
(where n is the number of bits to be simulated), performing
either truncation or rounding, and dividing by 2 ** n, The

program is general in that it allows the user to specify the
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input data, the filter coefficients, the format (for the
simulation), and the output. 1In all, there are 6 programs,
one program for the double precision version and one program
for the fixed point version for each of the three bands.

The programs were first run on a NOVA 4X, but as soon as
it was realized that the number of records in some of the
input files was too large to be represented by the 16-bit
integers on a NOVA 4X, and that some program runs were taking
60 hours to complete, the work was moved over to a VAX 11/750.
The longest program still took 12 1/2 hours to complete, but

most of the programs take only a few minutes.

4.2 GENERATING INPUT TESTisIGNALS
Four types of input test signals were generatgd since
actual test data could not be obtained from Sandia
Laboratories:
1) 1V maximum sine wave
- test maximum magnitude for overflows, see that
dynamic range is used to its full extent
2) 0.05V minimum sine wave
- test minimum magnitude for loss of signal due to
fixed word length
3) 1V maximum sine wave with noise, 20dB SNR
4) 0.05V minimum sine wave with noise, 20dB SNR
- check both maximum and minimum magnitudes for
response to added noise
The original specification for a minimum signal was 0.01,
but the following calculations show that the minimum signal
should be 0.05.

HIBAND: Within the pass band, the lower frequencies
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passed by IIR3 are reduced by a factor of 10, When the I x dQ
is formed, the signal is further reduced by the
multiplication. The magnitude of the final signal is given
by:

A = Amin * 0.1 * Amin
Since the magnitude of the final signal (A) is the largest
value of a minimum sine wave, 2 bits were chosen to represent
the dynamic range of the minimum sine wave, making the final
signal (A) equal to 2 ** =12, Solving for Amin yields:

Amin = ( 10 * 2 *%* =12 ) ** Q.5

Amin = 0.0494
Thus, 0.05 is aproximately the minimum signal allowable for
the high band.

MIDBAND: Within the pass band, the lower frequencies
passed by IIR8 are reduced by a factor of 4. When the I x dQ
is formed, the signal is further reduced by the
multiplication. The magnitude of the final signal is given
by:

A = Amin * 0.25 * Amin

Choosing A = 2 ** =12 and solving for Amin yields:

Amin { 4 * 2 %% =12 ) *% (.8

0.03125

1]

Amin
Thus, 0.03 is aproximately the minimum signal allowable for
the mid band.

Since the low band contains a signal strength equalizer,
and the magnitude of the signal would depend upon the

quantization effects, no easy determination could be made
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about the minimum signal allowable. A decision was made to
use the 0.05 as the minimum signal throughout the algorithm.
The plots of the amplitude vs. frequency for the outputs
of the filters as shown in appendix C were again consulted to
determine the frequencies at which the maximum and minimum
amplitudes occurred. The lengths of the input files were
chosen so that the steady state response of the system could
be shown. A utility program called DSINEGEN produced the sine
waves, and another utility program called DATGEN produced the
white noise. Another program called CHWHITE was written to
allow the user to manipulate the input files and combine them
into the desired input file. The input signal for the low
band is different in that the main sine wave represents the
clutter and a short block of a different frequency sine wave
represents the intruder. The specifications for each of the
input files and which outputs used them can be found in

appendix E.

4.3 DESCRIPTION OF OUTPUT SIGNALS

Plots of all the output signals are given in appendix F.
The numbers on the left hand side are the magnitude of the
signal, and the numbers along the bottom of the plot are the
sample number. The filename below the lower left corner is
the file from which the plot was obtained. A description of
the format of the filename is given in appendix F. One should
note that the plots of the fixed point precision outputs

represent the 32 bit format and the output will be truncated



20

to the 16 bit format before entering the next filter. Only a
few of the plots are repeated here to show the effects of
finite word lengths, and the effects of noise on both the
double precision and fixed point versions. Refer to the
filter block diagram (appendix A) and the first page of
appendix F for a description of the output pocints and the
labelling of the output signals respectively. One should keep
in mind that the smallest representable value in this format
is about 0.0000061 ( 61 * 10 ** -6 ),

The first set of plots shown in figure 2 displays the
outputs of the last 4 stages of the high band without noise.
Figure 2a shows the double precision outputs for +-0.05 V
input while figure 2b shows the fixed point outputs for +-0.05
V input. The plots in figure 3 are the outputs of the last 4
stages of the high band with noise. Figures 3a and 3b show
the double precision and fixed point outputs, respectively,
for +-0.05 V input with 20 dB Signal to Noise Ratio (SNR).
What is most evident in the noise-free case of figures 2a and
2b is fhat the fixed point version has a much smaller
magnitude, due to quantization errors. In fact, the final
filter will produce a zero output if the output is truncated
to 16 bits., Even with all 32 bits saved, the internal
calculations in the last filter are not accurately
representable in the present format. The final filter should
be removed or modified to retain the information that is
present in the previous filter. 1In the noisy case of figures

3a and 3b, as with the noise-free case, the fixed point
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version has a smaller magnitude than the double precision
version, but again, the final filter would produce zero output
if the output was truncated to 16 bits.

The next set of plots shown in figure 4 displays the
outputs of the last 4 stages of the mid band without noise.
Pigure 4a shows the double precision outputs for +-0.05 V
input while figure 4b shows the fixed point outputs for +-0.05
V input. The plots in figqure 5 are of the last 4 stages of
the mid band with noise. Figures 5a and 5b show the double
precision and fixed point outputs, respectively, for +-0.05 V
input with 20 dB SNR. What is most evident in the noise~free
case of figures 4a and 4b is that the fixed point version has
a slightly smaller magnitude, due to gquantization errors. As
with the high band, the final filter would produce zero output
if the output were truncated to 16 bits. The final filter
should be removed or modified to retain the information still
present in the previous filter. 1In the noisy case of figures
5a and 5b, as with the noise free case, the fixed point
version has a smaller magnitude than the double precision
version. Quantization effects in the next to the last output
signal are quite evident, but should not effect the detection
of an intruder. Again, the final filter would produce zero
output if the output were truncated to 16 bits.

The next set of plots shown in figure 6 displays the
outputs from the complex predictor, IIR12, and IIR13 in the
low band without noise. Figure 6a shows the double precision

outputs for +-0.05 V input while figure 6b shows the fixed
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point outputs for +-0.05 V input. The plots in figure 7 are
the outputs of the complex predictor, IIR12, and IIR13 in the
low band with noise. Figures 7a and 7b show the double
precision and fixed point outputs, respectively, for +-0.05 V
input with 20 dB SNR. What is most evident in both the noise-
free case of figures 6a and 6éb and the noisy case of figures
7a and 7b is that the fixed point version has a much smaller
magnitude, due to guantization errors. Most of these
quantization errors occur in the signal strength equalizer,
which uses very small values. One can also see that the
larger magnitude signal converges faster than the smaller
magnitude signal.

The next set of plots shown in figure 8 displays the
outputs of the last 4 stages of the low band without noise.
Figure 8a shows the double precision outputs for +-0.05 V
input while figure 8b shows the fixed point outputs for +-0.05
V input. The last set of plots in figure 9 displays the last
4 stages of the low band with noise. Figures 9a and 9b show
the double precision and fixed point outputs, respectively,
for +-0.05 V input with 20 dB SNR. What is most evident in
both the noise-free case of fiqures 8a and 8b and the noisy
case of figures 9a and 9b is that the fixed point version has
a much smaller magnitude, due to gquantization errors.
However, an intruder at this signal level could still be

detected.
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5.0 MICROCOMPUTER IMPLEMENTATION

VThe resulting modified system is briefly presented here.
Two aspects of the microcomputer implementation will be
covered -- the general system and the structure of the

program.

5.1 SYSTEM DESCRIPTION

The processor chosen for implementing the algorithm was
National Semiconductor's NSC800, a CMOS Z80 look-alike. The
combination of this processor's high speed and low power with
a low power hardware multiplier was necessary to do the large
number of computations in the required time. The hardware
multiplier does a 16 bit by 16 bit multiply yielding a 32 bit
result. A 32 bit accumulator keeps a running sum of the
results. Because of the complexity of the algorithm, the ROM
part of the memory is rather large, and there is a fair amount

of RAM for storage of variables for the filters.

5.2 GENERAL PROGRAM DESCRIPTION

Several methods of coding the filters were looked at, but
to achieve the required sampling rate, and since memory is
relatively cheap, straight in-line code was used. The
coefficients for the filters are stored in the in-line code as
immediate values to load to a register pair. The program
sends the two operands to the hardware multiplier, and lets
the 32 bit accumulator in the hardware multiplier section do

the addition to perform the multiply and add sequence present
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in all of the digital filters. One obtains the final result by
loading in the 16 most significant bits from the 32 bit
accumulator, thus truncating the result and producing the
quantizing errors related to truncation as discussed earlier.
The last n inputs for both IIR and FIR filters and the last n
ohtputs for IIR filters are stored in push-down stacks in RAM.
The FIR filters do the push-down of the previous inputs as the
current output is calculated.

Since the sampling rate is not constant for all of the
filters throughout the algorithm, counters are kept to
determine when a certain filter should be done. To get all of
the processing done before the next sample is taken, a scheme
was devised to determine which filters should be done during a
given block of time. Thus, the filters that have a higher
sampling rate must be done every sample, but ones with a lower
sampling rate can be done when time is available. The code
that was sent to Sandia Laboratories consisted of all the
filters for the algorithm and the timing scheme for when to do

the filters.,

6.0 CONCLUSIONS

This paper dealt with the simulation of a microcomputer-
based intrusion detection system and the effects of using a
finite word length in the calculation of the digital filters.
The filters were first checked for overflows with a maximum
input signal, and the modified filters were then checked for

underflows with a minimum input signal. The modifications to
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the filters should improve the system's performance.

Since the original design of the system was done at
Sandia, the purpose of the variable gain blocks and the reason
why +-2.8 V was chosen for some of the limiters when the
present number representation covers only +-1.999939 V is not
known. The variable gain was left at unity gain, and the
limiters did not effect the signals.

Because of the problems that can occur from using a
finite word length, and since the filters in a given algorithm
may produce unexpected results when they interact, I developed
the following procedure for designing and implementing a

system:

1) Design the overall block diagram or algorithm for
the specific problem

2) Design the specific blocks or filters according to

specifications
a) If possible, choosethe formof filter that
produces the smallest errors due to
quantization
b) Check for movement of the zeros and poles
c) Check for internal overflows and deadbands

3) Design the combination of filters by checking the
amplitude after each filter

4) Simulate the system on a larger computer and compare
double precision outputs with fixed point outputs
a) Using a maximum input signal, check for
overflows and adjust filters for maximum
signal
b) Using a minimum input signal and the adjusted

filters, check for zero outputs or loss of
signal
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As a result of using the above procedure, the following
filters were changed:
High Band: Multiply IIR3 numerator by 7.4225190
Multiply FIRA by 2.0

Eliminate or modify IIR5 to retain
information present in previous block

Mid Band: Multiply IIR8 numerator by 2.8180921
Multiply FIRC by 2.0
Eliminate or modify IIR10 to retain
information present in previous block

Low Band: Multiply IIR11l numerator by 0.85
Multiplyoutputs of complex predictor
by 6.6666666
Multiply IIR13 numerator by 3.3534541
Multiply FIRE by 2.0

The changes that were made in this design served to
eliminate an internal overflow in the IIR1l1 filter, and
to increase the SNR throughout the system by increasing the
gain of some filters to make better use of the dynamic range
of the system. Both the IIR5 and IIR10 filters should be
eliminated or modified to maintain the signal present in the
previous stage.

As was noted in an earlier discussion of the effects of
product quantization, one may need to resort to simulating the
algorithm on a larger machine to choose the best form of the
filter. Generally, it seems that a simulation provides a much

better refinement of the entire system than do theoretical

calculations.
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APPENDIX A

The following sheet is the filter block diagram of the
intrusion detection system. Each block is labelled as to the
function it performs; the filters are discussed in appendix B.
The output points corresponding to the number used by the
program and the naming of the output file are enclosed in
circles. The output of every block in the diagram has been
labelled according to its position from the original signal
input. The first letter is a "I" for Inphase signal, "Q" for
Quadphase signal, or "C" for Combined signal. The second
letter is a "H" for High band, "M" for Mid band, or "L" for
Low band. The final digit indicates the position of the

output in that particulér section.



- ® ® [wryo
<< T ™ —Tr— —
INVd HOIH i N
<ot |SATL i et = 8dTa——] warapl X
Xt 91> SH) b cho 2 | ©
@® | vyo
AR =1 . b g
WHI  snT MT Wi
®
Q Z < m Q H—\/_ ® NIVO @ AT
@ ® © ' UL ain FF NWITH—— MU \_1 HES sl,u_.wmﬂ«liA
1 ] ' v ] -
u 2N ® | subd £l 200 1o o Y
Md.l. ] Q—EHH ¥ T ——
: HT " ! "Es.m_r“w LTI ; V«E.. X " © Loy i xaw
175) 9> sin W su3 ; ! 9 ® H PYTRE)
- = " HH ranzf " vt ounsf S [gms.__lA
1 ' ' “ : -ILNY
SUL  lix 0 alix I
ANV m Z O 1 ® - @ ® ¥I2I1Y003 @ o ® g
& ® n 4 ' :ﬁwu.wmwm m _— T UIILF——1 aa1d ®
] _ L . L}
_ 1 2| @ @ 9ib s10 ——{yonraasd |- p1o £10 210 110
H B M_KHH - T T u
9 sh U £ 21 v _ ] yiziwood] @ vo
. 1 2L — a0 & H1OMIYLS |— E —— Y11 .@ QyId
' ; ¢ aawdI @ 4 | wars | YVA | . ;
it ou $1T bIT sir 11 x

WYd9vYIa X0079 43L1I4



Bl

APPENDIX B
This appendix contains the specifications for the filters
used in the algorithm, and plots of their amplitude and phase

response.

IIR1:

6 pole band pass Butterworth filter

FS = 240.000 ; F1 = 9,000 ; F2 = 82.500
Stage #1 with two sets of complex conjugate poles

A(R) ( 1 = 2*%g**-2 + Z**-4 )

H(Z) = mmmmmmm e o e e e e
1+B(K)Z**-1 + C(K)Z2**-2 +D(K)Z**-3+ E(K)Z**-4
Stage #1:
A(l) = 4.58144844E-01 B(l) = -9.74493027E-01
C(l) = -1.09509118E-01 D(1l) = -1.60353869E-01
E(1) = 3.61381799E-01

Stage #2 with one set of complex conjugate poles

A((N+1)/2) ( 1 = Z%%*=2 )

H(Z) = === e e e e e
1 + B((N+1)/2)2%*=1 + C((N+1)/2)2%*=2
Stage #2:
A(2) = 5.89288652E-01 B(2) = -5/23593187E-01
C(2) = -1.78577363E-01
IIR2:

1l pole low pass Butterworth filter
FS = 240.000 ; FC = 112.500

Stage #1 with one pole at =PI
A((N+1)/2) ( 1 + z**-1 )
1l + B((N+1)/2)2%*=-1

Stage #1:
A(l) = 9.10339415E-01 B(l) = 8.20678830E-01
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IIR3:
1 pole high pass Butterworth filter
FS = 240.000 ; FC = 112.500

Stage #1 with one pole at =PI

A((N+1)/2) ( 1 = Z%*-1 )

H(Z) = ==——ecemecc—cceee— e ee———
1 + B((N+1)/2)Z**=-1
Stage #1:
A(l) = 8.96605924E-02 B(l) = 8.20678830E-01
IIR4:

3 pole low pass Butterworth filter
FS = 10.000 ; FC = 3.300

Stage #1 with two complex conjugate poles

A(K) (1 + 22%%=] + Z*¥*-2 )

H(Z) = =————meem——rreccccece e
1l + B(R)Z**=1 + C(K)Z**=2
Stage #1:
A(l) = 5.15158534E-01 B(l) = 6.69961870E-01
C(l) = 3.90672445E-01

Stage #2 with one pole at =PI
A((N+1)/2) (1 + Z%*=1 )

H(Z) = =—me—ecc e e e
1 + B((N+1)/2)2%*=~]1
Stage #2:
A(2) = 6.28378272E-01 B(2) = 2.56756514E-01
IIRS:

1l pole low pass Butterworth filter
FS = 10.000 ; FC = 0,109

Stage #1 with one pole at -PI
A((N+1)/2) (1 + 2%*~1 )
1 + B((N+1)/2)2**-1

Stage #1:
A(l) = 3.31220999E-02 B(l) = -9.33755875E-01
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IIRG:
8 pole band pass Butterworth filter
FS = 40.000 ; F1 = 2.250 ; F2 = 11.000

Stage #1 with two sets of complex conjugate poles

H{Z) M oo s s v s s oo o i o s e A e i e R A i
.1 + B(R)Z**-1 + C(K)Z**-2 + D(K)Z**-3 + E(K)Z**-4
Stage #1:
A(l) = 2.92624205E-01 B(l) = -1.49385989E+00
C(l) = 1.02734399E+00 D(1l) = =-7.79795229E-01
E(1) = 4.54196155E-01

Stage #2 with two sets of complex conjugate poles

BQZ) 0 o o o i o it e o s e e i
1 + B(R)Z**-] 4+ C(R)Z**-2 + D(K)Z**~3 + E(R)Z**-4
Stage #2:
A(2) = 2.11137474E-01 B(2) = -1.44218183E+00
C(2) = 7.41260588E-01 D(2) = -1.98330969%E-Q1
E(2) = 4.92477380E-02
IIR7:

1l pole low pass Butterworth filter
FS = 40.000 ; FC = 15.000

Stage #1 with one pole at -PI
A((N+1)/2) (1 + Z%*%=1 )
1 + B((N+1)/2)2%*-1

Stage #1:
A(l) = 7.07106769E-01 B(l) = 4.14213538E-01



IIRS8:
1 pole high pass Butterworth filter
FS = 40.000 ; FC = 15.000

Stage #1 with one pole at -PI
A((N+1)/2) (1 = Z**=1 )

H{Z) = =—==——mm—cmec—ccr e ————-
1 + B((N+1)/2)2**=-1
Stage #1:
A(l) = 2.928%3231E-01 B(l) = 4.14213538-01
IIR9:

3 pole low pass Butterworth filter
FS = 5.000 ; FC = 0.440

Stage #l1 with two complex conjugate poles

A(R) { 1 + 28%%=] + Z¥%=3 )

HIZ) = srommsmeriimb s S
1 + B(K)Z2**-1 + C(K)Z**-2
Stage #1:
A(l) = 5.90080023E-02 B(1l) = -1.34801686E+00
C(l) = 5.84048927E-01

Stage #2 with one pole at -PI
A{{N+1)/2) ( 1 + Z%*-1 )
1 + B((N+1)/2)Z2%*=]1

Stage #2:
A(2) = 2.21017361E-01 B(2) = -5.57965338E-01

IIR10:
1l pole low pass Butterworth filter
FS = 2.500 ; FC = 0.014
Stage #1 with one pole at =PI
A((N+1)/2) ( 1 + Z*%=1 )
1 + B((N+1)/2)z%*-]

Stage #1:
aA(l) = 1.72905121E-02 B(l) = =-9.65418994E-01
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IIR11:
8 pole band pass Butterworth filter
FS = 10.000 ; F1 = 0,100 ; F2 = 3.000
Stage #1 with two sets of complex conjugate poles

A(R) ( 1 - 2Z%%=2 + Z¥*%=4 )

H(Z) = == e e e e e e e e e e e e e e e e e
1l + B(K)Z**~-1 + C(K)Z**=2 4+ C(K)Z**-3 + E(K)z**~4
Stage #1:
A(l) = 4.55506563E-01 B(l) = ~1.50136971E+00
C(l) = 5.59125006E-01 D(1l) = -5.09367466E-01
E(l) = 4.,59150285E-01

Stage #2 with two sets of complex conjugate poles

AR{R) ( 1 = 22%%=2 % Z¥%=4 )

H(Z) = =—cmcm e e e e e e e e e e
1 + B(R)Z**~1 + C(K)2**-2 + C(K)Z**-3 + E(K)Z**-4
Stage #2:
A(2) = 3.29494983E-01 B(2) = =1.59343183E+00
C(2) = 4.,04448390E-01 D(2) = 1.38945937E-01
E(2) = 5.54901883E-02
IIR12:

1l pole low pass Butterworth filter
FS = 10.000 ; FC = 4.000

Stage #1 with one pole at -PI
A((N+1)/2) (1 + 2%*-1 )
1 + B{(N+1)/2)2%*=-1

Stage #1:
A(l) = 7.54762769E-01 B(l) = 5.09525537E-01
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IIR13:
1l pole high pass Butterworth filter
FS = 10.000 ; FC = 4.000

Stage #1 with one pole at =PI

A((N+1)/2) ( 1 = Z**=]1 )

H(Z) = ==—m—eeecee—e e
1l + B((N+1)/2)Z2*%*=-1
Stage #1:
A(l) = 2.45237201E-01 B(l) = 5.09525537E-01
IIR14:

2 pole low pass Butterworth filter
FS = 2.500 ; FC = 0.150

Stage #1 with two complex conjugate poles

A(K)Y (1 + 22%*%=]1 4+ Z*%=2 )

H(Z) =& ——m——mecccm e m e e e = e
1l + B(R)Z%*=1 + C(R)Z%**-2
Stage #1: _
A(l) = 2.78597660E-02 B(l) = =1.47548032E+00
C(l) = 5.86919427E-01
IIR1S:

1l pole low pass Butterworth filter
FS = 1.250 ; FC = 0.005

Stage #1 with one pole at =PI
A((N+1)/2) (1 + Z%*=1 )
1 + B((N+1)/2)2%*-1

Stage #1:
A(l) = 1.24110617E-02 B(l) = -9.75177884E-01



FIRA:

FIRB:

FIRC:

10 pole low pass decimation filter

H(Z)

A(l)
A(3)
A(3)
A(7)
A(9)

H(Z)

A(l)
A(3)
A(3)
A(7)
A(9)

16 pole low pass decimation filter

H(Z)

A(l)
A(3)
A(5)
A(7)
A(9)
A(1l)
A(13)
A(15)

LI T (| | T I A | O T O |

= B{1)Z # A(2)8%*=]1 + A(3)Z**=2 + ..

A(1)Z + A(2)Z2**-1 + A(3)Z**-2 +

3.42925005E-02
1.00152999E-01
1.53612003E-01
1.33774996E-01
6.23697005E-02

A(l)Z + A(2)2%**-1 + A(3)Z%*-2 + ,,

1.86330993E-02
-7.86815956E-03
-3.85877006E-02
-1.85441002E-02
8.81720036E~02
2.00696006E-01
2.00696006E-01
8.81720036E-02
-1.85441002E-02
-3.85877006E-02
-7.86815956E-03
1.86330993E-02

2.64819991E~02
4.22337018E-02
6.91791028E-02
8.89628008E-02
9.34130028E-02
8.05597976E-02
5.59437014E-02
2.92818006E-02

A(2)
A(4)
A(6)
A(8)
A(10)

hunnnun

23 pole low pass decimation filter

A(2)
A(4)
A(6)
A(8)
A(10)

nmw o nnnuwnun

A(2)
A(4)
A(6)
A(8)
A(10)
A(l2)=
A(l4)=
A(le)=

6.23697005E-02
1.33774996E-01
1.53612003E-01
1.00152999E-01
3.42925005E-02

3.56806000E-03
-2.45447997E-02
-3.94657999E-02
2.62908991E-02
1.52307004E-01
2.18698993E-01
1.52307004E-01
2.62908991E-02
-3.94657999E-02
-2.45447997E-02
3.56806000E-03

2.92818006E-02
5.59437014E-02
8.05597976E-02
9.34130028E-02
8.89628008E-02
6.91791028E-02
4.22337018E-02
2.64819991E-02

B7

sue ¥ AL1O)2 %D

o F A(23)2%%=22

. + A(l6)2**-15



FIRD:

FIRE:

FIRG:

~

H(Z)

A(l)
A(3)

A(5)
A(7)
A(9)
A(ll
A(13
A(1l5

H(Z)

A(l)
A(3)
A(5)
A(7)
A(9)

22 pole low pass decimation filter

H(Z)

A(l)
A(3)
A(5)
A(7)
A(9)

e it St

.9 pole

Hownwwn i wao nn

A(l)Z + A(2)Z**-1 + A(3)Z**-2 + ... + A(l6)Z**-15

-2.98360996E-02

-2.41525006E-02
5.72319999E-02
1.82209998E-01
2.18251005E-01
1.22233003E-01
5.10158995E~03

-3.04717999E-02

low pass decimation

A(1)Z + A(2)Z**-1 +

3.86609994E-02
1.22501001E-01
1.73759997E-01
1.22501001E-01
3.86609994E-02

A(l)Z + A(2)2%*-1 + A(3)Z%*-2 + ... + A(22)23**-21

-2.28914991E-02
-1.38199003E-02
8.97826999E-03
5.86810000E-02
1.15640000E-01
1.48442000E-01
1.36868000E-01
8.81808028E-02
3.11846007E-02
-6.11437019E-03
-1.52225001E~-02

16 pole low pass decimation filter

A(2)
A(4)
A(6)
A(8)
A(10)
A(l2)=

nmunununum

-3.04717999E-02
5.10158995E-03
1.22233003E-01
2.18251005E-01
1.82209998E-01
5.72319999E-02

A(l4)= -2.41525006E-02

A(l6)=

filter

A(3)Z2**-2 +

A(2)
A(4)
A(6)
A(8)

wonoun

A(2)
A(4)
A(6)
A(8)
A(10)

W nnunwnuwnnn

-2.98360996E-02

7.59138986E-02
1.59609005E-01
1.59609005E-01
7+99138986E-02

-1.52225001E~-02
-6.11437019E-03
3.11846007E-02
8.81808028E-02
1.36868000E-01
1.48442000E-01
1.15640000E-01
5.86810000E-02
8.97826999E-03
-1.38199003E-02
-2.28914991E-02

B8

ese + A(9)Z**-8
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APPENDIX C

This appendix contains the amplitude versus frequency
plots of the variqus output points of the simulation. These
plots were used to determine the gain for some of the filters
and to determine which input frequency would produce a maximum
output and which frequency would produce a minimum output.
The filenames in the lower left corner of each plot correspond
to the output point as labelled in the filter block diagram in

appendix A.
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APPENDIX D

This appendix contains listings of thé programs used to
do the simulation, and contains listings of support programs
that were used. All of the programs except for one of the.
support programs are written in FORTRAN 77 and run on a VAX
11/750. The programs contain sufficient comments to explain
what they are doing and how to use them. The following is a
list of the programs contained in this appendix:

Simulation programs:

HIB iccvcivconsvonensnsvsnos cesscas vesssesness DIl
HIBAND lllll ® @ & 4 8 8 99 8 00 9P B P SISO PSSP e eSS e e e D7
MIDB 4 9 % 9 &8 9 @ S S0 & ¢ 0 P S F PO PO P ST R PR SO O e e e e 5 s 8 @ 8 D14
MIDBAND ..cceoscecscacsss vensmameswe s A e weny DED
LOB ® S 8 3 5 6 O P PO O A0 AR PSP E RS RS e G eSO P e R R e RN D27
LOBAND e % & 0 a @ B0 O WP O e O 8 S8 e P e e YRR ® @ g ¢ & 8 & 4 0 09 a0 D34
FIRF ® ® 2 4 ¢ % ¢ 8 ¢ S S e 0o 00 S & & @ 5 & 2 0 5 8 9O P O EF O O W OB ST S OO OB D43
IIRF wivsvanvinstonnmownncanunesy esessesssvsese D45
SIGE e % ¢ 9 ¢ & 9 0 8B QW B O P S S P SRS E eSS e S0P e R AR D47
COMPR coccecesvenne s sssesssss s sessasasasanes D50
FIRFILT .cceccenoscssosscossnscasen ssesssaasnss D53
IIRFILT icncencnonvesonensosensnonunnsnsnsessne DO
SIGEQU sscevasssscnssnans O b -1
COMPRED sisesvsnssnnsdnsmanosnmenn cvsseesscsssce D62
MULT LR AR R L O I O O I B B B BN DN B B B R B B R RN B RN IR B BN IR IR I T N S R D67
ADD sssossvanmsvonmnny tesversesssnsscesssssasse DGY
FXPT .occone cessscssssssessesssessasssssncsans D71

Support programs:

DSINEGEN ..cccoevenvscssccnssssosesosnssnssssss D74
CHWHITE ....... ttesecccssssessssssesassnssnsnses D77
SGOPEN .vvveevsveonncasscsosrssstasecncssansanss DB3
SGTRAN ..ccveese tesssenssassssssssenssascessss D88
SGLENG ...... sesssesasssssnsssssssnecssansssss DI1
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SRR KRR KRR AR E R R R IR AR KRR LR RE XA LR R LK

HIB

I

VAX-11 FORTRAN SOURCE FILENAME? RIB.FOR
BEPARTMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

REVISION DATE PROGRAMMER
00,0 NOV 24, 1982 DANIEL B. SCHOWENGERDT
01.0 MAY 245 1983 JOHN W. BARTHOLOMEW

(220222383030t tiR so0iebtetieitepisbitobsbtietiiitibotitisivsty
CALLING SEQUENCE
RUN HIB

PURPOSE
The rurrose of this rrogram is to rerforms usind double
precision arithmetics the high freauency channel of the
LAMBAKINS aldorithm. Double precision arithaetic
is used so that comearizons can be nzde to other
versions of this program that use fixed roint
grithmetic. .

ROUTINE(S) CALLED BY THIS PROGRAM
FIRF - This subrputine performs FIR filterinsg.,
IIRF - This function subroutine rerforms IIR filtering,

DATA REQUIRED FROM USER

‘HIBATCH.DAT’ - Data file containing the nzme of the
file containing the reauired inruts to the erodraa.

IN PHASE DATA FILE (SAMPLING RATE 240 H2)
QUADRATURE DATA FILE (SAMPLING RATE 240 H2)

FILTER COEFFICIENT FILE - The order of the coefficients
in this file is?
1) TIR1 coefficients - 3 four Pole + two role
g8) first four role coefficients - 9 weight
b) the two role - 5 weight.
2) IIR2 coefficients -~ 3 weight,
3) IIR3 coefficients - 3 weight,
4) FIRA coefficients -~ 10 weisht.
3) FIRR - coefficients - 23 weisght,
4) IIR4 coefficients - 3 2 role + 1| pole

nnnnnﬂnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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g) 2 role coefficients - 5§ weight.
b) 1 rpole - 3 uweisht.
7) IIRS coefficients - 3 weisht.

DEGAIN - The variable dain arrlied to the sldgorithm.
INFORMATION RETURNED TO USER

The datz denerated in the srodram selected froa
ang of 9 different outsrots,

1) Inrhase IIR1 %X dain outrut.

2} Quadrature [IR1 % d3in outeut.
3) Inephase limited IIR2 outrut.
4) Quadrature IIRI outrut.

S) Inerhase ¥ Quadrature outrut.
4) FIRA outrut.

7} FIRR outeut.

8) Limited IIR4 outeut.,

2) IIRS outeut,

R AR R R KRR XA RA R R R AR R R AR R RR AR IR RR
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PARAMETER MAX_ARRAY.SIZE=200000
REAL SCRATCH1(MAX_.ARRAY_SIZE)
REAL SCRATCH2(MAX_ARRAY.SIZE)
REAL SCRATCHI(MAX.ARRAY_SIZE)
INTEGER OUTCOUNT/0/

CHARACTERXBO FNAM

CHARACTERX80 INFNAM
CHARACTERX80 QUFNAM
CHARACTER¥80 COFNAM
CHARACTER%80 DUTPUT

DOUBLE FRECISION DI1IA(9)/9%0.0/sDILIR(5)/5%0.0/»
DILQA(P)/9%0.0/DI1QB(S)/0%0,.0/
DI2I(3)/73%0.0/DI30(3)/3%0,0/
DF1(10)/10%0.0/+DF3(23)/23%0,0/»
DI4A(D)/5%0,0/DI4B(3)/3%0.0/>
DIS(3)/3%0,0/

W MW I I

DOUBLE PRECISION CI1A{(?)sCI1B(S),CI2I(3),CI3R(3),
CF1(10),CF3(23)sCIAA(S)sCI4B(3) s
X CI5(3),Cl44)

&

DOUBLE PRECISION GAINsI»Q:IIRF»INTOUT

REAL DBGAIN»SIZE,OUT()
REAL COEF{(&4)

INTEGER DIDsFOUR/4/+ICNT1/0/+ICNT2/0/9ICNT3/0/ 2 IER2I00/0/
¥ 101/1/+102/72/+10UT,ISIZESNC10/10/9NC23/23/ s
¥ NCNT1/0/sNCNT2/0/sNDECA/4/ s NDECS/6/2NR/0/ s
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ONE/1/sTHO/2/9d

EQUIVALENCE (C(1)»CI1AC1))»(C(10)sCI1B(1))»(C(15),CI2I(1))y
(C(18),CI3A(1)) o (C(21)9LF1(L)) o (C(31)sCF3(1))y
(C(54)»CIAA(1)) 2 (C(59)sCI4B(1))(C(62),CIS(1))

FORMAT (A)
FORMAT (F10.4)
FORMAT (14)

FNAM = "HIBATCH.DAT’
OPEN (UNIT=4sFILE=FNAMsSTATUS='0LD")
READ (4510) FNAM

OPEN {(UNIT=3,FILE=FNANM:STATUS='0LD")

CONTINUE
Do 86 J=1,9
DILIACI) = 0.0D0
DI1BACJ) = 0.0D0
CONTINUE
DO 87 J=1,5
DIL1IB(J) = 0.,0D0
DI1GB(J) = 0.0B0
DI4A(S) = 0,0DB0
CONTINUE
DO 88 J=1,3
RI2I(J) = 0.0D0
DI3QCJ) = 0.0D0
DI4B(J) = 0.0D0
DIS(J) = 0.0D0
CONTINUE
DO 8% J=1,10
DF1{J) = 0.0D0
CONTINUE
no 90 J=1,23
BF3¢J) = 0.0D0
CONTINUE
ICNT1 = ¢
ICNT2 = 0
ICNT3 = ¢

READ (3»109END=3000) INFNAN
READ (3,10,END=3000) QUFNAM
READ (3510sENB=3000) COFNAM
READ (3:12,END=3000) IOUT

READ (3s11,END=3000) DBGAIN
READ (3,10,END=3000) OQUTPUT

CALL SGOPENC(IDO,‘READ’y’NOPROMPT'sINFNAMs ‘REAL‘»ISIZEQ)
CALL SGOPEN(IOL,’READ’s/NOPROMPT’,QUFNAM, REAL’,ISIZEL)

D3
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CALL SGOPEN(ID2s’READ’s’NOPROMPT’sCOFNAMs REAL’ISIZE2)

CALL SGTRAN(I02s’READ’s’REAL‘»COEF,1SIZE2)
DO 100 I1=1,ISIZE2

C{(I1) = DBLE(COEF(I1))
CONTINUE

GAIN = DRLE(10.0 %% (DRGAIN/20.0))

READ THE TWO INPUT FILES

CALL SBTRANC(IOOs’READ’s’REAL‘sSCRATCH1»ISIZEQ)
CALL SGTRAN(ID1,’READ’s’REAL’+SCRATCH2,ISIZEL)

DO 500 NR=1,MINO(ISIZEQ,ISIZEL)

DILIA(L)
DI10ACL)

DRLE( SCRATCHI(NR) )
DBLE( SCRATCH2(NR) )

PERFORM 6 POLE BAND PASS FILTER 9.0-82.35 HI.
REQUIRES DOUBLE PRECISION DILIAC?)<DILIB(3):
DILQAC(?)»DI1QR(S)+CI1A(?)CI1R(5).,

DO INFHASE CHANNEL

DI1IB(1) = IIRF(DI1IA+CI1AsFOUR)
DI2I(1) = IIRF(DI1IBsCI1B,TWD)

DO QUADRATURE CHANNEL

DI1RR(1) = IIRF(DI1QAsCI1AsFOUR)
DI3@(1) = IIRF(DI1GB+CI1B,THO)

HULTIFLY IN GAIN

DI2I{1) = DI2I(1) % GAIN
DIZA(1) = DI3@{1) % GAIN

DO ONE POLE LOW PASS FILTER IIR2 112.5 HZ
REQUIRES DI2I{(3),L12(3)

I = IIRF(DI2I,CI2I,0NE)

D0 ONE FOLE HIGH PASS FILTER IIR3 112.5 HZ
REQUIRES DI3Q(3),CI3(3)

@ = IIRF(DI3QsCI30Q0NE)

LIMIT INPHASE SIGNAL TO +-2.8

IF (DABS{I).6T.2.8D0) I = DSIGN(2.8D0,1)
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FIND PRODUCT OF INPHASE AND QUADRATURE SIGNAL
DF1(1) = T % @
OUTPUT DESIRED VALUES

IF (IOUT.6T.5) GO TO 310
ICNT1 = ICNTL + 1

ouT(1) = DI2I(2)
ouT(2) = DPI3Q(2)
ouT(3) = 1
ouT(4) = @
OUT(S) = DF1(Y)

OUTCOUNT = OUTCOUNT + 1

SCRATCH3( OUTCOUNT ) = QUT( IOUT )
GO TO 500

CONTINUE

DECIMATE SIGNAL BY 6 WITH FIRi
REQUIRES DF1(10)sCF1(10})

CALL FIRF(DF1sCF1,NC10sNDECSsNCNT1sDF3(1)+DID)
IF (DID.EQ.0) GO TD 500

OUTPUT THIS VALUE?

IF {(IOUT.NE.4) GO TO 320

ICNT2 = ICNT2 + 1

0uUT(4) = DF3(1)

OUTCOUNT = OUTCOUNT + t

SCRATCH3( OUTCOUNT > = 0OUT ( IOUT )
GO To 300

CONTINUE

RECIMATE SIGNAL BY 4 WITH FIR3
REGUIRES DF3(23),CF3(23)

CALL FIRF(DF3sCF3sNC23,NDECAsNCNT2,DI4A(1),DID)
IF (DBID.,ER.0) GO TO 500

PERFORM 3 POLE LOW PASS FILTER IIR4 3.3 HZ
REQUIRES DI4A{S)sCI4A(S)sDIAB(3)CI4B(3)

DI4B{1) = IIRF(DI4AsCI4A»THO)
DIS(1) = IIRF(DIAR:CI4R+ONE)

LIMIT SIGNAL TO +- 1.0
IF (DABS(DIS(1)).67.1.0D0) DIS{1) = DSIGN(1.0D0>DIS{1)}

PERFORM ONE POLE LOW PASS FILTER IIRS 0,109 HZ
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REQUIRES DIS(3)»CIS(3)

INTOUT = IIRF(DISsCIS,ONE)

QUTPUT ANY VALUES?

IF (IOUT,.LT.7) GO 7O 500
ICNT3 = ICNT3 + 1

QUT(7) = DI4A(2)
ouT(8) = DIS(2)
DUT(?) = INTOUT

QUTCOUNT = OQUTCOUNT + 1
SCRATCH3( OUTCOUNT ) = QUT( I0UT )

CONTINUE

CALL SGOPEN(IO2s‘WRITE’s’NOPRONPT'»DUTPUTs ‘REAL’+OUTCOUNT)
CALL SGTRAN(IO2»‘WRITE’s ‘REAL’+SCRATCH3QUTCOUNT)

OUTCOUNT = 0

GOTO 85

CONTINUE
END
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HIBAND

VAX-11 FORTRAN SOURCE FILENAME: HIBAND.FOR
DEPARTMENT OF ELECTRICAL ENGINEERING | KANSAS STATE UNIVERSITY

REVISION DATE  PROGRAMMER
00,0 NOV 29, 1982 DANIEL B. SCHOWENGERDT
01.0 HAY 24y 1983 JONN W. BARTHOLOMEW

bpt23ad3 2R eb et tp bt eeidboat bbb iss bt eiis ettt aeiis bttt bl

CALLING SEQUENCE
RUN HIBAND

PURPOSE
The purrose of this rrodras is to performs usind fixed
paint arithmetic and data storadey the hidh
freauency channel of the LAMBAKINS =zldorithm. The
sttemrt in this prodram is to simulste the limitations
that would occur if this sldorithm were executed bu
3 microrrocessor. The simulated limitations are in the
rrecision of dsta storsge and math orerations.

ROUTINE(S) CALLED BY THIS PROGRAM

'IIRFILT A function subroutine that rerforms an IIR
filter.

FIRFILT A subroutine that rerforms an FIR filter,

MULT A function subroutine that rerforms a fixed
point multirly of two orerands.

DATA REQUIRED FROM USER

‘HIFBATCH.DAT’ - Data file containing the name of the
file containing the reeuired ineputs to the erodram.

INPHASE DATA FILE
QUADRATURE DATA FILE

FILTER COEFFICIENT FILE - The order of the coefficients
in this file are!
1} IIR1 coefficients - 3 four pole + 3 two role
a3) the four role - 9 weishts,
b} the two role - 5 weights.
2) IIR2 - { role - 3 waisghts,

OO OO0 000000000 0NO0000 000000000 eOnNoOOO00O0O00OOnoOO0e00
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3) IIR3 - 1 pole - 3 weishts.
4) FIRA coefficients -~ 10 weights,
3) FIRB coefficients - 23 weights.
4) IIR4 coefficients - a3 two role + 3 one role.

2) the two role - 5 weights.

b) the one pold - 3 weights.
7) IIRS coefficients - 1 role - 3 weisghts,

DATA FORMAT FILE - Contains the fixed roint formst
spacifiers for 3ll data storade and math
orerations in the eprodram. The order of formats is?
1) IIR1 formats,

8) Coefficient format.
b) Datas format.
¢) Accumulator format.

2) GAIN x Data (inrhase and quad).
a2) Format for GAIN value.
b) Data format.

3) IIR2 and IIR3 formats.

2) Coefficient format.
b) Data format.
c) Accumulztor format.

4) Inrhase x Quad data formats.
3) Inerhase data format.

b) Quadrature data foraat.

3) FIRA formats.,

g) Coefficient format.

b} Data faraat.

¢) Accumulator forast.
4) FIRR formats.

3) Coefficient format.

b) Data format.

c¢) Accumulator format.
7) IIR4 foraats.

a) Coefficient format.

b) Data format.

c) Accumaulator format,
8) IIRS formats.

3) Coefficient format,

b) Data farmat.

¢) Accumulztor format.,

DBGAIN - The variable dgain to be arrlied to zldorithm.
INFORMATION RETURNED TO USER

The data denerated in the program selected from
any of 9 different srots,

1) Inrhase IIR1 ¥ GAIN outrut,

2) Quadrature IIR1 % GAIN outrut.

3) Inrhase limited IIR2 outrut,

4) Quadrature IIR3 outrut.

5) Inrhase % Quadrature outrut,
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4) FIRA outrut,

7) FIRB output. C
8) Limited IIR4 cutrut,

?2) IIRS outrut.

REEERRKRRR KRR KRR R RN R R R AR R R R I AR IR IR LR RERLEXLRXRRRAARTLRRREL
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PARAHETER MAX_ARRAY_SIZE=200000
REAL SCRATCH1(MAX_ARRAY_SIZE)
REAL SCRATCH2(MAX.ARRAY_SIZE)
REAL SCRATCH3I(MAX.ARRAY.SIZE)
INTEGER OUTCOUNT/0/

CHARACTER¥80 FNAM

CHARACTER%8Q0 INFNAN
CHARACTER®B0 QUFNAHM
CHARACTER%80 COFNAHM
CHARACTERX80 FOFNAM
CHARACTER%80 OQUTPUT

DOUBLE FRECISION DI1IA(9)/9%0.0/,DI1IB(5)/5%0.0/»
DIL1GA(?)/9%0.0/,DILAB(S)/5%0.,0/y
DI2I(3)/3%0.0/,DI3R(3)/3%0.0/>
DF1(10)/10%0.0/,DF3(23)/23%0.0/»
DI4A(S)/5%0.0/+DT4B(3) /3%0.0/
DIS(3)/3%0.0/

26 W 3¢ W %

NOUBLE PRECISION CI1A(9)sCI1B(S5),CI2I(3),CI30(3),
CF1(10),CF3(23),CI4A(5)+CI4B(3),
CIS(3)+Cl44)

> W

DOUBLE PRECISION GAIN»I»@»>IIRFILT»INTOUT,MULT

REAL DBGAIN»SIZE,OUT(9),F(50)/50%0.0/
REAL COEF(&4)

INTEGER DIDyFOUR/4/sFPTR» ICNT1/0/5ICNT2/0/9ICNT3/0/51ER
100/0/+101/1/+102/2/+10UT»ISIZEYNC10/10/+NC23/23/
NCNT1/0/sNCNT2/0/+NDEC4/4/»yNDECE/6/3NR/0/ »
ONE/L1/+THO/2/4 4

% W 3

EQUIVALENCE (C(1),CI1A(1))s(C(10)sCI1R(1))s(C(15)sCI21(1))s
(CC18)+CI3RC1Y Y2 {C(21),CF1(1))o(CCIL)+CFI(1))y

(C(54)sCIAA(1)}s(C(S9)sCI4AB(1))+(C(62)sC1I5(1))

¥

COMMON FPTR:F

10 FORMAT (A)
11 FORMAT (F10.4)

12 FORMAT (14}

FMAM = "HIFBATCH.DAT”’
OFPEN (UNIT=4,FILE=FNAM»STATUS=/0LD’)



83

84

a7

88

8%

70

D10
READ (4510) FNAM

OPEN (UNIT=3:FILE=FNAM)STATUS='0LD")

CONTINUE
DO 86 J=1y9
DI1IAC) = 0,000
DI10A(S) = 0.0D0
~ CONTINUE
[0 87 J=155
DI1IB(J) = 0.0D0
DI1GB(J) = 0,0D0
DI4ACJ) = 0,000
CONTINUE
DO 88 J=1,3
DI2I(J) = 0,000
DI3Q(J) = 0,00
DI4B(J) = 0,000
DIS(J) = 0.0D0
CONTINUE
D0 89 J=1,10
DF1¢J) = 0,000
CONTINUE
DO 90 J=1,23
DF3(J) = 0.0D0
CONTINUE
ICNTL = 0
ICNT2 = 0
ICNT3 = 0

READ (3510,END=3000) INFNAM
READ (3,10,END=3000) QUFNAN
READ (3,10-END=3000) COFNAN
READ (3s10,END=3000) FOFNAM
READ (3,12,END=3000) IOUT

READ (3+11+END=3000) DBGAIN
READ (3:10,END=3000) OUTPUT

CALL SGOPEN(IOO» READ’,‘NOPROMPT’» INFNAMs ‘REAL‘»ISIZEO)
CALL SGOPEN(IO1s’READ‘s’NOPROMPT’ QUFNAMs REAL’sISIZEL)
CALL SGOPEN(IOD2»‘READ’s/NOPROMPT’»COFNAMy ‘REAL‘»ISIZE2)

CALL SGTRAN(IO2s’READ’»’REAL‘sCOEF»ISIZER)
DO 100 I1=1,ISIZE2
C(I1) = DBLE(COEF(I1))
CONTINUE
CALL SGOPEN(I02,’READ’,’NOPROMPT’»FOFNAMs‘REAL’,»ISIZE2)
CALL SGTRAN(IO2,’READ‘s ‘REAL’»F,ISIZE2)

GAIN = DBLE(10.0 %% (DEGAIN/20.0))
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READ THE TWO INPUT FILES

CALL SGTRAN(CIDO»'READ’y’REAL’»SCRATCH1,ISIZEO)
CALL SGTRAN(IOL1, READ’'REAL’+SCRATCH2sISIZEl)

DO 500 NR=1sMINO(ISIZEO»ISIZE1)

DI1IA(1) = DBLE( SCRATCH1(NR) )
DI1QA(1) = DBLE( SCRATCH2(NR) )

PERFORM & POLE BAND PASS FILTER 9.0-82.5 HZ.
REQUIRES DOUBLE PRECISION DI1IA(?)sDIL1IB(3),
DI1GA(9),DIL10R(5),CI1A(9),CIIB(3),

REQUIRES 3 FORMATS, SAME FOR BOTH STAGES.

DO INPHASE CHANNEL

SET FORMAT POINTER

FFTR = 1

DILIB(1) = TIRFILT(DIL1IA-CI1AsFOUR)
RESET FORMAT POINTER

FPTR =1

DI2I(1) = IIRFILT(DIL{IB,CI1B,THWO)

DO QUADRATURE CHANNEL

RESET FORMAT POINTER

FPTR = 1

DI1GB(1) = IIRFILT(DIiRACI1A,FOUR)
RESET FORMAT POINTER

FPTR = 1

BI3A(1) = IIRFILT(DI1AGB,CIL1BsTWO)

MULTIPLY IN GAIN
REQUIRES TWO FORMATSs ONE FOR EACH OPERAND

DI2XI(1) = MULT(GAINyDI2I(1),0NE)
RESET FORMAT POINTER

FFTR = FPTR - 2

DI3Q(1) = MULT(GAINsDI3Q(1)s0NE)

N0 ONE POLE LOW PASS FILTER IIR2 112.5 HZ
REQUIRES DI2I(3),CI2(3)
REQUIRES 3 FORMATS»SAME USED IN INPHASE
AND QUAD CHANNEL.

I = ITIRFILT(DI2I+CI2I»0NE)

DO ONE POLE HIGH PASS FILTER IIR3 112.5 HZ
REQUIRES DI3Q{(3)+CII(3)
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SAME FORMATS AS FOR INPHASE CHANNEL
RESET FORMAT POINTER
FPTR = FPTR - 3
@ = IIRFILT(DI3Q,CI30@,0NE)
LIMIT INPHASE SIGNAL TO +-2.8
IF (DABS(I).GT,2.8D0) I = DSIGN(2.8D0+1)

FIND PRODUCT OF INPHASE AND QUADRATURE SIGNAL
REQUIRES TWO FORMATS OME FOR EACH OPERAND.

DFL(1) = MULT(I»QsONE)

OUTPUT DESIRED VALUES

IF (IOUT.G6T.5) GO TO 310
ICNTL = ICNT! + 1

ouUT(1) = DI2I(2)
o0uT(2) = DI3A(2)
ouT(3) = 1
ouT(4) = @
QuT(S) = DF1(1)

OUTCOUNT = OUTCOUNT + 1

SCRATCH3( OUTCOUNT ) = OUT( I0UT )
GOTO 500

CONTINUE

DECIMATE SIGNAL BY 6 WITH FIRA
REQUIRES DF1(10),CF1(10)
REQUIRES THREE FORMATS.

CALL FIRFILT(DF1sCF1,NC10sNDECS6»NCNT1,DF3(1),DID)

IF (DID.EQ.0) GO TO 500

OUTPUT THIS VALUE?

IF (IOUT.NE.6) GO TO 320

ICNT2 = ICNT2 + 1

OUT(6) = DF3(1)

OUTCOUNT = OUTCOUNT + 1

SCRATCH3( DUTCOUNT ) = OUT( IOUT )
GOTO 500

CONTINUE

DECIMATE SIGNAL BY 4 WITH FIRB
REQUIRES DF3(23),CF3{23)
REQUIRES THREE FORMATS

CALL FIRFILT(DF3,CF3,NC23,NDEC4sNCNT2,DI4A(1),RID)
IF (DID.EQ.O) GO TO 500

D12
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PERFORM 3 POLE LOW PASS FILTER IIR4 3.3 HZ
REQUIRES DI4A(5)+CI4A(5)sDI4AB(3),CIAB(3)
REQUIRES 3 FORMATS» SAME USED FOR A AND B
STAGES.,

DI4AB(1) = IIRFILT(DI4AyCI4A»TWO)
RESET FORMAT POINTER

FPTR = FPTR - 3

DIS(1) = IIRFILT(DI4BsCI4BsONE)

LIMIT SIGNAL TO +- 1.0
IF (DABS(DIS(1)).6T+1,0D0) DI5S(1) = DSIGN(1,0D0,DIS(1))
PERFORM ONE POLE LOW PASS FILTER IIRS 0,109 HZ
REQUIRES DIS(3),CIS(3)
REQUIRES THREE FORMATS.
INTOUT = IIRFILT(DIS,CIS5,O0NE)
OUTPUT ANY VALUES?

IF (IDUT.LT.7) 6D TO 500
ICNT3 = ICNT3 + 1

0UT{(7) = DI4A(2)
out(8) = DI3(2)
OUT(?) = INTOUT

OUTCOUNT = QUTCOUNT + 1
SCRATCH3( OUTCOUNT ) = OUT( I0UT )

CONTINUE

CALL SGOPEN(IO2s'WRITE’,’NOPROMPT’,OUTPUT:‘REAL’sOUTCOUNT)
CALL SGTRAN(IO2s‘WRITE’,’/REAL’sSCRATCH3sOUTCOUNT)

OUTCOUNT = 0

GOTO 85

CONTINUE
END

D13
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MIDB

VAX-11 FORTRAN SOURCE FILENAME: MIDB.FOR
DEPARTHMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

REVISION DATE PROGRAMMER

00.0 NOV 14, 1982 DANIEL B. SCHOWENGERDT
01.0 NOV 15, 1982 DANIEL B, SCHOWENGERDT
02.0 MAY 26, 1983 JOHN W. BARTHOLOMEW

1303020308300 083 0002033030322ttt bbb tesst ittt totiositsas

CALLING SEQUENCE
RUN MIDB

PURPOSE
The purrose of this program is to performr using double
rrecision arithmeticy the medium freauency channel of
the LAMBAKINS aldgorithm. Double precision arithmetic
is used so that comparisons can be made to other
versions of this rrodram that use fixed roint
arithmetic.

ROUTINE(S) CALLED BY THIS PROGRAM

FIRF - This subroutine performs FIR filterind.
IIRF - This function subroutine eperforms IIR filterind
DATA REQUIRED FROM USER

*MIBATCH.DAT’ - Data file containing the name of the
file contazinind the required inputs to the Pprodram.

IN PHASE DATA FILE
QUADRATURE DATA FILE

FILTER CDEFFICIENT FILE - The order of the coefficients
in this file are!
1) FIRG coefficients - 22 uweidhts
2) IIRS coefficients - divided into two four role
filters
a) Pirst four rpale coefficients - 9 weights
b) second four role coefficients - 9 weisghts
3) IIR7 coefficients - 3 weidhts
4) TIR8 coefficients - I weights

OCOOOO0O0O0O0CGOaOOO0COO0o0O0nDOOoOOoDa0oOOnOoOoOOD0DOcOOoO0OOO 0000000000
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S). FIRC coefficients - 14 weights
4) IIRY coefficients - 2 2 pole + 3 1 role filter
2} the 2 role coefficients - § weights
b) the 1 role coefficients - 3 weidhts
7) IIR10coefficients - 3 weights

INFORMATION RETURNED TO USER

The data denerated in the prodram selected from
any of 10 different srots.,

b33 2002323300233 020300238220 0020330233 0308330833038 3¢2302332820338 %]
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PARAMETER MAX.ARRAY_.SIZE=200000
REAL SCRATCH1(MAX_ARRAY_SIZE)
REAL SCRATCH2(MAX_.ARRAY.SIZE)
REAL SCRATCH3I(MAX_ARRAY.SIZE)
INTEGER OUTCOUNT/0/

CHARACTER®B0 FNAM

CHARACTER%80 INFNAM
CHARACTERX80 QUFNAM
CHARACTER*80 COFNAM
CHARACTERX80 OUTPUT

DOUBLE PRECISION DFSI(22)/22%0.0/sDF50(22)/22%0.0/
DISIA(?)/9%0,0/yDISIB(T)/9%0.0/
DISOA(T)/9%0,0/:DI6AB(?)/920.0/
DI7I(3)/3%0.0/+DIBA(3)/3%0.0/»
DF7(18)/16%0.0/»
DIPA(S)/5%0.,0/+DI?B(3}/3%0.0/
DI10¢(3)/3%0.0/

W W W I W W

DOUBLE PRECISION CFS(22)sCI&A(9)sCIAB(F)»CI7(3)»
CI8B(3)sCF7(14)sCITA(S)»CIFB(I)y
CI10(3),C(73)

*

DNOUBLE PRECISION GAINsI»Qs»IIRFsINTOUT

REAL DBGAINsSIZE,0UT(13)
REAL COEF(?73)

INTEGER IOUT,ICNT1/0/9ICNT2/0/9ICNT3/0/sNCNTS/0/y
NCNT7/0/sNCNT2/0/+NR/0/+DID» IER2 ISIZEy

100/0/9101/1/+102/2/s0NE/1/FOUR/4/»
NC22/22/sNC16/16/NDECE/6/ 1 NDECB/8/ »

NCNTSA/0/TWO/2/9J

3 W W e

EQUIVALENCE (C(1)sCFS5(1))s(C(23),CI6A(1))s(C(32)+CI6RB(1))y

(C(41)9CI7(1))9(C(44)+CIB(1)) s (C(47)+CF7(L1)),
(C(83)sCIFA(1))s(C(6B)+CITR(1))»{(C(71),CI10(1))

* ¥

10 FORMAT (A)
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85

86

87

a8

8¢

70

FORMA
FORNMA

FNAM
OPEN
READ

OPEN
CONTI

DO Bé

CONTI
no 87

CONTI
DO B8

CONTI
DO 8%

CONTI
0o 20

CONTI
ICNTI
ICNT2
ICNT3
NCNTS
NCNT?
NCNT2
NCNTS

READ
READ
READ
READ
READ
READ

CALL
CaLL
CALL

CALL

T (F10.4)
T (14)

= ‘MIBATCH.DAT’
(UNIT=4,FILE=FNAMsSTATUS='0LD")
{(4,10) FNAM

(UNIT=3:FILE=FNAM»STATUS="0LD")

NUE
J=1,22
DFSI(J) = 0.0D0
DF5Q(J) = 0.0D0
NUE
J=1:9
DI&IACIY = 0.,0D0
DI4GA(J) = 0,0D0
DISIB(J) = 0.,0D0
DI&QR{J) = 0.0D0
NUE
J=1,3
RIZI(N) = 0,000
DISA(S) = 0.0D0
pI9B{(J) = 0.0D0
DI10¢{J) = 0.0D0
NUE
J=1514
DF7¢4) = 0,000
NUE
J=1935
RIZA(J) = 0.0D0
NUE
=0
= 0
= 0
= {
=9
= {
A=0
{3,10+END=3000) INFNAM

(3,10,END=3000) QUFNAHN
(3+10,END=3000) COFNAM
{(3+12,END=3000) IOUT

(3,11,END=3000) DRGAIN
(3:10,END=3000) OUTPUT

SGOPEN(I0Os 'READ’ s *NOPROMPT ’ » INFNAM» ‘REAL’ »ISIZED)
SGOPEN(IO1s’'READ’ 'NOPROMPT ' sQUFNAMy 'REAL’ISIZEL)
SGOPEN(I02, ‘READ’ + "NOPROMPT * s COFNAM» 'REAL ' » ISIZE2)

SGTRAN(IO2, ‘READ’» 'REAL’»COEF,ISIZE2)
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300
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GO OOOn

100

DO 100 Il=1,ISIZE2
C{I1) = DBLE(COEF(Ii))
CONTINUE

GAIN = DBLE(10.0 k% (DBGAIN/20.0))
READ THE TWO INPUT FILES

CALL SGTRAN(IDOs’READ’s'REAL’sSCRATCH1,ISIZEQ)
CALL SGTRAN(IO1r’READ’s’REAL’sSCRATCH2,ISIZEL)

DO 500 NR=1,MINOCISIZEOsISIZE1l)

DFSI(1) = DBLE( SCRATCH1(NR) )
DF5Q(1) = DBLE( SCRATCH2(AR) )

DECIMATE SIGNAL BY & WITH FIR FILTER FIRG
REQUIRES DOUBLE PRECISION DFSI(22).DF5Q(22).CF3(22)
THIS FROGRAM USES SAME THREE FOR EACH FILTER

DECIMATE BY & INPHASE CHANNEL
CALL FIRF(DFSI,CFSsNC22)NDECS&sNCNTS+sDISIA(L)#DID)

DECINATE BY & QUADRATURE CHANNEL
CALL FIRF(DFS@sCFIsNC22/NDECS&NCNTSA+DISQA(L)},DID)

IF MO OUTPUT FFOM FILTER GO GET NEXT DATAPOINT

IF (DID.ER.0) GO TO 500

DO 8 POLE BAND PASS IIR FILTER IIRé  (2.25-11 HI)
REQUIRES DISIA(?)+DISIB(?)sCISA(T)CISRB(Y)
DI&RALD)»DISEBIT) '

DISIB(1) = IIRF(DI&IAsCIS6AsFOUR)
DI7I{1) = IIRF(DISIBsCI&EsFOUR)

DIGGBLL)Y = TIRF{(DI&QAsCISAsFOUR)
DIBR(1) = IIRF(DI&LAByCISB»FOUR)

APPLY GAIN
DI7I(1) = DI7IC1)XGAIN
DI8O(1) = DIBA(1)IXGAIN

DO 1 POLE FILTER IIR7 AND IIRS
REQUIRES DI7I(3),CI7(3)

DIBA{3)CIBL(I)

F~ ]
Houn

TIRF(DI7I,CI7+0NE)
TIRF{DIBA,CIBsONE)

D17
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GO o

LINIT INPHASE SIGNAL +-2.8
IF (DABS(I).6T.2.,8D0) I = DSIGN(2.8D0»1I)
g FORM PRODUCT OF INPHASE AND QUAD CHANNEL
DF7(1) = IxQ _
g OUTPUT ANY CALCULATED VALUES NOW?

IF(IOUT.GT.7) GO TOD 310
ICNT1 = ICNTL 4 &

OUT(1}) = DISIA(R)
0UT(2) = DI&BA(2)
QUT{3) = DI7I(2)

0UT(4) = DIBA(2)

QuUT(S) = 1

ouTis) = @

0UT(7) = DF7(1)
OUTCOUNT = QUTCOUNT + 1
SCRATCHI( QUTCOUNT ) = OUT( IOUT )
G0 TO 500
31¢ CONTINUE

C :

c DECIMATE BY 8 WITH FIR FILTER FIRC

c REQUIRES DF7(148)yCF7(14}

C
CALL FIRF(DF7,CF7»yNC16sNDECBsNCNT7»DI%A(1)sDID)
IF (BID.EQ.0) 6O TO 500

c

C QUTPUT THIS RESULT?

c

IF (IDUT.NE.8) GO TO 320
ICNT2 = ICNT2 + 1
QUTCOUNT = OUTCOUNT + 1
SCRATCHI{ DUTCOUNT ) = DI9A(1)
GO TO 500

320 CONTINUE

C

c D0 3 POLE IIR FILTER IIR?

c REQUIRES DIPA(S)CIPA(S)

c BIFB(3)CIPRB(I)

c
DI9B(1) = IIRF(DIPA,CIPA,THO)
DIL1Q(1) = IIRF{(DI?B+CI9BsOMNE)

C

C RESAMPLE /2

C

NCNT2 = NCNT2 + 1
IF(NCHT2.,LT.2) GO TO 500
HCNT2 = 0

LINIT VALUE +- 1.0

Lo B o O o ]
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IF (DABS(DI10(1)),6T.1,0D0) DI10(1) = DSIGN(1.0D0sDI10(1))

DO 1 POLE IIR FILTER IIR10
REQUIRES DI1Q(3),CI10(3)

INTOUT = TIRF(DI10,CI10+1)

OUTPUT ANY OF THESE CALCULATED VALUES?
IF (IOUT.LT.?) GO TO 500

ICNT3 = ICNT3 + 1

ouUT(®) = DIL0O(2)

QUT(10) = INTOUT

OUTCOUNT = OQUTCOUNT + 1

SCRATCH3( OUTCOUNT ) = OUTC IOUT )

CONTINUE

CALL SGOPEN(IO02y'WRITE’s‘NOPROMPT’»OUTPUTs ‘REAL’»OUTCOUNT)
CALL SGTRAN(ID2y'WRITE's REAL’sSCRATCH3,OUTCOUNT)

OUTCOUNT = 0

GOTD 85

CONTINUE
END

D19
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HIDBAND
VAX-11 FORTRAN SOURCE FILENAKE: HIDBAND.FOR

DEPARTMENT OF ELECTRICAL ENGINEERING  KANSAS STATE UNIVERSITY

REVISION DATE | PROGRAMMER
00,0 NOV 14, 1982 DANIEL B, SCHOWENGERDT
01.0 NAY 27, 1983 JOHN W. BARTHOLOMEW

(3333383378385 323833333+¢3 830330303303 230833 338303803833 023222323 83333224

CALLING SEQUENCE
RUN MIDBAND

PURFPOSE

The purrose of this prodgram is to rerforms using fixed
point arithmetic and data storades the medium

freauency channel of the LAMBAKINS slgorithm. The
atteart in this prodram is to simulate the limitations
that would occur if this aldorithm were executed by

s microprocessor. The simulsted liamitations are in the
rrecision of dats storage and math orerations.,

ROUTINE(S) CALLED BY THIS PRDGRAM

IIRFILT A function subroutine that rerforms an IIR
filter,

FIRFILT & subroutine that rerforms an FIR filter.

MULT A function subroutine that rerforms 2
fixed roint multirly,

DATA REQUIRED FROM USER

‘MIFBATCH.DAT’ - Data file containing the name of the
file contsinind the reeuired inputs to the prodram.

INPHASE DATA FILE
BUADRATURE DATA FILE

FILTER COEFFICIENT FILE - The order of the coefficients
in this file are!
1) FIRG coefficients - 22 weights
2) IIR4 coefficients - divided into two four role
filters.,
a) first four role coefficients - 9 weights
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b) second four pole coefficients - 9 weights
3) IIR7 coefficients - 3 weishts
4) IIR8 coefficients - J weights
3) FIRC coefficients - 14 weishts
8) 1IR? coefficients - a 2 role + 1 role filter.
8) the 2 role coefficients - 5§ weights
b) the 1 role coefficients - 3 weidhts
7) TIR10 coefficients - 3 weights

DATA FORMAT FILE - Contains the fixed roint format
specifiers for all datz storage snd math oeperations
in the prodram. The order of formats is}
a) FIRG foraats.
1) Coefficient format.
2) Data format,
3) Sum format,

b) IIRé formats.
1) Coefficient format.
2) Data format.
3) Sum formst.

c) GAIN x Dats (inphase and auad).
1) format for GAIN value.
2) Data format,

d) IIR? and IIR8 formats.,
1) Coefficient format.

2) Datz foraat.
J) Sum farmat.

e) Inrhase x auad formats,
1) Inshasse datas formzt.
2) Quadrature data format.

) FIRC farmsats.,
1) Coefficient format.
2) Datz format.
3) Sum format.

g) IIR? formsts,
1) Coefficient format,
2) Data forast.
3) Sum format.

i} IIR10 formats.
1) Coefficient format.
2) Datz foraat.
3) Sum format.

OO0 O000000N00C0O00O0OOOO0O0DO000 0

INFORMATION RETURNED TO USER

.'The data generated in the rrodgram seclected from
any of 10 different spots.,

LI tPe o2t b st b s sR ettt s it et tieoeieietittitiasiiotesdstiesibiy

OOO0OOO0O0O0OO0aO 0o n

PARAMETER MAX_.ARRAY.SIZE=200000
REAL SCRATCH1(MAX_ARRAY_SIZE)
REAL SCRATCH2(MAX_.ARRAY_SIZE)
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REAL SCRATCHI(MAX_.ARRAY_SIZE)
INTEGER OUTCOUNT/0/

CHARACTERXB0 FNAM

CHARACTER#80 INFNAM
CHARACTER®B0 QUFNAM
CHARACTER*80 COFNAM
CHARACTERXBO FOFNAM
CHARACTER%80 OUTPUT

NOUBLE PRECISION DF3I(22)/22%0,0/»DF30(22)/22%0.0/9
DISIA(?)/9%0.0/sDISIB(?)/P%0.0/
DISQA(T)/9%0.0/sDILAR(F)/9%0.0/y
DI7I{3)/3%0.0/,DIBA(3)/3%0.0/»
DF7(16)/16%0.0/»
DI?A(S)/5%0.,0/sDI?B(3)/3%0.0/
DI10(3)/3%0.0/

DOUBLE PRECISION CF5(22)sCI&A(R)sCISB(?)9CI7(3)»
CI8(3)sCF7(16)¢CITAL(T) +CI?B(I)»
CI10(3)»C(73)

DOUBLE PRECISION GAINsI»QsIIRFILT»MULTsINTOUT

REAL DBGAINsSIZE,DUT(13)»F(50)/50%0.0/
REAL COEF(73)

INTEGER DIDsFOUR/A/sFPTRs ICNT1/0/+ICNT2/70/2ICNTI/0Q/91ERY
I100/0/+101/1/+102/2/+10UT+ISIZEsNC16/16/9NC22/22/
NCNT2/0/ s NCNTS/0/ +NCNTSA/0/ s NCNT7/0/9sNDECS/6/»
NDEC8/8/+NR/0/+ONE/1/yTHO/2/

EGUIVALENCE (C(1),CF5{1))»(C(23)sCISA(1))+(C(32)+CI4B(1))>
(C(41)+CI7(1))9(C(44),CIB(1))s(C(A7)+CF7(1))»
(C(63)sCITAC1))(C(48)sCIPB(1))s(C(71),CI10(1))

COMMON FPTRsF

FORMAT (&)
FORMAT (F10.4)
FORMAT (I4)

FNAM = ‘MIFBATCH.DAT’
OPEN (UNIT=4,FILE=FNAMsSTATUS='0LD’)
READ (4,10) FNAM

OPEN (UNIT=3,FILE=FNAM»STATUS=‘0LD’)

CONTINUE

DO 86 J=1,22
DESICD) = 0,000
DF3A(Y) = 0.0D0

CONTINUE

D22
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87

88

89

20

100

no 87

CONTI
20 88

- CONTI

no 89

CONTI
Do %0

CONTI
ICNT1
ICNT2
ICNT3
NCNTS
NCNT?7
NCNT2
NCNTS

READ
READ
READ
READ
READ
READ
READ

CALL
CALL
CALL

CALL
DO 10

CONTI
CALL
CALL

GAIN

READ

J=1,9
DISIACS) = 0.0D0
DI&QA(S) = 0.0D0
DI&IB(J) = 0.0D0
DI&AB(J)Y = 0.0D0
NUE
J=1+3
- DI7I(J) = 0.0D0
DIBa(J) = 0,000
DIR(S) = 0,000
DI10¢J) = 0.0D0
NUE
J=1,16
DF7(J) = 0,0D0
NUE
J=1+3
DI?ACJ) = 0,0D0
NUE
= 0
=0
= 0
=0
= 0
=9
A=20
(35 10,END=3000) INFNAM

(3:10,END=3000) QUFNAN
(3s10+END=3000) COFNAM
(3:10,END=3000) FOFNAM
(3,12,END=3000) I0UT

(3s11,END=3000) DBGAIN
(3,10,END=3000) OUTPUT

SGOPEN(IOO» ‘READ’» ‘NOPROMPT’ » INFNAM» ‘REAL‘» ISIZEQ)
SGOPEN(IOLs ‘READ’ s ‘NOPROMPT ' yQUFNAM, 'REAL’»ISIZEL)
SGOPEN(I02, 'READ’ s 'NOPROMPT ‘s COFNAMy 'REAL‘»ISIZE2)

SGTRAN(ID2s 'READ’» ‘REAL’,COEF,»ISIZE2)
0 I1=1,ISIZE2
C(I1) = DBLE(COEF(I1))
NUE
SGOPEN(IO2y 'READ’ s 'NOPROMPT ' +FOFNAMy ‘REAL’ s ISIZE2)
SGTRAN(IO2» 'READ’» ‘REAL’»F»ISIZE2)

= DBLE(10.0 %% (DBGAIN/20.0))

THE TWO INPUT FILES

D23
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CALL SGTRAN(IOOs‘READ’s'REAL’sSCRATCH1sISIZEO)
CALL SGTRAN(IOLls’READ’»‘REAL’sSCRATCH2,ISIZEL)

DO 500 NR=1,MIN(ISIZEO,ISIZE})

DFSI(1)
DFSQ(1)

DBLE{ SCRATCH1(NR} )
DBLE( SCRATCH2(NR) )

DECIMATE SIGNAL BY & WITH FIR FILTER FIRG
REQUIRES DOUBLE PRECISION DFSI(22),DF5Q¢22)sCF3(22)
REQUIRES 3 FORMATS FOR EACH FILTER
THIS PROGRAM USES SAME THREE FOR EACH FILTER
FPTR = 1

DECIMATE BY & INPHASE CHANNEL
CALL FIRFILT(DFSI,CF3/NC22sNDECSsNCNTS,DISIA(1)sDID)

RESET FORMAT POINTER TO USE SAME FORMATS
IF(DID.,NE.O) FPTR = FPTR - 3

DECIMATE BY & QUADRATURE CHANNEL
CALL FIRFILT(DFS@sCF3sNC22sNDECSsNCNTIAsDISQA(1)DID)

IF NO OUTPUT FFOM FILTER GO GET NEXT DATAPOINT
IF (DID.EQ@.O) GO TO 500

DO 8 POLE BAND PASS IIR FILTER IIRé  (2.25-11 HZ)
REQUIRES DISIA(?)+DISIB(9)sCISA(?)sCILR(D)
DISRA(®)sDISBB(T)
REQUIRES 3 FORMATS FOR EACH FILTER
WILL USE THE SAME 3 FORMATS FOR EACH FILTER

DISGIB(L) = IIRFILT(DISIA+CIGA+FOUR)
RESET FORMAT POINTER

FPTR = FPTR - 3

DI7I(1) = IIRFILT(DISIBsCI&BsFOUR)

RESET FORMAT POINTER

FPTR = FPTR -~ 3

DI&GB(1) = IIRFILT(DISQA»CI6AFOUR)
RESET FORMAT POINTER

FPTR = FPTR - 3

DI8a(1) = IIRFILT(DI&AQB,CIS&RFOUR)

APPLY GAIN
REQUIRES TWO FORMATSs ONE FOR EACH OPERAND
THIS PROGRAM USES SAME FORMATS FOR EACH MULT.

DI7I(1) = MULT(DI7I(1),GAINs1)
RESET FORMAT POINTER

FPTR = FPTR - 2

DIBA(1) = MULT(DIBR(1)sBAINsONE)

D24
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310

320

DO 1 POLE FILTER IIR7 AND IIRS8
REQUIRES DIZI(3)sCI7(3)
pI18A(3)CIB(I)

REQUIRES 3 FORMAT PER IIRFILT
THIS PROGRAM USES SAME FOR EACH

I = IIRFILT(DI7I:CI7+0ONE)
RESET FORMAT POINTER
FPTR = FPTR - 3

@ = IIRFILT(DI8QsCIBsOME)

LIMIT INPHASE SIGNAL +-2.8

IF (DABS(I).G6T.2.,8D0) I = DSIGN(2.8D0,I)

FORM PRODUCT OF INPHASE AND QUAD CHANNEL
REQUIRES 2 FORMATS

DF7(1) = MULT(I»Q,0NE)

OUTPUT ANY CALCULATED VALUES NOW?
IF(IOUT.GT.7) GO TO 310
ICNT1 = ICNT1 + 1

0UT(1) = DISIA(2)
DUT(2) = DI&BA(2)
QUT(3) = DI7I(2)
QuUT(4) = DIBA(2)
QuT(3) =1
ouT(6) = @

ouT(?7) = DF7(1)

QUTCOUNT = OUTCOUNT + 1

SCRATCH3( OUTCOUNT ) = 0UT( IOUT )
GO TO 500

CONTINUE

DECIMATE BY B WITH FIR FILTER FIRC
REQUIRES DF?7{14),CF7(14)
REQUIRES 3 FORMATS

CALL FIRFILT(DF7sCF7sNC16sNOECByNCNT7,DI®A(1)DID)
IF (DID.EQG.O) GO TO 500

OUTPUT THIS RESULT?Y

IF (IDUT.NE.B) G0 TD 320
ICNT2 = ICNT2 + 1

OUTCOUNT = OQUTCOUNT + 1
SCRATCH3( OUTCOUNT ) = DI9A(1)
GO TO 500

CONTINUE

DO 3 POLE IIR FILTER IIR?
REQUIRES DIPA(5),CIPA(S)

D25
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DIFB(3)»CIPB(3)
REQUIRES 3 FORMATS FOR EACH IIRFILT
THIS PROGRAM USES SAME FORMATS FOR EACH

DI9B(1) = IIRFILT(DI?A:CI?AsTWOD)
RESET FORMAT POINTER

FPTR = FPTR - 3

DI10(1) = IIRFILT(DIYR)CI?R»ONE)

RESAMPLE /2

NCNT2 = NCNT2 + 1
IF(NCNT2,LT.2) GO TO 500
NCNT2 = 0

LIMIT VALUE +- 1.0
IF (DABS(DI10(1)).6T.1.0D0) DI10(1) = DSIBN(I.ODO;DIIb(l))

DO 1 POLE IIR FILTER IIR10
REQUIRES DI10(3)sCI10(3)
REQUIRES 3 FORMATS

INTOUT = IIRFILT(DI10,CI10,0NE)

OUTPUT ANY OF THESE CALCULATED VALUES?
IF (I0OUT.LT.?) GOTO 500

ICNT3 = ICNT3 + 1

ouUT(?) = DI10(2)

oUT(10) = INTOUT

OUTCOUNT = OUTCOUNT + 1

SCRATCH3( OUTCOUNT ) = OUT( IOUT )

CONTINUE

CALL SGOPEN(IO2, 'WRITE’s’NOPROMPT’ OUTPUT» 'REAL‘»OUTCOUNT)
CALL SGTRANCIO2,‘HWRITE’,’REAL’sSCRATCHIsOUTCOUNT)

OUTCOUNT = 0

GOTO 85

CONTINUE
END
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LOB
VAX-11 FORTRAN SOURCE FILENAKE: LOB.FOR
DEPARTHENT OF ELECTRICAL ENGINEERING  KANSAS STATE UNIVERSITY

REVISION DATE PROGRAMMER

00,0 DEC 31, 1982 DANIEL B, SCHOWENGERDT
00.1 FEB 22, 1983 JOHN W. BARTHOLOMEW
01.0 HAY 19, 1983 MARCUS K. JUNOD

02.9 MAY 20s 1983 JOHN W. BARTHOLOMEW
02.1 MAY 24y 1983 JOHN W. BARTHOLOMEW

b 2832820238330 082280 8222200833002 220022230023 338230¢3082334

CALLING SEQUENCE
RUN LOB
PURFOSE

The purpose of this prodram is to rerfors the low
freauency channel of the LAMBAKINS aldorithm.

ROUTINE(S) CALLED BY THIS PROGRAM

IIRF 4 function subroutine thest rerforms an IIR
filter.

FIRF A subroutine that rerforms an FIR filter.

COMPR A subroutine which rerforms 3 comrlex
predictor filter.

SIGE Function subroutine which rerforms a8 signal
strength eaualizer routine.

DATA REQUIRED FROM USER

‘LOBATCH.DAT’ - Data file containing the name of the
file containing the reauired inputs to the prodran.

INPHASE DATA FILE
GUADRATURE DATA FILE

FILTER COEFFICIENT FILE - The order of the coefficients
in this file are!
1) FIRG coefficients - 22 weisghtis
2) FIRD coefficients - 16 weights,
3) IIR11 coefficients - two four role filters,
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a8) First four pole -~ 9 weights,

t) Second four rpole - 9 weidhts,
4) TIR12 coefficients - | role - 3 weidhts,
9) IIR13 coefficients - 1 pole - 3 weidhts.
4) FIRE coefficiants - 9 weidhts,
7) IIR14 coefficients - 5 weights - 2 role.
8) IIR1S coefficients ~ 3 weights - 1 role,

DBGAIN Variable dain in DB,
INFORMATION RETURNED TO USER

The data denerated in the prodram selected from

any of 18 different srots.

1) Inehase FIRG outrut.

2) QBuadrature FIRG outeut.

3) Inrhase FIRD outrut.

4) Quadrature FIRD output.

9) Inrhase IIR11 % GAIN outrut.

4) Quadrature IIR11 %X GAIN output,

7) Inphase SSE output,

8) GQuadrature SSE autrut,

?) Inrhase comrlex srred. outeut,

10) Quadrature complex pred. outrut,
11) Inrhase comprlex rred. error outrput.
12) Quadrature comerlex pred. error outrut,.
13) Inphase limited IIR12 outrut.

14) Quadrature IIR13 outeut.

15) I % 0 outeut.

148) FIRE outrut.

17) IIR14 outrut.

18) IIR15 outeut.

PARAMETER MAX_ARRAY_SIZE=200000
REAL SCRATCHI(MAX_ARRAY_SIZE)
REAL SCRATCH2(MAX_ARRAY_SIZE)
REAL SCRATCHI(MAX_ARRAY_SIZE)
INTEGER OUTCOUNT/O/

CHARACTERXB0 FNAM

CHARACTERXBQ INFNAM

CHARACTERXB80 QUFNAM

CHARACTERX80 COFNAM

CHARACTERX80 OUTPUT

DOUBLE PRECISION DFGI(22)/22%0.0/DFBR(22)/22%0.,0/
DFDI(18)/15%0.0/,DFDA(158)/1620.0/
DI11IA(9)/9%0.0/,DI11IB(9)/9%0,0/»
DI110A(?)/9%0.,0/DI11GB{(9)/9%0,0/
DI12(¢3)/3%0.0/+DI13(3)/3%0,0/»
DFE(?)/9%0.0/9DI14(5)/5%0.0/»
DILS(D)

D28
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DOUBLE PRECISION CFG(22)sCFD(14)»CI11A(9)sCI11B(9),CI12(3)s
CI13(3)+CFE(9)+CI14(5)sLIL5(3)+C(79)

DOUBLE PRECISION GAINsI»QsIIRF+SIGE,
SSI+FINsPRsPI,SSQ)TEMPsSSIOsSSA0+5Q51

REAL DBGAINsSIZE,OUT(18)
REAL COEF(79)

INTEGER DIDyFOUR/4/sICNT1/0/9ICNT2/0/ICNT3/0/+ICNTA/0/ 5
ICNTS/0/+IER9100/0/5101/1/+102/2/5I0UT»ISIZESNCR/9/
NC16/16/3NC22/22/yNCNTD/0/ s NCNTDA/O/ s NCNTE/0/ »
NCNTG/0/yNCNTGA/Q/ 1 NDECA/4/ +NDECS/6/sNR/O/sONE/1/»
TW0/2/9+J

LOGICAL FIRSTCOMPR/.TRUE./:FIRSTSIGE/.TRUE./

EQUIVALENCE (C(1)sCFG(1))s(C(23)sCFD(1))+(C(39)sCI11A(1))>
(C(A8)sCI11B(1))(C(57)+CI12¢(1))+(CL60),CI13(1))>
(C(63)sCFE(1)) 9 (C(72):CI14(1))2(C(77)CI15(1))

FORMAT (A)
FORNAT (F10.48)
FORMAT (I4)

FNAM = ‘LOBATCH,DAT’
OPEN (UNIT=4,FILE=FNAM,»STATUS='0LD")
READ (4,10) FNAM

OPEN (UNIT=3sFILE=FNAMsSTATUS=/0LD’)

CONTINUE

DD B4 J=1,22 :
DFGI(J) = 0.0D0
DFGA(J) = 0.0D0

CONTINUE

DO 87 J=1,16
DFDICJ) = 0.,0D0
DFDA(J) = 0.0D0

CONTINUE

DO 88 J=1,9
DI11IAG)) = 0.0D0
DI11IB(J) = 0.,0D0
DI1i@ACdY = 0,0D0
DI11@B(J) = 0.0D0
DFE(J) = 0.0D0

CONTINUE

B0 89 J=1,3

DI12¢J) = 0.0D0
DI13(JY = 0.,0D0
CONTINUE
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Do %0

CONTI
ICNT1
ICNT2
ICNT3
ICNT4
ICNTS

READ
READ
READ
READ
READ
READ

CALL
CALL
CALL

CALL

J=1+5
DI14¢J) = 0.0D0
NUE

(== =N = Q8 =)

i nuan

(3,10,END=3000) INFNAN
(3,10,END=3000) QUFNAM
(3,10,END=3000) COFNAM
(3r12END=3000) IOUT

(3211END=3000) DBGAIN
(3:10,END=3000) OQUTPUT

SGOPEN(IOOy 'READ’ s "NOPROMPT ‘' » INFNAMy ‘REAL ' » ISIZEO)
SGOPEN(IO1s/READ’ s "NOPROMPT‘ »QUFNAMs ‘REAL‘»ISIZEL)
SGOPEN(IO2y "READ’y 'NOPROMPT’ »COFNAMy ‘REAL ' » ISIZE2)

SGTRAN(I02s ‘READ’» 'REAL’ sCOEF»ISIZE2)

DO 100 Il=1,ISIZE2

C(
CONTI

GAIN
READ

CaLL
CALL

Do S0

DFGI(
DFGA(

DECIK
RE

DECIH
CALL
DECIM
CALL

IF O

I1) = DBLECCOEF(I1))
NUE

= DBLE(10.0 %x (DBGAIN/20.0))

THE TWO INPUT FILES

SGTRAN(IDOy 'READ’ s 'REAL’+SCRATCH1,ISIZED)
SGTRAN(IOLs"READ’ s ’REAL’»SCRATCH2,ISIZEL)

0 NR=1sMINO(ISIZEQ,ISIZEL)
1) = DBLE( SCRATCH1(NR) )
1) = DBLE( SCRATCH2(NR) )

ATE SIGNAL BY 6 WITH FIR FILTER FIRG
QUIRES DOUBLE PRECISION DFGI(22)sDFGQ{(22),CFG(22)

ATE BY 6 INPHASE CHANNEL
FIRF(DFGI»CFGsNC22+NDECSsNCNTG»DFBICL) rDID)
ATE BY & QUADRATURE CHANNEL
FIRF(DFGQsCFGsNC22+NDECSyNCNTGA»DFDQCL)»DID)

OUTPUT FFOM FILTER GO GET NEXT DATAPOINT
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IF (DID.EQ.O) GhTD 500
CUTPUT ANY VALUE?

IF (IOUT.GT.2) GO TO 310

ICNT1 = ICNT1 + 1

0uUT(1) = DFDI{1)

ouUT(2) = DFDA(1)

OUTCOUNT = OUTCOUNT + 1

SCRATCH3( OUTCOUNT ) = 0OUT( IOUT )
GOTO 500

CONTINUE

DECIMATE SIGNAL BY 4 WITH FIR FILTER FIRD.
REQUIRES DOUBLE PRECISION DFDI(16),DFDQ(14)sCFD(14)

DECIMATE BY 4 THE INPHASE CHANNEL
CALL FIRF(DFDI,CFD/NC16,NDECA/NCNTDsDI11IA(1)+BID)

DECIMATE BY 4 THE QUADRATURE CHANNEL
CALL FIRF(DFD@,CFDyNC146+NDEC4sNCNTDA,DI11QA(1),DID)

IF NO OUTPUT FROM FILTER GO GET NEXT DATA POINT.
IF (DID.ER.O) GOTD 500
DO 8 POLE BAND PASS IIR FILTER IIRi11 (0.1 - 3 HZ)
REQUIRES DIL1IA(9?)+DIL1IB(?),CI11A(9)+CI11B(D)
DI118A(?)yDIT1QBR(D)

DI11IB(1) = IIRF(DI111A,CI11A>FOUR)
881 = IIRF(DI11IB,CI11B,FOUR)

DI11GRB(1) = TIRF(DI110A,CI114A+FOUR)
§5@ = IIRF(DI11@B,CI11BsFOUR)

AFPLY GAIN
58I = GAIN x 85SI
880 = GAIN x 55Q

SIGNAL STRENGTH EQUALIZATION SECTION
SMOOTHING PARAMNETER! BETA = 0.95
DESIRED SIGNAL STRENGTH: D = 0.1
MINIMUN SIGNAL STRENGTH! SIMIN = SQGMIN = 0,001

8510 = SIGE(SSI ONE,FIRSTSIGE)
5800 = SIGE(SSQAsTWO,FIRSTSIGE)

COMFLEX PREDICTOR SECTION

CALL CBHPRfSSIBrSSGGvTHO:PRrPIyDIlZ(l)-DIIE(i):FIRSTCDHPR)
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BOOST SIGNAL BACK UP TO MAX OF 1.0

DI12¢1) = DI12(1) / 0.15D0

DI13(1) = DI13(1) / 0.15D0

DO 1 POLE IIR FILTERS IIR12,IIR13
REQUIRES ERsCI12(3)» AND
EI,CI13(3)
I = IIRF(DI12,CI12,0NE)
@ = IIRF(DIL13,CI13,0NE}

LIMIT INPHASE SIGNAL

IF(I.6T.2.8D0) I=DSIGN(2.8D0sI)

FIND PRODUCT OF INPHASE AND QUADRATURE SIGNAL
DFE(1) = T % Q@

OUTPUT ANY VALUES SO FAR 7

IF(I0UT.GT.15) GO TO 320
ICNT2 = ICNT2 + 1

0UT(3) = DIL1IAL2)
0UT(4) = DIL1@A(2)
ouT(5) = 881

QUT(s) = 880

ouT(7) = SSIO

ouT(8) = 5500

ouT(?) = PR

ouT(10) = PI

OUT(11) = DI12{2)
QuUT(12) = DI13(2)
ouT(1d) I

0UT(14) = @

O0UT(15) = DFE(1)
OUTCOUNT = QUTCOUNT + 1
SCRATCH3( OUTCOUNT ) = OUT( I0UT )
GOTO 500

CONTINUE

W u B ki u

DECIMATE SIGNAL BY 4
REGQUIRES DFE(?),CFE(?)

CALL FIRF(DFEsCFEsNC?sNDECAsNCNTE»DI14(1),DID)
IF NO OUTPUT FROM FILTER GO GET NEXT DATA PODINT,
IF (DID.EQ.O) GOTO 500

DD 2 POLE IIR FILTER IIR14 LP = 0.15 HZ
REQUIRES DI14(3)+CI14(3)
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DI15(1) = IIRF(DI14,CI14,THWO)
OUTPUT ANY VALUES 7

IF(IOUT.6T.17) GO TO 330

ICNT3 = ICNT3 + 1

OUT(16) = DI14(2)

0UT(17) = DI1S(1)

OUTCOUNT = OUTCOUNT + 1

SCRATCH3( OUTCOUNT ) = OUT( IOUT )
GOTO 500

CONTINUE

RESANPLE SIGNAL BY 2

ICNT4 = ICNT4 ¢+ 1
IF(ICNT4.NE.2) GOTO 500
ICNT4 = 0

DO 1 POLE FILTER IIRIS
REQUIRES DI15(3),CI15(3)

FIN = TIRF(DI15,CI15+0NE)
ouT(18) = FIN

ICNTS = ICNTS + 1

OUTCOUNT = QUTCOUNT + 1
SCRATCH3( OUTCOUNT ) = OUT( 18 )
CONTINUE

CALL SGOPEN(IO2s’WRITE’»’NOPROMPT’sOUTPUT, ‘REAL‘sOUTCOUNT)
CALL SGTRAN(IO2s ‘WRITE’» ’REAL‘s»SCRATCH3sQUTCOUNT)

OUTCOUNT = 0

FIRSTCOMPR = ,TRUE.

FIRSTSIGE = ,TRUE.

GOTD 85

CONTINUE
END

D33
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T AR R R KRR R R R R IR R XA R R R I R EER KRR AR LR KRR X

ORTRAN SOURCE FILENAME: LOBAND.FOR

NT OF ELECTRICAL ENGINEERING  KANSAS STATE UNIVERSITY
DATE PROGRAMMER
DEC 13, 1982 DANIEL B, SCHOWENGERDT
MAY 19, 1983 JOHN W. BARTHOLOMEW
MAY 20, 1983 JOHN W. BARTHOLOMEW
NAY 24, 1983 JOHN W. BARTHOLONEW

PR KRR R KRR R R R KRR R R KR IR AR R AR R R KRR AR RIRRRERRXL AR LR

SEQUENCE

RUN LOBAND

The purrose of this prodram is to rerformy using fixed
point arithmetic and data storades the low

freauency channel of the LAMBAKINS zlgorithm, The
atteapt in this eprodraem is to simulate the limitations
that would occur if this aldorithm were executed hy

3 microrrocessor. The simulated limitations are in the
precision of data storade and math orerations.

8) CALLED BY THIS PROGRAM

IIRFILT A function subroutine that rerforms an IIR
filter,

FIRFILT A subroutine that rerforms an FIR filter.

MULT A function subroutine that rerforms s
fixed roint multirly or divide.

ADD A function subroutine thzst rerforms 3
fixed point add or subtract.

COMPRED A subroutine which rerforms a2 comrlex
predictor filter using fixed roint
arithmetic,

SIGEQU Function subroutine which rerforms 2 sisgnal
strendth eaualizer routine.

DATA REQUIRED FROM USER

'LOFBATCH.DAT’ - Dats file containing Lhe name of the
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D35
file containing the reeuired inruts to the eprodram.

INPHASE DATA FILE
QUADRATURE DATA FILE

FILTER COEFFICIENT FILE - The order of the coefficients

in this file are!

1) FIRG coefficients - 22 weidhts

2) FIRD coefficients - 16 weights,

3) 1IRi1 coefficients - two four role filters.
3) First four role - ? weisghts,
b) Second four role - 9 weishts,

4) IIR12 coefficients - 1 role - 3 weidhts.

3) IIR13 coefficients - ! pole - 3 weights.,

4) FIRE coefficients - 9 weights.

7) IIR14 coefficients - 5 weights - 2 role.

8) IIRIS coefficients - 3 weidhts - 1 role.

DATA FORMAT FILE - Contains the fixed roint format
specifiers for all data storade and math orerations
in the prodram:. The order of formats isi
a) FIRG formats.

1) Coefficient formst.
2) Data farmat.
3) Sum format.
b) FIRD formats.
1) Coefficient format.
2) Dats format,
3) Sum format.
c) IIR11 formats.
1) Coefficient format.
2) Dats forast.
3} Sum format.
d) GAIN % Data {(inrhase and auad).
1) Format for GAIN value,
2) Data format.
e) Signal Strength Egualizers
Sx(n) = BETA%Sx(n-1) + BETA%ABS(SSx)
58x0 = 88x ¥ D / (Sxin) + SxMIN)
1) Format for BETA» BETAls D and
(D 7 {(8x(n) + SxMIN)).
2) Format for ABS(S8Sx)s SX(n)s (Sxin) + SxHIN)s
and S5Sx. o
3) Format for both orerands of anu add.
f) Complex predictor,
1) Format for real and imaginary part of weisghisy
error and scalar value v. .
2) Format for resl and imaginary eart of input
value and (el{n)¥x(n-7)).
2) Format for both orerands of and add.
g¢) Formats for IIR12 and IIR13 filters.
1)} Coefficint farmat.
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2) Data format.
3} Sum format.
h) Inrhase x @quadrature data formats.,
1) Format for inrhase data.
2) Foraat for auadrature dats.
i) FIRE formats.
1) Coefficient foramat.,
2) Data format.
3) Sum format.
J) IIR14 foramsats.,
1) Coefficient format.
2) Data format.
3) Sum format.
k) IIR1S formats.
1} Coefficient foraat.
2) Data format.
3) Sum format.

INFORMATION RETURNED TO USER

The data denerated in the rprogram selected from
any of 18 different srots.

1) Inrhase FIRG outrut.

2) Quadrature FIRG outrut,

3) Inrhase FIRD outrut.

4) Quadrature FIRD outrut.

5) Inphase IIRi1 % GAIN outrut.

4) Quadrature IIR11 ¥ GAIN output,

7} Inrhase SSE outeut.

8) Quadrature S5SE outrut.

%) Inrhase complex pred. error outrut.
10} Quadrature comrlex pred. error outrut,
11} Inrhase comrlex pred. outrut.

12) Quadrature comrlex rred. outrut,
13) Inphase limited IIR12 outrut.
14) Quadrature IIR13 outeut,

i5) I x @ output,

14) FIRE outeut,

17) 1IR14 outrut.,

18) IIR1S outrput,

3 o032 3 2020023303003 3023333 3220303030833 8838 3000230030 03¢2030088382824

OOOOCOO0000O0O00O00O00O00O00000O00O00D00O00gO0O0OO0OO0OO0o0000m 0

PARAMETER MAX_-ARRAY.SIZE=200000
REAL SCRATCH1(MAX_.ARRAY_SIZE)
REAL SCRATCH2(MAX_ARRAY_SIZE)
REAL SCRATCHI(MAX.ARRAY_SIZE)
INTEGER OUTCOUNT/0/

CHARACTERXB0 FNAM

CHARACTERX80 INFNAM
CHARACTER®BO QUFNAM
CHARACTER¥80 COFNAM
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CHARACTERXB0O FOFNAM
CHARACTER%80 OUTPUT

DOUBLE PRECISION DFGI(22)/22%0.0/,DFGR(22)/22%0.0/»
DFDI(16)/16%0.0/+DFDA(14)/16%0.0/y
DI11IA(9)/9%0.,0/5sDI11IR(T)/9%0.0/+
DI110A(?)/9%0.0/»DIL1AB(?)/9%0.0/
DI12(3)/3%0.0/+D113(3)/3%0.0/y
DFE(?)/9%0.0/+DI14(5)/5%0.0/»
DIL15(3)

DOUBLE PRECISION CFG(22),CFD(16)sCI11A(F)sCI11B(?)sCIL12(3)
CI13(3)+CFE(?)+CI14(5),CI15(3)+C(79)

VARIABLES - DOUBLE PRECISION

DOUBLE PRECISION FINsPRsPIvGAINsI»Q@s51,5Qy55I,55Q2SS10+5500
FUNCTION SUBROUTINES - DOUBLE PRECISION

DOUBLE PRECISION IIRFILT»MULT,ADD,SIGEQU

REAL DBGAIN»SIZE,»OUT(16)+F(50)/50%0.,0/
REAL COEF(79)

INTEGER DIDsFOUR/4/:FPTRy»ICNT1/0/9ICNT2/0/9ICNTI/0/2ICNTA/0/
ICNTS/0/+IER»I00/0/+101/1/+102/2/+10UTsISIZE/NC9/9/,
NC16/16/9NC22/22/ yNCNTD/0/ s NCNTDA/O/ s NCNTE/Q/ »
NCNTG/0/+sNCNTGA/0/ 1 NDEC4/4/+NDECS/6/sNR/0/1ONE/L/
TWO/2/+d

LOGICAL FIRSTCOMPR/.TRUE./sFIRSTSIGE/.TRUE./

EQUIVALENCE (C(1)sCFG(1))s(C{23)+sCFD(1))s(C(39):CI11AC1))>»
(C(48)sCI11B(1)) ¢ (C(S7)»CI12(1))+(C(60)»CI13(1))>
(C(63)»CFE(1))»(C(72)»CI14(1))+(C(77),CI15(1))

COMMON FPTR»F

FORKAT (A)
FORMAT (F10.6)
FORMAT (I4)

FNAM = ‘LOFBATCH.DAT’
OPEN (UNIT=4,FILE=FNAM»STATUS='0LD’)
READ (4,10) FNAM

OPEN (UNIT=3,FILE=FNAM,STATUS='0LD’)

CONTINUE

DO 86 J=1,22
DFGIC¢J) = 0.0D0
DFGA(J) = 0.0D0
CONTINUE
Do 87 J=1,16
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CONTI
DO 88

CONTI
DO 89

CONTI
Do %0

CONTI
Do 91

CONTI
ICNT1
ICNT2
ICNT3
ICNT4
ICNTS

READ
READ
READ
READ
READ
READ
READ

CALL
CALL
CALL

CALL

DFDICJ) = 0.,0D0
DFDA(J) = 0.0D0

NUE

J=1,9
DI11IA(J) = 0,0D0
DIL11IB(JY = 0,0D0
DIL11GAL(J) = 0.0D0
DI11GB(J) = 0.0D9
DFE(J) = 0.0D0

NUE

J=1:3
PI12¢J) = 0.0D0
DI13(J) = 0,000

NUE

J=1:9
DIi4(J) = 0.0D0

NUE

J=1,50
F(J) = 0.0

NUE

=0

=90

=0

= 0

=0

(3+10,END=3000) INFNAM

(3,10,END=3000) QUFNAM
(3s10+END=3000) COFNAM
(3:10,END=3000) FOFNAM
(3,12,END=3000) IOUT

(3,11 ,END=3000) DBGAIN
(3s10,END=3000) OUTPUT

SGOPEN(IOOy 'READ’» " NOPRONPT ' » INFNAM» ‘REAL » ISIZEQ)
SGOPEN(IO1,'READ’» 'NOPROMPT’ »QUFNAN, ‘REAL’»ISIZED)
SGOFPEN(IO2y 'READ’ » "NOPROMPT’ s COFNAM» ‘REAL’» ISIZE2)

SGTRAN(IN2y 'READ’ s 'REAL’+COEF,»ISIZE2)

DO 100 I1=1,ISIZE2

CONTI

CALL
CALL

GAIN

READ

C(I1) = DBLE(COEF(I1))
NUE

SGOPEN(IO2y ‘READ’» ‘NOPROMPT’ »FOFNAM» ‘REAL‘» ISIZE2)
SGTRAN(IO2,‘READ’s “REAL’sF»ISIZE2)

= DBLE(10,0 %% (DBGAIN/20.0))

THE TWO INPUT FILES

CALL SGTRAN(IDO»s ‘READ’s‘REAL‘»SCRATCHL,ISIZED)

D38
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CALL SGTRAN(IO1,’READ's‘'REAL’»SCRATCH2,ISIZEL)

DO 500 NR=1sMINO(ISIZEOQ,ISIZE1)

DFGI(1)
DFGa(1)

DBLE( SCRATCH1(NR) )
DBLE( SCRATCH2(NR) )

DECIMATE SIGNAL BY 6 WITH FIR FILTER FIRG
- REQUIRES DOUBLE PRECISION DFGI(22),DFGQ@(22),CFG(22)
REQUIRES 3 FORMATS FOR EACH FILTER
THIS PROGRAM USES SAME THREE FOR EACH FILTER
FPTR = 1

DECIMATE RY 6 INPHASE CHANNEL
CALL FIRFILT(DFGI+CFGsNC22sNDECS&sNCNTG»DFDI(1),DID)

RESET FORMAT POINTER TD USE SAME FORMATS
IF(DID.NE.O) FPTR = FPTR - 3

DECIMATE BY 6 QUADRATURE CHANNEL
CALL FIRFILT(DFGQ,CFGsNC22sNDEC&/NCNTGAsDFDQ(1)DID)

IF NO OUTPUT FROM FILTER GO GET NEXT DATAPOINT

IF (DID.EQ.0) 6O TO 500

OUTPUT ANY VALUE?

IF (IOUT.GT.2) GO TO 310

ICNT1 = ICNT1 + 1

0uT(1) = DFDI(1)

0uUT(2) = DFDA(1)

OQUTCOUNT = OUTCOUNT + 1

SCRATCH3( OUTCOUNT ) = 0OUT{( IOUT )
GOTO 500

CONTINUE

DECIMATE SIGNAL BY 4 WITH FIR FILTER FIRD.
REQUIRES DOUBLE PRECISION DFDI(1&)+DFDQR{14),CFD(14)
REQUIRES 3 FORMATS FOR EACH FILTER.
SAME 3 FORMATS USED FOR EACH FILTER.,

DECINATE BY 4 THE INPHASE CHANNEL
CALL FIRFILT(DFDI+CFDsNC1&+sNDBEC4,NCNTDyDI11IA(1)sDID)

RESET FORMAT FOINTER TO USE SAME FORMATS
IF(DID.NE.Q) FPTR = FPTR - 3

DECIMATE BY 4 THE QUADRATURE CHANNEL
CALL FIRFILT(DFDQ,CFDsNC14sNDECA,NCNTDA,DIL11QA(1),DID)

D39
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IF NO OUTPUT FROM FILTER GO GET NEXT DATA POINT.

IF (DID.E@.0) GO TO 500

DO 8 POLE BAND PASS IIR FILTER IIR11 (0.1 - 3 HI)

REQUIRES DI11IA(9)sDI1LIB(?),CI11A(9)+CI11B(?)
DI110A(?)»DI110QR(?)
REQUIRES 3 FORMATS FOR EACH FILTER
SAME 3 FORMATS USED FOR EACH FILTER

DI11IB(1) = IIRFILT(DI11IAyCI11AsFOUR)
RESET FORMAT POINTER

FPTR = FPTR - 3

§8I = IIRFILT(DI11IEB,CI11BsFOUR)

RESET FORMAT POINTER

FPTR = FPTR - 3

DI11@B(1) = IIRFILT(DI11QAsCI11A+FOUR)
RESET FORMAT POINTER

FFTR = FPTR - 3

S5Q@ = IIRFILT(DI11QB,CI11B,FOUR)

APPLY GAIN
REQUIRES TWO FORMATS: ONE FOR EACH OPERAND
THIS PROGRAM USES SAME FORMATS FOR EACH MULT.

SSI = MULT(BAIN»SSI»ONE)
RESET FORMAT POINTER
FPTR = FPTR - 2

80 = MULT(GAINsSSQ»ONE)

SIGNAL STRENGTH EQUALIZATION SECTION
SMOOTHING PARAMETER: BETA = 0.93
DESIRED SIGNAL STRENGTH! D = 0.1
MINIMUM SIGNAL STRENGTH! SIMIN = SQGNIN = 0.001

SSI0 = SIGEQU(SSI,ONEsFIRSTSIGE)
RESET FORMAT POINTER

FPTR = FPTR - 2

5500 = SIGEQU(SS5QsTWOsFIRSTSIGE)
RESET FORMAT POINTER

FPTR = FPTR + 1

COMPLEX PREDICTOR SECTION

~ CALL COMPRED(SSID»SSQDsTWOsPRsPIsDI12(1)sDI13¢1)sFIRSTCOKPR)

BOOST VALUES BACK TO 1.0

DI12(1) = DI12(1) / 0.15D0
DI13¢1) = DI13{(1) / 0.15D0
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DO { POLE IIR FILTERS IIR12,IIR13
REQUIRES DI12(3),CI12(3)s AND
PI13(3)sCI13(3)
REQUIRES 3 FORMATS PER IIRFILT.
THIS PROGRAM USES SAME FOR EACH,
I = IIRFILT(DI12,CI12,0NE)
RESET FORMAT POINTER
FPTR = FPTR - 3
@ = IIRFILT(DI13,CI13,0NE)

LIMIT INPHASE SIGNAL

IF(I.G6T.2.8D0) I=DSIGN(2.8D0»1I)

FIND PRODUCT OF INPHASE AND QUADRATURE SIGNAL
DFE(1) = MULT(I,0,0NE)

OUTPUT ANY VALUES S0 FAR 7

IF(IOUT.GT.15) GO TO 320
ICNT2 = ICNT2 + 1

OUT(3) = DI11IA(2)
0uT(4) = DI11GA(2)
guT(S) = S§8I

0UT(6) = SS@

ouT(7) = 8810

guT(8) = Ss40

ouT(?) = PR

ouT(10) = PI

0UT(11) = DI12(2)
QuT(12) = DI13(2)
QuUT(13) = 1

ouT(14) = @

QUT(15) = DFE(1)
OUTCOUNT = OUTCOUNT + 1
SCRATCH3( OUTCOUNT > = OUT( IOUT )
GO TO S00

CONTINUE

DECIMATE SIGNAL BY 4
REQUIRES DFE(9)s,CFE(?)
REQUIRES 3 FORMATS FOR EACH FILTER.

CALL FIRFILT(DFE,CFEsNC?yNDEC4,NCNTE-DI14(1),DID)
IF NO OUTPUT FROM FILTER GO GET NEXT DATA PODINT.
IF (DID.EQ.0) GO TO 500

DO 2 POLE IIR FILTER IIR14 LP = 0,15 HZ
REQUIRES DI14(5).,CI14(5)



[ar B2 |

e Rl w)

330

[y Nw iyl

[y B B B N o)

300

3000

REQUIRES 3 FORMATS.
DI15(1) = IIRFILT(DI14,CI14,TWO)

DUTPUT ANY VALUES 7

IF(I0UT.6T.17) GO TO 330

ICNT3 = ICNT3 + 1

QUT(16) = DI14(2)

QUT(17) = DI15(1)

OUTCOUNT = OUTCOUNT + 1

SCRATCH3( OUTCOUNT ) = OUT( IOUT )
GO TD0 500

CONTINUE

RESAMPLE SIGNAL BY 2

ICNT4 = ICNT4 + 1
IF(ICNT4,NE.2) GO TO 500
ICNT4 = 0

DO 1 POLE FILTER IIR1S5
REQUIRES DI15(3),CI15(3)
REQUIRES 3 FORMATS.

FIN = TIRFILT{DI15,CI15,0NE)
OUT(18) = FIN

ICNTS = ICNTS + 1

OUTCOUNT = OUTCOUNT + 1
SCRATCH3( OUTCOUNT ) = 0UT( 1B )
CONTINUE

© CALL SGOPEN{(ID2s’WRITE’;‘NOPROMPTsOUTPUTs ’REAL‘sOUTCOUNT)

CALL SGTRAN(IO2s ‘WRITE’,‘REAL’ySCRATCH3»OUTCOUNT)
OUTCOUNT = 0

FIRSTCOMPR = .TRUE.

FIRSTSIBGE = ,TRUE.

G070 85

CONTINUE
END
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c
c FIRF
c
c VAX-11 F
c
c DEPARTHE
c
c REVISION
c
c 00.0
c 01.0
c 02.0
c
CRERRXTEATERARLRX
c
c CALLING
c
c
c
c PURPOSE
c
c
c
c
c
c
c
c
c
c ROUTINE(
c
c
c
c ARGUMENT
c
C
c
c
c
c
¥
C
C
c
c
c
c
C ARGUMENT
c
C
c
c
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ORTRAN SOURCE FILENAME: FIRF.,FOR

NT OF ELECTRICAL ENGINEERING KANSAS SBTATE UNIVERSITY
DATE PROGRAMHER
NOV 14, 1982 DANIEL B. SCHOWENGERDT
NOV 15, 1982 DANIEL B. SCHOWENGERDT
MAY 19 1983 JOHN W. BARTHOLOMEW

1233023328030 02282 2030302332200 02232t83082342
SEQUENCE
CALL FIRF(DATA,COEFsNCOEF s NDECXsNCNTXsSUHsDID)

The purrose of this subroutine is to execute 3 didital
FIR filter, The maximua nuaber of FIR coefficients

is 30, The filter ture (low Passsy band rasss band stops
high rass) is chosen by the filter coefficients in the
arrayw COEF. The deneralized filter for an N coefficient
filter is:

FIRFILT = DATA(1)XCOEF(1) + ... + DATA(NIXCOEF(N).

S) CALLED BY THIS PROGRANM

NONE

§ REGUIRED FROM CALLING ROUTINE

DATA Arras containing current and rast input values.

COEF Array of FIR coefficients for the Pilter.

NCOEF Value ecual to the nuamber of FIR coefficients.

NDEC Vslue eaual to the desired decimation value.

NCNTX Count of number of inrput values.

(S) SUPPLIED TO THE CALLING ROUTINE
SUM Contzins current outeput of filter,

DID If DID = 0 the subroutine stored current ineut
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OO0,

data point but did not rerform the filter.
If DID not 0: the subroutine performed the
filter,
bF et i et s it eIttt ei st ei it et bai et it iitttiiieitag
SUBRUUTINE FIRF{(DATAsCOEF »NCOEF yNDECX s NCNTXSUN,DID)
c | ]
INTEGER NCOEF»NDECXsNCNTX»DID
DOUBLE PRECISION DATA(S0) COEF(50),S5UN
]
c INCREMENT THE INPUT DATA COUNT
5
NCNTX = NCNTX + 1
DIb = §
C
c ENOUGH DATA POINTS TD DO FILTER?
c L)
IF (MOD{NCNTX:NDECX).NE.0.0) GO TO 200
C
C IF YES THEN DO FILTER BUT FIRST RESET COUNT.
5
NCNTX = 0
C
SUH = 0,000

DO 100 I1=1sNCOEF
SUM = SUM + COEF(I1)%XDATA(I1)
100 CONTINUE

c
C RETURN RID = 1
c
DID = 1
c

200 CONTINUE

SHIFT DATA VALUES

OO0

50 300 IZ=NCOEF:2,-1
BATA{I3) = DATA{I3-1)
300 CONTINUE

RETURN
END
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IIRF
VAX-11 FORTRAN SOURCE FILENAME: IIRF.FOR
DEPARTMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

REVISION DATE PROGRANMER

00.0 ? SANDIA

01.0 NOV 08, 1982 DANIEL B, SCHOWENGERDT
02,0 NOV 12,y 1982 DANIEL B. SCHOWENGERDT
03.0 MAY 19, 1983 JOHN W. BARTHOLOMEW

p PP 302 et s tedtets bt tiiisisetib st ettt biosiiiititedptesiRsss

CALLING SEQUENCE
IIRVALUE = IIRF(FGsAsNPOLE)

PURPOSE
The rpurrose of this subroutine is to execute a digital
IIR filter. The number of roles is variasble from 1
to 2 10 role maximsum:. The filter ture (low rass»
band psssy band story high rass) is chosen by the
filter coefficients in the array ‘A’:. The deneralized
filter is?

G(Z) A1) + AC2)XZX%-1 + oo + ACNFLIRZXX-N
H{Z) = === = caccccmncaaccmme oo e o ——————————
F(Z} 1 + AC4)%Z2%-1 + o0 ACZ2N+H1DRIXX-N.

Solution of this eauation for G(Z) uields!?

G6(1) = ACLIRF(L) + AC2)XF(2) +
ACSIEFCI) + 400 + ACNFLIZF(NSLY -
ACNF2)X6(2) = +ov = A(2NF1IXG(N+L)

ROUTINE(S) CALLED BY THIS PROGRAM

NONE

ARGUMENTS REQUIRED FROM CALLING ROUTINE

FG Array of current and past input values as well
3s past computed filter values.

fA Array of 2%(§ of roles)+l filter coefficients.
The arder nf the coefficients for an n role
filter isi
1) Numerator coefficientsi
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a3) A1)
b) A(2) of A(2)%Z%%-1
c) A(3) of A(3)xZiR-2
d) to A{ntl) of Alntl)%Zi%-n
2) Denominator coefficientss
8) B(1) of B(1)%Z%%-1
b) B(2) of B(2)¥Zix%x-2
c) to B{n) of B(n)XZXk-n
3) Note that the verw first denominator
coefficient is assumed to be 3 1y s0
it ic not included in this list.

NPOLE Number of roles in the IIR filter.

ARGUMENT(S) SUPPLIED TO THE CALLING ROUTINE

IIRFILT Contains current outrut of filter.

132320300823 08 0033t 0233000300 8ebt bt etist ottt tiettediis oty

DOUBLE PRECISION FUNCTION IIRF(FG»AsNPOLEsFIRST)
INTEGER NPOLE,NCOEF

DOUBLE PRECISION FG(21),A(21)

THE FOLLOWING INSTRUCTIONS EXECUTE THIS EQUATION:

G(1) = ACLIRF(L) 4 .00 + A(RF(NT1)
- A(4)X6(2) = +v0 = A(2NH+1)XGINI1)

NCOEF = 2%NPOLE + 1

IIRF = 0.0D0
DO 100 Ii=1,NCOEF

IIRF = IIRF + ACI1)%FG(I1)
CONTINUE

SHIFT ARRAY VALUES (STORE NEGATIVE RESULT)

FG(NPOLE+1) = 0,000 - IIRF

DO 200 I2=NCOEFs2s-1

FG(I2) = FG(I2-1)
CONTINUE

RETURN
END
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SIGE

VAX-11 FORTRAN SOURCE FILENAHME: SIGE.FOR

DEPARTHMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

REVISION DATE PROGRAMMER

00.0 DEC 31, 1982 DANIEL B. SCHOWENGERDT
01.0 JAN 3y 1983 DANIEL B, SCHOWENGERDT
02.0 MAY 19, 1983 JOHN W. BARTHOLOMEW
02,1 MAY 24y 1983 JOHN W, BARTHOLOMEW

CALLING

PURPOSE

(2222223330383 23033320 2220032300230 2 00032002 3020833320333¢¢33333883238343

SEQUENCE

VALUE = SIBE(SSI»IDsFIRST)

This is & signal strensth ecualizer subroutine, The
workindg eguations are!l

i{n)} = current inrut value

si{n) = beta¥s(n) + (1-beta)¥ABS(i(n))

i‘(n) = i(n) 2 d /7 (si{n) + smin)

i‘{n) = current outrut value
Beta is the smoothing rarametery d is the desired
sidnal strendth and smin is the minimum
sidnal strendth., The rrodram is decidned to do ur
to 10 different signals each with different rarzmeters,

Each sidgnal and its sssociated rarasmeters is
identified by 3 control value.

ROUTINE(S) CALLED BY THIS PROGRAM

NONE

ARGUMENTS REGUIRED FROM CALLING ROUTINE,

861 Input sidgnal value,

ID Intedger value identifwing smoothing
parametery desired signal strendth and
sinimum sisnzsl strength for input sidnal.

FIRST Flag that is true the first time that the
routine is calledsr used to initislize certain
variables,

ARGUMENT(S) SUPPLIED TO THE CALLING ROUTINE
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SIGEQ Result of signzl strendth equalizing
input sisgnal.,

FIRST This flag is alwaus set to false upon returning,

pe2333032300333233008330 0230002830000t 2202200

oot n

DOUBLE PRECISION FUNCTION SIGE(SSI»IDsFIRST)

(3]

DOUBLE PRECISION SSIsSI.
£ . BETA(10)/2%0.95+8%0.0/
X BETA1(10)/2%0.05+,8%0.0/>
X D(10)/2%0.1+8%0.0/»

c ¥¥% NOTE SA IS INITIALIZED TO 1.0 %%
X SA(10)/10x1.0/»
X SMIN(10)/2%0,001,8%0.0/

LOGICAL FIRST
INTEGER IDsJ

CHECK FOR THE FIRST TIME THROUGH

(o B o I )

IF (FIRST) THEN

Do 35 J=3,10
BETACJ) = 0.0D0
BETAL1(J) = 0.0D0
D(J) = 0,000
SA(J) = 1.0D0
SHINCJ)Y = 0.0D0

35 CONTINUE

BETA(1) = 0.93500

BETA(2) = 0.9500

BETA1(1) = 0.03D10

BETA1(2) = 0.,05D0

D(1) = 0.,iD0

D(2) = 0.1D0

Sa(l) 1.000

sa(2)

SMIN(1) = 0.,001D0

SHINC(2) = 0.001D0

L
=
-
(=]
=
<

ENDIF

CHECK FOR CORRECT RANGE OF ID
IFCID.GE.1.AND.ID.LE.10) GO TO 100

TYPE % X3%x%x /,IDs’ ILLEGAL ID FOR SIGE ¥¥¥Xkxx’
STOP
100 CONTINUE

e N o]

DO SA = BETA % S5A + (1-BETA) % DABRS(SI)

o0

SI = 8§81



oOoo.

SA(ID) = BETA(ID)XSA(ID) + BETAL(ID)XDARS(SI)

DO SIGE = SSI %X D / (SA + SHMIN)
SIGE = SI x (D(ID) / (SACID) + SHIN(ID)))
FIRST = .FALSE.

RETURN
END

D49
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c

c COMPR

c

c VAX-11 FORTRAN SOURCE FILENAME: COMPR.FOR

c

c DEPARTHENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

c

c REVISION DATE PROGRAMMER

L @ —eecccaa ———— eeeeaaseee-

c 00.9 DEC 31, 1982 DANIEL B. SCHOWENGERDT

c 01.0 MAY 19, 1983 JOHN W, BARTHOLOMEW
01.1 MAY 24, 1983 JOHN W. BARTHOLOMEW

(33232383030 Eb o3ttt ottt estotttetodstatdtsesisteetdsssbs by
CALLING SEGUENCE
CALL COMPR(RINsIINsNWsXRyXIsERsEIsFIRST)

PURPOSE
The purrose of this subroutine is to execute 3 complex
predictor filter. The number of weights of the filter
can rande from 1 to 10. The ecuations for this
comprlex rredictor are!

1) #in) = ii{n) + J a(n)
2 x'(n) = Wi ¥u(n=-1) + W2{n)¥xin-2) +
vor + WNCRYEN{R-N)
3) e{n) = x{n) - x'(n)
4) Wiintl) = Wii{n) + vEe(n)X(conJudate of xin-1})
H2{n+l) = W2(n) + v¥eln)¥{condudate of x(n-2})
and so on.
5) Outeut is
g) i‘{n)
b} a’{n)

Relx’{n)1]
Inlx’'(n)]

ROUTINE(S) CALLED BY THIS FROGRAM
NONE
ARGUMENTS REQUIRED FROM CALLING ROUTINE

RIN Real rart of the ineut value.

1IN Imadinare part of the inrut value.

W Inteder number of weishts to be used in the
filter,

FIRST Flag that is true the first time that the
routine is caelleds used to initialize certain
varizbles.

A s R R r e r e e s N e e Nl e R e e N R N N e R A R R A R R R xR R i Rz R R s e iz R iy
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ARGUMENT(S) RETURNED TO THE CALLING ROUTINE
XR Real part of comeplex predicted vaslue
X1 Inaginary rart of complex predicted value.
ER Real rart of complex error between input value
and predicted value.
El Imadinary rart of comrlex error between inrut
vzlue znd predicted value,
FIRST This flag is a3lwaus set to false uron returning.
b3 204202330t 283 80838028333 ¢32033388323 333333002440 0038 8030838885041
SUBROUTINE COMPR(RIN+IINsNWsXRsXIsERJEIsFIRST)
»
DOUBLE PRECISION RINsIIN:XRsXIsER:EI»
b 4 WR(10)/10%0.0/,WIC10)/10%0.0/
¥ R(11)/11%0,0/5I1(11)/11%0.,0/
c
LOGICAL FIRST
INTEGER J
c
C DESCRIPTION OF DATA STORAGE ARRAYS
c R(10) STORES REAL PART OF INPUT VALUE,
c I{10) STORES IMAGINARY PART OF INPUT VALUE.
G WR(11) STORES REAL PART OF WEIGHTS.
c WI{11) STORES IMAGINARY FPART DF WEIGHTS.
C XR STORES REAL PART OF PREDICTED VALUE.
c XI STORES IMAGIMARY PART OF FREDICTED VALUE.
C ER STORES REAL PART OF ERROR.
c EI STORES IMAGINARY PART OF ERROR.
c
C
C. XX CONVERGENCE PARAMETER SET HERE! Xx¥
c
DOUBLE PRECISION V/0.05/
C. B
_ INTEGER NWsZERD/0/50NE/1/
c
c
c CHECK FOR FIRST TIME THROUGH
C _
IF {(FIRST) THEN
DO 55 J=1,10
WR{J) = 0.,0D0
WI(d) = 0,000
R(J) = 0,000
I¢J) = 0.0D0
53 CONTINUE

R(11) = 0,000
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I(11) = 0.,0D0
ENDIF

R(1) = RIN
I(1) = IIN

GENERATE THE PREDICTED VALUE X’
EQUATION IS
X7(N) = W1(NIEX(N-1) + W2(N)XX(N-2)
XR IS RelX’]
XI IS Ia(X’1]

XI = 0.0D0
XR = 0,000

DO 100 Ii=1,NW
XR = XR + (WR(I1)XR(I1+41)) - (WICIL)XI(I1+1))
XI = XI + (WR(ILDXIC(I1+1)) + (WICILXXR(I1+1))
CONTINUE

GENERATE THE ERROR
E(N) = X(N) - X“(N)
ER = Rel E ]

El = Ial E 1

ER
EI

R{1) - XR
I(1) - XI

UPDATE WEIGHTS
W1(N+1) = WI(N) + vEKE(N)XX}(N-1)
W2(N+1) = W2(N) + vEE(N)XX}(N-2)
AND X IS COMPLEX CONJUGATE OF X

D0 200 I2=1,NW
WR(I2) = WR(I2) + (V % ((ERXR(I2+1}) + (EIXIC(I2+1))))
WICI2) = WICI2)Y + (VU % ((EIXR(IZ2+1)) - (ERXICIZ2+1))))
CONTINUE

PUSH DOWN PAST INPUT VALUES
DO 300 I3 = NWs1y-1

R(I3+1) = R(IJ)
I(I3+1) = I(ID)
CONTINUE

FIRST = .FALSE.

RETURN
END

D52
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FIRFILT
VAX-11 FORTRAN SOURCE FILENAME! FIRFILT.FOR
DEPARTHMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

REVISION DATE PROGRAMMER
00,0 NOV 14, 1982 DANIEL B, SCHOWENGERDT
01,0 MAY 19, 1983 JOHN W, BARTHOLOMEW

1202230220280 0808 03033220003 bR30 ¢80 bRttt ittt eiietis

CALLING SEQUENCE
CALL FIRFILT(DATA»sCOEFsNCOEFsNDECXsNCNTXsSUMsDID)

PURPOSE
The purrose of this subroutine is to execute 3 didital
FIR filter in 2 fixed point mode that will simulate its
execution on 2 microrrocessor. The maximsum nuaber of
FIR coefficients is 30+ The filter tupe (low rPasss
band rassr band story high pass) ic chosen by the
filter coefficients in the arraw COEF:. The deperslized
filter for an N coefficient filter is!

FIRFILT = DATAC1)XCOEF(1) + ... + DATA(NIRCOEF(N).

ROUTINE(S) CALLED RY THIS PROGRAM

ADD Add or subtract two fixed point formated
nuabers,
MULT Multirly two fixed point forlatéd nuabers.,

ARGUMENTS REQUIRED FROM CALLING ROUTINE
DATA Array containind current and past inrut values.
COEF Array of FIR coefficients for the filter,
NCOEF  Value eauzl to the number of FIR coefficients.

NRECX Value eaual to the desired decimation value.

NCNTX Count of nuaber of ineput values.

DATA SHARED IN COMMON BLOCK WITH MAIN PROGRAM.

OOoOOoOO00OO00OnNO0 000000 N0NOO0OONNOONOO0Oe0o00NO00O0NOOO0000No00000Oan0n
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FPTR
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Pointer to fixed roint format srecifiers

for each value used in the filter.

In this filter each msultirly recuires two fixed
roint formatss one for each orerand., Esch add
reauires one format., For exaarler

the formats reguired for the following two
weight filter!

SUM = COEF(1)X¥DATA(1) + COEF(2)XDATA(2)

arel

1) Format for COEF{1) in COEF(1)XDATA(1)

2) Format for DATA(1) in COEF(1)XDATAC(1)

3} Format for COEF(2) in COEF(2)XDATA(2)

4) Format for DATA(2) in COEF(2)%¥DATA(2)}

5) Format for the addition COEF(1)XDATA(1) +

COEF(2)%F(2).

EREXXEIXLAERERX NOTICE XXXXXEXLBARRTERRTALEX

In this prodram the same fixed roint formatis
will be used for each multirly and each add.,
When this prodram is calleds FPTR must be
pointing to the first of only three forasts
which it will repestedly use.

These formats ares in order of use!

1) Format for filter coeff. in multirly,

2) Format for data value in aultiely,

3} Format for addition of products.

ARGUMENT(S) SUPPLIED TO THE CALLING ROUTINE

SUM

DID

Contains current outrut of filter,

If DID = 0 the subroutine stored current inrput
data roint but did not rerform the filter.

It DID not Oy the subroutine rperformed the
filter.

32832223 Pt bt e s tit ettt tbtdoibeibbititiioitioeitiasti iy

SUBROUTINE FIRFILT(DATAsCOEFsNCOEFsNDECXsNCNTXsSUN,DID)

INTEGER NCOEFsNDECXsNCNTXsDIDsFPTR
DOUBLE PRECISION ADDsMULT
DOUBLE PRECISION DATA(S50)sCOEF(50)+SUMs TENP

COMMON FPTR

INCREMENT THE INPUT DATA COUNT

bID = 0

 NCNTX = NCNTX + 1

ENOUGH DATA FOINTS TO DO FILTER?
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100

300

IF (NCNTX.LT.NDECX) GO TO 200

IF YES THEN DO FILTER BUT FIRST RESET COUNT.

“ NCNTX = 0

SUM = 0.0D0
DG 100 I1=1,NCOEF
TEMP = MULT(COEF{(I1)+DATA(I1)»1)
SUM = ADD{(SUM,TENP,1)
RESET FORMAT POINTER
FPTR = FPTR - 3
CONTINUE
SET FORMAT POINTER TO NEXT SET
FPTR = FPTR ¢+ 3

RETURN DID = 1
DID =1

CONTINUE

SHIFT DATA VALUES

DO 300 I3=NCOEFs2,-1
DATA(I3) = DATA(I3-1)

CONTINUE

RETURN
END

D55
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IIRFILT
VAX-11 FORTRAN SOURCE FILENAME: IIRFILT.FOR
DEPARTHENT OF ELECTRICAL ENGINEERING KANSAS STATE UNMIVERSITY

REVISION DATE PROGRAMMER

00,0 ? SANDIA

01.0 NOV 08, 1782 DANIEL B. SCHOWENGERDT
02.0 NOV 12, 1982 DANIEL B, SCHOWENGERDT
03.0 HAY 19+ 1983 JOHN W. BARTHOLOMEW

P PRt P T TR e et e P ettt ti et e bi et tieatiatesttttstiodisiitbeshd

CALLING SERUENCE
IIRVALUE = IIRFILT(FGsAsNPOLE)

PURPOSE
The purpose of this subroutine is to execute 3 didital
IIR filter in 2 fixed roint mode that will simulate its
gxecution on 3 microprocessor. The number of roles is
variable from 1 to 2 10 role naximum. The filter ture
{low p28sy band rassy band stopy high rass) is chosen

by the filter coefficients in the arraw ‘A’.- The
deneralized filter isi

Gi{Z) A1) + AC2)%ZE2-1 4+ .o + A(NE1IEZRE-N
F(Z) 1+ ACA)YRZRE~-1 + .. A(2N+1)RZRX-N,
Solution of this ecuation for B{(Z) wields!
B(1) = AULIRF{L) + AC2)8F(2) +
ALIRF(3) + vos + AINHL)IRF(N+LY -
AINE2)EG(2) = oos = A(2NF1)ERGIN+L)
ROUTINE(S) CALLED BY THIS PROGRAM

ADD Add or subtraect two fixed roint formsted
numbers.

MULT Multirly two fixed point formated numbers,

ARGUMENTS REQUIRED FROM CALLING ROUTINE

FG Array of current and rast input values as well
3s past computed filter values,

x> Ar R r iR e By R s R N el o Nl e N R R e Ny N E e N R R e s R R N R e N e R N e Ry N R v Rz R s Rz R R xR R Rx R X X
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A Array of 2%(%# of roles)+l filter coefficients.
The order of the coefficients for an n eole
filter ist

1) Mumerztor coefficients)
a) A(l)
b) A(2) of A(2)%Z%k-1
) A{3) of A(3)XZ¥x-2
d} to Alntl) of Aln+l)RZ¥X-n.
2) Denominator coefficientss
a8) B{(1) of B(1)%Z%%~-1
b) B{2) of B(2)kZ%k%-1
c) to Bin) of B(n)RZ¥x-n.
3) Note that the very first denominator
coefficient is assumed to be 1.0s so
it is not included in thiec list.

NPOLE Nusber of roles in the IIR filter.
DATA SHARED IN COMMON BLOCK WITH MAIN PROGRAM.

FPTR Pointer to fixed roint format srecifiers

foar each value used in the filter.

In this filter each multiply requires two fixed
point formatss one for each arerand. Each add
or subtract reauires one format., For examrles
the formats reauired for the following two
pole filters
G(1) = ACL)RF(L)Y + AC2)XF{2) + A(3)XF(3) -

A(AYRG(2) - A(S)IXRG(3)

are!

1) Format for ACL) in A(1)RF(1) multirplu,

2) Farmat for F(1) in A(L)XF(1) multirlu,

3) Format for A(2) in A(2YXF(2) multirly,

4) Format for F(2) in A(2)XF(2) multiely,

9) Format for the addition

ACLIXF{L) + A(2)XF(2).

4) Format for A(3) in A(3)RF(3) multirly,

7} Format for F{3) in A(3)XF{(3) aultielw,

8) Format for addition (SUM) + A(3I)RF(3}.

?) Format for A(4) in A(4)%6(2) aultirly,

10) Format for G(2) in A(4)E¥6(2) multirly.
11) Format for subtraction (SUM) - A(4)X6(2).
12} Format for A(S) in A(S)XG(3) multirly,
13) Format for G{(3) in A(S)I¥$6(3) multirly.
14) Format for subtraction (SUM) - A(5)XG(3),

EERRRRRXLRIREE  NOTICE Rexxkkkxkekprpkikrrsds

In this rrosram the ssme fixed roint formats
will be used for each multirlwy and each add.
When this program is czlleds FPTR must be
rointing to the first of only three formats
which it will repeatedly use,
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These formats sres in order of use?

1) Format for filter coeff. in multiplye,
2} Format for dats value in multirly,

3) Format for addition of products.

ARGUMENT(8) SUPPLIED TO THE CALLING ROUTINE

IIRFILT Contains current outrut of filter.

338803233303 83 030830803030 203053 283032320033 30333230833322¢0823¢8038%¢]

DOUBLE PRECISION FUNCTION IIRFILT(FGsAsNPOLE)

INTEGER NPOLEsFPTR»NCOEF

DOUBLE PRECISION ADDsMULT

DOUBLE PRECISION FG(21)sA(21)sTEHP
COMMON FPTR

THE FOLLOWING INSTRUCTIONS EXECUTE THIS EQUATION!

G(1) = A(L)RF(L) + +us + ACEF(NEL)
- AC4)XG(2) - oo - A(2ZNH1IRGINHL)

IN FIXED POINT FORMAT.
NCOEF = 2¥NPOLE + 1

IIRFILT = MULT(A(1)sFG(1)»1)
RESET FORMAT POINTER
FPTR = FPTR + 1

DO 100 I1=2,NCOEF
RESET FORMAT POINTER
FPTR = FPTR - 3
TEMP = MULT(ACIL)sFG(I1)s1)
IIRFILT = ADD(IIRFILT»TEMPs1)
CONTINUE

SHIFT ARRAY VALUES (STORE NEGATIVE RESULT)

FG(NPOLE+1) = 0.0D0 - IIRFILT
DO 200 I2=NCOEF»2s-1

FG(I2) = FG(I2-1)
CONTINUE

RETURN
END
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SIGEQU

DEPARTHE

REVISION

2220023882223
CALLING

PURPOSE

ROUTINE
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vax-11 FORTRAN SOURCE FILENAME: SIGEQU.FOR

NT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

DATE PROGRAMMER

DEC 30y 1982 DANIEL B. SCHOWENGERDT
MAY 19, 1983 JOHN W. BARTHOLOMEW
MAY 24, 1983 JOHN W. BARTHOLOMEW

P 233 0238023302223 ¢802233 0002380028002 0333380338088330330¢%]
SEQUENCE
VALUE = SIGEQU(SSI,IDsFIRST)

Thie is a2 sidnal strendth eauzlizer prodram that
works using fixed point arithmetic, The
working eauations aret _

i{n) = current inFrut value

s{n) = betats(n) + (1-beta)*ABS(i{(n}))

i’¢nY = i(n) ¥ d /7 (s{n} + smin)

i’{n) = current outrut value
Bets is the smoothindgd rarsmeters d is the desired
signal strength and smin is the minimum
sidnal strendth., The rrodram is designed to do ur
to 10 different signsls each with different rarameters.
Each sidnal and its associasted rparsmeters is
identified by 3 control value.

8) CALLED RY THIS PROGGRAM

ADD A function subroutine that rerforms 3
fixed roint zdd or subtract.

MULT A function subroutine that rerforms a

fixed point multirly or divide.

ARGUMENTS REQUIRED FROM CALLING ROUTINE,

S51 Input signal value.

Ib Integer value identifyind smoothing
rarameters desired signal strength and
mininum sidnzl strength for ineput signal.

FIRST Flag that is true the first time that the

routine is calleds used to initizlize
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certain variables.,

DATA SHARED IN COMMON BLOCK WITH MAIN PROGRAM

FPTR Pointer to correct format specifier for
orerands used in fixed roint
math orerations in this subroutine,
Three format specifiers are used, Theuw are?
1) Format for BETAs BETAls Dy and (D/(SA+SMIN).
2) FORMAT for ABS(SI), SAs (SA+SMIN)y and SI.
3) Format for both orerands in evers add.

ARGUKENT (§) SUPPLIED TO THE CALLING ROUTINE

SIGEQU Result of signal strendth ecualizing
input sidnal.

FIRST This flag is alwaus set to false uron returning.

f223tps bt oeeRidsiii st oot tsiotaset it dsats i obiis sttt b s

o000 000n

DOUBLE PRECISION FUNCTION SIGEQU(SSI»IDsFIRST)

o

DOUBLE PRECISION SSI»SI»TEMP»ADDyMULT,
BETA(10)/2%0,95,8%0,0/
BETA1(10)/2%0.05,8%0,0/»
DC10)/2%0.1+8%0.0/y
SAC10)/10%1.0/»
SMIN(10)/2%0.001,8%0.,0/

W W N W

LOGICAL FIRST _
INTEGER IDsFPTR+ZERD/0O/+ONE/1/
COMMON FPTR

CHECK FOR FIRST TIME THROUGH

o0 n

IF (FIRST) THEN
D0 335 J=3,10
BETA(J) = 0,000
BETAL1(J) = Q.0D0
DeJ) = 0.0D0
SA(d) = 0.0D0
SHIN(J) = 0.0D0
55 CONTINUE
BETA(1) = 0.93D0
BETA(2) = 0.95D0
BETA1{(1) = 0.05D0
BETA1(2) = 0.05D0
D{1) = 0.100
D(2) = 0.1D0
SA(1) = 1.0D0
SA{2) = 1.0D0
SMIN(1) = 0.001D0
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100

SMINC2) = 0.001D0
ENBIF

CHECK FOR CORRECT RANGE OF ID
IF(ID.GE.,1.AND.ID.LE.10) GO TO 100

TYPE %y’ ¥k¥2%x °,IDs" ILLEGAL ID FOR SIGEQU ¥dkkikkx’
STOP

CONTINUE

DO SA = BETA % SA 4+ (1-BETA) % ABS(SI)

81 = SSI

TEMP = MULT(RETA1(ID) »DABS(SI)»ONE)
SET FORMAT POINTER

FPTR = FPTR - 2

SACID) = MULT(BETACID)»SA(IDNONE)
SA(ID) = ADD(SA(ID) s TENP,OMNE)

SET FORMAT POINTER

FPTR = FPTR - 1

DO SIGERQU = SSI ¥ D / (SA + SMIN)

TEMP = ADD(SA(ID)sSHIN{ID),»ONE)
SET FORMAT POINTER

FPTR = FPTR - 3

TEMP = MULT(D(ID),TEMP+ZERQ)
SET FORMAT POINTER

FPTR = FPTR - 2

SIGEQU = MULT(TEMP»SI,»ORE)

FIRST = .FALSE.

RETURN
END

D61
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COMPRED
VAaX-11 FORTRAN SOURCE FILENAME: COMPRED.FOR
DEPARTMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

REVISION DATE PROGRAMMER

00.0 DEC 15, 1982 DANIEL B+ SCHOWENGERDT
01,90 MAY 19, 1983 JOHN W. BARTHOLOMEW
01.1 HAY 24, 1983 JOHN W. BARTHOLOMEW

Xt!ttltttttlttttttt!ltt!tt*tt!tt!!*ttlt*tlttXt#**l!**it!ttltt!*t1!*1***

CALLING SEQUENCE
CALL COMPRED(RINsIINs»NWyXRsXI+ER+EIsFIRST)

PURPOSE
The purepose of this subroutine is to execute 3 complex
predictor filter in 3 fixed roint mode that will
simulate its execution on & microrrocessor. The number
of weights of the filter can rande from 1 ta 10,
The equations for this predictor ared
1) x(n) = i(n} + J aln)
2) x'{n) = Wi{n)ix(n-1) + W2{n)Xx{n-2)
+ ses + WN(RIL{N-N)
3} eln) = xi{n) - %' (n)
4) Wi(ntl) = Wiin) + vkei{n)X(con.udate of x(n-1))
W2(nti) = W2{n) + vXe(n)*{condudate of «(n-2))
and SO On.
3) Outrput is
g) i’{n) = Relx’(n)1
b) @’(n) = Imlx’'{n)l

ROUTINE(S) CALLED BY THIS PROGRAM

ADD This subroutine sdds or subtracts two numbers
which it has Just fix epoint formatted.

‘HULT This subroutine multirlies or divides two
nuabers which it has Just fix point formatted.

ARGUMENTS REQUIRED FROM CALLING ROUTINE

RIN Real epart of the inrut value.
IIN Imadinare part of the inrut value,
NW Inteder number of weights to be used in the

filtar.
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Flad that is true the first time that the
routine is calleds used to initialize certzin
variables.

ARGUMENT (S) RETURNED TO THE CALLING ROUTINE

Real rart of comrlex predicted value
Imaginary rpart of complex sredicted value.

Real part of comerlex error between inrut value
and predicted value,

Imaginary rart of complex error between inrut
value and predicted vzlue.

This flad is zlwaus set to false uron returning,

DATA SHARED IN COMMON WITH MAIN PORGRAM.

Pointer to fixed roint format srecifiers
for each value used in the filter. In this
filter each multirly reguires two fixed
raint formatsr one for each orerand. Each
add or subtract reauires one format.

EXRRRXXAXXXRRRAKRAANOTICE RRERBRIRRKKRERARRRR

In this srodram 211 first orerands in 2ll
aultirlies done in this prodram will use the
same format specifier. All second arerands in
3ll multirlies done in this rProdram will use
the same format srecifier which maw be
different than the one for the first orerand.
Alsor both orerands in 3ll adds or subtracts
dene in this prodgram will use the same formst
specifier.

AR R KRR R AR KRR KRR KRR KRR RL AR LKL RXRLRRRK

SUBROUTINE COMPRED(RIN»IIN:NWsXR:XIsERsEIsFIRST)

' DOUBLE PRECISION RIN»IIN)XRsXIsERsEIsHULT:ADD,

c
X
X
c
LOGICAL FIRST
INTEGER J
c
c
c
c

WR{10)/10%0.,0/sWI(10)/10%0.0/+WRTHWITy
RC11)/11%0,0/+1(11)/11%0.,0/TENP

DESCRIFTION OF DATA STORAGE ARRAYS
R{10) STORES REAL PART OF INPUT VALUE.
I1(10) STORES IMAGINARY PART OF INPUT VALUE.
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WR(11) STORES REAL PART OF WEIGHTS.

WI(11) STORES IMAGINARY PART OF WEIGHTS.

XR STORES REAL PART OF PREDICTED VALUE,

XI STORES IMAGINARY PART OF PREDICTED VALUE.
ER STORES REAL PART OF ERROR.

EI STORES IMAGINARY PART OF ERROR.

WRT»WIT ,TEMP ARE TEMPORARY STORAGE.

kx%¥% CONVERGENCE PARAMETER SET HERE! %txXx
DOUBLE PRECISION v/0.05/
INTEGER NWsZERO/0/sONE/1/sFPTR

COMMON FPTR

CHECK FOR FIRST TIME THROUGH
IF (FIRST) THEN

Do 35 J=1,10
WR(J) = 0.0D0
WIdd) = 0,000
R(J) = 0.0D0
I¢J)y = 0.0D0
CONTINUE

R(11) = 0.0D0
I¢(11) = 0.0D0

ENDIF
R(1) = RIN
I(1) = IIN

GENERATE THE PREDICTED VALUE X’
EQUATION IS
X7(N)Y = WICNIRX(N=1) + W2(N)XX(N-2)
XR IS RelX’1
XI IS ImCX’]

XI = 0,000
XR = 0,000 |
INITIALIZE FORNAT POINTER
FPTR = FPTR + 3

DO 100 I1=1,HW
RESET FORMAT POINTER
FPTR = FPTR - 3

ESTIMATE REAL VALUE XR
TENP = MULT(WR(I1)sR(I1+1),DNE)
XR = ADD(XRysTEMPsONE)
RESET FORMAT POINTER
FPTR = FPTR - 3

D64
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100

TENP = MULT(WI(I1),»ICI1+1)s0NE)
XR = ADD(XR.TEMPsZERO)
RESET FORMAT POINTER
FPTR = FPTR - 3
ESTIMATE IMAGINARY VALUE XI
TEMP = MULT(WR(I1),»I(I1+1)s0NE)
XI = ADD(XI»TEMPsONE)
RESET FORMAT POINTER
FPTR = FFTR = 3
TEMP = MULT(WI(I1)sR(I1+1),0MNE)
XI = ADD(XIsTEMP»ONE)
CONTINUE

GENERATE THE ERROR

E(N) = X(N) - X' (N)
ER = Rel E 1
EI = Inl E 1

RESET FORMAT POINTER
FPTR = FPTR - 1

ER = ADD(R(1)sXR»ZERD)
RESET FORMAT POINTER
FPTR = FPTR - 1

EI = ADD(I(1)sXI+ZERQ)

UPDATE WEIGHTS
WL(N+L1) = WLIN) + vXE(N)EXZ{N-1)
CW2(N$1) = W2(N) + vEE(N)XX}(N-2)
AND X> IS COMPLEX CONJUGATE OF X

DO 200 I2=1,NUW
RESET FORMAT POINTER
FPTR = FPTR = 3
WRT = MULT(ER,R(I2+1),0NE)
RESET FORMAT POINTER
FPTR = FPTR - 2
TEMP = MULT(EI»I(I2+1)»0NE)
WRT = ADD(WRTTEMP,ONE)
RESET FORMAT POINTER
FPTR = FPTR - 3
WIT = MULT(EI,R(I2+1),0NE)
RESET FORMAT POINTER
FPTR = FPTR - 2
TEMP = MULT(ER,I(I2+1),0NE)
WIT = ADD(WIT,TEMPsZERO)
RESET FORMAT POINTER
FPTR = FPTR - 3
WRT = MULT(V,WRTsONE)
WR(IZ2) = ADD(WR(I2) WRTsONE)
RESET FORMAT POINTER
FPTR = FPTR - 3
WIT = MULT(VyUIT»ONE)
WICI2) = ADR(WICI2)»WITsONE)

D65
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200  CONTINUE
PUSH DOWN PAST INPUT VALUES
DO 300 13 = NWs1,-1
R(IZ+1) = R(I3)
I(13+1) = 1(I3)
300  CONTINUE
FIRST = ,FALSE.

RETURN
END
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HULT
VAX-11 FORTRAN SOURCE FILENAME! MULT.FOR
DEPARTMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

REVISION DATE PROGRAMMER

00.0 OCT 24, 1982 DANIEL B. SCHOWENGERDT
01.0 NOV 11, 1982 DANIEL B, SCHOWENGERDT
02.0 MAY 19, 1983 JOHN W. BARTHOLOMEW

0330230333830 83023300023083 00200030030 0300 3300300338003 ¢032 033833032808

CALLING SEQUENCE
PRODUCT = MULT{(M1:M2,0PT)

PURPOSE
This eprogram performs 3 fixed roint multirly or
divide of two double rrecision numbers. It does
this by first formattindg each of the two numbers to

the desired number of bits using the FXPT
subroutine and then multipluwing or dividing.

ROUTINE(S) CALLED BY THIS PROGRAM
FXPT Fixed roint formattind subroutine.

ARGUMENTS REQUIRED FROM CALLING ROUTINE

M1 One of the two orerands to be multirlied,
M2 The other of the two orerands to be multirlied.
CPT If OPT = 0 then divide (M1 / M2)

If OPT not 0 then amultirly (M1 %X N2)
ARGUMENT(S) SUPPLIED TO THE CALLING ROUTINE

HULT Double eprecision product or dividend of the
formated M1 and M2.

(2322238233080 2223200220000 0822332320008 3 433333322000 20 8232800033282

DOUBLE PRECISION FUNCTION MULT(M1.M2:0FT)

DOUBLE PRECISION MI»MIAsMIFXsM2 H2AIM2FXsFXPT
INTEGER OPT

FORMAT THE TWC OPERANDS
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M1A
H2a
MiFX
M2FX

M1

M2
FXPT(M1A)
FXPT(M2A)

MULTIPLY THE FORMATTED OFPERANDS.

IF (OPT.EQ.0) MULT
IF (OPT.NE.Q) MULT

MIFX / M2FX
MIFX % M2FX

RETURN
END

D68
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ADD
VAX-11 FORTRAN SOURCE FILENAME: ADD,FOR
DEPARTMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

REVISION DATE FROGRAMMER

00.0 0CT 24, 1982 DANIEL R, SCHOWENGERDT
01.0 NOV 11, 1982 DANIEL B. SCHOWENGERDT
02.0 HAY 19, 1983 JOHN ¥, BARTHOLOMEW

1353223823320t bttt eddts sttt bt ts b st ettt i eett b o sstsesddsssssy
CALLING SEQUENCE
SUM = ADD(AL1,8250PT)
PURPOSE
This prodram rerforms 3 fixed roint 3dd or subtract
of two double precision numbers. It does this by
first formatting each of the two numbers to the
desired number of bits using the FXPT subroutine
and then adding or subtracting them.
ROUTINE(S) CALLED BY THIS PROGRAM

FXPT Fixed roint formatting subroutine,

ARGUMENTS REQUIRED FROM CALLING ROUTINE

Al One of the itwo crerands to be zdded.
A2 The other of the tuo orerands to be added.
oPT I? OPT = 0 then subtract (Al - A2}

It OPT not 0 then add (Al + A2)
DATA SHARED IN COMMON BLOCK WITH HAIN PROGRAM

FPTR Fointer to correct format seecifier for
each of the orerands aof the add/subtract,
Since the same format is used for each
arerand after it is used for the first
orerand it is reset to roint to the
same format far the second orerand.

ARGUMENT(S) SUPPLIED TO THE CALLING ROUTINE

ADD Result of (Al + A2) or (Al - A2).

oocoOoOooOoOoooOoOOOOOOoOnOoOOoOcOo0O0OoOooOOonDOOoOOonoOoOOOoOOOOOOoOOoOnO0On0000n
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DOUBLE PRECISION FUNCTION ADD(ALlsA2:0FT)
DOUBLE PRECISION A1,A1AsALIFX»A25A2AsA2FXsFXPT
INTEGER OPTsFPTR

COMMON FPTR

FORMAT THE TWO OFERANDS

AlA = Al
ALFX = FXPT(ALA)

RESET FPTR TO POINT TO THE SAME
FORMAT AS FOR THE FIRST OPERAND

FPTR = FPTR - 1
A2A = A2
A2FX = FXPT(AZA)

ADD THE FORMATTED OFERANDS TOGETHER

IF (OPT.EQ.0) ADD
IF (OPT.NE.O) ADD

AIFX - AZFX
ALFX + A2FX

H U

RETURN
END
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FXPT

REVISION DATE

00.0 JUL 28,
01.0 OCT 24,
02.0 NOV 10y
03.0 JAN 21,
04.0 HAY 19»

VAX-11 FORTRAN SOURCE FILENANE!
DEPARTHMENT OF ELECTRICAL ENGINEERING

1982
1982
1982
1983
1983

FXPT.FOR
KANSAS STATE UNIVERSITY

PROGRAMMER

DANIEL B, SCHOWENGERDT
DANIEL B. SCHOWENGERDT
DANIEL B. SCHOWENGERDT
JOHN W. BARTHOLOMEW
JOHN W. BARTHOLOHEW

b2 2232383020303 0 3000ttt Rsesettsti oot eoseeitotetestied

CALLING SEQUENCE

PURPQSE

bits is 56.

None

X ErE R rEr R R rEz Rl o R Ry Ao Rl r N e e e N e N Ny R N e N e N R R R A R A R B R R Ry R Ry R A xR R R A R R R s AT Ky ]

FORMATTEDD = FXPT(D}

ROUTINE(S) CALLED BY THIS PROGRAM

ARGUMENTS REQUIRED FROM CALLING ROUTINE

The purrose of this function subroutine is to
limit the number of bits that rerresent a certzin
number, For examrle 14 bit dataz can be truncated
or rounded to 8 bit dasta.
limited to some desired magnitude, Double precision
dataz i3 used so that the maximum number of

The number is 3lso

1] Bouble eprecision datas Lo be modified,
DATA SHARED IN COMMON BLOCK WITH MAIN PROGRAM

F Array contsining format srecifiers for
each time FXPT is caslled., Each element in
F is coded s 3 five digit number ABCDE.
Digits AB wield the total number of bits.
Didits CD wield the number of fraction bits
and it D = 0 then round off datas if D = |
then truncate datsz.

FPTR Pointer to correct format srecifiers in
the arraw F.

ARGUMENT(S) SUFPLIED TD THE CALLING ROUTINE
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FXPT Modified D.
b33 3PP st e s bRi et ds ittt eitiss et s i ettt eiistesdiiitiitsesis
NOTICE ¢
By conditionally comriling the lines with 3 D in the
first collumny 3ll overflowsy underflowss and zero
errors will be printed: A normal comerilation treatis
these lines as comments.
b33 8338333338300 3 5338382022083 88388898330383023 8384383330003 88383880853¢
DOUBLE PRECISION FUNCTION FXPT(D)
C
REAL SHFTsMAX»MINsF(S0)
INTEGER FPTRsTBIT,FBIT,TRUN
COMMON FPTRsF
DOUBLE PRECISIDN D
c
TBIT = AINT(F(FPTR)Y/1000.0)
FBIT = AINT(F(FPTR)Y/10 - 100,0%TRIT)}
TRUN = F(FFTR) - 10.0%AINNT(F(FPTR)/10.,0)
C
SHFT = 2,0%%FBIT
E
C MAKE ALL FRACTIONM DATA BITS INTEGER BITS
C
FXPT = D % SHFT
c
c ROUND OFF OR TRUNCATE REMAINING FRACTION BITS
c
IF (TRUNLEQ:0) FXPT = DNINT(FXPT)
IF (TRUN.EQ.1) FXPT = DINT(FXPT)
C
c RESTORE THE FRACTION BITS
c
FXPT = FXPT / SHFT
c
(N CHECK FOR TOD LARGE A VALUE
C

IBIT = TBIT - FRIT - 1
MAX = 2,0%%IBIT
MIN = 0,0 - MAX
IF {(FXPT.LT.HAX) GO TO 10
D TYPE %»’ OVERFLOW! “,FXPTs’ FORMAT CORE = ’,»FPTR
FAPT = MAX - (1/2%XFBIT)

c
10 CONTINUE
IF (FXPT,GE.,MIN) GO TO 20
D TYPE %,’ UNDERFLOW! “sFXPTs’ FORMAT CODE = ‘,FPTR
FXFT = HIN
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20

30

CONTINUE
IF («NOT.((FXPT.EQ.0.0)AND.(D'NE.0.0))) GO TO 30
TYPE %+’ ZERO ERROR! “+D»s’ FORMAT CODE = '+FPTR

CONTINUE

FPTR = FPTR + 1
RETURN

END
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g SINEWAVE GENERATOR

g VAX-11 FORTRAN SOURCE FILENAME: DSINEGEN . FOR

g DEPARTMENT OF ELECTRICAL ENGINEERING  KANSAS STATE UNIVERSITY
g REVISION DATE PROGRAMMER(S)

‘ 0.0 APR 20, 1983 KENT SCARBROUGH

c 01,0 HAY 19y 1983 JOHN W, BARTHOLOMEW

ERREERRLERRRR IR AR AR TR LR R RRERARRE XL RR R R Rk Rkt e ¥k
PURPOSE

This routine computes a seauence of sinewaves

or sums of sinewaves. The smrlitudess freauenciesy
and phases of the sinewave(s) may be chanded

for each block of points.

1 333332002 383338302323330 0333883323435 800 0338880830833 333443333 3038343
NOTE ¢ The number of roints rer block mav varys howevers
the totzl number of points to be gdenerated is

limited by the arraw size of 230000 roints.

NOTE ¢ The prodram 3lso asks for 2 minimum absolute value to
truncate to 0.0D0 s0 that zero-crossings are exact.

L2 22L 32230 3030300280000 8003 0302838020200 b e eettiettitibetstioss:

ODOOOOOOOOaOOoOGOOoOoOon

DOUBLE PRECISION SINE(250000), AHP(10,10)
DOUBLE PRECISION FRA(10+10)s PHI(10,10):TPI
ROUBLE PRECISION FSsTIND»ANGsDMIM

REAL SINEOUT(230000)

INTEGER NWAV(10)» NPTS(10)» TPTSs NBLK

c
C ASSIGN CONSTANTS
c
IND = O
TPTS = 0
TPI = 8.0D0 % DATAN(1.0D0)
1 FORMAT(A)
c
CRERERREXRTXRRRXRDARERRRORIRKLERLRRRDARRR LXK ER KA LK
c
€ READ INPUT PARAMETERS
c
c

TYPE %5 ‘%%% SINEWAVE GEMERATOR %2%x’
TYPE %
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TYPE 1, "$SANPLING FREQUENCY = ¢
ACCEPT %y FS

TYPE 1, ‘S$NUMBER OF BLOCKS(10 MAX) = ¢
ACCEPT % NBLK

C

c
C ACCEPT SINEWAVE PARAMETERS
c
DO IBLK = i» NBLK
TYPE X
TYPE &y ‘BLOCK # ’» IBLK
TYPE X%
C
TYPE 1» ‘% NUMBER OF POINTS = '/
ACCEPT %y NPTSC(IBLK)
C
TPTS = TPTS + NPTS(IELK)
IF (TPTS.GE.250000) STOP ‘MAX ARRAY SIZE(250000) EXCEEDED’
c
TYPE 1y '$ NUMBER OF SINEWAVES(10 MAX) = '
ACCEPT %, NWAV(IBLK)
DO IWAV = 1, NWAV(IBLK)
TYPE %
TYPE %y * SINEWAVE # ‘,IWAV
TYPE %
C
TYFE 1, ‘s AMPLITUDE = '
ACCEPT %+ AMP(IWAV»IBLK)
c
TYPE 1, ‘% FREQUENCY = “
ACCEPT ¥+ FRA(IWAV,IBLK)
c
TYPE 1, ‘8 FPHASE(DEG) =
ACCEPT X» PHIC(IWAV,IBLK)
c
TYPE 1, 'S MININUM VALUE TRUNCATED TO ZERO = ’
ACCEPT *» DNMIN
C
PHICIWAV:IBLK) = TPI % PHI(IWAV,IBLK) / 340,000
END DO
END DO
C
CRXEAXEEEXRXTRREREARRARRERRLREERRRLRRRAKRKAERARK
c :
C OPEN OUTPUT FILE
TYPE %
CALL SGOUPEN(O»/WRITE’,'OUTFUT FILENAME 7 '+ /NONAME’s‘REAL’,TPTS)
C
CRERRRRXRITXRRIRXXXRRRAXNRRXRRXBRRERARERRRRRERAR
c
C GENERATE SINEWAVE(S)
c

DO IBLK = 1» MELK
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DO IPT = 1y NPTS(IBLK)

IND = IND + 1

SINECIND) = 0.0D0

TIND = DBLE(IPT-1) % TPI / FS

DO IWAV = 1s NWAV{IBLK)
ANG = TIND % FRO(INAV,IBLK) + PHI{IWAVsIBLK)
SINE(IND) = SINE(IND) + AMP(IWAV,IBLK) % DSINCANG) -
IF (DABS(SINE(IND)).LE.DMIN) SIRE(IND) = 0,000

END DO
END DO
END DO
c
CRERERERRIRRXRLRRRREERRXXXXIXTRNRRXIXRRLRKRLRAKR Y
c
C CONVERT DOUBLE PRECISION ARRAY TD REAL
c
DO INDEX = 1» TPTS :
SINECUT(INDEX) = SNGL(SINE(INDEX))
END DO
c
2220 bR ettt Ritiiototiotetst s bb s besesis:
c
C WRITE ARRAY OF POINTS TO DISK
c
CALL SGTRANCO» ‘WRITE’s'REAL’SINECUT:TPTS)
c

STOP -
END
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Nt 230203303833 33030 230308022032 00003 003003020023 003¢20332 33232323030 834
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CHWHITE

VAX-11 FORTRAN SOURCE FILENANME: CHWHITE.FOR

DEPARTMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY
REVISION DATE PROGRAMMER

o - e - - -

00.0 JUNE 9, 1983 JORN W. BARTHOLOMEW

(222223800383 023 030300083300 83 003000 sstisest et et sstiotiiseitbitiees:

CALLING SEQUENCE
RUN CHWHITE
PURPOSE
This prodram 3llows the user to zlter the contents of
data file (rpresumably Gaussian White noise) in the
following waus @
1) Rescale ans rart of the file
2) Aepend another file to an existing file
3) Reorder the file by blocks
4) Add the file to another file
3) Limit the file to some min and max value
4) Multirly the file by another file

?) Outrput any sart of the file to 2 new file

0) Exit the prodram

2223233222032 8323 02 PR to st rteiiite ettt e bt o st ae sl ieitetey

REAL INPUT(125000),0UTPUT(125000)RESCALE;OFFSET
REAL SCALE,UPFER,LOWER

INTEGER I+LOWsHIGH,»ISIZEIN,ISIZEOUTs1SIZEL1,CODE
INTEGER BLOCKSIZEsBLOCKSsORDER(S00)sIINyIOUTyJ
CHARACTERXB80 FNAMErFNAMEL

LOGICAL FIRST/.TRUE./

CRERXRTXLREREXLXRRXRIERARDRERROR DR LRk kokokokboonkokionokk ke

c

2

FORMAT (A)



c

10
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TYPE %" *

TYPE %y’ CHWHITE VERSION 0.0’

TYPE X5’ ’

CONTINUE

TYPE %»’ SELECT OPERATION : '

TYPE %y’ 1) RESCALE PART OF FILE’

TYPE %+ 2) APPEND PART OF FILE TD ANOTHER FILE’
TYPE %y’ 3) REORDER FILE BY BLOCKS'’

TYPE %»' 4) ADD FILE TO ANOTHER FILE’

TYPE %' S) LIMIT FILE TO SOME MAX AND MIN'
TYPE %/ 6) MULTIFY FILE BY ANOTHER FILE
TYPE %' ) SAYE PART OF FILE’

TYPE %»/ . 0) END PROGRAN’

TYPE %¢' '

TYPE 2»'% ENTER SELECTION(1»2s3:4:5:6+%+0) '
ACCEPT ¥,CODE

IF (CODE.EQ.1) GOTO 100
IF (CODE.EQ.2) GOTO 200
IF (CODE.EQ.3) GOTO 300
IF (CODE.EG.4) GOTO 400
IF (CODE.EQ.3) GOTO 500
IF (CODE.EQ.4) GOTO &00
IF (CODE.EQ.9) GOTD 900
IF (CODE.E@.0) GOTO 1000
TYPE %, INVALID CODE’
GoTo 190

CREERRE R R IR R R RN R Rk Rk R R xRk ke kk

C
C

100

103

CONTINUE

IF (FIRST) THEN
TYPE 25’8 INPUT FILENAME 7
ACCEPT 2sFNAME
CALL SGOPEN(Os’READ’s/NOPROMPT’sFNAMEs 'REAL’ISIZEIN)
CALL SGTRAN(OQs'READ’s "REAL’ ¢+ INPUT+ISIZEIN)
ENDIF
CONTINUE
TYPE %+’ FILE LENGTH = ‘»ISIZEIN
TYPE 25'% RANGE OF VALUES TO RE RESCALED 7
ACCEPT XsLOWsHIGH
IF ((LOW.LE.O0).OR,(HIGH.GT.ISIZEIN)) THEN
TYPE %’ NOT IN RANGEs TRY AGAIN’
607D 105
ENDIF
TYPE 2»’% RESCALE FACTOR ?
ACCEPT %ysRESCALE
TYPE 25’4 OFFSET FACTOR 7
ACCEPT %,0FFSET
DO I=LOW,HIGH

INFUT(I) = { INPUT(I) % RESCALE ) + OFFSET
ENDDO



c
CREEZXXRRIZEFXRRXXRRERXIRRERPRE R ER Rk Rk ok ok ok ook ek

c
C

200

c
CEREERERRRR RS RRERERRLE R AR ELRRRRRRRRKERR LR R XA LR KL KRR LA LKA R R R RE K

€
C

300

310
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FIRST = .FALSE.
GOTO 10

CONTINUE

IF (FIRST) THEN
TYPE 2+’$ FIRST FILENAME 7 /
ACCEFT 2,FNANME
CALL SGOPEN(Os’READ’,’NOPROMPT’sFNAMEs 'REAL’sISIZEIN)
CALL SGTRAN(Os‘READ’,’REAL’INPUT,ISIZEIN)
ENDIF
TYPE 2+‘$% SECOND FILENAME ? *
ACCEPT 2/FNAMEL
CALL SGOPEN(1s’READ’»’/NOPROMPT’,FNAMEls ‘REAL’sISIZEL)
I[SIZEQUT = ISIZEIN + ISIZElL
IF (ISIZEOUT.GT.125000) THEN
TYPE ¥y’ APPENDED FILE IS TOO LONG’
GOTO 1000
ENDIF
CALL SGTRAN(1,’READ‘, REAL‘sOUTPUT,ISIZE1)
DO I=1,ISIZEl
INPUT(I+ISIZEIN) = OUTPUT(I)
ENDDO '
ISIZEIN = ISIZEOUT

FIRST = .FALSE,
6oTOo 10

CONTINUE

IF (FIRST) THEN
TYPE 2»'¢% INPUT FILENAME 7 /
ACCEPT 2,FNAME
CALL SGOPEN(O»’READ’,»’NOPROMPT’sFNAMEs 'REAL’ISIZEIN)
CALL SGTRANCO»‘READ‘/REAL‘+INPUT,ISIZEIN)
ENDIF ‘
TYPE %»’ FILE LENGTH = ‘,ISIZEIN
TYPE 2.,’% SIZE OF BLOCKS ?
ACCEPT %»BLOCKSIZE :
BLOCKS = ISIZEIN / BLOCKSIZE
TYPE %y’ ENTER THE NEW ORDER OF TTHE BLOCKS’
DO I=1,BLOCKS
CONTINUE
TYPE 3v’8% BLOCK &/21,° 7
FORMAT(A®sI5:A3)
ACCEPT %,DRDER(I)
IF (ORDER(I).GT.BLOCKS) THEN
TYPE %y’ BLOCK MUMBER TOO LARGE’
GaTo 310
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ENDIF
ENDDO
D0 I=1,BLOCKS
DO J=1,BLOCKSIZE
I0UT = (I-1) % BLOCKSIZE + J
IIN = (ORDER(I}-1) % BLOCKSIZE + J
BUTFUT(IOUT) = INPUT(IIN)
ISIZEQUT = IOUT

ENDDO
ENDDO
DO I=1,I5IZEOUT
INPUT(I) = DUTPUT(I)
ENDDO
ISIZEIN = ISIZEDUT

FIRST = .FALSE,
GOTo 10

B 2333328300322 080 8283302003000ttt etsist bttt eseitseistitse st

c

c

c

400

CONTINUE

IF (FIRST) THEN
TYPE 25‘¢ FIRST FILENAME ? .
ACCEPT 2sFNAHE
CALL SGOPEN(0s ‘READ’; ’NOPRONPT’ s FNAME s ‘REAL’ y ISIZEIN)
CALL SGTRAN(Os‘READs‘REAL’+INPUTs ISIZEIN)

ENDIF

TYPE 2,’¢ SECOND FILENAME ? *

ACCEPT 2/FNANE1

CALL SGOPEN(1,/READ’s‘NOPROMPT’»FNAKELs ‘REAL’ s ISIZEOUT)

CALL SGTRAN(Ls‘READ’s’REAL’,OUTPUT, ISIZEOUT)

TYPE 25’$ SCALE FACTOR FOR SECOND FILE ? *

ACCEPT %ySCALE

DO I=1yMINO(ISIZEINsISIZEOUT)
INPUTCI) = INPUT(I) + SCALE % OUTPUT(I)

ENDDO

ISIZEIN = HINO(ISIZEINsISIZEOUT)

FIRST = .FALSE.
GOTa 10

(B2 2222 L2222 R3340 22 08 22228 02220022 2R R0 012202022003 0 22 0028 230

c
c

500

CONTINUE

IF (FIRST) THEN
TYPE 25’% INPUT FILENAME 7’
ACCEPT 2,FNAME
CALL SGOPEN(O»‘READ’ ' NOPROMPT’»FNANE» ‘REAL‘»ISIZEIN)
CALL SGTRAN(Os'READ’»’REAL’ +INPUT,ISIZEIN)
ENDIF
TYPE 2»'$% UPPER AND LOWER LIMITS 7 ¢
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ACCEPT %,UPPERsLOWER
DO I=1,ISIZEIN
IF (INPUT(I).GT.UPPER) THEN
INFUT(I) = UPPER

ENDIF
IF (INPUT(I).LT.LOWER) THEN
INPUT(I) = LOWER
ENDIF
ENDDO

FIRST = ,FALSE.
GOTO 10

CRERXRXXTERTIRBREIRRRERERARRRORR IR R koo ks kxok

c

600

c

c

CONTINUE

IF (FIRST) THEN
TYPE 2»'% FIRST FILENAME 7
ACCEPT 2 FNAME
CALL SGOPEN(Os’READ‘s"NOPROMPT '+ FNAMEs ‘REAL’+ISIZEIN)
CALL SGTRAN(Os’READ’»/REAL’+INPUT,ISIZEIN)
ENDIF
TYPE 2+°% SECOND FILENAME ? ¢
ACCEPT 2,FNAMEL
CALL SGOPEN(1, READ‘s’NOFROMPT'sFNAMELls’REAL’»ISIZEOUT)
CALL SGTRAN(1s‘READ’y'REAL’OUTPUT,ISIZEOUT)
TYPE 2»'% SCALE FACTOR FOR SECOND FILE 7 *
ACCEPT *,8CALE
DO I=1,MINQ(ISIZEIN,ISIZECUT)
INPUT(I) = INPUT(I) % SCALE X OUTPUT(I:
ENDDO
ISIZEIN = MINO(ISIZEIN,ISIZEOUT)

FIRST = .FALSE.

GOTO 10

Ct#titt*!ttt**#tt**tt!**t#t#**t#**#tt*#*#*I*#**1***X##*t*t#***t*#tt*****

c
C

900

703

CONTINUE

IF (FIRST) THEN
TYPE 2»"% INPUT FILENAME 7 ¢
ACCEPT 2:,FNAME
CALL SGOPEM(Os/READ’, ‘NOFROMPT'sFNAMEs 'REAL’ s ISIZEINY
CALL SGTRAN(Os/READs'REAL’» INPUT,ISIZEIN)
ENDIF
CONTINUE
TYPE %»’ FILE LENGTH = ‘,ISIZEIN
TYPE 2»’$ RANGE OF VALUES TO BE SAVED 7
ACCEPT *,LOW,HIGH
IF ((LOW.LE.0).OR.(HIBH.BT.ISIZEIN)) THEN
TYPE %7 NOT IN RANGE’
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GOTC 905
ENDIF
ISIZEQUT = HIGH - LOW + 1
DO I=LOW/HIGH
OUTPUT(I-LOW+1) = INPUT(I)
ENDDO
CALL SGOPEN(1s’WRITE’»’ OUTPUT FILENAME ? /»
-1 "NONAME“» "REAL ' s ISIZEQUT)
CALL SGTRAN(1s+‘WRITE’»'REAL‘»OUTFUT,ISIZEOUT)

FIRST = ,FALSE.

GOTC 19
c
CREARREREXXRXAXBERARRRRRRRRATERRRRER OO ook oo ok oR ok ek
c
1000  CONTINUE

sTOP

END
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SGOPEN SUBROUTINE (UTILITY LIBRARY)

s A By

VAX-11 FORTRAN SOURCE FILENAME! SGOPEN.FOR
DEPARTMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

REVISION - DATE ‘ PROGRAMMER(S)

00,0 MAR 31s 1983 DEVORE/JUNOD/RATCLIFFE
KEREERERERR R R AR AR XRRRTARRREER LR TR RRERRRARRER KRR R R PRI KRR L kN

CALLING SEQUENCE

CALL SGOPEN (UNIT» OPER» PROMPT, NAME: TYPE» NUMEBER)
PURPOSE |

This routine mav reauest the terminal orerator to surrly

a8 filename from which to read or write dats. The

tile is q?ened after 3 valid filensme has been surrlied.
ROUTINE(S) ACCESSED OR CALLED BY THIS ROUTINE

SGLENG utility librare routine

ARGUMENT(5) REQUIRED FROM THE CALLING ROUTINE

NAME filenasme {(character constants varizble or
string of ASCII characters inclosed in auotes)
{see NOTES 2 thru 4 below)

NUMBER thow many dats elements to be written
(1 gr greater) (see NOTE 5 below)

‘READ’ oren file for readins
'WRITE’ oren file for writing

OPER

PROMPT ouestion {charscter constanty varisble or
strind qf ASCII characters inclosed in auotes)
(see NOTES 2 thru 4 below!)

TYPE ‘BYTE'

‘COMPLEX"

‘TOUBLE PRECISICN’

fINTEGER'

*INTEGER%2"

‘REAL”

datz ture that file should or will contazin

COoOO0OnD OO0 OO0 o000 O0G0N OO GoOOOO000O0000000o0

UNIT lodical unit srecifier (0-99)



NOTE 13

NOTE 2@

NOTE 33

NOTE 43

NOTE 5

2 OO OGOoOOOO0O0OOO000O00a0a0an OO0 000000
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ARGUMENT(S) SUPPLIED TO THE CALLING ROUTINE

NAME filename (character constants varizble or
string of ASCII characters inclosed in auotes)
(esee NOTES 2 thru 4 below)

NUKBER how manu data elements that can be read
{see NOTE 3 below)

(2333038383832 Rt PRt bt e b b oo et abesestedsi ittt e tobosipts:

The ardument(s) surplied by this routine are gusranteed

to be caorrect only if the disk file was written as

A) 3 sindle FORTRAN unformatted secuentizl record of
sny lensth or

B) 3 set of FORTRAN unformstted seecuentisl records,
Each record (with the excestion of the last one’
pust have the same size. An individual record
sust be smzller than 2042 butes,

finy date disk file written using SGTRAN will

sutomatically satisfu these conditions.

The terminal orerator is not cuerried for z filename

_ when PROMPT = ’NOPROMPT’. The vaslue of NAME passed

from the callind routine is used for the filename.

A filename surrlied by the orerator will not be returned '
to the c3lling routine when NAME = ‘NONANME’.

The combination of NAME = ‘NONAME’ =znd
PROMPT = ‘NOPRONMPT’ is naot 2llowed.

The c3lling routine supplies NUMBER when OFER = ‘WRITE’.
This routine returns NUMBER when OFER = ‘READ’.

22 RebERE bR 2RISR 0000 020ttt tit b bt ss ettt itiotedated

SUBROUTINE SGOPEN (UNITs OPERs PROMPT» NAME: TYFE, NUMBER)

CHARACTER®(%x) OPER» PROMPT, WAME» TYPE

INTEGER

UNITs NUMBER

CHARACTERXB0 FNAME
LOGICAL VALID

OO0

FORMAT (A)
ERXERKERARIXRRERRRBARRRERRRIARTERRARR RS

VERIFY THAT & VALID DATA TYPE IS SPECIFIED

IF {(TYPE.EQ.’REAL’) THEN

NBYTE =~ 4



ELSE IF (TYPE.EQ."INTEGER’) THEN

NBYTE = 4
ELSE IF (TYPE.EQ. 'COMPLEX‘) THEN
NBYTE = 8
ELSE IF (TYPE.EQ.'DOUBLE PRECISION‘) THEN
NBYTE = 8
ELSE IF (TYPE.EG.‘INTEGER%2‘) THEN
' NBYTE = 2
ELSE IF (TYPE.EQ.,'BYTE’) THEN
NBYTE = 1
ELSE
TYPE X
TYPE %y ‘argument TYPE invalid’
STOP ‘FATAL ERROR -> ROUTIME SGOPEN <-'
END IF
C
CEREERERTEAXBERRRERKRERXRREXLRAEERRR RN KK
c
H VERIFY THAT REMAINING ARGUMENT(S) ARE VALID
C
IF (NAME.EQ. NONAME’.AND.PROMPT.EQ, 'NOPROMPT*) THEN
TYPE %
TYPE %, ‘arduments NAME and PROMPT inconcistent’
STOP ’'FATAL ERROR -> ROUTIME SGOPEMN <-'
END IF
IF (NUMBER.LE.O.AND,OPER.ER.‘'WRITE’) THEN
TYPE % _
TYPE %y ‘argument NUMBER not drester theon zero’
TYPE %y ‘when file is to be orened for writing’
STOP ‘FATAL ERROR -> ROUTINE SGOPEN <~
END IF
IF (OPER.NE.’READ’ .AND.DPER.NE,'WRITE’) THEN
_TYPE % _
TYPE %5 ‘argument OPER invalid’
STOP ‘FATAL ERROR -> ROUTIME SGOPEN <-
END IF
c
PP 23883883328833328383¢3 33838384431
c
(N CLOSE FILE IF OFENED
C
INQUIRE (UNITs OPENED = VALID)
IF (VALID) CLOSE (UNIT)
c
(333023 PSP 033 3883200838828 403388314
c
c HERE TO OPEN FILE FOR READING
c

IF (OPER.EQ.’READ’) THEN
IF (PROMPFT.EQ.‘NOPROMPT’) THEN

D85

CALL SGLENG (NAME, NBYTEs NPOINT: NUMBER, VALID)

IF (.NOT.VALID) THEN
TYFE %
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TYPE %y ‘wrond combination of arduments’
STOF ‘FATAL ERROR -> ROUTINE SGOPEN <-'

END IF
FNAME = NAME
ELSE
VALID = ,FALSE,
D0 WHILE {.NOT.VALID)
TYPE 1 “$'//PRONFT
READ 1, FNAME
CALL SGLENG (FNAMEs NRYTEs NPODINT,
] NUMBER, VALID)
IF (.NOT.VALID) THEN
TYPE %
TYPE %y ’‘something went wrondg’
TYPE ¥, 'PLEASE TRY AGAIN’
TYPE %
EMD IF
END DO
IF (NAME.NE. NONAME’) NANE = FNAME
END IF
DPEN (UNITs FILE = FNAME, READONLYs STATUS = ‘OLLI,
] FORM = ‘UMFORMATTED’)
END IF
c
(W F 883330380 e88383 8303430333838 834 83
c
c HERE TO OPEN FILE FOR WRITING
C

IF (OPER.EQ.‘WRITE’) THEN
LENGTH = NUMBER % NBYTE
NRECORD = (LENGTH + 1023) / 1024
ISIZE = (LEMGTH + NRECORD % 4 + S1i) / 512
IF (PROMPT.EQ.‘NOFROMPT’) THEN
OPEN (UNIT: FILE = NAMEs STATUS = ‘NEW’,
SHARED, INITIALSIZE = ISIZE, FORM
= ‘UNFORMATTED’s IOSTAT = IERROR)
IF (IERROR.NE.O) THEN
TYPE X
TYPE %y ‘error code = ‘s IERROR
STOP ‘FATAL ERROR =-> ROUTINE SGOPEN <~

[

END IF
ELSE
VALID = FALSE.,
D0 WHILE (.NOT.VALID)
TYPE 1+ "$'//PROMPT
READ 1+ FNAHE
OPEN (UNIT» FILE = FNAME» STATUS = ‘NEU’,
% SHARED, IMITIALSIZE = ISIZE, FORM
= ‘UNFORMATTED’s IOSTAT = IERROR)
IF (IERROR.EQ.0) VALID = .TRUE.
IF (.NOT.VALID) THEN
TYPE %
TYPE %r ‘error code = ’s IERROR
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TYPE %» ‘PLEASE TRY AGAIN’
TYPE %
END IF
END DO
IF (NAME.NE.’'NONAME‘) NAME = FNAME
END IF
- END IF
RETURN
END
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SGTRAN SUBROUTINE (UTILITY LIBRARY)
VAX-11 FORTRAN SOURCE FILENAME: SGTRAN.FOR
DEPARTMENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY
REVISION DATE PROGRAMMER(S)
0.0 KR 315 1983 DEVORE/ JUNOD/RATCLIFFE
2323020t E R it st i it et sttt e tiesieie e s s iobiotsniitiieieett

CALLING SEQUENCE

CALL SGTRAN (UNIT.» OPERs TYPE: ARRAY» NUMBER)
PURPOSE

This routine reads or writes a dsta disk file.
ROUTINE(S) ACCESSED OR CALLED BY THIS ROUTINE

SGLENG utiltiy librare routine

ARGUMENT(S) REQUIRED FROM THE CALLING ROUTINE

ARRAY vector containing datz elements to be written
(must be dimensioned NUMBER or greater by the
calling routine)

NUMBER how many dats elements to be read or written
{1 or dreater)

'READ’ rezd from file
‘HRITE’ write to file

OPER

TYPE = ‘RYTE’

= ‘COMPLEX’

= ‘DOURBLE PRECISION”
= 'INTEGER*

= ‘INTEGER%2’

= 'REAL’

date tyre that file should or will contzin

UNIT lodical unit sreecifier {0-99)
ARGUMENT(S) SUPPLIED TO THE CALLING ROUTINE
ARRAY vector containing dats elements read

{must be dimensioned NUMEER or dgreater by the
callindg routine)

OOooOoOOonODOoO0o0oO0OOocoODoOoOOOoO00O0O0O00O000000cO00O00aOO0O0O00O0O000O00O0o0nNODOooO0O0noO00n
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coOOoOOoOO0OO000O000O0nN OO0 0

R R R R KRR KRR R KRR LRI R R R Rk Rk ¥
NOTE 1! The argument(s) supplied by this routine are guaranteed
to be correct only if the disk file was uwritten as
A) 8 sindle FORTRAN unforastted secuentizal record of
any lendth or
B) 3 set of FORTRAN unformatted secuential records.
Each record (with the excertion af the last one)
aust have the same size. An individusl record
must be smaller than 2042 butes,
Ang datz disk file written using SCTRAN will
automatically satisfy these conditions.,
1203000ttt e oot it st ititbibt ettt iniseitiatdooibobisttty
SUBROUTIMNE SGTRAN (UMIT. OPERs TYPE»> ARRAYs NUMBER)
C
RYTE ARRAY(X)
CHARACTERX(X) OPERs TYPE
INTEGER UNITs» NUMBER
CHARACTERX80 FNAME
LOBICAL VALID
c
(2233332082303 00023303 8333838835388 4341
c
c VERIFY THAT A VALID DATA TYPE IS SPEICIFIED
c ;
IF (TYPE.EQ.,"REAL’) THEN
NBYTE = 4
ELSE IF (TYPE.EQ.’INTEGER’} THEN
NBYTE = 4
ELSE IF (TYPE.EQ.’COMPLEX‘) THEN
NBYTE = 8
ELSE IF (TYPE.EQ.'DOUBLE PRECISIOMN’) THEN
NBYTE = 8
ELSE _ IF (TYPE.EQ.’'INTEGER%X2') THEN
NBYTE = 2
ELSE IF (TYPE.EQ.,’BYTE’) THEN
NRYTE = 1
ELSE
TYPE x
TYPE %y ‘argdument TYPE invslid’
STOP ‘FATAL ERROR -> ROUTINMNE SGTRAN <-*
END IF
c
P40 2383833330303 3820330828ttt satss
C
c VERIFY THAT REMAINING ARGUMEMT(S) ARE WALID
G

INQUIRE (UNIT» NAME = FNAME, OPENED = vALID)
IF (.NOT.VALID) THEN
TYPE %



c

END IF

TYPE %» ‘file seecified by argument UNIT not osen’

STOP ‘FATAL ERROR -> ROUTIME SGTRAN <-*

IF (NUMBER.LE.0) THEN

END IF

TYPE %
TYPE %y ‘argument NUMBER not grester than zero’
STOP ‘FATAL ERROR -> ROUTIME SGTRAN <-7

IF (OPER.NE.’READ’,AND.OPER.NE.’WRITE’) THEN

END IF

. TYPE *

TYPE %y ‘ardument OPER invalid’
STOP ‘FATAL ERROR -> ROUTINE SGTRAN <-’

2232023300203 08 3300330823082 ¢2¢b0 0ttt

c
c
c

C

- HERE FOR READ OPERATION

IF (OPER.EQ.’READ’) THEN

END IF

CALL SGLENG (FNAMEs» NBYTEs, NPOINT» LENGTHs VALID)

IF (.NOT.VALID) THEN
_TYPE %

TYPE ¢s ‘wrond combination of arsuments’

STOP 'FATAL ERROR -> ROUTIME SGTRAN <-'
END IF
IF (NUMBER.GT.LENGTH) THEN
' TYPE %

TYPE %s ‘argument NUMBER too large for file’

STOP ‘FATAL ERROR -> ROUTIME SGTRAM <-
END IF
IEND = NBYTE % NUMERER
ISTEP = NBYTE ¥ NPOINT
po I =1, IENDs ISTEP

JEND = MIN (I + ISTEP - 1, IEND)

READ (UNIT) (ARRAY(J)» J = I, JENID
END DO
REWIND (UNIT)

CREBERXARRIXERXRKEXATREXLRRIRRERIAAR XY

c
c
c

HERE FOR WRITE OPERATION

IF (DPER.EQ.’MWRITE’) THEN

END IF
RETURN
END

IEND = NBYTE % NUMBER

ISTEP = 1024
DO I = 1ls IENDs ISTEP
JEND = MIN (I + ISTEP - 1» IEND)
WRITE (UNIT) C(ARRAY(J)» J = I, JEND)
END DO '

REWIND (UNIT)

D90
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§

§ SGLENG SUBRDUTINE ' (PRIMATIVE LIRRARY)

§

§ VAX-11 MACRO ASSEMBLER SOURCE FILENAME: SGLENG.MAR

y

] DEPARTHENT OF ELECTRICAL ENGINEERING KANSAS STATE UMIVERSITY
i .

§ REVISION DATE PROGRAMMER(S)

i ________ Sy S —

i 00.0 MAR 31, 1983 DEVORE/JUNOD/RATCLIFFE

i

233 33+4883333 8843333383830 33 3883028233 338343233 8823 ¢2233338 3338338080841
$ .

i CALLING SEQUENCE

i

§ CALL SGLENG (NAMEy NBYTEs HPOINT» NUMBERs STATUS)

i

i PURPOSE

H

i This routine determines the size of s data disk file.

H

H ROUTINE(S) ACCESSED OR CALLED BY THIS ROUTINE

f

H $CLOSE VAX-11 RMS macro call

§ $FAB VAX-11 RMS macro c3ll

H $FAB_STORE VAX-11 RMS macro call

H $OPEN VAX-11 RMS mzcro call

5 $XABFHC VAX-11 RMS macro czll

§
§
H
i
]
;
§
§
i
H
i
i
§
$
H
H
§
i
H
i
H
H
§
H

ARGUMENT(S) REQUIRED FROM THE CALLING ROUTINE

NAME filename (character constant, varisble or
strind of ASCII characters inclosed in aguotas)

NBYTE nusber of butes needed to store one datz element
ARGUMENT(S) SUPPLIED TO THE CALLING ROUTINE
NPOINT number of datz elements rer FORTRAN

unformatted seauential record
(always eocuales O if STATUS = ,FALSE.)

NUMBER how many data elements in the file
{3lways eauals ¢ if STATUS = ,FALSE.)

STATUS = ,FALSE. sh error has occurred
= oTRUE. no error has occurred
(see NOTE 2 below)
b3 P RS BR300 0002 83333333303 ¢303383030033830334343338333433308443

NDTEHIE The ardument{(s) surplied bz this routine are susranteed
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to be correct only if the disk file was written as

A) 3 sindle FORTRAN unformatted seguential record of
eny lendth or

B) 3 set of FORTRAN unformatted seauentizl records.
Each record (with the excertion of the last one)
pust have the same size. An individusl record
aust be smzller than 2042 butes.

Any dats disk file written usind SGTRAN will

automatically satisfy these conditions.

NOTE 2! If trouble develored while asccessing the file then
STATUS will equal the VAX-11 Record Manadement Services
(RMS) comprletion status code., This comrletion status
code can be decoded by 3 FORTRAN prodram 3s follows?

IF (.NOT.STATUS) CALL LIB$STOP (STATUS)

EREREE R R X R KRR R R XK R R XXX AR KRR KKK XKL AK

'
Wy W ws WP W wmy W Er WP e Wy WP iy S W W wms WS W

+TITLE SGLENG
+PSECT RWDATAsWRTsNOEXE

FAB? $FAB XAB=FHC» SHR=<GET,PUT,DEL»UPD,UPIsMSE>
FHC: $XABFHC

+PSECT CODEsEXEsNOWRT
+ENTRY SGLENGs"H<R2:R3I>

HOVL 4(AF)sR1 §GET STRING DESC IN RI
$FAB.STORE FAB=FABsFNA=@4(R1)sFNS=(R1)
$OPEN FAR = FAR

BLES RO»1$ JCONT IF NO ERROR
BRW EXIT {ELSE EXIT
i
§ OPEN WORKED - NOW VERIFY FILE IS PROPER TYPE
i
1%: CMPB FHC+XAB$B.ATR,»#0 iVERIFY RAT IS NULL
BNEQ 2%
CHPB FHC+XAB$B_RFD,#FARSC.VAR FVERIFY RFM=VAR & ORG=SEQ
BEQL 3%
2%3 BRYW EXITC

ASSUME TYPE LENGTH IS 1s 2» 4, 8; OR 14 FOR THIS INTERNAL ROUTINE

CALCULATE TOTAL BYTES IN FILE

wr W s ‘s SR W

3% HOVL FRC+XABSL_EBKyRO JEND OF FILE BLOCK
DECL RO iNUMB OF FULL BLOCKS
MULL2  $512,R0 iNUMB OF BYTES

MOVZWL FHC+XABSW_FFR:R1 iGET FIRST FREE BYTE (0 OR
6) .
ADDL2  R1sRO



'
- Ws A

e EF W

FILE
DATA

s ‘wr

e We wn

Bk W as

| g

RET?

EXITC:

EXIT?

PICK UP THE MAX RECORD LENGTH IN FILE

MOVZWL

FHC+XABSW_LRL,R1

D93

CALCULATE THE NUMBER OF DATA BYTES IN FILE

ADDL3
ADDL3
DIVL2
ROTL

SUBL2

ROsR1sR2
$2sR1:R3

- R3:R2

$2sR2sR2
R2sR0O

FPREPARE TO ROUND UP

fLEN OF REC + LEN BYTES
iR2 CONTAINS # OF RECORDS
#NUMB OF CONTROL BYTES IN

JLESS CONTROL LONCGWORDS =

CALCULATE NUMB OF ITEMS OF DATA & VERIFY REMAINDER EQUAL ZERO

CLRL
ERIV
TSTL
BNEQ

R1
@8(AP)»ROs@16(AP)R3
R3

EXITC

SEE IF FORTRAN SET THE BLOCKING SIZE

MOVZuL
CMPL
BLEQ

FRC+XABSW.LRL,RO
$2044,R0
43

CALCULATE USER BLOCKING USED

SUBL2
EDIV
TSTL
BNER
BRB

$2,R0
@8(AP)»ROs@12(AF)sR3
R3

EXITC

94

RETURN LENGTH AS BLOCKING

4% MOVL
b $CLOSE

MOVL
RET

$CLOSE
CLRL
CLRL
CLRL
BRE

+END

R16(AP)B12(AP)
FAB = FAB

RO»820(AP)

FAB = FAB
RO
@12(AP)
2146¢AP)
RET

+FORTRAN BLOCKING

JASSUME ALL OME RIG RECORD

iPUT STATUS IN FIFTH ARG
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APPENDIX E

This appendix contains a description of all of the input
“test signals, and which outputs used them.

A white noise file named WHITEl.FP of 24800 samples was
formed on the NOVA using the DATGEN and WHITE programs written

by SANDIA and transfered to the VAX 11/750.

HIBAND :
NAME AMPLITUDE FREQUENCY QUTPUT POINTS
SINH1.FP 1.0 40 Hz 1,2,3
COSH1.FP
SINH2,.FP 1.0 78 Hz 4
COSH2.FP
SINH3-FP 1-0 73-2 HZ 5}6’7'8'9
COSH3.FP
SINH4.FP 0.05 40 Hz 1,2,3
COSH4.FP '
SINHS5.FP 0.05 12 Hz 4,5,6,7,8,9
COSH5.FP

The following noisy input files were formed:

WHITEHI.FP Rescaled WHITEL.FP * 2 , points 1,4800
WHITEHQ.FP Rescaled WHITEl1l.FP * 2 , points 4801,9600

For n=1,2,3

SINWHn.FP SINHn.FP + WHITEHI.FP, limited to +-1.0
COSWHn.FP COSHn.FP + WHITEHQ.FP, limited to +-1.0

For n = 4,5

SINWHn.FP SINHn.FP + rescaled WHITEHI.FP * (.05
COSWHn.FP COSHn.FP + rescaled WHITEHQ.FP * 0.05
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MIDBAND :
NAME AMPLITUDE EREQUENCY QUTPUT POINTS
SINM1.FP 1.0 4 Hz 1,2,3,4,5
COSM1.FP
SINM2.FP 1.0 9.8 Hz 6
COSM2.FP
SINM3.FP 1.0 9.1 Hz 7,8,9,10
COSM3.FP
SINM4.FP 0.05 4 Hz 1,2,3,4,5
COSM4.FP
SINM5.FP 0.05 2.75 Hz 6:7,8,9,10
COSM5.FP

The following noisy input files were formed:

WHITEMI.FP Rescaled WHITEl.FP * 2 , points 1,19200

WHITEMQ.FP Rescaled WHITE1l.FP * 2 , reordered by blocks
blocklength = 960 (20 blocks)
order: 20,19,17,14,10,5,1,18,16,13,9,4,2,
15,12,8,3,11,7,6,21
For n = l’2f3
SINWMn.FP SINMn.FP + WHITEMI.FP, limited to +-1.0
COSWMn.FP COSMn.FP + WHITEMQ.FP, limited to +-1.0
For n = 4,5
SINWMn.FP SINMn.FP + rescaled WHITEMI.FP * 0.05
COSWMn.FP  COSMn.FP + rescaled WHITEMQ.FP * 0.05
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LOBAND :
A 1000 sample long, 1.0 Hz signal with the same amplitude
as the rest of the input is inserted in all of the following

input signal at points 86401 - 87400,

NAME AMPLITUDE FREQUENCY OUTPUT PQINTS
SINL1.FP 1.0 1.7 Hz X = 13
COSL1.FP

SINL2.FP 1.0 2.7 Hz 14

COSL2.FP

SINL3.FP 1.0 2,5 Hz 15,16,17,18
COSL3.FP

SINL4.FP 0.05 1.7 Hz 1,2
COSL4.FP

SINLS5.FP 0.05 0.2 Hz 3= 18
COSL5.FP

The following noisy input files were formed:

WHITELI.FP Append WHITEl.FP 6 times, rescaled * 2 ,
points 1,115200
WHITELQ.FP Reordered WHITELI.FP by blocks,
blocklength = 2560 (45 blocks)
order: 8,7;6:5,4;3;2,1;16;14;12;10,15,13,
11,9,23,24,21,22,19,20,17,18,27,28,
29,30,31,32,25,26,37,38,39,40,33,34,
35,36,44,43,42,41,45

For n=1,2,3

SINWLn.FP SINLn.FP + WHITELI.FP, limited to +-1.0
COSWLn.FP COSLn.FP + WHITELQ.FP, limited to +-1.0

For n = 4,5

SINWLn.FP SINLn.FP + rescaled WHITELI.FP * 0.05
COSWLn.FP COSLn.FP + rescaled WHITELQ.FP * 0,05



APPENDIX F

This appendix contains the entire set of output plots
generated by the simulation. The plots are organized in the

following manner:

1. High Band
2. Mid Band
3. Low Band

Within each band, the plots are organized according to type of
input being tested:

l. +-1.0 maximum signal

2. +=0.05 minimum signal

3. +-1.0 maximum signal with 20DB SNR

4, +-0.05 minimum signal with 20DB SNR
Within each type of input signal being tested, the complete
double precision version is shown first, followed by the fixed
point version. The filenames describe which output peoint is

selected and what inputs were used to generate the output.

The following cocdes were used:

MO455D.FP
MO : Mid band Qutput
4 : output point number 4 (see filter block diagram in
appendix A or refer to the program listing)
55 : input signal SINM5.FP & COSM5.FP
D : coefficient file MCD.FP
: absence of another letter indicates double
precision output
FP : Floating Point file
LO1W1GB.FP
LO : Low band Output
1 : output point number 1
Wl : input signal SINWL1.FP & COSWL1.FP
G : coefficient file LCG.FP
B : format file LFB.FP (16 bit)
FP : Floating Point file
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Computer simulations are useful in obtaining information
about a system when input parameters are changed. This paper
deals with the simulation of a microcomputer-based intrusion
detection system and the effects of using a finite word length
in the calculation of digital filters. The modifications made
in the system as a result of the simulation improve the
performance of the system.

An intrusion détection system is usually implemented on a
microcomputer using digital filters when speed and low power
are necessary. The system may be designed on a larger
computer, and the digital filters optimized to reduce
quantization errors due to using the finite word length on the
microcomputer, but the effects of implementing the system on a
microcomputer with a finite word length are best seen by doing
a computer simulation.

This system was simulated in order keep the sigﬁal within
the dynamic range of the fixed word length, and to make the
best use of that dynamic range to reduce the signal to noise
ratio and thus improve the performance of the system. A
general procedure for designing and implementing a digital
signal processing system was devised and relies heavily on the

use of computer simulation to revise the system.





