DISPRO® User's Manual

SECTION I

INTRODUCTION

The DISPRO software system is a collection of 16 .EXE modules, 6 .TXT files, and 1 .DTA file. The
supervisory module has the name DISPRO25.EXE; it performs initialization, processes menu selections, and
gets data file names when needed for a selected operation. When a menu selection is made control is passed to
the proper processing module. When the activity of the selected processing module is finished, control passes
back to the DISPRO supervisor (i.e., to the supervisory module DISPRO25.EXE). When control resides in
the DISPRO supervisor then you, the user, will be said to be at the "DISPRO command level”.

The processing modules form five groups:

Menu Item
o [IR and FIR filter design ... ....iuiuiiiie i Design
» Processing of filter coefficients ... Coefficients
o Computation and plotting of frequency response data............... Frequency-Response
e Evaluation, simulation, and plotting of time-domain behavior ........... Time-Response
» FFT-based spectral analysis and plotting ................ooooiiiiiininn, Spectrum

Bach of these groups (plus Help) is chosen through the main menu selection process. The items on the pull-
down menu will provide access to the appropriate processing module.

1.1 OQperating Principles

The DISPRO25.EXE supervisory module does no computation; instead, it tests the environment, prompts for a
file name if one is required by the menu selection, checks for the file existence, and then transfers control to

the proper module.

DISPRO's modular structure makes minimum demands on computer memory. If large amounts of data must
be transferred from one module to another it is done through disk files; this not only minimizes memory
demands but also preserves the results of a design session in case of early termination—either by choice or

inadvertently.

You will usually start by designing a filter. This is a completely interactive process, with you providing all
input to the program through the keyboard. The resulting filter specifications, and the coefficients calculated
by the design module, will be written to a filter data file. In DISPRO this is a mandatory step because all
additional processing will reference this file. A default file name is created and indexed automatically; you can
override this default naming process and assign the file any name you choose. Each data diskette used in drive
A: or B:, or the actual subdirectory used on drive C:, D:, or E:, will have a DISPRO-created index file named
FILES.INX which catalogs only the automatically-named-and-created filter data files. DISPRO must create
FILES.INX, so do not use FILES.INX as the name of any of your files. The automatically-chosen names of
the filter data files will be unique on each data diskette, or within each subdirectory. All DISPRO-created filter
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data files are in ASCII format with each section of data clearly labelled; any data file can thus be viewed using
the DOS command "type filename", or any word processor or editor.

The coefficients calculated by the filter design module are written to the filter data file in floating point
precision. Rounding down to a shorter word length, as is required when the filter is to be implemented using
fixed-point, or integer arithmetic, is done in the module ROUNDCOF. The coefficients can be quantized to
any wordlength between 4 and 24 bits. The quantized coefficients can be appended to the filter data file, and
also printed in decimal integer and/or 2's-complement hex format.

The frequency-domain and time-domain properties of a filter may be evaluated for any wordlength. When the
floating-point precision coefficients are used for frequency response computation then the purpose is to
document the behavior of the filter as described by its frequency domain specifications. For IIR filters, the
floating-point precision frequency response is exactly what you specified; for FIR filters, because the
specification process is not exact, computing the floating-point precision frequency response is a necessary step
in evaluating the filter design. Computation of a frequency response using quantized coefficients serves to
illustrate the degree of sensitivity of the filter performance to the use of finite precision coefficients — i.e., the
degree to which the poles of IIR filters, and the zeros of IIR and FIR filters, are modified by the finite-
precision coefficient values.

Similar statements can be made about the time domain response. Using the WAVEGEN module you can
establish an excitation file containing a sampled test signal. The response of any filter operating in a specified
finite-wordlength integer arithmetic can then be determined in the TIMERESP module using that test signal as
input. In DISPRO the time-response of the filter is determined by an actual simulation of filter operation in
2's-complement arithmetic.

The frequency and time response data may be plotted on the screen, and a hardcopy of the plot may be created
on the line printer. A broad range of scale values may be selected for time, frequency, and amplitude so that
the response data may be viewed globally or in close-up detail.

DISPRO provides spectrum analysis capabilities of a general nature. Time domain data may be entered
through the keyboard, read from a user-created disk file, or obtained from a filter data file. For example, the
spectra of the input and output signals involved in a filter time-domain response evaluation may be determined
with the spectral analysis modules, and plotted on the screen or printer.

To conclude this brief introduction to DISPRO v2.5 it is instructive to look at the steps in a complete design
and evaluation process for an Elliptic IIR filter. When each of the designated modules is invoked there will be
an additional set of subcommands, menus, Or prompts.

e Specification of the filter characteristics is done through an interactive dialogue using a graphical
representation of the filter shape. A filter data file is created, and the filter specifications and coefficients
are written to it. Specifications, floating-point coefficients, and pole-zero values are available for display
or output to the printer (pole-zero plots can also be displayed or printed).
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e Frequency responses may be computed and plotted for the filter using any coefficient wordlength.
Response data may also be written to the filter data file for later plotting, or selected values may be
displayed on the screen and/or printed on the line printer. Plotting of frequency response data uses both
automatic and user-controlled scales. At the user's option any screen plot can be transferred to the

printer.

» The time response of the filter can be evaluated in the actual arithmetic of the target processor.
Computation of the impulse response allows evaluation of the effects of roundoff noise on stopbands.
Processing a set of data samples through the filter will show the actual frequency discrimination behavior
in finite-precision arithmetic. The time response module allows much flexibility in evaluating the filter
response. Time response samples may be written to the filter data file for analysis with the FFT modules.

» The spectrum of the output samples computed by the time response module is evaluated using the
Spectrum menu selection. Because the underlying algorithm is the FFT, the number of time samples
processed will be a power of 2. Data windowing is available. The spectrum analysis module contains all
facilities for printing and plotting of spectral data.

As can be seen from this brief discussion, DISPRO v2.5 provides all of the tools needed for digital filter
design and performance evaluation. The tools are selected at the DISPRO command level, and may be used in
any logical sequence. Filter data files are automatically created, and their contents processed, without the need
for user intervention. These filter data files are in ASCII format, with a documented structure, so that selected
data from these files may be processed by special-purpose user-created BASIC or C programs. Such programs
could represent other signal-processing functions of the system within which the filter is to operate. In
addition, the analysis facilities of DISPRO may be applied to filter data files that are created by the user with
coefficients not calculated by DISPRO. Utility programs that can be user-modified are listed and described in
Section 5 of this manual; source code for these programs is on the diskette accompanying this manual.

1.2 Starting Up DISPRO

You should already have created a hard disk directory and copied the contents of the distribution diskettes to
that directory. Let's assume that you have created a directory named FILTER for the DISPRO modules, and a
subdirectory DATA for the filter design files which will be created by DISPRO. After you give the DOS
command CD FILTER you start the program by typing DISPRO25. The first screen that appears is

(R)

ﬂﬂ%h T [0

Version DISK DRIVE FOR DATA FILE STORAGE-— 1983 to 2005
. 1990
../ohn O'Donnell

BR
(R) DISPR

F:
(Exit Program)

roy o«
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where, on the color display, a green highlight bar can be moved by the cursor keys to one of the indicated disk

drive designators. When a drive is selected, by positioning the highlight bar and striking the Enter key, the
next screen is

(R)

=gl

Version 2.5 Copyright{(C) Dr. John O'Donnell 1983 to 2005
BRT71EFR.EXE Copyright (C) Microsoft Corp. 1990
(R) DISPRO is a Registered Trademark of Dr. John O'Donnell

Specify directory for data file storage on drive C:
Directory ? filter\data
[Strike ENTER to usSe current directory...Esc toc Cancell;
[ A blank entry will select default directory on indicated drive.]
[ Include drive letter in pathname to change to another drive.]

where we have selected drive D: for data file storage. The directory is the subdirectory that has been created
for the filter data files, FILTER\DATA.

If this is the first time that the directory C\FILTER\DATA has been used for DISPRO data file storage then
the next two screens will be

(R)

di=ipinic

Version 2.5 Copyright(C) Dr. John O'Donnell 1983 to 2005
BRT71EFR.EXE Copyright (C) Microsoft Corp. 1990

(R) DISPRO is a Registered Trademark of Dr. John O'Donnell
Creating FILES.INX on path E:\DATA\

...strike a key when ready...(Esc¢ to cancel)...

Specify director¥ for data file storage on drive C:
Directory ? filter\data

[Strike ENTER to use current directory...Esc to Cancell;

[ A blank entry will select default directory on indicated drive.]
[ Include drive letter in pathmame to change to another drive.]

(R)

1| S [OF0

Version 2.5 Copyright(C) Dr. John O'Donnell 1983 to 2005
BRT71EFR.EXE Copyright(C) Microsoft Corp. 1950
(R) DISPRO is a Registered Trademark of Dr. John O'Donnell
Using FILES.INX on path C:\DATA\
..atrike a key when ready...(Esc to cancel) ...

Specify directory for data file storage on drive C:

Directory ? filter\data

[Strike ENTER to use current directory...Esc to Cancel];

[ A blank entry will select default directory on indicated drive.]
[ Include drive letter in pathmame to change to amnother drive.]
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because DISPRO failed to find a file named FILES.INX in the subdirectory, and will now create it. After the
file FILES.INX has been created you will see the following screen.

(R)

@Wﬁ%ﬁhﬂ Lo

Vergion 2.5 Copyright(C) Dr. John O'Donnell 1983 to 2005
BRT71EFR.EXE Copyright (C) Microsoft Corp. 1980
(R) DISPRO is a Registered Trademark of Dr. John O'Donnell

SELECT PRINTER TYPE
../ IBM-Graphics compat i
YHP LaserJet/DeskJet:::

Specify directory for|
Directory ? filte|:

[Strlke ENTER to use kNo Graphics Prlnter)
A blank entry will ted drive.]
[ Include drive lettl———— ¢t | <« Esc——————— drive.]

DISPRO supports graphics output on the two categories of printers indicated. The printer type that you select
should be connected to the LPT1: parallel port. DISPRO next tests for the printer online; this is a warning to
you so that you can avoid any annoyance later when you direct output to the printer.

(R)

@Wﬁ%@ T [3

Version 2.5 Copyright(C) Dr. John O'Donnell 1983 to 2005
BRT1EFR.EXE Copyright (C) Microsoft Corp. 1990
(R) DISPRO is a Registered Trademark of Dr. John O'Donnell

Line printer may not be online. If not, please place online now
.strike a key when ready..

If the printer is not on line when you direct output to it, no design data would be lost because DISPRO always
saves the filter specifications and coefficients to a filter data file before any printout can occur.

Important: After DISPRO is used for the first time there is created a "configuration file", DISPRO25.CFG,
which contains your selections for the data file directory and the type of graphics printer. Thereafter, when
DISPRO is started, this file will be read so that you do not have to reé€nter what is effectively static
information. If you wish to change the drive or directory or printer choices then simply use the Config menu

selection.

As a final step before you are ready to do a design or analysis with DISPRO you will see the screen below.
The duration of this initializing process depends on the speed of your computer.
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(R)

HII=IpinE

Version 2.5 Copyright(C) Dr. John O'Donnell 1983 to 2005
BRT71EFR.EXE Copyright (C) Microsoft Coxp. 1990
(R) DISPRO is a Registered Trademark of Dr. John O'Donnell

After the startup phase you will be at the DISPRO command level, ready to pick one of the main menu
selections. When DISPRO first starts the default choice is the Design selection. The Compare Designs option
lets you see the order/length for the IIR filters and the PMR FIR filter that would be required to meet your
specifications; you can choose to design any one of these types. The Kaiser Window FIR is a special case and
must be accessed directly. Modify Design is an option which allows you to use the specifications from any
existing filter data file as the starting point for another design — the filter may be the same or a different type.

Help ’Design| Coefficients Frequency-Response Time-Response Spectrum Config

iiCompareiiDesignsii ITR+FIR:

Butterworth IIR
1 Chebyshev IIR
2 Chebyshev IIR (R)

Elliptic IIR
ParksMcClellanRemez FIR zl
Kaiser Window FIR = |E’ |E|
Modify Design  IIR+FIR :£]

Version 2.5 Copyright(C) Dr. John O'Donmnell 1983 to 2005
BRT71EFR.EXE Copyright(C) Microsoft Corp. 1950
(R) DISPRO is a Registered Trademark of Dr. John O'Donnell

ESC to exit...use 1lst character oxr <*%¢- keys for menu choice...ENTER to select

Help files can be viewed on screen; they contain useful summary information, and can minimize the need to
refer to the manual for less-often used DISPRO features.

Help| Design Coefficients Frequency-Response Time-Response Spectrum Config

HDesign
Coefficients
Frequency-Response [:]
Time-Response

Soneran - D L—_ﬁ j W 0

Version 2.5 Copyright(C) Dr. John O'Deonnell 1983 to 2005
BRT71EFR.EXE Copyright(C) Microsoft Corp. 1990
(R) DISPRO is a Registered Trademark of Dr. John O'Donnell

(R)

ESC to exit...use lst character or «t¢- keys for menu choice...ENTER to select
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To obtain explicit values, either displayed or printed or stored in the filter data file, pick the Quantize option.
The EXPORT/SHELL option serves two functions: create a code file to be used with commercially available
DSP processors, and SHELL to an external program.

Help Design ICoefficients| Frequency-Response Time-Response Spectrum Config

iQuantizelliiiiiiil
————=| Export/Shell

ﬁﬁ%&%j[ﬁ@

Version 2.5 Copyright(C) Dr. John O'Donnell 1983 to 2005
BRT71EFR.EXE Copyright (C) Microsoft Corp. 1990
(R) DISPRO is a Registered Trademark of Dr. John O'Donnell

(R)

ESC to exit...use 1lst character or «ti- keys for menu choice...ENTER to select

The frequency response of an existing design can be computed, printed, or plotted using this menu selection.
Note that direct access to the Frequency-Response module is provided by the menus in the filter design

modules also.

Help Design Coefficients |Frequency—Responsel Time-Response Spectrum Config

|sscOmpute,asprint,ssplotss [

dlil=IplyE

Version 2.5 Copyright(C) Dr. John O'Donnell 1983 to 2005

BRT71EFR.EXE Copyright (C) Microsoft Corp. 1950
John O'Domnnell

(R)

(R) DISPRO is a Registered Trademark of Dr.

ESC to exit...use 1lst character or «t{- keys for menu choice...ENTER to gelect

The Time-Response menu options are self-explanatory. Note that in order to compute a response you will have
had to previously designed the filter. Also, for a forced response you must have available an excitation file
with the samples of the test signal; you may create this file from your own data, or you can use the Generate
Test Signal option. Time samples in excitation files, or time responses in filter data files, can be plotted.

Hel Design Coefficients Frequency-Response |Time-Response |Spectrum Config
P P

Compute Impulse/Step Response
Compute Forced Time Response
Generate Test Sigmal

Plot Time Samples

diil=spign

Version 2.5 Copyright(C) Dr. John O'Donnell 1983 to 2005
BRT71EFR.EXE Copyright(C) Microsoft Corp. 1990
(R) DISPRO is a Registered Trademark of Dr. John O'Donnell

ESC to exit...use 1st character or «tv- keys for menu choice...ENTER to select
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The spectrum analysis capabilities are fairly general, and are based on the use of the radix-2 FFT; allowed
sizes are from 8 to 8192 real-valued time samples, giving from 4 to 4096 complex-valued positive frequency
samples. Data samples can be input from the keyboard, or retrieved from a filter data or excitation file. The
Fourier Series option should be used only for analyzing periodic waveforms (because of the special scaling
which gives Fourier series coefficients).

Help Design Coefficients Frequency-Response Time-Response ISpectrum

] =
ﬂﬂ%bﬂ_}wﬂ
Version 2.5 Copyright(C) Dr. John O'Donnell 1983 to 2005

BRT71EFR.EXE Copyright (C) Microsoft Corp. 1990
(R) DISPRO is a Registered Trademark of Dr. John O'Donnell

iiFourieriSpectrum
Fourier Series

(R)

ESC to exit...use lst character or «ti- keys for menu choice...ENTER to select

Many menu options require that one or two file names be provided. In these cases the screen will become

Help Design Coefficients Frequency-Response Time-Response Spectrum Config

dil=iplgc

Version 2.5 Copyright{(C) Dr. John O'Domnnell 1983 to 2005
BRT71EFR.EXE Copyright{C) Microsoft Corp. 1990
(R) DISPR ——————DATA FILE SELECTION—————— Corporation
i (Latestiidesigniifile) : *None::Yet*:;
(Last referenced file): *None Yet*
(Specify another file)

(R)

—— + 4 <« Esc

Path Name for Data Files: C:\FILTER\DATA\

The latest design file is the filter data file just created by one of the design modules. The last referenced file
may be the same design file or it may be any file with information acceptable to one of DISPRO's processing
modules. If you wish to select another file then you may progress to the screen

Hel Design Coefficients Freguency-Response Time-Response Spectrum Config
P

dll=iplgt

Version 2.5 Copyright(C) Dr. John O'Donnell 1983 to 2005
BRT71EFR.EXE Copyright(C) Microsoft Corp. 1990
(0————— " FILTER DATA FILE CHQICE——————————on
L |ligelect!fromilistiiofiidatalifilesiiiniicurrentiidirectory: |==
Specify file name

(R)

* 4 <« Esc

Path Name for Data Files: C:\FILTER\DATA\
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You will generally choose to select a file from those in the current directory. Depending on the main menu

selection that you have made there will appear one or more additional pop-up menus giving you more specific
options for file selection. In general there are two classes of files available: filter data files with the default

extension of .FDF, and excitation files with the default extension of .EXC. For spectral analysis you can also
choose the keyboard as the input source. When you want to choose from the files in the current subdirectory

you can specify what files are to appear in the directory list, either * FDF, * EXC, or *.*,

If you choose *.*

then DISPRO uses a mask to exclude those files with extensions which are obviously not candidate filter data
or excitation files; the excluded file extensions are .EXE, . TXT, .DTA, INX, .BAS, .BAT, .COM, .DMR,

.OBJ, and .CFG. If there are no valid file names you will see

Help Design Coefficients Frequency-Response Time-Response Spectrum Config

0

dlil=ipl;

BRT71EFR.EXE Copyright(C) Microsoft Corp.

(R)

Version 2.5 Copyright{C) Dr. John O'Donnell 1983 to 2005
1990

O'Donnell

(R) DISPRO is a Registered Trademark of Dr. John

i1iNo data files in current direg
ii...8trike a key when ready...n:

Path Name for Data Files: C:\FILTER\DATA\

otherwise you will see a directory from which you may select your file by using the cursor keys to position the
highlight bar. When a filter data file name is required you will be asked to choose the default specification
used in listing the files on the current path. Because DISPRO's default filter data file name extension is .FDF

this is the first choice; the alternative is *.*, with the exclusion of certain file extensions as noted above.

Help Design Coefficients Frequency-Response Time-Response Spectrum Config

I

Tilsinin

I

BRT71EFR.EXE Copyright (C) Microsoft Corp.
(R) DISPRO i —DEFAULT FILTER DATA FILE SPEC 2-

Path Name for Data Files: C:\FILTER\DATA\

(R)

Version 2.5 Copyright(C) Dr. John O'Donnell 1983950 2005
1990
Corporation
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