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Demonstrating Fourier-Based
Filtering Using the TMS320C5x EVM

Abstract

This application report describes a experiment using the Texas
Instruments (TI™) TMS320C5x Evaluation Module (EVM) and
Fourier-based filtering to achieve real time response. The Discrete
Fourier Transform (DFT) is employed to obtain a discreet
spectrum of a source signal received by the EVM. The coefficients
of the spectrum can then be modified using an MS-Windows-
based user interface that mimics a mixing table for sound
processing. DFT is again used to synthesize an output (filtered)
signal.

This application report discusses the TI TMS320C5x EVM as a
platform for academic research, derives the theory of the Fourier-
based filter, and describes the user interface created for the
implementation of the filter.

This document was an entry in the 1995 DSP Solutions
Challenge, an annual contest organized by Tl to encourage
students from around the world to find innovative ways to use
DSPs. For more information on the TI DSP Solutions Challenge,
see TI's World Wide Web site at www.ti.com.
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Product Support on the World Wide Web

Our World Wide Web site at www.ti.com contains the most up to
date product information, revisions, and additions. Users can
register with TI&QME to build custom information pages and receive
new product updates automatically via email.
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The Project

Main Idea

Objective

Demonstrating Fourier-Based Filtering Using the TMS320C5x EVM

The Fourier Transform may be used to obtain signal
decomposition, in terms of sinusoidal harmonics. We can draw the
spectrum of the signal, plotting the values of the amplitude of each
harmonic vs. its frequency. We can recover the original signal by
adding these harmonics.

If we modify the amplitude of the harmonics, changing the
spectrum profile (for instance, emphasizing high frequencies), the
recovered signal is a filtered version of the original.

We want to devise an easy and friendly system to experiment with
this filtering idea.

The filtering process must be achieved in real time. And the
human interface should be inviting for the user.

The objective is to create a Fourier-based filter for real-time use.

The TMS320C5x DSP makes it possible to apply computational-
intensive signal processing methods (as in our case) to derive
instantaneous results. The TMS320C5x EVM provides an
appropriate platform to reach our objective, with the perspective of
its application in academic laboratory conditions.

The chief development effort is to design and code the algorithm
for the TM5320C50, to accomplish the DFT of the input signal,
interactively change the resulting spectrum, and synthesize the
so-filtered output signal.
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Theory for the Fourier-Based Filter

We selected the DFT as the simplest way to introduce ourselves
to the programming and use of DSPs for Fourier-based
applications.

Here is a formulation of the Discrete Fourier Transform:

N = number of signal samples (33 in our program)

L = number of harmonics =¥ (16 in our program)

The input signal can be approximated by the following
combination of harmonics:

1 L T . [Rmr
u(t) = an + gakcosélzﬁ kt§+ ,Bksmél%kt@

In this expression, the harmonics cos() and sin() are present with
an amplitude denoted by the coefficients ay and L.

To calculate the value of these coefficients:

_EN_l T 3
a, = N nZby(nT)cosél%knT@ k=01...,L

B 2 Zy(nT)siné%knT@ k=01...L

k:ﬁ

In our application, we modify these values (each coefficient is
multiplied by a filtering factor), obtaining new coefficients:

o, = foo,

B = f By

We then synthesize the following filtered output signal:
1 = T . [T

y(t)==a, + a'cosﬁkt& B’sm%kt&
2°° Z AN O ON C

The harmonics are ordered following a discrete set of increasing
frequencies. Lowering or rising the amplitude of the ith harmonic

has the effect of making more intense or moderate the ith
frequency contents of the filtered signal.
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Implementation Details of the Algorithm

During real time filtering we follow a cyclic procedure governed by
the sampling period. We have to maintain a record of the last N
input signal samples.

After a sample is taken, we compute the coefficients, ax and fx,
for the u(t) approximation. As the number of samples is fixed

(N = 33), we can simplify calculations by managing a table of pre-
calculated sinusoidal terms cos() and sin () fort = nT (T, the
sampling period).

Once the set of coefficients is determined, we apply the filtering
factors, as established with the simulated knobs on-screen, and
compute the synthesis of the filtered signal. The result appears at
the output on the next sampling instant.

User Interface
We developed the user interface with Delphi for MS-Windows.

The screen displays the mimic of a sound preamplifier table with a
set of knobs: using the mouse you can change the harmonics
amplitudes. There are two screens: one for the sin() terms, and
one for the cos() terms.

Once a desired filter profile is established, you use the Transferir
Coeficientes al DSP button to actually modify the set of filtering
factors applied by the EVM.

Execution

When the user pushes the Transferir Coeficientes al DSP button,
an automated sequence of our environment operations starts as
follows:

1) Two files are generated.
B cossen.asm

Table of pre-calculated sinusoidal terms (It is generated
only if not present in the actual directory.)

B coeffs.asm

Table of new filtering factors

2) Then, the DSP assembler (dsk5a.exe ) is launched to process
our program (sintesis.asm) , which must be present in the
actual directory, obtaining sintesis.dsk

Demonstrating Fourier-Based Filtering Using the TMS320C5x EVM 11
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3) Afterward, we launch the loader (dsk5l.exe ) to download
sintesis.dsk into the EVM to be executed there.

We included a simple menu bar with two options. Using this menu,
you can change the communication port to be employed for the
PC-EVM interaction.

System Requirements

We adhere to the MS- Windows standards. Any computer able to
run the MS-Windows version 3.0 operating system can run our
environment using either the COM 1 or 2 port to interact with the
EVM.

Installation Procedure

1) Ensure that the EVM is running.

2) Create a working directory (hard disk or diskette).
3) Copy all files to this directory.

4) Go to this directory.

5) Type Win sintesis and press Enter.

(We included the file DSP.ICO: an icon to be employed by the
user to launch our program.)

Utilization Experience

12

The topic of the Fourier Transform appears in several academic
contexts: courses in applied mathematics or physics and
engineering curricula (when dealing with signals). It is of
pedagogical interest to show how it works in a lively fashion.

The experience we acquired in our laboratory of Digital Control is
guite encouraging. The students enjoyed working with the user
interface and the immediate results obtained with a microphone
and a loudspeaker. Some asked to take the EVM home to try it
with their own music chains. To learn more, we employed signal
generators and oscilloscopes to see the effects of the
approximation we are handling.
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Diskette Contents

Summary

The diskette has two subdirectories. The TEXT subdirectory
includes this project description in Microsoft Word format along
with a program listing (sintesis.Ist ).

The other subdirectory, called PROGRAM, includes all files for our
application: you can copy these files to hard disk for quick
execution (the application can be directly executed from the
diskette, but this means a delay while running).

We conceived a motivating experiment about the utilization of
Fourier for filtering. The DSP makes it possible to achieve this
experiment in real time. We developed an environment to use the
TMS320C5x EVM for such a purpose.

Within our environment, the user can easily change the frequency
contents of a signal (connected to the EVM input), and
immediately observe the results (the corresponding modified
signal appears at the EVM output).

By means of the Discrete Fourier Transform (DFT), we obtained
the spectrum of the input signal. With a special human interface,
we could change the profile of this spectrum (for instance, rising or
lowering any of the harmonics). Again using the DFT, we
synthesized the resulting filtered signal.

We changed the frequency contents by moving the knobs of a
simulated sound preamplifier table. Using our MS Windows-based
human interface , you use the mouse to move the knobs and so
modify the filter characteristics.

Our environment included the means to facilitate the use of the
EVM for the experiment: automatic code generation, downloading,
and execution.

We tested the system using a microphone and a loudspeaker with
interesting pedagogical results. It is also good practice to employ
a signal generator and an oscilloscope to study the details of the
filtering process.

Both the experiment and the system to accomplish it are intended
to be employed in the context of signal processing courses
(engineering or applied mathematics and/or physics curricula).

Demonstrating Fourier-Based Filtering Using the TMS320C5x EVM 13
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