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Digital signal processors, such as the TMS320 family of processors, are found in a
wide range of applications such as in communications and controls, speech process-
ing, and so on. They are used in Fax, modems, cellular phones, etc. These devices
have also found their way into the university classroom, where they provide an eco-
nomical way to introduce real-time digital signal processing (DSP) to the student.

With the introduction of Texas Instruments’ third-generation TMS320C3x pro-
cessor, floating-point instructions and a new architecture that supports features
which facilitate the development of high-level language compilers appeared. The C
optimizing compiler takes advantage of the special features of the TMS320C3x
processor such as parallel instructions and delayed branches. Throughout the book,
we refer to the C/C++ language as simply C. Generally, the price paid for going to a
high-level language is a reduction in speed and a similar increase in the size of the
executable file. Although TMS320C3x/assembly language produces fast code,
problems with documentation and maintenance may exist. A compromise solution
is to write time-critical routines in TMS320C3x code that can be called from C.

This book is intended primarily for senior undergraduate and first-year graduate
students in electrical and computer engineering and as a tutorial for the practicing
engineer. It is written with the conviction that the principles of DSP can best be
learned through interaction in a laboratory setting, where the student can appreciate
the concepts of DSP through real-time implementation of experiments and projects.
The background assumed is a system course and some knowledge of assembly lan-
guage or a high-level language such as C.

Most chapters begin with a theoretical discussion, followed by representative ex-
amples that provide the necessary background to perform the concluding experi-
ments. There are a total of 60 solved programming examples using both
TMS320C3x and C code. Several sample projects are also discussed.

Programming examples using both TMS320C3x and C code are included
throughout the text. This can be useful to the reader who is familiar with both DSP
and C programming, but who is not necessarily an expert in both. Although the
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reader who elects to study the programming examples in either TMS320C3x or C
code will benefit from this book, the ideal reader is one with an appreciation for
both TMS320C3x and C code. 

This book can be used in the following ways:

1. For a laboratory course using many of the Examples and Experiments from
Chapters 1-7. The beginning of the semester can be devoted to short program-
ming examples and experiments and the remainder of the semester used for a
final project.

2. For a senior undergraduate or first-year graduate design project course, using
Chapters 1-5, selected materials from Chapters 6-8, and Appendices C and D.

3. For the practicing engineer as a tutorial and for workshops and seminars.

Chapter 1 introduces the tools through three examples. These tools include an as-
sembler and a debugger that are provided with the DSP Starter Kit (DSK). Program
examples in C can be tested without a C compiler since all associated executables
files are on the accompanying disk. Chapter 2 covers the architecture and the in-
structions available for the TMS320C3x processor. Special instructions and assem-
bler directives that are useful in DSP are discussed. Chapter 3 illustrates input and
output (I/O) with the two-input analog interface chip (AIC) on the DSK board
through several programming examples. An alternative I/O with a 16-bit stereo au-
dio codec that can be interfaced with the DSK is described.

Chapter 4 introduces the z-transform and discusses finite impulse response
(FIR) filters and the effect of window functions on these filters. Chapter 5 covers
infinite impulse response (IIR) filters. Programming examples to implement FIR
and IIR filters, in both TMS320C3x and C code, are included.

Chapter 6 covers the development of the fast Fourier transform (FFT). Program-
ming examples on FFT are included. Chapter 7 demonstrates the usefulness of the
adaptive filter for a number of applications with the least mean square (LMS).
Chapter 8 discusses a number of DSP applications.

A disk included with this book contains all the programs discussed in the text.
See page xv for a list of the programs/files included on the disk.

During the summers of 1996-1998, a total of 115 faculty members from over 100
Institutions took my DSP and Applications workshops supported by grants from the
National Science Foundation (NSF). I am thankful to them for their encouragement,
participation and feedback on this book. In particular, Dr. Hisham Alnajjar from the
University of Hartford, Dr. Armando Barreto from Florida International University,
Dr. Paul Giolma from Trinity University, Dr. William Monaghan from the College
of Staten Island—CUNY, and Dr. Mark Wickert from the University of Colorado at
Colorado Springs. I also thank Dr. Darrell Horning from the University of New
Haven, with whom I coauthored the text Digital Signal Processing with the
TMS320C25, for introducing me to book-writing. I thank all the students who have
taken my DSP and Senior Design Project courses. I am particularly indebted to two
former students, Bill Bitler and Peter Martin, who have worked with me for many
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years and have contributed to this book as well as to my previous book Digital Sig-
nal Processing with C and the TMS320C30.

The support of the National Science Foundation’s Undergraduate Faculty En-
hancement (UFE) Program in the Division of Undergraduate Education, Texas In-
struments, and the Roger Williams University Research Foundation is appreciated.

RULPH CHASSAING
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TMS320C3x code, 187–191
Filter design packages:

DigiFilter components, 271–274
finite impulse response filters, 106



Filter development package (FDP), finite
impulse response filters, 127–129

Finite impulse response (FIR) filters:
adaptive filter structure and, 197
banks, implementation of, 223–228
Code Explorer debugging and plotting,

265–270
design criteria and techniques, 97–99
DigiFilter design and implementation,

271–274
discrete signals, 96–97
filter design packages, 106
filter development package, 127–129
generic, TMS320C3x code, 112–115
MATLAB design, 275–276, 281

multiband FIR filter, 276–278
s-plane to z-plane mapping, 94–95
window functions, 103–105

Flash memory, construction, 283–286
Floating-point tools, C compilation and

linkage, matrix/vector
multiplication, 12–14

FM, 70, 88
Four-channel multiplexer, TMS320C30

EVM, 253
Fourier series, finite impulse response

filters, 98–104
window functions, 104–106

Four values addition, TMS320C3x code,
34–35

Frequency shift modulation, TMS320C30
EVM, 253

Generated output frequency, sine
generation, four points, loading and
execution, 9–10

Goldwave software:
DSK support, 14
virtual instrument shareware, 269–271

Hamming window, finite impulse response
filters, 104

Hanning window, finite impulse response
filters, 104–105

Harmonic analyzer, 246–247
Highpass filters, infinite impulse response

(IIR)filters, 146
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Image processing, TMS320C30 EVM, 250
Indirect addressing:

bit reversal, fast Fourier transforms
(FFT), 178–179

TMS320C3x processor, 25–26
Infinite impulse response (IIR) filters:

AMPLIT.CPP utility program, 149–150
background, 135–136
bilinear transformation (BLT), 143–148
BLT.BAS utility program, 148
cosine generation, recursive equation,

TMS320C3x code, 154
cosine generation, TMS320C3x code,

154
design procedure, 143–145
DigiFilter design and implementation,

274
filter structures, 136–143

cascade structure, 140–141
direct form II structure, 137–139
direct form II transpose, 139–140
direct form I structure, 136–137
parallel form structure, 141–143

first-order highpass filter, 146
first-order lowpass filter, 145–146
fourth-order bandpass filter, 147–148
MATLAB design, 277–279
second-order bandstop filter, 146–147
sine generation, recursive equation, C

code, 154–156
sine generation, TMS320C3x code,

152–154
sixth-order bandpass filter, C code,

160–162
sixth-order bandpass filter, TMS320C3x

code, 156–160
Input/output:

DSK support, 51–89
analog interface circuit (AIC) chip,

53–58
16-bit stereo codec, 15, 88
interrupts and peripherals, 59–60
PC host-TMS320C3x communication,

80–87
TMS320C3x and C code programming

examples, 60–87
16-bit stereo audio codec design,

291–298
FIR filter, 298



loop programs, 297–298
TMS320C3x instruction, 28

Instruction sets, TMS320C3x processor,
26–30, 257–260

branch instructions, 28–29
circular buffering, 30
input/output instructions, 28
load and store instructions, 27–28
math instructions, 27
parallel instructions, 260
repeat and parallel instructions, 29–30

Interactive adaptation, adaptive filter, C
code programming, 200–202

Interactive implementation, FIR filter
banks, 225–228

Interrupts:
DSK input/output, 59

internal, with TMS320C3x code,
60–62

loop/echo using C code, 79–80
loop/echo using TMS320C3x code,

69–70
sine generation using TMS320C3x

code, 70
external control, 239–242

Inverse fast Fourier transform (IFFT):
eight-point IFFT, 183
MATLAB design, 279

Kaiser window, finite impulse response
filters, 105

Laplace transform, finite impulse response
filters, 91–92, 94

Least mean square algorithm (LMS),
adaptive filter structure, 196–197,
199

Linking command, 13
Load and store instructions, TMS320C3x,

27, 257
Loop/echo programs, 75–80

AIC routines using C code, 75–79
AIC routines using TMS320C3x code,

65–69
crystal 16-bit stereo audio codec,

297–298
interrupt using TMS320C3x code, 

69–70
Lowpass filters:
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finite impulse response (FIR) filter:
Fourier series, 101–103
TMS320C3x simulation, 108–110

infinite impulse response (IIR) filter,
145–146

Math instructions, TMS320C3x processor,
27

MATLAB software:
data acquisition, plotting and FFT,

279–281
eight-point FFT and IFFT, 279
filter design, 275–279, 281
infinite impulse response (IIR) filter

design, 277–279
multiband FIR filter design, 276–278
real-time FIR/IIR filter design, 281

Matrix/vector multiplication:
C and C-called function, 45–47
C code, 11–14
TMS320C3x, 4–7, 42

Memory access:
external/flash memory, 286–289
organization, 21–25
TMS320C3x processor, 33

Memory conflicts, TMS320C3x processor,
33

Mixed-mode FIR filter, C and TMS320C3x
code, 117–121

Multiband FIR filter design, MATLAB
design, 276–278

Multirate filter, 228–235
design criteria, 228–233
external and TMS320C3x code, 287
implementation, 233–235
TMS320C30 EVM, 250

Neural networks, TMS320C30 EVM, signal
recognition, 253–254

Noise cancellation:
adaptive filter:

C code, 203–206
real-time filter, TMS320C3x code,

218–221
adaptive filter structure, 197
TMS320C30 EVM, 250

Oscilloscopes, DSK support tool, 2



Parallel form structure, infinite impulse
response (IIR) filters, 141–143

Parametric equalizer, TMS320C30 EVM,
250

Pass/fail alarm generator, programming for,
235–239

PC host-TMS320C31 communication:
C code, 81–87
library support file DSKLIB.LIB,

Borland’s C/C++ compiler, 81
support header file DSKLIB.H, 80–81

PID controller, TMS320C30 EVM, 251
Pseudorandom noise:

finite impulse response filters, 115–117
pass/fail alarm generator, 238–239

Pseudorandom noise generation,
TMS320C3x code, 70–74

RADIX-2 algorithm development, fast
Fourier transform (FFT), 165–179

decimation-in-frequency algorithm,
167–174

decimation-in-time algorithm, 174–178
RADIX-4 algorithm development, fast

Fourier transform (FFT), 179–182
sixteen-point FFT, 181–182

Read-only memory (ROM), 34
Real-time adaptive filter, noise cancellation,

TMS320C3x code, 218–221
Recursive equation, infinite impulse

response (IIR) filters:
cosine generation, 154
sine generation, 152–156

Recursive least squares (RLS) algorithm,
adaptive filter structure, 199

Register conflicts, TMS320C3x processor,
32–33

Registers:
interrupt enable (IE), 261
interrupt flag (IF), 263
status (ST), 261

Repeat and parallel instructions, 29–30
RIDE40, DSK support, 15

Sample shifting, finite impulse response
filters, C code, 125–127

Sampling frequency (Fs), sine generation,
four points, loading and execution,
10–11
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Security system design, fast Fourier
transform (FFT), 248–249

Serial port, DSK input/output, 59
SigLab, DSK support, 15
Signal generator, DSK support tool, 2
Signal recognition, TMS320C30 EVM,

neural networks, 253–254
Signal/spectrum analyzer, DSK support

tool, 2
Sine generation:

C code, 154–156
DSK input/output:

AIC data using TMS320C3x, 62–65
interrupt using TMS320C3x, 70

external/flash memory, 287–289
four points, TMS320C3x code, 8–11
TMS320C3x code, 150–154

16-bit stereo/audio codec:
DSK input/output, 87–88
input/output, 291–298

Speech processing for identification,
248–249

s-plane mapping, finite impulse response
filters, z-plane mapping, 94–95

Swept frequency response, TMS320C30
EVM, 250

Taylor series approximation, finite impulse
response filters, z-transforms of
exponential functions, 92–93

Timers, DSK input/output, 59
TMS320C30 EVM projects, 250–254
TMS320C3x:

adaptive filters, 210–221
adaptive predictor, TMS320C3x code,

215–218
real-time adaptive filter, noise

cancellation, 218–221
addressing modes, 25–26
architecture and memory organization,

21–25
conflicts, 32–34
CPU registers, 22–25
crystal 16-bit stereo audio codec:

FIR filter, 298
loop programs, 297–298

developmental background, 19–21
digital filtering background, 37–42
DSK input/output, 60–74
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Two arrays multiplication, TMS320C3x
code, 35–37

Two-weighted notch structure, adaptive
filters, 198

Unscrambling, bit reversal, fast Fourier
transforms (FFT), 178–179

Video line rate analysis, TMS320C30 EVM,
250–251

Virtual bench, DSK support, 14
Virtual instrument, shareware utility

package, 269–271

Wait states, TMS320C3x processor, 34
Window functions, finite impulse response

filters, 103–106
Wireguided submersible, TMS320C30

EVM, 251–253

z-transform, finite impulse response filters,
91–96

ZT of exponential function, 92–93
ZT of sinusoid, 93–94

loop/echo with AIC routines, 65–69
loop/echo with interrupt, 69–70
pseudorandom noise generation, 70–74

functional block diagram, 22–23
sine generation with AIC data, 62–65
sine generation with interrupt, 70

external memory, multirate filter, 287
finite impulse response filters, 106–121

generic filter specification, 112–115
lowpass filter simulation, 108–110
mixed-mode filter, C program calling,

117–121
infinite impulse response (IIR) filters:

cosine generation, 152, 154
sine generation, 150–154
sixth-order bandpass filter, 156–160

instruction set, 26–30, 257–260
memory organization, 21–25
registers, 22–25, 257, 259, 261–263

TMS320 floating-point DSP assembly
language tools, DSK support, 2–3

Tools testing, DSK experiments, 16–17
Transfer functions, finite impulse response

filters, 97–102


