






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































7) G.R. Steber, "Audio Frequency DSP Laboratory on a Chip-TMS32010," Proceedings 
of IECON '87, Volume 2, pages 1047-1051, November 1987. 

Industrial 
1) R.C. Chance, T.A. Taufiq, "A TMS32010 Based Near Optimized Pulse Width Modu-

lated Waveform Generator," Third International Conference on Power Electronics & 
Variable Speed Drives, Conference Publication Number 291, July 1988. 

2) G. Anwar, R. Horowitz, M. Tomizuka, "Implementation of a MRAC for a Two Axis Di­
rect Drive Robot Manipulator Using a Digital Signal Processor," American Control 
Conference, pages 658-660, June 1988. 

3) D.E. Luttrell, T.A. Dow, "Control of Precise Positioning System with Cascaded Coli­
near Actuators," American Control Conference, pages 121-126, June 1988. 

4) Y.V.V.S. Murty, WJ. Smolinski, S. Sivakumar, "Design ofa Digital Protection Scheme 
For Power Transformers Using Optimal State Observers," lEE Proc. C, Generation 
Transmission, Distribution, Great Britain, Volume 135, Number 3, pages 224-230, May 
1988. 

5) M. Ruscio, M. Santoro, M. Adomi, A. Chiaravalloti, "Digital Control System For The 
Coordinated Boilerrrurbine Control in the ENEL Piombino Power Station," Elettroten­
cia, Italy, Volume 75, Number 3, pages 253-258, March 1988. 

6) J.A. Taufiq, RJ. Chance, CJ. Goodman, "On-Line Implementation of Optimised PWM 
Schemes For Traction Inverter Drives," International Conference of 'Electric Railway 
Systems For aNew Century', Great Britain, Conference Publication Number 279, pages 
63-67, September 1987. 

7) Y. Dote, M. Shinojima, H. Hoshimura, "Microprocessor-Based Novd Variable Struc­
ture Control for Robot Manipulator," Proceedings of the 10th. IFAC World Congress, 
July 1987. 

8) H. Henrichfriese, W. Moritz, H. Siemensmeyer, "Control of a Light, Elastic Manipula­
tion Device," Conference on Applied Motion Control, pages 57-66,1987. 

9) Y. Wang, M. Andrews, S. Butner, G. Beni, "Robot-Controller System," 15th Annual 
Symposium on IncrementalM otion ControISystems&Devices, pages 17-26, June 1986. 

10) R. Cushman, "Easy-to-Use DSP Converter ICs Simplify Industrial-Control Tasks," 
Electronic Design, USA, Volume 29, Number 17, pages 218-228, August 1984. 

11) P. Rojek and W. Wetzel, "Multiprocessor Concept for Industrial Robots: Multivariable 
Control with Signal Processors," Elektronik, Germany, Volume 33, Number 16, pages 
109-113, August 1984. 

12) G. Farber, "Microelectronics-Developmental 'frends and Effects on Automation Tech­
niques," RegelungstechnikPraxis, Germany, Volume 24, Number 10, pages 326-336, 
October 1982. 

Medical 
1) ES. Schlindwein, D.H. Evans, "A Real-Time Autoregressive Spectrum Analyzer for 

Doppler Ultrasound Signals," Ultrasound in Medicine and Biology, Volume 15, Num­
ber 3,pages 263-272, 1989 

2) N. Dillier, "Programmable Master Hearing Aid With Adaptive Noise Reduction Using 
A TMS32020," Proceedings of ICASSP 88, USA, Volume A, page 2508, April 1988. 

Digital Signal Processing Applications with the TMS320 Family, Vol. 3 555 



3) P.B. Knapp, H.S. Lusted, "A Real-Time Digital Signal Processing System for Bioelec­
tric Control of Music," Proceedings of ICASSP 88, USA, Volume A, page 2556, April 
1988. 

4) R.B. Knapp, B. Townshend, "A Real-Time Digital Signal Processing System for an Au­
ditory Prosthesis," Proceedings ofICASSP 88, USA, Volume A, page 2493, April 1988. 

5) L.R. Morris, P.B. Barszczewski, "Design and Evolution of a Pocket-Sized DSP Speech 
Processing System for a Cochlear Implant and Other Hearing Prosthesis Applications," 
Proceedings of ICASSP 88, USA, Volume A, page 2516, April 1988. 

6) T.J. Sullivan, S.M. Natarajan, "VLSI Based Design of a Battery-Operated Digital Hear­
ing Aid," Proceedings of ICASSP 88, USA, Volume A, page 2512, April 1988. 

7) AJ. Pratt, R.E. Gander, B.R. Brandell, "Real-Time Median Frequency Estimator," Pro­
ceedings oftheNinthAnnual Conference of the IEEE Engineering in Medicine andBiol­
ogy Society, USA, November 1987. 

8) H. Xu, Y.H. Liang, L.G. Zhou, "The Real-Time Realization of Fetal ECG Heart Rate 
Monitor by Adaptive System," Proceedings oftheNinthAnnual Conference of the IEEE 
Engineering in Medicine and Biology Society, USA, (Catalog Number 87CH2513-0), 
Volume 3, pages 1662-1663, November 1987. 

9) L.R. Morris, page Braszczewski, J. Bosloy, "Algorithm Selection and Software Time/ 
Space Optimisation for a DSP Micro-Based Speech Processor For a Multi-Electrode 
Cochlear Implant," Proceedings of ICASSP 87, USA, Catalog Number 87CH2396-0, 
Volume 2, pages 972-975, April 1987. 

10) K.c. McGill, K.L. McMillan, "A Smart Trigger For Real-Time Spike Classification," 
Proceedings of the EighthAnnual Conference of the IEEE Engineering in Medicine and 
Biology Society, USA, Catalog Number 86CH2368-9, Volume 1, pages 275-278, No­
vember 1986. 

11) C. Murphy, page Rolfe, "Application of the TMS320 Signal Processor For The 
Real-Time Processing of The Doppler Ultasound Spectra," Proceedings of the Eighth 
Annual Conference of the IEEE/Engineering in Medicine and Biology, USA, Catalog 
Number 86CH2368-9, Volume 2, pages 1175-1178, November 1986. 

12) "Innovations: Digital Hearing Aid," IEEE Spectrum, USA, 22 December 1985. 
13) A Casini, G. Castellini, P.L. Emiliani, and S. Rocchi, "An Auxiliary Processor for Bio­

medical Signals Based on a Signal Processing Chip," Digital SignaIProcessing-1984: 
Proceedings of the International Conference, pages 228-232, September 1984. 

14) T.R. Myers, "A Portable Digital Speech Processor for an Auditory Prosthesis," Wes­
con/84 Conference Record, USA, 1984. 

Development Support 

556 

1) M. Karjalainen, "A LISP-Based High-Level Programming Environment for the 
TMS320C30," Proceedings of ICASSP 89, USA, pages 1150-1153, May 1989. 

2) B.c. Mather, "Digital Filter Design Package (DFP2), Version 2.12," IEEE Spectrum, 
USA, Volume 25, Number 7, page 16, July 1988. 

3) R. Weiss, "PC Package Ends DSP Drugery. (Monarch Software Package,Digital Signal 
Processing)," Electronic Engineering Times, USA, Number 494, p. 57, July 1988. 

4) A Kohl, "PC Development Environment For Signal Processors," Elektron. Prax., West 
Germany, Volume 23, Number 4, April 1988. 

Digital Signal Processing Applications with the TMS320 Family, Vol. 3 



5) R. Simar, Jr., A Davis, "The Application of High-Level Languages to Single-Chip digi­
tal Signal Processors," Proceedings of ICASSP 88, USA, Volume 3, pages 1678-1681, 
April 1988. 

6) A Bindra, "New chips, Tools For Signal Processing on Tap: DSP Seminar Attracts 
Third-Party Developers," Electronic Engineering Times, USA, Number 470, page 6, 
January 1988. 

7) R.1. Chance, "Simulation of Multiple Digital Signal Processor Systems," Journal ofMi­
crocomputer Applications, Great Britain, Volume 11, Number 1, pages 1-19, January 
1988. 

8) A. Kohl, "Pascal and C-Compilers for the Type TMS320C25 Signal Processor," Elek­
tron. Ind., West Germany, Volume 19, Number 4, pages 58,60,62,1988. 

9) R.1. Chance, B.S. Jones, "A Combined SoftwareIHardware Development Tool For The 
TMS32020 Digital Signal Processor," Journal of Microcomputer Applications, Great 
Britain, Volume 10, Number 3, pages 179-197, July 1987. 

10) M.A Zissman, G.c. O'Leary, D.H. Johnson, "A Block Diagram For a Digital Signal 
Processing MIMD Computer," Proceedings of ICASSP 87, USA, Catalog Number 
87CH2396-0, Volume 4, pages 1867-1870, April 1987. 

11) M.1. Tracy, "Forth as a Language For Digital Signal Processing," 1987 Rochester Forth 
Conference on Comparative Computer Architectures, USA, Volume 5, Number 1, pages 
221-224,1987. 

12) A. Gharahgozlou, M. Banaouas, E. Babani, "Software Development For a Microproces­
sor on a 'Host' Computer," ElectronicIndustry, France, Number 115, pages 61-64, No­
vember 1986. 

13) D.R. Campbell, C. Canning, K. Miller, "Crossassembler For The TMS32010 Digital 
Signal Processor," Microprocessors andMicrosystems, Great Britain, Volume 10, Num­
ber 8, pages 434-441, October 1986. 

14) J. Chance, "Simulation Experiences in the Development of Software For Digital Signal 
Processors," Microprocessors andMicrosystems, Great Britain, Volume 10, Number 8, 
pages 419-426, October 1986. 

15) AC.P. van Meer, "TMS3201O Evaluation Module Controller," Einhoven University of 
Technology, Report Number EUT-86,E-162, 42 pages, October 1986. 

16) S.E. Reyer, "A Demonstration Unit For Digital Signal Processing Development and Ex­
perimentation," Proceedings of IECON '86, Catalog Number 86CH2334-1, Volume 2, 
pages 641-646, September/October 1986 

17) l.R. Parker, "A Subset FORTRAN Compiler For a Modified Harvard Architecture," 
SIGPLAN Not, USA, Volume 21, Number 9, pages 57-62, September 1986. 

18) H. Harrison, "A High-Level Language Programming Environment for Speech and Sig­
nal Processing," Proceedings of Speech Technology 86, April 1986. 

19) S. Suehiro, K. Sugimoto, "Forth Machine With Hardware Interpreter Designed to In­
crease Execution Speed," NekkeiElectron., Japan, Number 396, pages 213-245,1986. 

20) G. Frantz and K. Lin, "The TMS320 Family Design Tools," Proceedings of SPEECH 
TECH 85, pages 238-240, April 1985. 

21) R. Schafer, R. Merseraeau, and T. Barnwell, "Software Package Brings Filter Design to 
PCs," Computer Design, USA, Volume 23, Number 13, pages 119-125, November 
1984. 

Digital Signal Processing Applications with the TMS320 Family, Vol. 3 557 



558 

22) G. Pawle and T. Faherty, "DSP/Development Board Offers Host Independence," Com­
puter Design, USA, Volume 23, Number 12, pages 109-116, October 15, 1984. 

23) R. Mersereau, R. Schafer, T. Barnwell, and D. Smith, "A Digital Filter Design Package 
for PCs and TMS320," MIDCON/84 Electronic Show and Convention, USA, 1984. 

24) R. Cushman, "Sophisticated Development Tool Simplifies DSP-Chip Programming," 
Electronic Design, USA, Volume 28, Number 20, pages 165-178, September 1983. 

25) W. Gass and M. McMahan, "Software Development Techniques for the TMS320," 
SOUTHCON/83 Electronics Show and Convention, USA, 1983. 

26) R. Wyckoff, "A Forth Simulator for the TMS320 IC," Rochester Forth Applications 
Conference, USA, pages 141-150, June 1983. 

Digital Signal Processing Applications with the TMS320 Family, Vol. 3 



aid converter 351 

adaptive filter implementation 191 

adaptive predictor 196 

addressing modes 39 

applications 26, 43 
benchmarks 29,47 
biquad implementation 45 
DCT transforms 53 
digital filtering 26 
FFf transforms 53 
graphics 423 
graphics/image processing 29, 47 
hardware 333 
instrumentation 29 
numeric processing 29 
telecommunications 27,47,401 

applications board (,C30) 467 

architecture 15 
buses 37 
CPU 37 
dedicated hardware multiplier 16 
external interfaces 24 
Harvard architecture 15 
instruction cycle 16 
peripherals 37 
pipelining 15,24 
TMS320C30 34 

arctangent functions 283 

-auxiliary registers 37 

Index 

bank switching 345 
bibliography 533 
bit reversal 287 
buses 37 

expansion 350 
primary 337 

C callable functions 151 
C compiler, libraries 232 
C compiler 74 
CELP speech coder 403 
clock. oscillator 356 
complex array bit reversal 287 
complex conjugate array multiples 286 
contents (of this applications book) 8 
CPU 

auxiliary registers 37 
organization 36 

m 
dla converter 353 
DCT transforms 169 
DCT transforms 53 
development systems 8 
divide functions 284 
DMA 24 
documents 8 

559 



doublelength math 144, 146, 147 

DSP 
architecture 15,34 
characteristics 13 

echo canceller 197 

error analysis 148 

expansion bus 350 

exponential functions 282 

external interfaces (,C30) 24 

family of processors (320) 5, II 

features 
first generation TMS320 17 
second generation TMS320 19 
third generation TMS320 22, 33 
TMS320C14/E14 6 
TMS320C2x 6 
TMS320C50 7 

FFf transforms 53, 287 

finite impulse response filter (see FIR) 

FIR filter 13, 26, 44 

floating point 
conversions 287 
doublelength arithmetic 137 
format converter (IEEE) 365 
formats 38, 139 

floating point coverter (IEEE) 365 

function approximation 279 

Gas Light Software 290 

graphic application 423 

m 
hardware applications 333 

hardware development systems 8, 26 

560 

hardware multiplier 16 

hartley transforms 67, 70 

Harvard architecture 15 

II 
integer arithmetic 285 

integer formats 38 

interface categories (,C30) 335 

inverse functions 280 

II 
linear algebra routines 288 

LMS algorithm 199 

memory, organization 35 

multiply functions 284 

m 
natural log functions 283 

noise canceller 198 

non-linear equation approximation 280 

overview of book 3 

peripherals 37 
peripherals (,C30) 24 

pipelining 15,24,40 

polynomial approximation 279 

primary bus 337 

m 
read cycle timing 476,478 

ready generation 341 

real"time processing 13 



references 8 

reset signal 357 

roundoff noise model 225 

serial port 359 

sine/cosine functions 282 

singlelength math 142, 145 

software 
floating-point formats 38 
integer formats 38 
TMS320C25 21 

software development systems 8,26,41 

speech coder 403 

SPOX 403,407 

square root functions 280 

SRAM, dual port 470 

stock market example 14 

II 
telecommunications 401 
three-D graphics system 423 

TMS320C30 applications board 467 
TMS34010 graphics processor 441 

vector primitive 287 
vector utilities 286 

wait states 337 
write cycle timing 476 

II 
XDS 1000 system 362 

561 







r 













Printed in U.S.A., March 1990 

~ 
TEXAS 

INSTRUMENTS 

SPRA017 


