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PRENTICE-HALL SIGNAL PROCESSING SERIES 

Alan V. Oppenheim, Editor 

ANDREWS and HUNT Digital Image Restoration 
BRIGHAM The Fast Fourier Transform 
CASTLEMAN Digital Image Processing 
CROCHIERE and RABINER Multirate Digital Signal Processing 
DUDGEON and MERSEREAU Multi-Dimensional Signal Processing 
HAMMING Digital Filters, 2nd edition 
LEA (editor) Trends in Speech Recognition 
LIM (editor) Speech Enhancement 
McCLELLAN and RADER Number Theory in Digital Signal Processing 
OPPENHEIM (editor) Applications of Digital Signal Processing 
OPPENHEIM and SCHAFER Digital Signal Processing 
OPPENHEIM, WILLSKY with YOUNG Signals and Systems 
RABINER and GOLD Theory and Applications of Digital Signal Processing 
RABINER and SCHAFER Digital Processing of Speech Signals 
ROBINSON and TREITEL Geophysical Signal Analysis 
TRIBOLET Seismac Applications of Homomorphic Signal Processing 
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MULTIRATE DIGITAL 
SIGNAL PROCESSING 

RONALD E. CROCHIERE 

LAWRENCE R. RABINER 

Acoustics Research Department 
Bell Laboratories 
Murray Hill, New Jersey 

Prentice-Hall. Inc., Englewood Cliffs, New Jersey 07632 
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Library of Congress Cataloging in Publication Data 

Crochiere, Ronald E. 
Multirate digital signal processing. 

(Prentice-Hall signal processing series) 
Includes index. 
I. Signal processing-Digital techniques. 

I. Rabiner, Lawrence R. II. Title. 
III. Series. 
TK5102.5.C76 1983 621.38'043 82-23.113 
ISBN 0-13-605162-6 

Text processing: Donna Manganelli 
Editorial/production and supervision by Barbara Cassel and Mary Carnis 
Cover design: Mario Piazza 
Manufacturing buyer: Anthony Caruso 

© 1983 by Prentice-Hall, Inc., Englewood Cliffs, New Jersey 07632 

All rights reserved. No part of this book may be 
reproduced, in any form or by any means, 
without permission in writing from the publisher. 

Printed in the United States of America 

10 9 8 7 6 5 4 3 2 I 

ISBN 0-13-605162-6 

Prentice-Hall International, Inc., London 
Prentice-Hall of Australia Pty. Limited, Sydney 
Editora Prentice-Hall do Brasil, Ltda., Rio de Janeiro 
Prentice-Hall Canada Inc., Toronto 
Prentice-Hall of India Private Limited, New Delhi 
Prentice-Hall of Japan, Inc., Tokyo 
Prentice-Hall of Southeast Asia Pte. Ltd., Singapore 
Whitehall Books Limited, Wellington, New Zealand 
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To our families, 
Gail and Ryan 

and 
Suzanne, Sheri, Wendi, and Joni 

for their love, encouragement, and support. 
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