
RD-R139 398 A STUDY OF ERROR DETECTION AND CORRECTION CODES(U) i/i
I MASSACHUSETTS UNIV AMHERST DEPT OF ELECTRICAL RND
1 COMPUTER ENGINEERING J K( WOLF 31 JAN 84

UNCLASSIFIED AFOSR-TR-84-817i AFOSR-82-86i F/G 9/4 NL



,. V, -- -~ - . -. .. . . . . . . ., . .. .: ........ _. . .- -..-

'A'

.6 
N .

2.0.

MICROCOPY RESOLUTION TEST CHART

NAS.JA VVK

A

p ---

* ''

1 7



*~ ~ i' . % . .7.7-7 -77

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Whm DataEntered)_

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

AS' S!-TR- ~4- 0 PL?10 14  237 "Z
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

Annual Scientific Report
"A Study of Error Detection and Correction Codes" February 1, 1983 to Jan. 31, 984

S. PERFORMING OG. REPORT NUMBER

7. AUTHOR(#) S. CONTRACT OR GRANT NUMBER(&)

Jack Keil Wolf AFOSR-82-0061

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
AREA & WORK UNIT NUMBERS

Dept. of Electrical & Computer Engineering 61102F

University of Massachusetts 2304/A6
Amherst, MA 01003

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

AFOSR (AFSC)//4 0332 IS. r% NUI~E 5jJ(AFS) /D/M~k13., NuTER OF PAGES
Bolling AFB, D.C. 20332

14. MONITORING AGENCY NAME & AOORESS(II different from Controlling Office) iS. SECURITY CLASS. (of thie report)

Unclassified

[5ZIS. OECLASSIFICATION/DOWNGRADING
SCHEDULE

O16. DISTRIBUTION STATEMENT (of this Report)

CO DISTRIBUTION STATEMENT A
Approved for pbfc rel:-. - ,PPZOVd Ulimie , ..

V3distrib-uic.,-1 un'irm~od eos

17. DISTRIBUTION STATEMENT (of the ebstract entere d in Block 20, if different from Report)

IS. SUPPLEMENTARY NOTES DT ---

ELECTE
MR2 6 1984

19. KEY WORDS (Continue on reverse side it necessary and identify by block number) 4

Communications, Coding 
B

20. ABSTRACT (Continue on reverse side if neceeesry end Identify by block number)

Research was continued on the study of error detecting and error correcting

codes for achieving the reliable transmission or storage of information over a

noisy comminications channel an Imperfect memory. Three specific research areas

were investigated. They were:
(1) The design and performance evaluation of error detecting codes.
(2) Decoding strategies for redundant discrete Fourier transform codes and

their applications to impulse noise cancellatLon.
(3) Coding and decoding of convolutional codes.

* ~FORM ED

DD , jAN 1473 EDITION OF' I NOV 1s IS OBSOLETE UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Wh'en Date Entered)Fi~L

InU FILE COPYN
.. .. %.



AFOSR-TR- 84-0171

%.-,

Annual Scientific Report

AFOSR-82-0061

"A Study of Error Detection and Correction Codes"

for the period

• . February 1, 1983 to January 31, 1984

Jack Keil Wolf
Department of Electrical and Computer Engineering

University of Massachusetts
Amherst, MA 01003

~~Abstract IS.x
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Research Objectives Chief, Technical InformatlomDivision

This was the second year of the research effort studying various means

for achieving the reliable transmission or storage of information over noisy

communication channels or imperfect memories. In the first year, the prin-

ciple research topic was the study of error detection codes. This work was

continued during the second year. In addition, two other research objec-

tives were explored. The first of these objectives was to find effective

means for protecting discrete-time analog (i.e. continuous-amplitude)

J corrupted by an impulsive noise environment. The second of these objectives

was to explore convolutional codes and their relationships with block codes

and to explore the relationship between convolutional codes and signal

designs.

Status of Research Effort

The research on error detection codes was completed during the first

quarter of the current year's effort. The work was reported in an M.S.

dissertation E13 and in a journal publication [63. Specifically, the

journal publication presented a proof that codes that do not satisfy the

Varsharmov-Gilbert bound have the property that their probability of

undetected error exceeds exP2 (- # of parity symbols) for some value of

channel error probability less than one-half. The importance of this result

is that a commonly used bound for the error detection capability of codes is

not true for most long codes since almost all long codes except some very

special high or low rates do not satisfy the Varsharmov-Gilbert bound.

Much progress was made on the subject of coding for discrete-time,

continuous amplitude signals. A class of codes based upon the discrete

Fourier Transform was investigated and the efficacy of these codes for
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transmission of information over an impulsive noise channel was studied.

The results of this research were reported in two conference papers 4-5J

(one invited [5]) and a journal article [2]. An M.S. dissertation also was

completed on this subject (3].

Work was initiated on a project which treats convolutional codes and

block codes in a common framework. This work is currently in progress and

no papers on this work have yet been submitted. The basic theme of this

work is that one can use the initial state of a convolutional encoder to

carry information and then force the encoder to end in that same state.

Used in this manner the convolutional code beomes a quasi-cyclic block code.

Decoding algorithms have been developed for this coding scheme. Since these

decoding algorithms work for both hard and soft decisions, this technique

presents an attractive method for soft decision decoding of all quasi-cyclic

codes. Furthermore, this common framework was used to find new convolu-

tional codes from quasi-Cyclic block codes and new block codes from convolu-

tional codes. This appears to be a very attractive research area.

A study of another application of convolutional codes was also initi-

ated. Here we begin with the work of Ungerboeck (G. Ungerboeck, "Channel

Coding with Multilevel/Phase Signals," IEEE Trans. on Information Theory,

vol. IT-28, pp. 55-67, Jan. 1982) who used amplitude and phase modulation to

improve the performance of signal designs without sacrificing data rate or

increasing bandwidth. We have generalized his approach to the case where we

use amplitude, phase and frequency modulation. Preliminary results were

extremely encouraging with improved performance over Ungerboeck's codes. No

publications yet have been prepared on this subject.
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GThomas Philips completed his M.S. dissertation entitled, "Error Correcting
Codes Based On the Discrete Fourier Transform" in April, 1983, and was

granted the M.S. degree in May, 1983.
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Interactions

1. Jack Keil Wolf continued as a member of the Committee on Review of
National Cmmunication System Initiatives in Support of National

Telecoounication Policy, Board on Telecommunications - Computer
Applications, Commission on Engineering and Technical Systems, National
Research Council. This committee was asked to review initiatives of the
NCS In support of national security telecommunications policy to provide
survivable, endurable communications for the national government under a
variety of emergency conditions.

2. Jack Keil Wolf has given a number of invited talks at various
universities and technical meetings. These include:

U.C. Berkeley, California, February 4, 1983, February 7, 1983
Rice University, Houston, Texas, February 9, 1983.

3. Jack Keil Wolf is a consultant on several D.O.D. sponsored induatrial
contracts.

4. Jack Keil Wolf is a member of the Board of Governors of the Information
Theory Group of IEEE. He is also international chairman of Commission C
of URSI.

5. Jack Kell Wolf was awarded a Faculty Research Grant by the University of
Massachusetts. This grant relieved Professor Wolf of his teaching
assignments for the calendar year 1983. Professor Wolf spent a portion
of this time visiting other institutions. In particular he was a
Vi3iting Scientist at IBM Zurich where he worked with Dr. Ungerboeck to
learn the details of his error control/signal design scheme which is
part of this research effort.

Accession For

NTIS G .F.&I

DTIC TA3 El
Un:nou'nted 0~just i ieat im -

_ Distribution/

Availability Codes

Avail and/or
iPst Speclal



Vt

pm  . --a-

4 0

Xr -4 
VIC 4

(Vi.

r,, IV. 
it

ot",

J$ 

0-

J. -or.

4% ; :. fi:
in~'~ .. .

, -A4

;> T~7T7TT~TT : t.


