
A 0 A067 360 P*INCCTON 1141W P4 .1 p,• g,~DIGITAL SIGNAL P*OCLSSING.(U)
7 a p THOMAS. K STLISI.ITZ DAASU—75—t—01fl

UNCLASSIFIED AiO r~ c7.n—a pa. I

LiP

I
¶4

S



‘ O L~ ~~~ ~~25
I. i_. irn~~~~

~ ~j  IIII~
2

I. ’ IOH~0

HH~I .25 lIIll=Li Qfl~L~

MICROCOPY RESOLLI ! ION TES 1 CHA RI
NA! IONAL BU Rl AU! 1 I AN( ~A f4 I 961 A



• _ _ _
I_

_ 
W - -~

I ••
~~~~

~n~ Iassified
SECURITY CLAI6~ IFI CA1~ ON OF THIS PAG E (Whon 0.,. EnI.r.d)

READ INSTRUCT IONSREPORT DOCUMENTATION PAGE BEFORE COMPLETIN G FORM
EPORT NUMBER 

~~~~~~~~~~~~~~~~~~~~~~~~ 
2 ~ OVT ACCESSIO N NO. 3 RECIPsENrS CATALOG NUMBER

/ ?  131/7.36-EL \ ~I7~,4Rô Il 
_ _ _ _ _ _ _(~~~ Subtsil.) ~ —

Di gita l Signal Processi~~~ \ 7 
. 

tilFinal 1~
ep~~~.

1
~~i

______________ 25 Jun_75_- 11 D~c6 ~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~ UTHORf a~ S CONTRACT OR GRANT NUMSIR(a)

0 J. Bilhomas ~
‘ /5 /DAAG29—75.G.Ø192C~ K._‘Ste ig~~~~__f

B. PERFORMING ORGANIZATION NAM E AND ADDRESS IS. PROGRAM ELEMENT. PROJECT TASK
AREA ~

~~~~~~ ~~ Princeton Un i vers i ty
Princeton , New Jersey 0851+0

~~~~~~ II . CONTROLLING OFFICE NAME AND ADDRESS flu.
U. S. Army Research Office 

— 
Ma; 79~,j

I
P. 0. Box 12211
Research Triangle Park , .C 27709 I I

4. MONITORING AGENCY NAME B ADDRESS(IS dIll.rwI f r o m  Co nf t o I I I n ~ Offi ce) IS SEC L R ITY CLASS. (of ffiS • r.port)

Unc 1.assi tied
.4 ~~ %~ DECLA SSIFICAT ION/~~~ W NGRAOING

SCM ~ Du L E

IS. o ISTRIeuTION STATEMENT (e~ tAle RepOrt) ~~~~ 
-
~ 

‘

Approved for public release; distribution unlimited. ED D (‘r — 
. 

— -.

APP~~~~~~ 7~~~~~
17. DISTRIBUTION STATEMENT (of (A. .bal,act .nt.r.d In Block 20. S f dIffsrsn( from R.porl)

ic~1; —~U¼....J ~_:j Li

C
> IS. SUPPLEMENTA RY NOTES

0—. The view , opinions , and/or findings contained in this report are those of the
~~~ author (s) and should not be construed as an official Department of the Aru~’position , policy , or decision , unless so designated by other documentation .
LU

IS. KEY WOROS (Conhinu. on rev.,.. aid. if n.c...ary id identit y by block numb.,)

digita l si gnal processing digita l signals
dig ita l filter des i gn random processes
dig ita l filters opt i ma l systems

_ _ _ _ _  
al gorithms pattern classification

A BSTRACT (Conllnu. on r. ..,.. aid. if n.c....r) aid fd.ntify ‘~~
‘ bloc k numb. ,)

~~his report prov i des a sumary of the research accomplishments in the areas of
dig ital filter desi gn , digita l si gnal processing , and di gita l system optimization
speech analysis and synthesis , al gorithm complexity , and picture and two-dimensi al
processing. The report also lists 68 publIcations .

~2ro gco
DD 

~~~~~~~~~~ 
1473 EDITION OF I NOV SS IS OBSOLETC 

Unclassifie d ~~~~
— — 

~-..S 
_ _ _ _ _ _ _ _



• —
~~~~

- w - -
~~~

Digital Signal Processing

Final Report
Period: ~—3.u-1y 1975 - 31 December 1978

Authors: J.B. Thomas, Professor
K. Steiglitz, Professor

Date: March 15, 1979

U.S. Army Research Office — Durham

Grant: DAAG—29—75—G—0192

ARO Proposal Number: AMXRO-PR-P-131t07-EL

Institution

Department of Electrical Engineering and Computer Science
PEincetori University

Approved for Public Release;
Distribution Unlimited

/

~~~~~~ : i i~~ ~



• 
~~~~~~ ~~~~~~~~~~~~~~~~ 

• • . 
~~

- -  - • . —

7
MT~S •

TABLE OF CONTENTS [j
~ 

- -

Page

1. Sumary of Research Accomplishments 1

A. Digital Filter Design 1

B. Digital Signal Processing and Digital
System Optimization 1

C. Speech Analysis and Synthesis 3

D. Algorithm Complexity  3

E. Picture and Two—Dimensional Processing.... 4

2. Participating Personnel 5

A. Faculty Supported by this Grant 5

B. Graduate Students Supported by this
Grant 5

C. Graduate Students Supported by Depart-
mental or other Means 5

D. Ph.D. Dissertations Completed.. 5

3. Publications (journal articles and con—
p ference papers) . 6

r.

~~



- — -
~~~~ w

1

• 1. Summary of Research Accomplishments

Virtually all of the important research results obtained

during execution of the referenced grant were reported in

journal articles and conference papers, and these are listed

in Section 3. We give here brief summaries of the major

contributions; reference numbers are to Section 3.

A. Digital Filter Design ([4,39,611)

In [4] an effective heuristic is described for the diffi-

cult problem of section—ordering to reduce roundoff noise ac-

cumulation in cascade realizations of h R  digital filters. In

[39] an efficient method is described for generating samples of

certain waveforms without the aliasing effect. In [61] a method

is described for using linear programming to design FIR digital

f ilters with constraints on the derivative of the frequency re-

sponse, as well as the magn itude. This yields designs which

have flat passbands and are optimal in the minimax sense — the

digital equivalent of the type II Chebyshev analog filters.

B. Digital Signal Processing and Digital System Optimization

([5—7], (14—22], (26—28], [33—38] , (47—53], [57—60], (63—68])

A wide spectrum of problems have been attacked involving

the processing of digital signals and/or the design of optimal

digital systems. Loosely speaking, most of the problems worked

on can be divided into two categories: (a) Properties of Random

Processes and Sequences and (b) Detection, Estimation, and Ex—

traction of Digital Signals from Noise.

(a) Properties of Random Processes and Sequences — In an attempt

to circi.mtvent the usual assumption of independence in processing

• • •~t 
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data sequences, we have continued studies along several lines.

We have made significant progress in bivariate distribution

representation, characterization , and application (5,18,48,],

allowing us to take into account the dependency relationship be-

tween adjacent data points. We have developed a generalized shot

process model [15] for noise and have found it applicable as a

stochastic model for such diverse situations as coronas from HV

transmission lines (16], lightning discharges [22], the power

spectral densities of modulated error- correcting codes [17], and

the synthesis of block codes in PAIl (63]. In a more general and

somewhat more theoretical setting, we have studied the structure

and representation of nonstationary [21,28] and non—Gaussian [59)

processes with the aim of producing more realistic noise models

for real—life situations.

(b) Detection , Estimation, and Extraction of Digital Signals from

Noise - Most of this work has been aimed at the development of

new and less-restrictive optimal systems than specified by clas-

sical parametric techniques. We have continued an extensive study

of nonparametric techniques [6 ,33,36] including the difficult

problem of sample dependence. Closely related studies have been

made of conditional tests [14,26,66] and of the general problem

of optimal signal quantization (7,47,53,60]. With respect to the

latter problem , we have developed some interesting results for

rn—dependent noise [34,68) and for noise modelled as an impulsive

m ixture [27]. To avoid problems associated with some of the clas-

s ical techniques , we have applied maximum distance [64) and locally

optimal (57,65] criteria. We have begun an extensive study of

sequential techniques (20,37] with a view to exploiting their

_  .
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superior efficiency. We have continued work on robust systems

both in references [38,51,67] and in other parts of this work

as referenced elsewhere. Finally , we have made some investiga-

tion of arrays for data processing [19].

In our study of optimal and robust systems, we have been

lead to look at quasi—optimal systems [35,50,58] which are in-

herently simpler and more robust by almost any cr iterion when

compared to appropriate optimal systems. This work has been en-

lightening and useful but we feel that a great deal remains to

do — particularly in view of the difficulty in defin ing precisely

such problems.

As an off-shoot of our other work, we have investigated the

problem of min imizing intersymbol interference in data comrnunica—

tion systems when a considerable amount of noise is present [49,52].

C. .~pLeech Analysis and Synthesis ((1,2,8,23,29,30,43,44,62])

Items [8,62] describe the use of pattern classification ideas

to make the voiced/unvoiced decis ion in speech - one of the most

important and troublesome problems in an effective analysis—syn-

thesis system. Items (23 ,29,30,43,44] are concerned with the

problem of pole-zero modeling of signals. This is a general sig-

nal modeling problem of importance in other areas, such as system

identification and geophysical data processing. Items [1,2] des-

cribe a new method for generating speech—like signals with very

simple hardware.

D. Algorithm Complexity [3,9—13 ,24,25,31,32,45,46.55]

Items [3 ,9—13,24,25] report results concerning intractible

problems. They show for the first time that certain interesting

problems belong to the NP—complete class, and give difficult
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instances of the famous traveling salesman problem. Item [31]

gives an 0(nlogn) algorithm for finding the error of approximation

of a signal by trigonometric polynomials. Item [46] gives new

asymptotically—fast algorithms for the partial fraction expansion

problem and its inverse. Items [45,55] concern the design of net-

works with small diameter, which may be useful for interconnecting

microprocessors. Item [32] shows that a proposed class of path-

ological linear programs proposed by N. Zadeh are not robust under

random permutations of the columns.

E. Picture and Two—Dimensional Processing ([40—42 ,54,56])

This work is concerned with the effective use of tree struc-

tures to represent pictures. Asymptotically fast algorithms are

presented for building quad—trees for polygons, for coloring their

interiors, and for superposing, intersecting, translating, and

rotating pictures represented by such trees.
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2. Participating Personnel

2.A Faculty Supported by this Contract:

J.B. Thomas (Principal Investigator)
K. Steiglitz (Principal Investigator)

2.B Graduate Students Supported or Partially Supported
by this Contract:

R. Ansari W.P. Niedringhaus
M. Bateman LV . Poor
E. Coyle F. Sadri
J. Feingold J. Stolz
7. Gilchrist S. Tantaratana
G. Hunter S. Toueg
SA. Kassam M. Yannakakis

2.C Graduate Students Supported by Departmental or other
Means During Period Covered by this Report:

J.S. Abrahams D. Tjostheim
F.Y. Chin S. Tyan
Y.C. Jenq G.L. Wise
C.H. Papadimitriou M.D. Wood
L. Seigel

2.D Ph.D. Dissertations Completed :

S.A. Kassam : “Nonparametric and Robust Detection,”
August 1975.

F.Y.—L. Chin: “Complexity of Numerical Algorithms for
Polynomials,” October 1975.

C.H. Papadimitriou : “The Complexity of Combinatorial
Optimization Problems,” August 1976.

Y.C. Jenq: “Analysis and Design of Digital Data Trans-
mission Systems ,” August 1976.

S. Tantaratana : “On the Relative Efficiencies of Some
Parametric and Nonparametric Sequential
Detectors. April 1977.

H.V. Poor : “Topics in Optimal and Robust Detection,”
April 1977

L.J . Siegel: “A Pattern Classification Algorithm for the
Voiced/Unvoiced Decision in Speech Analysis,”
May 1977.

G. Hunter : “Efficient Computation and Data Structures for
Graphics ,” July 1978.

M.D. Wood: “Signal Detection in Correlated Noise,”
August 1978.
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3. Publications (journal articles and conference papers
including spillover from previous contract)

1. “The Design of Markov Chains for Waveform Generation,”
L.J. Siegel, K. Steiglitz, and M. Zuckerman , Record ‘75
EASCON, pp.184A-184G, Washington, D.C., September 29—
October 1, 1975.

2. ______, IEEE Trans. on Acoustics. Speech and Signal Pro-
cessing, Vol. ASSP—24, No. 6, December 1976, pp.558—562.

3. “On the Complexity of Local Search for the Traveling Sales—
man Problem,” C.H. Papadimitriou and K. Steiglitz, J. SIAM
Computing, Vol. 6, No. 1, March 1977, pp.76—83.

4. “An Improved Algorithm for Ordering Poles and Zeros of Fixed
Point Recursive Digital Filters,” (correspondence ) K. Steig—
li tz and B, Liu, IEEE Trans. on Acoustics. Speech and Sig-
nal Processing, Vol. ASSP—24, No. 4, August 1976, pp.341—343.

5. “Characterization of a Class of Bivariate Distribution Func-
tions,” J.B. Thomas and S. Tyan, Journal of Multivariate
Analysis, Vol. 5, No. 2, June 1975, pp.227—235.

6. “A Class of Nonparametric Detectors for Dependent Input
Data,” J.B. Thomas and S. Kassam, IEEE Transactions on In-
formation Theory, Vol. IT—21, No. 4, July 1975, pp.43l—’~’37.

7. “A Modified Sign Detector Based on a Four—Level Input Quan—
tization ,” J.B. Thomas and S. Kassam, Proceedings of the
Thirteenth Annual Allerton Conference on Circuit and System
Theory, October 1975.

8. “A Pattern Classification Algorithm for the Voiced/Unvoiced
Decision,” L.J. Siegel and K. Steiglitz, Proc. i~ 76 IEEE
m t. Conf. on Acoustics, Speech and Signal Processiflg,
Philadelphia , Pa., April 12—14, 1976.

9. “Some Complexity Results on the Traveling Salesman Prob lem,
C.H. Papadimitriou and K. Steiglitz , Proc. 8th SIGACT Sym-
posium on Theory of Computinq,~ pp.l-9, Hershey, Pa., May
3—5 , 1976.

10. “On the Complexity of the Local Structure of Certain Convex
Polytopes,” C.H. Papadimitriou, Proc. 1976 CISS Conference,
pp.47—5l, Johns Hopkins University, March 31—April 2, 1976.

11. “Testing a Mixed Graph for Unicursality ,” C.H. Papadimitriou,
Svm~osium on ALgorithms and Complexity, p.86. Carnegie—MellonUniversity, April 7—9, 1976, Abstract in program.

12. “The Euclidean Traveling Salesman Problem in NP—Complete.”
C.H. Papadimitriou, Theoretical Computer Science, Vol. 4,
1977 , pp.237—244.

• , •• f  ~~~~• , . 
•



• —

~~~~~
w- —

~~~~
- • —

7

13. “The Adjacency Relation on the Traveling Salesman Polytope
is NP—Complete,” C.H. Papadimitriou, Math. Programming,
Vol. 14, 1978, pp.312—324.

14. “Detectors Based on Conditional Tests,” S.A. Kassam and
J.B. Thomas, Proceedings of the International Telemeter—
ing Conference, Vol. 11, October 1975, pp.26—33.

15., “A Shot Process with Burst Properties,” J.H. Gilchrist and
J.B. Thomas, Advances in Applied Probability, Vol. 7,
September 1975, pp.527—541.

16. “A Model for Radio Interference Produced by Corona Pulses
on a.c. Lines,” J.H. Gilchrist and J.B. Thomas, Proceedings
of the lEE, Vol. 122, No. 11, November 1975, pp.l260—l264.

17. “Power Spectral Densities of Modulated Error — Correcting
Coded Sequences,” J.H. Gilchrist and J.B. Thomas , IEEE Trans-
actions, Vol. COM—23, No. 11, November 1975, pp.l207—l214.

18. “Two Necessary Conditions on the Representation of Bivariate
Distributions by Polynomials ,” S. Tyan, H. Derin, and J.B.
Thomas, Annals of Statistics, Vol. 4, No. 1, January 1976,
pp.216—222 .

19. “Array Detectors for Random Signals in Noise,” S.A . Kassam
and J.B. Thomas, IEEE Transactions on Sonics and Ultra-
sonics, Vol. SU—23 , No. 2, March 1976, pp.l07—ll2.

20. “Performance of a Sequential Sign Detector in Antipodal
Signal Detection,” S. Tantaratana and J.B. Thomas, ~~Q—ceedings of the 1976 Conference on Information Sciences
and Systems, pp.475—480, Johns Hopkins University , Balti-
more, Md., April 1976.

21. “Linear Time—Invariant Transformations of Some Nonstationary
Random Processes,” D. Tjostheim and J.B. Thomas, Quarterly
of Applied Math, Vol. 34, No. 1, April 1976, pp.113—117.

22. “Another Model for the Current Pulses of Cloud—to—Ground
Lighting Discharges,” J.H. Gj].christ and J.B. Thomas,
Journal of the Franklin Institute, Vol. 301, No. 3, March
1976, pp.279—286.

23. “The Use of Time—Domain Selection for Improved Linear Pre-
diction,” K. Steiglitz and B. Dickinson, IEEE Trans. on
~~oustics. Speech and Signal Processing, Vol. ASSP—25,
No. 1, February 1977, pp.34—39.

24. “Traps for Traveling Salesmen,” C.H. Papadimitriou and K.
Steiglitz, presented at the ORSA/TIMS Joint National
Meeting, Miami, Flor ida, November 3—6 , 1976, Abstract in
the ORSA/TIMS Bulletin, p.253.
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25. “A Class of Difficult Traveling Salesman Problems,” C.H.
Papadimitriou and K. Steiglitz, Operations Research,
Vol. 26, No. 3, May—June 1978, pp.434—443.

26. “Generalizations of the Sign Detector Based on Conditional
Tests,” S.A. Kassam and J.B. Thomas, IEEE Transactions on
Communications, Vol. COM—24, No. 5, May 1976, pp.481—487 .

27. “The Detection Of Signals in Impulsive Noise Modeled as a
Mixture Process,” J.H. Miller and J.B. Thomas, IEEE Trans-
actions on Communications, Vol. COM—24, No. 5, May 1976,
pp.559—563.

28. “On a Class of Nonstationary Random Processes,” D. Tjostheim
and J.B. Thomas, Information Sciences, Vol. 10, No. 2,
June 1976, pp.175—186.

29. “On the Simultaneous Estimation of Poles and Zeros in
Speech Analysis,” K. Steiglitz, IEEE Trans. Acoustics,
Speech and Signal Processing, Vol. ASSP—25, No. 3, June 1977,
pp.229—234.

30. “Computation of the Complex Cepstrum by Factorization of
the Z—Transform ,” K. Steiglitz and B.D. Dickinson, Record
of the 1977 Int. Conf. on Acoustics, Speec i and Signal
Processing, pp.723—726, Hartford, Conn., May 9—11, 1977.

31. “A Fast Error Evaluation Algorithm for Polynomial Approxi-
mation ,” F.Y. Chin and K. Steiglitz, Information Processing
Letters, Vol. 6, No. 1, February 1977, p~..l8—2l.

32. “Some Experiments with the Pathological Linear Programs of
N. Zadeh,” W.P. Niedringhaus and K. Steiglitz , Mathe-
matical Programming, to appear.

33. “Improved Non—Parametric Coincidence Detectors,” S.A.
Kassarn and J.B. Thomas, Journal of the Franklin Institute,
Vol. 303, No. 1, January 1977, pp.75—84 .

34. “Asymptotically Optimum Zero—Memory Detectors for rn—Depen-
dent Noise Processes,” H.V. Poor and J.B. Thomas, Pro-
ceedings of the 1977 Conference on Information Sciences
and Systems, pp.134—139, Johns Hopkins University, Baltimore ,
Md .,, March 30—April 1, 1977.

35. “Quasi—Optimal Detection of a Known Signal in Non—White Gaus-
sian Noise ,” M.D. Wood and J.B. Thomas, Proceedings of the
1977 Conference on Information 5-~iences and Systems, pp.529—534, Johns Hopkins University , Baltimore, Md., March 30—
April 1, 1977.

36. “Nonparametric Weighted—Signs Test for Location,” S.A. Kassam
and J.B. Thomas, SIAM J. Appi. Math ., Vol. 32, No. 3,
May 1977, pp.649—652.
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37. “On Sequential Sign DeteLtion of a Constant Signal,”
S. Tantaratana and J.B. Thomas, IEEE Trans. on Information
Theory, Vol. IT—23 , No. 3, May 1977, pp.304—315.

38. “Robust Detectors for Signals in Non—Gaussian Noise,” J.H.
Miller and J.B. Thomas, IEEE Trans. on Communications,
Vol. COM—25 , No. 7, July 1977, pp.686—690.

39., “An Efficient Method for Generating Unaliased Samples of
Certain Signals,” K. Steiglitz, IEEE Trans. on Acoustics,
Sp~eech and Signal Processing, Vol. ASSP—26, No. 4, August1978, pp.338—342.

40. “Operations on Images Using Quad—Trees,” G. Hunter and K.
Steiglitz, presented at IEEE Computer Society Workshop on
Pattern Recognition and Artificial Intelligence, April
12—14, 1978.

41. ______  to appear IEEE Trans. Pattern Analysis and Machine
Intelligence, April 1979.

42. “Construction and Use of Quad—Tree—Encoded Two—Dimensional
Arrays,” G. Hunter and K. Steiglitz, Proc. IEEE Int. Symp.
on Circuits and Systems, pp.99—lO3 , New York , N.Y., May
17—19, 1978.

43. “Conditioning Problems in Pole—Zero Modeling,” B. Dickinson
and K. Steiglitz, Proc. 1978 IEEE m t .  Symp. on Circuits and
Systems, pp.463—464, New York, N.Y., May 17—19, 1978.

44. “Implementation of a Pole—Zero Analysis—Synthesis System
for Speech,” R. Cann and K. Steiglitz , Proc. 1978 IEEE m t .
Conf. on Acoustics, Speech and Signal Processing, pp.450—
453, Tulsa, Oklahoma , April 10—12, 1978.

45. “On Directed Moore Graphs ,” S. Toueg, submitted for publi-
cation.

46. “The Partial Fraction Expansion Problem and Its Inverse,”
F.Y. Chin, SIAM 3. Computing, Vol. 6, No. 3, September 1977,
pp.554—562.

47. “Optimum Quantization for Local Decisions Based on Indepen-
dent Samples,” LV. Poor and J B . Thomas, Journal of the
Franklin Institute, Vol. 303, No. 6, June 1977, pp.549—S61.

48. “Representation of Bivariate Distributions with Applications ,”
J.B. Thomas, Proceedings of the 1977 NATO Advanced Study
Institute, Darlington, England, August 8—22 . 1977.

49. “Probability of Error in PAM Systems with Intersymbol Inter-
ference and Additive Noise,” Y.C. Jenq, B. Liu , and J.B.
Thomas, IEEE Transactions on Informatior Theory, Vol. IT—23 ,
No. 5, September 1977, pp.575—582.
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50. “The Performance and Sensitivity of Two Finite—Memory
Detectors,” M.D. Wood and J.B. Thomas, Proceedings of the
Fifteenth Annual Allerton Conference on Communication, Con-
trol, .d Computing, September 1977, pp.527—536.

51. “Robust Detection of Stochastic Signals,” H.V. Poor and J.B.
Thomas, Proceedings of the Fifteenth Annual Allerton Con-
ference on Communication, Control, and Computing, September
1977, pp.507—516.

52. “A Min imum—Error Probability Tapped Delay Line Equalizer,”
Y.C. Jenq, B. Liu, and J.B. Thomas, IEEE Transactions on
Communications, Vol. Cctl—25, No. 10, October 1977, pp.1120—
1127.

53. “Optimum Data Quantization for a General Signal Detection
Problem ,” H.V. Poor and J.B. Thomas, Proceedings of the
Eleventh Annual Asilomar Conference on Circuits, Systems,
and Computers, November 7-9, 1977.

54. “Linear Transformation of Pictures Represented by Quad Trees,”
G.H. Hunter and K. Steiglitz, submitted for publication.

55. “The Design of Small-Diameter Graphs by Local Search,”
S. Toueg and K. Steiglitz, IEEE Trans. on Computers, (cor-
respondence) , to appear.

56. “The Automatic Counting of Asbestos Fibers in Air Samples,”
T. Pavlidis and K. Steiglitz, IEEE Trans. Computers, (cor-
respondence) , Vol. C—27, No. 3, March 1978, pp.258—261.

57. “Locally Optimum Detection of Discrete—Time Stochastic
Signals in Non—Gaussian Noise ,” H.V. Poor and J.B. Thomas,
J. Acoustical Society of America, Vol. 63, No. 1, Janu ary
1978, pp.75—SO .

58. “Approx imating Discrete-Time Matched Fil ters for  S ignal De-
tection , ” M.D. Wood and J.B. Thomas, Proceedings of the 1978
Conference on Information Sciences and Systems, Johns Hop-
kins University, Baltimore, Md., March 29—31 , 1978, pp.13-18.

59. “Implications Related to the Markov Property for Some Non-
Gaussian Processes,” J.S. Abrahams and J.B. Thomas, Pro-
ceedings of the 1978 Conference on Information Sciences and
Systems, Johns Hopkins University , Baltimore , Md., pp.530-
534.

60. “Asymptotically Robust Quantization for Detection ,” H.V.
Poor and J.B . Thomas , IEEE Transactions on Information Theory,
Vol. IT—24 , N o. 2 , March 1978 , pp .222—229 .

61. “Optimal Design of FIR Digital Filters with Monotone Passband
Response , ” K. Ste ig l i tz, IEEE Trans. on Acoustics, Speech and
Signal Processing, to appear.
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62. “A Procedure for Using pattern Classification Techniques
to Obtain a Voiced/Unvoiced Classif ier,” L.J. Siegel,
IEEE Trans. on Acoustics, Speech and Signal Processing,
Vol. ASSP—27, No. 1, February 1979, pp.83—89.

63. “Synthes is of Spectral Shaping Block Codes for PAM, ” J.H.
Gilchrist and J.B. Thomas, IEEE Transac tions on Information
Theory, Vol. IT—22, No. 5, September 1976, pp.546-551.

64. “Maximum—Distance Quantization for Detection,” H.V. Poor
and J.B. Thomas, Proceedings of the Fourteenth Annual Aller—
ton Conference on Circuit and System Theory, October 1976.
pp.925—934.

65. “Local Detection of Stochastic Signals in Additive Noise,”
H.V. Poor and J.B. Thomas, Proceedings of the Fourteenth
Annual Allerton Conference on Circuit and System Theory,
October 1976, pp.432—440.

66. “Dead—zone Limiter: An Application of Conditional Tests in
Nonparametric Detection,” S.A. Kassam and J.B. Thomas, Journal
of the Acoustical Society of America, Vol. 60, No. 4, October
1976, pp.857—862.

67. “The Design of Robust Quantizer—Detectors for Signals in
Additive , Contaminated Noise,” LV. Poor and J.B. Thomas,
Proceedings of the Tenth Annual Asilomar Conference on Cir-
cuits, Systems, and Computers, November 1976, pp.83—87.

68. “Memoryless Discrete—Time Detection of a Constant Signal in
rn-Dependent Noise,” H.V. Poor and J.B. Thomas, IEEE Trans-
actions on Information Theory, Vol. IT—25, No. 1, January
1979, pp.54—61.


