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e -0 ;a4 INTERIM REPORT UN RESEAKCH SUPPORTED BY GRANTS AFOSK-82-0187, B. KEDEM
Tt © - 7 AND E. SLUD principal investigators

.:i L ‘ The research to be described below is an outgrowth of the original research
"y B L= om higher order crossings carried out by Kedem and Slud (1981, 1952). The

“; —;e research has branched off in two nain directions. Dr. Kedem has deepened the
research on higher order crossings and their application in spectral analysis

. while D . Slud has emphasized the various point processes obtained from stationary

_*fiji‘;:gprocesses‘anditheir;relatione to reliability models. Two students, G. KReed

';and J. Winnicki took an active part in the deve10pment of this research. The/
:reeearch on higher order crossinga is having some impact whicn it 18 hoped, will

f_;increase with the publication of some new papers sent for publication. This is

N t.'ﬁ ..particularly so in light of the independent works of Dr. Slud and Mr. Reed on the

;q¥ - variances and covariances of higher order crossings which make these quantities

more applicable and useful in statistical time series analysis.

j?j The research of Dr. Kedem has concentrated on higher order crossings (HUC) and

their applications. To a much lesser degree he also investigated a connection between

LN
)

X the Cox model and ARMA modeling.

Ehnt)
.
LR

., 's

A significant result obtained by this research is the fact that in the Gaussian
. case if the first two HUC are equal then the process is a sinusoid w.p. 1. This

result is tentatively accepted by the Annals of Statistics and is outlined in

TR 82-20, Math. Departnent, UOM, which was sent to AFOSR. It was later discovered
o that Roe (1980) characterized the sine function in the deterministic case and in

e TR83-45, Math. Dept., UUM, we investigate the analogy between the Stochastic (also sve
.?; Slutsky (1Y37)) and deterministic cases., (This report will shortly be sent to

AFOSK.) A LUC decumposition has been studied in TR 83-14, Math. Department, LUM

..
L

DDy - (&

(sent to AFOSR) and used in the detection of hidden periodicities by means ot HOC.

D

R

o We now know precisely the connection between axis crossings and the frequency

content of a stationary process, This has been applied successfully to the

[
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celebrated Canadian Lynx data. We also to.ud an interesting connection between
HOC and periodogram anslysis. At present Dr. Kedem is trying to extend his
sinusoidal‘limit in vrder to develop tests for peak frequencies in stationary
time series. At the same time AR-HOC spectral estimates are under study.

Dr. Kedem has extended the HOC Theorem of Kedem and Slud (1961, 1982) to two

. V" dimensions in IEEE Information Theory, 1983. This gave rise to the extension of

the psi square statistic to texture discrimination which appeared in Proceedings

of IPA Conference, Beer Sheva, June 1983.
vi This,reseatch points at a ﬁew direction in ;img,series'apalysis asiit incor-
porateg'visual features. We would like to think of this‘apprqach as bqing graphical
and comB;natorial in nature. This is a new idea and some of 1t has beJn outlined
in 1982 iﬁ IEEE PAMI. This last particular work has atﬁracted attention and the
Editor, HIT Press, suggested to Dr. Kedem to write a book on this subject. It 1is

felt that such a book is a worthwhile idea provided some more research is carried

oute.

The HOC Thevrem sufters a deficiency in that it does not tell us the rate in which
the higher order corssings iuncrease. This problem has been taken up by Dr. Kedem and
George Keed (a student who had been supported by our grant for two summers). Under
some conditions the rate of increase of the variance of HOC was determined in
TKk82-43, Math. Department, UuM. Subsequently Mr. Reed proved several more results

along tuoe same lines, These results are needed iu order to study the distribution

- of the psi square statistic first advanced in Kedem and $lud (1981, 1952). Mr. Reed
in his doctoral dissertation has been able to shed a great deal of light on this
fairly difficult technical problem. This thesis is to be defended svon and will be

sent as a tech report to AFOSK. We now have a good explanation of the robustuess ot

; the psi square statistic. PReed's thesis also deals with second order moments of
hiyher order croussings and in this sense is also related to the recent work of

g br. 5lua on this topic.

, bxtensions of rescarch on HOC to non Gaussian processes was attempted last

sufier by another student, Mo Nonsour,  The extension to AR models with contamlnatea
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The research of Dr. Slud under this contract has taken
three main directions: (i) development of reliability
point-process models allowing inter-occurrence times to
depend either on the past (this part of the work was joint
with J. Winnicki, whose research during the summer of 1982
was also supported by this contract) or on current inter-

voccurrence'timeg-fof.relatedvﬁoint-progeéses; V(ii) numerical
computatidné:and simulations Qith the.cqvérlanCes‘of>higher-
'order.épos$iﬁg counts féf continuous;time Gaussian time
series; ana kiii’ some'preliminary work on time séries
modelling and spectral analysis of certain nonlinear time

series (jointly with M. Monsour, a student supported for the

summers of 1982-83 under this contract).and of time series
related to chaotic dynamical systems (jointly with Professor
J. Alexander, a colleague at the University of Maryland).
Dr. Slud's research on reliability point-processes,
originally proposed in Section 6 of the initial (Jan. 1982)
project proposal, "Statistical Analysis of Events Generated

by Time Series," has resulted (a) in a University of Maryland

g Technical Report "Some Generalizations of the Renewal Process"
b
- (joint with J. Winnicki), Maryland Reoport TR82-65, 19825 and
-
2 . . .
= (b) in a paper "Multivariate Dependent Rencowal Processes"

'
N (1982), submitted to and tentatively accepted by Advances in )
o Applisd Probability, ond aleo lelivered as a contributed y
5 = 5
. . L. . ) - 3 L X
- rayer o at the Tueifch Aol Coonfeoronce sn Stochactic o 4

!
R

‘teolr Applicationc, Julv 183, at Ithaca, New York,
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Copies of both of these reports have been sent to the Air
Force Office of Scientific Research. It is anticipated
that a slight revision of the report with J. Winnicki will
be submitted this fall for publication in the Journal of

Applied Probability.

In both fhe initial (Jan. 1982) and follow-up (Jan. 1983)

proposals (Sectlon 2 in 1982, Sections 2 and 3 in the part

.,’lof the 1983 proposal tltled "Robustnéss of Asymptotlc Effl-

‘c1encles 1n Tlme Serles Ana1y81s"), Dr. Slud outlined a

" .{~

}pro:ect to catalogue the asymptotlc relative efflclenc1es of

' ’the ngher Order Cr0551ngs - based statistics of Kedem and

Slud (1981, 1982) versus parametric likelihood-based
statistics for various Gaussian time-series. The obstacle

to progress in this area has always been the calculation

of (asymptotic) variance-covariance matrices for the vector
of higher-order crossing counts. Using a new method of

proof for a well-known formula (due to Steinberg, Schultheiss,
Wogrin and Zweig, 1955, and Crémer and Leadbetter, 1965,1867)
for the variance of the number of axis-crossings in the time
interval [0,T] for a stationary continuous-time Gaussian
process with given covariance function, Dr. Slud has provided
new formulas for covariances betweon numbers of axis-crossings
in [0,T] of two jointly stationary Caussian processes. The
methods and results will be documented in a technical report
now in preparation, titled "Asymptotic Variances and Relative
Tfficiencies for Statioctice Rased on Higher-Order Crosaings

Counts and Autocorrclations ot Statisnary Continusus-Time

SJauszian Processes, 1" (19473).
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At the same time, Dr. Slud has programmed and tested two
Fortran programs, NUMINT and SIMSER, which respectively

perform numerical integrations and simulations to calculate

the covariance matrices for higher-order crossings for a
large class of continuous-time Gaussian processes. These
programs, together w1th some typical outputs, will be docu-

mented in the fqrthcomlng techn1ca1 report mentloned above.

x',,'

research 1ntd relatlve efflclenc1es of

cr0531ngs based versus other t1me serles statlstlcs will

e - wi -

,\.
‘-'.\_

N make use of thevoufputs of program NUMINT for a varlety of

R R .

underlylng Gaus31an‘processes, follow1ng the approach

'outllned in Section 2 of the 1982 proposal and Sections 2

and 3 of the 1983 cohtinuation-proposal.

I'inally, Dr; S]ud's research during the current summer
(with coworkers M. Monsour and J. Alexander) into the time
series analysis of highly nonlinear and chaotic stationary
processes, gives an operational aspect to his proposed

Section 4 of 1983 proposal) investigation of mis-specified
time seriec models. At present, Dr. Slud and coworkers have
written and tested a package of Fortran subroutines
(also implementing the IMSL time-series analysis subroutines)
for cpectral and residual analyses of nonconventiconal time
series models. In the case of nonlinear time series, the
2bjective of resecarch is to ascertain the robustness and
Jdiarnostic value of ~tandard (e.g. Box-Jenkins cr spectral)
methodo of time ceril o analysis »n nonlinear-auteregressive
time cerdies ! the oot discussed by Slud (12082).  In the

cace ~f time soerijes derived {rom chactic Jdvnonical ovatems,
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the objective is to recover as much information as possible

and mixing behavior of some "chaotic" systems known to have

}
(from very long records) about the stationarity and ergodic
very long stretches of transient behavior.
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