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ABSTRACT

Various tests nad been conducted in order to examine

the stationarity and the normality characteristics of electrid~
'control signa]sof tqe digestive tra9t. They.were done because

t~e conventional frequency analysis, which is used extensively

for the investigation of biological signals, usual'ly assumes the

signal to b~ stationary and normal~y di?tributed. The validity

of this assumption shoULd then be examined before any further

analysis ~s applied. The tests are cond~cted by proposing a nulL.

hypothesis that the signal under investigat~on is st~tionary

.and normally distributed. It was found that'the percentage of

rejection of the h¥Pothes~s increases towards the colonic end

ot" the tract.

Since conventional power spectral analysis does not

provide any phase inform.ation on ~on-sta:tiona.ry siqnal, ,the,

bispectral ~~alYSiS, which is the.\OUrier transform of the t~rd
mo~ent; was ~sed in order to examine many of the still-unknOWn\

characteristics of the ga&trointestina~ signal. The analysis '

mainly searches for any pha~e-locking betwe~n frequency components·

and hence identifies the generat~~s of the. signal. Two seperate

an'alyses had b~en done : 'one was for a siI?-gle' chann~l and the.
other was for a· double channel of signals. It 'was: Tound that ther---....... .
same gro~p Of'g~ne~\ors .for the 'electrical signals on the upper

.(.. )
'~1<-\,



f'

('
,,'

j'
part of,the t~act 'is present most of the time. But short-lived

..
~d locplly based oscillators dominate the functions in the

.
colon. From the cross-bispectral analysis~ it 'was found that

the generators in the stomach and tpe duodenum usually exert

dri1ing force ~o the distal s~te but bid~rectionally in the

jejunum. In the colon? ~ly independent frequency components
I ,..

were. found to ,be phased-locked occasionally.. ,

In conclusion, tQe analyses' carried out in this

,study provid~ some alternate means to investigate many of the

still largely unknown signals'.

..
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CHAPTER 1

INTRODUCTION

Biomedical signals, such as EEG, gastroduod~nal

and colonic electrical activities are regarded as the
,.-

stochastic phenomena of biological systems. In practice,
< '.

statistical parameters like histogram, ·autocorrelation

function, power spectrum and coherence function are

calculated for various purposes. But these are done

us~ally under the condition of weak stationarity of the

signal, that is, the mean value, the standard deviation

and the autocorrelation function have to be inde?endent

of time translation. However impulse response and evoked

potential of biomedical data are generally not regarded as

stationary tim~ ser~es. Therefore other analysis is required.

So far only a few studies have been done in analyzing non­

stationary signals. For instance, Prie~tley and Rao {19} and

Priestley and Tong {20Yhave used the evolutionary spectra,'

that is, spectral functions which are time dependent, to

descri'be the local energy distribution of a n<;>n-stationary. ,

series. Kawabata {l4} has also done 'a similar study. He..,
calculated. the instantaneous power spectra 9f cer~ain

1
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transition processes in the EEG and described them on the

time-frequency plane. Pinson and Childers {17} utilized the

frequency-wave number spectral analysis to investiqate the

high-resolution vector velocity so that the direction and

speed of propagating wavefront of the EEG can be described.

Additionally Praetarius, Bodenstein and Creutzfeldt {18}and

Bodenstein and Praetarius {3} have used the linear prediction

filtering method to divide the time series into segments

and extract the transients from the data. If two channels
c

.
of signal are investigated, and th~ transients are dete9ted

sim~ltaneously on both channels by the methorl, one can

say-that the'sharp wave detected in channel 1 is real by

comparing it with its clearly discernible counterp~rts
"

in channel 2. All the papers mentioned above suggest, in

one way or another, some,methods to examine the characteristics

of a non-staJionary s~gnal. But the results obtained from

these methodS~nlY guide one to scan some of the charac­

teristics ~$b that many of the features of a non-stationary

signal are. still left unknown. Hence it is difficu'lt to

draw a meaningful conclusion from this limited information.

In this project additional attempts will be

made in order to extract some more information which is
, I

I

lost during the ordinary power spectral .ana~sis. They are

actually based on the papers {6}, {7} and {n} by Dumermuth,

Gasser, Huber and Kl~iner. As already men~ioned above, only.

partial characteristic, of a non-stationary signal can be
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Dotained by the conventional spectral analysis. By definition,

the power spectrum suppresses all the phase information

hidden in a s,ignal.' Although it may suggest phase information

by showing peaks at harmonically rel'ated frequencies,

information about interrelationships between frequency

bands outside the peak frequencies of the spectrum will

be lost. Hence a method called the bispectral analysis is

employed here to extract this particular information and

provide a more in-depth observation of the siqnal being

analyzed. A?~spectrum allows one to analyze in det~

aboqt the third cerltral moment, which is the mean cube

and an order higher than that of a conventional power

spectrum, of a random signal. It is essentially influenced

by the phase-locking characteristic between different

frequency components. This method will be utilized in this

project to analyze,signals recorded from the various parts

of the digestive system. Not just the interrelations

between different frequency components of a single channel

of signal will be examined, but~that of two channels

of signql is also calculated in order to make attempts in

analysing relationships between the two signals. Before

these procedures ar~ carried out, tests will be conducted

first of all about the stationarity behaviour of the signal

being used. This is done in.the next chapter.
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CHAPTER 2

STATIONARITY AND ,NORMALITY TESTS

2.1 INTRODUCTION

Statistical properties of stochastic processes,

such as biomedical data, are often examined for various

purposes. However most of the statistical analyses processed

in the time and frequency domains are based on the assumption

that the time series is weakly stationary and normally

distributed. For instance, regression analysis or multi-

variate analysis of biomedical data is mostly based on

the theory of normal distributions,~heref6renorrn~lity

is needed'before the multivariate method is employed to

analyze the data. Furthermore, data is often collected

und~r circumstances which do not permit an assumption of

stationarity based upon simple physical considerations.

Hen~e, as. the basis of the statistical analysis of the data,

it is necessa!y to know whether it satiifies the conditions
';1, "! ~. I I ,\

of weak stationarity and normality.

~he statistic~ of a time series are mostly obtained
.

by the observeq data of random functions. A random function

4
















































































































































































































































