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2.

ABSTRACT
in electroencephalogram (EEG) often carry important
clinical information. Accurate detection and characterization of
Changes

such changes in EEG can be a valuable tool for clinical assessment
of the neurological system condition. Autoregressive (AR) models
have been used to parameterize the EEG signals. Based on the
AR model parameters, an off-line distance measure called Itakura
distance has been used to quantify changes in the EEG effectively.
In this paper, an adaptive implementation of the Itakura distance is
proposed and applied to the analysis of EEG signals. Preliminary
results suggest that the adaptive Itakura distance measure can be a
feasible means for detecting injury-related changes in EEG.

1.

INTRODUCTION

Detection and characterization of changes in EEG signal, the
neurological signals resulting from the brain electric activities,
may provide a means to measure changes in the brain, especially
those changes associated with the brain injury [1].
Many methods have been proposed to quantify EEG changes
(e.g., [2] and [3]). Frequently, the spectrum contents of the EEG
signal are examined and any deviations from the normal profile are
considered as a result of changes in EEG. An alternative method is
to consider the EEG signal as output of a linear autoregressive (AR)
process driven by white noise. Any changes in the EEG signal will
then be reflected in the changes in the AR model parameters. The
advantage of this approach is its compactness : normally only ten or
fewer parameters need to be estimated and tracked. The challenge
of this approach is to select an optimal distance measure to quantify
the signal changes based on the AR model parameters.
In [3] and [4], the Itakura distance was used to detect and characteize changes in EEG as a result of brain injury. For each
segment of EEG, an optimal AR model was established and its
model parameters were estimated. Itakura distance was then calculated between a reference EEG segment and subsequent EEG
segments. For those EEG segments collected during brain injury
(hypoxia and asphyxia), a large distance was found. Data analysis

results indicate that the Itakura distance is capable of detecting
injury-related changes in the EEG signal and a real-time implementation of the distance measure is desirable as timely detection
of brain injury is crucial to the initiation of conective measures to
avoid any permanent brain damage.
The rest of the paper is organized as follows: Section 2 introduces the Itakura distance and discusses its real-time implementation through adaptive algorithms. Section 3 presents the data
analysis results using both adaptive and traditional implementation
of the Itakura distance. Conclusion remarks are siven in Section 4.
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ITAKURA DISTANCE MEASURE

Linear AR modeling is the most popular method of parameterizing EEG signal. It is conjectured that as the state of the brain
changes, especially injury-related charfges, the properties of the
EEG signal will also change. Such change will then be reflected in
the parameters of the AR process modeling the EEG signal. How to
quantify changes in EEG signal through its AR model parameters
becomes the key issue in detecting brain injuries.
A similar question was addressed in digital speech processing.
In applications like speech recognition, it is desirable to determine
the degree of similarity between two speech utterances [5]. Itakura
distance was initially developed to quantify the distance between
two speech utterances with each being parameterized by an AR
model [6].

2.1. Itakura

Distance

Suppose that the following AR model of order
a reference EEG signal r[,t]

P is obtained for
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z,[å] is the unpredictable part of r[tc] (white noise). The
AR parameters o; are normally obtained by minimizing the mean
square enor (MSE)
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and'y"(i) is the autocorrelation of r[z] atlag i.
Similarly, an AR model is obtained for a test signal t[,t]
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br]' .The minimum MSE fp and
with B
matrix Rt are also defined similarly.
Itakura measure calculates the distance between the AR parameter sets a andp as follows:
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Note that d(r,t) is still not
is not satisfied.
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(3)

metric because the triangular inequality

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, Part 1, 1996
The 1Oth Nordic-Baltic Conference on Biomedical Engineering, June 9-13, 1996, Tampere, Finland

423

0.45

Hypoxia

Asphgia

lrl

Recovery

tt't,
0.3

- Autoconelation

o

g 0.25

..

.9,

Figure

l: A block diagram showing an adaptive realization of

Adaptive RLS

o

io

Itakura distance estimation system.

o.z
0.15

2.2.

Adaptive Itakura Distance

0.1

The computation of the AR parameters requires inversion of

0.05

the autocorrelation matrices and the Itakura distance measure also
involves the autoconelation matrix. The computational complexity
and the operational delay in computing the distance measure could

hinder the speed at which injury could be detected. A timely
detection of brain injury is a crucial factor in preventing permanent
damage to the brain.

The above disadvantages can be overcome by using adaptive
algorithms to estimate the optimal AR model parameters and the
minimum MSE [7]. To take advantage of its fast convergence
speed, Recursive Least Square (RLS) algorithm, instead of the
Least Mean Square (LMS) algorithm, is used to obtain an estimate
of the optimal AR model parameters &. and p. The minimum
MSEs {. and fp are approximated by the running averages of the
instantaneous residual errors produced by the AR filters e and B
respectively. With the adaptively estimated quantities above, the
Itakura distance can be calculated as in (3). Figure I shows a block
diagram of the adaptive implementation of the Itakura distance.
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CONCLUSIONS

By treating the EEG signal as an AR process, Itakura distance
was found to be a very effective indicator of changes in the EEG. It
is important in many applications to be able to detect the changes
in EEG, especially injury-related changes, in real time. A realtime implementation of the Itakura distance via the adaptive RLS
algorithm was developed and evaluated in this paper. Data analysis
results show that the performance of the adaptive Itakura distance is
comparable to that of the non-adaptive approach in discriminating
injury-related events. Rigorous theoretical analysis is needed to
guaiantee the convergence and performance of the adaptive Itakura
distance measure.
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DATA ANALYSIS RESULTS

segments from the same piglet during the subsequentexperimental
conditions are used as the test signal. The piglet was exposed to
the following events: 30 minute hypoxia, five minute room air,
seven minute asphyxia, and four hour room air recovery. The
Itakura distances between reference EEG and various segments of
test EEG are obtained via both autocorrelation approach (3) and
adaptive method.
Figure 2 plots the two sets of the distance. The adaptive Itakura
distance obtained via RLS algorithm agrees with the non-adaptive
Itakura distance very well. Both versions of the Itakura distance
are very sensitive to the injury-related changes in EEG. The Itakura
distance between EEGs at asphyxia stage and normal stage rises
significantly, indicating a severe insult to the brain had occurred.
As recovery progresses, the Itakura distance between current EEG
and normal EEG gradually approaches zero. This agrees with the
follow-up observations that the animal recovered from the injury.

2

Figure 2: Itakura distancebetween normal EEG and EEG segments
during various stages of the experiment. Adaptive Itakura distance
(dotted line) obtained via RLS algorithm is almost identical to the
traditional Itakura distance obtained via autocorrelation method.

tl]

In the following data analysis, EEG from a sleeping uninjured
piglet (1-2 weeks old) serves as the reference signal r[fr]. EEG
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