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ABSTRACT: This paper addresses the problem of automatic classification of sleep macrostmcture, as given by
the hypnogram. The proposed approach is based on the
modeling of sleep dynamics in terms of stochastic contextfree grammars, automatically inferred from the existing
hypnogram data. These grammars are then applied in the
discrimination between a control group and six pathological populations. A global performance of 84Vo of correct
classifications is achieved.

INTRODUCTION
Sleep macrostructure is composed of patterns in
physiological variables. These patterns are usually classified into sleep stages, according to the
Rechtschaffen and Kales (R&K) criteria tl] The
hypnogram is the graphical representation of the evolution of sleep stages along the night. The existence
of a typical organization of sleep stages is well known.
Some authors have characterized it in terms of statistics of transitions between stages, latencies and durations. Markovian models have been applied to describe the transition mechanisms [2]. Concerning the
assessment of sleep quality, tests are usually based on
sleep efficiency parameters (global statistics) derived
from the hypnogram.
Our perspective is to view the hypnogram as expression of a language, modeled and analysed in terms
of stochastic grammars. We have shown, in previous work [3, 4], the adequacy of syntactic modeling
in automatic sleep analysis. Reference [3] concerns
the application of this approach to the comparison of
a population of normals with a population of psychiatric (dysthymic) patients. From the structural point
of view, grammars proved to be a natural way of rep
resentation, being able to describe the tendencies of
sleep cyclicity and having higher discriminating capacity than statistical tests based on sleep efficiency parameters. This methodology has been further refined
by the introduction of a priori information in the pro'
cess of grammar inference [5] and by modeling stage
duration in terms of attributed grammars [4]. This ad-

ditional information has been useful in the classification of borderline situations, leading to reduced error
probability. In this paper stochastic grammars are applied in the discrimination between seven populations:
normal; dysthymia; sleep apnea; generalized anxiety;
fibromyalgia; panic disorder; Parkinson disease.

METHOD
Figure

1 describes schematically the methodology

used.

Hypnogram data are translated into string descrip-

tion by selecting as symbols of the language the set
{W, 1,2,3,4, R}, in correspondence with the sleep
stages: wakefulness, stage I,2,3, and 4 non-REM, and
stage REM - Rapid Eyes Movements. Seven populations were used: normals (39 samples), dysthymic (22
samples), apnea (53 samples), anxiety (21), fibromyalgia (29), panic (12) and parkinson (20 samples).
For each population, a stochastic context-free grammar was inferred using Crespi-Reghizzi's method [6].
The estimation of rules probabilities was based on the
method of stochastic presentation. Arbitrary samples
r were then classified using Bayes decision rule:
Decide r€ Population;if

with
Pr(G

;l') =

P

Pr(G;lt) > Pr(G1lr), i *i
r(xl9;) P'r(G i)

Pr(r)

Pr(xlGt) is the probability of r according to
the rules in the grammar representing population i,
and Pr(G;) is the a priori probability of population i'
where

RESULTS
Table 1 shows the results of classifications obtained.
The value in row f , column j represent the percentage
of elements of population i classified as 7. The last
column gives the total error rate for the population of
the corresponding row.
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CONCLUSIONS
A fully automatic approach for the modeling and
classification of sleep macrostructure, as given by the
hypnogram, was described and applied in the clas-

Hlpnograns

sification of six pathological populations and a control group. According to the proposed methodology,
sleep dynamics were modeled by stochastic contextfree grammars, inferred from the hypnogram data by

an automatic procedure. No

a priori

information

was introduced. Using a Bayesian decision criterion,
hypnograms from the several populations were classified by determining the probability of being generated
by each of the candidate grammars representing the
several groups. The inferred grammars showed clear
differences between the populations under study, being able to discriminate between them.
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Table 1: Classification results (in percentage).
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