Robert Gilmore 
Topology of Chaos
(Drexel University, Philadelphia, USA)

Poincaré pointed out the proper direction more than a century ago : follow the periodic orbits. This advice provides a key to our understanding of three-dimensional chaotic dynamical systems. Periodic orbits provide the proper instrument for both the classification and the analysis of chaotic behaviour in three dimensions. The classification has four levels of structure :

· 1. Periodic orbits are identified in chaotic data and their topological organization is determined by computing their Gauss linking numbers.

· 2. A branched manifold is proposed that holds all the periodic orbits and accounts for their topological organization. The proposal is tested by computing linking numbers of additional orbits.

· 3. The boundary of the open set that contains the branched manifold is identified. It is a torus. This bounding torus provides the algorithm for locating the components of the Poincaré section and also constrains the ’perestroikas’ that can take place as operating conditions change.

· 4. The bounding torus can be embedded in the phase space in a number of different ways. The embeddings are differentiated by the topological organization of the longitudes and meridians of the embedded bounding torus.

A representation theory has been developed to distinguish what part of the information resulting from an analysis of the data depends on the embedding and what part is independent of the embedding.
Adriana Portmann
Interpretation of Sleep Recordings
(CHU de Rouen, France & Hôpital Tenon, Paris)
As M A. Carskadon & W.C Dement [1] said, according to a simple behavioural definition, sleep is a reversible behavioural state of perceptual disengagement from and unresponsiveness to the environment. It is also true that sleep is a complex amalgam of physiological and behavioural processes.

In laboratory settings, polysomnography may be used to monitore and evaluate sleep. The ElectoEncephaloGraphic (EEG) activity is the core of the multivariate measurements. But to interpret de polysomnography, it is required to have a know-how with recordings and analysis of EEG, Electro-OculoGraphy (EOG), ElectroMyoGraphy (EMG) of several types, ElectroCardioGraphy (ECG), respiration of several types as well as other physiological variables.

The interrelationship between these variables must be understood at each point in time, across the night and in the summary data. In interpreting the polysomnography, it is important to evaluate not only whether data deviates from published statistical norms but also whether it is clinically significant.

With the advent of laboratory computers with real time software for signal processing, researchers and engineers started to explore ways to automate sleep stage scoring. Nevertheless the last review suggested that computer scoring and quantitative analysis of sleep is still in the formative stage of development.

It appears that computer-based analysis could provide more knowledge about sleep physiology by using techniques that could do better than human scorers, if they would do that regarding the professionally endorsed and uniform standards.

Anna Krakovska
Discrimination ability of individual measures used in sleep stages classification
(Institute for Measurement Science, Bratislava, Slovakia)
The complex system of the brain can be studied from single neurons to large neuronal networks. Although a convincing demonstration of chaos has only been obtained at the level of neurons acting as coupled oscillators, some scientists still believe that there could be considerable benefits for the brain generally to operate in chaotic regimes. They hypothesize that brain self-organizes to (possibly chaotic) activity patterns that serve as the rich range of essential ground states of behaviour. Even today, after more than two decades, the discussion of this topic may be far from finished.

While in some specific cases, e.g., epileptic seizure, brain does appear to exhibit low complexity, in general it is continually interacting with many other complex systems and EEG seems to be a mixture of noise, certain cyclic processes and possibly some random fractal signals. Each part of such a composition itself has been frequently reported to fool the algorithms used to detect chaotic dynamics. Therefore, in the case of brain activity, the so called chaotic measures should be interpreted with extreme caution.

On the other hand, regardless of the presence of chaos in brain activity, it becomes more and more obvious that the neuroscience should benefit from methods developed for the analysis of nonlinear and chaotic behaviour. There is a range of new EEG measures successful in monitoring of sleep, anaesthesias and seizures and in distinguishing between normal and pathological or otherwise differing states. In our department we have tested a lot of traditional and novel measures on the same data set to produce a quite systematic comparison, missing in the literature, of how different measures allow classifying the EEG. Two types of data were analyzed - EEGs recorded during experiments with audio-visual stimulation and all-night sleep recordings. 73 measures, including relevant simple measures in time domain, characteristics of distribution, linear spectral measures, and measures of complexity and interdependency were estimated. We confirmed the remarkable efficiency of some novel measures. For instance, fractal exponent and the closely related fractal dimension were overcoming the most of traditional spectral measures in discrimination between the individual states of sleep. Presumably some of the new measures capture the fundamental properties of the underlying system. However, these properties probably relate rather to the presence of fractal like structures, associated with stochastic scale-invariant processes, than to the role of chaotic nonlinear dynamics.
Christophe Letellier 
Symbolic Dynamics, Recurrence Plots & Shannon entropies
(CORIA - Université de Rouen, France)

Biomedical dynamics as those underlying the cardio-respiratory system are fluctuating more or less regularly. They are aperiodic, bounded and possibly sensitive to initial conditions. But very little can be said concerning the existence of an underlying determinism. Although there is no serious proof for chaos in the cardio-respiratory system, the latter can be investigated using tools borrowed from the nonlinear dynamical systems theory. Among others, symbolic dynamics, recurrence plots and Shannon entropies will be introduced. In each case, some applications to biomedical data will be provided (mainly in ECG and non-invasive mechanical ventilation).

Ubiratan Freitas 
Numerical Titration, Nonlinearity Detection, Data Pre-processing and Global Modelling
(CORIA - Université de Rouen)

Identifying chaos from experimental data, that is, from data contaminated by noise, remains a very challenging problem for which conclusive arguments are still very difficult to provide. In order to avoid problems usually encountered with techniques based on geometrical invariants (dimensions, Lyapunov exponent, etc.), Poon and Barahona introduced a numerical titration procedure based on the comparison of one-step-ahead predictions of linear and nonlinear models. We show that, in several examples, such procedure fails to distinguish such non-chaotic signals from low-dimensional deterministic chaos and, therefore, is unable to reliably detect determinism from time series.

Nevertheless, Barahona and Poon’s technique can be used to detect nonlinearity in time series. The detectability of such nonlinearity is a necessity for the success of a global modelling procedure for chaotic dynamics, that is, it can serve as a pre-test to screen possible systems before applying more complex global modelling techniques. For this latter technique, data pre-processing may be required. It will be shown that such pre-processing does not affect the deterministic component underlying the data set.

Christian Straus 
Physiological Mechanisms of Control of Breathing
(Hôpital Pitié-Salpêtrière and Université Pierre et Marie Curie, Paris, France)

Lung ventilation depends on the phasic contraction of the respiratory muscles. Like the heart, these muscles contract cyclically and automatically all life long, even during sleep. In contrast to the heart however, their command is not intrinsic but extrinsic, located in the central nervous system. The respiratory muscles deform the thoracic cage that in turn changes the pleural pressure and mobilizes the lung gas. Expiration results from an increase in the alveolar pressure, above the atmospheric pressure. Inspiration, on the other hand, depends on a negative pressure swing in the thorax and in the alveoli. This fall of pressure could lead the soft pharyngeal walls to collapse if the dilator muscles of the upper airway would not contract. To prevent the collapse, the muscles of the upper airway are activated some hundreds milliseconds before the thoracic inspiratory muscles. All the ventilatory process depends therefore on a finely coordinated command that originates in neuronal networks located in the brainstem. The ventilatory rhythm itself emerges from the coupling of two groups of medullary neurons. Both of them contains pace maker neurons that are probably essential to their function. One group governs inspiration – the pre-Bötzinger complex – end the other expiration – the para-facial respiratory group. Among many other neuromediators, excitatory amino-acid are critical for the ventilatory rhythm, mainly through their non-NMDA receptor, while inhibitory amino-acids like, for example glycine, are essential to the fine coordination between the various respiratory muscles. Many afferent systems project onto the ventilatory command to adapt its output to the needs of the body. The most important is likely the chemosensitivity. Ventilation augments with arterial partial pressure of carbon dioxide and with the decrease in arterial partial pressure of oxygen. Multiple other afferences intervene also like, for example, inputs form the muscles and joints of the limbs. The cerebral cortex plays an important role. It stimulates ventilation during wake and is also responsible for voluntary control of breathing and load compensation.

The ventilatory flow can easily be recorded and analyzed. Although it looks periodic, at first glance, its trajectory is in fact nonlinear and complex, as assessed by noise titration. Furthermore, the Lyapunov spectrum and the correlation dimension are compatible with a chaotic behavior. Evidences from various physiological studies point to the automatic medullary command of breathing as the source of the nonlinear dynamics of ventilation. These results suggest that analysis of the nonlinear dynamics of ventilation may become an interesting physiological tool and maybe also a diagnostic one in the field of the various respiratory diseases affecting the control of breathing.

Antoine Cuvelier
Noninvasive Mechanical Ventilation
(CHU de Rouen) 


Otto Rössler 
Benevolent Machine-Assisted Respiration - Some Reflections on the Humane Use of Chaos Theory
(University of Tübingen, Germany)

Gilles Deleuze reportedly jumped out of the window because the artificial respirator became unbearable to him. Machines that sense and act forcefully can be a bad dream. This field of medicine is at the cutting edge of a new development if humankind is allowed to continue a bit longer. The Rouen chaos school has established a pioneering cooperation with techno-medicine. So physics came back under the influence of the Hippocratic oath - which is a highlight in itself. Chaos theory is simple despite being 3-dimensional. Three-dimensional thinking - in pictures of returning trajectories as in the phase diagrams of the respirator-plus-patient dynamics - is unusual in science but well-known in surgery, for example. There are incredible tricks there (like the Z-plastic which allows you to widen a natural tube by a little N- or Z-shaped incision on the inside). So it is possible to completely understand what is happening in the interaction between the breathing person and the machine - in Poincaré diagrams that are now already clinical (and home) routine. But the three-dimensional spatial intuition gained reveals also how the person lying underneath the machine feels. The color of the trajectories could transport this information - perhaps. It is very important to distinguish between perspectives here. The famous "punctuation problem" of Gregory Bateson’s, in a verbal conflict, shows how a change of perspective completely changes everything. Three-D thinking combined with perspective attribution could become a new field in science - with a Lévinasian touch. For J.O.R.
Alain Rakotomamonjy
(LITIS, Université de Rouen)

Claudio Rabec 
Breathing during sleep : to sleep but also to breath, that’s the question
(Centre Hospitalier et Universitaire de Dijon, France)

Sleep entails a profound alteration in human physiology. And as many other physiological functions, ventilation is profoundly modified by sleep. The body position, the control of breathing the airflow resistance, the ventilatory response to loading and the synchronization of the respiratory pump muscles between them but also in relation to upper airway muscles are all different in sleep compared to wakefulness. In fact the respiratory system is challenged by sleep. Moreover, during sleep the loss of wakefulness stimulus is associated with a decreased ventilatory muscle tonic activity.

When the respiratory system is in a disease state, sleep may represent an additional challenge that may exceed the response capabilities of the system and lead to failure. This is all the more so if respiratory failure is already present during wakefulness. It have been well demonstrated that sleep related hypoventilation is the first sign of ventilatory failure preceding daytime chronic respiratory failure. Moreover, quality of sleep could be profoundly altered in respiratory failure patients

Non invasive ventilation is usually applied during the most challenging period : sleep. This seems logical: the goal is to improve ventilatory function in the more fragile period. But, when NIV is started, the ventilatory parameters are determined empirically based on clinical evaluation of underlying disease, patient tolerance when awake, and diurnal blood gas variations. Modulating NIV settings during the day, underestimating these physiological differences may lead to suboptimal patient-ventilator interaction that may reduces NIV efficacy but also alter quality of sleep. Moreover, NIV uses a non-hermetic technique, which poses the possible risk of leak. Consequently, NIV effectiveness needs to be assessed by sleep studies. The gold standard to this assessment is performing a polysomnography to evaluate at the same time both efficacy of ventilation and quality of sleep. Interpretation of this type of study requires some know how to score sleep but also to understand patient ventilator interaction.

Andreas Voss 
Analysis of cardiovascular oscillations with methods from nonlinear dynamics for an enhanced diagnosis of heart and neurological diseases and for risk stratification
(University of Applied Science, Jena, Germany)

Methods from nonlinear dynamics (NLD) have shown new insights into cardiovascular variability (as e.g. heart rate and blood pressure variability) changes under various physiological and pathological conditions, providing additional prognostic information and complementing traditional time- and frequency domain analyses. Chronic heart failure (CHF) is a major and growing public health concern affecting about 23 million people worldwide, more than 1 Million die every year due to CHF. Many of victims could probably survive if this disease would be diagnosed at an early stage and the individual risk would be known starting with an effective therapy in time. In this lecture, some of the most prominent indices of nonlinear and fractal dynamics are shortly introduced and their algorithmic implementations and applications in clinical trials as diagnosing heart diseases, risk stratification in CHF patients, classification of autonomic nervous system dysfunctions caused by neurological diseases, genetic influences and more are discussed. Several of those nonlinear indices have been proven to be of diagnostic relevance or have contributed to risk stratification. In particular, techniques based on mono- and multifractal analyses and symbolic dynamics have been successfully applied to clinical studies. Analyzing cardiovascular variability further advances are expected through multidimensional and multivariate assessments including interaction analyzes.

Elbert Macau
Combined use of methods of nonlinear dynamics and neural networks  in the evaluation of heart rate variability in different clinical situations
(Instituto Nacional de Pesquisas Espaciais, Brazil
Cardiovascular diseases are the major cause of death in our country. Currently, a main ally to the realization of the pathophysiology studies of biological systems in the field of heart diseases is the technique known as the heart rate variability (HRV). However, the HRV has a complex behavior, making it difficult to identify patterns of specific diseases. Thus, in this work, recurrence plots of data HRV, based on measures of complexity, and the values of the indicators under review for quantification of recurrence (RQA) are being used. The classification of data in groups of diseases is performed with the use of artificial neural networks of type of multi-layered perceptron (MLP). And to compare the quality of classification of groups of patients, using the Self-Organiz´aveis Maps (SOM). Present here a discussion about the forms and structures (topology) of neural networks required to classify these data.

Luis A. Aguirre 
Global Modelling : The Quantification of Behaviour
(Universidade Federal de Minas Gerais, Belo Horizonte, Brazil)

Probably the most common way of understanding a problem is by observing data - that may come in the form of pictures, images, plots, tables, list of numbers and so on - and trying to make sense out of them. This "making sense out of data" is mainly an effort to establish some sort of structure within the data or, in other words, to develop some type of model for the data. Of course, the structure searched for and the resulting models strongly depend on the nature of the data. In this talk we will focus on data that is available as a recording of a variable through time, taken at specific instants of time, that is, a time series. The type of models considered will be mathematical global models.

In addressing the problem of global modelling, only the major picture will be aimed at. It will be pointed out that a proper choice of variables and the importance of properly representing such data in the embedding space are important problems that should be addressed before "building a model". As stated by George E. P. Box : "All models are wrong but some are useful". And someone might still enquire : useful for what ? That fair question could find a partial answer in the words of the late Samuel Karlin : "The purpose of models is not to fit the data but to sharpen the questions". Hopefully, wrong but useful models will help ask the right questions - and hopefully answer some - in the exciting field of biomedicine.

Jean-Marc Malasoma & Marie-Aurélie Boiron
A complete library of 3D quadratic flows for global modelling with a structure selection
(DGCB URA CNRS 1652, ENTPE, Lyon, France)
In many fields of science, experimental data produced by nonlinear dynamical systems exhibiting chaotic behaviour have most often the form of a single scalar variable time series sampled at regular intervals. Such scalar time series, are therefore the only way to get information about the chaotic system under study. A challenge is to obtain simplest phenomenological models that are able to reproduce observed dynamics. In particular, by using derivative coordinates, we want to obtain a set of coupled equations containing the minimal number of nonlinearities necessary to describe the underlying dynamics. Recently, reconstructed 3D models from experimental chaotic data have been obtained by using derivative coordinates. For example, Brown and co-workers used time series generated by the Belousov-Zhabotinskii reaction and Letellier and co-workers analysed chaotic time series from the copper electrodissolution.

The aim of this method is to reconstruct a vector field, from a scalar observable and its sequential derivatives, in a special form, introduced independently in 1991 by Mindlin et al. and by Gouesbet and is called canonic by Mindlin and standard by Gouesbet. Under this canonical form, all the nonlinearities are reported in the last equation. Therefore the entire information about the underlying dynamic of the studied system is concentrated in only a single scalar function F, to evaluate. The main goal is to obtain a good enough approximation of the canonical function F. Generally this approximation is obtained by using an expansion on a basis of multivariate polynomials or multivariate rational functions. The difficulty lies in the fact that the optimal truncation remains unknown. Several tries must be made to fix the best structure for every time series and the resulting model often exhibits a lot of terms. Moreover, with rational forms, the existence of poles in the models, although of Lebesgue mesure equal to 0, leads to numerical instability during the numerical integration of the canonical ordinary differential system. That is why the terms of the scalar function F must be selected by a different way.

An effective structure-selection technique was proposed by C. Lainscsek with the idea of library of quadratic flows for the 3D systems modelling. In these conditions, the reconstruction procedure is then to determine the best predefined model included in a library connected to the scalar series. The goal of this paper consists of the construction of a complete library of quadratic differential systems, used for the global modelling of nonlinear systems from scalar time series. This library groups together all the 3D quadratic differential systems with chaotic behaviour, equivalent to systems under rational standard form.

C. LAINSCSEK1, P. F. ROWAT2, L. SCHETTINO4, D. D. SONG3, H. POIZNER2
Nonlinear DDE models of repetitive hand movements in Parkinson's disease


1 Inst. Neural Computation 0445, Univ. California San Diego, La Jolla, CA
2 Inst. Neural Computation 0523, Univ. California San Diego, La Jolla, CA

3 Neurosciences 9127, Univ. California San Diego, La Jolla, CA
4 Psychology, Trinity Univ., San Antonio, TX

The temporal structure of hand movements in Parkinson's disease (PD) is known to be impaired, but the nature of these temporal distortions remains unexplored. Likewise it is unknown how dopamine replacement therapy reverses these temporal abnormalities. We used non-linear DDEs (delay differential equations) to examine the nature of the spatiotemporal distortions in repetitive finger tapping movements. Here, we use genetic algorithms to find good DDE models. 6 mild to moderate PD patients were studied on and off dopamine replacement therapy and compared to 7 age-matched controls. A DDE relates the velocity at each moment to its corresponding data point and to time-delayed data points. Thus a DDE can be used to capture feedback effects and frequency couplings. The question is, what DDE to use (number of terms, structure of the equation, order of non-linearity, number and length of time delays)? We only searched polynomial DDEs since other functions such as sine and cosine can, by Taylor expansions, be approximated by polynomials. The best polynomial DDE is then found using a Genetic Algorithm. This efficiently searches a large, complex, space of polynomial DDEs for global minima of an error function that is defined by the data sets of PD patients and controls. The best DDE found has four terms, cubic non-linearities, and three delays. For each data set the coefficients and time-delays of this DDE are optimized to fit the DDE to the data. We find:   

· The DDE coefficients very nearly completely differentiate PD 
patients and controls.

· The DDE coefficients of PD patients, when given their dopamine
replacement therapy, move closer to those of controls.  

· There is a strong correlation between the coefficients of the nonlinear DDE terms and the UPDRS (United Parkinson's Disease Rating Scale) score.

· There are clear differences in the sets of time delays required to fit PD patients and controls, indicating that PD patients and controls differ in their frequency couplings.

This analysis may provide a more objective and precise measure of the spatio-temporal disruption of rhythmic movements in PD, and the reversal of these deficits by pharmacological (or surgical) therapies. 

L. Peyrodie(1), S. Boudet(2), M.  Zouache(2), O. Agnani (3), P. Gallois(4)

Non linear analysis of posturology data: preliminary study 
 (1) : HEI , Hautes Etudes d’ingénieur (Lille)

(2) : FLM : Faculté Libre de Médecine (Lille)

(3) : Service de médecine physique et de réadaptation fonctionnelle, hôpital Saint Philibert, GHICL : Groupement Hospitalier de l’université Catholique de Lille

(4) : Service des explorations fonctionnelles, GHICL
Multiple Sclerosis (MS) cannot be defined easily, undoubtedly due to the variety of its forms. Though this disease remains one of the most common neurological diseases among young adults.  It appears with a progressive destruction of the protective sheath of the nervous fibres, known as myelin, which enables the transmission of information from the brain to the other areas of the body. MS could lead to motility disorders: driving handicaps may gradually appear, compelling the patient to use a cane, or even an armchair.  

In the long term, this study is bound to reveal whether a “postural signature” of MS patients - compared to a pilot population - exists. A non-linear analysis may disclose whether a “heralding signal” of change in balance strategy remains among these patients, thus enabling physicians to anticipate the application of therapeutic protocols before the appearance of clinical signs. 

Consultations of posturology at the Saint-Philibert Hospital (Lille, France) are managed thanks to a force plate manufactured by SATEL. These scales measure the position of the centre of pressure of a patient standing on the platform - first with his eyes open, then with them shut - in a plane defined by the two directions X and Y, where X stands for the mediolateral direction, and Y the anteroposterior one. Through these tests, the evolution of the disease, the faculty to hold upright and to hold balance can be followed.

This is a preliminary study dealing with the prediction of the EDSS (for Expanded Disability Status Scale – scale usually used to quantify the handicap among MS patient, it takes into account the functional parameters and the ambulatory capacities of the patient -) score thanks to the data collected during the posturometry test. This analysis shows that the non-linear approach – as opposed to more traditional ones – turns out to be far more effective to classify patients according to the degree of the disease.

A database from healthy as well as SEP suffering patients (116 cases in all) has been built, the last ones having been sorted according to their EDSS scores. Various analysis programs – linear ones like correlation coefficient determination, spectra by apotenisation calculation, as well as nonlinear ones, like RQA and H2 coefficient determination - have been implemented to bring out parameters allowing the discrimination of patients according to the stage of the disease. Only opened eyes data have been considered at this time. First deduction of this review: the standardized spectral analysis reveals itself inadequate to sort the population of patients. On the opposite, the EDSS score of each patient could be estimated owing to the RQA posturologic analysis of the signal, but only under certain conditions. 

The link between the collected data and the EDSS score is well established. As a result, the study should also be leaded with closed eyes data, for the conclusion to be significant. The somesthetic disorders inquired within the framework of these programs are indeed characterized by an increase of the instability of the patient when eyes shut. The first results obtained for patients examined with opened eyes are however very encouraging.

