In addition to the new models of mapping information flow was the identification of new mathematical models and representation systems that would give insight to complex phenomena. . New graphical methods of mathematical analysis were being developed which would bring insight into biology. 

The following images represent the nature of this “new math” 
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The development of fractal (fractional dimension ..or non integer dimension) geometry which was used in several ways to help develop an understanding of complex systems and their states. Of particular interest was the work of Price, Sale and Warner  which begin to explore the use of the deterministic iterative model of mathematical analysis to gain insight on what happens when you alter the various parameters of the base expression to be iterated. What was discovered was that one could see complex yet identifiable changes in the rendered geometry which demonstrated the basic premise of fractal geometry that initial conditions of seed values and the basic algorithm  [image: image2.jpg]
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Early work by David J. Warner, Steven H. Price, S. Jeffrey Sale, in the above images,

 showed that the basic fractals which were common in the popular media and scientific literature were useful tools for gaining insight as to the nature of iterative systems. The images above show that a simple change on the basic algorithm can led to very ordered systems which are predicted by the change in the base formula. Ie z^2+c gives the basic fractal but a progression to z^n +c ..where n is 0-4 shows that the number of symmetries varies as n-1 but the individual patterns are fairly constant (that is they look to be of the same class)
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The above images demonstrate the nature of iterative, deterministic functions they also show that a “difference “ can be characterized both visually and quantitatively.

The basic concept which was utilized from this observation/exploration was that for a given initial condition a unique result would occur and that this  method could be used to begin to quantitatively characterize the specific complex dynamics which were intrinsic in the physiological data. This new tool was then applied to physiology to begin to explore the utility of using this description to gain a higher level of insight to the complex state dynamics of the physiological systems. This was important for the development of a robust physiological system which states of information can be inferred form the  unique dynamics which could be measured by various instruments. To begin to move forward in the development of a theoretical model of physioinformatics  it was necessary to demonstrate that the assumption about being able to uniquely characterize a measured physiological state space dynamic and to link it to a specific information condition of a physiological system..  To establish a relationship  between the geometric, the quantitative and the physiologic the following experiment was done

The following discussions show an early exploration into these methods

These new mathematical insights were applied to the EEG which is a very complex system.

CHACTROPIC DYNAMICAL ANALYSTS OF THE EEC

 The mechanisms generating normal and abnormal rhythms in the brain are poorly understood but are usually attributed to a combination of sinusoidal oscillations and stochastic noise. Quantitative analysis of the EEC has emphasized application of the FET and statistical analysis of the resulting power spectra. It is now possible to perform chaotropic dynamical analysis of the EEC.  Phase portraits are obtained by imbedding the EEG time series in a multidimensional space using various time lags. Phase portraits  can be  rendered graphically  in  2  and  4 dimensions.  Lyapanov exponents, fractal dimensions and Poincare sections can also be obtained.  Inspection of phase portraits during 3/sec spike and wave suggests the presence of a low dimensional state space.  EEC during normal eyes open condition suggests the presence of a high dimensional state space.  In deterministic systems, low dimensional state spaces have low information content and limited response capability.   High dimensional  state  spaces  have  rich  response  repertoire. chaotropic dynamical analysis of the EEC provides a powerful theoretical structure within which to interpret normal and abnormal findings. chaotropic dynamical analysis is an important new approach to quantitative investigation of electro physiologic measures such as EEC and MEG.
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The Compressed Dimensional Array: a new 
topographic technique for EEC analysis

 The mechanisms generating the EEC are poorly understood but are thought to involve non-linear deterministic dynamics.  The complexity parameter is an important mea sure of dimensionality but displays usually do not permit of this parameter comparisons between many     EEC channels over time.  The complexity parameter is obtained by embedding the time series in progressively higher dimensions until a scaling property emerges. This dimension is then selected for the Compressed Dimensional Array (CDA) -  The complexity parameter is then calculated for two second epochs and arrayed in a single display on an graphics workstation so as to appear as a topographic contour in which elevation represents the complexity parameter permits a Real-Lime interaction with this array convenient Areas  method of dimensional analysis.       of low dimensionality appear as easily The CDA provides a new  recognized valleys. method of visualizing dimensionality of the EEC and reveals subtle features of clinical and scientific interest.
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The use of new graphical techniques which enabled the researcher to gain a greater degree of insight into the phenomena was applied to the problem of extending the perceptual dimensionality of research data. Initially  EEG data was used to test the utility of  this exploratory mode, it wasn’t long however that other data sets were evaluated with these methods. 

The following series of images shows the progression from the standard methods of analysis to a visually rich technique. (it will be asserted that this is consistent with the reference architecture being developed in this thesis.) The fundamental idea here is to use the humans natural ability to perceive differences in space, color, and structure to help elucidate the various features embedded in the data. 

Traditional  EEG data is of this nature
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From the images below  it can be seen that this “spatial temporal” iso surface technique enables the detection of structural components in data that was normally seen as not having any intrinsic structure.
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The technique developed for exploring d characterizing the electro physiological data can be shown to be of value for displaying the data in a way in which the various different modes of EEG seen clinically can be easily classified . The images below illustrate that point in that they show the various conditions seen clinically, evoked potentials, anesthesia states, eyes open relaxed normal. All in a very “perceptible” form.[image: image17.jpg]



As mentioned above the technique which was initially applied to the EEG was extended to the ECG. It is interesting to note that the nature of these methods is that they cause a new mode of thinking and a series of questions about the former formal methods. (like electrode placement for best results)
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It was necessary to establish the fact that the method being used was in fact providing meaningful and reproducible results

Having established the relationship between the dynamics of a physiological system and a quantitative and graphical representation system the next efforts were to gain an understanding of more specific (experimentally controlled ) dynamic physiologically mediated information The purpose of this level of effort is several fold. To establish a relationship between the physio-dynamics as measured by various instrumentation and meaningful which can be utilized in both a research/exploratory setting and also for a finer grain on clinical assessment. In the efforts to develop a series of meaningful representations if became necessary to develop a new method of representation which was able to convey complex dynamic transitions which varied in both space and time

 Having established the dynamical analysis methods of measuring direct bioelectric signals the research efforts were then turned to implementing the array of new interface devices which were being developed for virtual reality.

 THE VPL DATA GLOVE As AN INSTRUMENT FOR QUANTITATIVE MOTION

ANALYSIS

Movement  related  potentials  (Mrps)  are  useful  in  the investigation of motor physiology. Measurement of MRPs requires accurate determination of movement onset.  New techniques have been developed for precise quantitative measurement of complex movements of individual fingers and the hand.  Joint position, angulations,  movement onset,  acceleration,  and velocity are obtained through the use of the VPL Data Glove.  The closely fitting light-weight lycra glove does not restrict movement, change biomechanics or alter moments.  Fiber optic sensors on the dorsum of the hand and each digit dynamically measure angulations (with 1 degree resolution) of p joints, the p Ip joint of the thumb and the PIP joints of the four fingers.  The position of the hand in three dimensions is measured using a polhemus tracking system with 3.3 mm accuracy for x, y, and z coordinates and 0.85 degree accuracy for pitch, yaw, and roll.  Data from each of the sensors  is sampled at 60 cps,  and rendered graphically in real time or stored in a file.  Movement onset, acceleration, velocity, and amplitude can be displayed.  complex relationships between joints can be studied during arbitrary motor tasks.  Data from healthy individuals during a range of motor  tasks  will  be  demonstrated.    Precise  quantitative measurement of hand and finger movement will be an important contribution to neurophysiologic studies of Motor disorders.
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THE VPL DATA GIDVE As A TOOL FOR   Rehabilitation AND Communication

Rehabilitation of hand function following a stroke may be enhanced through the use of biofeedback.   The VPL Data Glove provides a rich biofeedback environment permitting the patient to interact with an anatomically accurate computer graphics representation of the hand. The glove is made of comfortable light-weight lycra and is easily pulled onto the hand.  fiber optic sensors on the dorsum of the glove precisely measure hand and finger position.   The glove is not restrictive and does not interfere with movement.   Data from each of the sensors is rendered ;graphically in real time on a Macintosh computer screen, giving the patient '$usual feedback.  The data can also be saved for quantitative assessment of improvement. This allows the patient to set goals and measure progress. Tasks can be customized for each patient's disability and changed to enhance patient interest and effort.   The glove has gesture-to-speech capabilities, permitting patients with hearing or speech impairment to communicate through computer generated phonemic speech. The glove may also be used as a computer interface permitting disabled individuals to control a wide range of external devices. Use of the glove in occupational therapy and gesture-to-speech will be demonstrated.
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 THE DATA GLOVE For PRECISE QUANTITATIVE MEASUREMENT OP UPPER MOTOR NEURON (UMN) FUNCTION IN ANYOTROPHIC LATERAL SCLEROSIS
 

The response to treatment or determination of progression in diseases such as ALS.  The Medical Research Council (KEtO) rating scale measures only strength, is insensitive to early changes and is ordinal.  The Appel scale and Tufts Quantitative Neurologic Evaluation (TQNE) scale measure isometric strength, but inadequately assess UMN function.  UMN function is best assessed by measurement of dexterity. 

The VPL Data Glove can precisely measure joint position, angulation, acceleration and velocity, permitting quantitation of motion of the digits, hand, wrist, elbow, and shoulder.  The light-weight closely fitting lycra Data Glove does not restrict movement or change biomechanics.  Fiber optic sensors dynamically measure angulation (with 1 degree resolution) of the hand and finger joints.  with high precision and in three dimensions, the position of the hand is measured 60 times per second and can be rendered graphically in real time or stored for later analysis.  Movement onset, acceleration, velocity, and amplitude can be displayed.  Data from healthy individuals and ALS patients will be demonstrated.  Precise quantitative measurement of movement will be an important contribution to clinical  trials in ALS.

.QUANTITATIVE ANALYSIS OF TREMOR AND CHOREA USING ThE VPL DATA GLOVE

Analysis is of chorea, myoclonus and tremor is often limited to direct 0bservation or videotape recording. New techniques have been developed for precise quantitative measurement of finger and hand movement using the VPL ata Glove.  The comfortable light-weight lycra glove is easily slipped onto the patient's hand and does not restrict movement,  or change of mechanics.  Fiber optic sensors on the dorsum of the hand and each digit 4 dynamically measure angulations (with 1 degree resolution) of MP joints, the P joint of the thumb and the PIP joints of the four fingers.  The position

I the hand in three dimensions is measured using a Polhemus tracking system with 3.3 mm accuracy for x, y, and z coordinates and Q.85 degree accuracy for pitch  yaw, and roll.   Data from each of the sensors is sampled at 60 cpa, and rendered graphically in real time or stored in a file.   Movement onset, acceleration, velocity,  and amplitude can be measured. Frequency profiles for tremor analysis can be obtained using the fast Fourier transformation.  Complex relationships between joints during  kinetic movements and tremor can be studied.  Data from patients with various types of chorea and tremor will be presented. Precise quantitative measurement of movement will be an important contribution to assessment of tremor and chorea.

