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PERSONAL PHYSIOLOGICAL MONITOR

DESCRIPTION

TECHNICAL FIELD

This invention is related to the subject of the

monitoring and assessment of the specific physiological

conditions reflecting the functions of the autonomic

nervous system (ANS) — heart rate variability, blood

volume pulse, galvanic skin reactions (GSR) and peripheral

skin temperature (TMP).

BACKGROUND ART

It is known that the overall functioning of a living

organism is controlled by the autonomic nervous system.

The ANS has two antagonistic branches — the sympathetic

and parasympathetic nervous systems. Every organ is

activated by one branch and inhibited by the other.

Generally when the organism is in a calm state

(relaxation, sleep, etc.) several organs, including the

heart, lungs and blood vessels, are under the dominance of

parasympathetic control. When the organism is activated by

physical activity, psycho—emotional arousal or stress, the

organs are under dominant control of the sympathetic

nervous system. A healthy organism is capable of adjusting

to any outer influence by means of a quick and adequate

sympathetic response. Once that factor disappears the

parasympathetic activity increases balancing the

organism's overall autonomic regulation.

It is important to have a means of measuring these

specific physiological parameters used for the evaluation

of the level of balance between the branches of autonomic

nervous system and their reactions. With such means,

specific provocative test factors are evaluated as well as

the condition of both branches. Such a tool can help a

human being learn how to cope with stress, thereby

achieving an autonomic balance as well as measuring

certain physiological effects of the autonomic nervous

systems regulations.
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One of the most informative methods for the

evaluation of the status of ANS sympathetic and

parasympathetic branches is heart rate variability

analysis. It is known that the time intervals between each
two consecutive heartbeats vary and are under control of

the autonomic nervous system. When the parasympathetic

system is dominant the heart interbeat intervals (IBI) are

oscillating with higher frequencies (0.15 — 0.4 Hz). When

sympathetic arousal occurs, lower frequency oscillations

take place.

There are two other physiological modalities that

reflect the condition of autonomic regulation: skin

conductance (galvanic skin response: GSR) and peripheral

skin temperature. Skin conductance reflects changes in

sweat gland activity driven by involuntary arousal of the

sympathetic nervous system. These changes are rapid and

varied as a reaction of the organism to outer events and

slower changes reflecting variations of overall tonus of

the sympathetic system. The skin temperature reflects a

degree of vasoconstriction or dilation of the peripheral

blood vessels, which also reflects a long-term process of

the interaction of both branches of autonomic nervous

systems. There is some disagreement regarding the efficacy

of these latter two modalities for evaluating ANS balance,

so they are noted here for reference purposes only.

Another physiological measure — blood volume pulse

reflects the level of peripheral blood vessels

constriction / dilation. Blood volume pulse is affected by

the same autonomic function activity.

There is a standard mathematical procedure for short-

term HRV evaluation, suggested by the Task Force of the

European Society of Cardiology and the North American

Society of Pacing and Electrophysiology (1996). It

provides both time and frequency domain analysis of the

IBI time series. There are three important parameters of

frequency domain analysis of HRV that reflect the levels

of sympathetic and parasympathetic activities and their

balance. The high frequency range (0.15 Hz— 0.4 Hz) of the
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IBI power spectrum (HF) reflects parasympathetic influence
on heart rate. The low frequency range (0.04 Hz -0.15 Hz)

of the IBI power spectrum (LF) has a considerable input of

the both branches of the autonomic nervous system.

To perform the HRV analysis an electrocardiograph

(ECG) signal is usually measured. The IBI are derived from

the ECG as the intervals between consecutive R-peaks. This

method is very accurate and reliable but has a serious

disadvantage — it requires the use of complex ECG

equipment with the inconvenience of multiple site

electrode placement. An alternative is to use a

photoplethysmograph (PPG) measurement, which is a portable

and convenient optical sensor that can be applied in many

places to pick up peripheral blood flow changes (e.g.

fingers, ear lobe, etc.). The PPG emits an infrared (IR)

light on the skin. The emitted light is partially consumed

by the blood flow. The degree of light consumption /

reflection is proportional to the changes in blood flow.

The PPG signal has periodic peaks that represent flow

pulsation in blood vessels. It can be used to derive the

IBI by measuring the time between two PPG peaks. Blood

volume pulse information can be derived as well.

DISCLOSURE OF INVENTION

The personal physiological monitoring method of the

present invention includes several possible hardware

configurations of the physiological monitoring apparatus.

Generally a physiological monitor continuously carries out

any of the following functions depending on the particular

hardware configuration:

1. Acquires raw signals any of the following

physiological modalities: PPG. GSR or temperature;

2. Computes interbeat intervals from the raw PPG

signal;

3. Re-samples interbeat interval sequence with a

linear interpolation procedure;

4. Transmits both raw signals and the interbeat

intervals to a computer through a communication port;
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