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AMBULATORY MONITOR
RELATED APPLICATIONS

This application claims the benefit under 119(¢) of US provisional application
60/121,290, with like title and filed on February 22, 1999, the disclosure of which is
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to ambulatory monitors, especially for tracking the

progress of diseases and the effectiveness of medical treatments.
BACKGROUND OF THE INVENTION

Ambulatory patient monitors, also of types that automatically measure signals, are
known. For example, one such device is described in U.S. Patent 4,354,375, the disclosure of
which is incorporated herein by reference. U.S. Patent 5,293,879 and an article "Ambulatory
Monitoring of Tremor and Other Movements Before and After Thalamotomy: A New
Quantitative Technique”, by EJW van Someren, WA van Gool, BFM Vonk, M Mirmiran, JD
Speelman, DA Bosch and DF Swaab, in Journal of Neurological Sciences, 117 (1993) pp. 16-
23, the disclosures of which are incorporated herein by reference, suggest using an ambulatory
for monitoring Parkinson's disease. In the latter patent, it is suggested that the monitor
automatically administer a pharmaceutical to a patient.

U.S. Patent 5,642,731, the disclosure of which is incorporated herein by reference,
describes a portable device for reminding a patient to take medicine and for querying a patient
(to some extent) regarding side effects. This patent describes a device that is large enough to
hold one or more types of pills. A non-portable device for reminding a patient to take a blood
test is described in U.S. Patent 5,442,728, the disclosure of which is incorporated herein by
reference.

A disadvantage the pill-box device is that it must be carried around, as it is apparently
too large to be worn. Consequently, patient compliance may be compromised, for example if
the patient has no pockets in his apparel or if the patient is embarrassed or inconvenienced by
carrying the pill-box around. If a patient does not carry the pill-box, he will not get any
reminders, answer questions and/or otherwise be monitored.

SUMMARY OF THE INVENTION

An object of some preferred embodiments of the invention is to increase patient

compliance in medicine taking and/or in reporting side effects, disease progress, symptoms

and/or the effect of treatment. In a preferred embodiment of the invention, this increase in
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compliance is achieved by providing the patient with a device that is worn, preferably-a
wristwatch-like device.

An object of some preferred embodiments of the invention is to increase a confidence
level of a patient's subjective reports by providing objective data which can be compared with
the subjective record of the patient.

An object of some preferred embodiments of the invention is to shorten pharmaceutical
clinical trials and/or improve their credibility by enhancing the acquisition of patient data,
especially with regard to side effects and treatment efficacy. In a preferred embodiment of the
invention, data acquisition is enhanced by questioning the patient using focused queries.
Preferably, the queries are structured and/or dependent on previous responses. Additionally or
alternatively, the queries take into account data which is logged by an ambulatory monitor,
either automatically or manually.

One aspect of some preferred embodiments of the invention relates to a patient
querying device which is wom by the patient. In a preferred embodiment of the invention, the
device is worn on a wrist, preferably having an exterior similar to a wrist-watch, possibly
incorporating the functionality of a wristwatch. Alternatively, the device may be worn as a
necklace and/or on a chain or cord around the neck. In a preferred embodiment of the
invention, the device includes a display, which displays various information, including one or
more of a query, a reminder, a time, processed and/or sensed data and/or an indication of a
response by the patient. Alternatively or additionally, the queries, the patient responses and/or
other information display use an auditory channel (for output and/or input).

An aspect of some preferred embodiments of the invention relates to a worn device
which provides reminders to a patient, as well as querying the patient. In a preferred
embodiment of the invention, the reminders include one or more of a reminder to take
medicine, to eat, to drink, to be tested, to visit a doctor and/or fill out a form.

In some preferred embodiments of the invention, the device also monitors one or more
physiological parameters of the patient, for example, movements, body position/posture, pulse
rate, blood pressure, ECG, temperature and/or oxygenation level. Alternatively or additionally,
environmental variables are monitored by the device, for example, ambient sounds, ambient
temperature, ambient light levels and/or ambient air-pressure. Alternatively or additionally, to
automatic monitoring, physiological parameters, ambient environmental conditions and/or
patient activities may be logged manually, by a person entering them into the device. In some

cases, the logging of data is initiated by a patient, in others, the device requests the data.
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In a preferred embodiment of the invention, when the device queries the patient, the
queries are responsive to the manually and/or automatically logged data, for example, to
determine a relationship between a meal time and the effectiveness of a medicine or a side
effect of the medicine. In a preferred embodiment of the invention, such querying is used
during a clinical study of a medicine, to better classify, investigate and collect data about side-
effects and/or medicine efficacy.

A differentiation should be noted between querying which is delayed and/or initiated
responsive to a medicine taking time, expected blood level and/or other parameters which are a
function of medicine metabolism and querying which delayed responsive to physiological
processes, such as the circadian cycle, the menstrual cycle or the birth process.

In a preferred embodiment of the invention, an ambulatory monitor is used for one or
more of disease progress monitoring, data collection for diagnosis, drug studies, drug schedule
planning and/or treatment effectiveness determination. In a preferred embodiment of the
invention, the data that is collected by the monitor is downloaded to a computer, on which the
data may be analyzed by a technician and/or a physician.

One aspect of the invention relates to an ambulatory monitor being adapted for a
particular disease. In one example, Parkinson's disease, the device may be provided with
buttons having a size, shape and/or pressure response which is especially adapted for the use of
Patients with Parkinson's disease. Alternatively or additionally, the logic of operation of the
device is adapted to the disease, for example requiring confirmation for every input or
requiring a longer press duration, to take into account a higher probability of a patient
inadvertently pressing a wrong button. In another example, the monitor is adapted for pain
monitoring, for example by including dedicated sensors; software for analyzing sensor results
and displaying different queries and/or reminders; and/or faceplate marking.

An aspect of some preferred embodiments of the invention relates to using an
ambulatory monitor for long term monitoring. In one preferred embodiment of the invention,
the device monitors changes over a long period. In another example, the device provides
reminders for infrequently occurring events, for example, a yearly checkup or a reminder to
replace an implanted battery. In one example, suspected Alzheimer's disease is diagnosed, by
periodically presenting questions to a patient, over a long period, so that degradation of mental
and/or memory skills can be assessed.

An aspect of some preferred embodiments of the invention relates to coordination of an
ambulatory monitor with other medical care. In one example, a reminder device which is wormn

by a health-care provider is synchronized with the ambulatory monitor, so that that health care
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provider (for example a personal nurse) is reminded whenever the patient receives a medicine
taking reminder. Thus, the patient can feel independent, while patient compliance is increased.
Alternatively or additionally, one or more queries may be directed at the health-care provider,
for example, to report on the patient's movements, activity state, mental alertness and/or mood.
Such two coordinated monitors may also be useful where the patient does not answer queries
at all, for example senile persons or babies. The two devices may be coordinated using
wireless communication, for example, IR, Ultrasound or RF radiation. Alternatively or
additionally, the devices are coordinated using a synchronized clock and suitable logic, so that
one device is aware of the expected operation of the other device.

One aspect of some preferred embodiments of the invention relates to a method of data
entry by a patient. In a preferred embodiment of the invention, the patent entered at least some
of the data using an analog scale, for example, entering a pain level on a scale between 0 and
10. In a preferred embodiment of the invention, the data is entered by pressing a button to
move a marker along a scale and releasing the button when the desired data value is displayed.
This data entry method has the advantage of clear feedback to the patient regarding his input.
In addition, if the patient has difficulty entering data, the absolute error may be expected to be
small. Further, correcting such a data entry does not require erasing the data entry and
reentering it, only correcting it, for example by moving the marker some more. In one
embodiment of the invention, the analog scale is displayed with a varying resolution, so that
there is a maximal resolution at about the marker. Alternatively or additionally, the speed of
motion of the marker is a function of the duration of the button pressing. In some cases,
information regarding the patient state and/or various physiological problems thereof may be
determined by analyzing the act of data entry itself. Analog data entry, often provides more
such data to be analyzed.

In a preferred embodiment of the invention, a patient may enter several types of data
using an "analog” data input. Alternatively or additionally, some of the data entry may
comprise selection from a list of discrete entries. Optionally, the physician sets the values of
the ends of the analog scale and/or of the discrete choices. It is noted that using an Analog
input device is known for patient studies. However, such a device is typically large (~10cm)
and inconvenient to carry around. In addition, it is not practical to provide a patient with two
or more such devices to entry multiple data types. Thus, comparison of changes in two such
entered data types in an ambulatory patient was not a viable option.

An aspect of some preferred embodiments of the invention relates to data analysis of

data acquired by the ambulatory monitor. One advantage of some monitors of the present

4
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invention is synchronization between the patient query responses, medicine taking and other
activities of the patient. In one example, a data analysis can be used to determine an average
"time-to-ON" of a Parkinson's patient (i.e., the time period from the time the medication was
taken until the patient switches from OFF to ON and feels an improvement in his motor
abilities).

An aspect of some preferred embodiments of the invention relates to interconnecting an
ambulatory monitor and external communication networks. In a preferred embodiment of the
invention, the monitor can connect to a doctor's web site or to a pharmaceutical companies
web site to upload patient data and/or responses to queries, and/or to download new
programming, for example for detecting and/or avoiding newly discovered side effects or
inter-drug interactions.

An aspect of some preferred embodiments of the invention relates to the determination
of pain level from an analysis of automatically sensed movement and/or posture data. In a
preferred embodiment of the invention, sudden onset of pain and/or high pain levels are
identified when there is a sudden reduction in the amount of movement of an accelerometer. In
another example, pain levels may be correlated with the patient's manner of walking:
accelerations, gait profile, regularity of rhythm, step size, speed, way of starting and/or
favoring of limbs (especially in lower back pain and limb injuries). In a preferred embodiment
of the invention, the monitor learns to associate particular characteristics of features of the
walk and/or movement profile with varying levels of pain. Alternatively or additionally, pain
level may be determined by analyzing the temporal profile of the patient's posture and/or
position, for example, walking straight, walking hunched, laying down, standing up or
sleeping. Alternatively or additionally, such changes in motion are correlated with changes in a
measured heart rate (which is expected to increase with pain).

There is therefore provided in accordance with a preferred embodiment of the
invention, an ambulatory monitor, comprising:

a fastener for attaching said monitor to an ambulatory person to be monitored,

a display;

an input interface; and

a query generator which generates queries to said display and which receives answers
to said queries using said input interface.

Preferably, the monitor comprises:

at least one sensor which generates a signal responsive to a sensed value; and
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an automatic logger, which logs data responsive to said signal. Preferably, data
comprises raw signal data from said sensor. Alternatively or additionally, said data comprises
process signal data from said sensor. Alternatively or additionally, said at least one sensor
comprises a physiologic sensor that senses a physiologic variable of said person. Alternatively
or additionally, said at least one sensor comprises an environmental sensor that senses a
parameter of an environment of said person. Alternatively or additionally, said at least one
sensor comprises a motion sensor that senses a motion of at least of a portion of said person.
Alternatively or additionally, said at least one sensor comprises a motion sensor that senses a
change in posture of said person. Alternatively or additionally, said at least one sensor
comprises a motion sensor that senses a change in body position of said person. Alternatively
or additionally, said motion sensor comprises an accelerometer. Alternatively or additionally,
said at least one sensor comprises at least two sensors, of different types. Alternatively or
additionally, said at least one sensor comprises at least two sensors, which measure different
parameters. Alternatively or additionally, said at least one sensor comprises at least two
sensors, which are attached to different parts of said person. Alternatively or additionally, said
at least one sensor comprises a sensor which is spatially separate from said monitor.
Preferably, said sensor is a wireless sensor.

In a preferred embodiment of the invention, at least one of said queries is generated
responsive to said logged data. Preferably, said query is generated at a delay responsive to said
logged data. Preferably, said delay is responsive to a metabolism of a medication taken by said
person. Alternatively or additionally, said delay is responsive to a physiological process of said
person.

In a preferred embodiment of the invention, said monitor generates a medication
schedule responsive to said logged data. Alternatively or additionally, said fastener comprises
a wristband. Alternatively or additionally, said monitor is adapted to be worn around a neck.
Alternatively or additionally, said display comprises a visual display. Alternatively or
additionally, said display comprises an audio display.

In a preferred embodiment of the invention, the monitor comprises a reminder
generator which provides said person with at least one reminder using said display. Preferably,
said query generator generates at least one query responsive to a response of said person to
said at least one reminder. Possibly, said response comprises not complying with said
reminder. Alternatively or additionally, said at least one reminder comprises a reminder to eat.
Alternatively or additionally, said at least one reminder comprises a reminder to drink.

Alternatively or additionally, said at least one reminder comprises a reminder to take a certain

6
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medication. Alternatively or additionally, said at least one reminder comprises a reminder for a
medical checkup. Alternatively or additionally, said at least one reminder comprises a
reminder for a medical test.

In a preferred embodiment of the invention, the monitor an alerter which calls attention
of said person to said display.

In a preferred embodiment of the invention, said input interface is operative to receive
unsolicited input from said person. Preferably, said input comprises an indication of a disease
state. Alternatively or additionally, said input comprises an indication of a side effect.
Alternatively or additionally, said input comprises an indication of an effect of said medicine.
Alternatively or additionally, said input comprises an activity of the person. Alternatively or
additionally, said query generator generates at least one query responsive to said input.
Preferably, said query is generated at a delay responsive to said input. Preferably, said delay is
responsive to a metabolism of a medication taken by said person. Alternatively or additionally,
said delay is responsive to a physiological process of said person.

In a preferred embodiment of the invention, said monitor generates a treatment
schedule responsive to said input. Preferably, said treatment schedule comprises a medication
schedule.

In a preferred embodiment of the invention, said query generator generates at least one
secondary query responsive to said person's response to said at least one query. Alternatively
or additionally, said query generator comprises a memory and wherein said memory has stored
therein an indication of at least one query directed to clinical testing of medical treatment.
Alternatively or additionally, said query generator comprises a memory and wherein said
memory has stored therein an indication of at least one query directed to selecting between two
or more medication schedules.

In a preferred embodiment of the invention, said monitor is adapted for monitoring a
particular health condition of said person. Preferably, said health condition comprises a
chronic disease. Alternatively or additionally, said health condition comprises pain.
Alternatively or additionally, said health condition comprises heart disease. Alternatively or
additionally, said health condition comprises an anxiety disorder. Alternatively or additionalily,
said health condition comprises a depression disorder. Alternatively or additionally, said health
condition comprises an ADD (Attention deficiency disorder). Alternatively or additionally,
said health condition comprises a pulmonary difficulty. Alternatively or additionally, said

health condition comprises diabetes. Alternatively or additionally, said health condition
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comprises a progressive disease. Alternatively or additionally, said disease comprises
Parkinson's disease. Alternatively, said health condition comprises a non-disease condition.

In a preferred embodiment of the invention, said monitor is adapted for tracking a
health condition which is being modified using a medical treatment.

In a preferred embodiment of the invention, said monitor is synchronized with a second
monitor, adapted to be worn by a second person and wherein said second monitor comprises
an alerter which generates an alert to said second person responsive an operation at said
monitor. Preferably, said operation comprises a reminder to take medicine. Alternatively or
additionally, said monitor and said second monitor are synchronized using wireless
communication therebetween. Alternatively or additionally, said monitor and said second
monitor are synchronized using a common clock.

In a preferred embodiment of the invention, said input interface comprises at least one
digital visual analog scale (DVAS) display. Preferably, said at least one DVAS comprises at
least two DV ASes.

In a preferred embodiment of the invention, said input interface comprises at least one
menu selection interface. Alternatively or additionally, said input interface comprises an
interface for entering at least two different types of data, each of said types of data having at
least three possible values. Preferably, said query generator generates at least one query
responsive to a relationship between said two types of entered data.

There is also provided in accordance with a preferred embodiment of the invention, a
method of detecting a change in pain level, comprising:

tracking movements of at least a portion of a person; and

analyzing said tracked movements to identify changes in movement caused by a
change in pain level. Preferably, said tracked movements comprises changes in posture.
Alternatively or additionally, said tracked movements comprises changes in gait. Alternatively
or additionally, said tracked movements comprises changes in a time profile of at least one
body position.

There is also provided in accordance with a preferred embodiment of the invention, a
method of data sensing, comprising:

automatically logging data of an ambulatory patient;

analyzing said data to determine at least one aspect of non-suitability of said logged
data;

automatically querying said patient to provide data which improves said at least one

aspect of non-suitability.
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There is also provided in accordance with a preferred embodiment of the invention, a
method of entering multi-state information, comprising:

displaying, on a worn device, a scale of values, including an indication of a particular
value;

entering using said device a value, which entered value is indicated using said
indication; and

storing said entered value, in said device, for later analysis.

Preferably, said display emulates a VAS (Visual analog scale). Alternatively or
additionally, said entered value indicates a pain value. Alternatively or additionally, the
method comprises repeating said displaying and said entering a plurality of times for a same
type displayed scale. Alternatively or additionally, the method comprises repeating said
displaying and said entering a plurality of times for a different type displayed scale.

There is also provided in accordance with a preferred embodiment of the invention, a
monitor network comprising:

a first monitor, worn by a first person, which first monitor generates an alert to said
first person; and

a second monitor, worn by a second person, synchronized with said first monitor,
which generates an alert to said second person responsive to said first monitor. Preferably, said
first and second monitors are synchronized using a common clock. Alternatively or
additionally, said first and said second monitors are synchronized using at least one wireless
transmission between them.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more clearly understood from the following detailed
description of the preferred embodiments of the invention and from the attached drawings, in
which:

Fig. 1 is a block diagram of an ambulatory monitor, in accordance with a preferred
embodiment of the invention;

Fig. 2A is a schematic illustration of a faceplate of an ambulatory monitor for
Parkinson's disease, in accordance with a preferred embodiment of the invention;

Fig. 2B is a schematic illustration of a faceplate of an ambulatory monitor for pain
management, in accordance with a preferred embodiment of the invention;

Fig. 2C is a schematic illustration of a faceplate of an ambulatory monitor for pain
management, illustrating an alternative data entry mechanism, in accordance with a preferred

embodiment of the invention;
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Figs. 3A and 3B comprise an exemplary data display and analysis screen for a data
analysis software in accordance with a preferred embodiment of the invention,;

Fig. 4 is an exemplary flowchart for a querying logic in accordance with a preferred
embodiment of the invention; and

Fig. 5 is a block diagram of a networking embodiment of an ambulatory monitor in
accordance with a preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a block diagram of an ambulatory monitor 20 for a patient 21, in accordance
with a preferred embodiment of the invention. Typically, monitor 20 includes an alert
generator 24, for alerting patient 21 and an input 28 for receiving responses from patient 21. In
a preferred embodiment of the invention, monitor 20 includes a display 26 (audio, visual or
both) which is used to present alerts in greater detail and/or to query the patient. Preferably,
monitor 20 includes a sensor 32, for example an accelerometer, for automatically logging data
about movement, physiological and/or state environment of patient 21.

In a preferred embodiment of the invention, the operation of monitor 20 is coordinated
using a controller 22. Logged data is preferably stored in a memory 34, for example a solid
state memory or an electro-mechanical memory such as a magnetic tape.

In a preferred embodiment of the invention, monitor 20 can communication with other
devices using a communication port 30, for example to download data to a personal computer
36.

In a preferred embodiment of the invention, monitor 20 is worn like a wristwatch, and
is preferably designed to look like one, to reduce patient embarrassment.

In a preferred embodiment of the invention, monitor 20 is powered using a standard-
type battery. Alternatively, monitor 20 is powered using a rechargeable battery. Alternatively
or additionally, monitor 20 is powéred using solar power or by the inertial power (from the
movement of monitor 20). Preferably, when the battery is low, monitor 20 alerts the patient to
download information and/or replace or recharge the battery. Alternatively, monitor 20 shuts
down less critical functions or includes a backup power source, so that power is available for
critical monitoring or reminder tasks and/or maintaining the integrity of recorded data. In a
preferred embodiment of the invention, controller 22 conserves power by using a lower clock
rate when no processing is required, for example, as compared to a higher clock rate when
real-time data analysis is required.

Alert 24 is preferably used to remind patient 21 to perform a certain action, for

example, taking medicine, testing a physiological parameter (such as glucose concentration in
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the blood or blood pressure), perform a certain activity (such as eat, drink or exercise), respond
to a presented query and/or fill out a clinical study form. In a preferred embodiment of the
invention, alert 24 is an audio alert, for example a buzz or a verbal message. Alternatively or
additionally, alert 24 utilizes a flashing light. Alternatively or additionally, alert 24 uses a
vibration, for example by electrifying a piezoelectric element or a solenoid on the back of
monitor 20, using an AC current. Alternatively or additionally, alert 24 can drive a small
current through patient 21. Alternatively or additionally, alert 24 can send a wireless signal to
a free-standing alert device, for example, a desk-top buzzer. In a preferred embodiment of the
invention, display 26 is used to display a message that explains the alert. Alternatively or
additionally, controller 22 monitors a patient's response to the alert, to determine if the alert
was received. In some embodiments of the invention (for c¢xample as described below),
monifor 20 can communicate with a doctor or a health-care professional to warn that the alert
was not responded to.

In a preferred embodiment of the invention, the medicine is taken by patient 21 from a
separate pill-box. Alternatively or additionally, the pill-box is controlled by monitor 20 to
open at the time of the alert and/or to dispense a relevant pill. Such control may be time based
or may be by wireless communication between the monitor and the pill-box(es). Alternatively
or additionally, monitor 20 itself includes a storage for medicine which is to be taken by the
patient. Alternatively or additionally, monitor 20 directly dispenses the medicine, for example
by controlling a drug pump or a electrophoresis trans-dermal drug patch. Alternatively or
additionally, for example for angina patients, when a patient feels pain, he indicates the pain
sensation to monitor 20, which responds by providing a suitable medication by one of the
above methods.

In a preferred embodiment of the invention, patient 21 can enter data to monitor 20
using input 28. In some cases, the data entry may be in response to a reminder or a query by
monitor 20. For example, in response to a reminder to take medicine, a patient will enter an
indication that the medicine was taken. In other cases, the data entry may be initiated by the
patient. For example, a patient may enter meal times, a sudden feeling of pain or the onset of a
side effect. In general, the entered data may comprises psychological data, physiological data,
environmental conditions, explanations for automatically monitored events and/or commands
which affect the operation of monitor 22.

In a preferred embodiment of the invention, sensor 32 is used to automatically monitor
the patient. Preferably, the raw sensor data is stored. Alternatively or additionally, the data is

compressed, preferably using a loss-less compression scheme. Alternatively or additionally,
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the data is analyzed before being stored to identify features and/or interesting portions thereof,
which features or portions are stored. Alternatively or additionally, the data is stored using a
lossy compression scheme. Memory 34 on which the data is stored is preferably integral with
monitor 20. Alternatively, memory 34 may be contained in a separate package, connected by
wired or wireless communication means to monitor 20. In a preferred embodiment of the
invention, the analysis and/or recording of sensor data for storage and/or feature extraction is
responsive to previously acquired data, data entered by the patient and/or data which should
have been entered by the patient but was not.

Alternatively or additionally, the acquisition of sensor data is made responsive to
previously acquired data and/or data entered by a patient. In one example, data is logged only
for times which appear to be relevant, for example, based on previously determined schedules
and/or responsive to an event. In another example, gain, level and/or other characteristics of a
sensors may be adjusted so that the scnsor is optimally configured to sense expected data
values. For example, a sensor may be configured to better detect tremors or to better detect
gross movements, by modifying the sensor's gain..

In a preferred embodiment of the invention, data is downloaded from monitor 20 to
computer 34. Alternatively or additionally, programming is uploaded from computer 34 to
monitor 20. Alternatively or additionally, data, especially data useful for internal algorithms,
may be uploaded from computer 34 to monitor 20.

In a preferred embodiment of the invention, the connection between communication
port 30 and computer 34 uses standard networking hardware, for example, IR or RF
networking or a serial cable. Alternatively, a dedicated communication protocol is used.
Alternatively or additionally, port 30 is adapted to connect using an analog telephone line, the
port possibly incorporating a modem. Possibly, port 30 is operative to generate an Internet
connection, for example to a doctor's Web site. In some cases, port 30 may connect to a
patient's personal computer which, itself connects to an Internet. Preferably, a special program
is executed on the personal computer to communicate with the web site and/or to program the
monitor. Possibly, the program may serve as an enhanced user interface to the monitor, for
example to enter "requests” or to program in reminders, even when the personal computer is
not connected to an Internet. Optionally, the program itself may be downloaded from the web
site, for example as a Java applet. Possibly, the monitor itself is programmed in Java, so that it
can be readily reprogrammed, e.g., from the Intermnet. In a preferred embodiment of the

invention, the web site is that of a pharmaceutical company or of the manufacturer of the
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monitor, thus allowing a patient to receive updates, for example, regarding his medicine, novel
side effects and/or dosage limitations, in a direct manner.

Fig. 2A is a schematic illustration of a faceplate 40 of an ambulatory monitor for
Parkinson's disease, in accordance with a preferred embodiment of the invention. In the
exemplary embodiment shown, the monitor includes one or more band holders 42 for
attaching a wristband to the monitor. Faceplate 40 preferably comprises a display 44, for
example a dot-matrix LCD display, which can be used to display numbers (e.g., the time),
short textual messages, icons, pictures, diagrams, symbols and/or images. A button 46 is used
to indicate taking a meal. A button 48 is used to indicate taking of a medicine. In a preferred
embodiment of the invention, monitor 20 generates an alert when it is time to take medicine,
possibly also flashing a LED at or near the "medicine" button. When patient 21 takes the
medicine, he presses the button and the flashing stops. Alternatively, in some cases the patient
takes the medicine on his own and indicates this to the monitor, which then reschedules
reminders for taking medicine.

A button 50 is used to indicate sleep and wake times. Buttons 52, 54 and 56 are
preferably used to indicate a state of the Parkinson's disease, with button 54 allowing a patient
to indicate an "OFF" state, button 56 allowing a patient to indicate an "ON" state and button
52 allowing the patient to indicate a state of dyskinesia. These indications may be additional or
alternative to an automatic detection of these states by monitor 20, by analyzing reading from
sensor 32. Preferably, these indications are used by monitor 20 to calibrate ranges for
parameters which are associated with these disease conditions. Alternatively or additionally,
monitor 20 learns to associate particular movement frequencies and/or other features of the
sensor data with particular disease states, for example, for a particular patient, an "OFF" state
may be characterized by a sudden, short, increase in motion in a particular frequency band,
followed by a general depression of motion in all frequency bands. In a preferred embodiment
of the invention, a "query" to a patient may consist of flashing LEDs (not shown) at or near the
relevant buttons (e.g., one or more of ON, OFF, meal, sleep/wake, Dyskinesia and medicine).
The patient responds to the query by pressing on one of the flashing buttons.

Two additional buttons 58 and 60 may be used for programming the monitor. In a
preferred embodiment of the invention, an undo button 57 is provided to undo erroneous data
entry.

In a preferred embodiment of the invention, all the buttons used share a similar logic
and are activated by a single press. Alternatively, more complex and/or different logics may be

used, for example to allow entry of more complex data or to better suit the special
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circumstances of patient's having Parkinson's disease. In one example, a button-press may be
accepted only if it was pressed for at least a predetermined threshold duration. In another
example, every button press may require an acknowledgment, for example using a different
button. In another example, only the relevant buttons are available for receiving input, for
example, responsive to a current state of the monitor, patient input, sensor data or an
outstanding alert. Alternatively or additionally, data entry may utilize speech recognition,
preferably user dependent speech recognition, with a patient's speech pattern being uploaded
using port 30. In some embodiments, data entry may use both speech (for the entry) and
buttons (for the confirmation). Alternatively or additionally, speech sounds can be used for
confirmation, for example, to confirm taking of medication, in response to a query.

In another example of a button logic one press on a button displays its state and a
second press is required to change the state.

In a preferred embodiment of the invention, monitor 20 includes special logic that is
specific for Parkinson's disease. Such logic is preferably dedicated to the disease process of
Parkinson's and/or to the effects and/or side effects of particular medication. In one example,
monitor 20 changes the schedule of medicine taking responsive to reported side effects or in
order to correlate the "ON" state with the times at which a patient needs activity, for example,
a physical therapy meeting. Thus, a patient and/or a doctor may be able to enter "requests” into
monitor 20, either directly into the monitor or using programming from a computer. Such
requests and/or other optimization aims may also be preprogrammed in to monitor 20. In a
preferred embodiment of the invention, one or more of several variables are under control of
the monitor to achieve such optimization, including: dosage, medication time, medication
scheduling, temporal relationship between medication, meals, activities and/or other medical
activities, such as physical therapy meetings.

In another example, monitor 20 determines if certain side effects are too severe or
indicate a critical adverse reaction to a medication. In many cases, monitor 20 cannot make
these determinations solely using logic and may thus query the patient for missing
information. Alternatively, monitor 20 may request patient 21 to ask a doctor certain
questions, report information and/or to connect the monitor to a communication line, for
example, so the monitor can be updated and/or report to a supervising physician.

In a preferred embodiment of the invention, a severity of a side effect medicine
efficacy and/or other "analog" information is entered using a DVAS (Digital Visual Analog
Scale). In a standard VAS, a ruler with a (mechanically) movable marker is provided to the

patient. The ruler shows a scale, for example, pain, and the marker is used to subjectively
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select a pain level. Such a ruler is very bulky and usually does not automatically record data.
Thus, patient compliance is a problem and using two such VASes is not practical. In a DVAS,
the "VAS" is always available (e.g., on the wrist) and any number of DVASes can be
programmed into a single monitor, so several variables may be entered using visual analog
scales. Further, it is possible to visually and/or automatically compare the values entered on
the several scales and/or data entered using other types of data input. A differentiated should
be noted between entering "analog" data for data entry and entering data to set a control
variable.

In a preferred embodiment of the invention, the data is displayed as a bar (filling an
entire side of the display or only at the marker position) in a range of values. Such an
indication can easily be corrected by moving the bar left or right. Further, it is possibly for the
patient to control the resolution of his reply. For example, when in extreme pain, a patient may
be satisfied with entering a large valuc (to indicate great pain), without taking the time to enter
an exact value. In some embodiments of the invention, a rotatable control is provided to enter
DVAS data, in others, a pair of buttons is designated {"Up", "Down"}.

Fig. 2B illustrates a faceplate 62 for a pain management application, using a DVAS for
inputting pain severity. In this example, the DVAS comprises a lit triangle, with its apex at the
"low" side and its base at the "high" side. Thus, although the horizontal dimension of the
DVAS is reduced relative to that of a standard VAS, an added dimension, e.g., a vertical
dimension, can partly or completely compensate for any loss in discernability. Alternatively or
additionally, to shape, the DVAS may also be color encoded, for example, blue to red (e.g.,
blue = OK, red = severe pain).

Fig. 2C illustrates a faceplate 64 for a pain management application, wherein, pressing
a button shows a menu (rolling) on the display, items from which menu are selected using the
same or other buttons. In some embodiments, a menu may also include sub menus. Reference
66 indicates a complete list of possible selections in this menu.

In a preferred embodiment of the invention, the doctor can set up (using the
communication port) the scale and/or format of the DVAS. Alternatively or additionally, the
doctor can setup queries which are responsive to relationships between data entered using the
DV ASes and/or historical data.

In another example of a DVAS related query and/or activity, a doctor and/or patient
can pre-set a goal, for example, a pain level. Once that pain level is reached, the medication

may be stopped, switched with another medication and/or its schedule changed. In some cases,

15

0279



10

15

20

25

30

WO 00/47108 PCT/IL00/00074
an exact determination of a pain level may require querying the patient for more details, after
he enters a VAS value.

As mentioned above, display 44 may be used for displaying one or more of queries,
reminders, alerts and data input. Alternatively or additionally, display 44 is used for displaying
a DVAS. Altemnatively or additionally, display 44 may be used for graphically displaying
logged data, for example data entered by a user or data which is automatically logged. In a
preferred embodiment of the invention, such data is displayed textually and/or graphically,
especially if showing a history of a variable, for example, variations of a pain level over time.
Alternatively or additionally, display 44 may be used to display processed data and/or an
analysis of data, for example in response to a patient request. Alternatively or additionally,
display 44 may be used to provide the patient with instructions (visual and/or audio) on
medication, healthful activities and/or using the monitor. Such instructions may be requested
by the patient. Alternatively or additionally, such instructions are automatically generated
when it is determined that the patient is not using the monitor in a correct fashion and/or is not
using it enough.

Figs. 3A and 3B comprise an exemplary data display and analysis screen 70 for data
analysis software in accordance with a preferred embodiment of the invention. As mentioned
above, raw data and/or possibly partially analyzed data is preferably downloaded to a personal
computer, on which a physician can perform additional analysis. In an exemplary embodiment,
such analysis may include a display 72 showing ON and OFF state times, times medications
were scheduled to be taken and time sat which medications were actually taken. A display 74
shown the ON duration as a percentage of waking hours. A display 76 shows the time to
achieve an ON state after taking the first medication dose in the morning. A display 78 and a
display 80 correspond to displays 74 and 76, but show long-term information, for example,
monthly information. It is noted that the provision of better correlation between the sensor
data, patient activities and/or patient reporting allows a better analysis of the data and confirms
the usage of graphical display.

In a preferred embodiment of the invention, the data analysis program may initiate
actions responsive to the downloaded data and/or its analysis, for example, to page a doctor or
to send him e-mail. the conditions for performing such activities may be pre-set. Alternatively,
the doctor may program them in, for example, via his Web site.

In other preferred embodiments of the invention, additional or alternative data

processing techniques may be used. Preferably, data from monitor 20 and/or from the PC
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processing program may be converted to a standard file format to be analyzed by standardized
data processing programs, for example Excel or SAS.

One aspect of some preferred embodiments of the invention is scheduling of reminders
and/or of queries. In a preferred embodiment of the invention, the scheduling can be a function
of data which is entered by the user or analysis of automatically logged data, as well as a
function of preset time and date schedules. As indicated above, scheduling and/or dosage of
medicine taking can be preset or it can be a function of the effect and/or side effects that the
medicine(s) (one or more types) is causing. The effects and/or side effects may be
automatically detected, may be entered by a user or may be determined by correlating the user-
entered information with the automatically sensed information.

In a preferred embodiment of the invention, queries may be scheduled to be at a preset
time, for example, every 4 hours or every two days. Alternatively or additionally, queries may
be scheduled to be delayed relative to events, for example one hour after eating or 15 minutes
after achieving an ON state. In addition, more complex dependencies may be created, for
example, 10 minutes after achieving an ON state if medication A was taken or 20 minutes after
the ON state if medication B was taken. Possibly, a script programming language is provided
for the physician to program when and under what circumstances queries are presented.
Alternatively or additionally, a state machine representation may be provided, with certain
states generating particular queries and certain responses (or monitored data) generating
transitions to particular states.

Alternatively or additionally to queries being generated responsive to patient responses,
a particular series of queries may be designed for particular situations, to better direct the
queries to a patient. For example, if a patient enters that he has felt a side effect, a series of
queries may be asked to determine the type, extent and/or other properties of the side effect. In
addition, in some embodiments of the invention, data input to the monitor is limited so
substantially only yes/no questions can be asked, requiring more questions to get the required
information. The "tree" of questions may be dependent on the patient state, for example, with
questions about fever being asked earlier on for medication A than for medication B.
Additionally, a patient response or input may cause the scheduling of future questions. For
example, if a patient complains about a headache, a follow-up question about the headache
may be asked 1 hour later. Alternatively, a patient may be reminded in one hour to report again
on side effects. Queries may also be used to present instructions to a patient, for example, to

take aspirin for a headache or to see a doctor at once.
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The scheduling of some events may be set to be at a delay after a different event (e.g.,
one hour after eating). In a preferred embodiment of the invention, one or more of three types
of delays are provided: (a) simple time delays; (b) metabolic-related delays; and (c)
physiologic process related delays. Metabolic related delays, which are responsive to the
metabolizing of the medication by the patient, are typically used to make sure that a patient
acts or is queried at a time when the effect of the medicine is expected to be maximal, minimal
or at a steady state. Physiologic process related delays, which are responsive to the operation
of the patient's body, are typically used to match the querying to what the patient's body is
doing or is supposed to be doing. Examples of relevant physiologic processes (not only for
Parkinson's) include, inflammation response, temperature adaptation, circadian rhythm,
menstrual cycle and gestation process. Parameters of the metabolic process and of the
physiological processes are typically patient dependent values which must be loaded for each
patient. In some cases, an average value or a group value (e.g., based on age) may be
sufficient.

Fig. 4 is an exemplary flowchart for a querying logic in accordance with a preferred
embodiment of the invention. As can be appreciated, other flowcharts may be used for other
embodiments of the invention. further, an particular flowchart may be individually tailored, for
example, per patient, per disecase and/or pre medication. In this example, a patient is reminded
to take medication at 15:00. The medication may have a side effect of a headache, after it is
absorbed by the body. In the sample flowchart, a patient is reminded to take the medicine if he
did not indicate he had taken it. If he complains of no headaches or other side effects, an
increase in dosage is considered (possibly dependent on the existing dosage not being effective
enough, no reports of side effects over a period of time and a doctors agreement in advance). If
there are persistent side effects, the dosage may be automatically reduced.

In a preferred embodiment of the invention, monitor 20 includes self testing and safety
capabilities, for example, to determine if the sensors, memory and/or controller are working
properly. Additionally or alternatively, the monitor checks that the patient behavior is within
certain bounds, for example, that his movements are normal or that he is reasonably punctual
with respect to medicine taking.

In a preferred embodiment of the invention, the logic of the monitor instigates actions,
for example, suggesting to a patient that he call a doctor 20 if the duration of OFF states is
increasing. Additionally or alternatively, the monitor may turn itself off, if it malfunctions.
Additionally or alternatively, the monitor may initiate a call for help, for example if monitor

20 includes a wireless communication means.

18

0282



10

15

20

25

30

WO 00/47108 PCT/IL00/00074

In a preferred embodiment of the invention, the monitor logic includes a series of
conditions, each of which, if met, may indicate a malfunction or problem of some sort.
Additionally or alternatively, at least in some operational states, the monitor includes one or
more functions which check correlation between data and/or analysis sources, for unreasonable
discrepancies. In one example, the monitor checks for a significant discrepancy between
disease states as inputted by a patient, for example an OFF state and movement detected by
sensor 32 during the alleged OFF state. Additionally or alternatively, in monitors with two or
more sensors, the outputs of the sensors may be cross-correlated.

In a preferred embodiment of the invention, the monitor includes one or more models
of how the patient and/or medicine are expected to perform. In some preferred embodiments of
the invention, these models may be used for planing medication and/or treatment schedules
and/or presenting predictions to the patient. These models may be embodied using a neural
network or using a state machine model. In one example, the monitor may generate an alert if
a patient did not perform an expected activity, such as eat supper. The monitor will preferably
alert the patient and ask if a data entry was missed. In another example, if a dose of medicine
has no effect, the monitor will ask the patient if perhaps the medicine was not taken.

In a preferred embodiment of the invention, the model(s) are pre-set and/or
programmed into the monitor, during a programming session. Additionally or alternatively, the
model(s) for a particular patient and/or medicine regimen may be learned, for example, if they
are embodied using a neural network or by learning parameters for a pre-set model. In one
example, a model may model daily, weekly, monthly or yearly schedules of the patient and/or
of his environment.

In a preferred embodiment of the invention, the monitor is used to track the
effectiveness of certain medicines, for a particular patient. Possibly, a doctor can program such
a monitor to alternate between different schedules so that the doctor can assess which schedule
and/or medication has the best effect and/or the least side effects. Further, in some preferred
embodiments of the invention, the monitor is used for clinical testing of drugs. As can be
appreciated the automatic scheduling of queries and/or the dependency of some queries on
logged data can be used to better determine side-effects and/or their causes and/or other
parameters. Thus, a clinical study can obtain more effective information from the same
number of test subjects, possibly in less time. Further, by correlating manual and automatic
data entry, a higher confidence level in the data may be achieved.

Fig. 5 is a block diagram of a network emboﬂiment of an ambulatory monitor in

accordance with a preferred embodiment of the invention. A patient monitor 90 is preferably
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networked with a health care provider monitor 92 and/or a base station 94. The network may
be a real-time network, in which messages are transmitted in real-time between the elements of
Fig. 5. In some embodiments base station 94 is required as a go between, in some
embodiments base station 94 is used for back up or for remote reporting and in some cases no
base station 94 is provided. Additionally or alternatively, the network may be an off-line
network, in which synchronization is achieved by the elements sharing a common clock and
being aware of the logic of the other elements. In this case, the monitors may be synchronized
with each other periodically, possibly using base station 94 to perform the synchronization. In
some cases, base station 94 (or monitor 92) may be utilized to perform some or all of the
processing and/or data store for monitor 90. Preferably however, monitor 90 includes at least a
limited storage and/or processing capability for when it is out of range of the base station.

In a preferred embodiment of the invention, a patient with a monttor 90 may not be
trusted to comply with the instructions he receives from the monitor and/or to correctly (or at
all) answer queries from the monitor. However, such a patient may still require a sense of
autonomy, for example if the patient has “bad” days and “good” days. In a preferred
embodiment of the invention, a monitor 92 is worn by the patient’s health care provider (e.g., a
live-in nurse). When the patient is reminded to take medication, the nurse is preferably also
alerted, to check if the patient is complying. Additionally or alternatively, if the patient does
not indicate that he has taken the medicine, it may be the nurse’s monitor which sounds an
alert, not the patient’s (since he has already shown non-compliance). In some cases, a person
other than the patient may respond to the alerts on the patient’s monitor. In some cases,
monitor 92 may be placed at a nurses station in a hospital.

In some embodiments of the invention, base station 94, patient monitor 90 and/or
health care provider monitor 92 may be connected to a larger network, for example a hospital
information center 96. Alternatively or additionally, they may be connected to a drug company
center 98. Preferably, such complex network topologies utilize an Internet or direct dial-up,
however, other available networking solutions may be used. In a preferred embodiment of the
invention, patient monitor 90 uploads information to the hospital information system, to aid in
diagnosis of the patient. Alternatively or additionally, the monitor downloads clinical
information to be stored on monitor 90 or the patient's PC, to be used in programming the
device, analyzing its results or for emergency healthcare providers. Preferably, the monitor
includes a simple interface (for example a button and speech output) to allow an emergency

medical practitioner to retrieve critical information (e.g., drugs ingested) from the patient.
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The above description has focused mainly on using a monitor for Parkinson’s disease.
However, such a monitor may be useful for tracking other chronic conditions.

In one example, a pain monitor is provided, to monitor the changes in pain during the
day and to aid in deciding on a suitable pain-reliever schedule. Alternatively, the monitor may
be programmed to decide on a schedule. In a preferred embodiment of the invention, onset of
pain may be automatically detected, by detecting changes in motion of the patient. In a
preferred embodiment of the invention, one or more additional sensor may be provided, to
back up the movement sensor, for example a heart rate sensor may be used to detect an
increased heart rate on the onset of pain.

Altematively or additionally, a pain level may be detected by analyzing characteristics
of a patient's gait. For example, a correlation may be expected between step size, speed and/or
accelerations, depending on the pain level. In particular, if the pain is affected by the walking,
for example, back pain, leg pain or arm pain, it may be expected that one side of the body be
favored, causing a marked effect on the rhythm of walking. Alternatively or additionally, the
time spent in different postures may change, for example, more time standing or laying down
(when in pain) and less time sitting. In some embodiments, a plurality of sensors may be
provided on the body, to differentiate between the different postures (e.g., sitting is like
standing, except for the knee-shoulder distance). Alternatively or additionally, one or more of
the sensors may sense angle, relative or absolute position and/or velocity, rather than
acceleration.

In a preferred embodiment of the invention, the monitor (and/or the data analysis
programs on the personal computer) learns to associate certain features of the movements
and/or postures with certain pain levels (or other disease states and/or symptoms). Preferably,
this learning is accelerated by the patient entering a subjective input regarding the pain state.
Preferably, the association is performed by the monitor. Alternatively or additionally, the
association is performed by the patient's (or the doctor or drug company) computer, by
analyzing data downloaded to it from the monitor.

Fib. 2B and 2C, referred to above, illustrate faceplates for a pain management
application, in which buttons 50 and 46 are marked "down" and "up" respectively, buttons 48
and 52 are marked "sleep/wake" and "activity" respectively and buttons 54 and 46 are marked
"medicine 1" and "medicine 2" respectively.

In a preferred embodiment of the invention, the monitor may include a microphone to
detect ambient sounds. These sounds may be correlated with the patient's activities, for

example, loud sounds may appear right before acceleration (subway). In another example,
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these sounds may originate from the patient himself, for example coughing, sneezing and
snoring, which activities it may be desired to monitor. This is another example where a person
other than the wearer of the monitor may use the monitor to enter data (the patient’s bed
partner who is woken by the snoring). Sound analysis may be performed on-line or off-line,
using automated processing and/or using a human operator.

In another preferred embodiment of the invention, a gastro-intestinal disease
management monitor is provided, to track gastric reflux, irritable bowel syndrome, chronic
constipation or diarrhea and/or other GI ailments. Preferably, an acoustic sensor is used to
detect loud bowel sounds that travel through the body. In this context it is noted that, many
bowel activities have a natural rhythm of, for example 20 minutes, to which the monitor is
preferably attuned. Alternatively or additionally, a patient may enter an indication of a burning
sensation. Alternatively or additionally, the monitor may query the patient at preset (or
learned) times after the meal to see if any symptoms arc being fclt. Preferably, monitor 20
learns patterns of symptoms with and/or without medication, so that the queries are better
timed to coincidence with the onset and/or decline of the symptoms.

Such a monitor as described herein above may also be used for other health-related
applications. One advantage of some of the embodiments described herein, which advantage is
useful for other health applications, is that the patient himself can be queried to supply
missing, ambiguous and/or undetectable information. Thus, an ambulatory monitor can be
used even if a sensor cannot guarantee high quality and/or complete information.

In one example, an ambulatory monitor is used to track hyperactivity and ADD
(attention deficiency disorder) in children. A typically relevant sensor is an accelerometer, to
determine the amount of movement and/or fidgeting. In order to differentiate between game
playing and hyperactivity-related fidgeting. The child may be queried, for example as to
whether he is playing a game (where movement is expected) or if he is at a lesson (where
movement is not expected). Alternatively or additionally, a child can be queried directly or
indirectly (using a simple test) to determine his attention span. In younger children, it may be
advantageous to use icons or pictures, rather than textual messages.

Other examples of psychiatric disorders, such as anxiety and depression/mania are also
characterized by significant swings in activity levels, body postures, shaking and/or other
easily measured parameters. In addition, by querying the patient (or applying one or more
psychiatric evaluation questions) it is possible to "measure" the mood of the patient. Thus, the
efficiency of drugs, their interactions with events in the patient's life and/or the best timing for

dispensing, may be determined with the help of an ambulatory monitor. Also, in an anxiety
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embodiment, it may be advantageous to query the patient after an anxiety attack and
medication taking, to determine the exact effect of medication. Preferably a scale having
between 3-5 degrees of anxiety and/or a DVAS are used to input the anxiety level. The patient
preferably reports the cause of the attach by selecting from a preset list of options. Possibly, if
the cause is not on the list, the patient enters the cause using a voice recording and/or by
selecting an option marked "other". Preferably, the doctor and/or patient will reprogram the
monitor to include the missing cause(s).

An ambulatory monitor may be used for incontinence, for example for a patient to
report incontinence events and their (possible) causes. Alternatively or additionally, the
monitor may include a sensor, for example an implanted intra-bladder or intra-abdomen
pressure sensor, to sense changes in pressure which might be related to incontinence.
Alternatively or additionally, a sound sensor may be used to identify coughing. Alternatively
or additionally, an accelerometer may be used to identify jumping and/or other potential
incontinence causing events. Possibly, when such an even is detected, a patient may be queried
whether there was an incontinence event and/or reminded to perform certain exercises to avoid
such events.

In a blood-pressure cmbodiment, the monitor may periodically measure the patient's
blood pressure and/or request the patient to measure his blood pressure. Possibly, such a
monitor may also record movements and/or a heart rate, to detect blood-pressure affecting
event. Alternatively or additionally, the monitor may query the patient when an increase in
blood pressure is detected, for the reason.

In a pulmonary embodiment (e.g., emphysema, asthma) the monitor may include a
sensor for example an electrical impedance sensor or an EMG sensor to detect breathing.
Alternatively or additionally, the monitor may include an oxygenation sensor to detect actual
blood oxygen level. Alternatively or additionally, the monitor may include a heart-rate sensor
or an accelerometer to detect movements. Possibly, the monitor may periodically (or
responsive to measured parameters) request that the patient use a spiro-graph to measure lung
capacity and/or other pulmonary variables. Queries may be used to help the monitor
differentiate between different activities and/or to better track the onset, decline and/or
duration of breathing difficulty and/or the effect of medication or exercise.

In a diabetes example, a monitor may remind a patient to test his blood sugar and/or the
monitor may control an insulin pump. Alternatively or additionally, the monitor tracks

sweating, heart rate, dizziness (using an accelerometer) and/or other parameters, to detect
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hypoglycemia. Preferably, the patient reports when he takes food and/or insulin, and the type
of food or insulin taken.

In a heart disease example, the monitor can be used to detect ECG, while the patient is
queried whether he feels an arrhythmia and/or its effects which is provisionally detected by the
monitor.

Additionally or alternatively, such a monitor may be used to track disease (or health)
states which have a known progression and/or a hoped-for effect of medication of other
treatment. In one example, a monitor may be used to track the sensations of a cancer patient
undergoing chemotherapy and/or radiation treatments. In an opposite example, a monitor may
be provided to track a human gestation, for example to track embryonic movements and the
activity of the mother. In a preferred embodiment of the invention, embryonic movements are
detected by a pressure wave caused by the movement of the embryo and propagated through
the body. It should be noted that some of the applications described herein can tolerate higher
noise levels than is common in other medical applications. One possible reason is that in long
term monitoring the statistical data may be more important than any single datum. Another
possible reason is the ability to average very long runs of data. Another possible reason is the
ability to correlate between sensors and between a sensor and a patient subjective input.
Additionally or alternatively, a sensor, for example a Doppler sensor may be provided on the
abdomen of the mother or inside the uterus or the vagina. Such a sensor may communicate by
wire or wireless with the monitor. Additionally, other of the embodiments described herein
may utilize a sensor additional or alternative to the accelerometer in the monitor, for example,
a temperature sensor, a blood pressure sensor and an ECG sensor. Such a sensor may be
connected by wired or wireless means to the monitor.

In another example a monitor is used to track the onset and/or progression of
menopause, especially in order to control the side effects caused by hormonal medication.
Preferably, a more exact dosage and/or schedule of dosing may be determined by analyzing the
automatically logged and/or manually entered information. Alternatively or additionally, the
dosage is determined responses to queries, which queries are used to asses the effect of
medication. }

In a preferred embodiment of the invention, the monitor is used to provide support to a
patient experiencing a new condition. For example, a patient who is newly diagnosed with
diabetes is not as experienced with the diabetic lifestyle. A worn monitor may assist such a
patient in acclimating to the newly required lifestyle, while minimizing unhealthy mistakes.

The assistance may include periodic queries regarding well being (to detect hypoglycemia) and
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reminders after meals to take insulin. In another example, a leprosy patient (which are
thankfully rare today) must perform a periodic scan of his extremities to insure that he has not
incurred new damage, as the nerve endings are damaged by the disease. Preferably, the level of
assistance changes in time, to reflect the knowledge gained by the patient and to reduce the
annoyance caused by the monitor asking too many questions. A similar reducing level of
assistance may be provided for instructions regarding using the monitor. As the user becomes
more proficient, such instructions should cease.

In some embodiments, reminders may be for activitics other than medication, for
example, a reminder to eat, drink, get up (to avoid blood clots) and/or exercise. Additionally or
alternatively, the reminders may be for long-term activities, for example monthly or yearly
check-ups or calibration of the monitor.

The present invention has been described with reference to medical applications, where
the need for precise information, patient feedback and/or patient compliance is especially
critical, more so, when taking into account that the users are often ill and/or otherwise
problematic. However, it is anticipated that such a monitor may be reprogrammed for other,
non-medical applications. Thus, a dedicated electronic diary with a query mechanism may be
provided. In one example, such a monitor may be used by an athlete on a tight training
regimen. In another example, such a monitor may be wom by data samplers (for example for
efficiency studies in industrial engineering) or by service providers, to remind them or
activities they must perform and/or to query them. Possibly, at least some of the queries and/or
reminders may be download in real-time from a controiling device, for example a base station
which is in wireless communication with all the end stations and which may also be used to
perform some or all of the processing and/or data storage.

In some application, such a monitor as described above may form a software
component of a more complex electronic device which is worn, for example a cellular
telephone or a wrist computer. In other applications, a multi-option monitor may be provided,
which monitor can be used to track several disease states. Alternatively or additionally, such a
monitor is adapted to a particular disease by programming. Possibly, the buttons include
programmable displays, which display their function. Altematively, a plurality of stickers are
provided which may be pasted over or at the buttons to describe their function.

It will be appreciated that the above described apparatus and methods of ambulatory
monitoring may be varied in many ways. In addition, a multiplicity of various features, both of
methods and of devices, has been described. It should be appreciated that different features

may be combined in different ways. In particular, not all the features shown above in a
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particular embodiment are necessary in every similar preferred embodiment of the invention.
Further, combinations of the above features are also considered to be within the scope of some
preferred embodiments of the invention. It should also be appreciated that many of the
embodiments are described only as methods or only as apparatus. In addition, the scope of the
invention includes methods of using, constructing, calibrating and/or maintaining the
apparatus described herein. When used in the following claims, the terms "comprises",

"comprising", "includes", "including" or the like mean "including but not limited to".

B 2
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CLAIMS

1. An ambulatory monitor, comprising:
a fastener for attaching said monitor to an ambulatory person to be monitored;
a display;
an input interface; and
a query generator which generates queries to said display and which receives responses

to said queries using said input interface.

2. A monitor according to claim 1, comprising:
at least one sensor which generates a signal responsive to a sensed value; and

an automatic logger, which logs data responsive to said signal.

3. A monitor according to claim 2, wherein said data comprises raw signal data from said
Sensor.
4. A monitor according to claim 2, wherein said data comprises process signal data from

said sensor.

5. A monitor according to claim 2, wherein said at least one sensor comprises a

physiologic sensor that senses a physiologic variable of said person.

6. A monitor according to claim 2, wherein said at least one sensor comprises an

environmental sensor that senses a parameter of an environment of said person.

7. A monitor according to claim 2, wherein said at least one sensor comprises a motion

sensor that senses a motion of at least a portion of said person.

8. A monitor according to claim 2, wherein said at least one sensor comprises a motion

sensor that senses a change in posture of said person.

9. A monitor according to claim 2, wherein said at least one sensor comprises a motion

sensor that senses a change in body position of said person.
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10. A monitor according to claim 7, wherein said motion sensor comprises an
accelerometer.
11. A monitor according to claim 2, wherein said at least one sensor comprises at least two

sensors, of different types.

12. A monitor according to claim 2, wherein said at least one sensor comprises at least two

sensors, which measure different parameters.

13. A monitor according to claim 2 wherein said at least one sensor comprises at least two

sensors, which are attached to different parts of said person.

14. A montitor according to claim 2 wherein said at least one sensor comprises a sensor

which is spatially separate from said monitor.
15. A monitor according to claim 14, wherein said sensor is a wireless sensor.

16. A monitor according to claim 2, wherein at least one of said queries is generated

responsive to said logged data.

17. A monitor according to claim 16, wherein said at least one query is generated at a delay

responsive to said logged data.

18. A monitor according to claim 17, wherein said delay is responsive to a metabolism of a

medication taken by said person.

19. A monitor according to claim 17, wherein said delay is responsive to a physiological

process of said person.

20. A monitor according to claim 2, wherein said monitor generates a medication schedule

responsive to said logged data.

21. A monitor according to claim 1, wherein said fastener comprises a wristband.
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22. A monitor according to claim 1, wherein said monitor is adapted to be worn around a
neck.

23. A monitor according to claim 1, wherein said display comprises a visual display.

24. A monitor according to claim 1, wherein said display comprises an audio display.

25. A monitor according to any of claims 1-24, comprising a reminder generator which

provides said person with at least one reminder using said display.

26. A monitor according to claim 25, wherein said query generator generates at least one

query responsive to a response of said person to said at least one reminder.

27. A monitor according to claim 26, wherein said response comprises not complying with

said reminder.

28. A monitor according to claim 25, wherein said at least one reminder comprises a

reminder to eat.

29. A monitor according to claim 25, wherein said at least one reminder comprises a

reminder to drink.

30. A monitor according to claim 25, wherein said at least one reminder comprises a

reminder to take a certain medication.

31. A monitor according to claim 25, wherein said at least one reminder comprises a

reminder for a medical checkup.

32. A monitor according to claim 25, wherein said at least one reminder comprises a

reminder for a medical test.

33. A monitor according to any of claims 1-24, comprising an alerter which calls attention

of said person to said display.
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34. A monitor according to any of claims 1-24, wherein said input interface is operative to

receive unsolicited input from said person.

3s. A monitor according to claim 34, wherein said input comprises an indication of a

disease state.

36. A monitor according to claim 34, wherein said input comprises an indication of a side
effect.
37. A monitor according to claim 34, wherein said input comprises an indication of an

effect of said medicine.

38. A monitor according to claim 34, wherein said input comprises an indication of an

activity of the person.

39. A monitor according to claim 34, wherein said query generator generates at least one

query responsive to said input.

40. A monitor according to claim 39, wherein said query is generated at a delay responsive

to said input.

41. A monitor according to claim 40, wherein said delay is responsive to a metabolism of a

medication taken by said person.

42. A monitor according to claim 40, wherein said delay is responsive to a physiological

process of said person.

43. A monitor according to claim 34, wherein said monitor generates a treatment schedule

responsive to said input.

44. A monitor according to claim 43, wherein said treatment schedule comprises a

medication schedule.
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45, A monitor according to any of claims 1-24, wherein said query generator generates at

least one secondary query responsive to a person's response to at least one of said queries.

46. A monitor according to any of claims 1-24, wherein said query generator comprises a
memory and wherein said memory has stored therein an indication of at least one query

directed to clinical testing of medical treatment.

47. A monitor according to any of claims 1-24, wherein said query generator comprises a
memory and wherein said memory has stored therein an indication of at least one query

directed to selecting between two or more medication schedules.

48. A monitor according to any of claims 1-24, wherein said monitor is adapted for

monitoring a particular health condition of said person.

49, A monitor according to claim 48, wherein said health condition comprises a chronic
disease.

50. A monitor according to claim 48, wherein said health condition comprises pain.

51. A monitor according to claim 48, wherein said health condition comprises heart
disease.

52. A monitor according to claim 48, wherein said health condition comprises an anxiety
disorder.

53. A monitor according to claim 48, wherein said health condition comprises a depression

disorder.

54. A monitor according to claim 48, wherein said health condition comprises an ADD

(Attention Deficiency Disorder) condition.

55. A monitor according to claim 48, wherein said health condition comprises a pulmonary

difficulty condition.
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56. A monitor according to claim 48, wherein said health condition comprises diabetes.

57. A monitor according to claim 48, wherein said health condition comprises a

progressive disease.
58. A monitor according to claim 57, wherein said disease comprises Parkinson's disease.

59. A monitor according to claim 48, wherein said health condition comprises a non-

disease condition.

60. A monitor according to claim 48, wherein said monitor is adapted for tracking a health

condition which is being modified using a medical treatment.

61. A monitor according to any of claims 1-24, wherein said monitor is synchronized with
a second monitor, adapted to be worn by a second person and wherein said second monitor
comprises an alerter which generates an alert to said second person, responsive to an operation

at said monitor.

62. A monitor according to claim 61, wherein said operation comprises a reminder to take
medicine.
63. A monitor according to claim 61, wherein said monitor and said second monitor are

synchronized using wireless transmission therebetween.

64. A monitor according to claim 61, wherein said monitor and said second monitor are

synchronized using a common clock.

65. A monitor according to any of claims 1-24, wherein said input interface comprises at

least one digital visual analog scale (DVAS) display.

66. A monitor according to claim 65, wherein said at least one DVAS display comprises at

least two DVAS displays.
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67. A monitor according to any of claims 1-24, wherein said input interface comprises at

least one menu selection interface.

68. A monitor according to any of claims 1-24, wherein said input interface comprises an
interface for entering at least two different types of data, each of said types of data having at

least three possible values.

69. A monitor according to claim 68, wherein said query generator generates at least one

query responsive to a relationship between said two types of entered data.

70. A method of detecting a change in pain level, comprising:
tracking movements of at least a portion of a person; and
analyzing said tracked movements to identify changes in movement caused by a

change in pain level.

71. A method according to claim 70, wherein said tracked movements comprise changes in
posture.

72. A method according to claim 70, wherein said tracked movements comprise changes in
gait.

73. A method according to claim 70, wherein said tracked movements comprise changes in

a time profile of at least one body position.

74. A method of data sensing, comprising;:

automatically logging data of an ambulatory patient;

analyzing said data to determine at least one aspect of non-suitability of said logged
data,

automatically querying said patient to provide data which improves said at least one

aspect of non-suitability.

75. A method of entering multi-state information, comprising:
displaying, on a donned device, a scale of values, including an indication of a particular

value;
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entering, using said device, a value, which entered value is indicated using said
indication; and

storing said entered value, in said device, for later analysis.

76. A method according to claim 75, wherein said displaying emulates a VAS (Visual

Analog Scale) display.
717. A method according to claim 75, wherein said entered value indicates a pain level.

78. A method according to any of claims 75-77, comprising repeating said displaying and

said entering a plurality of times for a same type displayed scale.

79. A method according to any of claims 75-77, comprising repeating said displaying and

said entering a plurality of times for a different type displayed scale.

80. A monitor network comprising:

a first monitor, worn by a first person, which first monitor generates an alert to said
first person; and

a second monitor, worn by a second person, synchronized with said first monitor,

which generates an alert to said second person responsive to said first monitor.

81. A network according to claim 80, wherein said first and second monitors are

synchronized using a common clock.

82. A network according to claim 80 or claim 81, wherein said first and said second

monitors are synchronized using at least one wireless transmission between them.
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HYDRATION MONITOR

Field of the Invention

The present invention relates to a hydration monitor and in particular to a portable
hydration monitor suitable for use during exercise.

Background to the Invention

In sport, particularly athletics, international competition is the ultimate challenge to
the various regulatory systems of the body: physiological; biochemical;
biomechanical and psychological. The body experiences a great challenge to
accommodate the metabolic, thermal and other demands of intense exercise,
where this challenge is greatest during endurance events in hot environments.

Since water serves the role of controlling most of the body's regulatory systems,
the need for fluid intake during exercise is one of the main concerns, if not the
primary concern, for the sportsperson in ensuring they can maintain their
maximum sporting potential. The body’'s management of its hydration status is
essential in its main roles of regulating body temperature; blood circulation,
volume, viscosity and pressure; facilitating muscle movement and for removing
waste.

A deficient level of hydration can lead to dehydration, a process referring to a loss
of body water, from a state of hyperhydration (greater than normal body water
content) to euhydration (normal body water content) or from euhydration
downward to hypohydration (less than normal body water content).

In terms of performance, a subject who is just 2% dehydrated can see their
performance drop by 20-30%, when compared to being in a state of euhydration.
Put in context, this reduction in performance compares to the margin between
winning gold and finishing outside of the medals, 7 seconds adrift, in the 1500m in
the 2000 Sydney Olympics.

It is important, however, to emphasise that hydration is not the only factor that
should be monitored in exercise. Other factors such as energy stores, levels of
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electrolytes, fatigue, psychological factors and fitness (reduced fitness in elite

athletes is due to insufficient recovery time to regain fitness after sustaining an
injury) all have an effect on the performance of the sportsperson, and since the
nature of sport is based around precision, an imbalance of any of these factors
can lead to underachievement. In extreme cases, it has been known for a
deficiency of electrolytes to be fatal, inducing a condition known as hyponatremia.
The condition is often brought on through the dilution of sodium content in the
blood, where the subject has consumed too much fluid without an adequate
replacement of sodium.

It is the occasion where an athlete has the perfect balance of the above factors
that they will perform at their lifetime best. A performance such as this requires
the mind of the athlete to be in harmony with their body, an occurrence known
simply as ‘the zone'. It is an altered state of consciousness where the body and
mind function automatically.

It is therefore desirable to be able to monitor hydration levels to achieve maximum
possible performance. It is particularly desirable to be able to measure hydration
levels during exercise to determine the quantity of liquid that should be taken on
board to maintain, or reach, ideal hydration levels.

Current systems used for measuring hydration include osmometers and
refractometers. Such systems are used by sporting bodies and clubs, although
due to the size of the apparatus involved and the nature of the measurements
taken, the systems can only be used before, during a stationary phase, or after an
exercise is finished.

Osmometers work on the principle of either freezing point depression or vapour
pressure (heating and cooling). Osmometers determine the number of water
particles in a blood solution obtained from a subject by taking a blood sample.
Another form of osmometry measures the concentration of water in a urine
sample. In both cases, osmometry is not practical for use during exercise due to
the need to collect blood or urine samples.
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Refractometers measure the specific gravity of urine samples. By placing a drop

of urine on the screen, the concentration of the urine is read off from a scale, the
reading being determined by the refraction of light through the urine. The reading
on the scale can then be converted into a number of milli-osmos per Kilogram.
Again, it is not practical for use during exercise due to the need of a urine sample.

Although portable skin hydration monitors exist, such devices are designed for use
in dermatology as a measure for skin moisture. Skin hydration monitors measure
moisture levels in the corneocytes (dead skin cells) in the stratum corneum, the
outer layers of the skin. In terms of body water, a normal moisture level in the
stratum corneum could either be the result of, firstly, body euhydration or,
secondly, sweating whilst in a dehydrated state. It therefore follows that skin
hydration levels do not reflect body hydration. It is also not possible to determine
the level and quantity of sweat, since the water in the stratum corneum reaches a
maximum when the body is in a state of euhydration. Therefore it would not be
possible to determine any excess sweat that evaporates or drips off the skin.

It has been suggested that blood flow monitors could be adapted to determine fluid
status, through monitoring how peripheral blood flow varies during exercise to
facilitate the dissipation of heat by the process of sweat and heat exchange.
However, it is thought that this would not be a reliable method of monitoring
hydration because sweat rates, and therefore blood flow rates, are greater in hot
than in cold climates, even for the same level of dehydration. Peripheral blood
flow fails to allow for other means of loosing fluid such as increased fluid exchange
in cold climates between the environment and breath, where the environment
draws moisture from the breath to try and equalise the two moisture levels.

It is understood from medical studies that for every 1% loss in body weight, due to
dehydration, heart rates increase by about 7 beats per minute. From this, it may
be possible to develop a heart rate monitor to calculate loss in hydration due to an
increase in heart rate. However, it is not thought that such a monitor would be
particularly accurate as heart rate increases could also be the result of other
factors. For example, an increase in speed from one stride to the next would
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cause an increase in heart rate, as would anxiety, hormone levels, caffeine intake

and the (varying) temperature of the atmosphere.

Bio-electrical Impedance Analysis (BIA) is another technique that has been
suggested for use in measuring hydration. BIA analyses the amounts of fat,
muscle and water in the body. The measure of hydration is separated into
intracellular and extra cellular fluid compartments. BIA works by sending a small
current through electrodes attached to the skin, normally on the hand and the foot.
The current is sent at two different levels, one that can penetrate the cells of the
body and one that cannot. The difference between the two provides an indication
of the hydration status, on the theory that fluid facilitates the conduction of current.
Currently, BIA results are affected by numerous variables including body position;
hydration status; consumption of food and beverages; ambient air and skin
temperature; recent physical activity; and the conductance of anything in contact
with the skin, other than the electrodes. Thus, BIA lacks the precision and
accuracy necessary for hydration monitoring, and it is doubtful that it could ever be
adapted for use to determine fluid levels during even gentle exercise.

The present invention seeks to provide means for monitoring hydration in the body
during exercise. It was therefore important to understand whether or not the

theories behind any existing products could be developed for use in the PHM.

Statement of Invention

According to an aspect of the present invention, there is provided a hydration
monitor comprising a temperature sensor for measuring a subject’s core body
temperature and a processor, the processor being arranged to accept
measurements from the temperature sensor and calculate a hydration level in
dependence on changes in the measured core body temperature.

In a preferred embodiment of the present invention, a portable monitor is arranged
to measure core body temperature non-invasively. Hydration is monitored in real-
time device and measurements are output via a display to the user. In this
manner, a user can see his or her hydration status during exercise. Through this,
it is intended that dehydration is avoided and thus performance maximised.
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The portable hydration monitor is particularly useful as it can be used to analyse
an athlete's performance to ensure their maximum sporting potential and it can be
used to guarantee that the level of hydration is always safe. Thus, severe
dehydration can be avoided, something that can ultimately be a risk to health and
even survival.

Many internal and external variables (including psychological variables) are
relative to the core body temperature that is measured. In particular, by use of a
hydration monitor according to an embodiment of the present invention, stitch and
stomach discomfort should be prevented.

Embodiments of the present invention could be used by almost all
sportsmen/women including the disabled. Embodiments of the present invention
could be produced specifically for impact sports. In particular, the earpiece or
other temperature sensor would be designed so it could not be damaged by
impact or be forced into the ear by jostling/impact.

Preferably, the temperature sensor includes one or more air flow channels
allowing the flow of ambient air around the ear canal. Preferably, the temperature
sensor is designed to stabily fit within the subject's ear and maintain a constant
position. For example, the temperature sensor may be mounted within a
malleable rubber member or similar to allow it to adaptably fit within different sized
ears of subjects. In another alternative, various sized ear pieces may be provided
to permit a subject to select the most appropriate fit. !

In a preferred embodiment, the portable hydration monitor includes an earpiece
containing a thermopile to measure core body temperature via the tympanic
membrane (eardrum) and a wristwatch or other visual and/or audible indicator
module that provides the user with real-time feedback and informs the user of how
much fluid they must drink to re-hydrate their body to a level of euhydration
(normal).

Preferably, the two units communicate wirelessly.
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The thermopile detects incident infrared radiation from the tympanic membrane
and provides a voltage equivalent to the core body temperature of the subject.
This is then fed into an algorithm and the result is output via the indicator module.
Preferably, the result is the volume of fluid the subject should consume, in litres or
mi to reach and/or maintain a level of euhydration.

Preferably, the monitor seeks to provide the athlete with a realistic accuracy of 0.5-
1.0 %BWL (body weight lost in water).

This present invention seeks to provide a portable hydration monitor suitable for
monitoring hydration status throughout an exercise, which in turn would educate
athletes during training so that the regular and appropriate intake of fluids is
automatic, and in competition they can concentrate solely on performing in ‘the
zone' (they may not be wearing the device during competition).

Various embodiments may eventually be produced to cater for the various needs
of:

o athletes (and novice sports person);

o military personnel,

¢ hospital patients and

e normal public users

The hydration monitor may comprise an earpiece and a remote unit, the
temperature sensor being positioned in the earpiece for measuring the core body
temperature via the subject’s tympanic membrane.

Preferably, the temperature sensor comprises a thermopile.

The earpiece may further comprises a transmitter, the remote unit including the
processor, output means and a receiver, the earpiece being arranged to
communicate measurements to the processor via the transmitter and receiver, the
processor being arranged to provide an indication of the hydration level via the
output means.
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The transmitter and receiver may communicate wirelessly.
The transmitter and receiver may be transcievers.

The remote unit may comprise a selected one of:
a wristwatch, a personal digital organiser, a mobile telephone, a personal
computer or medical diagnostic and/or monitoring apparatus.

The output means may include one or more of a display and a speaker.

The monitor may further comprise a memory for storing hydration level and/or core
body temperature over time.

The processor may be arranged to determine a hydration level by the following

formula:
[(core body temperature current - core body temperature normal) x subject’s
weight] / (factor of ambient compensation x 100).

The factor of ambient compensation may be between 0.1 and 0.23 and is
determined in dependence on the temperature of the environment surrounding the

subject.

The hydration monitor may be arranged to operate repeatedly at predetermined

time intervals.

The processor may be arranged to generate an alarm upon determination of a
hydration level below a predetermined level.

According to another aspect of the present invention, there is provided a method
of measuring hydration of a subject comprising the steps of:

measuring an initial core body temperature of the subject;

measuring a subsequent current core body temperature of the subject;
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8
subtracting the initial core body temperature from the subsequent core body

temperature;
multiplying by the subject’s weight; and,
dividing by a factor of ambient compensation.

Preferably, the measurements are taken from the subject’s tympanic membrane.

Brief Description of the Drawings
Embodiments of the present invention will now be described in detail, by way of

example only with reference to the accompanying Figures, in which:

Figure 1 is a block diagram of a hydration monitoring system according to an
embodiment of the present invention;

Figure 2 is a schematic diagram of a portable hydration monitor incorporating the
system of Figure 1;

Figure 3 is a cross-sectional diagram of an earpiece of the monitor of Figure 2;
and,

Figure 4 is a schematic diagram of another system according to an embodiment of
the present invention.

Detailed Description
Figure 1 is a block diagram of a hydration monitoring system according to an

embodiment of the present invention.

The hydration monitoring system 10 includes a temperature sensor 20, a
processor 30 and a display 40. '

The temperature sensor 20 is arranged to measure body temperature of a subject
and communicate the measured temperature to the processor 30. Upon receipt of
the measurement, the processor is arranged to calculate a body water level for the
subject and output a corresponding hydration indication to the display 40.

Preferably, the temperature sensor 20 is arranged to measure temperature of a
tympanic membrane within one of the subject’s ears.
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The calculation performed by the processor is carried out at regular intervals as

follows:

[(core body temperature current - core body temperature normal) x weight] / (factor
of ambient compensation x 100)

The normal core body temperature will have been determined and/or input into the
device prior to use. The normal core body temperature is subtracted from the
current core body temperature, multiplied by the weight of the subject in kg,
(although could also be configured to accept pounds depending on user's
preference) and then divided by the factor of ambient compensation. This is then
either divided by one hundred to give a measurement in litres or alternatively
multiplied by ten to give the measurement in millilitres.

The factor of ambient compensation is valued between 0.1 and 0.23 degrees
centigrade, and refers to the increase in the subject’s core body temperature for
every percent loss of body weight, in temperate and hot climates respectively.

The measurement is the amount of liquid that the subject should drink to achieve
euhydration (full hydration). |

Figure 2 is a schematic diagram of a portable hydration monitor incorporating the
system of Figure 1. Figure 3 is a cross-sectional diagram of an earpiece of the
monitor of Figure 2.

The portable hydration monitor includes an earpiece 60 and a wristwatch 70.
The earpiece 60 includes a thermopile 65 positioned to measure core body

temperature via the tympanic membrane when inserted into an ear of a subject
and a transmitter 66 arranged to communicate temperature measurements to the

wristwatch 70.

The transmitter and receiver could be transceivers to allow the two units to talk to
each other for initialisation etc.
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10

The wristwatch 70 includes a receiver 75 arranged to receive measurements from
the earpiece, a processor to perform the calculations discussed above and a
display 76 to provide the subject with feedback on their hydration status.
Preferably, the display also informs the user of how much fluid they must drink to
re-hydrate their body to a level of euhydration (normal). Preferably, the monitor
operates on a substantially real-time basis.

In addition or as an alternative to the display 76, the wristwatch 70 may include an
audible indicator 80 to provide the feedback and/or additional alerts. For example,
hydration status and feedback may be provided via the display 76 and alerts may
be provided via the audible indicator 80 when a predetermined level of dehydration
is reached and/or immediate action is necessary.

Preferably, the transmitter 66 and receiver 75 communicate via a wireless data
protocol such as BlueTooth ™ or another suitable wireless communication system.
The earpiece 60 and wristwatch 70 both include one or more batteries to supply
power. At least in the case of the earpiece 60, it is preferred that the battery 67 is
rechargeable from within the earpiece via a suitable connection to a power-source
or inductive coupling to a power-source. In order to conserve battery power, the
transmitter 66 may establish a connection with the receiver only when it is
provided with data to transmit. The earpiece 60 and/or wristwatch may include a
sleep mode to further conserve power when not in use.

When inserted into a subject's ear canal, the thermopile 65 detects incident
infrared radiation from the tympanic membrane and provides a voltage equivalent
to the core body temperature of the subject. This is transmitted to the wristwatch
and used by the processor to obtain a hydration indication for output via the
display and/or audible indicator. Preferably, the result is the volume of fluid the
subject should consume, in litres or ml.

Preferably, the wristwatch includes a memory and is connectable to a computer or

other remote station, either via a wireless connection or via a docking station or
other wired connection to enable the subject to store and subsequently download
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core body temperature and/or hydration statistics and other relevant information

for subsequent analysis.

If configured by the user, an alert can be set to sound periodically (for example,
every minute) to indicate when the temperature is measured. The alert will
preferably be generated in the earpiece but it could alternatively be generated
from the wristwatch, or both. The alert is intended to remind the subject to look at
the display and could also serve to indicate when the display is being updated. [f
ignored, and the subject becomes dehydrated, the device will sound an alarm,
either in the earpiece or wristwatch or both when their hydration status falls below
2% of their level of euhydration.

Depending on the configuration of the wristwatch and earpiece, the user may be
given a choice of a sound or vibration alert, or both.

It is understood from medical studies that for every 1% loss in body weight, due to
dehydration, heart rates increase by about 7 beats per minute. From this, it may
be possible to incorporate a heart monitor into embodiments of the present
invention to provide more detailed information on hydration status. The heart rate
monitor would be one of the many types currently available and would be arranged
to communicate its measurements with the wristwatch in the same manner as the
earpiece.

In addition, pressure detecting inserts could be included in an embodiment of the
present invention. Such inserts would be inserted into shoes and arranged to
measure weight by the pressure applied. This information could then be
communicated to the wristwatch which could calculate a weight change due to
fluid loss. This method is expected to be unreliable by itself as it is affected by
balance distribution over the foot, for example running up or down slopes and
speed changes. However, when used in combination with the temperature
measurements from the earpiece and possibly the heart rate measurements from
the heart rate monitor, accuracy could quite possibly be increased. As an
alternative to inserts, a pressure sensor could be integrated into a treadmill or
other weight measurement mechanisms could be used.
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Various embodiments may eventually be produced to cater for the various needs
of.

o athletes (and novice sportsperson);

¢ military personnel;

o hospital patients and

e normal public users

For example, whilst athletes may be interested in actual numeric levels, the public
users may prefer an indicator in the form of a traffic light or similar (for example,
green = hydration normal, amber = a little dehydrated, red = very dehydrated).
Similarly, hospital patients themselves may not care about hydration levels - the
output data could be passed to medical staff for analysis and determination of
treatment or it may be fed into a control system for a fluid drip so that the fluid
intake for a patient could be automatically adjusted. Some embodiments may
include a memory and connection/transmission system so that data can be
recorded over time and uploaded onto a computer for more detailed analysis of
performance. An example embodiment of the present invention that may be used
by medical personnel or trainers of sportsmen is shown in Figure 4 in which the
wristwatch is replaced by a base station 100. As the base station need not be
portable, it can include a larger display 120 and/or more powerful speaker 110 and
a receiver having a greater reception radius to allow the subject to move further
from it and still be in contact. The base station could be used as well as a
wristwatch so both the sportsman and the trainer is able to see hydration levels —
indeed, they may even be provided different types of information depending on
their needs.

The device could also be used to prevent athletes reaching their ‘ceiling
temperature’ and having to stop running in, for example, an ultra endurance event
where the athlete is performing at their peak for several hours. An indication of
extreme temperature would allow the athlete to reduce their speed and continue
running instead of having to walk to cool down. This would apply even if there was
no water available. Therefore by using the device they don't lose valuable time,
and reduce the risk of damaging their body.
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The device could also be used to determine cardiac changes in the body,
particularly central blood volume, heart rate, stroke volume (these are relative to
body water). This will help to prevent a reduction in cardiac output which will
reduce the athletes performance, as described below:

In a preferred embodiment, the calculation used to determine hydration status may
take account of fat percentage of body weight. This will address discrepancies in
use where a subject has a large percentage of fat for body weight. Since fat
contains little or no water, the device may not give accurate results for someone
with a large percentage of fat content, as for that of a slender person (the slender
person will no doubt have a greater percentage of water in their body than the
fatter person).

Other factors that may be taken into account during the calculation may include
the temperature of the surrounding environment. The magnitude of core
temperature elevation can range from 0.1 to 0.23°C for every percent of body
weight lost, and is greater during exercise in hot, as opposed to temperate

climates.
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CLAIMS

1. A hydration monitor comprising a temperature sensor for measuring a
subject’s core body temperature and a processor, the processor being arranged to
accept measurements from the temperature sensor and calculate a hydration level
in dependence on changes in the measured core body temperature.

2. A hydration monitor as claimed in claim 1, comprising an earpiece and a
remote unit, the temperature sensor being positioned in the earpiece for
measuring the core body temperature via the subject’s tympanic membrane.

3. A hydration monitor as claimed in claim 2, wherein the temperature sensor
comprises a thermopile.

4. A hydration monitor as claimed in claim 2 or 3, wherein the earpiece further
comprises a transmitter, the remote unit including the processor, output means
and a receiver, the earpiece being arranged to communicate measurements to the
processor via the transmitter and receiver, the processor being arranged to
provide an indication of the hydration level via the output means.

5. A hydration monitor as claimed in claim 4, wherein the transmitter and
reciever communicate wirelessly.

6. A hydration monitor as claimed in claim 4 or 5, wherein the transmitter and

receiver are transcievers.

7. A hydration monitor as claimed in any of claims 4 to 6, wherein the remote
unit comprises a selected one of;

a wristwatch, a personal digital organiser, a mobile telephone, a personal
computer or medical diagnostic and/or monitoring apparatus.

8. A hydration monitor as claimed in any of claims 4 to 7, wherein the output
means includes one or more of a display and a speaker.
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9. A hydration monitor as claimed in any preceding claim, further comprising a

memory for storing hydration level and/or core body temperature over time.

10. A hydration monitor as claimed in any preceding claim, wherein the
processor is arranged to determine a hydration level by the following formula:
[(core body temperature current - core body temperature normal) x subject’s
weight] / (factor of ambient compensation x 100).

11. A hydration monitor as claimed in claim 10, wherein the factor of ambient
compensation is between 0.1 and 0.23 and is determined in dependence on the
temperature of the environment surrounding the subject.

12. A hydration monitor as claimed in any preceding claim arranged to operate
repeatedly at predetermined time intervals.

13. A hydration monitor as claimed in any preceding claim, wherein the
processor is arranged to generate an alarm upon determination of a hydration
level below a predetermined level.

14. A method of measuring hydration of a subject comprising the steps of:
measuring an initial core body temperature of the subject;
measuring a subsequent current core body temperature of the subject;
subtracting the initial core body temperature from the subsequent core body
temperature;
muitiplying by the subject's weight; and,
dividing by a factor of ambient compensation.

156. A method as claimed in claim 14, wherein the measurements are taken
from the subject’s tympanic membrane.

16. A hydration monitor as herein described and as illustrated in the
accompanying drawings.
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17. A method as herein described and as illustrated in the accompanying
drawings.
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D ' S@*.LE.M?C‘OHW%&% FO LEARKED 1
The present invention provides a method A e

and device for characterizing a ﬂ.‘ ) T ERERET ]
physiological parameter, The method, in
one application, uses one or more non-
invasive sensors to collect patient data, and may also collect data on environmental
conditions. At least some of the patient data has a direct relationship with the
physiological parameter, that is, a change in the physiological parameter is reflected in
the data set, although the magnitude of the physiological parameter may masked by
noise, interference, or other environmental or patient influences. The direct patient data
preferably has a generally linear relationship with the physiological parameter, and if not,
the patient data is linearized according to an algorithm, table, or other adjustment
process. These linearizing processes may be predefined, and may adaptively learn or
adjust.; A blind signal source process is applied to the linearized data to generate
separated signals, and the signal associated with the physiological parameter is
identified. The identified signal is scaled or further processed, and the characterization
result is presented. Although the method and device are described for use with a human,
they may be advantageously used on animals.
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INTERNATIONAL SEARCH REPORT

1582010-526646 (P2010-526646A)

Intcrnational application No.
PCTIVUS 08/63469

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12Q 1/54; AB1B 5/00 (2008.04)
USPC - 435/14, 600/365

According to Infernational Patent Classification (IPC) or to both national classification and IPC

B, FIELDS SEARCHED

IPC(B) - C12Q 1/54; A61B 5I00 (2008.04)
USPC - 435/14. 600/365

fied (classification syster followed by classification symbols)

IPC(B) C12Q 1/54; AB‘IB 5/00 (2008 04) see keyword below
USPC - 43514, 600/365; 600/309, 800/347 - see kayword below

to the extent that such d

are included in the fields hed

PubWEST(USPT,PGPB,EPAB,JPAB); Madline, Google

El e data base (ted during the { tlonal search (name of data base and, where practicable, scarch terms used)

Search terms: analyls, blood, non-invasive, filler, input, data, sourca separalion, wlput. p)urar ly. adapnve, e|ectnc, capaciiance, curent,
spectroscapy, skin, gucosa, nontinearly, Indapendant Componant Analyals . ICA, Ind Vaclor riabla, wavalangths

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 2002/0161289 A1 (HOPKINS el al.) 31 Octobar 2002 (31.10.2002), entire document
o especailly para [0002], [0008], (0013), (0014}, [0021}, (002§, (0032}, (0033}, (CO34], [0035],

1-7,9, 14, 4043, 45

Y [0036], {0037}, [0039), {0042}, [0046], and [0047) 8, 10-13, 15-18, 44, 46-
52
Y US 2007/0059198 A1 (BRISTER et al,) 15 March 2007 (16.03.2007), para {0112), [[0256], 8, 10-11, 82
[0324}, [0327), [0331), {0333), (0351), [2352), [0353), [0453], [0502), and [0535]
Y US 2003/0023162 A1 (ABBINK et al.) 30 January 2003 (30.01.2003), para [0018], [0025), 12, 13, 15-17, 48-51
{0052], (0053], {0110}, and [0243]
Y US 2004/0148108 A1 (HAHN @l al.) 20 July 2004 (20.07,2004), Abatract, para {0008], {0012], 18
and [0033}
Y US 2003/0166996 A1 (KIM et al.) 04 September 2003 {04.09.2003), Abstract, pura [0081}, and | 44, 46-47
[0082]
Y Bola et al. Oniine workbariches for neural netwark connectlons d Comp Neural, 2007 Fab, Vol. | 48, 51
500(5), p.807-14. (actuai p ate s | d on dary prior arl document

enciosed heraln) Abstrscl. and pg 801, ol 1, Computer Sclencs Slra!eqy

D Further documents are listed in the continuation of Box C.

U

* Special categories of cited documents:

“A" document defining the general state of the ant which iy not considered
to be of particular relevance

“E" earlier application or patent bul published on or sfter the i

YT later d biished afler the infernational filing date or priority
date and not in conflict wuh me | but cited to d
the | or lheory the ii

fiting datc

“L*  doeyment which may throw doubis on priority claim(s) or which is
cited to cstablish tht Tubhwuon date of another citetion or other
special reason {as specifi

“Q" document referring to an oral disclosure, use, cxhibition or ather

"X d r )] the claimed invention cannot be
considered novel or cannot be considered 10 involve an inventive
step when the document is taken ntone

“yn d of particular rel the claimed i cannot be
considered to involve an invenlive alep when the document is
combined with ane or more other such documents, such combination

17 Dacember 2008 {17.12.2008)

means being obvious 10 a person akilled in the an
“pr F rior o the il | fliing date butlater than wgn

thie priogily dote & pel iy & &"  document member of the same patent family
Dato of the actual completion of the { lonal search Date of maillng of the intermationa) search report

%4 DEC 2008

Name and malling address of the 1ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commlesioner for Patents Lae W. Young
P.0. Box 1450, Alexandsie, Viginia 22313-1450 PCT He ST1a724300

Facsimile No.  571-273-3201 PCT ORF; 712127774

Form PCT/ISA/210 (second sheet) (April 2007)
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PCT/US 08/63469

Box No. 11 Obacrvations where certain clalms were found ungearchmble (Continuation of item 2 of fiest shoet)

This international search repurt has not been established in respect of certain claims under Article 17(2)a) for the following reasons:

(. D Clalms Nos.: '

because they refate ta subject matier not required 1o be searched by this Authorlty, namely:

2. D Claiins Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful internationnl sesrch can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(p).

Box No. Il Observations where unity of i ion is Iacking (C ntinuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this i ional application, & foll
This applicatk ing the following i ions or groups of i ions which are not eo linked as to form a single general inventive
congept under PCT Rule 43.1, in order for all i lons to be Ined, the appropriate additional examination fees must be paid.

Graup ) Claims 1-18 and 40-52 directed to a method foc ss'umanng a concentration kve! of a blood analyte.
Group Il Glalms 19-39-dirscled lo & non-invasive blood-anaiyle-morillori '

Group Ill Claims 53-70 directed to a method for izing a target phy

Group IV claims 71-76 are directed o a blood glucosa manitor.

Sanehiarting d I extra sheat
i E] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims,

2, E] As all searchable ¢laims could be searched without effort justifying additlonal fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required addiiional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. @ No required odditional search fees were timely paid by the applicant. C ly, this ional search report is
restricied (o the invention first mentioncd in the claims; it is covered by claims Nos.:
118 and 40-52 !
Remark on Protest D ‘The additional search fees wers panled by the applicant’s protest and, where ppplicable, the
payment of a protest fce.

D The additional search fees were sccompanied by the applicant’s protest but the applicable protest
. fee was not paid within the time limit specified in the invitation,

D No pratest secompanied the payment of additional search fees.

Form PCT/SA/210 (cominuntion of first sheet (2)) (April 2007)
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INTERNATIONAL SEARCH REPORT Tntemational application Ner .
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Contlnuation of;
Box No U (unity of invention is tacking)

The Inventions listed as Graups -V do nof relate to a single general nven!lva  concept under PCT Rute 13.9 bacause, under FCT Rule
13.2, they lack the same or coresponding apecial tech

The special technical feature of Group ) is non-nvasively measuring a plurality of vanables ina paient to obtaln a el of input data which
Is not present in Groups Il-IV. The special tachnical feature of group 1l is an analyte i to
measure an analyle -ssnsltive variable ralaled to a concentration level of the b!ood analyls in & patlent which 15 not presenl in Groups |
or il - {V. The gpacial tachnical feature of Graup Il I collecting a firal dala set of data from a patient, the firsi data sel having a direct
mlauon:hlp with the targat physiological patameter which I not present in Groups 1l or V. The spacial technical feature of group IV is a

sonsor ing RF imped dala which s not pregent in Geoups k),
The shared lechnlcal feature of Groups -V is measuring or collecting data related (o physlologlcu paramaters, However. Lhis s not an
improvement over the prior art of US 200680030784 to Porgas €l al. (09.02.2005) hat gt ing system having
the capabliity lo Indicats an of an st phy lcal condition ( par@ {0010])

Form PCT/ISA/210 (extra sheel) (Apri! 2007)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER soo Form PCT/ISA/220

9653-12-WO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)

PCT/US2012/046446 12 JULY 2012 (12.07.2012) 25 JULY 2011 (25.07.2011)
Applicant

VALENCELL, INC. et al

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 3 sheets,

|:I It is also accompanied by a copy of each prior art document cited in this report.

—

Basis of the report
a. With regard to the language, the international search was carried out on the basis of :

& the international application in the language in which it was filed

I:‘ a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

»

I:l Certain claims were found unsearchable (Sce Box No. II)

w

[:l Unity of invention is lacking (See Box No. IIT)

4. With regard to the title,
g the text is approved as submilted by the applicant.
D the text has been cstablished by this Authority to read as follows:

5. With regard to the abstract,
& the text is approved as submitted by the applicant.
D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV, The applicant

may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
IX] as suggested by the apélicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
[:] as selected by this Authority, because this figure better characterizes the invention.

b. |:] none of the figure is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2009)
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A, CLASSIFICATION OF SUBJECT MATTER

AG61B 5/02(2006.01)i, A61B 5/145(2006.01)i, GO6Q 50/24(2012.01)i

According to International Patent Classification (IPC) or to both national classification and TPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B 5/02; A61B 5/107;, A61B 5/0245;, A61B 5/1477, A61B 5/1455; A61B 5/1495;, A61B 5/16; A61B 5/00
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Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: physiological data, circadian rhythm, environmental parameter ‘

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

See abstract and paragraphs [0011]-[00371.

See abstract and paragraphs [0012]-[0014].

X JP 2007-044203 A (TOSHIBA CORP. et al.) 22 February 2007

1-7,9-20,22-26
,38-41,43-49,51-56

Y 8,21,27-37,42,50
Y JP 2010-526646 A (SIGMED INC.) 05 August 2010 8,21,27-37,42,50
See ahstract and paragraphs [0035]-[0119].
A JP 2003-159221 A (SHISEIDO CO., LTD.) 03 June 2003 1-56
See abstract and paragraphs [0011]-[0017].
A JP 2004-283523 A (USHIYAMA YOSHIIISA et al.) 14 October 2004 1-56

l:l Further documents are listed in the continuation of Box C.

g See patent family annex.
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"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or afler the intemational
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O"  document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

11 JANUARY 2013 (11.01.2013)

Date of mailing of the international search report

14 JANUARY 2013 (14.01.2013)
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1. The applicant is hereby notified that the international search report and the written opinion of the International Searching
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The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):
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international search report.
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|:| no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.
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The applicant may submit comments on an informal basis on the written opinion of the International Searching Authorily to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. Following the expiration of 30 months from the
priority date, these comments will also be made available to the public. '

Shortly after the expiration of 18 menths from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
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international publication (Rules 90bis.1 and Y0bis.3).

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices cven later); otherwise, the applicant must, within 20 menths from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
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For details about the applicable time limits, Office by Office, see www.wipo.int/pct/en/texts/time_limits.html and the
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International application No.

PCT/US 12/48079

International filing datc

(day/month/year) 25 July 2012 (25.07.2012)

Applicant VALENCELL, INC.,

1.

The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for tiling such amendments is normally two months from the date of transmittal of the
international search report,

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338.82 70

For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004—9.011,

2. D The applicant is hereby notified that no international search report will be established and that the declaration under

Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been transmitted to the International Bureau together with any
request to forward the texts of both the protest and the decision thereon to the designated Offices.

I:I no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will 'send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. Following the expiration of 30 months from the
priority date, these comments will also be made available to the public. '

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau before the completion of the technical preparations for
international publication (Rules 90bis.1 and 90bis.3).

Within 19 months from the priority date, but only in respect of some designated Offices, a deinand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices,

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months.

For details about the applicable time limits, Office by Office, see www.wipo.int/pct/en/texts/time_limits.html and the
PCT Applicant's Guide, National Chapters,

Name and mailing address of the ISA/
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Commissioner for Patents

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No, 571-273-3201
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INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220

9653-13-WO ACTION as well as, where applicable, item 5 below.
Intcrnational application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/yvear)
PCT/US 12/48079 25 July 2012 (25.07.2012) 02 August 2011 (02.08.2011)

Applicant

VALENCELL, INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of g" sheets.
I:I 1t is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a, With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed.

|:| a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. EI With regard to any nucleotidye and/or amino acid sequence disclosed in the international application, see Box No. 1.

2. r_—l Certain claims were found unsearchable (see Box No. II).

DOCKETED
3. D Unity of invention is lacking (see Box No. II1). By \0;

4. With regard to the title, : Date ‘0!/‘ {ll—

the text is approved as submitted by the applicant.
the text has been established by this Authority to read as follows: ROUTE TO:

__ftmH [

msg [
O
[

5. With regard to the abstract,
the text is approved as submitted by the applicant.

[:I the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. 1V. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant.
as selected by this Authority, because the applicant failed to suggest a figure.
I—_—] as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figures is to be published with the abstract.
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International application No.
PCT/US 12/48079

A CLASSIFICATION OF SUBJECT MATTER
IPC(8) - AB1B 5/00 (2012.01)
USPC - 600/301

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A61B 5/00 (2012.01)
USPC - 600/301

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
IPC(8) - A61B 5/00 (2012.01)
USPC - 600/301, 508, 481, 483, 485, 500, 501, 502, 504, 509, 529; 705/2

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PUubWEST (PGPB, USPT, EPAB, JPAB), Google (Patents, Scholar, Web)
Search Terms: Physiological, signal, waveform, electrocardiogram, ECG, electroencephalogram, EEG, photoplethysmograph, PPG,

sensor, lung, heart, cardiovascular, pulmonary, signal, waveform, map, mapping, tomogrphay, high, pass, filter, low, variable, adaptable,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010/0222655 A1 (STARR et al.) 02 September 2010 (02.09.2010) Abstract; Fig. 1-2, 9, 1-4, 11-“2, 19, 21-24, 27,
======= | 13A-14; Para [0020}, [0048]-[0049], [0052]-[0053], [0056]-[0058], [0078]-{0080], [0090], [0112)- | 34, 36-40, 50, 52-54, 62
Y [0119], [0122]-[0144], [0152]-{0172]
5-10, 13-18, 20, 25-26,
28-33, 35, 41-49, 51, 565-
61, 63
X US 2004/0133123 A1 (LEONHARDT et al.) 08 July 2004 (08.07.2004) Claim 7, Fig. 1-2; Para 1
[0008], [0018]-[0019], [0025] .
Y US 2003/0083583 A1 (KOVTUN et al.) 01 May 2003 (01.05.2003) Para [0026], [0028], [0030], | 5-8, 25-26, 41-43, 55
[0033]-{0034] .
US 2010/0185105 A1 (BALDINGER) 22 July 2010 (22.07.2010) Para {0038], [0197] 9
US 2008/0004536 A1 (BAXI et al.) 03 January 2008 (03.01.2008) Fig. 13A-134B; Para [0052], | 10, 17-18, 32-33, 48-49,
[0112}-[0118] 60-61
US 2009/0093687 A1 (TELFORT et al.) 09 April 2009 (09.04.2009) Para [0314] 13, 28, 44, 56
US 2007/0088221 A1 (STAHMANN) 19 April 2007 (18.04.2007) Fig. 8-9; Para [0063]-[0064], 14-17, 29-32, 45-48, 57-
[0066]-[0068] 60
Y US 2003/0050563 A1 (SURIBHOTLA et al.) 13 March 2003 (13.03.2003) Para [0079]-{0080] 20, 35, 51, 63

D Further documents are listed in the continuation of Box C.

[]

* Special categories of cited documents:

“A”  dogument defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international

' filing datc

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than
the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁllqatlon but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular releyance;, the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Datc of the actual completion of the international search

20 September 2012 (20.09.2012)

Date of mailing of the international search report

090CT 2012

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)
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INTERNATIONAL SEARCHING AUTH

RITY

P.O. BOX 37428
RALEIGH, NC 27627

To: MYERS BIGEL SIBLEY & SAUIO\BOGKETED
By P5
Date _'d/tl12 |

PMH_ [
m S8 D Date of mailing

ROUTE TO:

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

(day/month/year)

090CT 2012

Applicant’s or agent’s file reference
96563-13-WO

| Sy

O

FOR FURTHER ACTION

See paragraph 2 below

International application No.

PCT/US 12/48079

International filing date (day/month/year)
25 July 2012 (25.07.2012)

Priority date (day/month/year)
02 August 2011 (02.08.2011)

IPC(8) - A61B 5/00 (2012.01)
USPC - _600/301

International Patent Classification (IPC) or both national classification and IPC

Applicant VALENCELL, INC.

Box No. II Priority

OO0 XOOOX

2. FURTHER ACTION

1. This opinion contains indications relating to the following items:

Box No, | Basis of the opinion

Box No. IV Lack of unity of invention

Box No. VI Certain documents cited
Box No. VII  Certain defects in the international application

Box No. VIII Certain observations on the international application

For further options, sec Form PCT/ISA/220.

Box No. ITT  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No.V  Reasoned statement under Rule 43is.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and cxplanations supporting such statement

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA™) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1 bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to th IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Fom
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

Name and mailing address of the ISA/US

Mail Stop PCT, Altn: ISA/JUS
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No, 571-273-3201

Date of completion of this opinion

20 September 2012 (20.09.2012)

Authorized officer:
Lee W. Young

PCT Helpdesk: §71-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/237 (cover sheet) (July 201 1)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US 12/48079

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed.

I—_—I a translation of the international application into which is the language of a
translation furnished for the purposcs of international search (Rules 12.3(a) and 23. [(b)).

2. D This opinion has been established taking into account therectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43 bis.1(a))

3. With regard to any nucleotide and/oxr amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing filed or furnished:

a. (means)
D on paper

D in electronic form

b. (time)
in the international application as filed
D together with the international application in electronic form

D subsequently to this Authority for the purposes of search

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or turnished, the required
statements that the information in the subscquent or additional copies is identical to that in the application as filed or
does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. 1) (July 2011)
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WRITTEN OPINION OF THE " | International application No.

INTERNATIONAL SEARCHING AUTHORITY PCTIUS 12/48079

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

I.  Statement

Novelty (N) Claims 3, 5-10, 13-18, 20, 24-26, 28-33, 35, 40-49, 51, 54-61, 63 YES
Claims 1-2, 4, 11-12, 19, 21-23, 27, 34, 36-39, 50, 52-53, 62 . NO
Inventive step (IS) Claims None YES
Claims 1-63 NO
Industrial applicability (IA) Claims 1-63 YES
Claims None NO

2.  Citations and explanations:

Claims 1-2, 4, 11-12, 19, 21-23, 27, 34, 36-39, 50, 52-53, and 62 iack novelty under PCT Article 33(2) as being anticipated by US
2010/0222655 A1 to Starr et al. (hereinafter: Starr).

As per claim 1, Starr discloses a physiological signal processing system (Abstract) comprising:

a physiological sensor (32, Fig. 1) that is configured to generate a physiological waveform that includes cardiovascular and pulmonary
signal components therein (Fig. 1-2; Para [0048]-{0049], [0052]-[00563]);

a variable high pass filter and a variable low pass filter that are responsive to the physiological waveform and that are configured to high
pass and low pass filter, respectively, the physiological waveform in response to at least one corner frequency that is applied thereto (Fig.
9; Para [0112]-[0118] - the high pass filter and low pass filter are combined as one digital filter (162, Fig. 9));

a heart rate metric extractor that is responsive to the variable high pass filter and that is configured to extract a heart rate metric from the
physiological waveform that is filtered by the variable high pass filter (Fig. 13B; Para [0113]}, [0116]-[0117]);

a respiration rate metric extractor that is responsive to the variable low pass filter and that is configured to extract a respiration rate metric
from the physlological waveform that is filtered by the variable low pass filter (Fig. 13A; Para [0112], [0116}-[0117]); and

a corner frequency adjustor that is responsive to the metric extractor and that is configured to determine the at least one corner frequency
that is applied to the variable high pass filter and the variable low pass filter from the heart rate metric (Fig. 13A-13B; Para [0113]-[0119]).

As per claim 2, Starr discloses a physiological signal processing system according to Claim 1, and Starr further discloses wherein the
variable high pass filter comprises a single high pass filter and the variable low pass filter comprises a single low pass filter, each having
an adjustable corner frequency, and wherein the corner frequency adjustor is configured to determine the adjustable corner frequency for
the single high pass filter and the single low pass filter (Fig. 9, 13A-13B; Para [0112]-[0118] - the high pass filter and low pass filter are
combined as one digital filter (162, Fig. 9)).

As per claim 4, Starr discloses a physiological signal processing system according to Claim 1, and Starr further discloses wherein the
variable high pass filter is responsive to the physiological waveform and is configured to filter the physiological waveform in response to a
high pass filter corner frequency that is applied thereto (Fig. 13B; Para [0113], [0116]-[0117]);

wherein the variable low pass filter is responsive to the physiological waveform and is configured to filter the physiological waveform in
response to a low pass fiiter corner frequency that is applied thereto (Fig. 13A; Para [0112], [0116]-[0117]); and

wherein the corner frequency adjustor is configured to determine the high pass filter corner frequency and the low pass filter corner
frequency that is appiied to the variable high pass filter and the variable low pass filter, respectively, in response to the heart rate metric
extracted by the heart rate metric extractor (Fig. 13A-13B; Para [0113]-[0119]).

As per claim 11, Starr discloses a physiological signal processing system according to Claim 1, and Starr further discloses wherein the
sensor is a plethysmograph sensor (Abstract; Para [0056]-{0058]).

As per claim 12, Starr discloses a physiological signal processing system according to Claim 11, and Starr further discloses wherein the
plethysmograph sensor is a photoplethysmograph sensor (Abstract; Para [0056]-[0058]).

As per claim 19, Starr discloses a physiological signal processing system according to Claim 1, and Starr further discloses wherein the
corner frequency adjuster is configured to determine the at least one corner frequency that is applied to the variable high pass filter and
the variable low pass filter from the heart rate metric by applying a margin (f.sub.smear, Fig. 13A) to the heart rate metric (Fig. 13A-13B;
Para [0112]-[0118], [0126]).

As per claim 21, Starr discloses a physiological signal processing system for a physiological waveform that includes a cardiovascular
signal component therein (Abstract), the physiological signal processing system comprising:

a variable high pass filter that Is responsive to the physiological waveform and that is configured to high pass filter the physiologlcal
waveform in response to a corner frequency that is applied thereto (Fig. 13B; Para [0113], [0116]-[0117]);

a heart rate metric extractor that is responsive to the variable high pass filler and that is configured to extract a heart rate metrlc from the
physiological waveform that is high pass filtered {Fig. 13B; Para [0113], [0116]-[0117]); and

a corner frequency adjustor that is responsive to the heart rate metric extractor and that is configured to determine the corner frequency
that is applied to the variable high pass filter, based on the heart rate metric that was extracted (Fig. 13A-13B; Para [0113]-[0119]).

**+* Continued on Supplemental *****

Form PCT/ISA/237 (Box No. V) (July 2011)
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of: :

ek Continuation of V.2, ¥+

As per claim 22, Starr discloses a physiological signat processing system according o Claim 21, and Starr further discloses wherein the
physiological waveform comprises an electrical physiological waveform including an electroencephalogram (EEG), an electrocardiogram
(ECG) and/or a radio frequency (RF) waveform, an electro-optical physiological waveform inciuding a photoplethysmograph (PPG)
waveform, an electro-photo acoustic waveform including a photo acoustic waveform, an electra-mechanical physiological waveform
including an auscultation waveform, a piezo sensor waveform and/or an accelerometer waveform, and/or an electro-nuclear physiological
waveform (Abstract; Para [0056]-[0058]).

As per claim 23, Starr discloses a physiological signal processing system according to Claim 21, and Starr further discloses wherein the
variable high pass filter comprises a single high pass filter having an adjustable corner frequency (Fig. 9, 13A-13B; Para [0112]-[0118]).

As per claim 27, Starr discloses a physlolagical signal processing system according to Claim 21, and Starr further discloses further
comprising a PPG sensor that is configured to generate the PPG waveform that includes the cardiovascular signal component therein
(Abstract; Para [0056}-[0058]).

As per claim 34, Starr discloses a physiological signal processing system according to Ciaim 21, and Starr further discloses wherein the
corner frequency adjuster is configured to determine the corner frequency that is applied to the variable high pass filter from the heart rate
metric (f.sub.smear, Fig. 13A) by applying a margin to the heart rate metric (Fig. 13A-13B; Para [0112]-[0118], [0126]).

As per claim 36, Starr discloses a physiological signal processing system according to Claim 21, and Starr further discloses further
comprising: a physiological metric assessor that is responsive to the heart rate metric extractor and that is configured to process the heart
rate metric to generate at least one physiological assessment (Para [0020], [0152]-[0172]).

As per claim 37, Starr discioses a physiological signal processing system according to Claim 386, and Starr further discloses wherein the at
least one physiological assessment inciudes ventilator threshold, lactate threshold, cardiopulmonary status, neurological status, aerobic
capacity (V02 max) and/or overall health or fitness (Para [0020], [0152]-[0172]).

As per claim 38, Starr discloses a physiological signal processing method (Abstract) comprising:

obtaining a physiological waveform that includes cardiovascular and pulmonary signal components therein (Fig. 1-2; Para [00481-[0049],
[0052}-[0053]);

variable high pass and low pass filtering the physiological waveform in response to at least one corner frequency (Fig. 9; Para [0112]-
[0118] - the high pass filter and low pass filter are combined as one digital filter (162, Fig. 9));

extracting a heart rate metric from the physiological waveform that is filtered by the variable high pass filtering (Fig. 13B; Para [0113],
[01186]-[0117]);

extracting a respiration rate metric from the physiological waveform that is filtered by the variable low pass filtering (Fig. 13A; Para [0112],
[0116)-]0117]); and

determining the at least one corner frequency that is applied to the variable high pass and low pass filtering, from the heart rate metric that
was extracted (Fig. 13A-13B; Para [0113]-[0119]).

As per claim 39, Starr discloses a physiological signal processing method according to Claim 38, and Starr further discloses wherein the
determining comprises adjusting the corner frequency of the variable high pass and low pass filtering (Fig. 9, 13A-13B; Para [0112]-
[0118]).

As per claim 50, Starr discloses a physiological signal processing method according to Claim 38, and Starr further discloses wherein the
determining the at least one corner frequency that is applied to the variable high pass and low pass filtering from the heart rate metric
comprises appiying a margin (f.sub.smear, Fig. 13A) to the heart rate metric (Fig. 13A-13B; Para [0112]-[0118], [0126]).

As per claim 52, Starr discloses a physiological signal processing method for a physiological waveform that includes a cardiovascular
signal component therein (Abstract), the physiological signal processing method comprising:

high pass filtering the physiological waveform in response to an adjustable high pass filter corner frequency (Fig. 13B; Para [0113], [0116]-
[0117});

extracting a heart rate metric from the physiological waveform that is high pass filtered (Fig. 13B; Para [0113], [0116]-[0117]); and
determining the adjustable high pass fiiter corner frequency that is applied to the high pass filtering, from the heart rate metric that was
extracted (Fig. 13A-13B; Para [0113]-[0119]).

As per claim 53, Starr discloses a physiological signal processing method according to Claim 62, and Starr further discloses wherein the
determining comprises adjusting a high pass filter corner frequency of a single high pass filter (Fig. 9, 13A-138B; Para [0112]-[0118]).

As per claim 62, Starr discloses a physiological signal processing method according to Claim 62, and Starr further discloses wherein the
determining the corner frequency that is applied to the variable high pass filtering from the heart rate metric comprises applying a margin
(f.sub.smear, Fig. 13A) to the heart rate metric (Fig. 13A-13B; Para [0112]-[0118], [0126]).
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Claim 1 lacks novelty under PCT Article 33(2) as being anticipated by US 2004/0133123 A1 to Leonhardt et al. (hereinafter: Leonhardt).

As per claim 1, Lecnhardt discloses a physiological signal processing system (Abstract) comprising:

a physiological sensor (E1-En, Fig, 1) that is configured to generate a physiological waveform that includes cardiovascular and pulmonary
signal components therein (Fig. 1-2; Para [0018]-[0019]);

a variable high pass filter and a variable low pass filter that are responsive to the physiological waveform and that are configured to high
pass and low pass filter, respectively, the physiological waveform in response to at least one corner frequency that is applied thereto
(Claim 7; Para [0008], [0025]);

a heart rate metric exiractor that is responsive to the variable high pass filter and that is configured to extract a heart rate metrlc from the
physiological waveform that is filtered by the variable high pass filter (Claim 7; Para [0008], [0025]);

a respiration rate metric extractor that is responsive to the variable low pass filter and that is configured to extract a respiration rate metric
from the physiological waveform that is filtered by the variable low pass filter (Para [0025]); and

a corner frequency adjustor that is responsive to the metric extractor and that Is configured to determine the at least one corner frequency
that is applied to the variable high pass filter and the variable low pass filter from the heart rate metric (Para [0025]).

Claims 3, 24, 40, 54 lack inventive step under PCT Article 33(3) as being obvious in view of Starr.

As per claim 3, Starr discloses a physiological signal processing system according to Claim 1, but Starr does not directly disclose wherein
the variable high pass filter comprises a plurality of high pass filters and the variable low pass filter comprises a plurality of low pass filters,
a respective one of which includes a different corner frequency, and wherein the corner frequency adjustor is configured to select one of
the plurality of high pass filters and one of the plurality of low pass filters that corresponds to the at least one corner frequency that is
determined by the corner frequency adjustor.

Starr discloses something similar where mulitiple low pass filters can be used to filter the signal of noise and wherein the system uses them
to pass signals less than the chosen cutoff frequency (Para [0078]-{0080], [0090]). it would have been obvious to one of ordinary skill in
the art that selective use of low pass fllters to pass signals less than the chosen cutoff frequency may be applied to the high pass filter
system as well.

As per claim 24, Starr discloses a physiological signal processing system according to Claim 21, but Starr does not dl‘rectly disclose
wherein the variable high pass filter comprises a plurality of high pass filters, a respective one of which includes a different value of the
corner frequency, and wherein the corner frequency adjustor is configured to select one of the plurality of high pass filters that corresponds
to the corner frequency that is determined.

Starr discloses something simitar where multiple low pass filters can be used to filter the signal of noise and wherein the system uses them
to pass signals fess than the chosen cutoff frequency (Para [0078]-[0080], [0090]). It would have been obvious to one of ordinary skill in
the art that selective use of low pass filters to pass signals less than the chosen cutoff frequency may be applied to the high pass filter
system as well,

As per claim 40, Starr discloses a physiological signal processing method according to Clalm 38, but Starr does not directly disclose
wherein the determining comprises selecting one of a plurality of high pass and low pass filters that carresponds to the at least one corner
frequency that is determined.

Starr discloses something similar where muitiple low pass filters can be used to filter the signal of noise and wherein the system uses them
to pass signals less than the chosen cutoff frequency (Para [0078]-[0080], [0090]). It would have been obvious to one of ordinary skill in
the art that selective use of low pass filters to pass signals less than the chosen cutoff frequency may be applied to the high pass filter
system as well.

As per claim 54, Starr discloses a physiological signal processinig method according to Claim 52, but Star does not directly disclose
wherein the determining comprises selecting one of a plurality of high pass filters that corresponds to the corner frequency that is
determined.

Starr discloses something similar where multiple low pass filters can be used to filter the signal of noise and wherein the system uses them
to pass signals less than the chosen cutoff frequency (Para [0078]-{0080], (0090}). It would have been obvious to one of ordinary skill in
the art that selective use of low pass filters to pass signals less than the chosen cutoff frequency may be applied to the high pass filter
system as well,
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Claims 5-8, 25-26, 41-43, 66 lack inventive step under PCT Article 33(3) as being obvious over Starr in view of US 2003/0083583 A1 to
Kovtun et al. (hereinafter: Kovtun).

As per claim 5, Starr discloses a physiological signal processing system according to Claim 2, but Starr does not expressly disclose
wherein the variable high pass filter comprises a variable digital high pass filter having a plurality of high pass delay taps and the variable
low pass filter comprises a variable digital low pass filter having a plurality of low pass delay taps, and wherein the adjustable comer
frequency is determined by a number of the high pass and low pass delay taps that are selected to filter the physiological waveform.
However, Kovtun teaches wherein the variable high pass filter comprises a variable digital high pass filter having a plurality of high pass
delay taps and the variable low pass filter comprises a variable digital low pass filter having a plurality of low pass delay taps, and wherein
the adjustable comer frequency is determined by a number of the high pass and low pass delay taps that are selected to filter the
physiological waveform (Para [0026], [0030], [0033]-{0034]).

It would have been obvious to one of ordinary skill in the art to combine the system of Starr with the digital filter of Kovtun as it allows for
integrated removal of noise from the signal. .

As per claim 8, Starr and Kovtun disclose a physiological 51gnal processing system according to Claim 5, and Starr further discloses
wherein the corner frequency adjustor comprises a mapping system that is configured to map the heart rate metric that Is extracted from
the physiological waveform (Fig. 10-11, 13A-14; Para [0107], [0112]-[0118], [0120]). Starr does not expressly disclose that is filtered into
the number of the delay taps that are selected to filter the physiological waveform.

However, Kovtun teaches that is filtered into the number of the delay taps that are selected to filter the physiological waveform (Para
[0028], [0030], [0033]-[0034]).

It would have been obvious to one of ordinary skill in the art to combine the system of Starr and Kovtun with the delay taps of Kovtun as it
allows for integrated removat of noise from the signal.

As per claim 7, Starr and Kovtun disclose a physiological signal processing system according to Claim 8, and Starr further discloses
wherein the mapping system is configured to determine a corner frequency of the variable digital low pass filter and the variable digital high
pass filter by determining a maximum of a minimum heart rate and the heart rate metric minus a margin (Para [0112]-[0118]). Starr does
not expressly disciose and is further configured to determine the number of delay taps by rounding a product of the delay of the delay taps
and the minimum heart rate divided by the corner frequency that was determined.

Kovtun discloses something similar wherein determining the number of taps may include consideration of the processing capability of the
system and the transition between the pass region and the stop region (Para [0033]}. It would have been obvious to one of ordinary skill in
the art that form follows function that that although Kovtun does not disclose an exact formula, it teaches the same concept in that an
appropriate number of taps is applied to the signal to reduce the noise and provide a sharper image and that different formulae may be
used to derive the number of taps.

As per claim 8, Starr and Kovtun disclose a physiological signal processing system according to Claim 6, and Starr further discloses
wherein the mapping system is configured to determine a corner frequency of the variable low pass filter and the variable high pass filter
by applying a margin to the heart rate metric (Para {0112]-[0118]). Starr does not expressly disclose and is further configured to determine
the number of delay taps from the corner frequency that was determined.

However, Kovtum teaches and is further configured to determine the number of delay taps from the corner frequency that was determined
(Para [0033] - transition between pass and stop regions is a consideration for the number of taps).

It would have been cbvious to one of ordinary skill in the art to combine the system of Starr and Kovtun with the delay taps of Kovtun as it |
allows for integrated removal of noise from the signal.

As per claim 25, Starr discloses a physiological signal processing system according to Clalm 21, but Starr does not expressly disclose
wherein the variable high pass filter comprises a variable digital high pass fllter having a plurality of delay taps and wherein the corner
frequency corresponds to a number of the plurality of delay taps that are selected to filter the physiological waveform.

However, Kovtun teaches wherein the variable high pass filter comprises a variable digital high pass fiiter having a plurality of delay taps
and wherein the corner frequency corresponds to a number of the piurality of delay taps that are selected to filter the physiological
waveform (Para [0026], {0030], [0033]-[0034]).

It would have been obvious to one of ordinary skill in the art to combine the system of Starr with the digital filter of Kovtun as it allows for
integrated removal of noise from the signal,

As per claim 26, Starr and Kovtun disclose a physwloglcal signal processing system according to Claim 25, and Starr further discloses
wherein the corner frequency adjustor comprises a mapping system that Is configured to map the heart rate metric that is extracted from
the physiological waveform (Fig. 10-11, 13A-14; Para [0107], [0112]-[0118], [0120]). Starr does not expressly disclose that is filtered into
the number of the delay taps that are selected to fllter the physiological waveform.

However, Kovtun teaches that is filtered into the number of the delay taps that are seiected to filter the physiological waveform (Para
[0028], [0030], [0033]-[0034]).

It would have been obvious to one of ordinary skill in the art to combine the system of Starr and Kovtun with the delay taps of Kovtun as it
allows for integrated removal of noise from the signal.

As per claim 41, Starr discloses a physiological signal processing method according to Claim 38, but Starr does not expressly disclose
wherein the determining comprises determining a number of a plurality of high pass and low pass dslay taps that are selected by the
variable high pass and low pass filtering.
Howaever, Kovtun teaches wherein the determining comprises determining a number of a plurality ¢f high pass and low pass delay taps
that are selected by the varlable high pass and low pass filtering (Para {0026}, [0030), [0033]-[0034]). it would have been obvious to one of]
ordinary skill in the art to combine the system of Starr with the digital filter of Kovtun as it allows for integrated removal of noise from the
signal.
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As per claim 42, Starr and Kovtun disclose a physlological signal processing method according to Claim 41, and Starr further discloses
wherein the determining comprises mapping the heart rate metric (Fig. 10-11, 13A-14; Para [0107], [0112]-[0118], [0120]). Starr does not
expressly disclose into the number of the delay taps.

However, Koviun teaches into the number of the delay taps (Para [0028], [0030], [0033]-{0034]).

It would have been obvious to one- of ordinary skill in the art to combine the system of Starr and Kovtun with the delay taps of Kovtun as it
allows for integrated removal of noise from the signal.

As per claim 43, Starr and Kovtun disclose a physiological signal processing method according to Claim 42, and Starr further discloses
wherein the mapping comprises: determining a corner frequency of the variable low pass and the variable high pass filtering by applying a
margin to the heart rate metric (Para [0112]-[0118]).

Starr does not expressly disclose and determining the number of delay taps from the corner frequency.

Kovtun discloses something similar wherein determining the number of taps may include consideration of the processing capability of the
system and the transition between the pass region and the stop region (Para [0033]). It would have been obvious to one of ordinary skill in
the art that form follows function that that although Kovtun does not disclose an exact formula, it teaches the same concept in that an
appropriate number of taps is applied to the signal to reduce the noise and provide a sharper image and that different formuiae may be
used to derive the number of taps.

As per claim 565, Starr discloses a physiological signal processing method according to Claim 52, but Starr does not expressly disclose
wherein the determining comprises determining a number of a plurality of delay taps that are selected in the filtering.

However, Kovtun teaches wherein the determining comprises determining a number of a plurality of delay taps that are selected in the
filtering (Para [0026], [0030j, [0033]-{0034]).

It would have been obvious to one of ordinary skill in the art to combine the method of Starr with the digital filter of Kovtun as it allows for
integrated removal of noise from the signal.

Claim 9 lacks inventive step under PCT Article 33(3) as being obvious over Starr in view of US 2010/0185105 A1 (Baldinger)

As per claim 9, Starr discloses a physiological signal processing system according to Claim 1, but Starr does not expressly disclose
wherein the corner frequency adjuster includes hysteresis.

Baldinger discloses something similar wherein the system includes a voltage comparator with hysteresis to compared filtered signals (Para
[0038], [0197]). it would have been obvious to one of ordinary skili in the art that comparing the filtered signals would include comparing
the corner frequency. It would have been further obvious to one of ordinary skill in the art to combine the system of Starr with the
hysteresis of Baldinger as it allows for a comparison of comner frequencies between filtered signals, which may aid in error detection and
noise reduction.

Claims 10, 18, 33, 49, 61 lack inventive step under PCT Article 33(3) as being obvious over Starr in view of US 2008/0004536 A1 to Baxi
et al. (hereinafter: Baxi).

As per claim 10, Starr discloses a physiological signal processing system according to Claim 1, but Starr does not expressly disclose
wherein the at least one corner frequency comprises a same corner frequency that is applied to the variable high pass and low pass filters.
However, Baxi teaches wherein the at least one corner frequency comprises a same corner frequency that is applied to the variable high
pass and low pass filters (Para [0048]). it would have been obvious to one of ordinary skill in the art to combine the system of Starr with
the frequency management of Baxi as it allows easy of separating the signals between the that pertaining to pulmonary function and that
pertaining to cardiac function, as illustrated in Starr (Fig. 13A-134B; Para [0112]-[0118]).

As per claim 18, Starr discloses a physiological signal processing system according to Claim 1, but Starr does not expressly disclose
wherein the corner frequency adjuster is configured to set at least one predetermined corner frequency corresponding to a predetermined
heart rate in response to determining that the physiological sensor is not responsive to a source of the physiological waveform.

However, Baxi teaches wherein the corner frequency adjuster is configured to set at least one predetermined corner frequency
corresponding to a predetermined heart rate in response to determining that the physiological sensor is not responsive to a source of the
physiological waveform (Para [0052]). It would have been obvious to one of ordinary skill in the art combine the system of Starr with the
reinitialization system of Baxi as it allows the filter(s) to return to thelr baseline parameters and restart data acquisition after they cease
providing accurate data,

As per claim 33, Starr discloses a physiological signal processing system according to Claim 21, but Starr does not expressly disclose
wherein the corner frequency adjuster is configured to set a predetermined corner frequency corresponding to a predetermined heart rate
In response to determining that the physiological sensor Is not responsive to a source of the physiological waveform.

However, Baxi teaches wherein the corner frequency adjuster is configured to set a predetermined corner frequency corresponding to a
predetermined heart rate in response to determining that the physiological sensor is not responsive to a source of the physioiogical
waveform (Para [0052]). it would have been obvious to one of ordinary skill in the art combine the system of Starr with the reinitialization
system of Baxi as it allows the filter(s) to return to their baseline parameters and restart data acquisition after they cease providing
accurate data.
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As per claim 49, Starr discloses a physiological signal processing method according to Claim 38, but Starr does not expressly disclose
further comprising: setting a predetermined corner frequency corresponding to a predetermined heart rate in response to determining that
the physiological waveform is no longer being obtained.

However, Baxi teaches further comprising: setting a predetermined corner frequency corresponding to a predetermined heart rate in
response to determining that the physiological waveform is no fonger being obtained (Para [0052]). It would have been obvious to one of
ordinary skili in the art combine the method of Starr with the reinitialization system of Baxi as it allows the filter(s) to return to their baseline
parameters and restart data acquisition after they cease providing accurate data.

As per claim 61, Starr discloses a physiological signal processing method according to Claim 52, but Starr does not expressly disclose
further comprising: setting a predetermined corner frequency corresponding to a predetermined heart rate in response to determining that
the physiological waveform is no longer being determined.

However, Baxi teaches further comprising: setting a predetermined corner frequency corresponding to a predetermined heart rate in
response to determining that the physiological waveform is no longer being determined (Para [0052]). It would have been obvious to.one of
ordinary skill in the art combine the method of Starr with the reinitialization system of Baxi as it allows the filter(s) to return to their baseline
parameters and restart data acquisition after they cease providing accurate data.

Claims 13, 28, 44, 56 lack inventive step under PCT Article 33(3) as being obvious over Starr in view of US 2009/0093687 A1 Telfort et al.
(hereinafter; Telfort).

As per claim 13, Starr discloses a physiological signal processing system according to Claim 1, but Starr does not expressly disclose
wherein the corner frequency adjuster is configured to reduce locking on an erroneous heart rate metric. However, Telfort discloses
something similar wherein the system adjusts an amplifier if the signal exceeds a predetermined threshold level, such as that caused by
talking coughing or similar as they present erronecus signals to acoustic sensors (Para [0314]). It would have been obvious to one of
ordinary skill in the art to incorporate method of detecting error in the signal in the system of Starr so that the system did not lock on or
process the erroneous signal, just as Telfort does with the acoustic signal.

As per claim 28, Starr discloses a physiological signal processing system according to Claim 21, but Starr does not expressly disclose
wherein the corner frequency adjuster is configured to reduce locking on an erroneous heart rate metric. However, Telfort discloses
something similar wherein the system adjusts an ampilifier if the signal exceeds a predetermined threshold level, such as that caused by
tatking coughing or similar as they present erroneous signals to acoustic sensors (Para- [0314]). it would have been obvious to one of
ordinary skill in the art to incorporate method of detecting error in the signal in the system of Starr so that the system did not lock on or
process the erroneous signal, just as Telfort does with the acoustic signal.

As per claim 44, Starr discloses a physiological signal processing method according to Claim 38, but Starr does not expressly disclose
wherein the determining comprises reducing locking on an erroneous heart rate metric.

However, Telfort discloses something similar wherein the system adjusts an amplifier if the signal exceeds a predetermined threshold
level, such as that caused by talking coughing or similar as they present erroneous signals to acoustic sensors (Para [0314]). It would have
been obvious to one of ordinary skill in the art to incorporate method of detecting error in the signal in the system of Starr so that the
method did not lock on or process the erroneous signal, just as Telfort does with the acouslic signal.

As per claim 56, Starr discloses a physiological signal processing method according to Claim 52, but Starr does not expressly disciose
wherein the determining comprises reducing locking on an erroneous heart rate metric.

However, Telfort discloses something similar wherein the system adjusts an amplifier if the signal exceeds a predetermined threshold
level, such as that caused by talking coughing or similar as they present erroneous signals to acoustic sensors (Para {0314]). It would have
been obvious to one of ordinary skill in the art to incorporate method of detecting error in the signal in the method of Starr so that the
system did not lock on or process the erroneous signal, Just as Telfort does with the acoustic signal.

Claims 14-16, 29-31, 45-47, 57-59 lack inventive step under PCT Article 33(3) as being obvious over Starr in view of US 2007/0088221 A1
(Stahmann).

As per claim 14, Starr discloses a physiological signal processing system according to Claim 1, but Starr does not expressly disclose
wherein the corner frequency adjuster is configured to initially set at least one predetermined comer frequency corresponding to a
predetermined heart rate prior to determining the at least one corner frequency that is applled to the variable high pass filter and the
variable low pass filter from the heart rate metric.

However, Stahmann discloses something similar wherein the filters for the cardiac and respiratory signals are each of function of the heart
rate and are each adjusted in response to a substantial change In the detected heart rate (Fig. 9; Para [0066]-[0068]), and in a second
embodiment predetermined pass bands are utilized to filter a physiclogical signal (Fig. 8; Para [0063]-[0C64]). It would have been obvious
to one of ordinary skill in the art that and adaptive filter would have a starting point and the heart rate, particularly the resting heart rate,
provides the metric for the predetermined frequency as it is the body's natural state of lowest activity and the state a subject naturally
regresses towards. Combining the embodiments of Stahmann more clearly applies a predetermined frequency from which the system
adapts.

It would have been obvious to one of ordinary skill in the art to combine the system of Starr with the predetermined and heart rate based
frequencies of Stahmann as it allows the system to use the patient's own base physiological signal as the base line.
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As per claim 15, Starr and Stahmann disclose a physiological signal processing system according to Claim 14, but neither directly disclose
wherein the predetermined heart rate is a resting heart rate.

However, Stahmann discloses something similar wherein the filters for the cardiac and respiratory signals are each of function of the heart
rate and are each adjusted in response to a substantial change in the detected heart rate (Fig. 9; Para [0066]-[0068]), and in a second
embodiment predetermined pass bands are utilized to filter a physiological signal (Fig. 8; Para [0063]-[0064]). It would have been abvious
to one of ordinary skill in the art that and adaptive filter would have a starting point and the heart rate, particularly the resting heart rate,
provides the metric for the predetermined frequency as it is the body's natural state of lowest activity and the state a subject naturaily
regresses towards. Combining the embodiments of Stahmann more clearly applies a predetermined frequency from which the system
adapts.

As per claim 16, Starr and Stahmann disclose a physiological signal processing system according to Claim 14, and Stahmann further
discloses whereln the corner frequency adjuster is configured to initially set the at least one predstermined corner frequency corresponding
to the predetermined heart rate until the heart rate metric extractor locks on a-heart rate in the physiological waveform (Fig. 9; Para [0066]-
[o068]).

As per claim 29, Starr discloses a physiological signal processing system according to Claim 21, but Starr does not expressly disclose
wherein the corner frequency adjuster Is configured to initially set a predetermined corner frequency corresponding to a predetermined
heart rate prior to determining the corner frequency that is applied to the variabie high pass filter from the heart rate metric.

However, Stahmann discloses something similar wherein the filters for the cardiac and respiratory signals are each of function of the heart
rate and are each adjusted in response to a substantial change in the detected heart rate (Fig. 9; Para [0066}-[0068]), and in a second
embodiment predetermined pass bands are utilized to filter a physiological signai (Fig. 8; Para [0063]-[0064]). it would have been obvious
to one of ordinary skill in the art that and adaptive filter would have a starting point and the heart rate, particularly the resting heart rate,
provides the metric for the predetermined frequency as it is the body's natural state of iowest activity and the state a subject naturally
regresses towards. Combining the embodiments of Stahmann more clearly applies a predetermined frequency from which the system
adapts.

1t would have been obvious to one of ordinary skili in the art to combine the system of Starr with the predetermined and heart rate based
frequencies of Stahmann as it allows the system to use the patient's own base physiological signal as the base iine.

As per claim 30, Starr and Stahmann disclose a physiological signal processing system according to Claim 29, but neither directly disclose
wherein the predetermined heart rate is a resting heart rate.

However, Stahmann discloses something simitar wherein the filters for the cardiac and respiratory signals are each of function of the heart
rate and are each adjusted in response to a substantial change in the detected heart rate (Fig. 9; Para [0066]-[0068)), and in a second
embodiment predetermined pass bands are utilized to filter a physiological signal (Fig. 8; Para [0063}-[0064]). It would have been obvious
to one of ordinary skili in the art that and adaptive filter would have a starting point and the heart rate, particularly the resting heart rate,
provides the metric for the predetermined frequency as it is the body's natural state of lowest activity and the state a subject naturally
regresses towards. Combining the embodiments of Stahmann more clearly applies a predetermined frequency from which the system
adapts.

As per claim 31, Starr and Stahmann disclose a physiological signal processing system according to Claim 29, and Stahmann discloses
wherein the corner frequency adjuster is configured to initially set the predetermined corner frequency corresponding to the predetermined
heart rate until the heart rate metric extractor locks on a heart rate in the physiological waveform (Fig. 9; Para [0066]-{0068]).

As per claim 45, Starr discloses a physiological signal processing method according to Claim 38, but Starr does not expressly disclose
further comprising: initially setting a predetermined corner frequency corresponding to a predetermined heart rate prior to the determining
the at least one corner frequency that is applied to the variable high pass and low pass filtering from the heart rate metric.

However, Stahmann discloses something similar wherein the filters for the cardiac and respiratory signals are each of function of the heart
rate and are each adjusted in response to a substantial change in the detected heart rate (Fig. 9; Para [0066]-[0068]), and in a second
embodiment predetermined pass bands are utilized to filter a physiological signal (Fig. 8; Para [0063]-[0084}). It would have been obvious
to one of ordinary skill in the art that and adaptive filter would have a starting point and the heart rate, particularly the resting heart rate,
provides the metric for the predetermined frequency as it is the body's natural state of lowest activity and the state a subject naturally
regresses towards. Combining the embodiments of Stahmann more clearly applies a predetermined frequency from which the system
adapts.

1t would have been obvious to one of ordinary skill in the art to combine the method of Starr with the predetermined and heart rate based
frequencies of Stahmann as it allows the system to use the patient's own base physiological signal as the base line.

As per claim 46, Starr and Stahmann disclose a physiological signal processing method according to Claim 45, but neither directly disclose
wherein the predetermined-heart rate is a resting heart rate,

However, Stahmann discioses something similar wherein the filters for the cardiac and respiratory signals are each of function of the heart
rate and are each adjusted in response to a substantial change in the detected heart rate (Fig. 9; Para [0066]-[0068}), and in a second
embodiment predetermined pass bands are utilized to filter a physiological signal (Fig. 8; Para [0063]-{0064]). it would have been obvious
to one of ordinary skill in the art that and adaptive filter would have a starting point and the heart rate, particularly the resting heart rate,
provides the metric for the predetermined frequency as it is the body's natural state of lowest activity and the state a subject naturally
regresses towards. Combining the embodiments of Stahmann more clearly applies a predetermined frequency from which the system
adapts. b
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As per claim 47, Starr and Stahmann disclose a physiological signal processing method accordl;ng to Claim 45, and Stahmann further
discloses wherein the Initially setting comprises Initially setting the predetermined corner frequency corresponding to the predetermined
heart rate until the extracting locks on a heart rate in the physiological waveform (Fig. 9; Para [0066}-[0068]).

As per claim 57, Starr discloses a physiological signal processing method according to Claim 52, but Starr does not expressly disclose
further comprising: initially setting a predetermined corner frequency corresponding to a predetermined heart rate prior to the determining
the at least one corner frequency that is applied to the variable high pass filtering from the heart rate metric.

However, Stahmann discloses something similar wherein the filters for the cardiac and respiratory signals are each of function of the heart
rate and are each ad|usted in response to a substantial change in the detected heart rate (Fig. 9; Para [0066]-[0068]), and in a second
embodiment predetermined pass bands are utilized to filter a physiological signal (Fig. 8; Para [0063]-[0064]). It would have been obvious
to one of ordinary skill in the art that and adaptive filter would have a starting point and the heart rate, particularly the resting heart rate,
provides the metric for the predetermined frequency as it is the body's natural state of lowest activity and the state a subject naturally
regresses towards. Combining the embodiments of Stahmann more clearly applies a predetermined frequency from which the system
adapts.

It would have been obvious to one of ordinary skill in the art to combine the system of Starr with the predetermined and heart rate based
frequencies of Stahmann as it allows the system to use the patient's own base physioclagical signal as the base line.

As per claim §8, Starr and Stahmann disciose a physiological signal processing method according to Claim §7, but neither directly
discloses wherein the predetermined heart rate is a resting heart rate.

However, Stahmann discloses something similar wherein the filters for the cardiac and respiratory signals are each of function of the heart
rate and are each adjusted in response to a substantial change in the detected heart rate (Fig. 9; Para [0066]-[0068]), and in a second
embodiment predetermined pass bands are utilized to filter a physiological signal (Fig. 8; Para {0063]-[0064]). It would have been obvious
to one of ordinary skill in the art that and adaptive filter would have a starting point and the heart rate, particularly the resting heart rate,
provides the metric for the predetermined frequency as it is the body's natural state of lowest activity and the state a subject naturally
regresses towards. Combining the embodiments of Stahmann more clearly applies a predetermined frequency from which the system
adapts.

As per claim 59, Starr and Stahmann disclose a physiological signal processing method according to Claim 57, and Stahmann further
discloses wherein the Initially setting comprises initially setting the predetermined corner frequency corresponding to the predetermined
heart rate until the extracting locks on a heart rate in the physiological waveform (Fig. 9; Para [0066]-[0068]).

Claims 20, 35, 51, 63 lack Inventive step under PCT Articie 33(3) as being obvious over Starr in view of US 2003/0050563 A1 to Surlbhotla
et al. (hereinafter: Suribhotia).

As per claim 20, Starr discloses a physiological signal pracessing system according to Claim 1, but Starr does not expressly disclose
wherein the variable high pass filter includes a gradual filter transition band. However, Suribholta teaches something similar wherein the
adaptive filter adjust filter coefficients gradually (Para [0079]-{0080]). It would have been obvious to one of ordinary skilt in the art that the
gradual filter transition band of Suribholta could be applied to a high pass filter.

It would have been further obvious to one of ordinary skili in the art to combine the system of Starr with the gradual filter transition band of
Suribholta as it allows the system to sequentially apply mulitiple coefficients so that it does not overshoot a desired corner/cutoff point.

As per claim 35, Starr discloses a physiological signal processing system according to Claim 21, but Starr does not expressly disclose
wherein the variable high pass filter includes a gradual filter transition band.

Suribholta teaches something similar wherein the adaptive filter adjust filter coefficients gradually (Para [0079]-[0080]). It would have been
obvious to one of ordinary skilf in the art that the gradual filter transition band of Suribholta could be applied to a high pass filter.

It would have been further obvious to one of ordinary skill in the art to combine the system of Starr with the gradual filter transition band of
Suribholta as it allows the system to sequentially apply multiple coefficients so that it does not overshoot a desired corner/cutoff point.

As per claim 51, Starr discloses a physiological signal processing method according to Claim 38, but Starr does not expressly disclose
wherein the variable high pass filtering comprises a gradual filter transition band.

Suribholta teaches something similar wherein the adaptive filter adjust filter coefficients gradually (Para [0079]-[0080}). It would have been
obvious to one of ordinary skill in the art that the gradual filter transition band of Suribholta could be applied to a high pass filter.

It would have been further obvious to one of ordinary skill in the art to combine the method of Starr with the gradual filter transition band of
Suribholta as it allows the system to sequentially apply multiple coefficients so that it does not overshoot a desired corner/cutoff point.

As per claim 63, Starr discloses a physiological signal processing method according to Claim 52, but Starr does not expressly disclose
whereln the variable high pass filtering comprises a gradual filter transition band.

Suribholta teaches something similar wherein the adaptive filter adjust filter coefficients gradually (Para [0079]-[0080]). It would have been
obvious to one of ordinary skill in the art that the gradual filter transition band of Suribholta could be applied to a high pass filter.

It would have been further obvious to one of ordinary skill in the art to combine the method of Starr with the gradual filter transition band of
Suribholta as it allows the system to sequentially apply multiple coefficients so that it does not overshoot a desired corner/cutoff point.
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Claims 17, 32, 48, 60 lack inventive step under PCT Article 33(3) as being obvious over Starr and Stahmann in view of Baxi.

As per claim 17, Starr and Stahmann disclose a physiological signal processing system according to Claim 14, but neither expressly
disclose wherein the corner frequency adjuster is configured to reset the predetermined corner frequency corresponding to the
predetermined heart rate in response to determining that the physiological sensor is no longer responsive to a source of the physiological
waveform.

However, Baxi teaches wherein the corner frequency adjuster is configured to reset the predetermined corner frequency corresponding to
the predetermined heart rate in response to determining that the physiological sensor is no longer responsive to a source of the
physiological waveform (Para [0052]). It would have been obvious to one of ordinary skill in the art combine the system of Starr and
Stahmann with the reinitialization system of Baxi as it allows the filter(s) to return to their baseline parameters and restart data acquisition
after they cease providing accurate data.

As per claim 32, Starr and Stahmann disclose a physiological signal pracessing system according to Claim 29, but neither expressly
disclose wherein the corner frequency adjuster is configured to reset the predetermined corner frequency corresponding to the
predetermined heart rate in response to determining that the physiological sensor is no longer responsive to a source of the physiological
waveform,

However, Baxi teaches wherein the corner frequency adjuster is configured to reset the predetermined corner frequency corresponding to
the predetermined heart rate in response to determining that the physiological sensor is no longer responsive to a source of the
physiological waveform (Para [0052]). it would have been obvious to one of ordinary skill in the art combine the system of Starr and
Stahmann with the reinitialization system of Baxi as it allows the filter(s) to return to their baseline parameters and restart data acquisition
after they cease providing accurate data.

As per claim 48, Starr and Stahmann disclose a physiological signal processing method according to Claim 45, but neither expressly
disclose further comprising: resetting the predetermined corner frequency corresponding to the predetermined heart rate in response to
determining that the physiological waveform is no longer being obtained.

However, Baxi teaches further comprising: resetting the predetermined corner frequency corresponding to the predetermined heart rate in
response to determining that the physiological waveform is no longer being obtained (Para [0052]). {t would have been obvious to one of
ordinary skill in the art combine the method of Starr and Stahmann with the reinitialization system of Baxi as it allows the filter(s) to return
to their baseline parameters and restart data acquisition after they cease providing accurate data.

As per claim 60, Starr and Stahmann disclose a physiological signal processing method according to Claim 57, but neither expressly
disclose further comprising: resetting the predetermined corner frequency corresponding to the predetermined heart rate in response to
determining that the physiologlcal waveform is no longer being obtained.

However, Baxi teaches further comprising: resetting the predetermined corner frequency corresponding to the predetermined heart rate in
response {o determining that the physiological waveform Is no longer being obtained (Para [0052]). It would have been obvious to one of
ordinary skill in the art combine the method of Starr and Stanmann with the reinitialization system of Baxi as it allows the filter(s) to return
to their baseline parameters and restart data acquisition after they cease providing accurate data.

Claims 1-63 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used by industry.

Form PCT/ISA/237 (Supplemental Box) (July 2011)

0404



SEARCH HISTORY

PCT/US 12/48079

WIA

CJE

IPC(8) - A61B 5/00 (2012.01)
USPC - 600/301

19 September 2012 (19.09.20120)

1PC(8) - A61B 5/00 (2012.01)
USPC - 600/301, 508, 481, 483, 485, 500, 501, 502,
504, 509, 529; 705/2

Physiological, signal, waveform, electrocardiogram, ECG,
electroencephalogram, EEG, photoplethysmograph, PPG,
sensor, lung, heart, cardiovascular, pulmonary, signal,
waveform, map, mapping, tomogrphay, high, pass, filter,
low, variable, adaptable, plural, multiple, many, gradual,
transition, band, corner, cutoff, cut off, break, frequency,
response, react, input, trigger, hysteresis, lock, prevent,
reduce, initial, predetermined, rest, digital, delay, tap, rate,
respiration, breathing, ventilator, lactate, threashold,
cardiopulmonary, neurological, status, aerobic, capacity,
fitness,

19 September 2012 (19.09.20120);.20 September 2012
(20.09.20120)

PubWEST

PGPB, USPT, EPAB, JPAB

19 September 2012 (19.09.20120); 20 September 2012
(20.09.20120)
Eaa

0405



SEARCH HISTORY

L128
L127
L126

DB=PGPB,USPT,EPAB,JPAB; PLUR=YES; OP=ADJ
L127 AND L90
L126 AND L89
L125 AND 1121
L105 AND (((ventilator OR lactate) ADJ threshold) OR |

((cadiopulmonary OR neurological) ADIJ status) OR (acrobic

ADJ capacity) OR fitness)

L123 AND ((respiration OR breath$) NEAR2 rate)

L1121 AND ((map OR mapping OR tomograph$) WITH (heart

==== OR cardiovascular))
L121 AND (margin WITH (heart OR rate))

L1102 AND (heart NEAR?2 rate)
L119 AND ((filter NEAR?2 digital) WITH (delay OR tap))
L.118 AND (filter NEAR? digital)

1102 AND (filter WITH (adjust$ OR react$ OR respon$ OR
variable OR adapt$) WITH (waveform))

L105 AND (margin WITH (heart OR rate))

L88 AND (((corner OR cutoff OR "cut off" OR break) ADJ
frequency) WITH heart WITH rest$)

L112 AND (((corner OR cutoff OR "cut off" OK break) ADJ
frequency) WITH heart WITH rest$)

1.88 AND (((corner OR cutoff OR "cut off" OR break) ADJ

frequency) WITH (initial OR predetermin$) WITH heart WITH

rest$)
1112 AND (((corner OR cutoff OR "cut off" OR break) ADJ

frequency) WITH (initial OR predetermin$) WITH heart WITH

rest$)
L105 AND (((corner OR cutoff OR "cut off" OR break) ADJ

==== frequency) WITH (initial OR predeterming$))

L108 AND (lock$ WITH (signal OR waveform))

1108 AND (lock$ WITH (prevent$ OR reduc$))
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122 AND (lock$ WITH (signal OR waveform))
L.22 AND (lock$ WITH (prevent$ OR reduc$))
125 AND (lock$ WITH (prevent$ OR reduc$))
L22 AND hysteresis ‘

L25 AND hysteresis

L23 AND (((corner OR cutoff OR "cut off" OR break) ADJ
frequency) WITH (adjust$ OR alter$ OR chang$ OR variable
OR adapt$))

L23 AND (((corner OR cutoff OR "cut off" OR break) ADJ
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L3 AND ((signal OR waveform) WITH (heart OR
cardiovascular))

L1 AND (sensor WITH (1ung OR heart OR cardiovascular OR
pulmonary))

L1 AND ((physiological WITH (signal OR waveform)) OR
electrocardiogram OR ECG OR electroencephalogram OR EEG 9862
OR photoplethysmograph OR PPG)

((A61B005/00)[ipc] OR (600/301 | 600/508 | 600/481 | 600/483 |

600/485 | 600/500 | 600/501 | 600/502 | 600/504 | 600/509 | 45762
600/529 | 705/2)[ccls])

2902

4579

DB=PGPB,USPT,EPAB,JPAB; PLUR=YES; OP=ADJ
L6 AND (((corner OR cutoff OR "cut off" OR break) ADJ

frequency) WITH ("same" OR identical) WITH high WITH low 5

WITH pass WITH filter)

L9 AND (((corner OR cutoff OR "cut off" OR break) ADJ

frequency) WITH ("same" OR identical) WITH high WITH low) 2

L10NOT 15 ‘ 4
L9 AND (((corner OR cutoff OR "cut off" OR break) ADJ 11
frequency) NEAR3 ("same" OR identical))

L8 AND ((corner OR cutoff OR "cut off" OR break) ADJ 641
frequency) ,

L7 AND (low ADI pass ADJ filter) 1548
L6 AND (high ADJ pass ADIJ filter) 2278

((physiological WITH (signal OR waveform)) OR
electrocardiogram OR ECG OR elcctroencephalogram OR EEG OR 101573
photoplethysmograph OR PPG)

14 AND (((corner OR cutoff OR "cut off" OR break) ADJ

frequency) WITH ("same" OR identical)) 10
L3 AND ((corner OR cutoff OR "cut off" OR break) ADJ 324
frequency) .

L2 AND (low ADJ pass AD] filter) - 720
L1 AND (high ADJ pass ADJ filter) 1057

((A61B005/00)[ipc] OR (600/301 | 600/508 | 600/481 | 600/483 |
600/485 | 600/500 | 600/501 | 600/502 | 600/504 | 600/509 | 600/529 | 45796
705/2)[ccls])
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"high pass filter" "low pass filter" (cardiac | heart) signal waveform

About 594 results (0.31 seconds)

"high pass filter" "low pass filter" (cardiac | heart) signal waveform (corner | cutoff |
break) frequency

About 134 results (0.32 seconds)

"high pass filter" "low pass filter" (cardiac | heart) signal waveform (corner | cutoff |
break) frequency variable

‘About 25 results (0.38 seconds)

(physiological | heart | pulmonary) (signal | waveform) filter prcdetermmed

About 17,200 results (0.32 seconds)

(physiological | heart | pulmonary) (signal | waveform) filter predetermined "heart rate"
About 5,880 results (0.49 seconds)

(physiological | heart | pulmonary) (signal | waveform) filter predetermined "heart rate"
(cutoff | corner)

About 538 results (0.34 seconds)

(physiological | heart | pulmonary) (signal | waveform) filter (cutoff | corner) (same |
identical)

e About 1,260 results (0.40 seconds)

Google

Google Scholar

18 September 2012 (18.09.20120)

"high pass filter" "low pass filter" (cardiac | heart) signal waveform
About 3,120 results (0.09 sec)
"high pass filter" "low pass filter" (cardiac | heart) signal waveform (corner | cutoff |
break) frequency
About 1,510 results (0.08 sec)

e "high pass filter" "low pass filter" (cardiac | heart) signal waveform (corner | cutoff |
break) frequency variable -

e About 923 results (0.09 sec)
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Google

e "high pass filter" "low pass filter" (cardiac | heart) signal waveform
About 135,000 results (0.36 seconds)
"high pass filter" "low pass filter" (cardlac | heart) 31gna1 waveform (corner | cutoff |
break) frequency
About 81,000 results (0.51 seconds)
"high pass filter" "low pass filter" (cardiac | heart) signal waveform (corner | cutoff |
break) frequency variable

e About 65,000 results (0.44 seconds)

Thomson Innovation

US Grant, WO App, FR App, US App, GB App, DE Util, EP
Grant, CA Grant, DE Grant, EP App, CA App, DE App, JP
App, KR Grant, KR App, Other, JP Grant, CN App, CN Util,
JP Util, KR Util , DWPI

26 September 2012 (26.09.2012)

Patent
No. Results Collections Search Query
12 40 JP Util,JP App,KR App,KR

Grant,JP Grant,CN App,CN

Util,KR Util ,US Grant,US

App,CA App,CA Grant,WO A

pp,EP Grant,EP App,DE Gra

nt,DE Grant,DE App,DE App

,DE Util,GB App,FR App,Ot

her,DWPI (UC=(600301 ADJ 600508 or 600481 or 600483 or
600485 or 600500 or 600501 or 600502 or 600504 or 600509 or 600529 or 705002) OR
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AIOE=(A61B000500)) AND ALL=((variab* OR adjust*) SAME (filter*) SAME (high ADJ pass
OR low ADJ pass OR band ADJ pass) SAME (heart ADJ rate* OR respirat* OR pulmonar*
OR cardiovascular* OR cardlopulmonar*)) AND ALL=(photoplethysmograph OR
plethysmograph);

11 271 JP UtilLJP App,KR App,KR

Grant,JP Grant,CN App,CN

.Util,KR Util ,US Grant,US

App,CA App,CA Grant,WO A

pp,EP Grant,EP App,DE Gra

nt,DE Grant,DE App,DE App

,DE Util,GB App,FR App,Ot

her,DWPI (UC=(600301 ADJ 600508 or 600481 or 600483 or
600485 or 600500 or 600501 or 600502 or 600504 or 600509 or 600529 or 705002) OR
AIOE=(A61B000500)) AND ALL=((variab* OR adjust*) SAME (filter*) SAME (high ADJ pass
OR low ADJ pass OR band ADJ pass) SAME (heart ADJ rate* OR respirat®* OR pulmonar*
OR cardiovascular* OR cardiopulmonar®));

10 1641 JP Util,JP App,KR App,KR

Grant,JP Grant,CN App,CN

Util,KR Util ,US Grant,US

App,CA App,CA Grant,WO A

pp,EP Grant,EP App,DE Gra

nt,DE Grant,DE App,DE App

,DE Util,GB App,FR App,Ot

her DWPI (UC=(600301 ADJ 600508 or 600481 or 600483 or
600485 or 600500 or 600501 or 600502 or 600504 or 600509 or 600529 or 705002) OR
AIOE=(A61B000500)) AND ALl =((variab* OR adjust*) SAME (filter*) SAME (high ADJ pass
OR low ADJ pass OR band ADJ pass));

9 59 JP Util,dP App,KR App,KR

Grant,JP Grant,CN App,CN

Util,KR Util ,US Grant,US

App,CA App,CA Grant,WO A

pPp,EP Grant,EP App,DE Gra

nt,DE Grant,DE App,DE App

,DE Util,GB App,FR App,Ot

her,DWPI (UC=(600301 ADJ 600508 or 600481 or 600483 or
600485 or 600500 or 600501 or 600502 or 600504 or 600509 or 600529 or 705002) OR
AIOE=(A61B000500)) AND ALL=((variab* OR adjust*) SAME (filter*) SAME (high ADJ pass
OR low ADJ pass OR band ADJ pass)) AND ALL=((variab* OR adjust*) NEARS5 (cut ADJ off
OR cutoff OR corner) ADJ frequenc¥);

8 30 JP Util,JP App,KR App,KR
Grant,JP Grant,CN App,CN
Util, KR Util ,US Grant,US
App,CA App,CA Grant,WO A
pp,EP Grant,EP App,DE Gra , -
nt,DE Grant,DE App,DE App
,DE Util,GB App,FR App,Ot
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her,DWPI (UC=(600301 ADJ 600508 or 600481 or 600483 or
600485 or 600500 or 600501 or 600502 or 600504 or 600509 or 600529 or 705002) OR
AIOE=(A61B000500)) AND ALL=((variab* OR adjust*) SAME (filter*) SAME (high ADJ pass
AND low ADJ pass)) AND ALL=((variab* OR adjust*) NEARS5 (cut ADJ off OR cutoff OR
corner) ADJ frequenc?®);

7 19 JP Util,JP App,KR App,KR

Grant,JP Grant,CN App,CN

Util, KR Util ,US Grant,US

App,CA App,CA Grant,WO A

pp,EP Grant,EP App,DE Gra

nt,DE Grant,DE App,DE App

,DE Util,GB App,FR App,Ot : :

her,DWPI (UC=(600301 ADJ 600508 or 600481 or 600483 or
600485 or 600500 or 600501 or 600502 or 600504 or 600509 or 600529 or 705002) OR
AIOE=(A61B000500)) AND ALL=((variab* OR adjust*) SAME (filter*) SAME (cardio* OR
pulmonar® OR heart ADJ rate* OR respirat*)) AND ALL=((variab* OR adjust*) NEARS5 (cut
ADJ off OR cutoff OR corner) ADJ frequenc?);

6 6 JP Util,JP App,KR App,KR

Grant,JP Grant,CN App,CN

Util, KR Util ,US Grant,US

App,CA App,CA Grant,WO A

pp,EP Grant,EP App,DE Gra

nt,DE Grant,DE App,DE App

,DE Util,GB App,FR App,Ot ‘

her,DWPI (UC=(600301)) AND ALL=((variab* OR adjust*) SAME
(filter*) SAME (cardio* OR pulmonar* OR heart ADJ rate* OR respirat*)) AND ALL=((variab*
OR adjust*) NEARS5 (cut ADJ off OR cutoff OR corner) ADJ frequenc?);

5 108 JP Util,JP App,KR App,KR
Grant,JP Grant,CN App,CN
Util, KR Util ,US Grant,US
App,CA App,CA Grant,WO A
pp.EP Grant,EP App,DE Gra
nt,DE Grant,DE App,DE App
,DE Util,GB App,FR App,Ot
her,DWPI (UC=(600301)) AND ALL=((variab* OR adjust®) SAME
(filter*) SAME (cardio* OR pulmonar® OR heart ADJ rate* OR respirat®));

4 357 JP Util,JP App,KR App,KR
Grant,JP Grant,CN App,CN
Util,KR Util ,US Grant,US
App,CA App,CA Grant,WO A
pp,EP Grant,EP App,DE Gra
ni,DE Grant,DE App,DE App
,DE Util,GB App,FR App,Ot
her,DWPI (UC=(600301)) AND ALL=((variab* OR adjust*) SAME
(filter®));

0415




i«: SEARCH HISTORY

3 3215 - JP Util,JP App,KR App,KR
Grant,JP Grant,CN App,CN
Util,KR Util ,US Grant,US
App,CA App,CA Grant,WO A
pp,EP Grant,EP App,DE Gra
nt,DE Grant,DE App,DE App
,DE Util,GB App,FR App,Ot
her,DWPI (UC=(600301));

2 135 Al pns=(US2010/0222655 US2004/0133123
US2003/0083583 US2010/0185105 US2008/0004536 US2009/0093687 US2007/0088221
US2003/0050563);

1 135 All pns=(US2010/0222655 US2004/0133123
US2003/0083583 US2010/0185105 US2008/0004536 US2009/0093687 US2007/0088221
US2003/0050563);
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

Tor | | PCT

MYERS BIGEL SIBLEY & SAJOVEC, P.A.

;'aolégff X,\fﬁs %am,ina 27627 NOTIFICATION OF TRANSMITTAL OF

' THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

S-15=-080 AUY o
Date of mailing
(day/month/year)
Appiicant’s or agent’s file reference
9653.3.WO FOR FURTHER ACTION  See paragraphs I and 4 below
International application No. International filing date :
PCT/USO7/25114 (day/month/year) 07 December 2007

Applicant \, ) ENCELL, INC.

1. The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19: .
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):
When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.
Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 740 14 35

For more detailed instructions, see the notes on the accompanying sheet.

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

A 3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders
Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 904is.1 and 90bis.3, respectively,
before the completion of the technical preparations for international publication.
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.
In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months.
See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant’s
Guide, Volume II, National Chapters and the WIPQ Intcmnet site.

Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: [SA/US
Commissioner for Patents Blaine R. Copenheaver
P.0. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No. 571-273-3201 Telephone No.  571-2727774
Form PCT/ISA/220 (January 2004) (See notes on accompanying sheer)
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

o PCT

MYERS BIGEL SIBLEY & SAJOVEC, P.A. |
P.O.Box 37428
Raleigh, North Carolina 27627

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION
(PCT Rule 44.1)

dawmonisea; 13 MAY 2008

FOR FURTHER ACTION  See paragraphs 1 and 4 below

Applicant’s or agent’s file reference

9653.3.W0O
International application No. International filing date
PCT/US07/25114 (day/month/year) 07 December 2007

Applicant \, o) ENCELL, INC.

. The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):
When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.
Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 740 14 35

For more detailed instructions, see the notes on the accompanying sheet.

2. l:] The applicant is hercby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders
Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Burcau as provided in Rules 90bis.1 and 90bis.3, respectively,
before the completion of the technical preparations for international publication.
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These cornments would also be made available to
the public but not before the expiration of 30 months from the priority date.
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.
In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months.
See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Ofﬁcc, see the PCT Applicant's
Guide, Volume I, National Chapters and the WIPO Internet site.

Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US
GCommissicner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No. 571-273-3201 Telephone No,  571-272-7774
Form PCT/ISA/220 (January 2004) (See notes on accompanying sheet)
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PATENT COOPERATION TREATY. -

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220
9653.3.W0 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/USO07/25114 07 December 2007 18 December 2006

Applicant

VALENCELL, INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 2 sheets.

I:' It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the langnage in which it was filed

I:I a translation of the international application into _ , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. 1.
2. D Certain claims were found unsearchable (see Box No. II)
3. D Unity of invention is lacking (see Box No. III)

4. With regard to the title,
IZ] the text is approved as submitted by the applicant
D the text has been established by this Authority to read as follows:

DOCKETED
By )
Daie sfes

[#}

5. With regard to the abstract,

the text is approved as submitted by the applicant

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. [V. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant
D as selected by this Authority, because the applicant failed to suggest a figure

I:] as selected by this Authority, because this figure better characterizes the invention

b. D none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheety (April 2005)
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INTERNATIONAL SEARCH REPORT ** - | International .application No.
PCT/US07/25114

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - AB1B 05/00 (2008.04)
USPC - 600/301

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

1PC(8) - A61B 05/00 (2008.04)
USPC - 600/301

i

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international scarch (name of data base and, where practicable, search terms used)

MicroPatent

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2004/0242976 A1 (ABREU) 02 December 2004 (02.12.2004) see whole document 1-8, 13, 18-24, 26-44, 47-
- 51, 54-59, 61-77, 79-89
Y and 91-92
9-12, 14-17, 25, 45-46,
52-53, 60, 78 and 90
Y US 2005/0148883 A1 (BOESEN) 07 July 2005 (07.07.2005) see whole document 9-12, 14-17, 60 and 78
Y US 2006/0084878 A1 (BANET et al) 20 April 2006 (20.04.2006) see whole document 45-46, 52 and 90
Y US 2004/0186390 A1 (ROSS et al) 23 September 2004 (23.09.2004) see whole document 25 and 53
l:‘ Further documents are listed in the continuation of Box C. D
¥ Special categories of cited documents: o “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not censidered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E" earlier application or patent but published on or after the international X document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive -

“L” document which may throlvy clcv-ubtil on prfiority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y™ document of particular relevance; the claimed invention camnot be

e special reason (a's specified) . o considered to involve an inventive step when the document is
O document referring to an oral disclosure, use, exhibition or other combined with ane or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than “&" document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
. B’ 7
19 April 2008 13 MAY 2008
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: 1ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450
. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-3201 . PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (April 2005)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

— PCT

MYERS BIGEL SIBLEY & SAJOVEC, P.A. |,
P.0O. Box 37428
Raleigh, North Carolina 27627

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

e meeey 13 MAY 2008

Applicant’s or agent’s file reference FOR FURTHER ACTION

9653.3.W0O See paragraph 2 below
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US07/25114 07 December 2007 19 December 2006

International Patent Classification (IPC) or both national classification and IPC
IPC(8) - A61B 05/00 (2008.04)
USPC - 600/301

Applicant \/ | ENCELL, INC.

" 1. This opinion contains indications relating to the following iters:

Box No. 1 Basis of the opinion

Box No. II Priority

Box No.III  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

citations and explanations supporting such statement
Box No. VI Certain documents cited

Box No. VII Certain defects in the international application

LIO0 KOO

Box No. VIII Certain observations on the international application

2. FURTHERACTION

Box No. V Reasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step or industrial applicability:

If a demand for international preliminary examination is made, this opinion will be considered to be a writien opinion of the
International Preliminary Examining Authority (“IPEA™) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen 1PEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, hefore the expiration of 3 months from the date of mailing of Form

PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

e
For turther options, see Form PCT/ISA/220. %é\g D G C KETE D
3. For further details, see notes to Form PCT/ISA/220. By i‘@ =
Date gfis
Name and mailing address of the ISA/US | Date of completion of this opinion Authorized officer:
Mail Stop PCT, Attn: ISA/US N
Commissioner for Patents 19 April 2008 Blaine Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450
.. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-3201 PGT OSP: 571-272-7774

Form PCT/ISA/237 (cover sheet) (April 2007)

0421



WRITTEN OPINION OF THE International -application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US07/25114

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been estdblished on the basis of:
the international application in the language in which it was filed.

D a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

Led
2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. type of material

D a sequence listing
I:] table(s) related to the sequence listing

b. format of material

D on paper

D in electronic form

c. time of filing/furnishing
D contained in the international application as filed
D filed together with the international application in electronic form

[—__l furnished subsequently to this Authority for the purposes of search

4. E:] In addition, in the case that more than one version or copy of a sequence listing and/or table(s) relating thereto has been
filed or furnished, the required statements that the information in the subsequent or additional copies is identical to that
in the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I) (April 2007)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US07/25114

Box No. V Reasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1.  Statement

Novelty (N) Claims 9-12, 14-17, 25, 45-46, 52-53, 60, 78 and 80 YES
Claims 1-8, 13, 18-24, 26-44, 47-51, 54-59, 61-77, 79-89 and 91-92 NO

Inventive step (IS) Claims None met YES
Claims 1-92 NO

Industrial applicability (IA) Claims 92 YES
Claims None NO

2. Citations and explanations:

Claims 1-8, 13, 18-24, 26-44, 47-51, 54-59, 61-77, 79-89 and 91-82 lack novelty under PCT Article 33(2) as being anticipated by Abreu
{US 2004/0242976 A1).

Regarding claim 1, Abreu discloses a personal monitoring apparatus (Abstract), comprising: a housing configured to be attached to the
body of a person (Abstract and Paragraph [0039]); at least one physiological sensor supporied by the housing (Paragraphs [0039-00401),
wherein each physiological sensor is configured to detect and/or measure physiological information from a person (Paragraphs [0039-
0040], [0088] and [0113]); at least one environmental sensor supported by the housing (Paragraph [0076]), wherein each environmental
sensor is configured to detect and/or measure environmental conditions in a vicinity of a person (Abstract and Paragraph [0076], [0096]
and [0100]); a signal processor supported by the housing and configured to receive and pracess signals produced by the physiological
and environmental sensors (Fig. 13 and Paragraphs [0316-0318]); and a transmitter responsive to the signal processor that is configured
to transmit physiological and environmental sensor signals as processed by the signal processor from the signal processor to a remote
terminal (Abstract, Fig. 13 and Paragraph [0059]).

Regarding claim 2, Abreu discloses the apparatus of Claim 1, wherein the transmitter is configured to transmit signals from the signal
processor to the remote terminal in real time (Abstract, Fig. 13 and Paragraph [0059] and [0095]).

Regarding claim 3, Abreu discloses the apparatus of Claim 1, wherein the signal processor is configured to process signals produced by
the physiological and environmental sensors into signals that can be heard and/or viewed by the person (Abstract and Paragraph [0071)).

Regarding claim 4, Abreu discloses the apparatus of Claim 1, wherein the signal processor is configured to selectively extract
environmental effects from signals produced by a physiological sensor (Paragraph [0446] and [0500]).

Regarding claim 5, Abreu discloses the apparatus of Claim 1, wherein the signal processor is configured to selectively extract
physiological effects from signals produced by an environmental sensor (Paragraph [0446] and [0500]).

Regarding claim 6, Abreu discloses the apparatus of Claim 1, wherein a physiological sensor is oriented in a direction towards the person,
wherein an environmental sensor is oriented in a direction away from the person, and wherein a buffer material is positioned between the
physiological sensor and environmental sensors (Figs. 22A-C and Paragraphs [0355-0357]; the physiological sensor is attached to the
skin of the user while the environmental sensor is connected to the rim of the glasses near the temple).

Regarding claim 7, Abreu discloses the apparatus of Claim 6, wherein the buffer material is configured to selectively reflect and/or absorb
energy emanating from the environment and/or the person (Paragraph [0132]).

Regarding claim 8, Abreu discloses the apparatus of Claim 1, wherein the housing is configured to be attached to an ear of the person
(Paragraph [0039]), wherein a physiological sensor is an acoustical sensor oriented in a direction towards a tympanic membrane of the
ear and is configured to detect acoustical (Paragraph [0525]) energy emanating from the tympanic membrane (Paragraph [0039-0040];
headphones and ear wrap sensors would sense tympanic (ear drum) activity), wherein an environmental sensor is an acoustical sensor
and is oriented in a direction away from the person (Figs. 22A-C and Paragraphs [0355-0357]; the physiological sensor is attached to the -
skin of the user while the environmental sensor is connected to the rim of the glasses near the temple), and wherein the processor is
configured to utilize signals produced by the environmental sensor to extract environmental acoustical (Paragraph [0525]) energy not
emanating from the tympanic membrane from signals produced by the physiological sensor (Paragraph {0446] and [0500]).

Regarding claim 13, Abreu discloses the apparatus of Claim 8, further comprising an optical detector supported by the housing that is
configured to detect acoustically (Paragraph [0525]) modulated blackbody IR radiation emanating from the tympanic membrane
(Paragraph [0119]).

Regarding claim 18, Abreu discloses the apparatus of Claim 1, wherein the housing is configured to be attached to an ear of the person,

and wherein a physiclogical sensor comprises an optical detector that is configured to detect acoustically (Paragraph [0525]) modulated
blackbody IR radiation emanating from the tympanic membrane (Paragraph [0119]).
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Regarding claim 19, Abreu discloses the apparatus of Claim 1, wherein the signal processor utilizes one or more filiers to process signals
produced by the physiological and environmental sensors (Paragraph [0393] and [0422]).

Regarding claim 20, Abreu discloses the apparatus of Claim 1, furthéf 6omprising a receiver configured to receive audio and/or video
information from a remote terminal (Abstract, Fig. 13 and Paragraph [0071]), and further comprising a communication module supparted
by the housing and that is configured to store and/or process and/or play audio and/or video information received from the remote terminal

(Abstract, Paragraphs [007 1], [0076] and [0485]).

Regarding claim 21, Abreu discloses the apparatus of Claim 1, further comprising a communication module supported by the housing and
that is configured to alert the person when a physiological sensor detects certain physiological information from the person (Paragraph
[0080]) and/or when an environmental sensor detects certain environmental information from the vicinity of the person (Paragraph [0081]).

Regarding claim 22, Abreu discloses the apparatus of Claim 21, wherein the communication module is configured to provide audible and/
or visible alerts and/or physical alerts (Abstract, Paragraphs [007 1], [0076] and [0485]).

Regarding claim 23, Abreu discloses the apparatus of Claim 21, wherein the communication module is configured to audibly present vital
sign information to the person (Abstract, Paragraphs [0071], [0078] and [0485]).

Regarding claim 24, Abreu discloses the apparatus of Claim 21, wherein the communication module is configured to store content
generated by the person and/or by the at least one physiological and environmental sensors (Abstract, Paragraphs [0071], [0076] and

[0485)).

Regarding claim 26, Abreu discloses the apparatus of Claim 1, further comprising an ear hook that extends from the housing and that is
configured to attach the housing to an ear of a person (Paragraph [0039]).

Regarding claim 27, Abreu discloses the apparatus of Claim 26, wherein the housing is configured to be positioned in adjacent contacting
relationship with the temple of the person (Paragraph [0039]).

Regarding claim 28, Abreu discloses the apparatus of Claim 28, further comprising a physiological sensor and/or an environmental sensor
supported by the ear hook (Paragraph [0038]).

Regarding claim 29, Abreu discloses the apparatus of Claim 26, wherein the hook comprises a pinna cover that is configured to contact a
portion of the pinna of an ear, and wherein a physiological sensor {Abstract and Paragraphs [0039-00401) and/or an environmental sensor
(Paragraph [0076]) is supported by the pinna cover (Paragraph [0039}; contacts an ear wrap or headphones, both of which would act as a

pinna cover).

Regarding claim 30, Abreu discloses the apparatus of Claim 1, wherein the housing is an earring (Paragraph [0039]).

Regarding claim 31, Abreu discloses the apparatus of Claim 1, further comprising an earring that is configured to be attached to an ear of
a person (Paragraph [0039]), wherein the earring comprises an environmental sensor that is configured to detect and/or measure
environmental conditions in a vicinity of the person (Paragraph [0076]), and wherein the signal processor is configured to receive and
process signals produced by the earring environmental sensor (Abstract, Fig. 13 and Paragraph [0059]).

Regarding claim 32, Abreu discloses the apparatus of Claim 1, further comprising an earring that is configured to be attached to an ear of
a person (Paragraph [0038]), wherein the earring comprises a physiological sensor (Abstract and Paragraphs [0039-0040]) that is
configured fo detect and/or measure physiological information from the person, and wherein the signal processor is configured to receive
and process signals produced by the earring physiclogical sensor (Abstract, Fig. 13 and Paragraph [00597).

Regarding claim 33, Abreu discioses the apparatus of Claim 1, further comprising an arm that extends from the housing and that supports
one or more physiological sensors and/or environmental sensors (Figs. 22A-C and Paragraphs [0355-0357]; the physiological sensor is
attached to the inner portion of the glasses while the environmental sensor is connected to the rim of the glasses near the temple).

Regarding claim 34, Abreu discloses the apparatus of Claim 33, wherein the arm supports physiological sensors configured fo detect and/.
or measure jaw motion and/or arterial blood flow near the neck of the person (Paragraphs [0039] and [0070]).

Regarding claim 35, Abreu discloses the apparatus of Claim 1, wherein the housing is configured to be attached to an ear of the person
(Paragraph [0038]), and further comprising an earpiece fitting configured to be inserted within the ear canal and having one or more
‘| physiological sensors supported thereby (Abstract and Paragraph [0039]).

Regarding claim 36, Abreu discloses the apparatus of Claim 1, further comprising a transmittance pulse oximeter and/or reflectance pulse
oximeter supported by the housing (Paragraph [0395]).

Regarding claim 37, Abreu discloses the apparatus of Claim 1, wherein the housing is configured to be attached to an ear of the person

(Paragraph [0038]), and further comprising an earlobe clip extending from the housing (Paragraph [0039]; a wrap around earpiece has an
earlobe clip), and wherein a transmittance pulse oximeter is supported by the earlobe clip (Paragraph [0395]).
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Regarding claim 38, Abreu discloses the apparatus of Claim 1, wherein the housing is configured to be attached to an ear of the person
(Paragraph [0038)), and further comprising an earlobe clip extending from the housing (Paragraph [0039]; a wrap around earpiece has an
earlobe clip), and wherein a reflectance pulse oximeter is supported by the earlobe clip (Paragraph [0395]).

Regarding claim 39, Abreu discloses the apparatus of Claim 1, whereln the at least one physiological sensor comprises one or more sonic
and pressure transducers supported by the housing that are configured to measure blood pressure of the person (Paragraph [0074]).

Regarding claim 40, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological sensor comprises electrodes
configured to monitor neurological functions of the person (Paragraph [0113]).

Regarding claim 41, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological sensor comprises a motion sensor
configured to detect body motion of the person (Paragraph [0077]).

Regarding claim 42, Abreu discloses the apparatus of Claim 41, wherein the motion sensor comprises an accelerometer (Paragraph
[0077]) and/or gyroscope.

Regarding claim 43, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological sensor comprises a body
temperature sensor (Paragraph [0096]).

Regarding claim 44, Abreu discloses the apparatus of Claim 1, wherein the at least one environmental sensor comprises a colorimetric
sensor that changes color in response to detecting one or more chemicals in the environment (Paragraph [0516]).

Regarding claim 47, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological sensor comprises an acoustical
sensor that detects breathing (Paragraph [0520]).

Regarding claim 48, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological sensor is configured to measure
caloric metabolism of the person (Paragraph [0512]).

Regarding claim 49, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological sensor comprises a body fat
analyzer (Paragraphs [0110] and [0148-0149]).

Regarding claim 50, Abreu discloses the apparatus of Claim 1, wherein the at least one environmental sensor comprises an
electromagnetic field (EMF) sensor that is configured to detect electromagnetic radiation spikes (Paragraphs [0384] and [0388]).

Regarding claim 51, Abreu discloses the apparatus of Claim 1, further comprising an air sampling system supported by the housing that
samples air in a vicinity of the person (Paragraph [0520]).

Regarding claim 54, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological sensor comprises an ultraviolet (UV)
light sensor (Paragraph [0376]).

Regarding claim 55, Abreu discloses the apparatus of Claim 1, wherein the at least one physiclogical sensor is configured to detect
drowsiness of the person, and further comprising an alarm configured to alert the person in response to the at least ane physiological
sensor detecting drowsiness (Paragraph [0087]; detects drowsiness and clumsiness by measuring for symptoms of hypothermia).

Regarding claim 56, Abreu discloses the apparatus of Claim 1, further comprising a recording device supported by the housing that is
configured to record signals produced by the physiological and environmental sensors and/or 5|gna!s processed by the signal processor
(Paragraph [0485]; data can store data).

Regarding claim 67, Abreu discloses the apparatus of Ciaim 1, further comprising a user interface on the housing that provides user
control over one or more of the physiclogical and/or environmental sensors (Paragraphs [0324] and [0496]; the user can have access fo
the thermal life and biological monitoring of the animal through a video stream).

Regarding claim 58, Abreu discloses the apparatus of Claim'1, further comprising a remote device in wireless communication with the
apparatus (Abstract and [0059]), wherein the remote device comprises a user interface that provides user control over one ar more of the
physiological and/or environmental sensors (Paragraphs [0324] and [0496]; the user can have access to the thermal life and biological
monitoring of the animal through a video stream).

Regarding claim 59, Abreu discloses the apparatus of Claim 1, further comprising a user interface that is configured to allow the person to
store a time mark indicating a particular point in time (Paragraph [0496]; the user can store into the animal's ID time information such as
the time and date of the birth of the animal).

Regarding ciaim 61, Abreu discloses the apparatus of Claim 1, wherein the transmitter is configured to send a signal to the remote terminal
(Paragraph [0076]) when potentially erroneous data has been coliected by one or more of the physiological and/or environmental sensors
(Paragraphs [0076] and [0308]; ali data can be sent to both the jocal and remote terminals).

Regarding claim 62, Abreu discloses the apparatus of Claim 1, wherein a physiological sensor is configured to detect damage to a portion
of the body of the person (Paragraph [0083]).
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Regarding claim 63, Abreu discloses the apparatus of Claim 62, further comprising a communication module supported by the housing and
that is configured to alert the person when a physiolagical sensor detects damage to a portion of the body of the person (Fig. 13 and

Paragraph [0093] and [0095]).
Regarding claim 64, Abreu discloses the apparatus of Claim 1, whereiﬁ the housing comprises two portions, each configured to be
attached ta an ear of the person (Paragraph [0039]; the apparatus can include an earpiece and glasses; both of which would rest on orin

the ear).

Regarding claim 65, Abreu discloses the apparatus of Claim 1, wherein the at least ane physiological sensor is configured to detect and/or
measure one or more of the following types of physiological information: heart rate (Paragraph [0075]), pulse rate (Paragraph [0075]),
breathing rate (Paragraph [0520]), blood flow(Paragraph [0132]), heartbeat signatures (Paragraph [0075]), cardio-pulmonary health
(Paragraph [0075]), organ health (Paragraph [0075]), metabolism {Abstract), electrolyte type and/or concentration (Abstract), physical
activity (Paragraph [0088]), caloric intake (Paragraph [0512]), caloric metabolism (Paragraph [0512]), physical and/or psychological stress
levels and/or stress level indicators, drug dosage and/or dosimetry (Paragraph [0071]), physiological drug reactions, drug chemistry,
biochemistry (Abstract), position (Paragraph {0077]) and/or baiance, body strain (Paragraph [0088]), neurological functioning (Paragraph
[0113]), brain activity (Paragraph [0113]), brain waves (Paragraph [0113]), biood pressure (Paragraph [0074]), cranial pressure, hydration
leve! (Abstract), auscultatory information, auscultatory signals associated with pregnancy, physiological response to infection, skin and/or
core body temperature (Abstact), eye muscle movement, biood volume, inhaled and/or exhaled breath volume (Paragraph [0520]),
physical exertion (Paragraph [0088]), exhaled breath physical and/or chemical composition (Paragraph [0520]), the presence and/or
identity and/or concentration of viruses and/or bacteria, foreign matter in the body, internal toxins, heavy metals in the body, anxiety,
fertility, ovulation, sex hormones, psychological mood, sleep patterns, hunger and/or thirst, hormone type and/or concentration,
cholesteroal, lipids, biood panel, bone density, organ and/or body weight, refiex response, sexual arousal, mental and/or physical alertness,
sleepiness, auscultatory information, response to external stimuli, swallowing volume, swallowing rate, sickness, voice characteristics,
voice tone, voice pitch, voice volume, vital signs, head tilt, allergic reactions, inflammation response, auto-immune response, mutagenic
response, DNA, proteins, protein levels in the blood, water content of the blood, pheromones, internal body sounds, digestive system
functioning, cellular regeneration response, healing response, stem cell regeneration response -

Regarding claim 66, Abreu discloses the apparatus of Claim 1, wherein the at least one environmental sensor is configured o detect and/
or measure one or more of the following types of environmental information: climate (Paragraph [0100]), humidity (Paragraph [0091]),
temperature (Paragraph [0096]), pressure (Paragraph {0075]), barometric pressure, soot density, airborne particle density, airborne
particle size, airborne particle shape, airborne particle identity, volatile organic chemicals (VOCs), hydrocarbons, polycyclic aromatic
hydrocarbons (PAHs), carcinogens, toxins, optical radiation, X-rays, gamma rays, microwave radiation, terahertz radiation, ultraviolet
radiation, infrared radiation, radio waves, atomic energy alpha particles, atomic energy beta-particles, gravity, light intensity, light
frequency, light flicker, light phase, azane, carbon monaoxide, carbon dioxide, nitrous oxide, sulfides, airborne poliution, foreign material in
the air, viruses, bacteria, signatures from chemical weapons, wind, air turbulence, sound and/or acoustical energy, ultrasonic energy, noise,
poliution, human voices, animal sounds, diseases expelled from others, exhaled breath and/or breath constituents of others (Paragraph
[0520]), toxins from others, pheromones from others, industrial and/or transportation sounds, allergens, animal hair, pollen, exhaust from
engines, vapors and/or fumes, fuel, signatures for mineral deposits and/or oil deposits, snow, rain, thermal energy, hot surfaces, hot
gases, solar energy, hail, ice, vibrations, traffic, the number of people in a vicinity of the person, coughing and/or sneezing sounds from
people in the vicinity of the person, loudness and/or pitch from those speaking in the vicinity of the person.

Regarding claim 67, Abreu discloses the apparatus of Claim 1, wherein the housing is configured to be attached to an ear of a person
(Paragraph [0039]), and further comprising a speaker (Paragraph [0318]), microphone (Paragraph [0075]), and transceiver supported by
the housing (Fig. 13) , wherein the transceiver is electronically connected to the speaker and microphone and permits bidirectional wireless
communications between the apparatus and a remote terminal (Abstract, Fig. 13 and Paragraphs [0327-0328]), and wherein the
transceiver is electronically connected to the signal processor and is configured to transmit physiological and environmental sensor
signals from the signal processor to the remote terminal (Abstract, Fig. 13 and Paragraphs [0327-0328]).

Regarding claim 68, Abreu discloses the apparatus of Claim 67, wherein the transceiver is a Bluetooth (Paragraph [0515]), Wi-Fi, or
ZigBee transceiver or is interoperable with multipie wireless communication protocols.

Regarding claim 69, Abreu discloses the apparatus of Claim 67, further comprising an arm movably attached to the housing (Figs. 22A-C
and Paragraphs [0355-0357]; the physiological sensor is attached to the inner portion of the glasses while the environmental sensor is
connected to the rim of the glasses near the temple), wherein the microphone is supported by the arm (Paragraph [0075]), and wherein the
arm is movable between a stored position and an extended, operative position Figs. 22A-C and Paragraphs [0355-0357]; when the
glasses are extended they can be worn and when the glasses are folded they are in an inoperable position}.

Regarding claim 70, Abreu discloses the apparatus of Claim 69, further comprising a physiological sensor and/or an environmental sensor
supported by the arm (Figs. 22A-C and Paragraphs [0355-0357]; the physiological sensor is attached to the inner portion of the glasses
while the environmental sensor is connected to the rim of the glasses near the tempie).

Regarding claim 71, Abreu discloses the apparatus of Claim 1, wherein the transmitter is configured to transmit signais from the signal
processor to the remote terminal (Abstract, Fig. 13 and Paragraph [0059]) following a predetermined time interval (Paragraph [0096] and
[0101]; after being in the sun for a predetermined period of time the apparatus sends signals to the remote terminal alerting the user to
vacate the sun exposed area).
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Regarding claim 72, Abreu discleses the apparatus of Claim 1, wherein the at least one physiological sensor and/or the at least one
environmental sensor is configured to identify a person to whom the personal monitoring apparatus housing is attached (Paragraph [0490];
the ID of the user is transmitter in conjunction with the biological data).

Regarding claim 73, Abreu discioses the apparatus of Claim 1, wherei'n Athe at least one physiological sensor and/or the at least one
environmental sensor is configured to monitor physical aging rate (Paragraphs [0049], [0088] and [0101]).

Regarding claim 74, Abreu discloses the apparatus of Claim 1, wherein the signal processor is configured to processes information from
the at least one physiological sensor and/or the at least one environmental sensor to assess aging rate (Paragraphs [0049], [0088] and

[0101]).

Regarding claim 75, Abreu discloses the apparatus of Claim 1, wherein the at ieast one environmental sensor is configured to assess
aging rate (Paragraphs [0049], [0088] and [0101]), and wherein the at least one environmental sensor comprises a UV sensor (Paragraph

[0378]) or a pollution sensor.

Regarding claim 76, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological sensor is configured to assess aging
rate (Paragraphs [00489], [0088] and [0101]), and wherein the at feast one physiological sensor comprises a pulse rate sensor {Paragraph
[0505]), a blood pressure sensor (Paragraph [0074]), an activity sensor (Paragraph [0088]), or a psychosocial stress sensor.

Regarding claim 77, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological and environmental sensors are
configured to monitor physical aging rate (Paragraphs [00489], [0088] and [0101]), wherein the at least one environmental sensor comprises
a UV sensor (Paragraph [0376]) or a pollution sensor, and wherein the at least one physiological sensor comprises a pulse rate sensor
(Paragraph [0505]), a blood pressure sensor (Paragraph [0074]), an activity sensor (Paragraph {0088]), or a psychosocial stress sensor.

Regarding claim 79, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological sensor is configured to measure
caloric consumption and/or calories burned by the person (Paragraph [0512]). ’

Regarding claim 80, Abreu discloses the apparatus of Claim 1, further comprising memory supported by the housing (Fig. 74 and
Paragraph [0482]), wherein the memory includes at least one algorithm (Paragraph [0511]), and wherein the signal processor is configured
to process the at least one algorithm (Figs. 13 and Paragraph [0482]).

Regarding claim 81, Abreu discloses the apparatus of Claim 80, wherein the at least one algorithm can be modified wirelessly via the
transmitter (Paragraph [0515]).

Regarding claim 82, Abreu discloses the apparatus of Claim 80, wherein the transmitter is configured to wirelessly upload an algorithm to
the memory (Paragraph [0515]).

Regarding claim 83, Abreu discloses the apparatus of Claim 80, wherein the at least one algorithm is configured to focus processing
resources on at least one extraction of physiological or environmental information (Paragraph [0511]).

Regarding claim 84, Abreu discloses the apparatus of Claim 1, further comprising a rechargeable power scurce that powers the at least
one physiological sensor, the at least one environmental sensor, the signal processor, and the transmitter (Paragraphs [0312] and [0514]).

Regarding claim 85, Abreu discloses the apparatus of Claim 1, wherein the at least one physiological sensor and/or the at least one
environmental sensor is configured to be regenerated through a physical and/or chemical change (Paragraphs [0312] and [0514]).

Regarding claim 86, Abreu discloses the apparatus of Claim 21, wherein the communication module communicates a treatment, therapy,
or plan of action to the person upon detection of physiological ar environmental concerns (Paragraph [0110]).

Regarding claim 87, Abreu discloses the apparatus of Claim 1, further comprising an audible communicator supported by the housing that
is configured to communicate therapeutic sounds to the person in response to physiological or psychosocial stress (Abstract, Paragraph

[0411]).

Regarding claim 88, Abreu discloses the apparatus of Claim 1, further comprising a light source supported by the housing that is
configured to provide light therapy to the person in response to physiological or psychosocial stress (Paragraphs [0324], [0381] and

[0391]).

Regarding claim 89, Abreu discloses the apparatus of Claim 1, wherein the at least one physiclogical sensor includes muitiple temperature
sensors configured to measure core body temperature (Paragraph [0322]) and skin temperature of the person (Paragraph [0518]).

Regarding claim 91, Abreu discioses a personal monitoring apparatus (Abstract), comprising: a wireless personal communicator
(Paragraph [0515]) configured to be attached to the ear of a person (Paragraph [0039]); and at feast one physiological sensor associated
with the wireless personal communicator that is configured to detect and/or measure physiological information from a person (Paragraphs
[0039-0040], [0088] and [0113]), wherein the wireless personal communicator is configured to transmit physiological sensor signals to a
remote terminal {Abstract, Fig. 13 and Paragraphs [0515] and [0059]).
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Regarding claim 92, Abreu discloses a personal monitoring apparatus (Abstract), comprising: a wireless personal communicator
(Paragraph [0515]) configured to be attached to the ear of a person (Paragraph [0039]); and at least one environmental sensor associated
with the wireless personal communicator that is configured to detect and/or measure environmental conditions in a vicinity of a person
{Abstract and Paragraph [0076], [0096] and [0100]), wherein the wireless personal communicator is configured to transmit environmental
sensor signals to a remote terminal (Abstract, Fig. 13 and Paragraph [0059]).

Claims 9-12, 14-17, 60 and 78 lack$ an inventive step under PCT Article 33(3) as being obvious over Abreu (US 2004/0242976 A1) in
view of Boesen (US 2005/0148883 A1).

Regarding claim 9, Abreu discloses the apparatus of Claim 8, further comprising an optical emitter supported by the housing that directs
optical energy (Paragraph [0055] and [0525]), and an optical detector supparted by the housing that is configured to detect secondary
optical energy (Paragraphs [0055], [0418] and [0525]). Abreu does not disclose wherein the apparatus directs energy towards the
tympanic membrane and emanating from the tympanic membrane. However in disclosing an apparatus that detects physiological
parameters (Abstract), Boesen teaches wherein a housing directs energy towards the tympanic membrane and emanating from the
tympanic membrane (Fig, 8 and Paragraph [0053]). !t would have been obvious to one of ordinary skill in the art at the time the invention
was made tfo including directing energy towards the tympanic membrane and emanating from the tympanic membrane in the apparatus of
Abreu as taught by Boesen. The motivation for including the above mentioned features is so that the user can wear the device in a manner
that doesn’t make the device as visually apparent (Boesen, Fig. 8, Paragraph [0049] and [0053]).

Regarding claim 14, Abreu discloses the apparatus of Claim 1, wherein the housing is configured to be attached to an ear of the person
(Paragraph [0039]), and further comprising an optical emitter supported by the housing that directs optical energy (Paragraph [0055] and
[0525]), and wherein a physiological sensor comprises an optlical detector configured to detect secondary oplical energy (Paragraphs
[0055], [0418] and [0525]). Boesen teaches wherein a housing directs energy towards the tympanic membrane and emanating from the
tympanic membrane (Fig, 8 and Paragraph [0053]). It would have been obvious to ane of ordinary skill in the art at the time the invention
was made to including directing energy towards the tympanic membrane and emanating from the'tympanic membrane in the apparatus of
Abreu as taught by Boesen. The motivation for including the above mentioned features is so that the user can wear the device in a manner
that doesn't make the device as visually apparent (Boesen, Fig. 8, Paragraph [0049] and [0053]).

Regarding claims 10 and 15, Abreu as modified discloses the apparatus of Claims 9 and 14, wherein the signal processor is configured to
extract selected optical energy from the secondary optical energy emanating from the tympanic membrane (Paragraphs [0055] and

[0525]).

Regarding claims 11 and 16, Abreu as modified discloses the apparatus of Claims © and 14, wherein the signal processor is configured to
extract optical noise (Paragraph [0053]) from the secondary optical energy emanating from the tympanic membrane (Paragraphs [0055]
and [0525]).

Regarding claims 12 and 17, Abreu as maodified discioses the apparatus of Claims 9 and 14, wherein the optical detector comprises a filter
(Paragraph [0393] and [0418]) configured to pass secondary optical energy at selective wavelengths (Paragraphs [0390] and [0423]).

Regarding claim 60, Abreu discloses the apparatus of Claim 1. Abreu does not disclose wherein the transmitter is configured to send a
sighal to the remote terminal when one or more of the physiological and/or environmental sensors are turned off. Boesen teaches wherein
the transmitter is configured to send a signatl to the remote terminal when ane or more of the physiological and/or environmental sensors
are turned off (Paragraph [0041]). It would have been obvious to one of ordinary skill int the art at the time the invention was made to
include wherein a transmitter is configured to send a signal to a remote terminal when one or more of the physiological and/or
environmental sensors are turned off in the apparatus of Abreu as taught by Boesen. The motivation for including the above mentioned
features is so that the apparatus can send and/or receive remote signals (Boesen, Paragraph [0041]).

Regarding claim 78, Abreu discloses the apparatus of Claim 1. Abreu does not disclose wherein the apparatus is a hearing aid. Boesen
teaches wherein the apparatus is a hearing aid (Paragraph [0055]). It would have been obvious to one of ordinary skill in the art at the time
the invention was made to include a hearing aid in the apparatus of Abreu as taught by Boesen. The motivation for including the above
mentioned feature is so that the physiological sensor can also work as a hearing improvement device (Boesen, Abstract and Paragraphs
[0055]).

Claims 45-46, 52 and 90 lack an inventive step under PCT Article 33(3) as being obvious over Abreu (US 2004/0242976 A1) in view of
Banet et al. (US 2006/0084878 A1;hereinafter Banet).

Regarding claim 45, Abreu discloses the apparatus of Claim 1. Abreu does not disclose wherein the at least one environmental sensor
comprises a pedometer. However in disclosing an apparatus that detects physiological parameters (Abstract), Banet teaches wherein an
at least one environmental sensor comprises a pedometer (Paragraph [0050]). It would have been obvious to one of ordinary skill in the art
at the time the invention was made to include wherein an at least ane environmental sensor comprises a pedometer in the apparatus of
Abreu as taught by Banet. The rnotivation for including the above mentioned features is so that the apparatus can measure a patient's
daily exercise (Banet Paragraph [0050]).
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Regarding claim 46, Abreu as modified discloses the apparatus of Claim 45. Abreu does not disclose wherein the pedometer is an
acoustic pedometer that detects sound generated by footsteps. Banet teaches wherein the pedometer is an acoustic pedometer that
detects sound generated by footsteps (Paragraphs [0036] and [0050]; the device measures Korotokoff sounds such as those made by
footsteps when using a pedometer). It would have been obvious to one of ordinary skill in the art at the time the invention was made to
include wherein the pedometer is an acoustic pedometer that detects sound generated by footsteps in the apparatus of Abreu as taught by
Banet. The motivation for including the above mentioned features is so that the apparatus can measure a patient's daily exercise (Banet
Paragraph [0050]).

Regarding claim 52, Abreu discloses the apparatus of Claim 1. Abreu does not disclose wherein the at least one physiological sensor
comprises an impedance plethysmograph. Banet teaches wherein the at least one physiological sensor comprises an impedance
plethysmograph (Paragraph [0006]). It would have been obvious to one of ordinary skill in the art at the time the invention was made to
include wherein the at least one physiological sensor comprises an impedance plethysmograph in the apparatus of Abreu as taught by
Banet. The motivation for including the above mentioned features is so the device can better determine a patient's heart rate (Banet,
Paragraph {00086]).

Regarding claim 90, Abreu discloses the apparatus of Claim 88, wherein the temperature sensors are configured to measure core body
temperature (Paragraph [0322]). Abreu does not disclose wherein the temperature is measured from the tympanic membrane or ear canal
and skin temperature from the skin of the ear canal or the skin of the outer ear. Banet teaches wherein temperature is measured from the
tympanic membrane or ear canal and skin temperature from the skin of the ear canal or the skin of the outer ear (Paragraph [0049]). It
wauld have been obvious to one of ordinary skill in the art at the time the invention was made to include wherein the temperature is
measured from the tympanic membrane or ear canal and skin temperature from the skin of the ear canal or the skin of the outer ear as
taught by Banet in the apparatus of Abreu. The motivation for including the above mentioned features is so that a patients vitals can be
easily and accurately taken (Banet, Paragraph [0048]).

Claims 25 and 53 lack an inventive step under PCT Article 33(3) as being obvious over Abreu (US2004/0242976 A1) in view of Ross et al.
(US 2004/0186390 A1; hereinafter Ross).

Regarding claim 25, Abreu discloses the apparatus of Claim 1. Abreu does not disclose wherein the transmitter is configured to transmit
signals produced by the physiological and environmental sensors to a gaming device. However in disclosing a device that analyzes body
signals (Abstract), Ross teaches wherein the transmitter is configured to transmit signals produced by the physiological and environmental
sensars to a gaming device (Abstract and Paragraph [0141]). It would have been obvious to one of ordinary skill in the art at the time the
invenfion was made to include a transmitter configured to transmit signals produced by the physiologicatl and environmental sensors to a
gaming device in the apparatus of Abreu as taught by Ross. The motivation for including the above mentioned features is so that the
apparatus can include the functionality of a portable computing device (Ross, Abstract and Paragraph [0141]).

‘Regarding claim 53, Abreu discloses the apparatus of Claim 1. Abreu does not disclose wherein the at least one environmental sensor
comprises an ozone sensor or a carbon monoxide sensor. Ross teaches wherein the at least one environmental sensor comprises an
ozone sensor or a carbon monoxide sensor (Paragraph [0129]). It would have been obvious to one of ordinary skill in the art at the time the
invention was made to include wherein the at least one environmental sensor comprises an ozone sensor or a carbon monoxide sensor in
the apparatus of Abreu as taught by Ross. The motivation for including the above mentioned feature is so that the system can detect a
hazardous gas flow (Ross, Abstract and Paragraph [0129]).

Claims 1-92 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter ctaimed can be
made or used in industry.

Form PCT/ISA/237 (Supplemental Box) (April 2007)
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NOTES TO FORM PCT/ISA/220 (continued)

The letter rmust indicate the differences bgtween the claims as filed and the claims as amended. It must, 0
particular, indicate, in connection with each claim appearning in the international application (it being understoad

that 1dentical indications concerning several claims may be grouped), whether
(i) the claim 1s unchanged;
(ii) the claimn is cancelled;
(it1)  the claim s new;
(1v) the claim replaces one or more claims as filed;
(v) the claim is the result of the division of aclaim as filed.
The following examplesillustrate the manner in which amendments must be explained in the accompanying

letter:
I [Where orniginally there were 48 claims and after amendment of some clairns there are 511:
“Claims | to 29, 31,32, 34, 35, 37 to 48 replaced by amended claims bearing the same numbers,
claims 30, 33 and 36 unchanged; new claims 49 to 51 added.”
[ Where originally there were |5 claims and after amendment of all claims there are | BB
“Claims 1 to 15 replaced by amended claims 1 to I1.”
[Where originally there were 14 claims and the amendments consist in canceihing some claims and mn adding

new claims]:
“Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims {5, 16 and 17 added.” or

“Claims 7 to 13 cancelled; new claims |5, 16 and |7 added; all other claims unchanged.”

4. [Where vanous kinds of amendments are made}:
“Claims 1-10 unchanged; claims 11 to 13, [8 and 19 cancelled; claims 14, 15 and 16 replaced by amended

claim 14; claim 17 subdivided into amended claims 15, 16 and 17; newclaims 20 and 21 added.”

“Statement under Article 19(1)” (Rule 46.4)

The amendments may be accompanied by a staterment explaining the amendments and indicating any impact that
such amendments might have on the description and the drawings (which canndt be amended under Asticle 19(1)).
The statemznt will be published with the international application and the amended claims.

It must be in the language in which the international applicatign is to be published.

It must br. brief, not exceeding 500 words if in English or if translated into English.

It should not be confused with and does not replace the letter indicating the differences between the claims as filed
and as amended. It musl be filed on a separate sheet and must be identified as such hy a heading, preferably by

using the words ‘‘Statement under Article 19(1)."
It may not contain any disparaging comrents on the international search report ar the relevance of citations
contained in that report. Reference to citations, relevant to a given claim, contained (n the international search

repart may be made only in connection with an amendment of that claim.

Consequence if a demand for international preliminary examination has already been filed

if, at the ume of filing any amendments and any accompanying statement, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the amendments (and any staternent) with the [nternational Bureau, also file with the International
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
translation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first
sentence). For further information, see the Notes to the demand form (PCT/IPEA/401).

If a demand for 1nternarional preliminary examination is made, the written epinion of the Intemnational Searching
Authority will, except in certain cases where the International Preliminary Examining Authority did not act as
International Searching Authority and where it has notified the International Bureau under Rule 66.15is(b), be
considered to be a writter opinion of the Intemational Preliminary Examining Authority. [fa demand is made, the
applicant may submit to the International Preliminary Examining Authority areply to the written opinion together,
where appropriate, with amendments before the expiration of 3 months fom the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later (Rule 43bis.1(c)).

Consequence with regard to trapslation of the international application iur entry inte the national phase

The applicant’s atte_nn'un is drawn to the fact that, upon entry into the national phase, a translation of the claims as
amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or in addition to,

the translarion of the claims as filed.
For further details on the requirements of each designated/elected Office, see the PCT Applicant’s Guide,

Yolume [L

~notes to Form PCT/1SA/220 (second sheet) (January 2004)
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PCT/US2012/022634

PATENT COOPERATION TREATY
08-30-12

From the INTERNATIONAL SEARCHING AUTHORITY

To:
MYERS BIGEL SIBLEY & SAJOVEC, P.A.

P.0. BOX 37428 RALEIGH NC 27627 USA

11:15 RCVD

NOTIFICATION OF TRANSMITTAL OF

(PCT Rule 44.1)

3

PCT  copy

THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

Date of mailing
(day/month/year) 22 AUGUST 2012 (22.08.2012)

Applicant's or agent's file reference

FOR FURTHER ACTION  See paragraphs 1 and 4 below

9653-11-WO
International application No. International filing date
. (day/month/year)
PCT/US2012/022634 26 JANUARY 2012 (26.01.2012)
Applicant

VALENCELL, INC. etal

2. The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.
3. With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

4. Reminders

The applicant may submit comments on an informal basis on the written opinion of the International Searching
Authority to the International Bureau. The International Bureau will send a copy of such comments to all designated
Offices unless an international preliminary examination report has been or is to be established. Following the
expiration of 30 months from the priority date, these comments will also be made available to the publie.

1. - The applicant is hereby notified that the international search report and the written opinion of the International Searching
- Authority have been established and are transmitted herewith,

Filing of amendments and statement under Article 19:

The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): DOCKETED
When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report. By PS

Where? Directly t6 the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.; +41 22 338 82 70
For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 . 9.011.

D the protest together with the decision thereon has been transmitted to the International Bureau together with any | s

request to forward the texts of both the protest and the decision thereon to the designated Offices.

I:I no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

—— [

Date ‘3{50“1—

ROUTE TO:

Prr—]
NTR ]
]

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the
international application, or of the priority claim, must reach the International Bureau before the completion of the -
technical preparations for international publication (Rules 90bis.1 and 90bis.3).

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international
preliminary examination must be filed if the applicant wishes to postpone the entry into the national phase until 30
months from the priority date (in some Offices even later); otherwise, the applicant must, within 20 months from the

priority date, perform the prescribed acts for entry into the national phase before those designated Offices.

within 19months. .

PCT Applicant's Guide, National Chapters.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed

For details about the applicable time limits, Office by Office, see www.wipo.int/pot/en/texts/time_limits.html and the

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
| 189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan
i " City, 302-701, Republic of Korea

Facsimile No, 82-42-472-7140

Authorized officer
COMMISSIONER

Telephone No. 82-42-481-8754

Form PCT/ISA/220 (July 2010)
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* Attention

Copies of the documents citcdi;%ﬁxe international search report can be searched in the following Korean Intellgctual
Property Office English website for three months from the date of mailing of the international search report. =~

http:/fwww.kipo.go kr/en/ => PCT Services => PCT Services

" ID :PCT international application number
PW: SKCGNQMK

Inquiries related to PCT International Search Report or Written Opinion prepared by KIPO as an International
"Searching Authority can be answered not only by KIPO but also through IPKC (Intellectual Property Korea
Center), located in Vienna, VA, which functions as a PCT Help Desk for PCT applicants.

Homepage: http://www.ipkcenter.com
Email: ipke@ipkcenter.com

Phone: +1 703 388 1066

Fax:+1703 388 1084

Notes to Form PCT/ISA/220 (July 2010)
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PCT/US2012/022634
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicants or agent's file reference FOR FURTHER sce Form PCT/ISA/220

9653-11-WO ACTION as well as, where applicable, item 5 below.
International application No. : International filing date (day/month/year) (Earliest) Priority Date (day/month/year)

PCT/US2012/022634 26 JANUARY 2012 (26.01.2012) 27 JANUARY 2011 (27.01.2011)
Applicant )

VALENCELL, INC. et al

This International sedrch report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 3 sheets.
D It is also accompanied by a copy of each prior art document cited in this report.

1. Basisof the report .
a. With regard to the language, the international search was carried out on the basis of :

the international application in the language in which it was filed
|:] a translation of the international application into , which is the langnage of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))
b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). )
c. |:| With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. L.

2. D Certain claims were found unsearchable (See Box No. II)

3. |:| Unity of invention is lacking (See Box No. III) DOCKETED
4, . With regard to the title, . By ? 5
—_—

the text is approved as submitted by the applicant.
I:l the text has been established by this Authority to read as follows:

Date 8141

X

OUTE TO:
_ fMH [
B S
- [
[

Iy
.

| ]

5. With regard to the abstract,
the text is approved as submitted by the applicant.
D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant

may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant.
l:l as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figure is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2012/022634

A. CLASSIFICATION OF SUBJECT MATTER

A61B 5/02(2006.01)i, A61B 5/026(2006.01)i, A61B 5/083(2006.01)i, A61B 5/1455(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

-B. - FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B 5/02; A61B 7/04; A61B 5/08; A61B 7/00; A61B 5/1455; H04B 17/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords:physiological, sensor, filter, environmental, ambient

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2007-0165872 A1l (KEITH BRIDGER et al.) 19 July 2007 1-62
See abstract, paragraphs [0072]-[0073],[0077]-[0078], claims 43-52,
and figures 10-12.

A US 2007-0213020 Al (PINCHAS NOVAC) 13 September 2007 1-52
See abstract, paragraphs [0027]-[00281,[0051]-[0052], claim 1, and figurés 1,
5,

A US 05143078 A (MATHER; BRUCE C. et al.) 01 September 1992 1-52

See abstract, column 2, line 59 - column 3, line 15, claim 1, and figure 1.

A US 2008-0154105 A1 (LEMAY CHARLES) 26 June 2008 1-52
See abstract, paragraphs [0004]-[0006],[0033]-[0039], claims 1,9,
and figures 4,5.

D Further documents are listed in the-continuation of Box C. See patent family annex. -
* Special categories of cited documents: . _ "T" later document published after the international Tiling date or priorig}
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand -
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L". document which may throw doubts on priority claim(s) or which is step when the document is taken alone ’
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later “&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
31JULY 2012 (31.07.2012) 22 AUGUST 2012 (22.08.2012)

Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan KIM Tae Hoon
City, 302-701, Republic of Korea

F/csimilie No. 82-42-472-7140 Telephone No,  82-42-481-5728 @

Form PCT/ISA/210 (second sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2012/022634
Patent document Publication Patent family Publication
cited in search report date member(s) date
\
US 2007-0165872 At 19.07.2007 None
US 2007-0213020 A1 13.09.2007 EP 1832227 A1 12.09.2007
US 7988638 B2 02.08.2011
US 05143078 A 01.09.1992 JP 01-037933 A 08.02.1989
JP 02-628690 B2 18.04.1997
JP 2628690 B2 09.07.1997
US 2008-0154105 A1 26.06.2008 WO 2008-080043 At 03.07.2008

.1'| A

Form PCT/ISA/210 (patent family annex) (July 2009)
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PCT/US2012/022634

PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To:
MYERS BIGEL SIBLEY & SAJOVEC, P.A.

P.0. BOX 37428 RALEIGH NC 27627 USA

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rulé 43bis.1)

Date of mailing

(day/month/year) 22 AUGUST 2012 (22.08.2012)

Applicant's or agent's file reference FOR FURTHER ACTION

9653-11-WO See paragraph 2 below
International application No. International filing date (day/month/year) Priority date(day/month/year) DOCKETED
PCT/US2012/022634 26 JANUARY 2012 (26.01.2012) |27 JANUARY 2011 (27.01.2011)
International Patent Classification (IPC) or both national classification and IPC By P{

AG1B 5/02(2006.01)i, A61B 5/026(2006.01)i, AG1B 5/083(2006.01)i, A61B 5/1455(2006.01)i Date g/%{ 1L
Aomieat “ ROUTE TO:
VALENCELL, INC. et al KM\"( D

BoxNo. I Basis of the opinion

BoxNo.II  Priority

I = I [ =

2. FURTHER ACTION

For further options, see Form PCT/ISA/220.

Box No. VI Certain documents cited

1. This opinion contains indications relating to the following items:

Box No.III  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
BoxNo.IV  Lack of unity of invention

BoxNo.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Box No. VII  Certain defects in the international application

Box No, VIII Certain observations on the international application

If a demand for international prelimiriary examination is made, this opinion will be considered to be a written opinion of the
Intemational Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written

opinions of this International Searching Authority will not be so considered.

v
If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

— 0
— O
0O

Name and mailing address of the ISA/KR

) . Korean Intellectual Property Office
189 Cheongsa-ro, Seo~gu, Daejeon
Metropolitan City, 302-701,
Republic of Korea

| F acsnmle No. 82-42-472-7140

Date of completion of this opinion |Authorized officer
31 JULY 2012 (31.07.2012) KIM Tae Hoon

Telephone No.82-42-481-5728

Form PCT/ISA/237 (cover sheet) (July 2011)
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International application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/022634

Box No. I Basis of this opinion

|1, With regard to the language, this opinion has been established on the basis of :
IZ] the international application in the language in which it was filed

l:‘ a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. D Thié opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

13. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:
A}

a. a sequence listing filed or furnished

D on paper

I_—_I in electronic form

b. time of ﬁling or furnishing
contained in the international application as filed.
|:] filed together with the international application in electronic form.
D furnished subsequently to this Authority for the purposes of search.

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additioan! copies is identical to that in the application as filed or does

not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. T)( July 2011)
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WRITTEN OPINION OF THE Inltemational application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/022634

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or mdustrlal applicability;

citations and explanatlons supporting such statement

1. Statement

Novelty (N) Claims ~ 1-52 YES
Claims  NONE NO

Inventive step (IS) Claims 1-52 YES
' Claims ~NONE NO

Industrial applicability 1A)  Claims  1-52 : YES
‘ Claims NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: US 2007-0165872 Al (KEITH BRIDGER et al.) 19 July 2007
D2: US 2007-0213020 Al (PINCHAS NOVAC) 13 September 2007

D3: US 05143078 A (MATHER; BRUCE C. et al.) 01 September 1992
D4: US 2008-0154105 Al (LEMAY CHARLES) 26 June 2008

2.1 Novelty and Inventive Step
2.1.1 Claim 1

The subject matter of claim 1 differs from these prior art documents in that claim 1 comprises a
filter that attenuates time-varying environmental interference from the energy response signal,
wherein the time-varying environmental interference is caused by one or more of the following
sunlight, ambient light, airflow, and temperature. And it is not obvious to a pérson skilted in the art
by the documents, taken alone or in combination. Therefore, claim 1 meets the requirements of

PCT Article 33(2) and (3) with respect to novelty and inventive step.

2.1.2 Claim 26

The subject matter of claim 26 differs from these prior art documents in that claim 26 comprises
processing the first and second energy response signals via a filter to produce a processed
energy response signal that is associated with a physiological condition of the subject, wherein
the filter attenuates time-varying environmental interference caused by one or more of the
following: sunlight, ambient light, airflow, and temperature. And it is not obvious to a person
skilled in the art by the documents, taken alone or in combination. Therefore, claim 26 meets the

requirements of PCT Article 88( 2) and (3) with respect to novelty and inventive step.

2.1.3 Claim 34 = z

The subject matter of claim 34 differs from these prior art documents in that claim 347G comprises a .
filter that attenuates time-varying environmental interference from the energy response signal,
wherein the time—varying environmental interference is caused by one or more of the following
sunlight, ambient light, airflow, and temperature. And it is not obvious to a person skilled in the art
by the documents, taken alone or in combination. Therefore, claim 34 meets the requirements of

PCT Article 33(2) and (3) with respect to novelty and inventive step.

2.1.4 Claim 42

The subject matter of claim 42 differs from these prior art documents in that claim 42 comprises
an optical filter overlying at least a portion of the optical detector, wherein the optical filter is
configured to attenuate light at one or more selected wavelengths, and a filter to attenuates
time—varying environmental interference from the energy response signal. And it is not obvious to
a person skilled in the art by the documents, taken alone or in combination. Therefore, claim 42

meets the requirements of PCT Article 33(2) and (3) with respect to novelty and inventive step.

Continued on Supplemental Box

Form PCT/ISA/237 (Box No. V) (July 2011)
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/022634

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of :

Box V

2.1.5 Claims 2-25,27-33,35-41,43-52
Claims 2-25,27-33,35-41,43-52 are dependent on claims 1,26,34, and 42, respectively, and
therefore meet the requirements of PCT Article 33(2) and (3).

2.2 Industrial Applicability
Clams 1-52 are industrially applicable under PCT Article 33(4).

iy

Form PCT/ISA/237 (Supplemental Box) (July 2011)
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PCT/US2010/021936 '

PATENT COOPERATION TREATY
From the INTERNATIONAL SEARCHING AUTHORITY 08-09~10410:53

- PCT

MYERS BIGEL SIBLEY & SAJOVEC, P.A.

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

P.O, BOX 37428 RALEIGH NC 27627 USA

Date of mailing
(day/month/year) 30 JULY 2010 (30.07.2010)

Applicant's or agent's file reference
FOR FURTHER ACTION  See paragraphs 1 and 4 below

9653-8-WO
International application No. }ster/l;atio% ﬁli;lg date
lay/month/year,
PCT/US2010/021936 25 JANUARY 2010 (25,01.2010)
Applicant

VALENCELL, INC, etal

1 g The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and ate transmitted herowith,
Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (sec Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the

international search report,
Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70
For more detalled Insteuctions, see PCT Applicant’s Guide, International Phase, paragraphs 9.004 . 9.011,

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith,

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:
D the protest together with the decision thereon has been transmitted to the International Bureau together with any
request to forward the texts of both the protest and the decision thereon to the designated Offices.

[___] no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders
The applicant may submit comments on an informal basis on the written opinion of the International Searching
Authority to the International Bureau. The International Bureau will send a copy of such comments to all designated
Offices unless an international preliminary examination report has been or is to be established, Following the
expiration of 30 months from the priority date, these comments will also be made available to the public,

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau, If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the
international application, or of the priority claim, must reach the International Bureau before the completion of the
technical preparations for international publication (Rules 90bis.1 and 90bis.3),

\ello

preliminary examination must be filed if the applicant wishes to postpone the entry into the national phase un
priority date, perform the prescribed acts for entry into the national phase before those designated Offices.

within 19months,

PCT Applicant's Guide, National Chapters,

Within 19 months from the priority date, but only in respect of some designated Ofﬁcesfla demand for inter ':iggﬂlﬂc KETED
months from the priority date (in some Offices even later); otherwise, the applicant must, within 20 months ,O%Sbe m___
In respect of other designated Offices, the time limit of 30 months {or later) will apply even if no demand is leﬁa‘e Q% l _ﬂ_

For details about the applicable time limits, Office by Office, see www.wipo.int/pet/en/texts/time_limits.htmlfnd ﬁ& UlE To:
A

v O

£l

3

-1

Name and mailing address of the ISA/KR Authorized officer " 1‘?
Korean Intellectual Property Office fas ]
Government Complex-Daejeon, 139 Seonsa-ro, COMMISSIONER §
Sea-gu, Dagjeon 302-701, Republic of Korea ! - 1 IE—
Facsimile No, 82-42-472-7140 Telephone No. 82-42-481-8752 5
i

Form PCT/ISA/220 (Draft for Consultation , July 2010)
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¥ Attention

Copies of the documents cited in the international search report can be searched in the following Korean Intellectual
Property Office English website for three months from the date of mailing of the international search report,

http://www.kipo.go.kt/en/ => Patent Search => PCT-Service

ID :PCT international application number
PW: 064B189G

Inquiries related to PCT International Search Report or Written Opinion prepared by KIPO as an International
Searching Authority can be answered not anly by KIPO but also through IPKC (Intellectual Property Korea
Center), located in Vienna, VA, which functions as a PCT Help Desk for PCT applicants.

Homepage: http://www.ipkcenter.com
Email; ipkc@ipkeenter.com

Phone; +1 703 388 1066

Fax:+1 703 388 1084

Notes to Form PCT/ISA/220 (Draft for Consultation , July 2010)
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PCT/US2010/021936

PATENT COOPERATION TREATY

PCT

INTERNATIONAL

SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference

YALENCELL, INC, et al

FOR FURTHER see Form PCT/ISA/220
9653-8-WO ACTION as well as, where applicable, item 5 below,
Interational application No. Intemational filing date (day/month/vear) (Earliest) Priority Date (day/month/year)
PCT/US2010/021936 25 JANUARY 2010 (25,01,2010) 25 FEBRUARY 2009 (25.02.2009)
Applicant

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18, A copy is being transmitted to the International Bureau,

This international search report consists of a total of 3
D 1t is also accompanied by a copy of each prior art docwment cited in this report.

sheets.

1. Basis of the report

4. With regard to the title,

5. With regard to the abstract,

6. With regard to the drawings,

a. With regard to the language, the international search was carried out on the basis of ;

the international application in the language in which it was filed

a translation of the international application into
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. I:I This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43,6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I,
2. I:I Certain elaims were found unsearchable (See Box No. If)

3. L—_l Unity of invention is lacking (See Box No. III)

& the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

the text is approved as submitted by the applicant.
D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant

may, within one month from the date of mailing of this international search report, submit comments to this Authority.

a. the figure of the drawings to be published with the abstract is Figure No, 4A
as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
[___] as selected by this Authority, because this figure better characterizes the invention,
b, D none of the figure is to be published with the abstract.

, which is the language of a

Form PCT/ISA/210 (first sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No,

PCT/US2010/021936

A, CLASSIFICATION OF SUBJECT MATTER

AG61B 5/00(2006.01)i, AG1B 5/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B, FIELDS SEARCHED

Minimun documentation searched (classification system followed by classification symbols)

AG61B 5/00

Documentation searched other than minimwin documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: ear, sensor, monitor, means, detach, removable

C, DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2008-0146890 AL (LEBOEUF STEVEN FRANCIS et a!l,) 19 June 2008 1-17,22-33
A See abstract: Page 5 paragraph 0065 - 0066; claim 1 and figure 1 18-21
A US 2004-0054291 Al (CHRISTIAN SCHULZ et al.) 18 March 2004 1-33

See abstract; Page 2 paragraph 0034; ciaim 1 and figure 2

A US 2005-0148883 AL (PETER V. BOESEN) 07 July 2005 1-33

See abstract: claims 30-40

[:| Further documents are listed in the continuation of Box C.

& Seo patent family annex,

¥ Special categories of cited documents:

YA"  document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"Q" document referring fo an oral disclosure, use, exhibition or other
means

"pv doeument published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y' document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

“&"  document member of the same patent family

Date of the actual completion of the international search
30 JULY 2010 (30.07.2010)

Date of mailing of the international search report

30 JULY 2010 (30.07.2010)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo-
gu, Daejeon 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

RYU, SIUNG

Telephone No,  82-42-481-5980

Form PCT/ISA/210 (second sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

Information on patent fafnily members

International application No,

PCT/US2010/021936
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008-0146890 A1 19.06.2008 EP 2094152 A1 - 02,09.2008
) W0 2008-088511 A1 24.07.2008
US 2004-0054291 Al 18.03.2004 US 7341559 B2 11.08.2008
US 2005-0148883 Al 07.07.2005 AU 3851401 A 12.11.2001
: US 6852084 B1 08.02,2005

Form PCT/ISA/210 (patent family annex) (July 2009)

0444




|
i
|
1
1
‘\

PCT/US2010/021936

PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To:
MYERS BIGEL SIBLEY & SAJOVEC, P.A.

P.O. BOX 37428 RALEIGH NC 27627 USA

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

PCT/US2010/021936 25 JANUARY 2010 (25.01.2010)

Date of mailing
(day/monti/year) 30 JULY 2010 (30.07.2010)
Applicant's or agent's file reference FOR FURTHER ACTION
9653-8-WO See paragraph 2 below
International application No, International filing date (day/nonth/year) Priority date(day/month/year)

25 FEBRUARY 2009 (25.02.2009)

Intemational Patent Classification (IPC) or both national classification and IPC

AG1B 5/00(2006,01)i, AGLB 5/02(2006.01)

Applicant
VALENCELL, INC, et al

1. This opinion contains indications relating to the following items:
Box No. [ Basis of the opinion

Box No. Il Priority

Box No. IV Lack of unity of invention

citations and explanations supporting such statement
Box No. VI Certain documents ocited
Box No. VII  Certaln defects in the international application
Box No. VIII Certain observations on the international application

0

2. FURTHER ACTION

opinions of this International Searching Authority will not be so considered.

For further options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220,

I:l Box No. Il Non-establishment of opinion with regard to novelty, Inventive step and industrial applicability
g Box No, V  Reasoned statoment under Rule 43bis. 1(a)(i) with regard to novelty, inventive step or industrial applicability;

If a demand for international preliminary examination is made, this opinlon will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Burean under Rule 66, 1bis(b) that written

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later,

Name and mailing address of the ISA/KR Date of completion of this opinion

Korean Inlcllectualll’rope Ofﬁlce
Government Complex-Dacjeon, 139
i Seonsa-ro, Seo-gu, Dagjeon 302 30JULY 2010 (30.07.2010)
701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

RYU, SIUNG

Telephone No.82-42-481-5980

Form PCT/ISA/237 (cover shect) (July 2009)
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WRITTEN OPINION OF THE International application No,

INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/021936

Box No, I Basis of this oplnion

1. With regard to the language, this opinion has been established on the basis of :
the international application in the language in which it was filed

D a translation of the intetnational application into , wWhich is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rute 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of: ’

a. a sequence listing filed or furnished
on paper
|:| in electronic formn

b. time of filing or furnishing
contained in the international application as filed.
[:I filed together with the international application in electronic form,
D furnished subsequently to this Authority for the purposes of search.

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or does

not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box Na. I)( July 2009)
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WRITTEN OPINION OF THE [nternational application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/021936

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1821 YES
Claims  1-17,22.33 NO

Inventive step (IS) Claims 18-21 YES
Claims ~ 1-17,22-33 NO

Industrial applicability (IA)  Claims ~ 1-33 YES
Claims NONE NO

2, Citations and explanations :

Reference is made to the following documents:

D1: US 2008-0146890 Al
D2: US 2004-0054291 Al
D3: US 2005-0148883 Al

(1) Novelty and Inventive Step

D1, which is considered to represent the most relevant state of art, discloses a apparatus and its system, the
apparatus comprising: a housing configured to be attached to the body of a person, at least one physiological
sensor, at feast one environmental sensor, a signal processor and a transmitter,

1) Claims 1-17, 22-33

The subject matter of claims 1, 22, 33 compose a housing configured to be attached to a body, a physiological
sensor, If the citation document D1 which is most similar to the subject invention is compared, all of these
technical features are disclosed. And moreover the effects of these technical features are also the same as
those of the citation document D1. Therefore, claims 1, 22, 33 of this application do not meet PCT Auticle
33(2) which is the requirement of novelty, Therefore, claims 1, 22, 33 are considered to lack novelty.

The additional features of claims 2-17, 23-32 are disclosed In D1(see Page 7 paragraph [0074], claim 1
and Fig, 1), Therefore, the subject matters of claims 2-17, 23-32 are neither novel nor Inventive in view of
D1, and do not satisfy the criteria set forth in PCT Atrticle 33(2) and 33(3).

2) Claims 18-21

The subject matter of claim 18 differs from these prior art documents in that it Includes updating fraction,
And it is not obvious to a person skilled in the art by the documents, taken alone or in combination, Therefore,
claim 18 meets the requirements of PCT Article 33(2) and (3) with respect to novelty and inventive step.
Claims 19-21 are dependent on claim 18 and therefore meet the requirements of PCT Aurticle 33(2) and (3).

(2) Industrial Applicability
Claims 1-33 are industrially applicable under PCT Article 33(4),

Form PCT/ISA/237 (Box No, V) (July 2009)
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Y o FCTIUS2010/024922 )
PATENT COOPERATION TREATY M o 1

A 7 0 N

From the INTERNATIONAL SEARCHING AUTHORITY 43 /PC
- ? V D
To
MYERS BIGEL SIBLEY & SAJOVEC, P.A. PC T
P.0. BOX 37428 RALEIGH NC 27627 USA NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION
CT Rule 44.1
(PCT Rule 44.1) DOCKETED
Date of mailing j :
(day/month/vear) 16 SEPTEMBER 2010 (16.09.2010) ¢ BY__S@

Applicant's or agent's file reference ‘
FOR FURTHER ACTION  See paragraphs 1 and 4 below}

Date _ %&é

ROUTE TO:

NIB

9653-9-WO
International application No. I(gter/natiox;;l ﬁlij1g date
ay/month/year,
PCT/US2010/024922 22 FEBRUARY 2010 (22.02.2010) —-
Applicant

VALENCELL, INC. et al ' N

ooon

1. DX] The applicant is hereby notified that the international search report and the written opinion of the Intemational Searching

Authority have been established and are transmitted herewith.
Filing of amendments and statement under Article 19: .
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the

international search report.
Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70
For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 . 9.011,

2. I:l The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the Intemational Searching Authority are transmitted herewith.

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:
the protest together with the decision thereon has been transmitted to the International Bureau together with any
request to forward the texts of both the protest and the decision thereon to the designated Offices,

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.
4. Reminders

The applicant may submit comments on an informal basis on the written opinion of the International Searching
Authority to the International Bureau. The International Bureau will send a copy of such comments to all designated
Offices unless an international preliminary examination report has been or is to be established. Following the
expiration of 30 months from tlEe priority date, these comments will also be made available to the public,

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau, If the applicant wishes to avold or postpone publication, a notice of withdrawal of the
international application, or ofpthe priority claim, must reach the International Bureau before the completion of the
technical preparations for international publication (Rules 90bis.1 and 90bis.3).

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international
preliminary examination must be filed if the applicant wishes to postpone the entry into the national phase until 30
months from the priority date (in some Offices even later); otherwise, the applicant must, within 20 months from the
priority date, perform the prescribed acts for entry into the national phase beg)re those designated Offices.

In .r%spef; of otkﬁer designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed
within 19months.

For details about the applicable time limits, Office by Office, see www.wipo.int/pct/en/texts/time_limits.html and the
PCT Applicant's Guide, National Chapters,

Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
Govemnment Complex-Daejeon, 139 Seonsa-ro, COMMISSIONER
2 Seo-gu, Daejeon 302-701, Republic of Korea

Facsimile No, 82-42-472-7140 Telephone No. 82-42-481-8752

Form PCT/ISA/220 (July 2010)
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* Attention

Copies of the documents cited in the international search report can be searched in the following Korean Intellectual
Property Office English website for three months from the date of mailing of the international search report.

http://www kipo.go.kr/en/ => Patent Search => PCT-Service

ID : PCT international application number
PW: 0QO1XZVB

Inquiries related to PCT International Search Report or Written Opinion prepared by KIPO as an
International Searching Authority can be answered not only by KIPO but also through IPKC (Intellectual
Property Korea Center), located in Vienna, VA, which functions as a PCT Help Desk for PCT applicants.

Homepage: http://www.ipkcenter.com
Email: ipkc@ipkeenter.com

Phone: +1 703 388 1066

Fax: +1 703 388 1084

Notes to Form PCT/ISA/220 (July 2010)
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PCT/US2010/024922
PATENT COOPERATION TREATY :

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicants or agents file reference FOR FURTHER see Form PCT/ISA/220

9653-9-WO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/vear) (Barliest) Priority Date (day/month/year)

PCT/US2010/024922 22 FEBRUARY 2010 (22.02.2010) | 25 FEBRUARY 2009 (25.02.2009)
Applicant

VALENCELL, INC. et al

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 3 sheets.
D It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of :

& the international application in the language in which it was filed
l:l a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c I:l With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. L

2. D Certain claims were found unsearchable (See Box No. II)
3. D Unity of invention is lacking (See Box No. III)

4. With regard to the title,
the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
Xl the text is approved as submitted by the applicant.
D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
[:I as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figure is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2010/024922

A, CLASSIFICATION OF SUBJECT MATTER

AGIB 5/02(2006.01)i, A61B 5/01(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B, FIELDS SEARCHED

A61B 5/02; A61B 5/05; A61B 5/00

Minimum documentation searched (classification system followed by classification symbols)

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
c¢KOMPASS(KIPO internal) & Keywords: physiological, matabolic, ear, headset

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See abstract and claims 1-4.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2004-0034289 Al (ERIC TELLER et al.) 19 February 2004 1-38
See paragraph [0031] - paragraph [0034]; claims 1-71 and figures 1-3.
A US 2008-0146892 Al (LEBOEUF STEVEN FRANCIS et al.) 19 June 2008 1-38
See paragraph [0006] - paragraph [0163]; claims 1-19 and figures 1-7.
A US 2007-0083095 A1l (ANTHONY RIPPO et al.) 12 April 2007 1-38

D Further documents are listed in the continuation of Box C,

& See patent family annex.

* Special categories of cited documents:

"A"  document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art '
document member of the same patent family

e

yn

ngh

Date of the actual completion of the international search

15 SEPTEMBER 2010 (15.09.2010)

Date of mailing of the international search report

16 SEPTEMBER 2010 (16.09.2010

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo-
gu, Daejeon 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer -

PARK, TAE WOOK

Telephone No.  82-42-481-8226

Form PCT/ISA/210 (second sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2010/024922

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2004-0034289 A1 19.02.2004 AU 2002-330965 A1 24.02.2003
BR 0211760 A 13. 10,2004
CA 2454655-A1 20.02.2003
EP 1414340 A2 06.05.2004
1L 16007900 20.06.2004
JP 2004-538066 T ' 24.12.2004
JP 4283672 B2 24.06.2009
MX  PA04001055A 20.05.2004
US 2002-019586 A1 14.02.2002
US 2006-122474 A1 08.06.2006
US 2007-173705 A1 26.07.2007
US 7261690 B2 28.08.2007
WO 0301-5005A2 20.02.2003
WO 0301-5005A3 18.12.2003

US 2008-0146892 A1 19.06.2008 None

US 2007-0083095 Al 12.04.2007 US 2007-0083092 At 7 12.04.2007

Form PCT/ISA/210 (patent family annex) (July 2009)
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PCT/US2010/024922

PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To:
MYERS BIGEL SIBLEY & SAJOVEC, P.A.

P.O. BOX 37428 RALEIGH NC 27627 USA

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing
(day/month/year)

16 SEPTEMBER 2010 (16.09.2010)

Applicant's or agent's file reference
9653-9-WO

FOR FURTHER ACTION

See paragraph 2 below

International application No.

International filing date (day/month/year)

PCT/US2010/024922

22 FEBRUARY 2010 (22.02.2010)

Priority date(day/month/year)
25 FEBRUARY 2009 (25.02.2009)

International Patent Classification (IPC) or both national classification and IPC

AG61B 5/02(2006.01)i, A61B 5/01(2006.01)i

Applicant
VALENCELL, INC, etal

1. This opinion contains indications relating to the following items:

Box No. I

Basis of the opinion

D BoxNo.II  Priority

D Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

D Box No.IV  Lack of unity of invention

BoxNo. V. Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

D Box No. VI Certain documents cited

D Box No. VII  Certain defects in the international application

D Box No. VIII Certain observations on the international application

2. FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220.

Name and mailing address of the [ISA/KR Date of completion of this opinion | Authorized officer
- Korean Intellectual Property Office

Government Complex-Dagjeon, 139

Seonsa-ro, Seo-gu, Daejeon 302

-701, Republic of Korea
Facsimile No, 82-42-472-7140

15 SEPTEMBER 2010 (15.09.2010)| PARK, TAE WOOK

Telephone No.82-42-481-8226 ~ -

Form PCT/ISA/237 (cover sheet) (July 2009)
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1 ional application No.
WRITTEN OPINION OF THE nternational application No

INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/024922

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :
the international application in the language in which it was filed

D a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. l_____] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. a sequence listing filed or furnished

D on paper

I:] in electronic form

b. time of filing or furnishing
D contained in the international application as filed.
D filed together with the international application in electronic form.
D furnished subsequently to this Authority for the purposes of search.

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or ﬁmﬁshed, the required
statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or does

not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:;

Form PCT/ISA/237 (Box No. I)( July 2009)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/024922

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-38 YES
Claims NONE NO

Inventive step (IS) Claims 1-38 YES
Claims ~NONE : NO

Industrial applicability JA)  Claims  1-38 ' YES
Claims ~NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: US 2004-0034289 Al (ERIC TELLER et al.) 19 February 2004
D2: US 2008-0146892 Al (LEBOEUF STEVEN FRANCIS et al.) 19 June 2008
D3: US 2007-0083095 Al (ANTHONY RIPPO et al.) 12 April 2007

1. Novelty and inventive Step ;

The subject matter of claim 1 differs from these prior art documents in that it includes making an
assessment of a physiological condition of the subject using the at least two types of
physiological information, wherein each type of physiological information is individually
insufficient to make the physiological condition assessment.

The subject matter of claim 12 differs from these prior art documents in that it includes making an
assessment of a physiological condition of the subject using the at least two types of
physiological information and the environmental information, wherein the environmental
information and the at least two types of physiological information are individually insufficient to
make the physiological condition assessment, providing information to the subject about the
physiological condition assessment via a portable device in communication with the monitoring
device.

The subject matter of claim 20 differs from these prior art documents in that it includes making an
assessment of a physiological condition of the subject using the at least two types of
physiological information and the environmental information, wherein the environmental
information and the at least two types of physiological information are individually insufficient to
make the physiological condition assessment, wherein the subject physiological condition is
selected from the group consisting of: VO2, VO2max, metabolic zone, metabolic equivalent,
active calories burned, total calories burned, hydration status, heart rate variability, cardiac
response, stress level, warm up time, recovery time, activity performance level.

And the subject matter of claims 1, 12 and 20 are not obvious to a person skilled in the art by the
documents, taken alone or in combination.

Therefore, claims 1, 12 and 20 meet the requirements of PCT Article 33(2) and (3) with respect to
novelty and inventive step.

Claims 2-11, 13-19 and 21 are dependent on claim 1, 12 or 20. Therefore they meet the
requirements of PCT Article 33(2) and (3).

Claims 22, 33 and 37 relate to a monitoring apparatus, a hydration status monitoring
apparatus according to claim 1, 12 or 20. Claims 22, 33 and 37 are considered to be
Continued on Supplemental Box

Form PCT/ISA/237 (Box No, V) (July 2009)
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International application No,
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/024922

Supplemental Box

In case the space in any of the preceding boxes is not sufficient,
Continuation of ;

Box V

novel and to involve an inventive step under PCT Article 33(2)-(8), because the subject matter of
claim 1, 12 or 20 is considered to be novel and to involve an inventive step.

Claims 23-32, 34-36 and 38 are dependent on claims 22, 33 and 37. Therefore they meet the requirements
of PCT Article 33(2) and (3).

2. Industrial Applicability
Claims 1-38 are industrially applicable under PCT Article 33(4).

Form PCT/ISA/237 (Supplemental Box) (July 2009)
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PCT/US2010/025216

PATENT COOPERATION TREATY
From the INTERNATIONAL SEARCHING AUTHORITY
To:
MYERS BIGEL SIBLEY & SAJOVEC, P.A. P CT

P.O. BOX 37428 RALEIGH NC 27627 USA NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND

(PCT Rule 44.1)

THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

Date of mailing
(day/month/year) 27 SEPTEMBER 2010 (27.09.2010)

Applicant's or agent's file reference
FOR FURTHER ACTION  See paragraphs 1 and 4 below

9653-10-WO
International application No., I(gtcr/natiotr}s;} ﬁli;lg date
lay/month/yeal
PCT/US2010/025216 24 FEBRUARY 2010 (24.02.2010)
Applicant

VALENCELL, INC. et al

1. x The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith,
Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the

international search report.
Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzetland, Facsimile No.: +41 22 338 82 70
For more detailed instructions, sce PCT Applicant's Guide, International Phase, paragraphs 9.004 . 9.011.

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith,

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:
[:] the protest together with the decision thereon has been transmitted to the International Bureau together with any
request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders
The applicant may submit comments on an informal basis on the written opinion of the International Searching
Authority to the International Bureau, The International Bureau will send a copy of such comments to all designated
Offices unless an international preliminary examination report has been or is to be established. Following the
expiration of 30 months from the priority date, these comments will also be made available to the public.

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the
international application, or of the priority claim, must reach the International Bureau before the completion of the

technical preparations for international publication (Rules 90bis.1 and 90bis.3).

Within 19 months from the priorit?' date, but only in respect of some designated Offices, a demand for international

preliminary examination must be filed if the applicant wishes to postpone the entry into the national phase ufifil 3U
months from the priority date (in some Offices even later); otherwise, the applicant must, within 20 months fromIfeC
priority date, perform the prescribed acts for entry into the national phase before those designated Offices.

KETED

within 19months.

For details about the applicable time limits, Office by Office, see www.wipo.int/pct/en/texts/time_limits.htnj
PCT Applicant's Guide, National Chapters,

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand id filgy l /1/ l”?

4 ?tﬁlcuzlg‘“m"

ﬂ’%l (1
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
-4 Government Complex-Daejeon, 139 Seonsa-ro, COMMISSIONER
! Seo-gu, Daejeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-8752

Form PCT/ISA/220 (July 2010)

0457



* Attention

Copies of the documents cited in the international search report can be searched in the following Korean Intellectual
Property Office English website for three months from the date of mailing of the international search report.

http://www kipo.go.kr/en/ => Patent Search => PCT-Service

ID : PCT international application number
PW: DAGETQWS

Inquiries related to PCT International Search Report or Written Opinion prepared by KIPO as an International
Searching Authority can be answered not only by KIPO but also through IPKC (Intellectual Property Korea
Center), located in Vienna, VA, which functions as a PCT Help Desk for PCT applicants.

Homepage: http://www.ipkcenter.com
Email: ipkc@ipkcenter.com

Phone: +1 703 388 1066

Fax:+1703 388 1084

Notes to Form PCT/ISA/220 (July 2010)
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PCT/US2010/025216

PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file refercnce FOR FURTHER see Form PCT/ISA/220

9653-10-WO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)

PCT/US2010/025216 24 FEBRUARY 2010 (24.02.2010) | 25 FEBRUARY 2009 (25.02.2009)
Applicant

VALENCELL, INC. et al

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18, A copy is being transmitted to the International Bureau.

This international search report consists of a total of 3 sheets.
[:‘ It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of :

the international application in the language in which it was filed

a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. I:l This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

2. D Certain claims were found unsearchable (See Box No. II)

3. D Unity of invention is lacking (See Box No. III)

4, With regard to the title,
the text is approved as submitted by the applicant.
I:l the text has been established by this Authority to read as follows:

5. With regard to the abstract,
g the text is approved as submitted by the applicant.
D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV, The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6.  With regard to the drawings, ]
a. the figure of the drawings to be published with the abstract is Figure No, 1
g as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure,
D as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figure is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2010/025216

A, CLASSIFICATION OF SUBJECT MATTER

A61B 5/0402(2006.01)i, A61B 5/0476(2006.01)i, A61B 5/0496(2006.01)i, A61B 5/0408(2006.01)i, A61B 5/0478(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B 5/0402; A61B 5/02; A61B 5/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: ear, electrode, neurological, cardiopulmonary function

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2008-0146890 Al (STEVEN FRANCIS LEBOEUF et al.) 19 June 2008 1-44
See abstract, paragraphs 51-84, and figures 1-5,9-16

A US 2005-0148883 Al (PETER V. BOESEN) 07 July 2005 1-44
See abstract, paragraphs 30-50, and figures 1,8

A US 2006-0084878 A1 (MATTHEW JOHN BANET et al.) 20 April 2006 1-44
See abstract, paragraphs 43-45, and figure 5

A US 2004-0242976 Al (MARCIO‘MARC ABREU) 02 December 2004 1-44
See abstract, paragraphs 328-396, and figures 13,26,38

|___] Further documents are listed in the continuation of Box C. g See patent family annex,
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A"  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed )
Date of the actual completion of the international search Date of mailing of the international search report
17 SEPTEMBER 2010 (17.09.2010) 27 SEPTEMBER 2010 (27.09.2010)
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo- Kim, Sae Byul
gu, Dagjeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8543

Form PCT/ISA/210 (second sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2010/025216

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2008-0146890 Af 19.06.2008 EP 2094152 A1 02.09.2009
W0 2008-088511 A1 24.07,2008

US 2005-0148883 A1 07.07.2005 AU 3851401 A 12.11.2001
US 6852084 B1 08.02.2005
WO 01-82798A1 08.11,2001

US 2006-0084878 A1 20.04,2006 US 2005-0228244 A1l 13.10.2005
US 2005-0228296 A1 13, 10,2005
US 2005-0228298 A1 13.10.2005
US 2005-0228299 A1l 13, 10.2005
US 2005-0228300 A1 13.10.2005
US 2005-0228301 A1 13.10.2005
US 2005-0245831 A1 03.11.2005
US 2005-0261598 A1 24.11.2005
US 2006-0009697 A1l 12.01.2006
US 2006-0009698 A1l 12.01.2006
US 2008-0051670 A1l 28.02.2008
US 2008-0058614 A1l 06.03.2008
US 7004907 B2 28.02.2006
US 7179228 B2 20.,02,2007
US 7238159 B2 03,07.2007
WO 2006-105341 A2 05, 10.2006
W0 2007-011423 A1 25.01,2007

US 2004-0242976 A1 02.12.2004 US 2004-0059212 At 25,03.2004
US 2007-0219434 A1 20.09.2007
US 7187960 B2 06,03, 2007

Form PCT/ISA/210 (patent family annex) (July 2009)
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PCT/US2010/025216
PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To:
MYERS BIGEL SIBLEY & SAJOVEC, P.A. PCT

P.O. BOX 37428 RALEIGH NC 27627 USA WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)

Date of mailing

(day/month/year) 27 SEPTEMBER 2010 (27.09.2010)

Applicant's or agent's file reference FOR FURTHER ACTION
9653-10-WO See paragraph 2 below
International application No. International filing date (day/month/year) Priority date(day/month/year)

PCT/US2010/025216 24 FEBRUARY 2010 (24.02,2010) |25 FEBRUARY 2009 (25.02.2009)

International Patent Classification (IPC) or both national classification and IPC

AGIB 5/0402(2006.01)i, A61B 5/0476(2006.01)i, A61B 5/0496(2006.01)i, A61B 5/0408(2006.01)i, A61B 5/0478(2006.01)i

Applicant
VALENCELL, INC. etal

1. This opinion contains indications relating to the following items:
& Box No. I Basis of the opinion
Box No.II  Priority .
Box No.IIl  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Box No. VI  Certain documents cited

00 X OO0

Box No. VII  Certain defects in the international application

}I{ Box No. VIIT Certain observations on the international application

2. FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("[PEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220.

Name and mailing address of the ISA/KR Date of completion of this opinion | Authorized officer
Korean Intellectual Property Office
Government Complex-Daejeon, 139
{ Seonsa-ro, Seo-gu, Daejeon 302
=701, Repubhc of Korea

Facsumle No. 82-42-472-7140 Telephone No.82-42-481-8543

17 SEPTEMBER 2010 (17.09.2010) | Kim, Sae Byul

Form PCT/ISA/237 (cover sheet) (July 2009)
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International application No.
WRITTEN OPINION OF THE fiemational appiication o

INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/025216

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of
g the international application in the language in which it was filed

D a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified

to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. a sequence listing filed or furnished

I:] on paper

D in electronic form

b. time of filing or furnishing
[:I contained in the international application as filed.
l:] filed together with the international application in electronic form,
D furnished subsequently to this Authority for the purposes of search.

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I)( July 2009)
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

International application No,

PCT/US2010/025216

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;

citations and explanations supporting such statement

1. Statement

Novelty (N) Claims ~ 1-44 YES
Claims  NONE NO

Inventive step (IS) Claims ~ 1-44 YES
Claims ~NONE NO

Industrial applicability 1A)  Claims ~ 1-44 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: US 2008-0146890 Al (STEVEN FRANCIS LEBOEUF et al.) 19 June 2008

D2: US 2005-0148883 Al (PETER V. BOESEN) 07 July 2005

D3: US 2006-0084878 AL (MATTHEW JOHN BANET et al.) 20 April 2006
D4: US 2004-0242976 AL (MARCIO MARC ABREU) 02 December 2004

D1 discloses that wearable apparatus for monitoring various physiological and
environmental factors are provided. Real-time, noninvasive health and environmental
monitors include a plurality of compact sensors integrated within small, low-profile
devices, such as earpiece modules. Physiological and environmental data is collected and

wirelessly transmitted into a wireless network, where the data is stored and/or processed.

D2 discloses that sensing and transmitting physiological pressures and body temperatures.
The device includes a transducer and a transmitter. The transmitter is adapted to
broadcast a signal which is modulated by the output of a transducer. The transmitter is
also adapted to limit the power of theoutput signal. The method includes transducing a
physiological parameter and broadcasting a signal which is modulated by the transduced
parameter. The power of the output signal is limited so that the signal will attenuate

within a predetermined distance,

{continued on the Supplemental Box)

Form PCT/ISA/237 (Box No. V) (July 2009)
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International application No,
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/025216

Box No, VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

Claim 17 relates to the monitoring apparatus, but claims 28-29 dependant on claim 17 relate to the headset. As claims 28-29 do not
meet the requirement of PCT Article 6 in that the matter for which protection is sought is not clearly defined.

Form PCT/ISA/237 (Box No, VIII) (July 2009)
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/025216

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of ;

(continued on the Supplemental Box)
(Box No. V)

D3 discloses that a system for measuring blood pressure from a patient that includes: 1) an
optical module featuring systems for measuring signals from the patient, serial
communication, and power management; 2) an external computing device configured to
attach to the optical module,supply power to the optical module, and receive information
from the optical module through the system for serial communication; and 3) an
algorithm, operating on the external computing device, that processes information
received through the system for serial communication to determine the patient's blood
pressure.

D4 discloses that support structures for positioning sensors on a physiologic tunnel for
measuring physical, chemical and biological parameters of the body and to produce an
action according to the measured valueof the parameters. The support structure includes a
sensor fitted on the support structures using a special geometry for acquiring continuous
and undisturbed data on the physiology of the body. Signals are transmitted to a remote
station by wireless transmission such as by electromagnetic waves, radio waves, infrared,
sound and the like or by being reported locally by audio or visual transmission. The
physical and chemical parameters include brain function, metabolic function,
hydrodynamic function, hydration status, levels of chemical compounds in the blood, and
the like. The support structure includes patches, clips, eyeglasses, head mounted gear and
the like, containing passive or active sensors positioned at the end of the tunnel with
sensing systems positioned on and accessing a physiologic tunnel.

{(continued on the next page)
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International application No,
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/025216

Supplemental Box

In case the space in any of the preceding boxes is not sufficient,
Continuation of :

(the previous page)
I. Novelty and Inventive Step

Claim 1.

D1-D4 disclose wearable apparatus for monitoring various physiological and
environmental factors are provided, the difference of claim 1 from D1-D4 is that D1-D4
do not disclose or teach: measure at least one neurological and/or cardiopulmonary
function of the subject. Moreover, the difference is not obvious for a person skilled in the
art even with any combination of D1-D4. Therefore, claim 1 is considered to be novel

under PCT Article 33(2) and to involve an inventive step under PCT Article 33(3).

Claims 2-16:
Claims 2-16 are also considered to be novel under PCT Article 33(2) and to involve an
inventive step under PCT Article 33(3) as they are dependent claims depending on claim 1.

Claim 17:

D1-D4 disclose wearable apparatus for monitoring various physiological and
environmental factors are provided, the difference of claim 17 from D1-D4 is that D1-D4
do not disclose or teach: measure at least one neurological and/or cardiopulmonary
function of the subject. Moreover, the difference is not obvious for a person skilled in the
art even with any combination of D1-D4. Therefore, claim 17 is considered to be novel

under PCT Article 33(2) and to involve an inventive step under PCT Article 33(3).

Claims 18-29:

Claims 18-29 are also considered to be novel under PCT Article 33(2) and to involve an
inventive step under PCT Article 33(3) as they are dependent claims depending on claim
17.

(continued on the next page)

Form PCT/ISA/237 (Supplemental Box) (July 2009)

0467




International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/025216

Supplemental Box

In case the space in any of the preceding boxes is not sufficient,
Continuation of :

(the previous page)

Claim 30:

D1-D4 disclose wearable apparatus for monitoring various physiological and
environmental factors are provided, the difference of claim 30 from D1-D4 is that D1-D4
do not disclose or teach: measure at least one neurological and/or cardiopulmonary
function of the subject. Moreover, the difference is not obvious for a person skilled in the
art even with any combination of D1-D4. Therefore, claim 30 is considered to be novel

under PCT Article 33(2) and to involve an inventive step under PCT Article 33(3).

Claims 31-37:

Claims 31-37 are also considered to be novel under PCT Article 33(2) and to involve an
inventive step under PCT Article 33(3) as they are dependent claims depending on claim
30.

Claim 38:

D1-D4 disclose wearable apparatus for monitoring various physiological and
environmental factors are provided, the difference of claim 38 from D1-D4 is that D1-D4
do not disclose or teach: measure at least one neurological and/or cardiopulmonary
function of the subject. Moreover, the difference is not obvious for a person skilled in the
art even with any combination of D1-D4, Therefore, claim 38 is considered to be novel

under PCT Article 33(2) and to involve an inventive step under PCT Article 33(3).

Claims 39—41:.

Claims 39-41 are also considered to be novel under PCT Article 33(2) and to involve an
inventive step under PCT Article 33(3) as they are dependent claims depending on claim
38.

(continued on the next page)
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/025216

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of :

(the previous page)

Claim 42;

D1-D4 disclose wearable apparatus for monitoring various physiological and
environmental factors are provided, the difference of claim 42 from D1-D4 is that D1-D4
do not disclose or teach: detecting neurological and/or cardiopulmonary function
information from the subject via electrodes attached to a headset worn by the subject,
Moreover, the difference is not obvious for a person skilled in the art even with any
combination of D1-D4. Therefore, claim 42 is considered to be novel under PCT Atticle

33(2) and to involve an inventive step under PCT Article 33(3).

Claims 43-44:
Claims 43-44 are also considered to be novel under PCT Article 33(2) and to involve an
inventive step under PCT Article 33(3) as they are dependent claims depending on claim

42.

II. Industrial applicability

The industrial applicability of claims 1-44 is self-evident in the sense of PCT Article 33(4)
because the subject matter claimed can be made or used in industry.

Form PCT/ISA/237 (Supplemental Box) (July 2009)
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Application No.: 14/484,585 Examiner: Fuller, Rodney Evan
Filing Date: September 12, 2014 Group Art Unit: 2852

For:  Wearable Light-Guiding Devices For Physiological Monitoring

Date: January 20, 2015
Commissioner for Patents
Box 1450
Alexandria, VA 22313-1450

. INFORMATION DISCLOSURE STATEMENT TRANSMITTAL
ir:
Attached is an Information Disclosure Statement listing of documents, together with a copy of any
listed foreign patent document and/or non-patent literature. A copy of any listed U.S. patent and/or U.S.
patent application publication is not provided herewith in accordance with 37 C.F.R. § 1.98(a)(2)(ii).
[ In accordance with 37 CFR 1.97(b), the information disclosure statement is being filed:
1 (1) within three months of the filing date of a national application other than a continued
prosecution application under §1.53(d);
[](2) within three months of the date of entry of the national stage as set forth in §1.491 in an
international application;
[](3) before the mailing of a first Office Action on the merits; or
[ (4) before the mailing of a first Office Action after the filing of a request for continued
examination under §1.114.
In accordance with 37 CFR 1.97(c), the information disclosure statement is being filed after the
period specified in 37 CFR 1.97(b) above, but before the mailing date of any of a final action under §1.113, a
notice of allowance under §1.311, or an action that otherwise closes prosecution in the application, and is
accompanied by one of the following:
[TJ(1) The statement specified under 37 CFR 1.97(e), as follows:

[] Each item of information contained in the information disclosure statement was
first cited in any communication from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of the information disclosure
statement; or

] No item of information contained in the information disclosure statement was
cited in a communication from a foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing the certification after making reasonable inquiry,
no item of information contained in the information disclosure statement was known to any
individual designated in §1.56(c) more than three months prior to the filing of the information
disclosure statement; or

Xl (2) The fee set forth in §1.17(p);
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In re: LeBoeuf et al.

Application No.: 14/484,585
Filing Date: September 12, 2014
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[ In accordance with 37 CFR 1.97(d), the information disclosure statement is being filed after the
period specified in 37 CFR 1.97(c) above, but on or before payment of the issue fee, and is accompanied by
both of the following:

[1(1) The statement specified under 37 CFR 1.97(e), as follows:

[] That each item of information contained in the information disclosure statement
was first cited in any communication from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of the information disclosure
statement; or

[ That no item of information contained in the information disclosure statement was
cited in @ communication from a foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing the certification after making reasonable inquiry,
no item of information contained in the information disclosure statement was known to any
individual designated in §1.56(c) more than three months prior to the filing of the information
disclosure statement; and

[1(2) The fee setforth in §1.17(p);

In accordance with 37 CFR 1.97(g), the information disclosure statement shall not be construed as a
representation that a search has been made.

In accordance with 37 CFR 1.97(h), the information disclosure statement shall not be construed to
be an admission that the information cited in the statement is, or is considered to be, material to patentability
as defined in §1.56(b). '

The Director is hereby authorized to charge the fee specified in 37 C.F.R. § 1.17(p), and any fee
deficiency or credit any overpayment, to Deposit Account No. 50-0220; or

[J No fee is believed due. However, the Director is hereby authorized to charge any deficiency or
credit any overpayment to Deposit Account No. 50-0220.

Respectfully submitted,

Needham J. B

oddie, [|
Registration No. 40,519
Attorney for Applicant(s)

Customer Number 20792

Myers Bigel Sibley & Sajovec, P.A.
P.O. Box 37428, Raleigh, NC 27627
919-854-1400

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

| hereby certify that this correspondence is being transmitted via the Office electronic filing system in
accordance with 37 CFR § 1.6(a)(4) to the U.S. Patent and Trademark Office on January 20, 2015.

C ety 4. ronanel)

Name: Cathy]J:eonard
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW. uspto 20V

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/484,585 09/12/2014 Steven Francis LeBoeuf 9653-7TSCT5
CONFIRMATION NO. 8375
20792 PUBLICATION NOTICE

MYERS BIGEL SIBLEY & SAJOVEC

PO BOX 37428 0 OO A O

RALEIGH, NC 27627

Title:Wearable Light-Guiding Devices For Physiological Monitoring

Publication No.US-2015-0032009-A1
Publication Date:01/29/2015

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
20792 7590 02/022015
MYERS BIGEL SIBLEY & SAJOVEC FULLER, RODNEY EVAN
PO BOX 37428
RALEIGH, NC 27627 | ART UNIT PAPERNUMBER |
2852
DATE MAILED: 02/02/2015
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
14/484,585 09/12/2014 Steven Francis LeBoeuf 9653-7TSCTS 8375

TITLE OF INVENTION: Wearable Light-Guiding Devices For Physiological Monitoring

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $960 $0 30 $960 05/04/2015

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

20792 7590 02/02/2015 I hereby certity that this Fee(s) Transmittal is being deposited with the United
MYERS BIGEL SIBLEY & SAJOVEC States Postal Service with sufficient postage for first class mail in an envelope
PO BOX 37428 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

transmitted to the USPTO (571) 273-2885, on the date indicated below.
RALEIGH, NC 27627
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/484,585 09/12/2014 Steven Francis LeBoeuf 9653-7TSCTS 8375
TITLE OF INVENTION: Wearable Light-Guiding Devices For Physiological Monitoring
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 05/04/2015

| EXAMINER | ART UNIT | CLASS-SUBCLASS |
FULLER, RODNEY EVAN 2852 600-310000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) The names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ’ . 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
(I Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken

to be a notification of loss of entitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CER 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USP[O.gOV

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
14/484,585 09/12/2014 Steven Francis LeBoeuf 9653-7TSCT5 8375
| EXAMINER |
20792 7590 02/022015
MYERS BIGEL SIBLEY & SAJOVEC FULLER, RODNEY EVAN
PO BOX 37428
RALEIGH, NC 27627 | ART UNIT PAPERNUMBER |

2852

DATE MAILED: 02/02/2015

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/484,585 LEBOEUF ET AL.
: i i i AIA (First Inventor to
Notice of Allowability E’gg{‘\:g‘:{rFULLER 2;;3“" Filo) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X] This communication is responsive to gpplicant's Response and Terminal Disclaimer, dated 11/18/2014.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-20. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
ntp:/rwww usplo.gov/patenis/init_events/pph/index.jsg or send an inquiry to PPHiredhack@usplo.qgoy .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[J Some *c) [] None of the:
1. [ Certified copies of the priority documents have been received.
2. [[] Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [J Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 1/20/2015

3. [[J Examiner's Comment Regarding Requirement for Deposit 7. [X] Other Detailed Action.

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/RODNEY FULLER/
Primary Examiner, Art Unit 2852

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150121
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Application/Control Number: 14/484,585 Page 2
Art Unit: 2852

DETAILED ACTION

1. The present application is being examined under the pre-AlA first to invent
provisions.

Terminal Disclaimer
2. The terminal disclaimer filed on 11/18/2014 disclaiming the terminal portion of

any patent granted on this application which would extend beyond the expiration date of
U.S. Patent 8,886,269, U.S. Patent 8,700,111, and any patents granted on Application
Numbers 14/298,402 and 14194891 has been reviewed and is accepted. The terminal
disclaimer has been recorded.
Allowable Subject Matter
3. Claims 1-20 are allowed.
Conclusion

4. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to RODNEY FULLER whose telephone number is
(5671)272-2118. The examiner can normally be reached on 8:00am - 4:30pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Clayton Laballe can be reached on 571-272-1594. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 14/484,585 Page 3
Art Unit: 2852

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/RODNEY FULLER/
Primary Examiner, Art Unit 2852

January 21, 2015
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56. US- 2008/0154105 A1 06-26-2008 Lemay
57. US- 2008/0154098 A1 06-26-2008 Morris et al.
58. US- 2008/0146892 A1 06-19-2008 LeBoeuf et al.
59, US- 2008/0146890 A1 06-19-2008 LeBoeuf et al.
60. US- 2008/0141301 At 06-12-2008 Azzaro et al.
61. US- 2008/0132798 A1 06-05-2008 Hong et al.
62. UsS- 7,376,451 B2 05-20-2008 Mahony et al.
63. US- 2008/0114220 A1 05-15-2008 Banet et al.
64. US- 2008/0081963 A1 04-03-2008 Naghavi et al.
65. US- 7,341,559 B2 03-11-2008 Schultz et al.
66. UsS- 7,336,982 B2 02-26-2008 Yoo et al.
67. US- 2008/0004536 A1 01-03-2008 Baxi et al.
68. US- 2007/0270671 11-22-2007 Gal
69. US- 2007/0270667 A1 11-22-2007 Coppi et al.
70. US- 2007/0265097 A1 11-15-2007 Havukainen
71. US- 2007/0233403 A1 10-04-2007 Alwan et al.
72. US- 2007/0213020 A1 09-13-2007 Novac
Chankels) it 78. UsS- 7,263,396 B2 08-28-2007 Chen et al.
TYTOPTT74. T US- . 2007/0197881 A1 | 08-23-2007 Wolf et al.
to dofument, 75. Us- 7,252,639 B2 08-07-2007 Kimura et al.
/LB 76. UsS 2007/0165872 A1 07-19-2007 Bridger et al.
77. US- 2007/0116314 A1 05-24-2007 Grilliot et al.
2/11(Z075 78. | US- -2067/0448064-A1 | 05-24-2007 Oliver et al. 200701180453
79. US- 2007/0112598 A1 05-17-2007 Heckerman et al.
80. US- 2007/0106167 A1 05-10-2007 Kinast
Examiner , ; Date
Signature [Rodney Fuller Considered Q1219015

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through

citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /RF/
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SN ) UNITED STATES PATENT AND TRADEMARK OFFICE

8 UNITED STATES DEPARTMENT OF COMMERCE
5 United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.0O.Box 1450
Alexandria, Virginia 22313-1450
WWWvllSPIO.gOV

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/484,585 03/24/2015 8989830 9653-7TSCT5 8375
20792 7590 03/04/2015
MYERS BIGEL SIBLEY & SAJOVEC
PO BOX 37428

RALEIGH, NC 27627

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Steven Francis LeBoeuf, Raleigh, NC;
Valencell, Inc., Raleigh, NC, Assignee (with 37 CFR 1.172 Interest);
Jesse Berkley Tucker, Knightdale, NC;
Michael Edward Aumer, Raleigh, NC;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISS})ONER FOR PATENTS

Alexandria, Virginis 22313-1450
Www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS] IND CLAIMS
14/484,585 09/12/2014 2878 1600 9653-7TSCTS 20 2
CONFIRMATION NO. 8375
20792 _ FILING RECEIPT

MYERS BIGEL SIBLEY & SAJOVEC

b Box 7436 | R

RALEIGH, NC 27627
Date Mailed: 10/22/2014

Receipt is acknowledged of this non-provisional patent-application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
‘application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Steven Francis LeBoeuf, Raleigh, NC;
Jesse Berkley Tucker, Knightdale, NC;
Michael Edward Aumer, Raleigh, NC;
Applicant(s)
- Valencell, Inc., Raleigh, NC

Power of Attorney: The patent practitioners associated with Customer Number 20792

Domestic Priority data as claimed by applicant
This application is a CON of 14/184,364 02/19/2014 PAT 8886269
WhICh is a CON of 12/691,388 01/21/2010 PAT 87001 11 "
which claims benefit of §1/208,567 02/25/2608
and claims benefit of 61/208,574 02/25/2009
and claims benefit of 61/212,444 04/13/2009
and claims benefit of 61/274,191 08/14/2009

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution

Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.
Foreign application information must be provided in an Appllcat/on Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 10/22/2014
page 10of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 14/484,585
Projected Publication Date: 01/29/2015
Non-Publication Request: No

Early Publication Request: No
Title

Wearable Light-Guiding Devices For Physiological Monitoring
Preliminary Class '
250
Statement under 37 CFR 1.55 6r 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.goviweb/offices/pac/doc/generallindex.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15_ '

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR5.13 or 5.14. , '

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S, offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800. ‘

page 3 of 3
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Glossary Pilot Program

A NEW STRATEGY FOR IMPROVING CLAIM CLARITY USING GLOSSARIES
Still Accepting Applications!

The GIoSsary Pilot Program began June 2, 2014 and will run for six months
or until 200 petitions are granted for participation into the program.

Benefits of Participation - Expedited Examination
Applications accepted into this pilot program will receive expedited
' processing up to the issuance of a first Office action.

Pilot Program Eligibility
Acceptance into the pilot program requires that the application be classified
in software-related technological fields that fall under the examination jurisdiction
of USPTO Technology Centers 2100, 2400, and 2600 or the Business Methods
area of Technology Center 3600.

Applications must be filed electronically using EFS-Web system and include a
petition to make special using Form PTO/SB/436 (no petition fee is required).

For complete information, please visit: .
www.uspto.gov/patents/init_events/glossary_initiative.jsp

For questions and additional information, please contact:

Seema Rao  Director, Technology Center 2100
. 571-272-0800 ¢ E-mail: Glossary@uspto.gov
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