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S1: Physiological sensors
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SN: New sensors

RF: Wireless link

capability to record important health information, smart
audio outputs of audio beep and speech advice to the user
through audio path and audio interface, preset and user con-
firmable alarm conditions via wireless communications net-
work to the appropriate individual for prompt and necessary
assistance. The system uses noninvasive monitoring technol-
ogy for continuous, painless and bloodless health state moni-
toring. The system also works through the short range RF link
with carry-on PDA or cell phone for displaying health infor-
mation, making urgent contact to support center, doctor or
individual, or for information transmission with a healthcare
center.
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WEARABLE MINI-SIZE INTELLIGENT
HEALTHCARE SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to a wearable mini-
size intelligent healthcare system for the continuous monitor-
ing and care of a subject. More particularly, the present inven-
tion is for a healthcare system and method, taking advantage
of the specific body position around the subject’s ear for the
continuous detection and analyzing of a subject’s health con-
dition with noninvasive monitoring technology, the evalua-
tion of said health condition enabling the early detection of
adverse health conditions, the providing of the smart audio
interface for real-time notification with emotional perception,
health information display or storage over the Personal Digi-
tal Assistants (PDA) or cell phone via short range RF link,
urgent contact or information transmission through PDA or
cell phone over wireless communication network.

BACKGROUND OF THE INVENTION

[0002] As well-known, a person with a health issue such as
heart disease usually needs to be examined regularly and
better to be monitored continually for the early signs of those
health problems. Although there are many instruments or
devices available for monitoring an individual’s activities and
evaluating their health states, a person with health issue needs
to visit periodically a medical facility to obtain the proper
diagnosis and medical treatment. Once at the medical facility,
the subject is usually examined with some type of medical
instruments for the short duration. The health information
obtained during the visit only represents a small portion of the
subject’s physiological information at the time of the exami-
nation, which usually does not reflect the actual health prob-
lem occurring in the daily life. In order to obtain more com-
plete medical information, doctors would need to observe a
subject’s health condition over certain duration usually
longer than that of regular health examination. Because of
time and costs associated with these tests and observations, it
is usually impractical to conduct the required long-term
observation and full evaluation for most people who may
need them.

[0003] Another major issue for many individuals is getting
prompt medical instruction and care as soon as a health prob-
lem occurs. To detect an occupying health problem in time
and then to provide a prompt health care is crucial to the
individual’s health. For example, a heart attack victim will
have a significantly greater chance of full recovery if medical
care is received as soon as a heart attack is detected. As
another example, an early detection of the sleep apnea can
give an individual good opportunity to take necessary actions
to prevent the serious sleep-disordered breathing problem
from developing. Unfortunately, an individual usually does
notrecognize the early signs which indicate an occurring risk.
Quite often, by the time the individual does realize an occur-
ring risk, they might be incapable of seeking for medical
assistance. Another issue is to provide quick and accurate
information for the necessary medical care, which is essential
to a successful diagnosis and treatment of the health problem.
[0004] The patent application U.S. Pat. No. 6,579,231, Per-
sonal Medical Monitoring Unit and System by Phipps, has
disclosed a personal medical monitoring unit and system,
which is a portable unit worn by a subject, comprising a
medical monitoring device, a data processing module with
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memory and transmitter for collecting, monitoring, and stor-
ing the subject’s physiological data and also issuing the sub-
ject’s medical alarm conditions via wireless communications
network to the appropriate location for expeditious dispatch
of assistance. The unit also works in conjunction with a cen-
tral reporting system for long term collection and storage of
the subject’s physiological data. The unit may have the capa-
bility to automatically dispense chemicals that may alleviate
or assist in recovery from an illness. The Personal Medical
Monitoring Unit and System disclosed in the invention con-
tinuously monitors a subject’s medical data values as it
receives them from the medical monitoring devices, which
may be any standard medical monitoring device that is
capable of providing data to another device. The invention has
focused on the personal portable unit with data processing
capability in connection with various types of medical moni-
toring devices through utilizing wireless communication
technology.

[0005] Cox, et al. disclosed another healthcare system in
the patent U.S. Pat. No.4,679,144. In this patent, an apparatus
for monitoring EKG information includes a programmable
apparatus carried by an ambulatory patient for performing
continuous, real-time analyses of EKG information derived
from the patient. The apparatus facilitates the determination
of the existence of various conditions based on these analyses
which portend cardiac complications including myocardial
ischemia, and arrhythemia activity and further instructs the
patient on the manner of treatment required for the detected
condition. As stated, the healthcare system is for ambulatory
patient and only monitors EKG related information.

[0006] Oliver, et al. has presented a technical report (MSR-
TR-2005-182) “HealthGear: A Real-time Wearable System
for Monitoring and Analyzing Physiological Signals”.
HealthGear as proposed is a real-time wearable system for
monitoring, visualizing and analyzing physiological signals.
The data streams from the physiological sensors are con-
stantly transmitted to a cell phone via Bluetooth for signal
processing and message display. Because of wireless trans-
mission via Bluetooth and constant data streams between
sensors and cell phone, the power consumption of the system
is high and the size of the monitoring system is still large. A
summary up to the dateis present, in which various researches
on wearable health monitoring technologies and devices have
been reviewed. Most of research and developments have been
focused on non-invasive physiological sensors, wireless sen-
sor network such as Personal Area Network (PAN) or Body
Area Network (BAN), real-time physiological signal moni-
toring and cellular connection to a medical center through
wireless connection via Bluetooth to a cell phone.

[0007] All available health monitoring systems and pro-
posed inventions up today have the similar challenges for an
easy wearable healthcare system with small size, low power
consumption, low cost and high intelligence without limiting
user’s freedoms and mobility. One of the top common chal-
lenges is the communication among various sensors, central
processing unit and the user. Therefore, most of the front-
running research and development for the wearable health-
care system has focused on wireless sensor network such as
Personal Area Network (PAN) or Body Area Network (BAN)
for the sensor data transmission between sensors and central
processing unit. Although wireless technology for local area
network has made it possible to communicate the constant
data streams of sensors to the central processing unit, it has
serious limitations such as system complexity, device size,
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power consumption, reliability of the wireless body area net-
work, interference from environment and user health affec-
tion possibly induced by the constant wireless signals around
body all the times. Therefore, if possible, it is always desired
to minimize the use of wireless for the concerns of environ-
ment interference, possible health affection caused by RF
signal field, device size, power consumption and affordability
for majority of population.

[0008] Accordingly, thereis a need for anintelligent health-
care system and service that can provide continuous and
intelligent health monitoring, analyzing and storing a sub-
ject’s medical information while allowing the subject com-
plete freedom and mobility with extremely small size, easy to
wear, low power consumption, low cost, high intelligence and
reliable to use with the minimized use of wireless communi-
cation for the emergent or requested communication.

SUMMARY OF THE INVENTION

[0009] The present invention is for continuous real-time
monitoring subject’s health condition with intelligent detec-
tion and analysis capability, smart warning or reminder of an
urgent health condition and storage of an individual’s health
information without interrupting an individual’s daily life. In
the present invention, the unique advantages of specific body
position around the ear have been identified and used for easy
wear, easy acquiring rich physiological signals and activity
signals, easy communication between various sensors and the
central processing module, and easy to emit and receive smart
audio outputs between the system and user without using
wireless body area network. As the further advantage, the
present invention can let system to load doctor’s voice as
warning/reminding/instruction message or the voice from a
family member for reminding purpose, in which the emo-
tional factor is considered to make the users, especially elder
one, feel warm and natural to take the necessary action.
[0010] The present invention has unique advantages over
any available healthcare products and proposed inventions:
1). Use the specific body position around the ear for easy wear
and comfortable to wear; 2). Use the specific body position
around the ear to access many critical physiological signals
for easy detection and less sensitive to the environment tem-
perature; 3). Use the specific body position around the ear for
easy emitting and receiving smart audio outputs for advice,
reminder or warning; 4). With these three critical advantages,
it has even more attractive overall system advantage that the
intelligent healthcare system may not need to use wireless
local area network or body area network among sensors, the
central processing unit and the user. Because of these four
unique and extremely smart advantages, the said intelligent
healthcare system has less technical problems and challenge
usually existing for the wearable health systems. As the final
benefits, the said intelligent healthcare system has much
smaller size, much lower power consumption, much less
complicated design, much more reliable performance, much
easier to wear and much lower cost compared with the other
proposed wearable health systems using wireless body area
network or local area network approaches.

[0011] The present invention uses an intelligent signal pro-
cessing algorithm to continuously monitor a subject’s vital
signs with real-time detection and analysis, record and stor-
age of the health information running on a powerful but
mini-size signal processor with low power consumption in
connection with physiological sensors and activity sensors,
and utilizing wireless communications technology known in
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the art to connect with the medical care center, doctor or
family member via the available PDA or cell phone. The
saved health information may then be downloaded into a
computer or medical device for further analysis and evalua-
tion. In addition, the invented monitoring device may also
provide real-time health information to the monitored subject
at a touch of a button as either smart audio outputs or display
on available PDA or cell phone, or both of them in the same
time.

[0012] Once the invented healthcare system detects a con-
cerned health condition in the subject, which may correlate
with the subject’s activity detection, it can alert the subject or
notify the appropriate people so that the subject can take
necessary action accordingly. In addition to issue some types
of alarms such as a loud beep sound to alert the subject, the
device canissue the pre-recorded audio messages for specific
health condition as smart warning, advice or reminder. If a
serious or dangerous health condition is identified in the
subject, the device may issue smart audio warning to the
subject and automatically use the integrated short range RF
link between the device and the PDA or cell phone to request
the PDA or cell phone to make a contact with medical center,
doctor or family member through the available wireless net-
work. The device may be programmed such that a call to 911
is immediately made and the subject’s name and medical
history are provided therewith. At the same time, the invented
device may also provide the 911 operator with the subject’s
location, by sending them a global positioning satellite (GPS)
coordinate if GPS capability has been included in the PDA or
cell phone device. It is possible to use the PDA or cell phone
via the short range RF link to display the health state and
dynamic health signal so that the subject or other person
around can observe them.

[0013] Accordingly, it is an object of the present invention
to provide an intelligent healthcare system that may be worn
on a subject over the ear and carried anywhere with using
noninvasive monitoring technology. The intelligent health-
care system may be setup to store current medical informa-
tion and detect any pre-defined alarm conditions, such as
heart attack. Upon an occurrence of such alarm conditions,
the device may provide smart audio outputs such as warning,
advice or reminder to the subject for a concerned situation or
contact the healthcare center, doctor or family member with
health information for the necessary healthcare or medical
assistance for serious situation.

[0014] Itis another object of the present invention to com-
bine the advantages of the global positioning system (GPS)
for locating the subject at the time of the health crisis. The
communications capabilities of a cellular phone or a two way
pager would provide the most prompt emergency assistance.
[0015] It is still another object of the present invention to
provide a service for health information collection and long
term storage of a remote subject’s medical data via wireless
communications technology.

[0016] Itis still another object of the present innovation to
provide an audio interface with media player, phone receiver
through the short range RF link, or even hearing enhancement
capability over the basic healthcare functionalities.

[0017] Itis still another object of the present innovation to
provide the other factor detections such as environment
detection, weather detection, acoustic signal detection or
even subject’s emotion detection.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] For a better understanding of the present invention
and to show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to the
accompanying drawings which show preferred embodiments
of the present invention and in which:

[0019] FIG.1isa system overview illustrating the present
invention in a preferred embodiment.

[0020] FIG. 2is a system application overview illustrating
the present invention in the preferred embodiment.

[0021] FIG. 3 is a system diagram illustrating the present
invention in the preferred embodiment.

[0022] FIG. 41isa block diagram illustrating an example of
physiological sensor unit with the intelligent signal process-
ing capability.

[0023] FIG. 5isa block diagram illustrating an example of
activity sensor unit with the intelligent signal processing
capability.

[0024] FIG. 6 is a block diagram illustrating the health
monitoring principle of an intelligent healthcare system in the
preferred embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0025] FIG. 1 is a system overview illustrating the present
invention in a preferred embodiment. The system consists of
physiological sensors (81) and body temperature sensor
seamlessly contacting the skin behind the ear, activity sensors
(82), a central processing module (CPM), a speaker for smart
audio outputs, an audio delivery path with the audio interface,
a contact sensor touching the skin behind the ear, a battery as
system power supply, a short range RF communication unit
(RF) and a shell to contain the system. The FIG. 1 also
contains the adjustable user setting for system optimization,
user cancel for self-confirmation to eliminate possible false
alarm and user request for userto check current health state or
issue a necessary urgent request. The invented system is a
mini-size device designed to be worn on the ear by a subject,
providing the subject with great mobility and comfort.
[0026] FIG. 2is a system application overview illustrating
the present invention as the intelligent health device and
system connected to the healthcare center, doctor or family
member through cellular network or any wireless network via
PDA or cell phone available in the art. The urgent contact,
health information or location can be transmitted as either
user request or automatically generated by the intelligent
healthcare system. The intelligent health system also can
receive instructions or other information from the healthcare
center, doctor or family member. In the meantime, the PDA
and/or cell phone can be used to display the health informa-
tion or save the medical data from the intelligent healthcare
system when necessary or required by the user. The personal
healthcare system is able to communicate with the PDA or
cell phone within the short distance of arm coverage such as
1.5 m via the short range RF link. On the other side, the PDA
or cell phone can connect the healthcare center, doctor or
family member without distance limitation as long as com-
mercial wireless communication coverage available.

[0027] FIG. 3 is a system diagram illustrating the present
invention as an intelligent medical monitoring device and
system. In the preferred embodiment, the monitoring system
1 continuously monitors a subject’s physiological signals
and/or activity signals as it receives them continuously from
the physiological sensors and physical activity sensors. The
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system consists of a central processing module CPM 11,
physiological sign sensors (S1) 21, activity sensors (S2) 22,a
contact sensor 23, a speaker 41 for smart audio outputs, an
audio path 42 with audio interface 43 to the ear canal without
affecting normal acoustic signal access to the eardrum, a RF
communication unit 44, an I/O interface 45, a battery 51 to
power the system and a shell 52 to contain the system. The
FIG. 3 also contains the user controls including user setting
unit 31, user cancel 32 and user request 33. In the invented
system, one or multiple vital life sign sensors 21 for detecting
the subject’s physiological condition such as SpO2, glucose
or other signals. In its preferred embodiment of the present
invention, activity sensors 22 are for detecting the subject’s
physical activity. The unit CPM 11 is typically comprised of
a central processing unit (CPU) and memory with intelligent
signal processing algorithm running in real-time.

[0028] FIG. 4isaphysiological monitoring unit, associated
with physiological sensors 21, which can continuously moni-
tor physiological condition such as oxyhemoglobin satura-
tion (SpO2), body temperature or even glucose. It is
extremely important to use noninvasive monitoring technol-
ogy for continuous, painless and bloodless measurements for
physiological signal monitoring. In the example of using
physiological sensors for oxygen saturation detection, the red
light (with 660 nm wavelengths) and infrared light (with 910
nm wavelengths) are emitted through the earlobe by light
sources of sensor unit (S1) and to use optoelectronic sensors
to detect the amount of light reflected back from the reflection
plate, in which lights have gone through the earlobe twice by
reflection. In addition to obtaining real-time blood oxygen
level and plethysmographic signal, the intelligent detection
algorithm extracts heart rate, blood flow information or even
sleep apnea when the subject is in sleep. Another example of
such physiological sensor is to use near-infrared light (with
wavelengths between 1000 nm and 2500 nm) to detect the
glucose in the similar principle. The real-time physiological
detection algorithm continuously monitors the subject’s
physiological signals, extracts its pattern, predicts the trend of
the physiological condition and analyze the physiological
condition according to the medical expert knowledge and the
subject’s own health history. In the physiological monitoring
unit, the body temperature may also be monitored since it
offers basic physiological information of a subject, which can
be used to help to analyze the subject’s health condition.

[0029] FIG. 5 is the activity monitoring unit, associated
with activity sensors 22, which can continuously monitor the
subject’s physical activity in XYZ dimensions for motion
detection including fall detection. There are many types of
activity sensors available and the example of the smallest
activity sensors are piezo-resistive 3-axis acceleration sen-
sors. The real-time activity detection algorithm continuously
detects the subject’s activity information such as rest, walk or
run, and amount of the activity over time. The extracted
activity information such as activity state, activity strength
and duration can offer important correlation information for
health condition evaluation in addition to be used for analyz-
ing the subject’s life style, exercise pattern and health plan. A
fall detection capability may be included in the activity moni-
toring, which is especially valuable for the elder people since
the fall for the elder people are very dangerous and need lot of
attention.

[0030] FIG. 6 is a block diagram illustrating health moni-
toring principle of an intelligent healthcare system in the
preferred embodiment, in which either the physiological
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information detected from the physiological monitoring unit
or the activity information detected from the activity moni-
toring unit are analyzed, or both of them are analyzed accord-
ingly with the correlation of these signals. The health diag-
nose is conducted with the use of expert knowledge and
subject’s health reference. The health state is determined and
updated along time. If aconcerned health state is detected, the
system will emit smart audio outputs to alert or remind the
subject for the concerned health condition. If a serious or
dangerous health state is detected, the intelligent healthcare
system will both emit the smart audio outputs to the subject
and request, via the short range RF link, the PDA or cell phone
to contact the health center, doctor or family member through
the available wireless communication network. The subject
has the opportunity to cancel such urgent contact ifthe subject
feels he/she can handle the serious situation or can get the
help nearby. Therefore, only if the subject feels necessary to
make such an urgent contact or he/she is incapable of cancel-
ing such an urgent contact, the PDA or the cell phone will
make the urgent contact and translate the necessary informa-
tion.

[0031] With the integration of the physiological signal
monitoring and physic activity monitoring, the present moni-
toring system can make more intelligent and more reliable
health detection since the health condition can be highly
associated with the user’s physical activity condition. For
example, at normal resting condition, a heart rate of 60~100
per minute for a subject can be treated as normal. A jump to
120 or higher at the same activity condition for the same
subject can imply a health condition change. However, if the
subject is going through a activity change from the resting
condition to run condition, such a heart rate jump can be
considered as normal because the intense activity usually
results in a heart rate jump within a certain range. If the heart
rate jumps much higher than the normal range, it is still
necessary to be detected as the health problem. In the case that
the heart rate becomes very low, it is another important health
condition to identify. In another case, if the heart rate becomes
irregular, such as missing heart beat or irregular beat duration
along time, it can also imply a heart issue.

[0032] The contact sensor 23 is included to ensure that the
device has been properly installed on the designed position to
obtain the physiological and/or activity signals. Any
improper position or installation of the device has adverse
impact on the signal quality and monitoring reliability. Once
an improper installation of the device is detected, the device
will issue an audio warning signal such as long beep or voice
warning (e.g. “Please check the device position™) so that the
user can make sure the device works properly.

[0033] Depending on the health condition detected by the
monitoring system, various output actions can take place.
Examples of output actions that may be triggered are an
emergency call/transmission (page or phone call) through RF
44 for a very serious condition, activation of the smart audio
outputs such as beep, advice, reminding or warning through
speaker 41, audio path 42 and audio interface 43 to the ear
canal for a concerned health condition, data storage on the
CPM or transmission through RF 44 for the future analysis or
review purpose. The medical expert knowledge is applied to
the obtained information with the subject’s health data, the
pre-determined alarm setting and urgent contact requirement.
[0034] The monitoring system 1 includes a RF unit 44 to
communicate with a PDA or cell phone, which consists of a
RF transmitter for one way communication to send out the
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subject’s health urgent condition that may include the
detailed health information or subject’s personal information;
or a RF transceiver for dual way communication to send out
health information and to receive the necessary medical or
action instruction. The RF unit of the intelligent healthcare
system is designed to communicate with the PDA or cell
phone for the short distance coverage such as 1.5 m to save
system power consumption as the subject will carry the PDA
or cell phone all the time within the coverage,

[0035] The monitoring system 1 may also communicate,
through the RF unit 44, with a PDA or cell phone that may
have included the global positioning or navigation system
capability (GPS) so that the user’s current geographical loca-
tion can be identified by the clinic center, doctor or family
member.

[0036] The user setting 31 of the invented monitoring
device can be adjusted by the subject for regular monitoring
over along duration such as 30 minutes, 5 minutes or I minute
for power saving purpose or for continuous monitoring. Even
working in the different user setting modes, the system can
adopt the health situation adaptively to real-time continuous
mode in case of health issue detected. Therefore, the system
can achieve both power saving purpose and full-on engage-
ment monitoring when necessary.

[0037] The user cancel 32 is to cancel an automatic emer-
gent call when an urgent and serious health condition is
detected by the intelligent health system. Only if the user
thinks it is necessary to send this request or the user is inca-
pable to cancel the emergent request, the user can cancel such
a request to reduce the false alarm.

[0038] The user request 33 is for the user to request a
current health state update or an urgent call. The button of user
request can be pushed shortly for the current medical state
update as smart audio outputs or displayed over the available
PDA or cell phone. The same button of user request can be
pushed with hold for a certain time such as 2 seconds as an
urgent call. In this case, the critical health information of the
user may be sent to clinic center, doctor or family member to
determine the subject’s health condition and the necessary
help. This user control enables the user to be able to check
his/her health state or manually seek necessary assistance for
a variety of conditions, including injuries from a fall or an
automobile malfunction. It is also beneficial to provide the
geographical coordinate locations with the emergency call if
the GPS capability is included in the PDA or cell phone.
Another example of user controls is to request a data-save
action in conjunction with the intelligent signal processing so
that the user or doctor can obtain the necessary medical infor-
mation for the time being the user feels or wants to save.
[0039] The intelligent healthcare system may include a
Device ID, which comprises a unique identifier for each
monitoring device and its user. This identifier may be
included with data transmission, and is used by the receiving
end (e.g., 911 call center or clinic center) to identify the
source device of each transmission. Eachdevice ID is mapped
to aparticular subject, so that the receiving center can identify
the subject and take the necessary action to response the
request or inform the user’s family member.

[0040] The intelligent healthcare system may include the
basic subject profile such as name and contact phone number
in the data transmission for the particular subject wearing the
device. The subject profile may include more subject infor-
mation such as medical history and current medical condi-
tions. This is useful for situations in which a Subject Profile
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Database is not available. For example, if the device trans-
mitteris acell phone, and a call is triggered to a 911 call center
which does not have access to the Subject Profile Database,
the device may transmit the subject identifier, name, address,
medical history, current medical conditions, current geo-
graphical coordinate locations (from GPS coordinates if
available) and other information as necessary to the call cen-
ter.

[0041] Upon the detection of the urgent health condition,
the intelligent healthcare system may start a transmission
sequence that includes dialing sequences for issuing a page or
phone call. A device may have more than one transmission
sequence. For example, one sequence may be used to call a
911 call center for an emergency condition, and the other
sequence may be used to call the clinic center for status
reporting. Another sequence may be used to call a family
doctor or the family member for help.

[0042] Historical and current health information can be
collected from the monitoring device for a specified period of
time, or for a specified number of data collections. The health
information is extracted and saved on the device, or it is sent
outin an emergency transmission. For information only pur-
pose, the health information such as heart rates or sleep apnea
collected over certain time duration such as every 15 minutes
for the past week or month may be analyzed and then updated.
The information may be extracted and downloaded to a com-
puter on a periodic basis for observation or evaluation pur-
pose.

[0043] I/O Interface 45 is the standard communication
interface such as Universal Serial Bus (USB) port between
the system and the external computer or device. The health
information can be downloaded to the external computer or
device for further analysis; the new system code or the new
parameters can be uploaded into the system to upgrade the
system or performance.

[0044] Battery 51 is a low voltage power supply suchas 3V
or lower for the whole system. The battery may be one-time
battery, rechargeable battery or any new type of power supply.
The system has one or multiple internal battery level thresh-
olds to trig the pre-set low battery warning or the system
continuously checks the battery level with the pre-set thresh-
olds. Once a low battery level is reached, the system will emit
a corresponding low battery reminder or warning signal to
inform the user to exchange a new battery or recharge the
battery. In the meantime, the system will make the necessary
update or save the most recent health information.

[0045] The monitoring device is usually worn by a user on
the specified position around the ear. That is, people with
health concern or health history can use the present monitor-
ing device for health assistant device, or people with no
known medical history can use the present monitoring device
as a safeguard or simply a self-health check/survey purpose;
athletes may employ the present devices to monitor their own
physical condition during competition, practice or training;
parents may use the present invention to monitor and care for
their children or infants, and the most importantly, the elder
people can use the present device to monitor their physical
activity and health condition during their daily life.

[0046] The intelligent healthcare system of the present
invention can be many types of medical monitoring device.
With the medical progress, many new medical sensors with
new detecting technology can be integrated into the present
invented system. Examples of detection include: blood oxy-
gen level, heart rate or pulse, blood flow information, body
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temperature, sleep apnea, glucose, exercise amount, unex-
pected fall or any type of health sign or activity that may be
detected by the monitoring device.

[0047] The aspects of the present invention can be scaled
down for physiological signal monitoring system only or
activity monitoring system only without departing from the
spirit or essential attributes thereof. On the other side, the
aspects of the present invention can be expanded to include
more signal detections such as environment detection,
weather detection, acoustic signal detection or even subject’s
emotion detection, in addition to the described health moni-
toring, without departing from the spirit or essential attributes
thereof.

1-31. (canceled)

32. A healthcare system comprising:

a shell configured to be worn around an ear of a subject;

at least one physiological sensor provided to the shell for
measuring and outputting a physiological variable rep-
resenting a physiological condition of the subject;

at least one activity sensor provided to the shell for mea-
suring and outputting an activity variable representing
activity of the subject;

at least one environment sensor provided to the shell for
measuring and outputting an environment variable rep-
resenting the subject’s environment;

a processing module provided to the shell for processing
the physiological, activity and environment variables
and for generating an output signal based on the physi-
ological, activity, and environment variables: and

an output device provided to the shell for outputting said
output signal to notify the subject of a health condition.

33. The healthcare system as in claim 32, wherein the
output device is a speaker and the output signal is an audible
signal and wherein the healthcare system further comprises
an audio path for transmitting the audible signal to the sub-
ject’s ear such that the audio path does not block the passage
of external audio signals to the subject’s ear.

34. The healthcare system as in claim 32, wherein the
physiological sensor comprises at least one of an oximetry
sensor (Sp02), temperature sensor, or glucose sensor.

35. The healthcare system as in claim 32, wherein the
processing module is configured to process the physiological,
activity and environment variables to determine a health vari-
able representing the subject’s health condition and the output
signal is based on the health condition.

36. The healthcare system of claim 32, wherein the activity
sensors comprise sensors configured to detect a fall.

37. The healthcare system as in claim 32, wherein the
processing module is configured to process the physiological,
activity and environment variables to determine a respiratory
rate and the output signal is based on the respiratory rate.

38. The healthcare system as in claim 32, wherein the
processing module is configured to process the physiological,
activity and environment variables to determine a sleep qual-
ity variable representing the subject’s quality of sleep and the
output signal is based on the sleep quality variable.

39. The healthcare system as in claim 32, wherein the
processing module is configured to process the physiological,
activity and environment variables to determine if sleep apnea
has occurred and the output signal is based on the occurrence
of sleep apnea.

40. The healthcare system of claim 32, wherein the envi-
ronment sensor measures and outputs an environmental tem-
perature.
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41. The healthcare system of claim 33, wherein the audible
signal comprises a voice message to the subject.

42. The healthcare system of claim 41, wherein the voice
message to the subject comprises a recorded message from a
family member of the subject.

43. The healthcare system of claim 32, further comprising
an adaptive module for providing feedback to the processing
module to adjust the output signal based on the feed back.

44. The healthcare system of claim 32, further comprising
a contact sensor to determine if the shell of the healthcare
system is properly positioned.

45. The healthcare system of claim 44, wherein the pro-
cessing module provides an alarm if the contact sensor deter-
mines that the shell is not properly positioned.

46. The healthcare system of claim 32, further comprising
a communications interface for downloading and uploading
data.

47. The healthcare system of claim 46, wherein said data
comprises device identification and a subject profile includ-
ing subject’s name, home address, medical history and cut-
rent measurements.

48. A healthcare system comprising:

a shell configured to be worn around an ear of a subject;

at least one physiological sensor provided to the shell for
measuring and outputting a physiological variable rep-
resenting a physiological condition of the subject;

at least one activity sensor provided to the shell for mea-
suring and outputting an activity variable representing
activity of the subject;

at least one environment sensor provided to the shell for
measuring and outputting an environment variable rep-
resenting the subject’s environment;

a processing module provided to the shell for processing
the physiological, activity and environment variables
and for generating an audible output signal based on the
physiological, activity, and environment variables; and

an audio path for outputting the audible output signal,
wherein the audio path is configured to deliver the
audible output signal to the subject’s ear and such that
the audio path does not block the passage of external
audio signals to the subject’s ear.

49. The healthcare system as in claim 48, wherein the

processing module is configured to process the physiological,
activity and environment variables to determine a health vari-
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able representing the subject’s health condition and the output
signal is based on the health condition.

50. The healthcare system of claim 48, wherein the activity
sensors comprise sensors configured to detect a fall.

51. The healthcare system as in claim 48, wherein the
processing module is configured to process the physiological,
activity and environment variables to determine a respiratory
rate and the output signal is based on the respiratory rate.

52. The healthcare system as in claim 48, wherein the
processing module is configured to process the physiological,
activity and environment variables to determine a sleep qual-
ity variable representing the subject’s quality of sleep and the
output signal is based on the sleep quality variable.

53. The healthcare system as in claim 48, wherein the
processing module is configured to process the physiological,
activity and environment variables to determine if sleep apnea
has occurred and the output signal is based on the occurrence
of sleep apnea.

54. The healthcare system of claim 48, wherein the envi-
ronment sensor measures and outputs an environmental tem-
perature.

55. The healthcare system of claim 48, wherein the audible
signal comprises a voice message to the subject.

56. The healthcare system of claim 55, wherein the voice
message to the subject comprises a recorded message from a
family member of the subject.

57. The healthcare system of claim 48, further comprising
an adaptive module for providing feedback to the processing
module to adjust the output signal based on the feedback.

58. The healthcare system of claim 48, further comprising
a contact sensor to determine if the shell of the healthcare
system is properly positioned.

59. The healthcare system of claim 58, wherein the pro-
cessing module provides an alarm if the contact sensor detet-
mines that the shell is not properly positioned.

60. The healthcare system of claim 48, further comprising
a communications interface for downloading and uploading
data.

61. The healthcare system of claim 60, wherein said data
comprises device identification and a subject profile includ-
ing subject’s name, home address, medical history and cur-
rent measurements.
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