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This information is then used to support a variety of useful 
methods, such as clinical trials, marketing studies, biofeed 
back, entertainment, and others. 
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PHYSIOLOGICAL AND ENVIRONMENTAL 
MONITORING SYSTEMS AND METHODS 

RELATED APPLICATION 

[0001] This application claims the bene?t of and priority to 
US. Provisional Patent Application No. 60/ 905,761, ?led 
Mar. 8, 2007, US. Provisional Patent Application No. 
60/876,128, ?led Dec. 21, 2006, and US. Provisional Patent 
Application No. 60/875,606, ?led Dec. 19, 2006, the disclo 
sures of Which are incorporated herein by reference as if set 
forth in their entireties. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to health 
and, more particularly, to health monitoring. 

BACKGROUND 

[0003] There is growing market demand for personal health 
and environmental monitors, for example, for gauging overall 
health and metabolism during exercise, athletic training, diet 
ing, and physical therapy. HoWever, traditional health moni 
tors and environmental monitors may be bulky, rigid, and 
uncomfortableigenerally not suitable for use during daily 
physical activity. There is also groWing interest in generating 
and comparing health and environmental exposure statistics 
of the general public and particular demographic groups. For 
example, collective statistics enable the healthcare industry 
and medical community to direct healthcare resources to 
Where they are most highly valued. HoWever, methods of 
collecting these statistics may be expensive and laborious, 
often utiliZing human-based recording/analysis steps at mul 
tiple sites. 

SUMMARY 

[0004] In vieW of the above discussion, systems and meth 
ods for monitoring various physiological and environmental 
factors, as Well as systems and methods for using this infor 
mation for a plurality of useful purposes, are provided. 
According to some embodiments of the present invention, 
real-time, noninvasive health and environmental monitors 
include a plurality of compact sensors integrated Within 
small, loW-pro?le devices. Physiological and environmental 
data is collected and Wirelessly transmitted into a Wireless 
network, Where the data is stored and/or processed. This 
information is then used to support a variety of useful meth 
ods, such as clinical trials, marketing studies, biofeedback, 
entertainment, and others. 
[0005] Though the methods herein may apply broadly to a 
variety of form factors for a monitoring apparatus, in some 
embodiments of the invention an earpiece functions as a 
physiological monitor, an environmental monitor, and a Wire 
less personal communicator. Because the ear region is located 
next to a variety of “hot spots” for physiological an environ 
mental sensingiincluding the tympanic membrane, the 
carotid artery, the paranasal sinus, etciin some cases an 
earpiece monitor takes preference over other form factors. 
The earpiece can take advantage of commercially available 
open-architecture, ad hoc, Wireless paradigms, such as Blue 
tooth®, Wi-Fi, or ZigBee. In some embodiments, a small, 
compact earpiece contains at least one microphone and one 
speaker, and is con?gured to transmit information Wirelessly 
to a recording device such as, for example, a cell phone, a 
personal digital assistant (PDA), and/or a computer. The ear 
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piece contains a plurality of sensors for monitoring personal 
health and environmental exposure. Health and environmen 
tal information, sensed by the sensors is transmitted Wire 
lessly, in real-time, to a recording device, capable of process 
ing and organizing the data into meaningful displays, such as 
charts. In some embodiments, an earpiece user can monitor 
health and environmental exposure data in real-time, and may 
also access records of collected data throughout the day, 
Week, month, etc., by observing charts and data through an 
audio-visual display. 
[0006] Each physiological sensor is con?gured to detect 
and/or measure one or more of the folloWing types of physi 
ological information: heart rate, pulse rate, breathing rate, 
blood ?oW, heartbeat signatures, cardio-pulmonary health, 
organ health, metabolism, electrolyte type and/or concentra 
tion, physical activity, caloric intake, caloric metabolism, 
blood metabolite levels or ratios, blood pH level, physical 
and/or psychological stress levels and/or stress level indica 
tors, drug dosage and/or dosimetry, physiological drug reac 
tions, drug chemistry, biochemistry, position and/or balance, 
body strain, neurological functioning, brain activity, brain 
Waves, blood pressure, cranial pressure, hydration level, aus 
cultatory information, auscultatory signals associated With 
pregnancy, physiological response to infection, skin and/or 
core body temperature, eye muscle movement, blood volume, 
inhaled and/or exhaled breath volume, physical exertion, 
exhaled breath physical and/or chemical composition, 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, hor 
mone type and/or concentration, cholesterol, lipids, blood 
panel, bone density, organ and/or body Weight, re?ex 
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, in?ammation response, 
auto-immune response, mutagenic response, DNA, proteins, 
protein levels in the blood, Water content of the blood, phero 
mones, internal body sounds, digestive system functioning, 
cellular regeneration response, healing response, stem cell 
regeneration response, and/or other physiological informa 
tion. 

[0007] Each environmental sensor is con?gured to detect 
and/or measure one or more of the folloWing types of envi 
ronmental information: climate, humidity, temperature, pres 
sure, barometric pressure, soot density, airborne particle den 
sity, airborne particle siZe, airborne particle shape, airborne 
particle identity, volatile organic chemicals (VOCs), hydro 
carbons, polycyclic aromatic hydrocarbons (PAHs), carcino 
gens, toxins, electromagnetic energy, optical radiation, 
X-rays, gamma rays, microWave radiation, terahertZ radia 
tion, ultraviolet radiation, infrared radiation, radio Waves, 
atomic energy alpha particles, atomic energy beta-particles, 
gravity, light intensity, light frequency, light ?icker, light 
phase, oZone, carbon monoxide, carbon dioxide, nitrous 
oxide, sul?des, airborne pollution, foreign material in the air, 
viruses, bacteria, signatures from chemical Weapons, Wind, 
air turbulence, sound and/or acoustical energy, ultrasonic 
energy, noise pollution, human voices, animal sounds, dis 
eases expelled from others, exhaled breath and/or breath con 
stituents of others, toxins from others, pheromones from oth 
ers, industrial and/ or transportation sounds, allergens, animal 
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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, tra?ic, 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, and/or other environ 
mental information. 

[0008] In some embodiments, the signal processor is con 
?gured to process signals produced by the physiological and 
environmental sensors into signals that can be heard and/or 
vieWed by the person Wearing the apparatus. In some embodi 
ments, the signal processor is con?gured to selectively extract 
environmental effects from signals produced by a physiologi 
cal sensor and/or selectively extract physiological effects 
from signals produced by an environmental sensor. 
[0009] A monitoring system, according to some embodi 
ments of the present invention, may be con?gured to detect 
damage to a portion of the body of the person Wearing the 
apparatus, and may be con?gured to alert the person When 
such damage is detected. For example, When a person is 
exposed to sound above a certain level that may be potentially 
damaging, the person is noti?ed by the apparatus to move 
aWay from the noise source. As another example, the person 
may be alerted upon damage to the tympanic membrane due 
to loud external noises. 

[0010] Information from the health and environmental 
monitoring system may be used to support a clinical trial 
and/ or study, marketing study, dieting plan, health study, 
Wellness plan and/or study, sickness and/or disease study, 
environmental exposure study, Weather study, tra?ic study, 
behavioral and/or psychosocial study, genetic study, a health 
and/ or Wellness advisory, and an environmental advisory. The 
monitoring system may be used to support interpersonal rela 
tionships betWeen individuals or groups of individuals. The 
monitoring system may be used to support targeted advertise 
ments, links, searches or the like through traditional media, 
the intemet, or other communication netWorks. The monitor 
ing system may be integrated into a form of entertainments, 
such as health and Wellness competitions, sports, or games 
based on health and/or environmental information associated 
With a user. 

[0011] According to some embodiments of the present 
invention, a method of monitoring the health of one or more 
subjects includes receiving physiological and/or environ 
mental information from each subject via respective portable 
monitoring devices associated With each subject, and analyZ 
ing the received information to identify and/ or predict one or 
more health and/or environmental issues associated With the 
subjects. Each monitoring device has at least one physiologi 
cal sensor and/or environmental sensor. Each physiological 
sensor is con?gured to detect and/or measure physiological 
information from the subject, and each environmental sensor 
is con?gured to detect and/ or measure environmental condi 
tions in a vicinity of the subject. The physiological informa 
tion and/ or environmental information may be analyZed 
locally via the monitoring device or may be transmitted to a 
location geographically remote from the subject for analysis. 
The collected information may undergo virtually any type of 
analysis. In some embodiments, the received information 
may be analyZed to identify and/or predict the aging rate of 
the subjects, to identify and/ or predict environmental changes 
in the vicinity of the subjects, and to identify and/or predict 
psychological and/or physiological stress for the subjects. 
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[0012] According to some embodiments of the present 
invention, corrective action information may be communi 
cated to the subjects in response to identifying one or more 
health and/or environmental problems associated With the 
subject. In addition or alternatively, corrective action infor 
mation for the subjects may be communicated to third parties. 
[0013] In some embodiments, a geographical map illustrat 
ing health-related and/ or environmental conditions associ 
ated With the subjects may be created. 
[0014] According to some embodiments of the present 
invention, a health and environmental monitoring system 
includes a plurality of portable monitoring devices, each 
comprising at least one physiological sensor and/ or environ 
mental sensor, a plurality of portable communication devices, 
Wherein each communication device is in communication 
With a respective monitoring device and is con?gured to 
transmit data from the monitoring device to remote data stor 
age, and a processor con?gured to analyZe data Within the 
remote data storage and to identify and/or predict health 
and/or environmental issues associated With each subject. 
Each physiological sensor is con?gured to detect and/ or mea 
sure physiological information from a respective subject, and 
each environmental sensor is con?gured to detect and/ or mea 
sure environmental conditions in a vicinity of the respective 
subject. Each monitoring device is con?gured to be Worn by 
a respective subject (e.g., attached to a body of a o respective 
subject, etc.). For example, a monitoring device may be con 
?gured to be attached to an ear of a respective subject. 

[0015] In some embodiments, the processor is con?gured 
to communicate corrective action information to each respec 
tive subject. Corrective action information may be commu 
nicated to each subject via the monitoring device associated 
With each respective subject, or via other methods. 
[0016] In other embodiments, the processor communicates 
corrective action information for a subject to a third party. The 
processor may be con?gured to perform various analyses 
including, but not limited to, identifying and/ or predicting the 
aging rate of one or more subjects, identifying and/or predict 
ing environmental changes in the vicinity of one or more 
subjects, and identifying and/or predicting psychological 
and/or physiological stress for one or more subjects. In some 
embodiments of the present invention, the processor is con 
?gured to create a geographical map illustrating health and/or 
environmental conditions associated With one or more sub 

jects. 
[0017] Information collected from each monitoring device 
may include information that is personal and private and 
information that can be made available to the public. As such, 
data storage, according to some embodiments of the present 
invention, may include a private portion and a public portion. 
In the private portion, health and environmental data that is 
personaliZed for each subject is stored. In the public portion, 
anonymous health and environmental data is stored and is 
accessible by third parties. 
[0018] In other embodiments of the present invention, a 
method of delivering targeted advertising to a person includes 
collecting physiological and/ or environmental information 
from the person, selecting an advertisement for delivery to the 
person based upon the collected physiological and/or envi 
ronmental information, and delivering the selected advertise 
ment to the person. The physiological and/or environmental 
information is collected via a monitoring device associated 
With the person and that includes at least one physiological 
sensor and/or environmental sensor, as described above. The 
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received physiological and/or environmental information is 
analyzed to identify a physiological condition of the person 
and/or environmental condition in a vicinity of the person, 
and an advertisement is selected for a product or service 
related to an identi?ed physiological and/or environmental 
condition. The selected advertisement can be delivered via 
any of various channels including, but not limited to, email, 
postal mail, television, radio, neWspaper, magaZine, the inter 
net, and outdoor advertising. 
[0019] According to some embodiments of the present 
invention, a system for delivering targeted advertising to 
people includes a plurality of portable monitoring devices, 
each comprising at least one physiological sensor and/or 
environmental sensor, as described above, and a remotely 
located advertisement selection device that receives physi 
ological and/ or environmental information from the monitor 
ing devices, selects advertisements based upon the collected 
physiological and/ or environmental information, and delivers 
selected advertisements to the monitored persons. The adver 
tisement selection device receives physiological and/ or envi 
ronmental information from each monitoring device via a 
communication device (e.g., PDA, cell phone, laptop com 
puter, etc.) associated With each respective monitoring 
device. In some embodiments, the advertisement selection 
device is con?gured to select an advertisement for a product 
and/ or service related to a physiological condition of a person 
and/ or for a product and/or service related to an environmen 
tal condition in a vicinity of a person. 

[0020] In some embodiments, the advertisement selection 
device includes an ad server con?gured to deliver online 
advertisements. In other embodiments, the advertisement 
selection device includes an email server con?gured to 
deliver advertisements via email. In some embodiments, the 
advertisement selection device is con?gured to communicate 
With a third party service that can deliver selected advertise 
ments via one or more of the folloWing delivery channels: 
postal mail, television, radio, neWspaper, magaZine, the inter 
net, and outdoor advertising. 
[0021] According to some embodiments of the present 
invention, a method of supporting interpersonal relationships 
includes collecting physiological and/ or environmental infor 
mation from a monitoring device associated With a ?rst per 
son When the ?rst person is in the presence of a secondperson, 
determining a stress level of the ?rst person using the col 
lected physiological and/or environmental information, and 
displaying the stress level to the ?rst person. The monitoring 
device includes at least one physiological sensor and/or envi 
ronmental sensor, as described above, and is con?gured to 
collect physiological and/or environmental information that 
includes indicators associated With stress experienced by the 
?rst person. The stress level of the ?rst person may also be 
communicated to one or more third parties. 

[0022] In some embodiments, the physiological and/or 
environmental information collected from the ?rst person is 
analyZed to identify a source of stress. A solution for reducing 
stress also may be recommended to the ?rst person. In some 
embodiments, the monitoring device can identify the second 
person. 
[0023] According to some embodiments of the present 
invention, a system for supporting interpersonal relationships 
includes a portable monitoring device that collects physi 
ological and/ or environmental information from a ?rst person 
When the ?rst person is in the presence of a secondperson, and 
a processor that receives physiological and/or environmental 
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information from the monitoring device. The processor deter 
mines a stress level of the ?rst person using the collected 
physiological and/or environmental information, and trans 
mits and/ or displays the stress level to the ?rst person. In some 
embodiments, the processor receives physiological and/or 
environmental information from the monitoring device via a 
communication device (e.g., PDA, cell phone, laptop com 
puter, etc.) associated With the monitoring device. The pro 
cessor may be con?gured to analyZe the information and 
identify a source of stress. The processor may be con?gured 
to recommend solutions for reducing stress. 

[0024] In another embodiment of the present invention, a 
method of supporting interpersonal relationships includes 
collecting physiological and/or environmental information 
from a monitoring device associated With a ?rst person, and 
determining a mood of the ?rst person using the collected 
physiological and/or environmental information. The col 
lected information includes indicators associated With one or 
more moods of the ?rst person. The mood of the ?rst person 
may be communicated to a second person, for example, via a 
communication netWork (e.g., text message, email, voice 
message, etc.). 
[0025] A system for supporting interpersonal relationships, 
according to other embodiments of the present invention, 
includes a portable monitoring device that collects physi 
ological and/or environmental information from a ?rst per 
son, and a processor that receives physiological and/or envi 
ronmental information from the monitoring device, and 
determines a mood of the ?rst person using the collected 
physiological and/or environmental information. The proces 
sor receives physiological and/or environmental information 
from the monitoring device via a communication device (e. g., 
PDA, cell phone, laptop computer, etc.) associated With the 
monitoring device. The processor is con?gured to communi 
cate the mood of the ?rst person to a second person, for 
example, via a communication netWork (e.g., text message, 
email, voice message, etc.). 
[0026] According to further embodiments of the present 
invention, a method of monitoring one or more subjects 
includes collecting physiological and/ or environmental infor 
mation from a monitoring device associated With each respec 
tive subject, storing the collected physiological and/or envi 
ronmental information at a remote storage device, and 
comparing the stored physiological and/or environmental 
information With benchmark physiological and/or environ 
mental information to identify at least one behavioral 
response of the one or more subjects. Behavioral responses 
may include, but are not limited to, behavioral responses to a 
product and/ or service, behavioral responses to product and/ 
or service marketing, behavioral responses to medical treat 
ment, behavioral responses to a drug, etc. 

[0027] According to some embodiments of the present 
invention, a system for monitoring one or more subjects 
includes a plurality of portable monitoring devices con?g 
ured to collect physiological information from a subject and 
environmental condition information in a vicinity of a sub 
ject, as described above, and a processor that compares col 
lected physiological and/or environmental information With 
benchmark physiological and/or environmental information 
to identify at least one behavioral response of the one or more 
subjects. As described above, behavioral responses may 
include, but are not limited to, behavioral responses to a 
product and/ or service, behavioral responses to product and/ 
or service marketing, behavioral responses to medical treat 
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ment, behavioral responses to a drug, etc. In some embodi 
ments, a monitoring device may include a dosimeter 
con?gured to measure a dose of a drug taken by a respective 
subject. 
[0028] According to further embodiments of the present 
invention, a method of monitoring patients, includes collect 
ing physiological and/or environmental information from 
each patient via a monitoring device associated With each 
respective patient, and analyzing the collected information to 
determine caloric intake, health, and physical activity of each 
patient. 
[0029] According to further embodiments of the present 
invention, an entertainment system includes a gaming device, 
and a plurality of portable, monitoring devices in communi 
cation With the gaming device, Wherein each monitoring 
apparatus is associated With a game participant and is con?g 
ured to transmit participant physiological information and/or 
environmental information Wirelessly to the gaming device. 
The gaming device is con?gured to integrate into the gaming 
strategy physiological information and/or environmental 
information received from each monitoring apparatus. Each 
monitoring apparatus includes at least one physiological sen 
sor and/ or environmental sensor, as described above. 

[0030] According to further embodiments of the present 
invention, a method of interacting With an electronic game 
includes collecting physiological and/ or environmental infor 
mation from a monitoring device associated With a person, 
analyZing the collected information to identify one or more 
health and/or environmental issues associated With the per 
son, sending the identi?ed one or more health and/ or envi 
ronmental issues to a gaming device, and incorporating the 
identi?ed one or more health and/ or environmental issues into 
a strategy of a game executing on the gaming device. The 
monitoring device includes at least one physiological sensor 
and/ or environmental sensor, as described above. 

[0031] In some embodiments, a gaming character may be 
created based on the person using the identi?ed one or more 
health and/or environmental issues. In other embodiments, 
biofeedback may be provided to the person for improving at 
least one skill associated With the electronic game. 
[0032] According to further embodiments of the present 
invention, a method of monitoring a participant in an activity 
includes collecting physiological and/ or environmental infor 
mation from a monitoring device associated With the partici 
pant, analyZing the collected physiological and/or environ 
mental information to identify one or more health-related 
and/or environmental issues associated With the participant, 
and providing feedback to the participant, Wherein the feed 
back is relevant to a skill utiliZed by the participant in the 
activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a block diagram of a telemetric monitoring 
device for physiological and/or environmental monitoring 
and personal communication, according to some embodi 
ments of the present invention. 
[0034] FIG. 2 is a block diagram of a telemetric netWork for 
health and environmental monitoring through portable tele 
metric monitoring devices, such as the device of FIG. 1, 
according to some embodiments of the present invention. 
[0035] FIG. 3 illustrates a graphical user interface for dis 
playing data, according to some embodiments of the present 
invention. 
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[0036] FIG. 4 illustrates an earpiece module according to 
some embodiments of the present invention. 
[0037] FIGS. 5A-5B illustrates an earpiece module With an 
adjustable mouthpiece for monitoring physiological and 
environmental information near the mouth, according to 
some embodiments of the present invention, Wherein FIG. 5A 
illustrates the mouthpiece in a stored position and Wherein 
FIG. 5B illustrates the mouthpiece in an extended operative 
position. 
[0038] FIG. 6 illustrates an earpiece module incorporating 
various physiological and environmental sensors, according 
to some embodiments of the present invention, and being 
Worn by a user. 

[0039] FIG. 7 illustrates an earpiece module according to 
other embodiments of the present invention that includes a 
temple module for physiological and environmental monitor 
mg. 
[0040] FIG. 8 illustrates a monitoring device having a plu 
rality of health and environmental sensors and mounted onto 
a Bluetooth® headset module, according to some embodi 
ments of the present invention. 
[0041] FIG. 9 illustrates the display of physiological and 
environmental information collected by a monitoring device, 
according to some embodiments of the present invention. 
[0042] FIG. 10 illustrates the display of demographic com 
parisons of physiological and environmental information, 
according to some embodiments of the present invention. 
[0043] FIG. 11 illustrates the display of stress level over 
time as measured by a monitoring device, according to some 
embodiments of the present invention. 
[0044] FIG. 12 illustrates the display of a healthy/stress 
map, according to some embodiments of the present inven 
tion. 

DETAILED DESCRIPTION 

[0045] The present invention noW is described more fully 
hereinafter With reference to the accompanying draWings, in 
Which preferred embodiments of the invention are shoWn. 
This invention, hoWever, may be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein; rather, these embodiments are pro 
vided so that this disclosure Will be thorough and complete, 
and Will fully convey the scope of the invention to those 
skilled in the art. 
[0046] Like numbers refer to like elements throughout. In 
the ?gures, the siZes of certain lines, layers, components, 
elements or features may be exaggerated for clarity. 
[0047] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a”, “an” and “the” are intended to include the plural 
forms as Well, unless the context clearly indicates otherWise. 
It Will be further understood that the terms “comprises” and/ 
or “comprising,” When used in this speci?cation, specify the 
presence of stated features, steps, operations, elements, and/ 
or components, but do not preclude the presence or addition 
of one or more other features, steps, operations, elements, 
components, and/or groups thereof. As used herein, the term 
“and/or” includes any and all combinations of one or more of 
the associated listed items. 
[0048] Unless otherWise de?ned, all terms (including tech 
nical and scienti?c terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
Which this invention belongs. It Will be further understood 
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that terms, such as those de?ned in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent With their meaning in the context of the speci?ca 
tion and relevant art and should not be interpreted in an 
idealiZed or overly formal sense unless expressly so de?ned 
herein. Well-knoWn functions or constructions may not be 
described in detail for brevity and/ or clarity. 
[0049] It Will be understood that When an element is 
referred to as being “on”, “attached” to, “connected” to, 
“coupled” With, “contacting”, etc., another element, it can be 
directly on, attached to, connected to, coupled With or con 
tacting the other element or intervening elements may also be 
present. In contrast, When an element is referred to as being, 
for example, “directly on”, “directly attached” to, “directly 
connected” to, “directly coupled” With or “directly contact 
ing” another element, there are no intervening elements 
present. It Will also be appreciated by those of skill in the art 
that references to a structure or feature that is disposed “adja 
cent” another feature may have portions that overlap or under 
lie the adjacent feature. 
[0050] Spatially relative terms, such as “under”, “beloW”, 
“loWer”, “over”, “upper” and the like, may be used herein for 
ease of description to describe one element or feature’s rela 
tionship to another element(s) or feature(s) as illustrated in 
the ?gures. It Will be understood that the spatially relative 
terms are intended to encompass different orientations of a 
device in use or operation in addition to the orientation 
depicted in the ?gures. For example, if a device in the ?gures 
is inverted, elements described as “under” or “beneath” other 
elements or features Would then be oriented “over” the other 
elements or features. Thus, the exemplary term “under” can 
encompass both an orientation of “over” and “under”. The 
device may be otherWise oriented (rotated 90 degrees or at 
other orientations) and the spatially relative descriptors used 
herein interpreted accordingly. Similarly, the terms 
“upwardly”, “doWnWardly”, “vertical”, “horizontal” and the 
like are used herein for the purpose of explanation only unless 
speci?cally indicated otherWise. 
[0051] The term “earpiece module” includes any type of 
device that may be attached to or near the ear of a user and 

may have various con?gurations, Without limitation. 
[0052] The term “real-time” is used to describe a process of 
sensing, processing, or transmitting information in a time 
frame Which is equal to or shorter than the minimum times 
cale at Which the infonnation is needed. For example, the 
real-time monitoring of pulse rate may result in a single 
average pulse-rate measurement every minute, averaged over 
30 seconds, because an instantaneous pulse rate is often use 
less to the end user. Typically, averaged physiological and 
environmental information is more relevant than instanta 
neous changes. Thus, in the context of the present invention, 
signals may sometimes be processed over several seconds, or 
even minutes, in order to generate a “real-time” response. 
[0053] The term “monitoring” refers to the act of measur 
ing, quantifying, qualifying, estimating, sensing, calculating, 
interpolating, extrapolating, inferring, deducing, or any com 
bination of these actions. More generally, “monitoring” refers 
to a Way of getting information via one or more sensing 
elements. For example, “blood health monitoring” includes 
monitoring blood gas levels, blood hydration, and metabolite/ 
electrolyte levels. 
[0054] The term “physiological” refers to matter or energy 
of or from the body of a creature (e.g., humans, animals, etc.). 
In embodiments of the present invention, the term “physi 
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ological” is intended to be used broadly, covering both physi 
cal and psychological matter and energy of or from the body 
of an organism. HoWever, in some cases, the term “psycho 
logical” is called-out separately to emphasize aspects of 
physiology that are more closely tied to conscious or subcon 
scious brain activity rather than the activity of other organs, 
tissues, or cells. 
[0055] The term “psychosocial stress” refers to events of 
psychological or social origin Which challenge the homeo 
static state of biological systems. 
[0056] The term “body” refers to the body of a person (or 
animal) that may utiliZe an earpiece module according to 
embodiments of the present invention. 
[0057] Monitoring apparatus, according to embodiments of 
the present invention may be Worn by humans and animals. 
[0058] The term “health” refers generally to the quality or 
quantity of one or more physiological parameters With refer 
ence to an organism’s functional abilities. 
[0059] The term “ad hoc” refers generally to a Wireless 
connection established for the duration of one session Without 
the need for a base station. Instead, devices discover others 
Within range to form a netWork. Bluetooth®, Zigbee, and 
Wi-Fi protocols are a feW examples. 
[0060] The term “processor” refers to a device that takes 
one form of information and converts this information into 
another form, typically having more usefulness than the origi 
nal form. For example, in this invention, a Bluecore processor 
may collect raW physiological or environmental data from 
various sensors and process this data into a meaningful 
assessment, such as pulse rate, blood pressure, or air quality. 
A variety of microprocessors or other processors may be used 
herein. 
[0061] The term “clinical study” refers broadly to the appli 
cation of science to health, Where “health” may refer to both 
physical health as Well as mental or psychological health. The 
term “clinical study” and “clinical trial” are used interchange 
ably herein. As an example, the interaction betWeen a therapy 
and health or physiologyisuch as a drug therapy, exercise/ 
diet plan, physical regime, etc.4can constitute a clinical 
study. As another example, the interaction betWeen the health 
and the environmental exposure of individuals or groups can 
constitute a clinical study. In some cases a clinical study is 
performed by professionals in medicine or science. In other 
cases, a clinical study is performed by amateurs, computer 
programs, or individuals thcmsclvcs, sometimes in the form 
of self help. 
[0062] The term “marketing” refers to the act of bringing 
together buyers and sellers, and the term “marketing study” 
refers to the study of the needs and Wants of buyers and sellers 
and hoW the buyers and sellers can come together. 
[0063] The term “health study” refers to monitoring the 
health of an organism and studying the data regardless of the 
method of study. 
[0064] The term “Wellness” generally refers to a healthy 
balance of the mind-body and spirit that results in an overall 
feeling of Well-being, and/or the state of being healthy. The 
term “Wellness study” refers to the study of the quality of 
health and Wellbeing. In some cases a Wellness study is per 
formed by professionals in medicine or science. In other 
cases, a clinical study is performed by amateurs, computer 
programs, or individuals themselves, sometimes in the form 
of self help. 
[0065] The term “dieting plan” refers to a method of plan 
ning and/ or regulating the intake of food or nutrients into the 
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body. The term “exercise plan” refers to a method of planning 
or regulating physical activity. In many cases, a diet/ exercise 
plan are used together to improve or reduce health. These 
plans can be operated by professionals, such as professional 
dieticians or physical trainers, or by amateurs. In some cases, 
these plans are regulated by computer programs or individu 
als themselves, sometimes in the form of self help. 
[0066] The term “health study” refers to studying health as 
in its raW form, 0 Without necessarily being concerned about 
interactions betWeen health and other factors. 
[0067] The term “sickness and/or disease” refers generally 
to aspects of a sickness, disease, or injury in an individual or 
group of individuals. 
[0068] The term “environmental exposure” refers to any 
environmental occurrence (or energy) to Which an individual 
or group of individuals is exposed. 
[0069] For example, exposure to solar energy, air pollution, 
temperature, nuclear radiation, humidity, Water, etc. may all 
constitute environmental expo sure. A variety of relevant envi 
ronmental energies are listed elseWhere herein. 
[0070] In many cases, the above cases may overlap. As an 
example, a clinical study or Wellness study may explore or 
record the interaction betWeen physiological elements and 
environmental elements. 
[0071] The term “aggregated” refers to information that is 
stored and/or grouped. In some cases, these groupings can be 
based on personal or demographical information, such as 
grouping based on ethnicity, sex, income, personal prefer 
ences or the like. 

[0072] The terms “health and environmental netWork” and 
“health and environmental monitoring system” are used inter 
changeably herein. The terms “monitoring system” and “net 
Work” may be used interchangeably, as Well. 
[0073] The term “biofeedback” relates to measuring a sub 
ject’s bodily processes such as blood pressure, heart rate, skin 
temperature, galvanic skin response (sWeating), muscle ten 
sion, etc., and conveying such information to the subject in 
real-time in order to raise the subject’s aWareness and con 
scious control of the related physiological activities. Herein, 
biofeedback is synonymous With personal physiological 
monitoring, Where biochemical processes and environmental 
occurrences may be integrated into information for one or 
more individuals. For example, monitoring hormone levels 
and air quality through the innovative sensor netWork 
described herein for the purpose of tracking, predicting, and/ 
or controlling ovulation is also considered biofeedback. 
[0074] The term “pro?le” relates to a summary of noteWor 
thy characteristics and/or habits of an individual or group of 
individuals. These characteristics may be physiological 
(health-related), environmental, statistical, demographical, 
behavioral, and the like. Age, location, gender, sex, Weight, 
ethnicity, and/or height may be included in a pro?le. Addi 
tionally, a pro?le may reference the buying and/or spending 
habits of an individual or group. Pro?les may be utiliZed in 
making predictions about an individual or group. 
[0075] The term “support,” When used as a verb, means to 
assist and/or provide at least one method or outcome for 
something. For example, a method of supporting a therapy for 
something may refer to a method of assisting a is therapeutic 
technique. In some cases, supporting a therapy may involve 
providing an entirely neW method having a therapeutic out 
come. As a more speci?c example, a noninvasive health and 
environmental monitor system/netWork may support a thera 
peutic drug study by noninvasively monitoring the real-time 
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drug dosage in the body through multiWavelength pulse 
oximetry, monitoring core body temperature through thermal 
sensing of the tympanic membrane, and monitoring environ 
ments Which may positively or negatively affect the quality of 
the drug therapy. 
[0076] In the folloWing ?gures, earpiece modules Will be 
illustrated and described for attachment to the ear of the 
human body. HoWever, it is to be understood that embodi 
ments of the present invention are not limited to those Worn by 
humans. Moreover, monitoring apparatus according to 
embodiments of the present invention are not limited to ear 
piece modules and/or devices con?gured to be attached to or 
near the ear. Monitoring apparatus according to embodiments 
of the present invention may be Worn on various parts of the 
body or even Worn inside the body. 

[0077] Some embodiments of the present invention arise 
from a discovery that the ear is an ideal location on the human 
body for a Wearable health and environmental monitor. The 
ear is a relatively immobile platform that does not obstruct a 
person’s movement or vision. Devices located along the ear 
can have access to the inner-ear canal and tympanic mem 
brane (for measuring core body temperature), muscle tissue 
(for monitoring muscle tension), the pinna and earlobe (for 
monitoring blood gas levels), the region behind the ear (for 
measuring skin temperature and galvanic skin response), and 
the internal carotid artery (for measuring cardiopulmonary 
functioning). The ear is also at or near the point of exposure 
to: environmental breathable toxicants of interest (volatile 
organic compounds, pollution, etc.); noise pollution experi 
enced by the ear; and lighting conditions for the eye. Located 
adjacent to the brain, the ear serves as an excellent location for 
mounting neurological and electrical sensors for monitoring 
brain activity. Furthermore, as the ear canal is naturally 
designed for transmitting acoustical energy, the ear provides 
an optimal location for monitoring internal sounds, such as 
heartbeat, breathing rate, and mouth motion. 
[0078] Bluetooth®-enabled and/or other personal commu 
nication earpiece modules may be con?gured to incorporate 
physiological and/ or environmental sensors, according to 
some embodiments of the present invention. Bluetooth® ear 
piece modules are typically lightWeight, unobtrusive devices 
that have become Widely accepted socially. Moreover, Blue 
tooth® earpiece modules are cost effective, easy to use, and 
are often Worn by users for most of their Waking hours While 
attending or Waiting for cell phone calls. Bluetooth® earpiece 
modules con?gured according to embodiments of the present 
invention are advantageous because they provide a function 
for the user beyond health monitoring, such as personal com 
munication and multimedia applications, thereby encourag 
ing user compliance. Exemplary physiological and environ 
mental sensors that may be incorporated into a Bluetooth® or 
other type of earpiece module include, but are not limited to 
accelerometers, auscultatory sensors, pressure sensors, 
humidity sensors, color sensors, light intensity sensors, pulse 
oximetry sensors, pressure sensors, etc. 
[0079] Wireless earpiece devices incorporating loW-pro?le 
sensors and other electronics, according to embodiments of 
the present invention, offer a platform for performing near 
real-time personal health and environmental monitoring in 
Wearable, socially acceptable devices. The capability to 
unobtrusively monitor an individual’s physiology and/or 
environment, combined With improved user compliance, is 
expected to have signi?cant impact on future planned health 
and environmental exposure studies. This is especially true 
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for those that seek to link environmental stressors With per 
sonal stress level indicators. The large scale commercial 
availability of such loW-cost devices can enable cost-effective 
large scale studies. The combination of monitored data With 
user location via GPS (Global Positioning System) and/or 
other location data can make on-going geographic studies 
possible, including the tracking of infection over large geo 
graphic areas. The commercial application of the proposed 
platform encourages individual-driven health maintenance 
and promotes a healthier lifestyle through proper caloric 
intake and exercise. 

[0080] Embodiments of the present invention are not lim 
ited to devices that communicate Wirelessly. In some embodi 
ments of the present invention, devices con?gured to monitor 
an individual’s physiology and/or environment may be Wired 
to a device that stores, processes, and/or transmits data. In 
some embodiments, this information may be stored on the 
earpiece module itself. 
[0081] FIG. 1 is a block diagram illustrating a Wearable 
monitoring device 10, according to some embodiments of the 
present invention. The illustrated Wearable monitoring device 
10 includes one or more of the folloWing: at least one physi 
ological sensor 11, at least one environmental sensor 12 (also 
referred to as an external energy sensor), at least one signal 
processor 13, at least one transmitter/receiver 14, at least one 
poWer source 16, at least one communication & entertain 
ment module 17, at least one body attachment component 15, 
and at least one housing 18. Though the health and environ 
mental sensor functionality can be obtained Without the com 
munication and entertainment module 17, having this addi 
tional module may promote use of the Wearable monitoring 
device 10 by users. The illustrated Wearable monitoring 
device 10 is intended primarily for human use; hoWever, the 
Wearable monitoring device 10 may also be con?gured for 
use With other animals. In one preferred embodiment, the 
Wearable monitoring device 10 is an earpiece module 
attached to the ear. 

[0082] A physiological sensor 11 can be any compact sen 
sor for monitoring the physiological functioning of the body, 
such as, but not limited to, sensors for monitoring: heart rate, 
pulse rate, breathing rate, blood ?oW, heartbeat signatures, 
cardio-pulmonary health, organ health, metabolism, electro 
lyte type and concentration, physical activity, caloric intake, 
caloric metabolism, metabolomics, physical and psychologi 
cal stress levels and stress level indicators, physiological and 
psychological response to therapy, drug dosage and activity 
(drug dosimetry), physiological drug reactions, drug chemis 
try in the body, biochemistry, position & balance, body strain, 
neurological functioning, brain activity, brain Waves, blood 
pressure, cranial pressure, hydration level, auscultatory infor 
mation, auscultatory signals associated With pregnancy, 
physiological response to infection, skin and core body tem 
perature, eye muscle movement, blood volume, inhaled and 
exhaled breath volume, physical exertion, exhaled breath 
physical and chemical composition, the presence, identity, 
and concentration of viruses & bacteria, foreign matter in the 
body, internal toxins, heavy metals in the body, anxiety, fer 
tility, ovulation, sex hormones, psychological mood, sleep 
patterns, hunger & thirst, hormone type and concentration, 
cholesterol, lipids, blood panel, bone density, body fat den 
sity, muscle density, organ and body Weight, re?ex response, 
sexual arousal, mental and physical alertness, sleepiness, aus 
cultatory information, response to external stimuli, sWalloW 
ing volume, sWalloWing rate, sickness, voice characteristics, 
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tone, pitch, and volume of the voice, vital signs, head tilt, 
allergic reactions, in?ammation response, auto-immune 
response, mutagenic response, DNA, proteins, protein levels 
in the blood, body hydration, Water content of the blood, 
pheromones, internal body sounds, digestive system func 
tioning, cellular regeneration response, healing response, 
stem cell regeneration response, and the like. Vital signs can 
include pulse rate, breathing rate, blood pressure, pulse sig 
nature, body temperature, hydration level, skin temperature, 
and the like. A physiological sensor may include an imped 
ance plethysmograph for measuring changes in volume 
Within an organ or body (usually resulting from ?uctuations 
in the amount of blood or air it contains). For example, the 
Wearable monitoring device 10 may include an impedance 
plethysmograph to monitor blood pressure in real-time. 

[0083] An external energy sensor 12, serving primarily as 
an environmental sensor, can be any compact sensor for 
monitoring the external environment in the vicinity of the 
body, such as, but not limited to, sensors for monitoring: 
climate, humidity, temperature, pressure, barometric pres 
sure, pollution, automobile exhaust, soot density, airborne 
particle density, airborne particle siZe, airborne particle 
shape, airborne particle identity, volatile organic chemicals 
(V OCs), hydrocarbons, polycyclic aromatic hydrocarbons 
(PAHs), carcinogens, toxins, electromagnetic energy (optical 
radiation, X-rays, gamma rays, microWave radiation, tera 
hertZ radiation, ultraviolet radiation, infrared radiation, radio 
Waves, and the like), EMF energy, atomic energy (alpha par 
ticles, beta-particles, gamma rays, and the like), gravity, light 
properties (such as intensity, frequency, ?icker, and phase), 
oZone, carbon monoxide, greenhouse gases, CO2, nitrous 
oxide, sul?des, airborne pollution, foreign material in the air, 
biological particles (viruses, bacteria, and toxins), signatures 
from chemical Weapons, Wind, air turbulence, sound and 
acoustical energy (both human audible and inaudible), ultra 
sonic energy, noise pollution, human voices, animal sounds, 
diseases expelled from others, the exhaled breath and breath 
constituents of others, toxins from others, bacteria & viruses 
from others, pheromones from others, industrial and trans 
portation sounds, allergens, animal hair, pollen, exhaust from 
engines, vapors & fumes, fuel, signatures for mineral deposits 
or oil deposits, snoW, rain, thermal energy, hot surfaces, hot 
gases, solar energy, hail, ice, vibrations, tra?ic, the number of 
people in a vicinity of the user, the number of people encoun 
tered throughout the day, other earpiece module users in the 
vicinity of the earpiece module user, coughing and sneeZing 
sounds from people in the vicinity of the user, loudness and 
pitch from those speaking in the vicinity of the user, and the 
like. 

[0084] In some embodiments, a physiological sensor 11 
and/or an environmental sensor 12 may be con?gured to 
identify a person, such as biometric identi?cation of a person, 
to Whom the Wearable monitoring device 10 is attached (or 
may be con?gured to identify other persons in the vicinity of 
the person Wearing the monitoring device 10). 
[0085] In some embodiments, a physiological sensor 11 
and/or an environmental sensor 12 may be con?gured to 
monitor physical aging rate of a person or subject. The signal 
processor 13 may be con?gured to process information from 
a physiological sensor and/or an environmental sensor to 

assess aging rate. Physiological sensors con?gured to assess 
aging rate may include pulse rate sensors, blood pressure 
sensors, activity sensors, and psychosocial stress sensors. 



US 2011/0098112 A1 

Environmental sensors con?gured to assess aging rate may 
include UV sensors and pollution sensors. 

[0086] In some embodiments, a physiological sensor 11 
and/or an environmental sensor 12 may be con?gured to be 
regenerated through a physical and/ or chemical change. For 
example, it is anticipated that a Wearable monitoring device 
10, or other device incorporating physiological and/or envi 
ronmental sensors according to embodiments of the present 
invention, may be coupled to an apparatus that is con?gured 
to “recharge” or regenerate one or more environmental and/ or 
physiological sensors via a physical process or a chemical 
process, etc. For example, a recharging module for recharging 
electric poWer to the Wearable monitoring device 10 may also 
user electrical energy to reverse a chemical or physical 
change in one of the sensors. One example of such a sensor 
Wouldbe a sensor that requires the absorption or desorption of 
Water vapor for resetting to baseline operation. Another 
example is a sensor that is reset (recharged) through oxidation 
or reduction in order to change the surface properties for 
monitoring vapors, such as some metal oxide sensors. 

[0087] Because the Wearable monitoring device 10 is 
capable of measuring and transmitting sensor information in 
real-time over a duration of time, the physiological and envi 
ronmental sensors 11, 12 can be used to sense the aforemen 
tioned parameters over time, enabling a time-dependent 
analysis of the user’s health and environment as Well as 
enabling a comparison betWeen the user’s health and envi 
ronment. Combined With proximity or location detection, this 
alloWs an analysis for pinpointing the location Where envi 
ronmental stress and physical strain took place. 
[0088] Proximity detection can be accomplished through 
GPS type devices integrated into the monitoring device 10 or 
a personal communication device in communication With the 
monitoring device 10. Proximity detection can also be 
accomplished through triangulation of Wireless signals; if a 
cellular phone is used as the personal communication device 
(such as 21 of FIG. 2), proximity can be identi?ed through 
existing cellular infrastructure for identifying the time and 
location of a phone call. 

[0089] The signal processor 13 provides a means of con 
verting the digital or analog signals from the sensors 11, 12 
into data that can be transmitted Wirelessly by the transmitter 
14. The signal processor 13 may be composed of, for 
example, signal conditioners, ampli?ers, ?lters, digital-to 
analog and analog-to-digital converters, digital encoders, 
modulators, mixers, multiplexers, transistors, various 
sWitches, microprocessors, or the like. For personal commu 
nication, the signal processor 13 processes signals received 
by the receiver 14 into signals that can be heard or vieWed by 
the user. The received signals may also contain protocol infor 
mation for linking various telemetric modules together, and 
this protocol information can also be processed by the signal 
processor 13. 

[0090] The signal processor 13 may utiliZe one or more 
compression/decompression algorithms (CODECs) used in 
digital media for processing data. The transmitter 14 can be 
comprised of a variety of compact electromagnetic transmit 
ters. A standard compact antenna is used in the standard 
Bluetooth® headset protocol, but any kind of electromag 
netic antenna 0 suitable for transmitting at human-safe elec 
tromagnetic frequencies may be utiliZed. The receiver 14 can 
also be an antenna. In some embodiments, the receiving 
antenna and the transmitting antenna are physically the same. 
The receiver/transmitter 14 can be, for example, a non-line 
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of-sight (NLOS) optical scatter transmission system. These 
systems typically use short-Wave (blue or UV) optical radia 
tion or “solar blind” (deep-UV) radiation in order to promote 
optical scatter, but IR Wavelengths can also su?ice. 
[0091] Additionally, a sonic or ultrasonic transmitter can be 
used as the receiver/transmitter 14 of the Wearable monitoring 
device 10, but preferably using sounds that are higher or 
loWer than the human hearing range. A variety of sonic and 
ultrasonic receivers and transmitters are available in the mar 
ketplace and may be utiliZed in accordance With embodi 
ments of the present invention. If a telecommunication device 
21 (FIG. 2) receiving Wireless data signal 19 from the Wear 
able monitoring device 10 is in close proximity to the Wear 
able monitoring device 10, and the Wearable module is an 
earpiece module, a variety of transmission schemes can be 
used. For communicating audible conversational information 
directly to the earpiece user, encoded telemetric conversa 
tional data received by the receiver 14 can be decoded by the 
signal processing module 13 to generate an electrical signal 
that can be converted into audible sound by the communica 
tion module 17. 

[0092] In some embodiments, the transmitter/receiver 14 is 
con?gured to transmit signals from the signal processor to the 
remote terminal folloWing a predetermined time interval. For 
example, the transmitter may delay transmission until a cer 
tain amount of detection time has elapsed, until a certain 
amount of processing time has elapsed, etc. In some cases, the 
transmitter/receiver 14 is con?gured to transmit signals to the 
remote terminal dependent on information sensed by the sen 
sors 11, 12. For example, if an unstable pulse rate is sensed, a 
Warning message may be sent to a remote terminal to com 
municate a need for help at a particular location. 

[0093] The poWer source can be any portable poWer source 
16 capable of ?tting inside the housing 18. According to some 
embodiments, the poWer source 16 is a portable rechargeable 
lithium-polymer or Zinc-air battery. Additionally, portable 
energy-harvesting poWer sources can be integrated into the 
Wearable monitoring device 10 and can serve as a primary or 
secondary poWer source. For example, a solar cell module can 
be integrated into the Wearable monitoring device 10 for 
collecting and storing solar energy. Additionally, pieZoelec 
tric devices or microelectromechanical systems (MEMS) can 
be used to collect and store energy from body movements, 
electromagnetic energy, and other forms of energy in the 
environment or from the user himself. A thermoelectric or 
ther'movoltaic device can be used to supply some degree of 
poWer from thermal energy or temperature gradients. In some 
embodiments, a cranking or Winding mechanism can be used 
to store mechanical energy for electrical conversion or to 
convert mechanical energy into electrical energy that can be 
used immediately or stored for later. 

[0094] The various components described above are con 
?gured to ?t Within the Wearable monitoring device housing 
18 and/ or be attached thereto. In the case Where the Wearable 
monitoring device 10 is an earpiece module, the housing 18 
may be formed from any safe and comfortable solid material, 
such as metal, rubber, Wood, polymers, ceramic, organic 
materials, or various forms of plastic. The body attachment 
component 15 is attached to the housing 18 and is designed to 
?t around or near the ear. For example, the standard Blue 
tooth® headset includes an earpiece attachment that is con 
nected to the headset housing via a double-jointed socket, to 
provide comfort and positioning ?exibility for the user. In 
some embodiments, the body attachment component 15 can 
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be part of the housing 18, such that the entire earpiece module 
is one largely in?exible, rigid unit. In such case, a counter 
Weight may be incorporated into the Wearable monitoring 
device 10 to balance the Weight of the earpiece electronics 
and poWer source. In some embodiments, the body attach 
ment component 15 can contain physiological and environ 
mental sensors, and the body attachment component 15 may 
be detachable. In some embodiments, more than one earpiece 
attachment 15 can be attached to the housing 18. 

[0095] The communication and entertainment module 17 
(also interchangeably referred to as a “communication mod 
ule”) is used for, but not limited to: processing or generating 
an audible sound from information received via the receiver 
14 (from a cell phone, computer, netWork, database, or the 
like) and/or processing or generating an electrical signal from 
an audible sound from the user such that the electrical signal 
can be transmitted telemetrically via the transmitter 14. For 
example, in standard Bluetooth® protocol, communication 
electronics are used to convert an audible conversation into an 

electrical signal for telemetric conversation; communication 
electronics are also used to convert a digitiZed telemetric 
conversation into an audible conversation for the earpiece 
user. Additionally, the communication and entertainment 
module 17 can be used to store, process, or play analog or 
digital information from music, radio shoWs, videos, or other 
audible entertainment and to communicate this information 
to an earpiece user. In many cases, this information includes 
information received by the receiver 14. In many cases, the 
analog or digital information is not stored in the communica 
tion and entertainment module 17 but, rather, is stored in a 
portable telecommunication device 21 (FIG. 2). In such case, 
the communication and entertainment module 17 is used for 
converting the analog or digital information into audible 
sound for the earpiece user. The communication and enter 
tainment module 17 may contain at least one microphone, 
speaker, signal processor (similar to 13), and digital memory. 
In some embodiments, the communication and entertainment 
module 17 may apply at least one CODEC for encoding or 
decoding information. The communication and entertain 
ment module may utiliZe non-audible forms of communica 
tion With the user, such as visual, physical, or mental (i.e., 
brainWaves or neural stimulation) communication With the 
user. 

[0096] In some embodiments, an audible communicator is 
provided that is con?gured to communicate therapeutic 
sounds (e.g., music therapy, etc.) to a person in response to 
physiological or psychosocial stress. The audible communi 
cator may be embodied in the communication and entertain 
ment module 17 or may be a separate speaker. In some 
embodiments, light therapy may be provided to a person in 
response to physiological or psychosocial stress. In some 
embodiments, the communication and entertainment module 
17 may be con?gured to communicate a treatment, therapy, 
and/or plan of action to the person upon detection of physi 
ological and/ or environmental concerns. For example, if it is 
detected that the person is being exposed to unhealthy doses 
of UV radiation, the communication and entertainment mod 
ule 17 may audibly instruct the person to move aWay from the 
person’s current location (e.g., move indoors, etc.). Mechani 
cal vibrational therapy and electrical stimulation therapy are 
also examples of automated therapies that may be invoked by 
programs inside the monitoring device 10 in response to 
sensor readings from health 11 and/ or environmental 12 sen 
sors. 
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[0097] Like the other components of the Wearable monitor 
ing device 10 shoWn in FIG. 1, the components of the com 
munication and entertainment module 17 are not necessarily 
located in the same physical vicinity. The microphone and 
speaker of the communication module 17, for example, may 
be located closer to the mouth and ear respectively. Further 
more, the signal processor 13 can be composed of several 
components located throughout the earpiece module. It 
should be understood that the Word “module” does not nec 
essarily imply a uni?ed physical location. Rather, “module” 
is used to imply a uni?ed function. 

[0098] Bluetooth® devices conventionally contain a com 
munication module, such as communication module 17, for 
converting digital or analog information into audible sounds 
for the user. HoWever, When combined With the health and 
environmental monitoring properties of a Wearable monitor 
ing device 10 according to embodiments of the present inven 
tion, the communication and entertainment module 17 can 
provide functionality. For the Wearable monitoring device 10 
can serve as a biofeedback device. As a non-limiting example, 

if a user is in a polluted environment, such as air ?lled With 
VOCs, the communication module 17 may notify the user to 
move to a neW environment. As another example, if one or 

more of the physiological and environmental sensors 11, 12 
of the Wearable monitoring device 10 pick up a high particu 
late density in the environment, With an elevation in core body 
temperature, and a change in voice pitch occurring simulta 
neously (or near-simultaneously) Within a common time 
frame, the communication module 17 may alert the user that 
he/ she may be having an allergic response. As a further 
example, the user can use the communication and entertain 
ment module 17 to execute biofeedback for Willfully control 
ling blood pressure, breathing rate, body temperature, pulse 
rate, and the like. The communication module 17 may utiliZe 
audible or visible alerts if the user is meeting their physiologi 
cal targets or exceeding safe physiological limits. Alerting a 
user by physical or electrical force, such as the sense of touch 
or tingling from an electric pulse or vibration, can also be 
utiliZed. Thus, although communication by audible means is 
often utiliZed, the communication module 17 can alert, sig 
nify, or communicate With the user through sound, light, 
electrical actuation, and physical actuation. 
[0099] As a second example of this biofeedback method, 
basic vital signs collected by the physiological sensors 11 and 
processed by the signal processor 13 can be presented to the 
monitoring device user audibly, through the communication 
and entertainment module 17. For example, the user may be 
able to listen to his/her breathing rate, pulse rate, and the like. 
Additionally, an entertaining or aggravating sound or song 
can be used to alert the user to favorable or unfavorable 
personal health and environmental factors occurring in real 
time. This technique may be applied toWards education, such 
as positive or negative feedback for educational games, leam 
ing games, or games of deception (e.g., poker, etc.). FIG. 9 
illustrates the display of physiological information and envi 
ronmental information collected by a monitoring device 10 
via a user’s cell phone, according to some embodiments of the 
present invention. 
[0100] In some embodiments, the Wearable monitoring 
device 10 may be con?gured to deliver and/or monitor drugs, 
as in a dosimeter. For example, a transdermal drug delivery 
system may be provided that is controlled by monitoring 



US 2011/0098112 A1 

device 10 electronics. Physiological sensors 11 can monitor 
the drug dosage and the physiological effects of the drug in 
real-time. 

[0101] A health and environmental monitoring system 20 
according to embodiments of the present invention that may 
incorporate Wearable monitoring devices 10 of FIG. 1 is 
illustrated in FIG. 2. Other types of Wearable monitoring 
devices may also be utiliZed in the health and environmental 
monitoring system 20. The Wearable monitoring device 10 is 
utilized as a speci?c monitoring device 21 of the monitoring 
system 20, though other modules located at various other 
parts of the body can be used in conjunction With, or in place 
of, the Wearable monitoring device 10. The terms “Wearable 
monitoring device” and “sensor module” are used inter 
changeably herein in accordance With various embodiments 
of the present invention. The health and environmental moni 
toring system 20 is composed of at least one sensor module 21 
(e.g., Wearable monitoring device 10) at least one portable 
telecommunication module 22, at least one transmission sys 
tem 23, at least one user interface 24, at least one personal 
database 25, and at least one anonymous database 26. 

[0102] The sensor module 21 can be composed of a primary 
module alone or a primary module and at least one secondary 
module. The primary and o secondary modules can be located 
at any location of the body, but in many cases it is preferable 
to be located in a region at or near the ear, and preferably the 
Wearable monitoring device 10 serves as the primary module. 
In many cases, the secondary modules are not necessary. But 
in some cases, secondary modules may be located, for 
example, behind the ear (near the lymph nodes), at or near the 
earlobes (such as one or more earrings or ear clips), at the 
front of the ear (near the carotid artery), at the temples, along 
the neck, or other locations near the ear. In some cases the 

secondary modules, as With the primary module, can be 
located inside the body. These Wearable secondary modules 
can be connected With either a “hard” connection to the pri 
mary module (such as an electric cable) or a “soft” connection 
to the primary module (such as a Wireless connection). In 
Bluetooth® protocol, each secondary module can be simul 
taneously in direct Wireless communication With the primary 
module. Primary modules and secondary modules in the same 
location can promote quick-donning, ease-of-use, and com 
fortability for the end user. Users may not be prone to accept 
multiple modules at multiple locations of the body. 
[0103] The Wearable sensor module 21 communicates 
Wirelessly With the portable telecommunication device 22, 
preferably in an open architecture con?guration, such as 
Bluetooth® or ZigBee. The telecommunication device 22 can 
be any portable device, such as a cell phone (Which includes 
a “smartphone”), PDA, laptop computer, Blackberry, another 
earpiece, or other portable, telemetric device. The portable 
telecommunication device 22 and the Wearable sensor mod 
ule 21 can telemetrically communicate both to and from each 
other. Though the main purpose of the portable telecommu 
nication device is to transmit the local Wireless signal from 
the sensor module 21 over longer distances unattainable by 
the transmitter 14 of the sensor module 21, the telecommu 
nication device 22 can also serve as a method of personal 
communication and entertainment for the earpiece user. 

[0104] In some embodiments, the telecommunication 
device 22 transmits data in only one direction or particular 
directions. For example, in one embodiment, the portable 
telecommunication device 22 can receive telemetric informa 
tion from the sensor module 21 but cannot send out signals to 
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a transmission system 23. The portable telecommunication 
device 22 may also contain an end-user graphical interface, 
such as a user interface 24 in the monitoring system 20, such 
that data from the Wearable sensor module 21 can be stored, 
analyZed, summarized, and displayed on the portable tele 
communication device 22. For example, charts relating health 
and environment, as Well as real-time biofeedback and the 
like, can be displayed on a cell phone, media player, PDA, 
laptop, or other device. The telecommunication device 22 
may also contain physiological and environmental sensors 
itself, such as sensors for blood pressure, pulse rate, air qual 
ity, pulse-oximetry, and the like. Additionally, the telecom 
munication device 22 can communicate With the Wearable 
sensor module 21 to transfer commands, activate or deacti 
vate sensors, communicate With the user, and the like. 

[0105] The portable telecommunication device 22 sends/ 
receives Wireless information directly to/ from a transmission 
system 23 for transmission to a database (such as personal 
database 25 and/or anonymous database 26) for storage, 
analysis, and retrieval of data. The style of transmission sys 
tem may depend largely on the location of the database. For 
example, if the database is located in a local computer, the 
Wireless information from the telecommunication device 22 
can be sent directly to the local computer. This computer may 
be connected With the Internet, alloWing access to the data 
base from the Web. HoWever, the database is more typically 
located far aWay from the user and telecommunication mod 
ule. In this case, the Wireless signal from the telecommuni 
cation device 22 can be sent to a reception toWer and routed 
through a base station. This information can then be sent to a 
database through the Internet. A variety of other transmission 
protocols can be applied for connection betWeen the telecom 
munication device 22 and the databases 25 and 26. 

[0106] The personal and anonymous databases 25, 26 rep 
resent databases that may or may not be located on the same 
computer. A difference betWeen these tWo databases is not the 
physical location of the database but rather the type of infor 
mation available on each database. For example, the anony 
mous database 26, containing aggregated health and environ 
mental data from multiple indistinct monitoring device users, 
can be public and accessible through the Internet by various 
users. In contrast, the personal database 25 contains health 
and environmental data that is personaliZed for each moni 
toring device user, including personaliZed information such 
as name, birth date, address, and the like. Users can log-in to 
their personaliZed information in the personal database 25 
through an interactive user interface 24 and compare this 
information With information from multiple users in the 
anonymous database 26 via a graphical user interface, etc. In 
some cases, the Wearable sensor module 21 or portable tele 
communication device 22 may additionally communicate 
information not directly related to health and environment, 
such as physical location, personal information, proximity to 
various locations or properties, etc., to either database. In 
some cases, this additional information may be sensed by the 
Wearable sensor module 21 and/or by sensors and/or proto 
cols integrated into portable communication device 22. 
[0107] The user interface 24 can be a computer monitor, a 
cell phone monitor, a PDA monitor, a television, a projection 
monitor, a visual monitor on the Wearable sensor module 21, 
or any method of visual display. (Audible methods and audio 
visual methods can also be used for the user interface 24, as 
Well as mechanical methods such as automated brail displays 
for the blind.) For example, the user may log-in to their 
























