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BIOMETRIC, PHYSIOLOGICAL OR 
ENVIRONMENTAL MONITORING USINGA 

CLOSED CHAMBER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a utility patent application that 
claims the priority benefit of Provisional Patent Application 
No. 62/158,740 entitled “BIOMETRIC, PHYSIOLOGICAL 
OR ENVIRONMENTAL MONITORING USING A 
CLOSED CHAMBER filed on May 8, 2015 and priority 
benefit of Provisional Patent Application No. 62/090,136 
entitled MEMBRANE AND BALLOON SYSTEMS AND 
DESIGNS FOR CONDUITS filed on Dec. 10, 2014, the 
entire contents of which are incorporated herein by reference 
in their entirety. 

FIELD 

0002 The embodiments relate generally to monitoring of 
health or other status information and, more particularly, to 
health or status monitoring using a device Such as a com 
munication device within a sealed or Substantially sealed 
conduit or cavity. 

BACKGROUND 

0003 Integration of functions within a communication 
device has seen the incorporation of cameras, calendars, 
browsers and an ever-growing number of applications for a 
myriad number of purposes. The basic functionality of a 
communication device Such a phone still remains to capture, 
transmit and receive voice and other data communications. 
Unfortunately, the process of capturing voice or data using 
today's devices is Subject to a significant amount of noise, 
interference, or corruption affecting signal quality. There is 
growing market demand for personal health and environ 
mental monitors, for example, for gauging overall health and 
metabolism during exercise, athletic training, dieting, and 
physical therapy. However, traditional health monitors and 
environmental monitors may be bulky, rigid, expensive, 
Subject to inaccuracies, and uncomfortable. Existing tradi 
tional health monitors are generally not suitable for use 
during daily physical activity. There is also growing interest 
in wearable devices and generating or comparing health and 
environmental exposure information while still providing 
for intelligible and reliable high quality communications. 
However, current methods of collecting such health and 
environmental information may be expensive and laborious, 
often utilizing human-based recording/analysis steps at mul 
tiple sites and the communication resources used for col 
lecting and transmitting Such information remains subject to 
unacceptable levels of noise, interference, or corruption to 
the point of making many such efforts fruitless and frustrat 
ing for a significant number of users. Unacceptable signal 
quality in harvesting and communicating both voice and 
data information will continue to hinder the health, fitness, 
wearable, communications and other related industries until 
an adequate solution is put forward. 

BRIEF DESCRIPTION OF THE FIGURES 

0004. The embodiment and the following detailed 
description of certain embodiments thereof may be under 
stood by reference to the following figures: 
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0005 FIG. 1A and FIG. 1B are block diagrams of a 
telemetric monitoring device for physiological and/or envi 
ronmental monitoring and personal communication, accord 
ing to Some embodiments herein. 
0006 FIGS. 2A-J are various perspective, front, rear, top, 
bottom, and side views of a portable telemetric monitoring 
device, such as the device represented in FIG. 1A or 1B, 
according to some embodiments herein. 
0007 FIG. 2K is a left rear perspective view of the device 
of FIGS. 2A-J shown without an end cap in accordance with 
Some embodiments herein. 
0008 FIG. 2L is a left rear perspective exploded view of 
the device of FIG. 2K without a flange shown but with an 
end cap shown instead in accordance with some embodi 
ments herein. 
0009 FIGS. 2M and 2N are respectively a left rear 
perspective view and a right front perspective view of some 
of the internal components of the device of FIGS. 2A-K. 
0010 FIG. 3 is a perspective close up view of the rear 
portion of the device of FIGS. 2A-N without the end cap 
shown. 
(0011 FIGS. 4A and 4B are left front perspective views of 
an earpiece that is wired rather than wireless in accordance 
with an embodiment. Note that FIG. 4A illustrates some of 
the internal components of the device. 
(0012 FIG. 5A is a left front perspective exploded view of 
the device of FIG. 2 in accordance with an embodiment 
illustrating some internal components. 
(0013 FIG. 5B is a left front perspective exploded view of 
the device of FIG. 2 in accordance with an embodiment 
shown without any opacity. 
0014 FIG. 5C is a right front perspective exploded view 
of the device of FIG. 2. 
(0015 FIG.5D is a left rear perspective exploded view of 
the device of FIG. 2. 
0016 FIG. 5E is a front plan view (balloon facing out of 
the page) of the device of FIG. 2 shown with some opacity 
to illustrate some hidden elements or structures. 
(0017 FIG. 5F is a front plan view of the device of FIG. 
2 in accordance with the embodiments. 
(0018 FIG.5G is a rear plan view shown of the device of 
FIG. 2 with the end cap being substantially transparent in 
accordance with the embodiments. 
(0019 FIG. 5H is a rear plan view of the device of FIG. 
2 with the end cap shown in accordance with the embodi 
mentS. 

(0020 FIG.5I & FIG.5J are right side exploded views of 
the device of FIG. 2 shown without a flange. 
(0021 FIG. 5K & FIG.5L are left side exploded views of 
the device of FIG. 2 shown with a flange. 
(0022 FIG.5M and FIG. 5N are top side exploded views 
of the device of FIG. 2. 
(0023 FIG. 6A and FIG. 6B are left front perspective 
views of an earpiece in accordance with an embodiment 
where FIG. 6A is partially shaded or opaque to show some 
internal components. 
(0024 FIG. 6C is left front perspective view of some of 
the internal components and end cap of the device of FIGS. 
6A and 6B. 
(0025 FIG. 6D is a right side view of the end cap of FIGS. 
6A and 6B. 
(0026 FIG. 6E is a plan view of the end cap of FIG. 6A 
or 6B with a capacitive touch element shown and dimple 
boundary areas shown in accordance with an embodiment. 
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0027 FIG. 7A and FIG. 7B are left front perspective 
exploded views of an earpiece in accordance with an 
embodiment. 
0028 FIG. 8A is a left front perspective view of another 
earpiece in accordance with an embodiment. 
0029 FIG. 8B is a left side view of the embodiment of 
FIG. 8A. 
0030 FIG. 8 C is a left front perspective exploded view 
of the earpiece of FIGS. 8A and 8B. 
0031 FIG. 9 illustrates a graphical user interface for 
displaying data, according to some embodiments herein. 
0032 FIGS. 10A and 10B illustrate left and right earpiece 
modules according to Some embodiments herein. 
0033 FIGS. 11A-11B illustrates an earpiece module with 
an adjustable mouthpiece for monitoring physiological and 
environmental information near the mouth, according to 
some embodiments herein, wherein FIG. 11A illustrates the 
mouthpiece in a stored position and wherein FIG. 11B 
illustrates the mouthpiece in an extended operative position. 
0034 FIG. 12 illustrates the display of physiological and 
environmental information collected by a monitoring device 
and displayed on a mobile operatively coupled to the ear 
piece, according to some embodiments. 

DETAILED DESCRIPTION 

0035. The features of the embodiments, which are 
believed to be novel, are set forth with particularity in the 
appended claims. The embodiments may best be understood 
by reference to the following description, taken in conjunc 
tion with the accompanying drawings. The examples illus 
trated, however, may be embodied in many different forms 
and should not be construed as limited to the embodiments 
set forth herein; rather, these embodiments are provided so 
that this disclosure will be thorough and complete, and will 
fully convey the scope of the invention to those skilled in the 
art 

0036 While the specification concludes with the claims 
defining the features of the invention that are regarded as 
novel, it is believed that the embodiments may be better 
understood from a consideration of the following description 
in conjunction with the drawings figures, in which like 
reference numerals are carried forward. 

0037. The terms and phrases used herein are not intended 
to be limiting but rather to provide an understandable 
description of the embodiments. 
0038. The terms “a” or “an', as used herein, are defied as 
one or more than one. The term "another, as used herein, is 
defined as at least a second or more. The terms “including 
and/or “having as used herein, are defined as comprising 
(i.e. open transition). The term “coupled' or “operatively 
coupled as used herein, is defined as connected, although 
not necessarily directly, and not necessarily mechanically. It 
will be further understood that the terms “comprises” and/or 
“comprising,” when used in this specification, 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. Like numbers 
refer to like elements throughout. In the figures, the sizes of 
certain lines, layers, components, elements or features may 
be exaggerated for clarity. 

Nov. 10, 2016 

0039. Unless otherwise defined, all terms (including tech 
nical and scientific terms) used herein have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to which this invention belongs. It will be further 
understood that terms, such as those defined in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent with their meaning in the context of the 
specification and relevant art and should not be interpreted 
in an idealized or overly formal sense unless expressly so 
defined herein. Well-known functions or constructions may 
not be described in detail for brevity and/or clarity. 
0040. 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 
contacting 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 
contacting another element, there are no intervening ele 
ments present. It will also be appreciated by those of skill in 
the art that references to a structure or feature that is 
disposed “adjacent another feature may have portions that 
overlap or underlie the adjacent feature. 
0041 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 
relationship to another element(s) or feature(s) as illustrated 
in the figures. 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 figures. For example, if a device in the figures 
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”, “horizon 
tal' and the like are used herein for the purpose of expla 
nation only unless specifically indicated otherwise. 
0042. The term earpiece or “earpiece module' includes 
any type of device that may be attached to or near the ear of 
a user and may have various configurations, without limi 
tation. Such configurations include, but are not limited to, 
earpieces, ear buds, headphones, headsets, hearing aids, 
personal sound amplification products (PSAPS), and 
glasses. 
0043. 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 
timescale at which the information 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 
useless to the end user. Typically, averaged physiological 
and environmental information is more relevant than instan 
taneous changes. Thus, in the context of the present inven 
tion, signals may sometimes be processed over several 
seconds, or even minutes, in order to generate a “real-time' 
response. 

0044) The term “monitoring refers to the act of measur 
ing, quantifying, qualifying, estimating, sensing, calculat 
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ing, interpolating, extrapolating, inferring, deducing, or any 
combination of these actions. More generally, “monitoring 
refers to a way of getting information via one or more 
sensing elements. For example, "blood health monitoring 
can include monitoring of blood gas levels, blood hydration, 
blood flow, and metabolite/electrolyte levels. In the embodi 
ments herein, the term “physiological is intended to be used 
broadly, covering both physical and psychological charac 
teristics of or from the body of an organism. However, in 
Some cases, the term "psychological' is called-out sepa 
rately to emphasize aspects of physiology that are more 
related to brain activity and a state of being or mood rather 
than the activity of other organs, tissues, or cells. In this 
regard, multimodal monitoring can enhance the meaning or 
interpretation of psychological information, particularly 
with the analysis of Voice, words, phrases and semantics in 
conjunction with other physiological measurements as fur 
ther detailed below. 

0045. It should be understood that the embodiments 
herein can apply and be adapted to animals having vastly 
different anatomical structures than humans. For example, 
an earpiece attached or inserted into a cow, a dog, or a 
horse's ear (or other anatomical conduit) will have vastly 
different shapes or architectures, but can certainly be 
adapted to form sealed chambers or conduits sufficient to 
provide isolation in accordance with the embodiments. 
Thus, tracking or monitoring a cow's health, productivity or 
other parameters or a dog or a horse's speed or sentiment 
(during training) using some of the objective techniques 
herein for deciphering or understanding semantics (for 
humans) can equally apply to animals. 
0046. The term “health” refers generally to the quality or 
quantity of one or more physiological parameters with 
reference to an organism’s functional abilities. Health can 
include both private and public information. In the private 
portion, health information is personalized for each subject 
that is stored. In the public portion, anonymous health is 
stored and is accessible by third parties. The private or 
public health information may also include environmental 
information or other data as well. 

0047. The term “ad hoc' refers generally to a wireless 
connection established for the duration of one session with 
out the need for a base station. Instead, devices discover 
others within range to form a network. Bluetooth R), Low 
Energy Bluetooth, Zigbee, and Wi-Fi protocols are a few 
examples. The term “processor typically refers to logic 
circuitry that responds to and processes basic instructions 
that drive a computer or other electronic devices. The term 
processor has generally replaced the term central processing 
unit (CPU) and can further refer to a microprocessor, a 
digital signal processor, a programmable logic device, an 
application specific integrated circuit or ASIC or any num 
ber of other logic devices. The processor in a personal 
computer or embedded in small devices is often called a 
microprocessor. The term “sensor refers to a device that 
detects or measures a physical property and enables the 
recording, presentation or response to Such detection or 
measurement using processor and optionally memory. A 
sensor and processor can take one form of information and 
convert Such information into another form, typically having 
more usefulness than the original form. For example, a 
sensor 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 
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using a processor. A “sensor herein can also collect or 
harvest acoustical data for biometric analysis (by a proces 
sor) or for digital or analog voice communications. A 
“sensor can include any one or more of a physiological 
sensor (e.g., blood pressure, heart beat, etc.), a biometric 
sensor (e.g., a heart signature, a fingerprint, etc.), an envi 
ronmental sensor (e.g., temperature, particles, chemistry, 
etc.), a neurological sensor (e.g., brainwaves, EEG, etc.), or 
an acoustic sensor (e.g., Sound pressure level, Voice recog 
nition, Sound recognition, etc.) among others. A variety of 
microprocessors or other processors may be used herein. 
Although a single processor or sensor may be represented in 
the figures, it should be understood that the various process 
ing and sensing functions can be performed by a number of 
processors and sensors operating cooperatively or a single 
processor and sensor arrangement that includes transceivers 
and numerous other functions as further described herein. 

0048. The term “clinical study” refers broadly to the 
application 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 
interchangeably herein. As an example, the interaction 
between a therapy and health or physiology—such as a drug 
therapy, exercise? diet plan, physical regime, etc.—can con 
stitute 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 
themselves, sometimes in the form of self help. 
0049. 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. 
0050. The term “health study” refers to monitoring the 
health of an organism and studying the data regardless of the 
method of study. 
0051. 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 
performed 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. 
0052. The term “dieting plan” refers to a method of 
planning and/or regulating the intake of food or nutrients 
into the 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 pro 
grams or individuals themselves, sometimes in the form of 
self help. 
0053. The term “health study” refers to studying health as 
in its raw form, without necessarily being concerned about 
interactions between health and other factors. 

0054 The term "sickness and/or disease' refers generally 
to aspects of a sickness, disease, or injury in an individual or 
group of individuals. 
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0055. The term “environmental exposure” refers to any 
environmental occurrence (or energy) to which an individual 
or group of individuals is exposed. For example, exposure to 
Solar energy, air pollution, water pollution, temperature, 
nuclear radiation, humidity, particles, water, etc. which may 
all constitute environmental exposure. A variety of relevant 
environmental energies are listed elsewhere herein. 
0056. In many cases, the above cases overlap. As an 
example, a clinical study or wellness study may explore or 
record the interaction between physiological elements & 
environmental elements. 

0057 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. Aggregated information, particularly in 
Social media contexts, in addition to the personal or demo 
graphic information can also include current or recent loca 
tion info, current or recent activity info, as well as current or 
recent biometric, physiological, or environmental informa 
tion. For example, a device can enable the sharing of current 
location (e.g., at the Guggenheim Museum in NYC, or a 
pharmacy in Colorado), current or recently listened to con 
tent (whether reproduced in the ear (e.g., listening to a 
streaming or downloaded Andrea Bocelli album) or heard 
via an ambient microphone in the field (e.g., at a Cold Play 
concert) and recent keywords from a conversation or 
exchange with a third party (e.g., “I’ll have a little of the red 
cab’ or “Bartender, can I have a Sierra Nevada Pale Ale' or 
“Fill this prescription for Girl Scout Cookies or OG Kush for 
me dude'), and a current physiological measure (e.g., cur 
rent heart rate or blood pressure) to create a possibly shared 
point of interest with another individual in a social network. 
As can be imagined, the results can be Surprising 
0058. The term “multimodal” refers to monitoring of at 
least two different parameters such as sound pressure level 
and blood pressure or heart rate. Note, the different param 
eters can be related types of measurements such as hear rate 
and blood pressure, but they can also quite different capture 
or harvested from acoustic, biologic, neurologic, motion, or 
vision sensors as examples. In some embodiments, multi 
modal monitoring can enhance the interpretation and analy 
sis relating to semantics. For example, the reading of 
motion, brainwaves, Sound pressure level, blood pressure, or 
heart rate along with Voice recognition analysis of spoken 
words can provide richer contextual meaning. Assuming 
baseline readings exist for an individual, multimodal read 
ings can more clearly determine if an elevated heartbeat or 
blood pressure reading is an indication of potential sleep 
disorder or heart disease within the context of a typical daily 
activity (e.g., sleeping, walking or sitting) or within the 
context of a less typical daily activity (e.g., sprinting to catch 
a bus or rigorously exercising). Multimodal analysis or 
processing can enhance the logical interpretation given to 
words. In other words, multimodal analysis or processing 
can improve a semantics engine that interprets the logic and 
meaning in spoken words. 
0059. The terms “health and environmental network and 
“health and environmental monitoring system” are used 
interchangeably herein. The terms “monitoring system’’ and 
“network” may be used interchangeably, as well. The term 
“biofeedback” relates to measuring a subjects bodily pro 
cesses such as blood pressure, heart rate, skin temperature, 
galvanic skin response (Sweating), muscle tension, etc., and 
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conveying such information to the Subject in real-time in 
order to raise the Subjects awareness and conscious 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 ovu 
lation is also considered biofeedback. Biofeedback is also 
considered a technique used to learn to control bodily 
functions, such as heart rate. With biofeedback, the user can 
be connected to electrical sensors that help the user receive 
information (feedback) about their body (bio). This feed 
back helps the user focus on making Subtle changes in their 
body, such as relaxing certain muscles, to achieve the 
desired results, such as reducing pain. In essence, biofeed 
back gives the user the power to use their thoughts to control 
their body, often to help with a health condition or physical 
performance. Biofeedback is often used as a relaxation 
technique. 
0060. The term “profile' relates to a summary of note 
worthy characteristics and/or habits of an individual or 
group of individuals. These characteristics may be physi 
ological (health-related), environmental, statistical, demo 
graphical, behavioral, and the like. Age, location, gender, 
sex, weight, ethnicity, and/or height may be included in a 
profile. The profile and the aforementioned characteristics 
and/or habits can be used in the context of Social media and 
further information in the interactions within a social media 
network can be extracted to form a part of a profile as well 
Additionally, a profile may reference the buying and/or 
spending habits of an individual or group and can further 
include a credit rating. Profiles may be utilized in making 
predictions about an individual or group. 
0061 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 thera 
peutic technique. In some cases, supporting a therapy may 
involve providing an entirely new method having a thera 
peutic outcome. As a more specific example, a noninvasive 
health and environmental monitor system/network may Sup 
port a therapeutic drug study by noninvasively monitoring 
the real-time drug dosage in the body through multiwave 
length pulse oximetry, monitoring core body temperature 
through thermal sensing of the tympanic membrane, and 
monitoring environments which may positively or nega 
tively affect the quality of the drug therapy. 
0062. In the following figures, earpiece modules will be 
illustrated and described for insertion within the ear canal of 
the human body. It should be noted that the ear canal makes 
for a excellent location to interface with a multimodality 
biometric, environmental, neurological and acoustic sensor 
and communications array as will be further described. 
However, it is to be understood that embodiments of the 
present invention are not limited to those worn by humans 
or even in a biological context. Moreover, monitoring appa 
ratus according to embodiments are not limited to earpiece 
modules and/or devices configured to be attached to or 
inserted within the ear. Monitoring apparatus according to 
embodiments herein may be worn on various parts of the 
body or even worn inside the body. Different monitoring 
units working across the body can be used as a system, 



US 2016/0324478 A1 

integrating, sharing and providing feedback to a user or care 
providers. The feedback can be given to the user in many 
different forms including acoustically, hepatically, visually 
via any number of sensors including via temperature sensors 
and neurological sensors to just name a few. 
0063 Some embodiments arise from a discovery that the 
ear canal is an ideal location on or in the human body for a 
wearable health and environmental monitor. The ear canal 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 ear canal is also at or 
near the point of exposure to: environmental breathable 
toxicants of interest (volatile organic compounds, pollution, 
etc.); noise pollution experienced by the ear and its assorted 
pathway to the tympanic membrane called the External 
Auditory Canal (EAC). Internal to the skull, this location is 
contains a soft tissue which is adjacent to the brain, as Such 
the ear canal serves as an excellent location for mounting 
neurological and electrical sensors for monitoring brain 
activity. Furthermore, as the ear canal is naturally designed 
for capturing or harvesting acoustical energy, the ear canal 
provides an optimal location for monitoring internal Sounds, 
Such as heartbeat, breathing rate, and mouth motion, and 
one's own Voice via bone conduction. In some embodi 
ments, other locations on the body can be outfitted with 
sensors and operate in conjunction with sensors in an ear 
canal. For example, some embodiments can optionally use 
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). Note that blood 
gas levels and skin temperature may also be measured 
within the ear canal as well. 

0064 Providing sufficient isolation within an ear canal to 
mitigate outside or environmental factors also forms a 
portion of the embodiments herein. The use of an inflatable 
element, stretched membrane or balloon that can optionally 
to both mitigate external Sounds as well as house or serve as 
a vehicle for a number of sensors enhances the stability and 
reliability of sensors for use in a number of physiological 
readings. 
0065 Bluetooth R-enabled and/or other personal commu 
nication earpiece modules may be configured to incorporate 
physiological and/or environmental sensors, according to 
some embodiments of the present invention. Bluetooth R. 
3.0, 4.0, or LE or now Bluetooth R. Smart are the intelligent, 
power-friendly versions of Bluetooth wireless technology. 
While the power-efficiency of Bluetooth Smart makes it 
perfect for devices needing to run off a tiny battery for long 
periods, the Bluetooth Smart ability to work with an appli 
cation on current Smartphones or tablets makes it easy for 
developers and OEMs to create solutions that will work with 
the billions of Bluetooth enabled products already in the 
market today. Existing Bluetooth R) earpiece modules are 
considered typically lightweight, but often very obtrusive 
devices that have become widely accepted socially. More 
over, Bluetooth R) earpiece modules are cost effective, easy 
to use, low power and are often worn by users for a good 
portion of their waking hours. Embodiments herein can take 
advantage of Such Bluetooth characteristics and enable and 
encourage users to wear their devices for not only a portion 
of their waking hours but a vast majority of their day or night 
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including periods of sleep if desired Bluetooth R. earpiece 
modules configured according to embodiments can provide 
a function for the user beyond health monitoring, such as 
personal communication and multimedia applications, 
thereby encouraging user compliance. Exemplary physi 
ological and environmental sensors that may be incorporated 
into a Bluetooth R) 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. Another type of communication protocol known as 
ZigBee can be used in the embodiments herein to create 
personal area networks built from Small, low-power digital 
radios. ZigBee is based on an IEEE 802.15.4 standard. 
Though its low power consumption limits transmission 
distances to 10-100 meters line-of-sight, depending on 
power output and environmental characteristics, ZigBee 
devices can transmit data over long distances by passing 
data through a mesh network of intermediate devices to 
reach more distant ones. ZigBee is typically used in low data 
rate applications that require long battery life and secure 
networking (ZigBee networks are secured by 128 bit sym 
metric encryption keys.) ZigBee applications currently 
include wireless light switches, electrical meters with in 
home-displays, traffic management systems, and other con 
Sumer and industrial equipment that requires short-range 
low-rate wireless data transfer. The technology defined by 
the ZigBee specification is intended to be simpler and less 
expensive than other wireless personal area networks 
(WPANs), such as Bluetooth or Wi-Fi. Thus, embodiments 
herein are intended to be used with or without a phone. 
Typical applications between a phone and a monitoring 
earpiece would likely use Bluetooth while other applications 
that communicate between the earpiece and a home appli 
ance might use ZigBee or Bluetooth. 
0066. A "phoneless' model of the monitoring device in 
the form of an earpiece may incorporate any number of the 
functions of a phone. For example, Such embodiments could 
include an earpiece with a GPS location device or other 
location or tracking device. A pipeline to the Internet or 
other communication network can be provided using any of 
the aforementioned communications protocols such as Blu 
etooth, WiFi, or ZigBee instead of a cellular network. In 
Some embodiments, the earpiece itself can incorporate or 
include a cellular phone transceiver, even if battery life may 
continue to be an issue with current technologies. With 
additional improvements in phone transceiver battery drain 
and battery technologies, a longer-range communication 
system incorporated into an earpiece is feasible. In that 
regard, a WiMax communication transceiver or a Peer-to 
Peer system can also be other possible alternative within the 
Scope of the contemplated embodiments. In some embodi 
ments, an earpiece can include a wired connector Such as a 
USB or Apple Lightning connector to enable downloads and 
uploads to and from the earpiece to a computer or server or 
a cloud-based system via a computer network. 
0067. Wireless earpiece devices incorporating low-pro 

file sensors and other electronics, according to embodi 
ments, offer a platform for performing near-real-time per 
Sonal health and environmental monitoring in wearable, 
socially acceptable devices. The ability to make the earpiece 
nearly or completely imperceptible to others also furthers 
the Social acceptability of Such embodiments and overcomes 
the Stigmas associated with clearly visible devices such as 
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glasses and hearing aids. The capability to unobtrusively 
monitor an individual’s physiology and/or environment, 
combined with improved user compliance, is expected to 
have significant impact on future planned health and envi 
ronmental exposure studies. This is especially true for those 
that seek to link environmental stressors with personal 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 loca 
tion via GPS (Global Positioning System) and/or other 
location data can make on-going geographic studies pos 
sible, 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. 

0068 Embodiments herein are not limited to devices that 
communicate wirelessly. In some embodiments of the pres 
ent invention, devices configured to monitor an individuals 
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 ear 
piece module itself. In view of the above discussion, systems 
and methods for monitoring various physiological and envi 
ronmental factors, as well as systems and methods for using 
this information for a plurality of useful purposes, are 
provided. According to some embodiments, real-time, non 
invasive health and environmental monitors include a plu 
rality of compact sensors integrated within Small, low 
profile devices that are further secured and made more 
environmentally isolated using an inflatable element or 
balloon and in Some embodiments mounted within a vessel, 
organ, body conduit, orifice, for which the biometric data 
can be acquired. Physiological and environmental data can 
be collected or acquired 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 
methods, such as sports training or monitoring, clinical 
trials, marketing studies, biofeedback, entertainment, iden 
tity verification, authentication, purchase authorizations, and 
others. In a general sense, embodiments herein are primarily 
defined in either a device or method that uses three major 
pathways that include a first pathway for user interfaces and 
interactions, a second pathway for sensing, and a third 
pathway for analysis based on sensed data and optionally 
based on user interactions. Most embodiments contemplated 
herein include an auditory front end that includes at least one 
microphone and at least one speaker. In many embodiments, 
the auditory front end can include an ambient or external 
microphone as well as an ear canal microphone and speaker 
for use in an ear canal known as an ear canal receiver. 
Embodiments can include an expandable element or balloon 
as discussed above or a stressed membrane that isolates, 
occludes or Substantially occludes one portion of a conduit 
from another. In the case of an ear canal, the stressed 
membrane or expandable element would isolate a portion of 
the ear canal typically from the tympanic membrane to a 
point within the ear canal where a wall of the expandable 
element radially contacts a Surface of the ear canal wall. In 
the case of an earpiece, the expandable element can occlude 
an ear canal or seal an ear canal volume to isolate the ear 
canal Volume from an ambient environment external to the 
ear canal volume. Further note that the expandable balloon 
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element can integrate or more sensors on, embedded within, 
or inside the expandable element. 
0069. In some embodiments, a system or device for 
insertion within an ear canal or other biological conduit or 
non-biological conduits comprises at least one sensor, a 
mechanism for either being anchored to a biological conduit 
or occluding the conduit, and a vehicle for processing and 
communicating any acquired sensor data. In some embodi 
ments, the device is a wearable device for insertion within 
an ear canal and comprises an expandable element or 
balloon used for occluding the ear canal. The wearable 
device can include one or more sensors that can optionally 
include sensors on, embedded within, layered, on the exte 
rior or inside the expandable element or balloon. Sensors can 
also be operationally coupled to the monitoring device either 
locally or via wireless communication. Some of the sensors 
can be housed in a mobile device or jewelry worn by the user 
and operationally coupled to the earpiece. In other words, a 
sensor mounted on phone or another device that can be worn 
or held by a user can serve as yet another sensor that can 
capture or harvest information and be used in conjunction 
with the sensor data captured or harvested by the earpiece 
monitoring device. In yet other embodiments, a vessel, a 
portion of human vasculature, or other human conduit (not 
limited to an ear canal) can be occluded monitored with 
different types of sensors. For example, a nasal passage, 
gastric passage, vein, artery or a bronchial tube can be 
occluded with a balloon or stretched membrane and moni 
tored for certain coloration, acoustic signatures, gases, tem 
perature, blood flow, bacteria, viruses, or pathogens (just as 
a few examples) using an appropriate sensor or sensors. 
0070. In some embodiments, a system or device 1 as 
illustrated in FIG. 1A, can be part of an integrated minia 
turized earpiece (or other body worn or embedded device) 
that includes all or a portion of the components shown. In 
other embodiments, a first portion of the components shown 
comprise part of a system working with an earpiece having 
a remaining portion that operates cooperatively with the first 
portion. In some embodiments, an fully integrated system or 
device 1 can include an earpiece having a power source 2 
(such as button cell battery, a rechargeable battery, or other 
power source) and one or more processors 4 that can process 
a number of acoustic channels, provide for hearing loss 
correction and prevention, process sensor data, convert 
signals to and from digital and analog and perform appro 
priate filtering. In some embodiments, the processor 4 is 
formed from one or more digital signal processors (DSPs). 
The device can include one or more sensors 5 operationally 
coupled to the processor 4. Data from the sensors can be sent 
to the processor directly or wirelessly using appropriate 
wireless modules 6A and communication protocols such as 
Bluetooth, WiFi, NFC, RF, and Optical such as infrared for 
example. The sensors can constitute biometric, physiologi 
cal, environmental, acoustical, or neurological among other 
classes of sensors. In some embodiments, the sensors can be 
embedded or formed on or within an expandable element or 
balloon that is used to occlude the ear canal. Such sensors 
can include non-invasive contactless sensors that have elec 
trodes for EEGs, ECGs, transdermal sensors, temperature 
sensors, transducers, microphones, optical sensors, motion 
sensors or other biometric, neurological, or physiological 
sensors that can monitor brainwaves, heartbeats, breathing 
rates, vascular signatures, pulse oximetry, blood flow, skin 
resistance, glucose levels, and temperature among many 
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other parameters. The sensor(s) can also be environmental 
including, but not limited to, ambient microphones, tem 
perature sensors, humidity sensors, barometric pressure sen 
sors, radiation sensors, Volatile chemical sensors, particle 
detection sensors, or other chemical sensors. The sensors 5 
can be directly coupled to the processor 4 or wirelessly 
coupled via a wireless communication system 6A. Also note 
that many of the components shown can be wirelessly 
coupled to each other and not necessarily limited to the 
wireless connections shown. 

0071. As an earpiece, some embodiments are primarily 
driven by acoustical means (using an ambient microphone or 
an ear canal microphone for example), but the earpiece can 
be a multimodal device that can be controlled by not only 
Voice using a speech or voice recognition engine 3A (which 
can be local or remote), but by other user inputs such as 
gesture control 3B, or other user interfaces 3C can be used 
(e.g., external device keypad, camera, etc). Similarly, the 
outputs can primarily be acoustic, but other outputs can be 
provided. The gesture control 3B, for example, can be a 
motion detector for detecting certain user movements (fin 
ger, head, foot, jaw, etc.) or a capacitive or touch screen 
sensor for detecting predetermined user patterns detected on 
or in close proximity to the sensor. The user interface 3C can 
be a camera on a phone or a pair of virtual reality (VR) or 
augmented reality (AR) glasses' or other pair of glasses for 
detecting a wink or blink of one or both eyes. The user 
interface 3C can also include external input devices such as 
touch screens or keypads on mobile devices operatively 
coupled to the device 1. The gesture control can be local to 
the earpiece or remote (such as on a phone). As an earpiece, 
the output can be part of a user interface 8 that will vary 
greatly based on the application 9B (which will be described 
in further detail below). The user interface 8 can be primary 
acoustic providing for a text to speech output, or an auditory 
display, or some form of Sonification that provides some 
form of non-speech audio to convey information or percep 
tualize data. Of course, other parts of the user interface 8 can 
be visual or tactile using a screen, LEDs and/or haptic device 
as examples. 
0072. In one embodiment, the User Interface 8 can use 
what is known as “sonification” to enable wayfinding to 
provide users an auditory means of direction finding. For 
example and analogous to a Geiger counter, the user inter 
face 8 can provide a series of beeps or clicks or other sound 
that increase in frequency as a user follows a correct path 
towards a predetermined destination. Straying away from 
the path will provide beeps, clicks or other sounds that will 
then slow down in frequency. In one example, the wayfind 
ing function can provide an alert and steer a user left and 
right with appropriate beeps or other sonification. The 
Sounds can vary in intensity, Volume, frequency, and direc 
tion to assist a user with wayfinding to a particular destina 
tion. Differences or variations using one or two ears can also 
be exploited. Head-related transfer function (HRTF) cues 
can be provided. A HRTF is a response that characterizes 
how an ear receives a sound from a point in space; a pair of 
HRTFs for two ears can be used to synthesize a binaural 
Sound that seems to come from a particular point in space. 
Humans have just two ears, but can locate sounds in three 
dimensions in terms of range (distance), in terms of direction 
above and below, in front and to the rear, as well as to either 
side. This is possible because the brain, inner ear and the 
external ears (pinna) work together to make inferences about 
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location. This ability to localize Sound sources may have 
developed in humans and ancestors as an evolutionary 
necessity, since the eyes can only see a fraction of the world 
around a viewer, and vision is hampered in darkness, while 
the ability to localize a Sound source works in all directions, 
to varying accuracy, regardless of the Surrounding light. 
Some consumer home entertainment products designed to 
reproduce Surround Sound from Stereo (two-speaker) head 
phones use HRTFs and similarly, such directional simulation 
can be used with earpieces to provide a wayfinding function. 
0073. In some embodiments, the processor 4 is coupled 
(either directly or wirelessly via module 6B) to memory 7A 
which can be local to the device 1 or remote to the device 
(but part of the system). The memory 7A can store acoustic 
information, raw or processed sensor data, or other infor 
mation as desired. The memory 7A can receive the data 
directly from the processor 4 or via wireless communica 
tions 6B. In some embodiments, the data or acoustic infor 
mation is recorded (7B) in a circular buffer or other storage 
device for later retrieval. In some embodiments, the acoustic 
information or other data is stored at a local or a remote 
database 7C. In some embodiments, the acoustic informa 
tion or other data is analyzed by an analysis module 7D 
(either with or without recording 7B) and done either locally 
or remotely. The output of the analysis module can be stored 
at the database 7C or provided as an output to the user or 
other interested part (e.g., user's physician, a third party 
payment processor. Note that storage of information can 
vary greatly based on the particular type of information 
obtained. In the case of acoustic information, Such informa 
tion can be stored in a circular buffer, while biometric and 
other data may be stored in a different form of memory 
(either local or remote). In some embodiments, captured or 
harvested data can be sent to remote storage such as storage 
in “the cloud' when battery and other conditions are opti 
mum (such as during sleep). 
0074. In some embodiments, the earpiece or monitoring 
device can be used in various commercial scenarios. One or 
more of the sensors used in the monitoring device can be 
used to create a unique or highly non-duplicative signature 
sufficient for authentication, verification or identification. 
Some human biometric signatures can be quite unique and 
be used by themselves or in conjunction with other tech 
niques to corroborate certain information. For example, a 
heart beat or heart signature can be used for biometric 
verification. An individuals heart signature under certain 
contexts (under certain stimuli as when listening to a certain 
tone while standing or sitting) may have certain character 
istics that are considered sufficiently unique. The heart 
signature can also be used in conjunction with other verifi 
cation schemes such as pin numbers, predetermined ges 
tures, fingerprints, or voice recognition to provide a more 
robust, Verifiable and secure system. In some embodiments, 
biometric information can be used to readily distinguish one 
or more speakers from a group of known speakers such as 
in a teleconference call or a videoconference call. 

0075. In some embodiments, the earpiece can be part of 
a payment system 9A that works in conjunction with the one 
or more sensors 5. In some embodiments, the payment 
system 9A can operate cooperatively with a wireless com 
munication system 6B such as a 1-3 meter Near Field 
Communication (NFC) system, Bluetooth wireless system, 
WiFi system, or cellular system. In one embodiment, a very 
short range wireless system uses an NFC signal to confirm 
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possession of the device in conjunction with other sensor 
information that can provide corroboration of identification, 
authorization, or authentication of the user for a transaction. 
In some embodiments, the system will not fully operate 
using an NFC system due to distance limitations and there 
fore another wireless communication protocol can be used. 
0076. In one embodiment, the sensor 5 can include a 
Snapdragon Sense ID 3D fingerprint technology by Qual 
comm or other designed to boost personal security, usability 
and integration over touch-based fingerprint technologies. 
The new authentication platform can utilize Qualcomm’s 
SecureMSM technology and the FIDO (Fast Identity 
Online) Alliance Universal Authentication Framework 
(UAF) specification to remove the need for passwords or to 
remember multiple account usernames and passwords. As a 
result, in the future, users will be able to login to any website 
which supports FIDO through using their device and a 
partnering browser plug-in which can be stored in memory 
7A or elsewhere. solution) The Qualcomm fingerprint scan 
ner technology is able to penetrate different levels of skin, 
detecting 3D details including ridges and Sweat pores, which 
is an element touch-based biometrics do not possess. Of 
course, in a multimodal embodiment, other sensor data can 
be used to corroborate identification, authorization or 
authentication and gesture control can further be used to 
provide a level of identification, authorization or authenti 
cation. Of course, in many instances, 3D fingerprint tech 
nology may be burdensome and considered "over-engineer 
ing where a simple acoustic or biometric point of entry is 
adequate and more than Sufficient. For example, after an 
initial login, Subsequent logins can merely use voice recog 
nition as a means of accessing a device. If further security 
and verification is desired for a commercial transaction for 
example, then other sensors as the 3D fingerprint technology 
can be used. 

0077. In some embodiments, an external portion of the 
earpiece (e.g., an end cap) can include a fingerprint sensor 
and/or gesture control sensor to detect a fingerprint and/or 
gesture. Other sensors and analysis can correlate other 
parameters to confirm that user fits a predetermined or 
historical profile within a predetermined threshold. For 
example, a resting heart rate can typically be within a given 
range for a given amount of detected motion. In another 
example, a predetermined brainwave pattern in reaction to a 
predetermined stimulus (e.g., music, Sound pattern, visual 
presentation, tactile stimulation, etc.) can also be found be 
within a given range for a particular person. In yet another 
example, sound pressure levels (SPL) of a user's voice 
and/or of an ambient sound can be measured in particular 
contexts (e.g. in a particular store or at a particular venue as 
determined by GPS or a beacon signal) to verify and 
corroborate additional information alleged by the user. For 
example, a person conducting a transaction at a known 
venue having a particular background noise characteristic 
(e.g., periodic tones or announcements or Muzak playing in 
the background at known SPL levels measured from a point 
of sale) commonly frequented by the user of the monitoring 
device can provide added confirmation that a particular 
transaction is occurring in a location by the user. In another 
context, if a registered user at home (with minimal back 
ground noise) is conducting a transaction and speaking with 
a customer service representative regarding the transaction, 
the user may typically speak at a particular Volume or SPL 
indicative that the registered user is the actual person 
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claiming to make the transaction. A multimodal profile can 
be built and stored for an individual to sufficiently corrobo 
rate or correlate the information to that individual. Presum 
ably, the correlation and accuracy becomes stronger over 
time as more sensor data is obtained as the user utilizes the 
device 1 and a historical profile is essentially built. Thus, a 
very robust payment system 9A can be implemented that can 
allow for mobile commerce with the use of the earpiece 
alone or in conjunction with a mobile device Such as a 
cellular phone. Of course, information can be stored or 
retained remotely in server or database and work coopera 
tively with the device 1. In other applications, the pay 
system can operate with almost any type of commerce. 
(0078 Referring to FIG. 1B, a device 1, substantially 
similar to the device 1 of FIG. 1A is shown with further 
details in Some respects and less details in other respects. For 
simplicity, local or remote memory, local or remote data 
bases, and features for recording can all be represented by 
the storage device 7 which can be coupled to an analysis 
module 7D. As before, the device can be powered by a 
power source 2. The device 1 can include one or more 
processors 4 that can process a number of acoustic channels 
and process such channels for situational awareness and/or 
for keyword or Sound pattern recognition, as well as daily 
speech the user speaks, coughs, Sneezes, etc. The processor 
(S) 4 can provide for hearing loss correction and prevention, 
process sensor data, convert signals to and from digital and 
analog and perform appropriate filtering as needed. In some 
embodiments, the processor 4 is formed from one or more 
digital signal processors (DSPs). The device can include one 
or more sensors 5 operationally coupled to the processor 4. 
The sensors can be biometric and/or environmental. Such 
environmental sensors can sense one or more among light, 
radioactivity, electromagnetism, chemicals, odors, or par 
ticles. The sensors can also detect physiological changes or 
metabolic changes. In some embodiments, the sensors can 
include electrodes or contactless sensors and provide for 
neurological readings including brainwaves. The sensors 
can also include transducers or microphones for sensing 
acoustic information. Other sensors can detect motion and 
can include one or more of a GPS device, an accelerometer, 
a gyroscope, a beacon sensor, or NFC device. One or more 
sensors can be used to sense emotional aspects such as stress 
or other affective attributes. In a multimodal, multisensory 
embodiment, a combination of sensors can be used to make 
emotional or mental state assessments or other anticipatory 
determinations. 

0079 User interfaces can be used alone or in combination 
with the aforementioned sensors to also more accurately 
make emotional or mental state assessments or other antici 
patory determinations. A voice control module 3A can 
include one or more of an ambient microphone, an ear canal 
microphone or other external microphones (e.g., from a 
phone, lap top, or other external Source) to control the 
functionality of the device 1 to provide a myriad of control 
functions such as retrieving search results (e.g., for infor 
mation, directions) or to conduct transactions (e.g., ordering, 
confirming an order, making a purchase, canceling a pur 
chase, etc.), or to activate other functions either locally or 
remotely (e.g., turn on a light, open a garage door). The use 
of an expandable element or balloon for sealing an ear canal 
can be strategically used in conjunction with an ear canal 
microphone (in the sealed ear canal Volume) to isolate a 
user's voice attributable to bone conduction and correlate 
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such voice from bone conduction with the user's voice 
picked up by an ambient microphone. Through appropriate 
mixing of the signal from the ear canal microphone and the 
ambient microphone, Such mixing technique can provide for 
a more intelligible voice substantially free of ambient noise 
that is more recognizable by Voice recognition engines Such 
as SIRI by Apple, Google Now by Google, or Cortana by 
Microsoft. 

0080. The voice control interface 3A can be used alone or 
optionally with other interfaces that provide for gesture 
control 3B. Alternatively, the gesture control interface(s) 3B 
can be used by themselves. The gesture control interface(s) 
3B can be local or remote and can be embodied in many 
different forms or technologies. For example, a gesture 
control interface can use radio frequency, acoustic, optical, 
capacitive, or ultrasonic sensing. The gesture control inter 
face can also be switch-based using a foot Switch or toe 
Switch. An optical or camera sensor or other sensor can also 
allow for control based on winks, blinks, eye movement 
tracking, mandibular movement, Swallowing, or a Suck 
blow reflex as examples. 
0081. The processor 4 can also interface with various 
devices or control mechanisms within the ecosystem of the 
device 1. For example, the device can include various valves 
that control the flow of fluids or acoustic sound waves. More 
specifically, in one example the device 1 can include a 
shutter or “aural iris’ in the form of an electro active 
polymer that controls a level or an opening size that controls 
the amount of acoustic sound that passes through to the 
user's ear canal. In another example, the processor 4 can 
control a level of battery charging to optimize charging time 
or optimize battery life in consideration of other factors such 
as temperature or safety in view of the rechargeable battery 
technology used. 
I0082. A brain control interface (BCI) 5B can be incor 
porated in the embodiments to allow for control of local or 
remote functions including, but not limited to prosthetic 
devices. In some embodiments, electrodes or contactless 
sensors in the balloon of an earpiece can pickup brainwaves 
or perform an EEG reading that can be used to control the 
functionality of the earpiece itself or the functionality of 
external devices. The BCI 5B can operate cooperatively with 
other user interfaces (8A or 3C) to provide a user with 
adequate control and feedback. In some embodiments, the 
earpiece and electrodes or contactless sensors can be used in 
Evoked Potential Tests. Evoked potential tests measure the 
brain's response to stimuli that are delivered through sight, 
hearing, or touch. These sensory stimuli evoke minute 
electrical potentials that travel along nerves to the brain, and 
can be recorded typically with patch-like sensors (elec 
trodes) that are attached to the scalp and skin over various 
peripheral sensory nerves, but in these embodiments, the 
contactless sensors in the earpiece can be used instead. The 
signals obtained by the contactless sensors are transmitted to 
a computer, where they are typically amplified, averaged, 
and displayed. There are 3 major types of evoked potential 
tests including: 1) Visual evoked potentials, which are 
produced by exposing the eye to a reversible checkerboard 
pattern or strobe light flash, help to detect vision impairment 
caused by optic nerve damage, particularly from multiple 
Sclerosis; 2) Brainstem auditory evoked potentials, gener 
ated by delivering clicks to the ear, which are used to 
identify the source of hearing loss and help to differentiate 
between damage to the acoustic nerve and damage to 
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auditory pathways within the brainstem; and 3) Somatosen 
sory evoked potentials, produced by electrically stimulating 
a peripheral sensory nerve or a nerve responsible for sen 
sation in an area of the body which can be used to diagnose 
peripheral nerve damage and locate brain and spinal cord 
lesions The purpose of the Evoked Potential Tests include 
assessing the function of the nervous system, aiding in the 
diagnosis of nervous system lesions and abnormalities, 
monitoring the progression or treatment of degenerative 
nerve diseases such as multiple Sclerosis, monitoring brain 
activity and nerve signals during brain or spine Surgery, or 
in patients who are under general anesthesia, and assessing 
brain function in a patient who is in a coma. In some 
embodiments, particular brainwave measurements (whether 
resulting from Evoked Potential stimuli or not) can be 
correlated to particular thoughts and selections to train a user 
to eventually consciously make selections merely by using 
brainwaves. For example, if a user is given a selection 
among A. Apple B. Banana and C. Cherry, a correlation of 
brainwave patterns and a particular selection can be devel 
oped or profiled and then subsequently used in the future to 
determine and match when a particular user merely thinks of 
a particular selection such as "C. Cherry'. The more dis 
tinctively a particular pattern correlates to a particular selec 
tion, the more reliable the use of this technique as a user 
input. 
I0083 User interface 8A can include one or more among 
an acoustic output or an “auditory display', a visual display, 
a sonification output, or a tactile output (thermal, haptic, 
liquid leak, electric shock, air puff, etc.). In some embodi 
ments, the user interface 8A can use an electroactive poly 
mer (EAP) to provide feedback to a user. As noted above, a 
BCI 5B can provide information to a user interface 8A in a 
number of forms. In some embodiments, balloon pressure 
oscillations or other adjustments can also be used as a means 
of providing feedback to a user. Also note that mandibular 
movements (chewing, Swallowing, yawning, etc.) can alter 
balloon pressure levels (of a balloon in an ear canal) and be 
used as way to control functions. (Also note that balloon 
pressure can be monitored to correlate with mandibular 
movements and thus be used as a sensor for monitoring Such 
actions as chewing Swallowing and yawning). 
I0084. Other user interfaces 3C can provide external 
device inputs that can be processed by the processor(s) 4. As 
noted above, these inputs include, but are not limited to, 
external device keypads, keyboards, cameras, touch screens, 
mice, and microphones to name a few. 
I0085. The user interfaces, types of control, and/or sensors 
may likely depend on the type of application 9B. In a mobile 
application, a mobile phone microphone(s), keypad, touch 
screen, camera, or GPS or motion sensor can be utilized to 
provide a number of the contemplated functions. In a 
vehicular environment, a number of the functions can be 
coordinated with a car dash and stereo system and data 
available from a vehicle. In an exercise, medical, or health 
context, a number of sensors can monitor one or more 
among, heart beat, blood flow, blood oxygenation, pulse 
Oximetry, temperature, glucose, Sweat, electrolytes, lactate, 
pH, brainwave, EEG, ECG or other physiological, or bio 
metric data. Biometric data can also be used to confirm a 
patient’s identity in a hospital or other medical facility to 
reduce or avoid medical record errors and mix-ups. In a 
Social networking environment, users in a Social network 
can detect each other's presence, interests, and vital statistics 
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to spur on athletic competition, commerce or other social 
goals or motivations. In a military or professional context, 
various sensors and controls disclosed herein can offer a 
discrete and nearly invisible or imperceptible way of moni 
toring and communicating that can extend the "eyes and 
ears of an organization to each individual using an earpiece 
as described above. In a commercial context, a short-range 
communication technology Such as NFC or beacons can be 
used with other biometric or gesture information to provide 
for a more robust and secure commercial transactional 
system. In a call center context or other professional context, 
the earpiece could incorporate a biosensor that measures 
emotional excitement by measuring physiological 
responses. The physiological responses can include skin 
conductance or Galvanic Skin Response, temperature and 
motion. 

I0086. In yet other aspects, some embodiments can moni 
tor a person’s sleep quality, mood, or assess and provide a 
more robust anticipatory device using a semantics acoustic 
engine with other sensors. The semantic engine can be part 
of the processor 4 or part of the analysis module 7D that can 
be performed locally at the device 1 or remotely as part of 
an overall system. If done remotely at a remote server, the 
system 1 can include a server (or cloud) that includes 
algorithms for analysis of gathered sensor data and profile 
information for a particular user. In contrast to other 
schemes, the embodiments herein can perform semantic 
analysis based on all biometrics, audio, and metadata 
(speaker ID, etc.) in combination and also in a much 
“cleaner” environments within a sealed EAC sealed by a 
proprietary balloon that is immune to many of the detriments 
in other schemes used to attempt to seal an EAC. Depending 
on the resources available at a particular time Such as 
processing power, semantic analysis applications, or battery 
life, the semantic analysis would be best performed locally 
within a monitoring earpiece device itself, or within a 
cellular phone operationally coupled to the earpiece, or 
within a remote server or cloud or a combination thereof. 

0087. Though the methods herein may apply broadly to a 
variety of form factors for a monitoring apparatus, in some 
embodiments herein a 2-way communication device in the 
form of an earpiece with at least a portion being housed in 
an ear canal can function as a physiological monitor, an 
environmental monitor, and a wireless personal communi 
cator. Because the ear region is located next to a variety of 
"hot spots” for physiological an environmental sensing— 
including the carotid artery, the paranasal sinus, etc.—in 
Some cases an earpiece monitor takes preference over other 
form factors. Furthermore, the earpiece can use the ear canal 
microphone to obtain heart rate, heart rate signature, blood 
pressure and other biometric information Such as acoustic 
signatures from chewing or Swallowing or from breathing or 
breathing patterns. The earpiece can take advantage of 
commercially available open-architecture, ad hoc, wireless 
paradigms, such as Bluetooth R., Wi-Fi, or ZigBee. In some 
embodiments, a Small, compact earpiece contains at least 
one microphone and one speaker, and is configured to 
transmit information wirelessly to a recording device Such 
as, for example, a cell phone, a personal digital assistant 
(PDA), and/or a computer. In another embodiment, the 
earpiece contains a plurality of sensors for monitoring 
personal health and environmental exposure. Health and 
environmental information, sensed by the sensors is trans 
mitted wirelessly, in real-time, to a recording device or 
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media, capable of processing 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. 
Note that the embodiments are not limited to an earpiece and 
can include other body worn or insertable or implantable 
devices as well as devices that can be used outside of a 
biological context (e.g., an oil pipeline, gas pipeline, con 
duits used in vehicles, or water or other chemical plumbing 
or conduits). Other body worn devices contemplated herein 
can incorporate such sensors and include, but are not limited 
to, glasses, jewelry, watches, anklets, bracelets, contact 
lenses, headphones, earphones, earbuds, canal phones, hats, 
caps, shoes, mouthpieces, or nose plugs to name a few. In 
addition, all types of body insertable devices are contem 
plated as well. 
I0088. Further note that the shape of the balloon will vary 
based on the application. Some of the various embodiments 
herein stem from characteristics of the unique balloon 
geometry “UBG’ sometimes referred to as stretched or 
flexible membranes, established from anthropomorphic 
studies of various biological lumens Such as the external 
auditory canal (EAC) and further based on the “to be worn 
location' within the ear canal. Other embodiments herein 
additionally stem from the materials used in the construction 
of the UBG balloon, the techniques of manufacturing the 
UBG and the materials used for the filling of the UBG. Some 
embodiments exhibit an overall shape of the UBG as a 
prolate spheroid in geometry, easily identified by its polar 
axis being greater than the equatorial diameter. In other 
embodiments, the shape can be considered an oval or 
ellipsoid. Of course, other biological lumens and conduits 
will ideally use other shapes to perform the various func 
tions described herein. See Provisional Patent Application 
No. 62/090,136 entitled “MEMBRANE AND BALLOON 
SYSTEMS AND DESIGNS FOR CONDUITS filed On 
Dec. 10, 2014, incorporated herein by reference in its 
entirety. 
I0089. Each physiological sensor can be configured to 
detect and/or measure one or more of the following types of 
physiological information: heart rate, pulse rate, breathing 
rate, blood flow, heartbeat signatures, cardio-pulmonary 
health, organ health, metabolism, electrolyte type and/or 
concentration, physical activity, caloric intake, caloric 
metabolism, blood metabolite levels or ratios, blood pH 
level, physical and/or psychological stress levels and/or 
stress level indicators, drug dosage and/or dosimetry, physi 
ological drug reactions, drug chemistry, biochemistry, posi 
tion and/or balance, body strain, neurological functioning, 
brain activity, brain waves, blood pressure, cranial pressure, 
hydration level, auscultatory information, auscultatory sig 
nals 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, Snoring, 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, 
blood alcohol levels, anxiety, fertility, ovulation, sex hor 
mones, psychological mood, sleep patterns, hunger and/or 
thirst, hormone type and/or concentration, cholesterol, lip 
ids, blood panel, bone density, organ and/or body weight, 
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reflex response, sexual arousal, mental and/or physical alert 
ness, sleepiness, auscultatory information, response to exter 
nal stimuli, Swallowing Volume, Swallowing rate, mandibu 
lar movement, mandibular pressure, chewing, sickness, 
Voice characteristics, voice tone, Voice pitch, Voice Volume, 
Vital signs, head tilt, allergic reactions, inflammation 
response, auto-immune response, mutagenic response, 
DNA, proteins, protein levels in the blood, water content of 
the blood, blood cell count, blood cell density, pheromones, 
internal body sounds, digestive system functioning, cellular 
regeneration response, healing response, stem cell regenera 
tion response, and/or other physiological information. 
0090. Each environmental sensor is configured to detect 
and/or measure one or more of the following types of 
environmental information: climate, humidity, temperature, 
pressure, barometric pressure, soot density, airborne particle 
density, airborne particle size, airborne particle shape, air 
borne particle identity, volatile organic chemicals (VOCs), 
hydrocarbons, polycyclic aromatic hydrocarbons (PAHs), 
carcinogens, toxins, electromagnetic energy, optical radia 
tion, cosmic rays, X-rays, gamma rays, microwave radia 
tion, terahertz radiation, ultraviolet radiation, infrared radia 
tion, radio waves, atomic energy alpha particles, atomic 
energy beta-particles, gravity, light intensity, light fre 
quency, light flicker, light phase, oZone, carbon monoxide, 
carbon dioxide, nitrous oxide, Sulfides, 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, human brainwaves, animal Sounds, diseases expelled 
from others, exhaled breath and/or breath constituents of 
others, toxins from others, pheromones from others, indus 
trial and/or transportation Sounds, allergens, animal hair, 
pollen, exhaust from engines, vapors and/or fumes, fuel, 
signatures for mineral deposits and/or oil deposits, Snow, 
rain, thermal energy, hot Surfaces, hot gases, Solar energy, 
hail, ice, vibrations, traffic, the number of people in a 
vicinity of the person, coughing and/or Sneezing sounds 
from people in the vicinity of the person, loudness and/or 
pitch from those speaking in the vicinity of the person, 
and/or other environmental information, as well as location 
in, speaker identity of current speaker, how many individual 
speakers in a group, the identity of all the speakers in the 
group, semantic analysis of the wearer as well as the other 
speakers, and speaker ID. Essentially, the sensors herein can 
be designed to detect a signature or levels or values (whether 
of Sound, chemical, light, particle, electrical, motion, or 
otherwise) as can be imagined. 
0091. In some embodiments, the physiological and/or 
environmental sensors can be used as part of an identifica 
tion, authentication, and/or payment system or method. The 
data gathered from the sensors can be used to identify an 
individual among an existing group of known or registered 
individuals. In some embodiments, the data can be used to 
authenticate an individual for additional functions such as 
granting additional access to information or enabling trans 
actions or payments from an existing account associated 
with the individual or authorized for use by the individual. 
0092. In some embodiments, the signal processor is con 
figured to process signals produced by the physiological and 
environmental sensors into signals that can be heard and/or 
viewed or otherwise sensed and understood by the person 
wearing the apparatus. In some embodiments, the signal 
processor is configured to selectively extract environmental 
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effects from signals produced by a physiological sensor 
and/or selectively extract physiological effects from signals 
produced by an environmental sensor. In some embodi 
ments, the physiological and environmental sensors produce 
signals that can be sensed by the person wearing the appa 
ratus by providing a sensory touch signal (e.g., Braille, 
electric shock, or other). 
0093. A monitoring system, according to some embodi 
ments of the present invention, may be configured to detect 
damage or potential damage levels (or metric outside a 
normal or expected reading) to a portion of the body of the 
person wearing the apparatus, and may be configured to alert 
the person when Such damage or deviation from a norm is 
detected. For example, when a person is exposed to Sound 
above a certain level that may be potentially damaging, the 
person is notified 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 exter 
nal noises or other NIHL toxins. As yet another example, an 
erratic heart rate or a cardiac signature indicative of a 
potential issue (e.g., heart murmur) can also provide a user 
an alert. A hear murmur or other potential issue may not 
Surface unless the user is placed under stress. As the moni 
toring unit is “ear-borne', opportunities to exercise and 
experience stress is rather broad and flexible. When cardiac 
signature is monitored using the embodiments herein, the 
signatures of potential issues (such as heart murmur) when 
placed under certain stress level can become apparent Suf 
ficient to indicate further probing by a health care practitio 

. 

0094. 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, traffic 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 
relationships between individuals or groups of individuals. 
The monitoring system may be used to Support targeted 
advertisements, links, searches or the like through traditional 
media, the internet, or other communication networks. The 
monitoring system may be integrated into a form of enter 
tainment, such as health and wellness competitions, sports, 
or games based on health and/or environmental information 
associated with a user. 

0.095 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 ana 
lyzing 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 
physiological sensor and/or environmental sensor. Each 
physiological sensor is configured to detect and/or measure 
one or more physiological factors from the Subject in situ 
and each environmental sensor is configured to detect and/or 
measure environmental conditions in a vicinity of the Sub 
ject. The inflatable element or balloon can provide some or 
Substantial isolation between ambient environmental condi 
tions and conditions used to measure physiological infor 
mation in a biological organism. 
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0096. The physiological information and/or environmen 
tal information may be analyzed locally via the monitoring 
device or may be transmitted to a location geographically 
remote from the Subject for analysis. Pre analysis can occur 
on the device or smartphone connected to the device either 
wired or wirelessly. 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 physi 
ological stress for the Subjects. 
0097. 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. 
0098. In some embodiments, a geographical map illus 
trating health-related and/or environmental conditions asso 
ciated with the subjects may be created. 
0099. 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 envi 
ronmental sensor, a plurality of portable communication 
devices, wherein each communication device is in commu 
nication with a respective monitoring device and is config 
ured to transmit data from the monitoring device to remote 
data storage, and a processor configured to analyze data 
within the remote data storage and to identify and/or predict 
health and/or environmental issues associated with each 
Subject. Again, the analysis could be on accomplished on the 
device, shared between device and computer system or all in 
the cloud. Each physiological sensor is configured to detect 
and/or measure or one or more physiological data point from 
a respective Subject, and each environmental sensor is 
configured to detect and/or measure one or more environ 
mental conditions in a vicinity of the respective subject. 
Each monitoring device is configured to be worn by a 
respective subject (e.g., attached to a body of a respective 
Subject, etc.). For example, a monitoring device may be 
configured to housed in an ear canal of a respective Subject. 
In some embodiments, the full device is placed within an ear 
canal of a subject. Alternatively the concha bowl may serve 
to house a location for the battery, electronics and sensors by 
itself or in combination with a balloon, which is located in 
the canal. The balloon can incorporate additional sensors in 
Some embodiments. In some embodiments, the device is 
placed in a nasal cavity, a digestive conduit, a reproductive 
conduit, a kidney, a liver, a lung, a brain, a bronchial conduit, 
an artery, a vein, a heart, or any other biological organ or 
conduit. 
0100. In some embodiments, the processor is configured 
to communicate corrective action information to each 
respective subject. Corrective action information may be 
communicated to each Subject via the monitoring device 
associated with each respective subject, or via other meth 
ods. 

0101. In other embodiments, the processor communi 
cates corrective action information for a Subject to a third 
party. The processor may be configured to perform various 
analyses including, but not limited to, identifying and/or 
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predicting the aging rate of one or more Subjects, identifying 
and/or predicting 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 configured to create a geographical map illus 
trating health and/or environmental and/or acoustic condi 
tions associated with one or more Subjects. 
0102) 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, environmental, and 
acoustical 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. 
0103) In other embodiments, a method of delivering 
targeted advertising to a person includes collecting physi 
ological, acoustic, words, and/or environmental information 
from the person, selecting an advertisement for delivery to 
the person based upon the collected physiological and/or 
environmental information, and delivering the selected 
advertisement to the person. The physiological and/or envi 
ronmental 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 received physiological and/or envi 
ronmental, acoustic or neurological information is analyzed 
to identify a physiological condition, health, level of safety 
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 identified physiological and/or envi 
ronmental condition. The selected feedback, recommenda 
tions or advertisement can be delivered via any of various 
channels including, but not limited to, short messaging 
service (SMS), video, graphic, acoustic, hepatic, text, email, 
(whether on a Smartphone, computer, VR glass, body worn 
device, or otherwise) or postal mail, television, radio, news 
paper, magazine, the internet, and outdoor advertising. 
0104. In some embodiments, “anticipatory services' 
based on the acquired information can be based on moni 
toring a user and user interactions for a previous predeter 
mined period of time. The monitored or acquired informa 
tion can be customized and for example can be set for 
monitoring the past 60 seconds, that past hour(s) or the past 
month(s). It could be based on trends or frequency (repeti 
tiveness) of data such as detecting the saying of "I love you' 
to your significant other. 
0105. According to some embodiments of the present 
invention, a method of Supporting interpersonal relation 
ships includes collecting physiological and/or environmen 
tal, or neurological information from a monitoring device 
associated with a first person when the first person is in the 
presence of a second person, determining an emotional 
characteristic level Such as a stress (or joy, calm, relaxation, 
concentration, excitation, sadness, etc.) level of the first 
person using the collected physiological and/or environmen 
tal information, and displaying the stress level to the first 
person (the wearer or user) or to the second person or a third 
party. The monitoring device includes at least one physi 
ological sensor and/or environmental sensor, as described 
above, and is configured to collect physiological and/or 
environmental information that includes indicators associ 
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ated with certain emotional characteristic levels experienced 
by the first person. The stress level of the first person may 
also be communicated to one or more third parties. 
0106. In some embodiments, a method, system and 
device for Supporting interpersonal relationships can include 
an earpiece that uses a short-range communication system 
such as Near Field Communication (NFC), Bluetooth, or 
WiFi signals to initiate or facilitate communication among 
potential partners based on any number of various param 
eters. The parameters can be selected among any one or 
more among pre-existing profiles, biometric or physiologi 
cal data (current, near current, or historical data), or envi 
ronmental data. The communication can be initiated based 
on a match reflecting common interests or a relative match 
based on meeting certain thresholds of certain data param 
eters. For example, a sudden elevated heartbeat, blood 
pressure, or certain brainwave activity may be used as a 
trigger for initiating communication. Alternatively, the 
match can enable the user of the earpiece and the corre 
sponding partner of interest to affirmatively enable commu 
nication between the parties in response to a notice of Such 
match rather than having the communication being auto 
matic. The feedback could include various methods and 
information including acoustic wayfinding information, 
which could enable two individuals previously unknown to 
each other to meet, based on a common interest, or other 
data points as described herein. 
0107. In some embodiments, the physiological and/or 
environmental information, acoustical, or neurological 
information collected from the first person is analyzed to 
identify a source of stress. A solution for reducing stress also 
may be recommended to the first person. In some embodi 
ments, the monitoring device can identify the second person. 
0108. According to some embodiments of the present 
invention, a system for Supporting interpersonal relation 
ships includes a portable monitoring device that collects 
physiological and/or environmental, acoustical, or neuro 
logical information from a first person when the first person 
is in the presence of a second person, and a processor that 
receives physiological and/or environmental, acoustical, or 
neurological information from the monitoring device. The 
processor determines a stress level of the first person using 
the collected physiological and/or environmental informa 
tion, and transmits and/or displays the stress level to the first 
person. In some embodiments, the processor receives physi 
ological and/or environmental information from the moni 
toring device via a communication device (e.g., PDA, cell 
phone, laptop computer, etc.) associated with the monitoring 
device. The processor may be configured to analyze the 
information and identify a source of emotional characteristic 
level (such as stress) indicative of a quality of life measure 
ment. The processor may be configured to recommend 
Solutions for reducing or increasing a particular emotional 
characteristic level (such as stress or joy, respectively). 
0109. 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 first person, and 
determining a mood of the first person using the collected 
physiological and/or environmental information. The col 
lected information includes indicators associated with one or 
more moods of the first person. The mood of the first person 
may be communicated to a second person, for example, via 
a communication network (e.g., text message, email, Voice 
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message, etc.). Semantic information can also be analyzed in 
the context of the determined mood of the individual. 
0110. A system for supporting interpersonal relation 
ships, according to other embodiments of the present inven 
tion, includes a portable monitoring device that collects 
physiological and/or environmental information from a first 
person, and a processor that receives physiological and/or 
environmental information from the monitoring device, and 
determines a mood of the first person using the collected 
physiological and/or environmental information. The pro 
cessor receives physiological and/or environmental infor 
mation from the monitoring device via a communication 
device (e.g., PDA, cell phone, laptop computer, computer 
ized glasses, etc.) associated with the monitoring device. 
The processor is configured to communicate the mood of the 
first person to a second person, for example, via a commu 
nication network (e.g., text message, email, Voice message, 
etc.). The mood of the speaker can be evaluated from the 
Voice, for example, but other parameters can be monitored 
to make such evaluation of mood. 
0111. According to further embodiments of the present 
invention, a method of monitoring one or more Subjects 
includes collecting physiological and/or environmental 
information from a monitoring device associated with each 
respective Subject, storing the collected physiological and/or 
environmental 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 
treatment, behavioral responses to a drug, etc. 
0112 According to some embodiments of the present 
invention, a system for monitoring one or more Subjects 
includes a plurality of portable monitoring devices config 
ured to collect physiological information from a Subject and 
environmental condition information in a vicinity of a 
Subject, as described above, and a processor that compares 
collected physiological and/or environmental information 
with benchmark physiological and/or environmental infor 
mation 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 
treatment, behavioral responses to a drug, behavior 
responses to environmental factors, etc. In some embodi 
ments, a monitoring device may include a dosimeter con 
figured to measure a dose of a drug taken by a respective 
Subject. 
0113. According to further embodiments of the present 
invention, a method of monitoring patients, includes col 
lecting physiological and/or environmental information 
from each patient via a monitoring device associated with 
each respective patient, and analyzing the collected infor 
mation to determine caloric intake, health, and physical 
activity of each patient. 
0114. According to further embodiments of the present 
invention, an entertainment system includes a gaming 
device, and a plurality of portable, monitoring devices in 
communication with the gaming device, wherein each moni 
toring apparatus is associated with a game participant and is 
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configured to transmit participant physiological information 
and/or environmental information wirelessly to the gaming 
device. The gaming device is configured to integrate into the 
gaming strategy physiological information and/or environ 
mental information received from each monitoring appara 
tus. Each monitoring apparatus includes at least one physi 
ological sensor and/or environmental sensor, as described 
above. Further note that the embodiments can include toys 
as part of an ecosystem that operates with an earpiece. 
0115 According to further embodiments of the present 
invention, a method of interacting with an electronic game 
includes collecting physiological and/or environmental 
information 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 person, sending the identified one or more health and/or 
environmental issues to a gaming device, and incorporating 
the identified 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 physi 
ological sensor and/or environmental sensor, as described 
above. 

0116. The block diagrams of FIGS. 1A, 1B, and the 
earpieces of FIGS. 2A-2J in the form of a wearable moni 
toring device 20, illustrate embodiments according to some 
embodiments herein. The wearable monitoring device 20 is 
shown in FIGS. 2A-J in various angles to emphasize various 
external features. FIG. 2A illustrates a left front perspective, 
FIG. 2B illustrates a left rear perspective, and FIG. 2C 
illustrates a rear plan view. FIG. 2D illustrates a right front 
perspective, FIG. 2E illustrates another left front perspec 
tive, and FIG. 2F illustrates a front plan view with the 
balloon 21 facing out towards the page. FIGS. 2G and 2H 
illustrate two different top perspective views. FIG. 21 illus 
trates a left side view and FIG. 2J represents a right side 
view. In each figure, note that the balloon 21 is rotated about 
20% off-center in comparison to the main housing 23 or 
flange 24. Further note that the balloon/stretched membrane 
21 is ovular or having an ellipsoid shape. The angle of 
rotation as measured from the vertical axis of the orifice, and 
shape are purposely made to enable the balloon 21 to guide 
the device easily into the canal and lock into place within the 
external ear canal (EAC) of the user. The anatomy of the 
human EAC has two natural bends and lends to the rota 
tional insertion of a balloon with the aforementioned form 
factor and off-center rotation. The device 20 including the 
balloon can be short enough to be suitably be placed within 
the first bend of the EAC. Again, reference should be made 
to U.S. Provisional Patent Application No. 62/090,136 
entitled MEMBRANE AND BALLOON SYSTEMS AND 
DESIGNS FOR CONDUITS filed on Dec. 10, 2014, incor 
porated herein by reference in its entirety for at least its 
discussion of size, shape, and placement of the balloon 
within an EAC of a user. 

0117 The illustrated wearable monitoring device 20 
includes one or more of the following: a sensor 5A in the 
form of at least one physiological sensor or at least one 
environmental sensor (which can include an acoustical sen 
sor or a motion sensor) (and in Some instances can also be 
referred to as an external energy sensor) housed on or within 
a housing of the device 20 (and optionally or additionally 
houses external thereto), at least one signal processor 4, at 
least one transmitter/receiver 6A, 6B, or 6C, at least one 
power source 2, at least one body attachment component 21 
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which can be an inflation element or balloon and which can 
include one or more of the other elements of the wearable 
monitoring device 20, and at least the housing. The housing 
can include the main body housing 23 and a stent or 
extension 22 as well as a flange 24 and can further include 
the inflation element or balloon 21. The housing can further 
include an end cap 25 which can further carry or incorporate 
a capacitive or resistive sensor 26 or optical sensor as shown 
in FIGS. 2B and 2C. The main housing portion 23 can also 
include a venting port 23A to enable additional venting 
between the flange 24 and the balloon 21 when the device 20 
is inserted within EAC. The sensor 26 can be used to detect 
gestures in ad hoc or predetermined patterns or in yet 
another embodiment the sensor 26 can alternatively be a 
fingerprint type of sensor. The inflation element or balloon 
21 can include, incorporate, carry or embed one or more 
sensors such as a surface acoustic wave or SAW sensor 21A 
that can be used for measuring blood pressure. In one 
embodiment, a balloon having conductive traces on the 
surface of the balloon to serve as the surface acoustic wave 
sensor can be used for measuring blood pressure. Further 
note that the stent or extension 22 protrudes or extends 
through the balloon 21 and terminates at an end 22A of the 
extension 22A. The end 22A is the portion of the device 20 
that would be inserted in the direction to the user's tympanic 
membrane and can include one or more sensors such as an 
ear canal microphone and/or thermometer. The end 22A can 
include acoustic ports for an ear canal microphone and 
ambient microphone(s) as well as ports for accomodating 
additional sensors such as thermometers as will be further 
shown in later illustrations. Though the health and environ 
mental sensor functionality can be obtained without the 
communication transceivers (6A, 6B, or 6C), having these 
additional module(s) may promote use of the wearable 
monitoring device 20 by users. The illustrated wearable 
monitoring device 20 is intended primarily for human use: 
however, the wearable monitoring device 20 may also be 
configured for use with animals. In one preferred embodi 
ment, the wearable monitoring device 20 is an earpiece 
module attached to the ear or for insertion within an ear 
canal of the human ear. In another preferred embodiment, 
the wearable monitoring device 20 is an earpiece module 
attached in to the ear canal of a cow, horse, or dog. In some 
embodiments, the wearable monitoring device 20 is inserted 
in the external auditory canal (EAC) and fixed to the EAC 
using the expandable element or balloon. The expandable 
element or balloon can occlude or substantially occlude the 
EAC to provide an environment that is substantially free of 
ambient noise. 

0118. A physiological sensor (5A) can be any compact 
sensor for monitoring the physiological functioning of the 
body, Such as, but not limited to, sensors for monitoring: 
heart rate, pulse rate, breathing rate, blood flow, heartbeat 
signatures, cardio-pulmonary health, organ health, metabo 
lism, electrolyte type and concentration, physical activity, 
caloric intake, caloric metabolism, metabolomics, physical 
and psychological stress levels and stress level indicators, 
physiological and psychological response to therapy, drug 
dosage and activity (drug dosimetry), physiological drug 
reactions, drug chemistry in the body, biochemistry, position 
& balance, body strain, neurological functioning, brain 
activity, brain waves, blood pressure, cranial pressure, 
hydration level, auscultatory information, auscultatory sig 
nals associated with pregnancy, physiological response to 
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infection, skin and core body temperature, eye muscle 
movement, blood volume, inhaled and exhaled breath Vol 
ume, physical exertion, exhaled breath physical and chemi 
cal composition, the presence, identity, and concentration of 
viruses & bacteria, foreign matter in the body, internal 
toxins, heavy metals in the body, anxiety, fertility, ovulation, 
sex hormones, psychological mood, sleep patterns, hunger 
& thirst, hormone type and concentration, cholesterol, lipids, 
blood panel, bone density, body fat density, muscle density, 
organ and body weight, reflex response, sexual arousal, 
mental and physical alertness, sleepiness, auscultatory infor 
mation, response to external stimuli, Swallowing Volume, 
Swallowing rate, sickness, voice characteristics, tone, pitch, 
and Volume of the Voice, vital signs, head tilt, allergic 
reactions, inflammation response, auto-immune response, 
mutagenic response, DNA, proteins, protein levels in the 
blood, body hydration, water content of the blood, phero 
mones, internal body sounds, digestive system functioning, 
cellular regeneration response, healing response, stem cell 
regeneration response, and the like. Vital signs can include 
pulse rate, breathing rate, blood pressure, pulse signature, 
body temperature, hydration level, skin temperature, and the 
like. A physiological sensor may include an impedance 
plethysmograph for measuring changes in Volume within an 
organ or body (usually resulting from fluctuations in the 
amount of blood or air it contains). For example, the 
wearable monitoring device 20 may include an impedance 
plethysmograph to monitor blood pressure in real-time. Note 
that one or more of these physiological sensors can be 
incorporated within or on the expandable element or bal 
loon. 

0119) An external energy sensor (5A), 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 
(VOCs), hydrocarbons, polycyclic aromatic hydrocarbons 
(PAHs), carcinogens, toxins, electromagnetic energy (opti 
cal radiation, X-rays, gamma rays, microwave radiation, 
terahertz radiation, ultraviolet radiation, infrared radiation, 
radio waves, and the like), EMF energy, atomic energy 
(alpha particles, beta-particles, gamma rays, and the like), 
gravity, light properties (such as intensity, frequency, flicker, 
and phase), OZone, carbon monoxide, greenhouse gases, 
CO2, nitrous oxide, sulfides, airborne pollution, foreign 
material in the air, biological particles (viruses, bacteria, and 
toxins), signatures from chemical weapons, wind, air turbu 
lence, Sound and acoustical energy (both human audible and 
inaudible), ambient noise, ultrasonic 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 transportation 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, traffic, the number of people in a 
vicinity of the user, the number of people encountered 
throughout the day, other earpiece module users in the 
vicinity of the earpiece module user, coughing and Sneezing 
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Sounds from people in the vicinity of the user, loudness and 
pitch from those speaking in the vicinity of the user, and the 
like. 

0120 In some embodiments, a physiological sensor and/ 
or an environmental sensor may be configured to identify a 
person, Such as biometric identification of a person, to whom 
the wearable monitoring device 20 is attached (or may be 
configured to identify other persons in the vicinity of the 
person wearing the monitoring device 20). In some embodi 
ments, the wearable monitoring device 10 can be used for 
multimodal voice authentication or for voice identification 
Such that multiple sensors (acoustic, heart signature, finger 
print, etc.) can provide a more robust or secure authentica 
tion or identification. Voice identification can be done 
among a group of known existing Voice identities or profiles. 
0121. In some embodiments, a physiological sensor and/ 
or an environmental sensor may be configured to monitor 
physical aging rate (relative to an actual age) of a person or 
Subject. Aging rate can be assessed from an analysis of any 
of a number of parameters including, but not limited to cell 
density, heart signature, voice acoustics, lung function, a 
level of mobility, blood pressure, body composition, blood 
pressure, and other information that can be obtained from a 
user profile. The signal processor 4 may be configured to 
process information from a physiological sensor and/or an 
environmental sensor or other sensors to assess aging rate. 
Physiological sensors configured to assess aging rate may 
include pulse rate sensors, blood pressure sensors, activity 
sensors, and psychosocial stress sensors. Environmental 
sensors configured to assess aging rate may include UV 
sensors and pollution sensors. 
0122. In some embodiments, a physiological sensor 11 
can be configured to receive brain wave activity and in some 
embodiments a balloon can be used to receive such brain 
wave activity and to optionally transmit to the brain as the 
device is enclosed in the ear canal and has an efficient path 
for wave propagation. More particularly, the device location 
can reside at or in close proximity to the skull in a soft tissue 
area. In some embodiments, the balloon can use an EMI 
fluid to shield against Stray emissions entering into the canal 
that can compromise the desired or intended brain wave 
signal. In some embodiments the entire balloon can be filled 
with EMI fluid and in yet other embodiments on a portion of 
a balloon or compound balloon can include the EMI fluid. In 
Some embodiments, a balloon can be produced to include a 
"pocket' (or separate chamber) which can be filled with a 
EMI fluid. In the case of reducing stray EMI from entering 
in to the ear canal, the pocket would be on the Superior or 
proximal end of the balloon (the area closest to the orifice 
and exterior), as the distal end (or area closest to the 
tympanic membrane or skull) of the balloon would be used 
for wave propagation in to the EAC and any EMI charac 
teristics could preclude efficient acquisition and or transmis 
sion of brain wave propagation. Thus, in one embodiment, 
the balloon portion placed nearest the tympanic membrane 
or skull would not include the EMI fluid and the balloon 
portion (or pocket) closest to the orifice would include the 
EMI fluid. In some embodiments where acquisition or 
transmission of brainwaves is not an issue or concern, then 
a single balloon with EMI fluid can be used. 
0123. In some embodiments, a physiological sensor and/ 
or an environmental sensor may be configured to be regen 
erated through a physical and/or chemical change. For 
example, it is anticipated that a wearable monitoring device 
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20, 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 configured 
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 
20 may also user electrical energy to reverse a chemical or 
physical change in one of the sensors. One example of Such 
a sensor would be 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 prop 
erties for monitoring vapors. Such as some metal oxide 
SSOS. 

0.124 Because the wearable monitoring device 20 is 
capable of measuring and transmitting sensor information in 
real-time over a duration of time, the physiological and 
environmental sensors (5A) can be used to sense the afore 
mentioned 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 
environmental stress and physical strain took place. 
0.125 Proximity detection can be accomplished through 
GPS type devices integrated into the monitoring device 20 
or a personal communication device (cell phone) or other 
GPS device (such as a GPS wristwatch) in communication 
with the monitoring device 20. Proximity detection can also 
be accomplished through triangulation of wireless signals; if 
a cellular phone is used as the personal communication 
device, proximity can be identified through existing cellular 
infrastructure for identifying the time and location of a 
phone call. Proximity can also be determined through bea 
con IDs for registered local wireless base stations such as 
local WiFi base stations at known locations. 
0126 The signal processor 4 provides a means of con 
verting the digital or analog signals from the sensors into 
data that can be transmitted wirelessly by the transmitter 
6A-C. The signal processor 4 may be composed of for 
example, signal conditioners, amplifiers, filters, digital-to 
analog and analog-to-digital converters, digital encoders, 
modulators, mixers, multiplexers, transistors, various 
Switches, microprocessors, or the like. For personal com 
munication, the signal processor 4 processes signals 
received by a wireless communication receiver into signals 
that can be heard or viewed by the user. The received signals 
may also contain protocol information for linking various 
telemetric modules together, and this protocol information 
can also be processed by the signal processor 4 or alterna 
tively by a remote processor or server (not shown). 
0127. The signal processor 4 may utilize one or more 
compression/decompression algorithms (CODECs) used in 
digital media for processing data. The communication mod 
ules (6A-C) can be comprises of one or transmitters that can 
be a variety of compact electromagnetic transmitters. A 
standard compact antenna can be used in the standard 
Bluetooth R) headset protocol, but any kind of electromag 
netic antenna Suitable for transmitting at human-safe elec 
tromagnetic frequencies may be utilized. The communica 
tion modules (6A-C) can also include a communication 
receiver that can also include an antenna. In some embodi 
ments, the receiving antenna and the transmitting antenna 
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are physically the same. The receiver/transmitter can be, for 
example, a non-line-of-sight (NLOS) optical scatter trans 
mission system. These systems typically use short-wave 
(blue or UV) optical radiation or “solar blind' (deep-UV) 
radiation in order to promote optical scatter, but IR wave 
lengths can also be used. 
I0128. Additionally, a sonic or ultrasonic transmitter can 
be used as the receiver/transmitter of the wearable monitor 
ing device 20, 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 
marketplace and may be utilized in accordance with embodi 
ments. If a telecommunication device receiving wireless 
data signals from the wearable monitoring device 20 is in 
close proximity to the wearable monitoring device 20, 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 conversational data received by the 
receiver can be decoded by the signal processing module 4 
to generate an electrical signal that can be converted into 
audible sound. 

0129. In some embodiments, the transmitter/receiver 
(6A-C) is configured to transmit signals from the signal 
processor 4 to a remote terminal following a predetermined 
time interval. For example, the transmitter may delay trans 
mission until a certain amount of detection time has elapsed, 
until a certain amount of processing time has elapsed, etc. In 
some cases, the transmitter/receiver is configured to transmit 
signals to the remote terminal dependent on information 
sensed by the sensors (5A). For example, if an unstable pulse 
rate is sensed, a warning message may be sent to a remote 
terminal to communicate a need for help at a particular 
location as determined by a GPS device operatively coupled 
to the device 20. 
0.130. The power source can be any portable power 
Source 2 capable of fitting inside the housing 23. According 
to Some embodiments, the power source 2 is a portable 
rechargeable lithium-polymer or zinc-air battery. Addition 
ally, portable energy-harvesting power sources can be inte 
grated into the wearable monitoring device 20 and can serve 
as a primary or secondary power source. For example, a 
solar cell module (as will be further detailed) can be inte 
grated into the wearable monitoring device 20 for collecting 
and storing Solar energy. Additionally, piezoelectric devices 
or microelectromechanical systems (MEMS) can be used to 
collect and store energy from body movements, electromag 
netic energy, and other forms of energy in the environment 
or from the user himself A thermoelectric or thermovoltaic 
device can be used to Supply some degree of power from 
thermal energy or temperature gradients. In some embodi 
ments, 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. Further note that the 
power source 2 can be incorporated or be part of the 
inflatable element or balloon 21. Biocompatible battery 
chemistry can be used within the balloon for biological 
applications and other battery chemistries can be used when 
non-biological applications are considered. 
I0131 Referring to FIGS. 2K and 2L, an earpiece 20 with 
further details of components are shown. FIG. 2K illustrates 
an earpiece 20 without an endcap (25) as shown in FIG.2L. 
The earpiece 20 includes the balloon 21, fluid 21C that fills 
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the balloon, a main housing portion 23 that housing a 
speaker 27, a battery 28, a first ambient microphone 32, a 
second ambient microphone 34, a valve 31 for controlling 
the flow of fluid in and out of the balloon 21, and a 
recharging coil 29 using for inductively recharging the 
battery 28. The microphones 32 and 34, and valve 31 are set 
in place and mated with respective openings within the end 
cap 25 as shown in FIG.2L. The End cap 25 also covers the 
recharging coil 29. The end cap 25 can also include a 
capacitive sensor (not shown in FIG. 2L, but see FIGS. 2B, 
2C, 6E, and 8C). 
0132) The various components described above are con 
figured to fit within a housing of the wearable monitoring 
device 20 and/or be attached thereto. In the case where the 
wearable monitoring device 20 is an earpiece module, the 
housing may be formed from any safe and comfortable Solid 
material Such as metal, rubber, wood, polymers, ceramic, 
organic materials, or various forms of plastic. In some 
embodiments, the housing can be made of a flexible and 
pliable medical grade of silicone that can conform or bend 
as the earpiece traverses the orifice and EAC of the user 
during insertion and removal of the device 20. Further note 
that in some embodiments the electronics can be housed 
separately such that the body attachment component or 
balloon 21 can be separated active or electronic components 
of the device 20. In other words, the device 20 can be made 
in a manner that enables the balloon 21 to be replaceable. 
Alternatively, the active component portion can also be 
viewed as being replaceable. 
0133. The body attachment component or balloon 21 is 
attached to the remaining housing and is designed to fit 
within the EAC and alternatively around or near the ear in 
other embodiments. In some embodiments, the body attach 
ment component (or balloon 21) can contain physiological 
and environmental sensors, and the main housing compo 
nents may be detachable. In some embodiments, different 
modules having different sensors as part of the balloon or as 
part of the main housing can be attached to the remaining 
components in a modular fashion. In many instances, the 
processor can be within the main housing and the balloon 21 
can have various alternative sensor configurations for use 
with the active components resident in the main housing. As 
noted above, the earpiece attachment can simply be an 
inflatable element or balloon as further illustrated in FIG. 8C 
for example. 
0134. The communication module is used for, but not 
limited to: processing or generating an audible sound from 
information received via the receiver (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 trans 
mitted telemetrically via the transmitter. For example, in 
standard Bluetooth R protocol, communication electronics 
are used to convert an audible conversation into an electrical 
signal for telemetric conversation; communication electron 
ics are also used to convert a digitized telemetric conversa 
tion into an audible conversation for the earpiece user. 
Additionally, the communication module 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. In many cases, the analog or digital infor 
mation is not stored in the communication module 17 but, 
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rather, is stored in a portable telecommunication device Such 
as a cell phone. In Such case, the communication module is 
used for converting the analog or digital information into 
audible Sound for the earpiece user. The communication 
module may contain at least one microphone, speaker, signal 
processor, and digital memory. In some embodiments, the 
communication module may apply at least one CODEC for 
encoding or decoding information. The communication 
module may utilize non-audible forms of communication 
with the user, such as visual, physical, or mental (i.e., 
brainwaves or neural stimulation) communication with the 
USC. 

0.135. In some embodiments, an audible communicator is 
provided that is configured to communicate therapeutic 
Sounds (e.g., music therapy, etc.) to a person in response to 
physiological or psychosocial stress. The audible commu 
nicator may be embodied in the communication module or 
may be a separate speaker. In some embodiments, light 
therapy may be provided to a person in response to physi 
ological or psychosocial stress. In some embodiments, the 
communication module may be configured to communicate 
a treatment, therapy, and/or plan of action to the person upon 
detection of physiological and/or environmental concerns. 
For example, if it is detected that the person is being exposed 
to unhealthy doses of UV radiation, the communication 
module may audibly instruct the person to move away from 
the person’s current location (e.g., move indoors, etc.). 
Mechanical vibrational therapy and electrical stimulation 
therapy are also examples of automated therapies that may 
be invoked by programs inside the monitoring device 20 in 
response to sensor readings from health and/or environmen 
tal sensors. 

0.136. Like the other components of the wearable moni 
toring device 20 shown in FIG. 1, the components of the 
communication module are not necessarily located in the 
same physical vicinity. The microphone and speaker of the 
communication module, for example, may be located closer 
to the mouth and ear respectively. Furthermore, the signal 
processor 4 can be composed of several components located 
throughout the earpiece. It should be understood that the 
word “module' does not necessarily imply a unified physical 
location. Rather, “module' is used to imply a unified func 
tion. 

0.137 Bluetooth R) devices conventionally contain a com 
munication module. Such as communication module, 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 moni 
toring device 20 according to embodiments, the communi 
cation module can provide functionality. For the wearable 
monitoring device 20 can serve as a biofeedback device. As 
a non-limiting example, if a user is in a polluted environ 
ment, such as air filled with VOCs, the communication 
module may notify the user to move to a new environment. 
As another example, if one or more of the physiological and 
environmental sensors (5A) of the wearable monitoring 
device 20 pick up a high particulate density in the environ 
ment, with an elevation in core body temperature, and a 
change in Voice pitch occurring simultaneously (or near 
simultaneously) within a common timeframe, the commu 
nication module may alert the user that he/she may be 
having an allergic response. As a further example, the user 
can use the communication module to execute biofeedback 
for willfully controlling blood pressure, breathing rate, body 
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temperature, pulse rate, and the like. The communication 
module may utilize audible or visible alerts if the user is 
meeting their physiological targets or exceeding safe physi 
ological 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 can alert, signify, or communicate 
with the user through sound, light, electrical actuation, and 
physical actuation. 
0.138. As a second example of this biofeedback method, 
basic vital signs collected by the physiological sensors 5A 
and processed by the signal processor 4 can be presented to 
the monitoring device user audibly, through the communi 
cation module. For example, the user may be able to listen 
to his/her breathing rate, pulse rate, and the like. Addition 
ally, 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, learn 
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 20 
via a user's cell phone, according to some embodiments. 
0.139. In some embodiments, the wearable monitoring 
device 20 may be configured 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 device 20 electronics. Physiological sensors can 
monitor the drug dosage and the physiological effects of the 
drug in real-time. Similarly, sound pressure level (SPL) 
monitoring using microphones and a processor can monitor 
the SPL dosage or exposure to an individual wearing the 
device 20. 
0140. A health and environmental monitoring system 
according to embodiments that may incorporate wearable 
monitoring devices 20 of FIG. 1 is illustrated in part in 
FIGS. 2M and 2N for example. Other types of wearable 
monitoring devices may also be utilized in the health and 
environmental monitoring system. The wearable monitoring 
device 20 is utilized as a specific monitoring device of the 
monitoring system, 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 20. The terms 
“wearable monitoring device' and “sensor module” are used 
interchangeably herein in accordance with various embodi 
ments. The health and environmental monitoring system is 
composed of at least one sensor module (e.g., wearable 
monitoring device 20) at least one portable telecommunica 
tion module that can be part of the monitoring device or be 
part of a communications device operatively coupled to the 
device 20 Such as a cell phone, at least one transmission 
system Such as a Bluetooth module, at least one user 
interface, at least one personal database, and at least one 
anonymous database. 
0141 Internally, the device 20 in some embodiments can 
include a balloon filled with fluid 21C that traverses a 
channel and controlled or filled through a valve 31. The 
balloon can be pre-filled to a predetermined pressure level. 
The device 20 can further include a memory 33 for storing 
user profiles, sensor data, communication data, Sound data, 
control data, or algorithms and applications used in the 
extraction and analysis of sensor data or other aforemen 
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tioned information. A flex circuit 35 can be utilized to 
provide the appropriate electrical connections between the 
various components and sensors in the device 20. The device 
further includes a processor Such as a digital signal proces 
Sor 36 that can perform an number of functions including, 
but not limited to acoustic processing, hearing loss correc 
tion, receiving or extracting sensor data, analog to digital 
conversion, digital to analog conversion, and filtering of 
signals. The device can further include one or more ambient 
microphones 32 and 34, a speaker 27, an ear canal micro 
phone 39, and a battery 28. An inductive coil 29 can be 
mounted or coupled to the battery housing to enable induc 
tive charging of the battery 28. The device 20 can further 
include several non-acoustic sensors such as capacitive pads 
21D used for ECG monitoring, a thermometer 37 for mea 
suring temperature at or near the user's skull, and a SAW 
sensor 21A used for blood pressure sensing. The device can 
also include one or more LEDs 38 used for blood oximetry. 
0.142 FIG. 3 illustrates a close up of area including the 
battery 28 and recharging coil 29. The close-up view of FIG. 
3 does not include the end cap (25), but does include the 
flange 24 which protects a number of other components in 
the device 20 including the ambient microphones 32 and 34. 
the valve 31, the flex circuit 35 and an indicator LED 39. The 
indicator LED 39 can be configured to emit at least one or 
more different lights and/or flashing patterns to provide an 
indication of a charging mode, a recording mode, a full 
charge state, or another operational state. 
0143. The sensor module 5 or 5A of FIG. 1 can be 
composed of a primary module alone or a primary module 
and at least one secondary module. The primary and sec 
ondary 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 20 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 primary module (such as an 
electric cable) or a “soft' connection to the primary module 
(such as a wireless connection). In Bluetooth R) protocol, 
each secondary module can be simultaneously 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 comfortability for 
the end user. Users may not be prone to accept multiple 
modules at multiple locations of the body. A primary module 
can be on the device 20 and a second device can reside on 
a separate device Such as a mobile device or phone or 
another body worn device in operational communication 
with the device 20. The mobile device can be any portable 
device, such as a cell phone (which includes a “Smart 
phone), PDA, laptop computer, Blackberry, another ear 
piece, or other portable, telemetric device. The mobile 
device and the wearable sensor module 20 can telemetrically 
communicate both to and from each other. Though the main 
purpose of the portable telecommunication device is to 
transmit the local wireless signal from the sensor module 20 
over longer distances unattainable by the transmitter of the 
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sensor module 20, the telecommunication device can also 
serve as a method of personal communication and enter 
tainment for the earpiece user. 
0144. In some embodiments, referring back to FIGS. 1A 
and 1B, a telecommunication device 6D transmits data in 
only one direction or particular directions. For example, in 
one embodiment, the portable telecommunication device 6D 
can receive telemetric information from the sensor module 
1 but is not configured to send out signals to a transmission 
system. The portable telecommunication device 6D may 
also contain an end-user graphical interface. Such as a user 
interface 121 (shown in FIG. 12) in the monitoring system, 
such that data from the wearable sensor module 1 can be 
stored, analyzed, Summarized, and displayed on the portable 
telecommunication device 6D. 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 (6D). The telecommunication 
device 6D may also contain physiological and environmen 
tal sensors itself. Such as sensors for blood pressure, pulse 
rate, air quality, pulse-Oximetry, and the like. Additionally, 
the telecommunication device 6D can communicate with the 
wearable sensor module 1 to transfer commands, activate or 
deactivate sensors, communicate with the user, and the like. 
0145. In some embodiments, the portable telecommuni 
cation device 6D sends/receives wireless information 
directly to/from a transmission system for transmission to a 
database (such as personal database and/or anonymous 
database on a server 7E or 7C) for storage, analysis, and 
retrieval of data. The style of transmission system 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 6D can be 
sent directly to the local computer. This computer may be 
connected with the Internet, allowing access to the database 
from the web. However, the database is more typically 
located far away from the user and telecommunication 
module. In this case, the wireless signal from the telecom 
munication device 6D can be sent to a reception tower and 
routed through a base station (not shown). This information 
can then be sent to a database through the Internet. A variety 
of other transmission protocols can be applied for connec 
tion between the telecommunication device 6D and the 
databases 7E. 

0146 The personal and anonymous databases 7E repre 
sent 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 
information available on each database. For example, the 
anonymous database, containing aggregated health and 
environmental data from multiple indistinct monitoring 
device users, can be public and accessible through the 
Internet by various users. In contrast, the personal database 
contains health and environmental data that is personalized 
for each monitoring 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 through an interactive user interface and 
compare this information with information from multiple 
users in the anonymous database via a graphical user inter 
face, etc. In some cases, the wearable sensor module 1 or 20 
(FIG. 1A or 2A-N) or portable telecommunication device 
6D may additionally communicate information not directly 
related to health and environment, such as physical location, 
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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 1 or 20 and/or by sensors and/or protocols 
integrated into portable communication device 6D. 
0147 The user interface 120 (see FIG. 12) 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 20, or any method of visual display. 
For hands free operation and reduced distraction, audible 
methods and audio-visual methods can also be used for the 
user interface as part of the earpiece 20 itself (as well as 
mechanical methods such as automated brail displays for the 
blind.) For example, the user may log-in to their personal 
database through a computer user interface and compare 
real-time personal health and environmental exposure data 
with that of other users on the monitoring system. In some 
cases, the data from other users may be anonymous statis 
tics. In some cases, one or more users may have agreements 
to view the data of one or more other users, and in other 
cases, users may agree to share mutual personalized data 
through the Internet. 
0.148. The monitoring system 20 can be used in medicine 
for a variety of important functions. As one example, a 
doctor can monitor the health of patients through each 
patient’s personalized database. If the wearable sensor mod 
ule 20 contains a dosimeter, the doctor can even monitor the 
efficacy of prescribed medications, and the physiological 
response to medications, over time. This dosimetry approach 
is directly applicable to clinical studies of various treat 
ments. For example, during a clinical trial, the wearable 
sensor module 20 can collect environmental data, drug 
dosimetry data, and physiological data from the earpiece 
user Such that researchers can understand the epidemiology 
between drugs, genes, physiology, environment, and per 
sonal health. 
014.9 The monitoring system 20 can be used by athletic 
trainers to monitor the diet, physical activity, health, and 
environment of athletes. In many cases professionals are not 
necessary, and the user can monitor his/her own diet, activ 
ity, athletic performance, etc. through the monitoring system 
without professionals, parents, guardians, or friends moni 
toring their personal statistics. 
0150. In other instances, first responders, soldiers, and 
other security personnel can be monitored for mission or 
battle readiness, mental and psychological aptitude towards 
a task, or for physical or psychological conditions warrant 
ing an emergency rescue or other assistance all in an effort 
to provide added safety, security, authentication, and Sur 
vivability. A police officer or other official in a hostage 
negotiation may exhibit biometric signatures indicative of 
extreme nervousness or collapse in the midst of a negotia 
tion and may require assistance or a replacement negotiator. 
In another scenario wounded soldier or police officer or 
crime victim may exhibit low blood pressure as a result of 
a gunshot wound or other injury. A potential rape or assault 
victim may exhibit an elevated heart rate and/or blood 
pressure and speak certain key words that can trigger a 
signal for assistance by the police or other authorities. 
0151. It should be noted that algorithms for processing 
personal health and environmental data, diagnosing medical 
conditions, assessing health states, and the like do not need 
to be limited to the illustrated monitoring system 20. Various 
algorithms can also be integrated into the wearable sensor 
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module 20 or telecommunication device 6D according to 
embodiments of the present invention. A data storage com 
ponent in at least one of these units allows processed signal 
data to be stored, analyzed, and manipulated to provide new 
knowledge to the user or keep it blind to the user as is the 
case for 3-party examination. This storage component can be 
any solid-state storage device. Such as flash memory, ran 
dom-access memory (RAM), magnetic storage, or the like. 
For example, the wearable sensor module 1 or 20 can be 
programmed to monitor certain habits, such as nail biting or 
Snoring by comparing with Sound signatures or profiles for 
Such habits. In this non-limiting example, the physiological 
sensors 5 or 5A may monitor internal Sounds, and an 
algorithm can be implemented to monitor signatures of nail 
biting or snoring sounds in real-time. If the habit is identified 
by a sound signature detection algorithm, the wearable 
sensor module 1 or 20 may instantly warn the user that the 
habit is occurring. Alternatively, the algorithm may count 
the number of times a day the habit occurred, monitor 
physiological and psychological stress indicators during 
each occurrence, log each time when the habit occurred, and 
store environmental data associated with the habit. This 
stored data can be accessed at a later time, allowing the user 
to determine what environmental factors cause the physi 
ological or psychological stress associated with nail-biting 
or Snoring. As this example shows, these algorithms can take 
advantage of both physiological sensor data and environ 
mental sensor data. 

0152. In another example, the physiological sensors can 
be used to perform transdermal ethanol detection to prevent 
drunk driving if integrated into an ignition interlock system 
for example. However, experimental data from previous 
research has shown significant time delays between alcohol 
ingestion and detection at the skin which makes real time 
estimation of blood alcohol concentration via skin measure 
ment difficult. A computational model that predicts the lag 
time between peak blood and skin alcohol concentrations 
can enable better accuracy. Accounting for how the lag time 
varies with ethanol dose, body weight and metabolic rate can 
possibly improve transdermal alcohol sensing for detecting 
driver BAC for different segments of the population and 
levels of intoxication. 

0153. Notwithstanding the current inaccuracies in trying 
to measure BAC in real time, transdermal measurements can 
prove useful as a dichotomous test to sense if the driver has 
been consuming alcohol. Additionally, an easy way to 
circumvent a transdermal measurement would be to block 
direct skin contact with the sensor. An intoxicated driver 
wearing gloves could potentially prevent the sensors for 
detecting any ethanol on their skin at all. A secondary sensor 
system would be required to ensure that the measurement is 
being made at the Surface of the skin. An earpiece having 
Such a sensor can serve as Such a measurement device. 

0154 Transdermal sensing of the alcohol in a driver's 
blood is one possible way to non-invasively detect intoxi 
cated drivers. However, the feasibility of this method suffers 
from the time delay required for the alcohol in the driver's 
blood to diffuse to the surface of the skin where it can be 
easily and non-invasively measured. It has been found that, 
for a given dose of alcohol, lag time is insensitive to body 
weight. However, the dose size has a significant impact on 
the blood-skin concentration lag. A larger dose of alcohol 
causes an increase in the lag time. A 15 ml dose of 95% 
ethanol given to all percentile drivers was found to have a 
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lag time of approximately 33 minutes. Quadrupling the dose 
to 60 ml of ethanol increases the lag time to approximately 
53 minutes. Using transdermal sensing of real-time BAC 
using only skin Surface measurements may prove to be very 
challenging, but models can be discovered that provides a 
better correlation among various parameters being measured 
to provide a more accurate system. The EAC offers such a 
location. 

0.155. In the context of a device enabling a vehicle 
ignition, the transdermal measuring device can be used in 
conjunction with other validating tests or measurements to 
determine sufficient competency to operate such vehicle. For 
example, an airline pilot, ferryboat driver, cruise ship opera 
tor, or crane operator can have other physiological measure 
ments monitored if a minimal threshold alcohol level is 
detected. For example, a microphone and associated pro 
cessor can monitor and detect slurred speech which can be 
an indication of alcohol consumption or some other form of 
impairment. In some embodiments, the transdermal sensor 
in an earpiece can further utilize motion detectors to sense 
conformance with motions typically given in a standard field 
sobriety test. For example, in one such system, if the ignition 
system and/or sensor detects a minimum alcohol level, the 
earpiece or vehicle Sound system can provide an auditory 
request that the user perform one or more field sobriety tests 
such as the Horizontal Gaze Nystagmus (NGN), Walk-and 
Turn (WAT), or One-Leg Stand (OLS). A motion sensor, 
accelerometer, gyroscope, GPS device or other motion 
detection scheme can be used to confirm conformance with 
any one of the field sobriety tests or other motion tests. In 
this manner, operation of the vehicle in a unsuitable condi 
tion is avoided, particularly if the condition is triggered by 
a Suspicion of alcohol use. Operators of public transporta 
tion or other inherently dangerous vehicles can be held and 
accounted for a higher standard using the means outlined 
herein. 

0156. In another aspect, the transdermal sensor in an 
earpiece can be used in a social setting to enable individuals 
in a social network to monitor a wearers’ levels alcohol 
throughout a period of time or evening and will periodically 
provide haptic feedback to the wearer to check in and make 
Sure they are conscious and adequately in control. If no 
response is provided by the wearer or a response indicative 
of a medical condition or other emergency is determined, the 
earpiece can send a signal that can alert others in the 
wearers’ Social network to facilitate assistance from one or 
more individuals in the network. Location can be deter 
mined using GPS information or triangulation of the signal 
1ng. 

0157 According to some embodiments of the present 
invention, physiological and/or environmental information 
collected from a person can be analyzed to identify a source 
of stress to the person, and one or more solutions for 
reducing stress can be recommended to the first person, for 
example via the monitoring device 20 (or in other ways). 
0158. A data storage component may include various 
algorithms, without limitation. In some embodiments, at 
least one algorithm is configured to focus processing 
resources on the extraction of physiological and/or environ 
mental information from the various environmental and/or 
physiological sensors. Algorithms may be modified and/or 
uploaded wirelessly via a transmitter (e.g., receiver/trans 
mitter of the wearable monitoring device 20) 
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0159. The biofeedback functionality of the telemetric 
wearable monitoring device 20 can be applied towards 
various gaming applications. For example, one or more 
Subjects can connect their wearable monitoring devices 10 to 
one or more gaming devices wirelessly through the open 
architecture network provided by BluetoothR), ZigBee, or 
other such networks. This allows personal health and envi 
ronmental information to be transferred wirelessly between 
the wearable monitoring device 20 and a gaming device. As 
Subjects play a game, various personal health and environ 
mental feedback can be an active component of the game. In 
a non-limiting embodiment, two users playing a dancing 
game. Such as Just Dance, can monitor their vital signs while 
competing in a dancing competition. In some cases, users 
having healthier vital signs, showing improved athletic 
performance, will get extra points (“Vital Points'). In 
another specific example, this personal health and environ 
mental information can be sent telemetrically to a gaming 
device to make entertaining predictions about one or more 
users. Namely, the gaming device may predict someone's 
life expectancy, love-life, future occupation, capacity for 
wealth, and the like. These predictions can be true predic 
tions, purely entertaining predictions, or a mixture of both. 
Sensors measuring external stressors (such as outside noise, 
lighting conditions, oZone levels, etc.) and sensors measur 
ing internal stresses (such as muscle tension, breathing rate, 
pulse rate, etc.) integrated into the wearable monitoring 
device 20 can be used to facilitate predictions by the gaming 
device. 

0160 Physiological and/or environmental information 
collected from sensors 5 or 5A in a wearable module 1 or 20 
may be corrupted by the motion artifacts of a Subject. As a 
specific example, when measuring pulse rate in a Subject via 
photoplethysmography while the Subject is walking, optical 
scatter associated with footstep-related skin vibrations may 
be misinterpreted as coming from a pulse. This problem can 
be especially difficult where footstep rates are on the order 
of normal human pulse rates. By measuring body motion in 
real-time via one or more accelerometers inside the wearable 
monitor, sampled pulse rate data can be processed to Sub 
tract, reduce, or eliminate signals associated with footsteps. 
In some cases, the processor 4 may simply send a command 
to ignore the sampling and/or logging of pulse rate when 
body motion is detected. In this way, average pulse rate 
estimate is not convoluted with footstep information. In 
other cases, the processor 4 may correct for body motion in 
real time through dynamic feedback from the aforemen 
tioned accelerometer. A variety of other body motion sen 
sors, such as acoustic sensors for monitoring footstep sounds 
and MEMS motion sensors, can also be used to monitor 
footsteps and correct physiological and/or environmental 
data for motion artifacts. An important innovation afforded 
by the databases 25, 26 is that motion artifacts in the data can 
be corrected by applying algorithms for reviewing the 
physiological and/or environmental history of each subject, 
identifying corruptions associated with motion artifacts, and 
extracting physiological and/or environmental information 
from corrupted data. Alternatively, the use of the balloon 21 
can reliably stabilize the wearable module 1 or 20 within the 
ear canal (EAC) to Substantially eliminate such motion 
artifacts and thereby avoid the need for such corrective 
algorithms. By not using the motion artifact reducing algo 
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rithms, the wearable module 1 or 20 can further reduce 
unnecessary battery or power expenditures and increase 
overall battery life. 
0.161. A health and environmental monitoring system 20, 
according to Some embodiments of the present invention, 
enables a variety of additional business methods for exploit 
ing user information collected by the system 20. For 
example, users can be charged a fee for downloading or 
viewing data from the personal and/or anonymous data 
bases. Alternatively, users may be allowed free access but 
may be required to register online, providing personal infor 
mation with no restrictions on use, for the right to view 
information from the databases. In turn, this personal infor 
mation can be traded or sold by the database owner(s). This 
information can provide valuable marketing information for 
various companies and government interests. The health and 
environmental data from the databases can be of great value 
itself, and this data can be traded or sold to others, such as 
marketing groups, manufacturers, service providers, govern 
ment organizations, and the like. A web page or web pages 
associated with a personal and anonymous database may be 
Subject to targeted advertising. For example, if a user shows 
a pattern of high blood pressure on a personal database, a 
company may target blood pressure treatment advertise 
ments on the user interface (i.e., web page) while the user is 
logged-in to the personal database through the user interface. 
For example, because various health and environmental 
statistics of subjects in the monitoring system 20 will be 
available on the database, this information can be used to 
provide a targeted advertising platform for various manu 
facturers. In this case, a database manager can sell informa 
tion to others for targeted advertising linked to a user's 
personal statistics. In some cases, a database owner does not 
need to sell the statistics in order to sell the targeted 
advertising medium. 
0162 According to some embodiments of the present 
invention, a method of delivering targeted advertising to a 
person includes collecting physiological and/or environmen 
tal information from the person, selecting an advertisement 
for delivery to the person based upon the collected physi 
ological and/or environmental information, and delivering 
the selected advertisement to the person. Collecting infor 
mation includes receiving physiological and/or environmen 
tal information from a monitoring device associated with the 
person. Selecting an advertisement includes analyzing the 
received physiological and/or environmental information to 
identify a physiological condition of the person and/or 
environmental condition in a vicinity of the person, and 
selecting an advertisement for a product or service related to 
an identified physiological and/or environmental condition. 
Delivery of a selected advertisement can be via any of many 
different channels including, but not limited to, email, postal 
mail, television, radio, newspaper, magazine, the internet, 
and outdoor advertising. 
(0163 A wearable sensor module 20 and health and 
environmental monitoring system can enable a variety of 
research techniques. For example, a plurality of monitoring 
devices 20 worn by users can be used in marketing research 
to study the physiological and psychological response of test 
Subjects to various marketing techniques. This technique 
Solves a major problem in marketing research: deciphering 
objective responses in the midst of human subjectivity. This 
is because the physiological and psychological response of 
the earpiece user largely represents objective, unfiltered 



US 2016/0324478 A1 

information. For example, users that are entertained by a 
pilot TV program would have difficulty hiding innate vital 
signs in response to the program. The data generated by the 
wearable sensor module 20 during market research can be 
transmitted through any component of the telemetric moni 
toring system and used by marketing researchers to improve 
a product, service, or method. 
0164. Another method provided by the monitoring sys 
tem 20 is to charge users of the monitoring system for usage 
and service (such as compilation service). For example, a 
clinical trial company may pay a fee for accessing the 
databases of their test Subjects during medical research. In 
this case, these companies may buy modules 20 and pay for 
the service, or the modules 20 may be provided free to these 
companies, as the database service fee can provide a suitable 
income itself. Similarly, doctors may pay for this service to 
monitor patients; fire fighters and first responders may pay 
for this service to monitor personnel in hazardous environ 
ments; and athletic trainers may pay for this service to 
monitor athletes. Also, users can pay for the database service 
directly themselves. Because these databases are dynamic, 
updated regularly via a wearable sensor module 20 of each 
user, with data changing with time for individual users and 
users en mass, these databases can maintain a long-term 
value. In other words, there may always be new information 
on the databases. 

0.165. One innovation involves applying the wearable 
sensor module 20 towards a physical or mental health 
assessment method. An algorithm may combine data from 
health and environmental sensors 5 or 5A towards generat 
ing a personal overall health assessment for the user, con 
ditional to a particular environment. For example breathing 
rate, pulse rate, and core body temperature can be compared 
with oZone density in the air for generating an ozone 
dependent personal health assessment. In another specific 
example of this innovation, information from the sensors 5 
or 5A can be used to monitor overall “mood' of a user in a 
particular environment. More particularly, algorithmic pro 
cessing and analyzing of data from sensors for core body 
temperature, heart rate, physical activity, and lighting con 
dition can provide a personal assessment of overall mood 
conditional on external lighting conditions. 
0166 Applying sensor information from the sensor 
monitoring system 20 towards predictions for individual 
Subjects and groups of subjects is another embodiment of the 
present invention. Health and/or environmental information 
from individuals in the monitoring system can be used to 
predict an individuals behavior, health, the onset of a health 
condition, etc. Collectively, information from multiple sub 
jects in the monitoring system 20 can be used to predict the 
outbreak of a disease, environmental situation, traffic con 
ditions, mass behavior (Such as market behavior), and the 
like. As a specific examples, sensors for monitoring physi 
ological and/or environmental parameters associated with 
influenza may monitor changes in core body temperature, 
Voice pitch changes, pulse rate changes, etc. in a Subject, or 
group of subjects, wearing a module 20, and this information 
may be processed into a prediction of the onset of influenza 
for the Subject or group of Subjects. Indeed, the onset of a 
mass outbreak can be predicted. 
0167. An earpiece/headset form factor for a wearable 
sensor module 20 can be utilized for monitoring or predict 
ing traffic-related conditions for automobiles and other 
vehicles. As a specific example, a wearable earpiece module 

22 
Nov. 10, 2016 

20, containing physiological and environmental sensors, can 
provide information about the stress of a subject while 
driving, as well as the speed of the Subject, environmental 
conditions Surrounding the Subject, alertness of the Subject, 
and the like. This can be accomplished by monitoring heart 
rate, breathing rate, core body temperature, acceleration, the 
weather conditions, air quality, and the like with sensors 5 or 
5A. Information from multiple subjects can be used to track 
and study the stress of a group of individuals with certain 
traffic-related conditions. Additionally, predictions about 
traffic jams, road accidents, traffic flow can be estimated 
based on processed information stored in the remote data 
bases. This information can also be used to assist infrastruc 
ture decisions that will reduce the stress of drivers, improve 
traffic flow, and prevent automotive accidents. In some 
cases, this information may be used in studies to understand 
the interaction between stress, road conditions, environment, 
and the like. 

0168 Earpiece monitoring devices described herein need 
not be embodied within headsets only. For example, an 
wearable earpiece module 20 according to embodiments of 
the present invention can be a hearing aid, an earplug, eye 
glasses, an entertaining speaker, the earpiece for an IPODR, 
Walkman(R), or other entertainment unit, a commercial head 
set for a phone operator, an earring, a gaming interface, body 
worn jewelry having communications capability, or the like. 
A wearable earpiece module 20 covers the broad realm of 
earpieces, ear jewelry, and ear apparatuses used by persons 
for entertainment, hearing, or other purposes both inside and 
outside of health and environmental monitoring. 
0169 Moreover, two earpiece modules 20 may be uti 
lized, according to some embodiments of the present inven 
tion; one for each ear of a person. In some cases, dual-ear 
analysis can be performed with a single headset having dual 
earpieces. Dual-ear analysis with two earpiece modules can 
be used, for example, to compare the core temperature of 
each tympanic membrane in order to gauge brain activity 
comparing each brain hemisphere. In another case, acous 
tical energy, including ultrasonic energy, can be passed from 
one earpiece module to the other, with acoustic absorption 
and reflection being used to gauge various physiological 
states. For example, this technique can be used to gauge 
hydration level in the head or brain by estimating the 
acoustical energy absorption rate and Sound Velocity through 
the head of the user. 

0170 A variety of form factors for wearable monitoring 
devices 20 may be used in the embodiments or with the 
embodiments herein. The form-factor of a wrist-watch, belt, 
article of clothing, necklace, ring, body piercing, bandage, 
electrode, headband, glasses or Sunglasses, cast (i.e., for 
broken bones), tooth filling, etc. are but a few examples. A 
variety of earpiece styles, shapes, and architectures can be 
used for the case of where a wearable monitoring device 20 
is an earpiece module, according to embodiments. 
0171 A non-limiting embodiment of an earpiece module 

is illustrated in FIGS. 4A and 4B. The illustrated earpiece 40 
fits in the EAC of the ear of a person and is held in place by 
a balloon 21 that is sufficient filled with a fluid with a 
predetermined pressure. The fluid can be a gas, liquid or gel 
and preferably a filler that is biocompatible. The illustrated 
earpiece module 40 is a wired version and includes a body 
or housing that includes a main body housing 23, a flange 41 
and an extension or stent 22 to the main body housing 23 that 
goes through the balloon 21. A portion 22A of the extension 
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or stent 22 that goes through the balloon 21 can include 
acoustic ports and other ports for sensors and the like. The 
main body housing 23 can house a speaker 41 and a ear can 
microphone assembly 42. The module 40 can also include 
sensors (not shown). 
0172. It should be understood that the earpiece 40 can be 
any shape and size Suitable for wear in or around or near the 
ear. In some cases, the earpiece body and earpiece fitting can 
be one and the same structure. Such that the earpiece 
body-fitting is a small fitting inside the ear. In many or most 
cases, it is desirable to seal off or partially seal off the ear 
canal So as to prevent sounds from entering or leaving the 
ear Such that an auscultatory signal can more easily be 
extracted from the ear canal through devices (such as 
microphones) in the earpiece body-fitting. 
(0173 FIGS. 5A-5N illustrate slight variants of an 
embodiment of an earpiece module 20. FIGS. 5A and 5B 
illustrate an left front perspective exploded view of the 
earpiece module 20 which includes a balloon 21 filled with 
fluid 21C and surrounded in part by a SAW based pressure 
sensor 21A in the form of metal strips laid on the balloon 21. 
The module 20 further includes a main body housing 23 
having an extension or stent portion 22. The main body 
housing 23 is enclosed at an opposing end from the stent 22 
using an end cap 25. Within the main body housing 23 
resides a speaker 27, a flex circuit, a battery 28, and a 
recharging coil as previously described in other embodi 
ments. A flange 24 is slipped over the balloon 21 during 
assembly and should appear as in FIG. 2A in final assembly. 
FIG. 5C is a right front perspective exploded view of the 
module 20. In addition to the items described with respect to 
FIGS.5A and 5B, FIG. 5C further illustrates a valve 31 and 
fluid channel 21C used to fill the balloon 21 with fluid 21C. 
The balloon can also carry one or more LEDs 21E used for 
blood oximetry and a thermometer 37 for measuring body 
temperature near the human skull when the module is 
inserted within the EAC. FIG.5D is a rear left perspective 
exploded view of the module 20. In the end portion 
(0174 FIGS. 5E and 5F illustrate a front plan exploded 
view of the module 20 with the balloon facing out towards 
the page. In the end portion 22A of the extension or stent 
portion 22, various ports can be seen including a port for an 
inflation or fluid channel 21C, an acoustic port 54 that can 
capture sound from the ear canal via an ear canal micro 
phone or an acoustic port 52 that can provide reproduced 
Sound to the ear canal via a speaker in the module 20. Also 
seen within the end portion 22A is the thermometer 37. 
(0175 FIGS. 5G and 5H illustrate a rear plan exploded 
view of the module 20 with the end cap 25 facing out 
towards the page. In this view, it can be clearly seen that the 
balloon is rotated 20 degrees off center relative to the flange 
24 or main body housing 23. In these views, various ports 
are shown including ambient microphone ports 32 and 34. 
and the fluid or inflation port 21C that is part of a fluid 
channel used to fill the balloon 21 with fluid or any form of 
medium as necessary. In FIG.5G, the end cap 25 is removed 
or made opaque Such that the recharging coil 29 is seen. An 
indicator LED 39 is shown and can be configured to emit at 
least one or more different lights and/or flashing patterns to 
provide an indication of a charging mode, a recording mode, 
a full charge state, or another operational state. FIGS. 51 
through 5L illustrate various left and right side exploded 
views that further illustrate the arrangement of various 
components of the module 20. FIGS. 5I and 5J are right side 
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exploded views and FIGS. 5K and 5L are left side exploded 
views. Similarly, FIGS. 5M and 5N illustrate top side 
exploded views, where FIG. 5M includes various compo 
nents in shading and FIG. 5N are black and white illustra 
tions. 

0176 Another multifunctional earpiece module 60, 
according to embodiments is illustrated in FIGS. 6A-6E. 
The illustrated earpiece module 60 includes similar embodi 
ments to those described previously, but in assembled form. 
FIG. 6A illustrates the module 60 in shaded form and FIG. 
6B illustrates the module in a black and white illustration 
including a balloon 61 coupled to a main housing 63 via an 
extension or stent 62 of the main housing 63. The main 
housing 63 can include a vent or opening 68A that enables 
the equalization of pressure between the ambient and the 
area between the balloon and the flange 64 when the balloon 
is placed in the EAC. The flange 64 can cover the orifice of 
the ear but is not intended to completely seal the ear as the 
balloon is designed for such purpose further into the EAC. 
Referring to FIG. 6C, the module 60 further includes an end 
cap 65. Thus, between the main housing 63 and end cap 65. 
the internal components of the module 60 are encased or 
place within such area. FIG. 6D is a side view of the end cap 
65 which can include dimples 67 defining a dimple bound 
ary area. As can be more clearly seen in FIG.6E, the end cap 
can include a capacitive or resistive sensor 66 that enables 
a user to make predetermined gestures with their figures to 
control one or more functions of the module 60 or an 
associated device communicatively and operationally 
coupled to the module 60 (such as a cellphone). The dimples 
67A and 67B provides a user a tactile registration as to 
where to place their fingers on the end cap 65 to appropri 
ately make gestures using the sensor 66. The end cap 65 can 
also include an opening 68B that forms the beginning of an 
air or acoustic opening or vent that opens at 68A in FIG. 6B. 
Note, the vent is an optional feature or a feature that can be 
configured in many different ways and not necessarily in the 
manner shown. 

0177 Because at least one portion of the module 60 may 
contact or penetrate the skin, the sensors and telemetric 
circuitry provide access to various blood analytes through 
iontophoresis and electrochemical sensing that may not be 
easily be accessible by the other portions of the module 60. 
Additionally, the sensors in the module 60 may provide a 
good electrical contact for ECG or skin conductivity. 
(0178 FIGS. 7A and 7B illustrate yet another embodiment 
of a multifunctional earpiece module 70 with right front 
perspective exploded views in shaded and black and white 
illustrated views respectively. The module 70 can include a 
balloon 71 that can carry one or more sensing devices. The 
oval or ellipsoid shaped balloon 71 includes a central 
opening that enables a stent or extension 72 of the main 
housing 73 to protrude through the central opening. The 
balloon can carry at least a first LED 89A and optionally a 
second LED 89B used for pulse oximetry or blood flow 
measurements. The balloon 71 can also include an adhesive 
or adhesive tape such as Gecko Tape 85 that will enable the 
balloon 71 to adhere better to the user's skin and yet allow 
easy removal upon particular movement (e.g., torsion or 
twisting motion). The Gecko Tape 85 can also be included 
on a stop flange 74 that would rest just outside the orifice of 
the ear once the module 70 is inserted and set in place within 
the EAC of the user. A thermometer 87 can be centrally 
disposed within balloon near the opening and within the 
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stent or extension 72. As shown in FIG. 2E, the main 
housing 73 of the module 70 of FIGS. 7A and 7B can include 
a ventilation opening or channel 73A enabling air to enter 
through a hole (not shown) in a end cap 75 and through the 
channel 73A to fill an area between the flange 74 and the 
balloon 71 while the balloon seals an area from the balloon 
71 to the tympanic membrane (when the module 70 is 
appropriately placed within the user's EAC or ear canal. The 
end cap 75 encloses a number of components within the 
main housing 73 including a speaker housing 77 (having a 
speaker port 77A), an ear canal microphone 77B, a memory 
83, a digital signal processor 86, a first ambient microphone 
82A, a second ambient microphone 82B, an LED 89 and a 
flex circuit 88 that couples the various electronic compo 
nents. A portion 88A of the flex circuit can form an antenna 
for communication such as Bluetooth. The DSP 86 can 
include other circuitry for wireless communication process 
ing as well. The flex circuit 88 can placed around the speaker 
housing 77 (as shown) and also around a battery 78. 
(0179 FIGS. 8A-C illustrate yet another monitoring 
device 80, according to some embodiments, that can be 
integrated into a telemetric Bluetooth R) module. Though a 
Bluetooth R) module is illustrated as part of an application 
specific integrated circuit or ASIC 86, it should be under 
stood that other telemetric modules can be used. Telemetric 
modules according to Some embodiments of the present 
invention may operate in open architecture protocols, allow 
ing multiple telemetric devices to communicate with each 
other. A Bluetooth R module (including the monitoring 
device) according to some embodiments herein can be 
integrated into a wearable earpiece module (i.e., monitoring 
device 80 described above). The monitoring device 80 
illustrated in FIGS. 8A-C contain one or more sensors, and 
is operatively coupled to communication module Such as a 
Bluetooth R) module. In one embodiments, the sensor mod 
ule or processing functions for sensors in Some respect can 
be integrated with the communication module or Blu 
etooth R) module. In another embodiment, the sensor module 
is separated from the Bluetooth R) module, and a cable or 
electrical wires can couple or connect between the sensor 
module and the Bluetooth R) module. For example, the 
sensors that may need to be exposed externally can be placed 
in the region near or through the end cap 75 while sensors 
that may be better suited to reside within an enclosed area 
within the ear canal would be place near or around the 
balloon. In some cases, contact leads or vias may connect 
between the sensor module and an extended sensor or an 
additional sensor module. This allows the extended sensor or 
sensor module to be flexibly mounted anywhere inside, 
along, outside, or about the wearable sensor module 80. 
Extended sensors can be especially useful for 4-point gal 
vanometric monitoring of skin conductance, pulse oximetry, 
and Volatile organic compound monitoring. 
0180 Pulse oximetry is a standard noninvasive technique 
of estimating blood gas levels. Pulse Oximeters typically 
employ 2 or more optical wavelengths to estimate the ratio 
of oxygenated to deoxygenated blood. Similarly, various 
types of hemoglobin, Such as methemoglobin and carboxy 
hemoglobin can be differentiated by measuring and com 
paring the optical absorption at key red and near-infrared 
wavelengths. Additional wavelengths can be incorporated 
and/or replace conventional wavelengths. For example, by 
adding additional visible and infrared wavelengths, myo 
globin, methemoglobin, carboxyhemoglobin, bilirubin, 
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SpCO2, and blood urea nitrogen (BUN) can be estimated 
and/or monitored in real-time in addition to the conventional 
pulse oximetry SpO2 measurement. The LED 89 is placed 
on the balloon 71 for this purpose. The LED 89 can be a 
multiwavelength LED or additional LEDs can be employed. 
0181 Referring to FIGS. 8A and 8B, the module 80 can 
include a number of sensors on or near the balloon 71 such 
as a SAW or surface acoustic wave sensor 92, a non-invasive 
contactless sensor 93 (e.g., for EEG), an ear canal micro 
phone 77B, and a thermometer 87A that can be used to sense 
physiological activity within the confines of a sealed ear 
canal or EAC sealed by the balloon 71. Other external 
sensors such as additional thermometers and ambient micro 
phones 82A and 82B can housed more towards an external 
portion of a main housing 73. A stop flange 74 can be used 
to provide further isolation and to prevent insertion of the 
(external portion of the) module 80 beyond the orifice of the 
user's ear. Electronic components, electrical, acoustic and 
inflation lumens or channels can be incorporated within the 
main housing 73 and an extension or stent 72 of the main 
housing 73. The main housing 73 can also include an 
occlusion vent 97P (shown in FIG. 8C) that allows the 
pressure to equalize between the area defined between the 
balloon 71 and stop flange 74 and the ambient environment. 
0182 FIG. 8C provides a further detailed illustration of 
the module 80 in the form of a right front perspective 
exploded view. In this embodiment, an ear canal microphone 
77B is brought to the centrally disposed opening of the 
balloon 71. A mesh 91 covers the microphone 77B to avoid 
contaminants such as cerumen or ear wax from clogging the 
microphone. A similar mesh is also placed on ambient 
microphones 82A and 82B to avoid having dust or other 
particulars from the ambient environment clog up the micro 
phones 82A or 82B. As described above, the balloon 71 can 
carry or embed a number of sensors such as a SAW or 
Surface acoustic wave sensor 92, a non-invasive contactless 
sensor 93 (e.g., for EEG), and LED 89, and a thermometer 
87A that can be used to sense physiological activity within 
the confines of a sealed ear canal or EAC sealed by the 
balloon 71. The thermometer 87A can work in conjunction 
with an ambient thermal sensor 87B. Using a temperature 
differential between thermometers 87A and 87B can provide 
a more accurate measurement for calories burned by a user. 
Additionally, the module 89 can include a capacitive gesture 
sensor 96 that can be placed on or embedded within an end 
cap 75. 
0183. The module 80 can include a number of channels 
or lumens that can be defined by structures within a main 
housing 73 and a stent or extension 72 of the main housing 
73. A media or fluid conduit 71L can carry a media such as 
a gas, fluid, or gel. The balloon 71 and fluid conduit 71L is 
initially filled or pre-filled through an opening in the end cap 
75 and controlled using a dilation valve 81. When media is 
forced through the valve, the media is further forced through 
the conduit 71L and through a balloon or fluid port 71P in 
the Stent 72 in order to inflate or fill the balloon 71 with the 
media. The module 80 further includes one or more acoustic 
conduits or lumens that enable acoustic sound to traverse 
Such lumens. For example, an ear canal speaker lumen 77L 
enables sound output by a speaker 77 and more particularly 
from a speaker port 77A to traverse the lumen 77L to enable 
the end user to hear reproduced sound within a sealed EAC 
behind the balloon 71. Another lumen or acoustic channel 
97L enables ambient acoustic sound to traverse the channel 
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97L. An electro active polymer (EAP) valve 97 can serve as 
a controlling mechanism that controls the amount of ambient 
sound can traverse the module 80. In this regard, the EAP 
valve 97 serves as an “aural iris' that opens and closes the 
ambient environment from the otherwise sealed area behind 
the balloon 71 (when appropriately placed in the user's 
EAC). The EAP valve 97 and channel 97L allows the 
tympanic membrane to receive totally non-attenuated (non 
electronically enhanced, passive) sound from the outside to 
the inside (within the sealed EAC) by using the EAP to 
further modulate an external opening when it gets noisy by 
closing or reducing the size of Such opening based on 
readings of the ambient microphone(s). If the microphone 
hears no noise, then EAP valve can be completely open. If 
a noisy environment is detected, then the EAP attenuates the 
port using the ambient microphone signal. Note that the EAP 
valve is silent since there is no motor and hence no motor 
movement. With no motor movement, the EAP provides 
silent operations in contrast to other valve mechanisms. An 
electrical port 99 can also have a lumen or channel to carry 
wiring through the module 80. For example, Such wiring can 
include wires from the ear canal microphone 77B or ther 
mometer 87A to a flex circuit 98 or ASIC 86. 

0184 The components within the main housing 73 pri 
marily includes the speaker 77, a battery 78, a memory 83, 
LED 89, ambient microphones 82A, 82B, the ASIC 86, and 
the flex circuit 98 that couples the various components. The 
flex circuit 98 can include an integrated antenna or micro 
antenna 88 used for communication with other devices. 
Between the battery 78 and the end cap 75 can reside a 
inductive charging coil 94 and optionally a solar cell 95 used 
for further charging the battery 78 or independently or 
mutually powering other devices or components within the 
module 80. The end cap 75 can be made of a clear or 
transparent material Such as a clear plastic to allow light 
energy to be absorbed by the solar cell 95. In one embodi 
ment, the solar cell 95 is used to trickle charge the battery 78 
when the solar cell is exposed to light (whether the module 
80 is within the ear or not). 
0185. The embodiments described above are not limited 
to using or incorporating the sensors described therein. 
Different sensors can be substituted or existing sensors can 
be used for different purposes. Blood hydration can also be 
monitored optically, as water selectively absorbs optical 
wavelengths in the mid-IR and blue-UV ranges, whereas 
water can be more transparent to the blue-green wave 
lengths. Thus, the same optical emitter/detector configura 
tion used in earpiece pulse oximetry can be employed for 
hydration monitoring. However, mid-IR or blue optical 
emitters and detectors may be required. Additionally, moni 
toring the ratio of blue-green to other transmitted or reflected 
wavelengths may aid the real-time assessment of blood 
hydration levels. Blood hydration can also be monitored by 
measuring changes in capacitance, resistance, or inductance 
along the ear in response to varying water-content in the skin 
tissues or blood. Similarly, hydration can be estimated by 
monitoring ions extracted via iontophoresis across the skin. 
Additionally, measuring the return velocity of reflected 
Sound (including ultrasound) entering the head can be used 
to gauge hydration. These hydration sensors can be mounted 
anywhere within or along an earpiece or other monitoring 
device 80. It should be noted that other hydration sensors 
can also be incorporated into a module. 
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0186 A variety of techniques can be used for monitoring 
blood metabolites via an earpiece module, Such as wearable 
monitoring device 80. For example, glucose can be moni 
tored via iontophoresis at the surface of the skin combined 
with enzyme detection. Blood urea nitrogen (BUN) can be 
monitored by monitoring UV fluorescence in blood (through 
the skin) or by monitoring visible and mid-IR light absorp 
tion using the pulse oximetry approach described above. 
Various ions such as sodium, potassium, magnesium, cal 
cium, iron, copper, nickel, and other metal ions, can be 
monitored via selective electrodes in an earpiece module 
following iontophoresis through the skin. 
0187 Cardiopulmonary functioning can be evaluated by 
monitoring blood pressure, pulse, cardiac output, and blood 
gas levels via earpiece modules, and other monitoring appa 
ratus in accordance with some embodiments herein. Pulse 
rate and intensity can be monitored through pulse oximetry 
(described above) as well as by sensing an increase in 
oxygenated blood with time. Pulse rate and blood flow may 
also be assessed through impedance measurements via gal 
vanometry near a blood vessel. Additionally, pulse rate and 
blood flow may be assessed through a fast-response thermal 
energy sensor, Such as a pyroelectric sensor. Because mov 
ing blood may temporarily increase or decrease the localized 
temperature near a blood vessel, a pyroelectric sensor will 
generate an electrical signal that is proportional to the total 
blood flow in time. 

0188 Blood pressure can be monitored within the ear 
canal, for example. According to some embodiments, a 
digital blood pressure meter is integrated into an earpiece 
module, such as earpiece 80 of FIG. 8C. Actuators and sonic 
and pressure transducers can be placed along the ear canal 
(or earlobe), and systolic and diastolic pressure can be 
measured by monitoring the pressure at which the well 
known Korotkoff sound is first heard (systolic), then disap 
pears (diastolic). This technique can also be used to monitor 
intra-cranial pressure and other internal pressures. Blood 
pressure may also be measured by comparing the time 
between pulses at different regions of the body. For example, 
sensors for monitoring pulse rate and blood Volume can be 
located in front of the ear and behind the ear or at the 
earlobe, and the time between the detection of each pulse 
from each sensor, as well as the Volume of blood passed, can 
be processed by a signal processor 86 into an indication of 
blood pressure. 
0189 Electrodes within or about an earpiece can also be 
utilized to monitor blood gases diffused through the skin, 
giving an indication of blood gas metabolism. For example, 
a compact Severinghaus electrode can be incorporated 
within an earpiece module for the real-time monitoring of 
CO2 levels in the blood, for example, through an earlobe 
connector, a sensor region of an earpiece fitting, or along or 
about an ear Support. These Severinghaus-type electrodes 
can also be used to monitor other blood gases besides CO2, 
Such as Oxygen and nitrogen. 
0.190 Organ function monitoring includes monitoring, 
for example, the liver, kidneys, pancreas, skin, and other 
Vital or important organs. Liver quality can be monitored 
noninvasively by monitoring optical absorption and reflec 
tion at various optical wavelengths. For example, optical 
reflection from white LEDs or selected visible-wavelength 
LEDs can be used to monitor bilirubin levels in the skin and 
blood, for a real-time assessment of liver health. 
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0191 Monitoring neurological functioning can be 
accomplished via electrodes or via non-invasive contactless 
sensors placed at the ear, near the ear, or within the walls of 
the ear canal and particularly closer to the skull. When such 
electrodes are placed along the forehead, this process is 
described as electroencephalography, and the resulting data 
is called an electroencephalogram (EEG). These electrodes 
can be either integrated into an earpiece module or con 
nected to an earpiece module, according to Some embodi 
ments of the present invention. For example, the balloon 71 
can be modified to conform with EEG electrodes or other 
electrodes for measuring brain waves or neurological activ 
ity. For monitoring neurological functioning, a temple ear 
piece may also be used. Electrodes may be positioned in a 
temple earpiece region near the temples of a user for direct 
contact with the skin. In some embodiments, direct contact 
is not necessary, and the neurological functioning can be 
monitored capacitively, inductively, electromagnetically, or 
a combination of these approaches as is the case when the 
sensors 92 shown in FIG. 8C are embedded or placed within 
the balloon 71. In some embodiments, brain waves may 
couple with low frequency acoustical sensors integrated into 
an earpiece module. 
0.192 In some embodiments, neurological functioning 
can be monitored using electrodes that are placed in the ear 
and more particularly within the external auditory canal 
(EAC). In one embodiment, the one or more electrodes can 
be embedded on or within a expandable element or balloon 
that forms part of an earpiece. The electrodes will have 
access to a stable and secure location that is at least as close 
to the skull as conventional EEG electrodes used on the 
surface of one’s head. 

0193 In some embodiments, the electrodes used in an 
earpiece can use multimodal electrodes that monitor or 
measure various parameters. For example, the electrode can 
be used to monitor one or more of brain activity (EEG), 
cardiac activity (ECG), muscular activity (EMG), skin con 
ductivity, breathing, or speech. The multimodal electrode 
can be used for concurrent and co-located electrical and 
mechanical signal acquisition. Such multimodal embodi 
ment can by used in various applications including, but not 
limited to, physical and mental state monitoring in medicine, 
sports, military, research, entertainment, or biological stud 
ies. For example, such a device can form part of a cardio 
vascular monitoring system for disease diagnosis or of a 
stress and fatigue monitoring system for Soldiers, perform 
ers, or athletes. In some chronic diseases, the EEG can make 
long term recordings to monitor and track patients with 
epilepsy or other diseases. The device can also be used for 
human and animal biomechanics research. Such a system 
can be ultra-low power, light weight, unobstrusive, and 
exhibiting low electrical impedance which helps achieve 
low noise, high quality electrical readings, particularly in 
low signal power scenarios such as EEG. The electrical and 
mechanical sensing can be decoupled and yet co-located. 
Such a system can be manufactured at a low cost and be 
made disposable. The balloon 71, as mentioned previously, 
enables and facilitates a stable ecosystem to acquire Such 
sensor data with minimal or no corruption or motion arti 
facts to the extent that algorithms for removing such motion 
artifacts become unnecessary. 
0194 In some embodiments, the EEG electrodes within 
the EAC can be used to monitor or measure a level of sleep 
quality. In other aspects, the EEG can be used to monitor 
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apnea-induced hypoxemia or sleep apnea based measure 
ments of electrocortical activity. Sleep apnea is a potentially 
serious sleep disorder in which breathing repeatedly stops 
and starts. Sleep apnea is sometimes diagnosed if one Snores 
loudly and they feel tired even after a full night's sleep. 
Although Snoring is not definitive, it is considered a soft 
marker of the condition. There are two main types of sleep 
apnea. One type is known as Obstructive sleep apnea which 
is the more common form that occurs when throat muscles 
relax. The second type is Central sleep apnea, which occurs 
when your brain doesn’t send proper signals to the muscles 
that control breathing. Treatment is necessary to avoid heart 
problems and other complications. 
0.195. In some embodiments, an earpiece device can be 
used to monitor individuals with obstructive sleep apnea 
syndrome (OSAS). The EEG recordings can be timed with 
respiratory events or other monitored vitals. In some 
embodiments, the earpiece device can be used to monitor 
REM or non-REM sleep which is used in diagnosing sleep 
apnea. The earpiece device can further monitor other aspects 
for further correlation or correspondence to suspected dis 
orders. For example, a microphone or other transducer can 
monitor for Sounds such as Snoring or another sensor can 
monitor for restlessness or other motion. Thus, a single 
earpiece device (or a combination in a pair of earpieces) can 
serve to detect various diseases, disorders, or conditions by 
monitoring EEG that looks at neurological data in combi 
nation with other data gathered from Sound or motion 
detectors or sensors. If a particular profile of sensing data 
meets a threshold indicative of one condition or another, the 
device can further include a reporting mechanism that 
provides notice (and optionally the actual data) to an appro 
priate physician Such as a pulmonologist, neurologist or 
internist. Further note that in some embodiments, the physi 
cal profile monitoring device in the form of an earpiece 
should not extending from the concha bowl to avoid dis 
lodging by a pillow or other movement during sleep or rest 
since minimal or no physical contact should be made with 
the earpiece during such analysis. 
0196. In some embodiments, by using the ear as the 
location for electrodes (in a wireless earpiece) used in 
electroencephalography (EEG), a patient or physician can 
avoid having to shave a patient’s scalp and further avoid 
attaching many electrodes and cables. With sufficient battery 
life, the device can be used to monitor patients over 
extended periods of time and enable monitoring of patients 
having regularly recurring problems such as seizures or 
microsleep. The placement of the EEG electrodes inside the 
EAC makes for a stable and consistent recording system that 
is substantially free of signal noise due to body movement. 
Such signal noise can further be detected and filtered as 
discussed elsewhere herein. Using the ear also ensures that 
the electrodes are essentially placed in the same spot pro 
viding for greater consistency and reliability between dif 
ferent readings. The balloon or expandable element in the 
earpiece further adds to the stability and consistency of the 
recording environment. The balloon when placed appropri 
ately, essentially registers with the ears anatomy and locks 
in place. Furthermore, the balloon provides the added iso 
lation from ambient noise that other devices fail to provide 
when using microphones as part of an overall sensing 
scheme. 

0.197 In some embodiments, the monitoring of EEG 
and/or one or more other physiological parameter can assist 
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in the assessment or treatment or analysis of one or more of 
behavior studies, estimation of auditory attention (feedback 
to hearing aids), fatigue monitoring, vigilance or alertness 
monitoring, hypoglycemia, Alzheimer's, Dementia, Schizo 
phrenia, Neurodegenerative diseases, Epilepsies, Brain 
Computer Interface (BCI), Sleep monitoring, Objective 
Hearing Threshold (HTL) estimation, antidepressants, Par 
kinson disease, Attention Deficit Hyperactivity Disorder 
(ADHD), Stress monitoring, or objective assessment or 
monitoring of the effect and efficacy of treatment or reha 
bilitation. Note that the HTL estimation can be used for the 
fitting of hearing aids or for tracking a hear loss character 
istic. The BCI can be used as a user interface enabling 
conscious and unconscious control. In one example, using 
the modules herein as a fatigue monitor can enable a user to 
monitor neurological changes and can provide feedback in 
the form of a Sound, haptic output, shock, etc. in order to 
stimulate or wake up someone who may be getting drowsy 
during a long drive. In another example, the monitoring 
device operating as a hypoglycemic monitor can monitor 
high or low blood Sugar levels and provide an acoustic 
stimuli regarding such status to enable the user to take 
corrective action. 

0198 In some embodiments, the expandable element or 
balloon and optionally the flange can include adhesive skin 
such as Gecko Tape or GeckSkinTM (developed by the 
University of Massachusetts at Amherst) on the outer sur 
face of the expandable element or flange to enable the 
expandable element, balloon, or flange to adequately grasp 
or attach to the user's skin. GeckSkin uses draping adhesion 
inspired by toe pads of geckos. GeckSkin allows for a rapid 
and low-energy transition between attachment and detach 
ment 

0199. A person’s body motion and head position can also 
be monitored by integrating a motion sensor into an earpiece 
module. Two Such compact motion sensors include gyro 
Scopes and accelerometers, typically mechanical or optical 
in origin. In some embodiments, an accelerometer may be 
composed of one or more microelectromechanical systems 
(MEMS) devices. In some embodiments, an accelerometer 
can measure acceleration or position in 2 or more axes. 
When the head is moved, a motion sensor detects the 
displaced motion from the origin. A head position monitor 
can be used to sense convulsions or seizures and relay this 
information wirelessly to a recording device. Similarly, head 
position monitoring may serve as a feedback mechanism for 
exercise and athletic training where head positioning with 
respect to the body is important. Additionally, the head 
position monitoring can be used to monitor when someone 
has fallen down or is not moving. The monitoring of body 
motion or head position can also be used to activate func 
tions on the module 80 or other devices operational coupled 
to the module 80. Further note that the accelerometers or 
other motion detectors can also be used as part of a Voice 
Activity Detector or VAD. In some embodiments, detection 
of a fall can be based on the measurements made by an 
accelerometer (and the direction of the movement). Such a 
system could provide a user with access to emergency 
services and further provide feedback (acoustic) to the user. 
0200 Body temperature, including core and skin tem 
perature, can be monitored in real-time by integrating com 
pact infrared sensors into an earpiece module, according to 
Some embodiments of the present invention. Infrared sen 
sors are generally composed of thermoelectric/pyroelectric 
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materials or semiconductor devices, such as photodiodes or 
photoconductors. Thermistors, thermocouples, and other 
temperature-dependent transducers can also be incorporated 
for monitoring body temperature. These sensors can be very 
compact and thus can be integrated throughout an earpiece 
module. In some embodiments, these sensors may be 
mounted along the backside of an earpiece body where the 
earpiece connects with the ear canal. Temperature sensors 
aimed at the tympanic membrane may be more accurate than 
sensors aimed in other directions. A combination of tem 
perature sensors and use oftemperature differentials can also 
provide more accurate readings and significant or useful 
data. 

0201 In some embodiments, a pedometer can be inte 
grated into an earpiece module to measure the number of 
steps walked during a day. Pedometers that can be integrated 
into an earpiece module include, but are not limited to, 
mechanical pedometers (usually implementing a metallic 
ball or spring), microelectromechanical systems (MEMS) 
pedometers, inertial sensor pedometers, accelerometer 
based pedometers, accelerometry, gyroscopic pedometers, 
and the like. 

0202 In some embodiments, a pedometer for an earpiece 
module employs an acoustic sensor for monitoring the 
characteristic sounds of footsteps channeled along the ear 
canal. For example, an acoustic sensor can be integrated into 
an earpiece housing along the backside thereof and/or within 
an earpiece fitting thereof. The Sounds generated from 
footsteps can be detected and analyzed with a signal pro 
cessor using a noise cancellation or signal extraction 
approach to identify footstep Sounds in the midst of convo 
luting physiological noise. In this embodiment, digitized 
electrical signals from footstep Sounds from outside the 
body are compared with digitized electrical signals from 
footstep Sounds traveling through the body (and ear canal), 
and only the spectral features associated with both types of 
digitized signals are amplified. This provides a new signal 
that contains cleaner information about footsteps. 
0203 Breathing characteristics can also be monitored in 
a manner similar to that of acoustic pedometry (described 
above) via auscultatory signal extraction. In some embodi 
ments, an acoustic sensor in an earpiece module is used to 
sense sounds associated with breathing. Signal processing 
algorithms are then used to extract breathing Sounds from 
other sounds and noise. This information is processed into a 
breathing monitor, capable of monitoring, for example, the 
intensity, Volume, and speed of breathing. Another method 
of monitoring breathing is to employ pressure transducers 
into an earpiece module. Changes in pressure inside or near 
the ear associated with breathing can be measured directly 
and, through signal processing, translated into a breathing 
monitor. Similarly, optical reflection sensors can be used to 
monitor pressure in or near the ear by monitoring physical 
changes in the skin or tissues in response to breathing. For 
monitoring the physical changes of the tympanic membrane 
in response to breathing, and hence ascertaining breathing 
rate, an optical signal extraction approach may be employed. 
At least one color sensor, or colorimetric sensor, can be 
employed to monitor changes in color associated with 
breathing and other health factors. 
0204. It should be noted that some embodiments of the 
present invention incorporate health sensors that do not 
employ chemical or biological reagents for monitoring vari 
ous health factors. This is because Such sensors have tradi 
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tionally required larger instrumentation (not suitable for 
portability) and/or disposable samplers (not acceptable to 
most end users). However, sensors employing chemical or 
biological reagents may be incorporated into earpiece mod 
ules, according to some embodiments. For example, the 
diffusion of analyte through the skin can be monitored 
electrically or optically by selective binding to enzymes or 
antibodies contained in the health sensors integrated into an 
earpiece module. In some cases, iontophoresis, agitation, 
heat, or osmosis may be required to pull ions from the skin 
or blood into the sensor region for monitoring health factors. 
In some cases, these analytes may be tagged with markers 
for electromagnetic, electrical, nuclear, or magnetic detec 
tion. 

0205 Caloric intake, physical activity, and metabolism 
can be monitored using a core temperature sensor, an 
accelerometer, a sound extraction methodology, a pulse 
Oximeter, a hydration sensor, and the like. These sensors can 
be used individually or in unison to assess overall caloric 
metabolism and physical activity for purposes such as diet 
monitoring, exercise monitoring, athletic training, and the 
like. For example, a sound extraction methodology can be 
used to extract sounds associated with Swallowing, and this 
can give an indication of total food Volume consumed. 
Additionally, a core temperature sensor, such as a thermo 
pile, a pyroelectric sensor, a thermoelectric sensor, or a 
thermistor, or a tympanic membrane extraction technique, 
can be used to assess metabolism. In one case, the core 
temperature is compared with the outdoor temperature, and 
an estimate of the heat loss from the body is made, which is 
related to metabolism. 

0206 Environmental temperature can be monitored, for 
example, by thermistor, thermocouple, diode junction drop 
reference, or the like. Electrical temperature measurement 
techniques are well known to those skilled in the art, and are 
of Suitable size and power consumption that they can be 
integrated into a wireless earpiece module without signifi 
cant impact on the size or functionality of the wireless 
earpiece module. 
0207 Environmental noise can be monitored, for 
example, by transducer, microphone, or the like. Monitoring 
of environmental noise preferably includes, but is not lim 
ited to, instantaneous intensity, spectral frequency, repetition 
frequency, peak intensity, commonly in units of decibels, 
and cumulative noise level exposures, commonly in units of 
decibel-hours. This environmental noise may or may not 
include noise generated by a person wearing an earpiece 
module. Sound made by a person wearing an earpiece 
module may be filtered out, for example, using analog or 
digital noise cancellation techniques, by directional micro 
phone head shaping, or the like. The environmental noise 
sensor may or may not be the same sensor as that used for 
the intended purpose of wireless communication. In some 
embodiments, the environmental noise sensor is a separate 
sensor having broader audible detection range of noise level 
and frequency, at the possible sacrifice of audio quality. 
0208 Environmental smog includes VOCs, formalde 
hyde, alkenes, nitric oxide, PAHs, sulfur dioxide, carbon 
monoxide, olefins, aromatic compounds, Xylene com 
pounds, and the like. Monitoring of the aforementioned 
Smog components can be performed using earpiece modules 
and other wearable apparatus, according to some embodi 
ments of the present invention, and in a variety of methods. 
All Smog components may be monitored. Alternatively, 
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single Smog components or combinations of Smog compo 
nents may be monitored. Photoionization detectors (PIDs) 
may be used to provide continuous monitoring and instan 
taneous readings. Other methods of detecting Smog compo 
nents according to embodiments of the present invention 
include, but are not limited to, electrocatalytic, photocata 
lytic, photoelectrocatalytic, calorimetric, spectroscopic or 
chemical reaction methods. Examples of monitoring tech 
niques using the aforementioned methods may include, but 
are not limited to, IR laser absorption spectroscopy, differ 
ence frequency generation laser spectroscopy, porous silicon 
optical microcavities, Surface plasmon resonance, absorp 
tive polymers, absorptive dielectrics, and calorimetric sen 
sors. For example, absorptive polymer capacitors inductors, 
or other absorptive polymer-based electronics can be incor 
porated into an earpiece module (e.g., 5 or 5A, FIG. 1) 
according to embodiments. These polymers change size or 
electrical or optical properties in response to analyte(s) from 
the environment (such as those described above). The elec 
trical signal from these absorptive polymer electronic sen 
sors can be correlated with the type and intensity of envi 
ronmental analyte. Other techniques or combinations of 
techniques may also be employed to monitor Smog compo 
nents. For example, a Smog component may be monitored in 
addition to a reference, such as oxygen, nitrogen, hydrogen, 
or the like. Simultaneous monitoring of Smog components 
with a reference analyte of known concentration allows for 
calibration of the estimated concentration of the Smog 
component with respect to the reference analyte within the 
vicinity of an earpiece user. 
0209. In some embodiments, environmental air particles 
can be monitored with a flow cell and a particle counter, 
particle sizer, particle identifier, or other particulate matter 
sensor incorporated as part of an earpiece module or exter 
nally attached to an earpiece module. Non-limiting 
examples of particles include oil, metal shavings, dust, 
Smoke, ash, mold, or other biological contaminates such as 
pollen. In some embodiments of the present invention, a 
sensor for monitoring particle size and concentration is an 
optical particle counter. A light source is used (e.g., a laser 
or a laser diode), to illuminate a stream of air flow. However, 
a directional LED beam, generated by a resonant cavity LED 
(RCLED), a specially lensed LED, or an intense LED point 
Source, can also be used for particle detection. The optical 
detector which is off-axis from the light beam measures the 
amount of light scattered from a single particle by refraction 
and diffraction. Both the size and the number of particles can 
be measured at the same time. The size of the monitored 
particle is estimated by the intensity of the scattered light. 
Additionally, particles can be detected by ionization detec 
tion, as with a commercial ionization Smoke detector. In this 
case, a low-level nuclear radiation source, such as ameri 
cium-241, may be used to ionize particles in the air between 
two electrodes, and the total ionized charge is detected 
between the electrodes. As a further example, piezoelectric 
crystals and piezoelectric resonator devices can be used to 
monitor particles in that particles reaching the piezoelectric 
Surface change the mass and hence frequency of electrome 
chanical resonance, and this can be correlated with particle 
mass. If the resonators are coated with selective coatings, 
certain types of particles can attach preferentially to the 
resonator, facilitating the identification of certain types of 
particles in the air near a person wearing an earpiece 
module. In some embodiments, these resonators are solid 
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state electrical devices, such as MEMS devices, thin film 
bulk acoustic resonators (FBARs), surface-acoustic wave 
(SAW) devices, or the like. These compact solid state 
components may be arrayed, each arrayed element having a 
different selective coating, for monitoring various types of 
particles. To the extent that the sensors can be mounted or 
embedded on or within an expandable element or balloon, 
the additional isolation provided by such balloon, particu 
larly isolation within the EAC, only serves to provide for a 
more efficient and elegant Solution to other Solutions that 
include corrupted data or must be compensated for Such 
corrupted data. 
0210. In some embodiments of the present invention, 
environmental air pressure or barometric pressure can be 
monitored by a barometer. Non-limiting examples of baro 
metric pressure measurement include hydrostatic columns 
using mercury, water, or the like, foil-based or semiconduc 
tor-based strain gauge, pressure transducers, or the like. In 
Some embodiments of the present invention, semiconductor 
based strain gauges are utilized. A strain gauge may utilize 
a piezoresistive material that gives an electrical response 
that is indicative of the amount of deflection or strain due to 
atmospheric pressure. Atmospheric pressure shows a diurnal 
cycle caused by global atmospheric tides. Environmental 
atmospheric pressure is of interest for prediction of weather 
and climate changes. Environmental pressure may also be 
used in conjunction with other sensing elements. Such as 
temperature and humidity to calculate other environmental 
factors, such as dew point. Air pressure can also be measured 
by a compact MEMS device composed of a microscale 
diaphragm, where the diaphragm is displaced under differ 
ential pressure and this strain is monitored by the piezoelec 
tric or piezoresistive effect. 
0211. In some embodiments of the present invention, 
environmental humidity, relative humidity, and dew point 
can be monitored by measuring capacitance, resistivity or 
thermal conductivity of materials exposed to the air, or by 
spectroscopy changes in the air itself. Resistive humidity 
sensors measure the change in electrical impedance of a 
hygroscopic medium such as a conductive polymer, salt, or 
treated Substrate. Capacitive humidity sensors utilize incre 
mental change in the dielectric constant of a dielectric, 
which is nearly directly proportional to the relative humidity 
of the Surrounding environment. Thermal humidity sensors 
measure the absolute humidity by quantifying the difference 
between the thermal conductivity of dry air and that of air 
containing water vapor. Humidity data can be stored along 
with pressure monitor data, and a simple algorithm can be 
used to extrapolate the dew point. In some embodiments of 
the present invention, monitoring humidity is performed via 
spectroscopy. The absorption of light by water molecules in 
air is well known to those skilled in the art. The amount of 
absorption at known wavelengths is indicative of the humid 
ity or relative humidity. Humidity may be monitored with a 
spectroscopic method that is compatible with the Smog 
monitoring spectroscopic method described above. 
0212. When environmental factors such as the aforemen 
tioned are monitored continuously in real-time, a users total 
exposure level to an environmental factor can be recorded. 
When a representative volume of air a user has been exposed 
to is monitored or estimated, the Volumetric concentration of 
the analytes can be calculated or estimated. In order to 
estimate the Volume of air a person wearing an earpiece has 
been exposed to, a pedometer or accelerometer or air flow 
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sensor can also be integrated into an earpiece module. 
Pedometers and accelerometers can be integrated into an 
earpiece module via mechanical sensors (usually imple 
menting a mechanical-electrical switch), MEMS devices, 
and/or gyroscopic technologies. The technologies required 
for these types of pedometers and accelerators are well 
known to those skilled in the art. The incorporated pedom 
eter or accelerometer (or more than one pedometer or 
accelerometer) is used to gage the distance a person has 
traveled, for use in the estimation of the volume of air to 
which a person has been exposed, and the Subsequent 
estimate of the Volumetric concentration of monitored ana 
lytes. 
0213. The health and environmental sensors utilized with 
earpiece modules and other wearable monitoring apparatus, 
according to embodiments of the present invention, can 
operate through a user-selectable Switch on an earpiece 
module. However, health and environmental sensors can 
also be run automatically and independently of the person 
wearing the apparatus. In other embodiments, the person 
may control health and environmental monitoring through a 
device wirelessly coupled to an earpiece module. Such as a 
portable telecommunication device. For example, health and 
environmental sensors in or about an earpiece module can be 
controlled wirelessly through, for example, a cell phone, 
laptop, or personal digital assistant (PDA). 
0214 FIG. 9 illustrates a graphical user interface for 
displaying data, according to Some embodiments. A display 
on a device communicatively coupled to any one of the 
monitoring devices (1, 20, 40, 60, 70, or 80) can show 
various biometric, environmental, neurological or other 
parameter can be tracked. A user can track their own data or 
with appropriate permissions can track and compare their 
data with others. Such information can be displayed on a 
cellular phone, computer, or other output device. Anony 
mized data from particular demographic groups can also be 
used to compare with personalized data. Such information 
can be in a number of ways including medical analysis, 
health and fitness tracking, and for competition. The data is 
generally real time or near real time data and can be selected 
or customized by the user or a care provider or fitness trainer 
to provide pertinent data. FIG. 12 illustrates a system that 
includes the monitoring module 80, a cellular phone 6D 
operatively coupled to the module 80 and a user interface or 
screen 121 of the cellular phone illustrating some sample 
Vital signs and environmental statistics that is captured either 
by the monitoring module 80, the cellular phone 6D or both. 
For example, if location information or altitude information 
is obtainable from a GPS module in the cell phone 6D, then 
Such information can be used in conjunction with other 
sensor information captured by the monitoring module 80. 
0215. A wearable monitoring device may be configured 
such that user preferences can be “downloaded wirelessly 
without requiring changes to the earpiece monitor hardware. 
For example, an earpiece concerned about a heart condition 
may wish to have the signal processor 4 (of FIG. 1A) focus 
on processing pulse signature, at the expense of ignoring 
other physiological or environmental parameters. The user 
may then use a portable telecommunication device to down 
load a specialized algorithm through the web. This may be 
accomplished through existing wireless infrastructure by 
text-messaging to a database containing the algorithm. The 
user will then have an earpiece module Suited with analysis 
software specialized to the needs and desires of the user. 
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0216 Health and environmental monitors, according to 
embodiments of the present invention, enable low-cost, 
real-time personal health and environmental exposure 
assessment monitoring of various health factors. An indi 
viduals health and environmental exposure record can be 
provided throughout the day, week, month, or the like. 
Moreover, because the health and environmental sensors can 
be small and compact, the overall size of an apparatus. Such 
as an earpiece, can remain lightweight and compact. 
0217. In some embodiments, the earpiece is designed to 
remain invisible to the outside casual observer. The earpiece 
can be made of materials such as silicone or polyurethane 
with properties that essentially make any portions opaque 
that can have external exposure. Thus, the earpiece will have 
a chameleon-like quality and take on the color of the Small 
portion of skin that it may be covering. Any Small portion 
that remains visible outside the orifice of the ear will then 
blend with the skin color in the area immediately adjacent to 
the orifice of the ear. 

0218. As the In-Ear-Canal version is intended to remain 
invisible to the outside casual observer, the user of such a 
small device should still have a way to distinguish which 
earpiece is for left ear insertion or right ear insertion. FIG. 
10A illustrates a left earpiece and FIG. 10B illustrates a 
comparable right earpiece. The use of a colored dot or other 
visible marker would compromise the “invisibility of the 
product. Thus, in some embodiments, the balloon for one or 
both of the earpieces can have a colored portion or have a 
fluid tinted that fills the balloon which could be used to 
designate intended use for a particular ear (left or right, e.g., 
red for the right etc.). The balloon is in invisible to the 
audience as it is worn inside the ear canal. In some embodi 
ments, the earpiece can provide a tone and/or message once 
it detects movement indicative of placement of the device in 
the ear where the tone or audio message provides an 
indication of “left” or “right' for the corresponding left or 
right earpiece. In other words, the earpiece can instruct or 
“speak' to the user to let the user know that the earpiece is 
the “left' earpiece or “right’ earpiece when the user installs 
the corresponding left or right earpiece into their ear canal. 
If the user installs the left earpiece in their right ear, the user 
will realize that they placed the earpiece in the wrong side 
when they hear the word “left” in their right ear. In some 
embodiments, the user may be able to reverse the function 
ality of the earpiece with a recognizable instruction Such as 
“reverse left right function' and thus avoid having to physi 
cally Switch or Swap earpieces from left to right and from 
right to left. Operationally, once the device detects move 
ment it can emit a signal (acoustic, ultrasonic, LED, other 
wise, etc) and await a reflection of Such signal to provide an 
indication that the product is being inserted or has been 
inserted into the canal or occluded area. Then the speech will 
provide an indication of left or right. Although the primary 
form factor illustrated is a small or mini ear bud, the 
embodiments herein can also come in other form factors that 
does not necessarily provide invisibility Such as the earpiece 
50 of FIGS. 11A and 11B respectively. The earpiece 50 
shown in FIG. 11A has a boom microphone retracted and the 
same earpiece 50 in FIG. 11B has the boom microphone 52 
extended for intended use being nearer to a user's mouth. 
Note that the boom microphone 52 can also include a 
number of sensors previously mentioned herein. 
0219. In some embodiments, the earpiece can include a 
multicolor indicator Such as a multicolor light emitting diode 
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(LED) to provide status information. In some embodiments, 
a very small (e.g., 0.5 mm or even smaller) tri-color LED 
can be mounted in an end cap of the earpiece. In some 
embodiments, the LED would only be “on” meaning a color 
light would appear when the earpiece is out of the ear, Such 
as on the charging station or while in your pocket. The 
tri-colors can indicate operational status of the device and 
provide information Such status information involving bat 
tery charging, battery life, connectivity (e.g., WiFi or Blu 
etooth status), noise level, or intelligibility for example. 
0220. In some embodiments, the earpiece can include 
biometric or physiological sensors for confirmation for 
identification, authentication, and/or secure payment trans 
actions. The data gathered from the sensors can be used to 
identify an individual among an existing group of known or 
registered individuals. In some embodiments, the data can 
be used to authenticate an individual for additional functions 
Such as granting additional access to information or enabling 
transactions or payments from an existing account associ 
ated with the individual or authorized for use by the indi 
vidual. 
0221) The various sensors in the earpiece can be used to 
build a profile of the user. Some sensor data may be more 
reliable and consistent than others, but generally one or more 
sensors for detecting motion, heart rate, Voice, fingerprint, or 
even a tell-tale brainwave signal or profile that may be 
consistently and uniquely repeated in response to a particu 
lar stimulus can be used to confirm or authorize payment in 
a payment system. 
0222. In some embodiments, the earpiece can include a 
fingerprint detector or a gesture detector that can detect a 
particular predetermined pattern. A fingerprint detector can 
be used on an external portion of an earpiece to authenticate 
an individual and then 

0223) In some embodiments, the earpiece includes one or 
more Digital Signal Processors (DSP) or other processors 
for processing the various signals as inputs and outputs. For 
example, the DSP can including processing for Near Field 
Communication (NFC) signals, audio signals, data to and 
from memory, BlueTooth 3.0 or 4.1 LE signaling, GPS 
signaling, WiFi signaling, power management, recharger, 
analog to digital operational amplifiers for ambient and ear 
canal microphones, calling digital amplifier output, acceler 
ometer, capacitive sensors for gesture control, analog to 
digital converters for SAW, LED, and thermometer, and 
graphical user interface control including control of LED 
used for status indication. Note that the ear canal micro 
phone can be used as a biometric sensor as well to acquire 
heart and blood flow characteristics since the placement of 
the module (1, 20, 70 or 80) can be placed close to the 
jugular, carotid artery where a relatively clean heart signa 
ture can be captured since a great seal is formed using the 
balloon. The balloon mitigates ambient Sounds and allows 
for a stable and isolated environment for monitoring and 
recording Such biometric data. 
0224. The balloon also enables a clearer path for deter 
mining an ending point for voice recognition engines. Multi 
term or multi phrase queries become easier since the com 
plicating factor of ambient noise is essentially eliminated 
through the use of the balloon. Without the balloon, a voice 
recognition engine would keep trying to attempt to recog 
nize fringe noises near the user and would continue to have 
difficulty trying to distinguish between background noises 
and intended Voice instructions and queries from the user. 
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Since there is a higher level of isolation and better correla 
tion characteristics can be used between the user's voice 
picked up from an ambient microphone and the user's voice 
picked up using the ear canal microphone, the recognition of 
multi-terms or phrases and determining an end point when 
Such phrases terminate will naturally provide greater accu 
racy and intelligibility. 
0225. In some embodiments the monitoring module can 
be modular and have a replaceable dilation management 
system. In other words, the balloon portion of the monitor 
ing module can be replaced and a new balloon with either 
the same pre-existing configuration of sensors (or no sensors 
at all) can be used to replace the old balloon. 
0226. In some embodiments, the flange 74 shown in FIG. 
8C can be shaped differently to more appropriately fit the 
geometry of the user's concha bowl. In this regard, the 
flange can have an irregular shape that covers a more 
significant portion of the concha bowl. The irregular shape 
also enables the user to more easily flip a “flap' of the flange 
to enable easier removal of the module 80 from the user's 
EAC. Optionally, the flange can include protruding stem, 
boss, pole or other pull element to enable the user to more 
easily grab the module 80 during removal by grabbing the 
stem, boss, or pole. Note that the flange 74 and the overall 
module 80 is intended to be “invisible' from an ordinary 
observer once inserted into the EAC. Thus the module 80 is 
relatively small and may be difficult to manipulate once 
inserted within the EAC. The flap or stem (boss or pole) on 
the flange will enable easier removal of the EAC after 
insertion. 

0227. In some embodiments, the balloon can further be 
molded with carbon fiber into the polymer material of the 
balloon. The carbon fiber or other materials can be used to 
mitigate radio frequency emissions or electromagnetic emis 
sions from the recharger system (see coil 94, FIG. 8C). 
0228. The foregoing is illustrative of the present inven 
tion and is not to be construed as limiting thereof. Although 
a few exemplary embodiments of this invention have been 
described, those skilled in the art will readily appreciate that 
many modifications are possible in the exemplary embodi 
ments without materially departing from the teachings and 
advantages of this invention. Accordingly, all such modifi 
cations are intended to be included within the scope of this 
invention as defined in the claims. The invention is defined 
by the following claims, with equivalents of the claims to be 
included therein. 
0229. Those with ordinary skill in the art may appreciate 
that the elements in the figures are illustrated for simplicity 
and clarity and are not necessarily drawn to scale. For 
example, the dimensions of Some of the elements in the 
figures may be exaggerated, relative to other elements, in 
order to improve the understanding of the present invention. 
0230. It will be appreciated that the various steps iden 

tified and described above may be varied, and that the order 
of steps may be adapted to particular applications of the 
techniques disclosed herein. All Such variations and modi 
fications are intended to fall within the scope of this disclo 
Sure. As such, the depiction and/or description of an order 
for various steps should not be understood to require a 
particular order of execution for those steps, unless required 
by a particular application, or explicitly stated or otherwise 
clear from the context. 

0231 While the invention has been disclosed in connec 
tion with the preferred embodiments shown and described in 
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detail, various modifications and improvements thereon will 
become readily apparent to those skilled in the art. Accord 
ingly, the spirit and scope of the present invention is not to 
be limited by the foregoing examples, but is to be under 
stood in the broadest sense allowable by law. 
0232 All documents referenced herein are hereby incor 
porated by reference. 
What is claimed is: 
1. A monitoring device configured for placement in or 

insertion into a conduit of a subject, comprising: 
a housing: 
at least one physiological sensor coupled to the housing: 
a transmitter coupled to the housing: 
an expandable element, inflatable element, stretched 
membrane or balloon coupled to the housing and 
configured to occlude at least a portion of the conduit; 

a power source attached to the housing; and 
a processor coupled to the housing and operatively 

coupled to memory containing computer instruction, 
the computer instructions when executed by the pro 
cessor causing the monitoring device to perform the 
operations comprising: 
obtaining physiological information from a subject via 

the at least one physiological sensor, wherein the 
physiological information comprises one or more of 
the following: pulse rate information, body tempera 
ture information, breathing rate information, blood 
pressure information, cardiac output information, 
and blood gas level information; and 

processing and analyzing the physiological information 
to provide a result. 

2. The monitoring device of claim 1, wherein the expand 
able element, inflatable element, stretched membrane or 
balloon carries the at least one physiological sensor and 
further provides isolation from ambient interference or 
motion artifacts. 

3. The monitoring device of claim 2, wherein the device 
further comprises a motion sensor coupled to the housing 
and wherein the processor obtains subject motion informa 
tion via the motion sensor. 

4. The monitoring device of claim 3, wherein the proces 
sor further causes the monitoring device to process the 
Subject motion information via the processor to identify 
footstep information, body motion information, head motion 
information, jaw motion information, or Swallowing infor 
mation. 

5. The monitoring device of claim 4, wherein the proces 
sor further causes the monitoring device to process the 
obtained physiological information to remove corrupted 
signals associated with the Subject motion information from 
the physiological information. 

6. The monitoring device of claim 1, wherein the memory 
further includes computer instructions which when executed 
causes the processor to perform the operation of analyzing 
the processed physiological information in context with an 
identified type of motion via the processor to identify one or 
more health issues associated with the Subject. 

7. The monitoring device of claim 6, wherein analyzing 
the processed physiological information in context with the 
identified type of motion comprises determining a stress 
level of the Subject and identifying a source of stress. 
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8. The monitoring device of claim 1, further comprising 
transmitting via a transmitter the processed physiological 
information to a device remotely located from the monitor 
ing device. 

9. The monitoring device of claim 1, further comprising 
processing the obtained physiological information, via the 
processor, into signals that can be heard and/or viewed by 
the subject. 

10. The monitoring device of claim 1, further comprising 
communicating via the processor corrective action informa 
tion to a user interface, in response to identifying one or 
more health issues associated physiological information. 

11. The monitoring device of claim 1, further comprising 
obtaining environmental condition information in a vicinity 
of the monitoring device via an environmental sensor 
attached to the housing, wherein the environmental condi 
tion information includes information about one or more of 
the following: volatile organic compounds (VOCs), pollu 
tion, noise, light, or temperature. 

12. The monitoring device of claim 11, further comprising 
analyzing the processed physiological information, via the 
processor, to identify a correlation between the processed 
physiological information and the obtained environmental 
condition information. 

13. The monitoring device of claim 12, further comprising 
generating, via the processor, a health and/or environmental 
exposure assessment that identifies and/or predicts one or 
more physiological or environmental issues in response to 
identifying a correlation between the obtained physiological 
information and environmental condition information. 

14. The monitoring device of claim 13, further comprising 
analyzing the health and/or environmental exposure assess 
ment, via the processor, to identify and/or predict psycho 
logical and/or physiological stress. 

15. The monitoring device of claim 14, further comprising 
communicating and presenting identified and/or predicted 
psychological stress via the processor on a user interface. 

16. The monitoring device of claim 11, further comprising 
transmitting the obtained environmental condition informa 
tion to a device remotely located from the subject via the 
transmitter. 

17. The monitoring device of claim 3, wherein the motion 
sensor is an accelerometer, an acoustic sensor, a MEMS 
motion sensor, or a gyroscope. 

18. The monitoring device of claim 1, wherein the por 
table monitoring device is an earpiece module. 

19. A method of monitoring a subject via a monitoring 
device attached to the Subject, wherein the monitoring 
device includes a housing, at least one physiological sensor 
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attached to the housing, at least one environmental sensor 
attached to the housing that measures one or more of the 
following in the vicinity of the subject: volatile organic 
compounds (VOCs), pollution, noise, light, and temperature, 
a motion sensor attached to the housing, a processor attached 
to the housing, an expandable element, inflatable element, 
stretched membrane or balloon coupled to the housing and 
configured to occlude at least a portion of the conduit of the 
subject and wherein the expandable element, inflatable ele 
ment, stretched membrane or balloon carries at least one 
among the at least one physiological sensor or the at least 
one environmental sensor; a transmitter attached to the 
housing, and a power source attached to the housing, the 
method comprising: 

occluding at least a portion of a biological conduit of the 
Subject using the expandable element, inflatable ele 
ment, stretched membrane or balloon; 

obtaining physiological information from the Subject via 
the at least one physiological sensor, wherein the 
physiological information comprises one or more of the 
following: pulse rate information, body temperature 
information, breathing rate information, blood pressure 
information, cardiac output information, and blood gas 
level information; and 

processing the obtained physiological information and 
environmental condition information wherein the 
expandable element, inflatable element, stretched 
membrane or balloon further provides isolation from 
ambient interference or motion artifacts. 

20. The method of claim 19, wherein the method further 
comprises the steps performed by a processor of 

obtaining Subject motion information via the motion 
Sensor, 

processing the Subject motion information via the proces 
sor to identify footstep information, body motion infor 
mation, head motion information, jaw motion informa 
tion, or Swallowing information; 

obtaining environmental condition information in a vicin 
ity of the subject via the at least one environmental 
sensor, wherein the environmental condition informa 
tion includes one or more of the following: VOCs, 
pollution, noise, light, and temperature; and 

processing the obtained physiological information and 
environmental condition information via the processor 
to remove corrupted signals associated with the Subject 
motion from the physiological information and envi 
ronmental condition information. 
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