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(57) ABSTRACT

A method comprising generating a mechanical signal in a
mammal, the mechanical signal having a frequency no more
than 50,000 Hz, transmitting the mechanical signal through
the musculoskeletal system in the mammal, and sensing the
mechanical signal from the musculoskeletal system. A
method of triggering an internal event comprising generating
a mechanical signal internal or external to a mammal, trans-
mitting the signal through the musculoskeletal system of the
mammal, detecting the mechanical signal, and triggering an
event in response to the mechanical signal. A method of drug
delivery comprising generating a mechanical signal internal
or external to a mammal, transmitting the signal through the
musculoskeletal system of the mammal, detecting the
mechanical signal, and delivering the drug in response to the
mechanical signal.

"

S
g,
e
e
o
o
persn!



US 2010/0305437 Al

=)
S
=]
Ln_lw ,+.\¢.. ﬂw{f{r{{.{xﬁ,
g .
=
[ /] 3
]
Lt

= N TN,
<
(g\]
o
>
"]
a

-

o

h

Patent Application Publication
100

103

105

FIG. 1



Patent Application Publication Dec. 2,2010 Sheet2 of 6 US 2010/0305437 A1

i

Wrist rest Upper arm rest

s Test plattorm with the e

CHOMAENeEe

(b} Test platform with a subject’s forearm i {Shaker wa
not present)

FIG. 2



Patent Application Publication

Frequency-Shift-Keyed Fesponss 38 11 g

Spvplihede oaet gl

Dec. 2,2010 Sheet3 of 6

REX O s w4 s oa»

US 2010/0305437 Al

:
1302 HS00

Fraquensy on KL}

FIG. 3

bt ZEGE



Patent Application Publication Dec. 2,2010 Sheet 4 of 6 US 2010/0305437 A1

Sourge —» | Bit ervor rate
Destmation {BER.} {%a}
R%
Wrist to Ear .
1 —3

P

Wrist to Lower back | o
1 —2 " o
Lower back to Wrist
2 —1
Lower back to Ear
2—3

Average 5.4

FIG. 4



Patent Application Publication Dec. 2,2010 SheetSof 6 US 2010/0305437 A1

FIG. 5



Patent Application Publication Dec. 2,2010 Sheet 6 of 6 US 2010/0305437 A1

Testh clack 1nore
energy m spectnum above
2000H=

FIG. 6

speech has most energy
tower frequencies

FIG. 7



US 2010/0305437 Al

SYSTEM AND METHOD FOR INTRA-BODY

COMMUNICATION
BACKGROUND
[0001] 1. Field of the Invention
[0002] This invention relates generally to the field of body

area networks, in particular intra-body communication. More
specifically, the invention relates to a system and method of
intra-body communication using the musculoskeletal system
of a mammal.

[0003] 2. Background of the Invention

[0004] Acoustic sound wave propagation through bone tis-
sue is a widely-used technique in evaluating bone mechanical
properties, specifically predicting bone elastic properties
through speed-of-sound measurements. This is particularly
critical for diagnosing and monitoring the progression of
osteoporosis as well as assessing the extent of fracture healing
in long bones and monitoring drug treatment. Such systems
measure speed of sound and/or broadband attenuation coef-
ficient and correlate these parameters to bone properties.
Nevertheless, these devices operate in the ultrasound range
with very limited penetration depth into hard connective tis-
sues such as bones. Reliable sound wave propagation using
ultrasound is only possible within a few millimeters.

[0005] In an alternative approach, recent studies have sug-
gested the applicability of bone-conducted sound waves in
hearing aids for the severely hearing disabled. Acoustic wave
bone conduction hearing aids have been found capable of
supporting frequency discrimination and speech detection for
hearing impaired and profoundly deaf subjects. These sys-
tems capture the surrounding/external analog acoustic signals
within the audible range, amplify the signals and propagate
the same analog frequency content to the inner ear. These
systems are generally placed at the outer ear but can also be
finger worn. The skull is used to propagate the sound waves
from the outer ear a relative short distance to the inner ear
without modification of the analog signal.

[0006] Reliable acoustic wave propagation across multiple
bones, however, can only be achieved in the low-frequency
range, typically around the resonance frequency of'the tissue.
Resonance of the tissue has the advantage that the whole
tissue is excited, instead of a few millimeters as with ultra-
sound. The downside is the lower data transfer rate compared
to high frequency techniques if serial data communication is
applied. Several non-RF body-area communication tech-
niques have been proposed that use the body’s own electrical
field. However existing techniques suffer from an extremely
limited range, due to the low and uneven electrical conduc-
tivity of the human body. Numerous works exist on the vibra-
tion characteristics of various human bones, especially
human skulls for the application in hearing aid. However,
none of them considered the use of musculoskeletal conduc-
tion for body-area communication and interfacing.

[0007] Consequently, there is a need for systems and meth-
ods of intra-body communication using musculoskeletal
mechanical conduction.

BRIEF SUMMARY

[0008] The disclosed methods and systems utilize wireless
transmittance of a mechanical signal through the musculosk-
eletal system of a mammal. Mechanical signals may be gen-
erated through engineered devices or by the user and trans-
mitted through the user’s own musculoskeletal system to
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other anatomic regions or to another user. Further aspects and
features of embodiments of the methods and systems will be
discussed below.

[0009] Inanembodiment, a method comprises generating a
mechanical signal in a mammal. The method also comprises
transmitting the mechanical signal through the musculoskel-
etal system in the mammal. The method further comprises
sensing the mechanical signal from the musculoskeletal sys-
tem.

[0010] In another embodiment, a method of communicat-
ing with an implanted device (e.g. drug delivery system)
comprises generating a mechanical signal internal or external
to a mammal. Furthermore, the method comprises transmit-
ting the signal through the musculoskeletal system of the
mammal. The method also comprises detecting the mechani-
cal signal. Additionally, the method comprises delivering the
drug in response to the mechanical signal.

[0011] Inone embodiment, a method of monitoring one or
more body parameters comprises generating a mechanical
signal internal or external to a mammal. The mechanical
signal is encoded with data corresponding to the one or more
body parameter. The one or more body parameters comprise
but are not limited to blood pressure, ECG, heart rate, body
temperature, glucose level, bone integrity or combinations
thereof. The method further comprises transmitting the signal
through the musculoskeletal system of the mammal. In addi-
tion, the method comprises detecting the mechanical signal
and decoding the mechanical signal to monitor the one or
more body parameters. The sensor component may work
autonomously or is in two-way communication with the
receiver unit.

[0012] Inanembodiment, a method of identifying a mam-
mal comprises generating a mechanical signal internal or
external to the mammal. The method also comprises trans-
mitting the signal through the musculoskeletal system of the
mammal. The method additionally comprises detecting the
mechanical signal. Moreover the method comprises compar-
ing the mechanical signal to a reference signal to identify the
mammal.

[0013] Inanother embodiment, a method of diagnosing an
injury ina mammal comprises generating a mechanical signal
internal or external to the mammal. The method further com-
prises transmitting the signal through the musculoskeletal
system of the mammal. Furthermore, the method comprises
detecting the mechanical signal and comparing the mechani-
cal signal to a reference signal to diagnose the injury, the
reference signal wherein the injury comprises a fracture, a
tear, a trauma, internal bleeding, or combinations thereof. The
reference signal may be drawn from a data base or the cont-
rolateral side of the person being tested.

[0014] In one embodiment, a system for intra-body com-
munication in a mammal comprises a mechanical signal gen-
erator coupled to the body of the mammal. The system also
comprises a receiver capable of detecting a mechanical signal
(e.g., low frequency signal) generated from said mechanical
signal generator. The method further comprises transmitting
data in a modulated format. The intra-body communication
can be further extended through physical contact to another
individual, for example but not limited to through a hand-
shake.

[0015] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present invention in
order that the detailed description of the invention that fol-
lows may be better understood. Additional features and
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advantages of the invention will be described hereinafter that
form the subject of the claims of the invention. It should be
appreciated by those skilled in the art that the conception and
the specific embodiments disclosed may be readily utilized as
a basis for modifying or designing other structures for carry-
ing out the same purposes of the present invention. It should
also be realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of the
invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] For a detailed description of the preferred embodi-
ments of the invention, reference will now be made to the
accompanying drawings in which:

[0017] FIG. 1 illustrates an embodiment of a method and
system for intra-body communication;

[0018] FIG. 2 illustrates an experimental setup for an
embodiment of the system; and

[0019] FIG. 3 illustrates Frequency-Shift-Keyed response
at 0.1 g signal amplitude of an embodiment of the system;
[0020] FIG. 4 shows results of experiments run at transmit-
ter locations at the wrist (1) and lower back (2) and receiver
locations of wrist (1), lower back (2), and behind the ear (3);
[0021] FIG. 5 shows a picture a wrist-based sensor for use
with embodiments of the system and method;

[0022] FIG. 6 shows a plot spectrum vs. time for bone-
conduction signal of a series of deliberate teeth clicks; and
[0023] FIG. 7 shows a spectrum vs. time for bone-conduc-
tion signal of speech.

NOTATION AND NOMENCLATURE

[0024] Certain terms are used throughout the following
description and claims to refer to particular system compo-
nents. This document does not intend to distinguish between
components that differ in name but not function.

[0025] In the following discussion and in the claims, the
terms “including” and “comprising” are used in an open-
ended fashion, and thus should be interpreted to mean
“including, but not limited to . . . . Also, the term “couple” or
“couples” is intended to mean either an indirect or direct
electrical connection. Thus, if a first device couples to a
second device, that connection may be through a direct elec-
trical connection, or through an indirect electrical connection
via other devices and connections.

[0026] As used herein, “intra-body communication” may
refer to internal communication within a single mammalian
body. However, sensors and components can be internally or
externally to the individual.

[0027] As used herein, “musculoskeletal system” refers to
the portions of a mammal pertaining to the bone and joints
and surrounding soft tissue such as connective tissue, muscle,
ligaments and cartilage.

[0028] As used herein, a “mechanical signal” refers to
vibrations or signals that are generated from a mechanical/
physical input (e.g. shaking, tapping, vibrating, etc.) and are
non-electrostatic or optical in nature.

[0029] As used herein, “mammal” refers to humans and
other mammalian animal species.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] As FIG.1 illustrates, embodiments of an intra-body
communication system 100 may comprise a stimulator 101
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that produces mechanical excitations yielding vibrations or a
signal, a portion 103 of the mammalian musculoskeletal sys-
tem that conduct the vibrations or signals, and a receiver/
sensor 105 that detects the vibration. In another embodiment,
the direction of communication is reversed. In another
embodiment, only one of the components is external to the
individual while the other is internal in the body. In another
embodiment, both receiver and transmitter are internal. In
another embodiment, the method may be extended across
more then one individual. As used herein, a mechanical vibra-
tion or signal may refer to any vibration or signal that is
transmitted non-electrically. In other words, the vibration or
signal does not rely on electromagnetic or electrostatic sig-
nals such as radio waves for transmittal. In embodiments,
bone conduction may be excited externally. For example,
vibrators on mobile phones can be used to generate frequency
patterns in the lower audible range. In an embodiment, the
stimulator may be an electro-mechanical stimulator, electro-
magnetic stimulator or a piezoelectric stimulator. Low-fre-
quency vibration patterns are commonly generated by either
vibration motors or electromagnetic shakers. In vibration
motors, the amplitude and frequency may be coupled through
amechanical link to an eccentric weight. Increasing the motor
speed may also increase the excitation. Electromagnetic
stimulators or shakers and piezo-electric stimulators allow
for a separation between amplitude and frequency. Through
power limiting components a flat power spectrum of the
shaker can be achieved, allowing robust data communication
between different devices at alternate frequency ranges.
[0031] In other embodiments, the user 103 may be the
stimulation or vibration source. A user can easily produce
bone vibrations, e.g., through teeth clicks and finger snaps.
Such user initiated excitation can be readily used for interfac-
ing with the embodiments of the system. Furthermore, a user
may tap the skin or make a motion with a limb to generate a
mechanical vibration.

[0032] The stimulator 101 may be placed in any location in
or on the body. Thus, embodiments of the system 100 enable
wireless body-area communication based on mechanically
excited bone conduction inside the human musculoskeletal
system. Example of locations for placing stimulator 101
include without limitation, wrist, throat, head, heart, lungs,
skull, ankle, leg, etc. Embodiments of the system 100 are
intended as a secure, reliable, low-power, low cost, and low-
data rate alternative to existing RF technologies. Measure-
ments and theoretical analysis have shown that ultra low-
power (i.e. <1 mW) excitation is enough for fairly reliable
communication (<10% bit error rate), without being notice-
able to the user. Adding error compensation methods may
reduce that error.

[0033] The receiver or sensor 105 may comprise any suit-
able sensor, which is sensitive enough to detect vibrations or
signals from the body. Alternatively, one or more sensors 105
may be used. Examples of sensors that may be used include
without limitation, a microphone, an accelerometer, or com-
binations thereof. In a specific embodiment, the sensor 105 is
a MEMS based three-axis accelerometer. The sensors are
preferably are low-power sensors, thus making the system
extremely power efficient. In embodiments, the sensors may
use power in the range of between about 1 mW and about 100
mW, alternatively between about 2 mW and 50 mW, alterna-
tively between about 0.1 mW and about 2 mW. Receiver or
sensor may be located or disposed within the body or external
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to the body. In one embodiment shown in FIG. 5, the sensor
may be worn on the wrist much like a wristwatch.

[0034] In some embodiments, system 100 may further
comprise charge converters and amplifiers coupled to the
sensor 105 and/or the stimulator 101. Any charge converters
and amplifiers known to those of skill in the art may be used.
[0035] Initial investigation and experimental results have
shown that embodiments of the system have the potential to
interconnect body-worn or implanted devices and provide
users with alternative ways to interact with them. In particu-
lar, system 100 may be free of radiation and require extremely
low power to maintain a connection and transfer data.
Another advantage of the disclosed systems and methods is
the two-way exchange of information between implanted
devices and/or receivers.

[0036] In an embodiment, system 100 may interact with
body-worn devices in a hand-free fashion, e.g., to answer a
phone call through the Bluetooth headset by a teeth click.
Furthermore, the system 100 may manage a power-hungry
RF wireless body-area connection as a secondary ultra-low
power channel, or wake-on-vibration. For example, a Blue-
tooth connection between a headset and a cell phone can be
shutdown between calls and be reestablished upon a request
from the cell phone through embodiments of the system. An
additional advantage of system 100 is that body-area data
communication may be maintained in a hostile environment,
where radio frequencies are likely to be jammed or insecure.
[0037] In embodiment of a method of intra-body commu-
nication, a stimulator 101 initiates or generates a mechanical
vibration in a user 103. As discussed above, the stimulator
may be placed at any location in or on the body of the user.
The mechanical signal is transmitted through the musculosk-
eletal system of the user. In embodiments, the mechanical
signal is encoded using frequency and/or amplitude modula-
tion. In this way, the mechanical signal may carry data such as
blood pressure, heart rate, or other body parameters to
receiver 105. It is emphasized that the disclosed methods and
systems are different than ultrasound techniques, which rely
on the reflection of ultrasonic high frequency sound waves for
imaging purposes. In an embodiment, the mechanical signal
or vibration is generated at a frequency from about 5 Hz to
about 50,000 Hz, alternatively from about 10 Hz to about
10,000 Hz, alternatively from about 50 Hz to about 5,000 Hz.
Preferably, the mechanical signal is a signal having a fre-
quency no more than about 20 kHz. That is, the mechanical
signal is generally below frequencies considered to be in the
ultrasound range.

[0038] The mechanical signal may be transmitted through
the bones and cartilage of the patient 103 or mammal. A
sensor or receiver 105 then detects the mechanical signal. In
addition, receiver 105 may decode or demodulate the
mechanical signal to receive the data encoded within the
mechanical signal. In response to the detected signal, sensor
105 may initiate an action (i.e. drug delivery), output data
received from stimulator 101, activate an alarm, send infor-
mation back to origin using the same technique in reverse, etc.
[0039] Accordingly, it is envisioned that the disclosed sys-
tems and methods may be used in numerous applications. In
one embodiment, the method and system may be used for
drug release applications. For example, an internal drug dis-
pensing device may be implanted within a patient. Sensor 105
may be coupled to the drug dispensing device. In response to
a mechanical signal (e.g. teeth click or a signal generated
from a stimulator 101) sensor may detect signal and instruct
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drug dispensing device to release drugs into the body. Sensors
may detect the effectiveness of the drug and allow the user to
trigger another dose release after communication with the
stimulator. Such systems may allow for patient targeted treat-
ment. This may be particularly useful in chronically ill
patients, diabetic patients or patients undergoing cancer treat-
ment.

[0040] In another application, the disclosed systems and
methods may be used in health monitoring. For example, a
biosensor may measure a body parameter such as without
limitation, blood sugar, body temperature, oxygen saturation,
heart rate, and the like. The biosensor may send this data to
stimulator 101 to transmit the data through the musculoskel-
etal system of the patient 103. Receiver 105 may detect and
decode signal and output the data received to an output dis-
play (e.g. LCD screen) or may store data on storage medium
such as without limitation, a flash card, hard drive, or other
devices known to those of skill in the art. The information,
raw or processed, may then be forwarded to a base station
(e.g. computer), a smart phone, or cell phone. Depending on
the complexity of the system setup the information may be
forwarded directly to a physician’s office or nurses station,
first responders, or other qualified personnel.

[0041] Embodiments of the systems and methods may also
be used for identification purposes. Without being limited by
theory, it is believed that each individual will have different
transmission or conduction rates of mechanical signals
through the musculoskeletal system. Furthermore, as a
mechanical signal pass through each person’s musculoskel-
etal system, the signal may be distorted in a unique way or
pattern which may be used to identify an individual. As such,
in an embodiment, a stimulator may be placed on the skin of
a suspect or person to be identified. A mechanical signal may
be generated by the stimulator and the receiver, placed on a
different or the same area of the body, may detect the gener-
ated mechanical signal after passing through the person’s
musculoskeletal system. Using pattern recognition, the
receiver may positively or negatively identify the tested indi-
vidual according to the signal detected. Alternatively, an indi-
vidual may be already implanted with one of the components.
[0042] In a further application, embodiments of the sys-
tems and methods could be used in medical diagnosis. Spe-
cifically, a medical emergency professional may be able to
diagnose conditions in the field such as without limitations,
ligament tears, cartilage damage or hairline fractures and
bone damage. Normally, a patient may have to wait until a full
x-ray, computed tomography or magnetic resonance imaging
dataset has been taken in order to for a proper diagnosis to be
made. Without being limited to theory, it is believed that an
injury to a healthy bone or ligament may have distorted a
mechanical signal in one way. Or a healthy bone or ligament
may transmit a mechanical signal differently than injured
tissue. Using an embodiment of the disclosed system, differ-
ences in the signal or rate of transmission may alert a profes-
sional of a possible fracture, tissue damage or tissue injury. In
other embodiments, damage to organs or other tissue types
may also be diagnosed besides musculoskeletal injuries. In
other embodiments, damage or loosening of implants, func-
tional parameters of implants or the quality of the implant
tissue interface may also be diagnosed.

[0043] Inyet another application, embodiments of the dis-
closed methods and systems may be used for assisting handi-
capped individuals. For example without limitation, a handi-
capped person could click his or her teeth to activate a cell
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phone or other device strapped to his or her body (e.g. wrist,
ankle, etc). In such applications, the receiver may also be a
wireless transmitter enabling the user person to operate exter-
nal devices through teeth clicks or other rudimentary
motions.

[0044] To further illustrate various illustrative embodi-
ments of the present invention, the following examples are
provided.

Example 1

[0045] A reaction-type low-power electromagnetic shaker
was built to generate mechanical signals through dynamic
forces. This type of shaker offers a lightweight and compact
configuration, ideal for miniaturization. In addition, such
shakers are designed for operation over a very wide range of
frequencies. Bone-conduction was detected using accelerom-
eters with coupled amplifiers. An ultra low-power MEMS
based three-axis accelerometer from Kionix was held against
the receiving body location as the receiver. A LabVIEW pro-
gram controlled the entire system. Binary input sequences
were modulated into different frequencies to drive the elec-
tromagnetic shaker. The same program received the signal
from the accelerometers and demodulated the signal. The
received bit sequence was then compared to the input
sequence to calculate accuracy. In a first testing series, human
subjects were exposed to a localized low-frequency excita-
tion signal pattern at the wrist and receivers were placed at the
lower back or the skull. At a second series, the excitation
source was at the lower back and receivers measured the
response at the wrists and the skull.

[0046] Human subjects were recruited and consented to
this study. For the first testing series, subjects placed their
forearm in the custom built testing jig. The exciter was placed
against the distal ulna with a constant pre-load of 20 N.
Multiple tri-axial MEMS accelerometers were placed along
the elbow, shoulder, skull and lower back and attached to the
skin through adhesive. Reliable signal transmission was
monitored after varying power consumption of the system.
Subsequently, the anatomic site at which the excitation is
applied was altered and the test repeated. Bit error rate (BER)
based on the 2048 random bit combinations were calculated
and reported.

[0047] ASK (amplitude shift-keying) and FSK (frequency
shift-keying) for data communication was examined, prima-
rily due to their simplicity. A LabVIEW program was devel-
oped to encode the raw bits into modulated signals to control
the input voltage of the electromagnetic shaker, as described
above. In FSK modulation, on and off frequencies are chosen
for constant amplitude. The range of on frequencies used was
between the lower shaker bound of 10 Hz and a selected upper
bound of 2000 Hz, with the off frequency being defined in
terms of the on frequency interval. The receiver determined
the frequency using LabVIEW’s built-in Buneman frequency
estimator. For ASK modulation, the input signal frequency
was held constant, while different amplitude values were
assigned to a chosen bit pattern. A 0-0.001 g off amplitude of
the acceleration signal and 0.1-1.0 g on amplitude of the
acceleration signal was applied. The unit g represented the
earth gravitational acceleration of 9.81 m/s"2.

[0048] FSK consistently outperformed ASK in accuracy
when similar vibration forces were employed. ASK suffered
more from the muscle attenuation and changes in muscular
contraction. The demodulator of FSK was much simpler and
more robust than that of ASK. Therefore, we focused on the
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properties and performance of FSK in the follows. Secondly,
300-350 Hz was best for FSK for the arm bone examined.
Frequency sweeps were performed over the range of 10-2000
Hz. The frequency range between 300-350 Hz demonstrated
the least amplitude attenuation, as showed in FI1G. 3. Our later
experiments showed this frequency range also works well for
other part of the skeleton system and for other subjects.
[0049] FIG. 4 summarizes the measurement results. The
experimental system achieved <10% bit error rate without
any error correction. This result was quite exciting because all
four links involve multiple bones and several joints. Second,
the performance was asymmetric. For example, the female
subject had much lower BER from the wrist to the lower back
than from the lower back to the wrist. Thirdly, the difference
between subjects was considerable. On average the male
subject accumulated a much lower BER. Causes of that dis-
crepancy will need to be further investigated.

Example 2
Portable Receiver

[0050] An ultra-low power receiver was built in the form
factor of a wrist-watch, which is shown in FIG. 5. It employed
the same ultra-low power three-axis accelerometer used in
Example 1 and an ultra-low power microcontroller (MSP430)
from Texas Instruments. The active power consumption dur-
ing receiving was below 5 mW. The device is capable of
activating sequences and programs after minimal wrist flick-
ing. In addition, the current version allows Bluetooth com-
munication with cell phones for data communication outside
the proposed system. In embodiments, the wristwatch func-
tions as base station and communication link to other body
worn devices and external mobile systems.

Example 3
Teeth Clicking

[0051] The bone-conduction signal of teeth clicks is char-
acterized by high energy in spectrum above 2000 Hz, but low
energy below it. FIG. 6 shows the time-spectrum of the bone
conduction signal of several teeth clicks. The spectrum ofthe
bone-conduction signal of speech, as shown in FIG. 7, is
almost the opposite. It is characterized by high energy in
spectrum below 2000 Hz, but low energy above it. This dra-
matic difference is introduced because the skin and skull
inherently are a much lower low-pass filters to acoustic sig-
nals than the bone tissue due to vibration incurred by teeth
clicks. This forms the basis for our algorithm to detect teeth
clicks.

[0052] For low-power and real-time implementation, an
algorithm was designed based on the property of the bone-
conduction signal. The algorithm examined the energy den-
sities in the lower and higher spectral ranges of the bone-
conduction signal. High energy density in the lower spectral
range indicated the existence of speech, while a sudden
increase in the energy density in the higher spectral range
indicated the occurrence of a teeth click. A deliberate teeth
click was detected if a teeth click occurred without the pres-
ence of speech. The experimental implementation was based
on standard speech signal processing. The bone-conduction
signal was sampled and divided into overlapping frames. In
the implementation, each frame was about 23.3 ms and adja-
cent frames are about 22 ms apart. For each frame, the Fast
Fourier Transformed Signal (FFT) was calculated to obtain
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the frequency spectrum. The “low” spectral range was
between 0 and 2750 Hz, while the “high” spectral range was
between 1875 and 5500 Hz. For the nth frame, the energy
densities were calculated in the low and high spectral ranges,
denoted as A, and B, respectively. Records were kept of the
average energy density of silence, U. If B,, was considerably
larger than B,,_, and B, ,, the algorithm declared that a teeth
click was detected. For accidental teeth clicks, A,,_; and A,
were large due to the presence of speech. Therefore, the
algorithm declared that a deliberate teeth click was detected if
and only if Bn is considerably larger than B,,_, and B,,, |, and
A, _;andA | isonthesamelevel asthe U. Let bethe Boolean

logic that evaluates whether a deliberate teeth click is
detected for the nth frame. It can be formulated as

C,=[(B,_,+offset<B,)] and [(B,, +offset<B,)]

and [4,,_; =(U+offset] and [4,,, | = (U+offset)]

where offset is empirically set to 5 dB. It is important to note
that while the algorithm is based on the generic property of
the bone-conduction signal, its implementation is highly
dependent on the property of the transducer (e.g. throat
microphone). In this implementation, the low and high spec-
tral ranges as well as the offset were empirically determined
by examining the bone-conduction spectrum.

[0053] While the preferred embodiments of the invention
have been shown and described, modifications thereof can be
made by one skilled in the art without departing from the
spirit and teachings of the invention. The embodiments
described and the examples provided herein are exemplary
only, and are not intended to be limiting. Many variations and
modifications of the invention disclosed herein are possible
and are within the scope of the invention. Accordingly, the
scope of protection is not limited by the description set out
above, but is only limited by the claims which follow, that
scope including all equivalents of the subject matter of the
claims.

[0054] The discussion of a reference in the Description of
the Related Art is not an admission that it is prior art to the
present invention, especially any reference that may have a
publication date after the priority date of this application. The
disclosures of all patents, patent applications, and publica-
tions cited herein are hereby incorporated herein by reference
in their entirety, to the extent that they provide exemplary,
procedural, or other details supplementary to those set forth
herein.
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1. A method comprising:

a) generating a mechanical signal in a mammal, the
mechanical signal having a frequency no more than
50,000 Hz;

b) transmitting the mechanical signal through the muscu-
loskeletal system in the mammal; and

¢) sensing the mechanical signal from the musculoskeletal
system.

2. The method of claim 1 wherein the mechanical signal is

modulated to carry data or information.

3. The method of claim 1 wherein the mechanical signal is
frequency modulated or amplitude modulated.

4. The method of claim 1 wherein (a) comprises using an
electro-mechanical stimulator, an electro-magnetic stimula-
tor, or a piezo-electric stimulator to generate the mechanical
signal.

5. The method of claim 1 wherein (a) comprises generating
the mechanical signal on the outer surface of the mammal.

6. The method of claim 1 wherein (a) comprises generating
the mechanical signal inside the mammal.

7. The method of claim 1 wherein the mammal initiates the
mechanical signal in (a) by tapping, clicking teeth or snap-
ping fingers.

8. The method of claim 1 wherein the mechanical signal
has a frequency ranging from about 1.0 Hz to about 20,000
Hz.

9. A method comprising:

generating a mechanical signal internal or external to a
mammal;

transmitting the signal through the musculoskeletal system
of the mammal;
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detecting the mechanical signal; and

at least one action selected from the group consisting of
triggering an event in response to the mechanical signal;
delivering the drug in response to the mechanical signal;
decoding the mechanical signal to monitor blood pres-
sure, ECG, heart rate, body temperature, glucose level,
or combinations thereof; decoding the mechanical sig-
nal to trigger an event; comparing the mechanical signal
to a reference signal to identify the mammal; and com-
paring the mechanical signal to a reference signal to
diagnose the injury, wherein the injury comprises a frac-
ture, a tear, a trauma, internal bleeding, or combinations
thereof.

10-16. (canceled)

17. A system for intra-body communication in a mammal

comprising:

a mechanical signal generator coupled to the body of the
mammal;

a receiver coupled to the body of the mammal capable of
detecting a low frequency mechanical signal generated
from said mechanical signal generator, wherein said
signal is transmitted through the musculoskeletal system
of the mammal.

18. The system of claim 17 wherein the mechanical signal

generator is an electro-mechanical, electro-magnetic, a
piezoelectric stimulator, or combinations thereof.
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19. The system of claim 17 wherein the mechanical signal
generator is implanted inside the mammal or is coupled to the
outer surface of the mammal.

20. (canceled)

21. The system of claim 17 wherein the receiver is an
accelerometer.

22. The system of claim 17 wherein the receiver is strapped
to the wrist of the mammal or is implanted inside the mam-
mal.

23. (canceled)

24. The system of claim 17 further comprising one or more
amplifiers coupled to said mechanical signal generator or to
said receiver.

25. The system of claim 17 wherein the receiver is coupled
to the body of another mammal directly connected to the
mammal wearing the transmitter.

26. The system of claim 25 wherein the coupling between
two or more mammals is established through additional mate-
rials and devices.

27. The system of claim 17 wherein the receiver or trans-
mitter are external devices with temporary direct coupling to
the user.

28. The system of claim 27 wherein such external devices
include computers and peripherals attached to computers.

29. The system of claim 25 wherein such external devices
are autonomous.



