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HYBRID ELECTROMAGNETIC FIELD
SIGNAL DETECTION SYSTEM FOR HUMAN
BIOELECTRICAL SIGNAL MONITORING

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application Ser. No. 62/482,123, filed on Apr. 5,
2017, the entire contents of which are hereby incorporated
by reference.

GOVERNMENT LICENSE RIGHTS

[0002] Some embodiments of the invention were made
with government support under W81XWH-17-C-0133
awarded by the U.S. Army Medical Research and Materiel
Command. The government has certain rights in the inven-
tion.

TECHNICAL FIELD

[0003] The present disclosure is directed generally to
electromagnetic field detection and monitoring system, and
more specifically, to monitor a soldier or field operator’s
health condition based on electromagnetics field (EMF)
signals emitted from the human body.

BACKGROUND

[0004] In a dynamic, fast changing environment, and
especially a hostile one such as a warzone, it is preferable to
be able to accurately, timely, and reliably monitor the health
condition of a field operator.

[0005] The EMF signals from the human body are emitted
at two extreme ends of the electromagnetic spectrum. The
two extremes correspond to very low (e.g., KHz to Hz
range) and very high (e.g., equal or higher than THz)
frequencies on the electromagnetic spectrum. In order to
detect bioelectrical signals from the human body, infrared
radiation (e.g., THz range) may be projected on, and elec-
trodes attached to, the skin for obtaining electroencephalo-
gram (EEG) or electrocardiography (ECG) signals.

[0006] There are technical difficulties in implementing a
health monitoring system that is based on monitoring these
electromagnetic signals of two extreme ends and neverthe-
less suitable for said dynamic, fast changing environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a diagram of a passive detection envi-
ronment in accordance with one or more embodiments of the
present disclosure.

[0008] FIG. 2 is a diagram of an active detection environ-
ment in accordance with one or more embodiments of the
present disclosure.

[0009] FIG. 3 depicts a diagram of an antenna system in
accordance with one or more embodiments of the present
disclosure.

[0010] FIG. 4 depicts an antenna signal path in accordance
with one or more embodiments of the present disclosure.
[0011] FIG. 5 depicts a circuit diagram of antenna circuit
in accordance with one or more embodiments of the present
disclosure.

[0012] FIG. 6 depicts a block diagram of an EMF signal
path in accordance with one or more embodiments of the
present disclosure.
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[0013] FIG. 7 depicts a block diagram of an EMF signal
path in accordance with one or more embodiments of the
present disclosure.

[0014] FIG. 8 depicts a block diagram of an EMF signal
path in accordance with one or more embodiments of the
present disclosure.

[0015] FIG. 9 is a high-level block diagram illustrating an
example of a processing system in which at least some
operations described herein can be implemented, consistent
with various embodiments.

[0016] FIG. 10 is an active detection environment in
accordance with one or more embodiments of the present
disclosure.

[0017] FIG. 11 depicts a chart of contact points in accor-
dance with one or more embodiments of the present disclo-
sure.

DETAILED DESCRIPTION

[0018] In order to achieve the goal of detecting the physi-
cal conditions of a human body in a fast changing and
dynamic environment, such as a warzone, there are a num-
ber of technical hurdles. First, the wearable antennas should
be thin, lightweight, low maintenance, robust, inexpensive
and easily integrated in sensing circuits. Second, the system
should be able to detect a frequency range between the
extremely low frequency (ELF) band to the very low fre-
quency (VLF) band. ELF is defined by the International
Telecommunication Union (ITU) as electromagnetic radio
waves with frequencies from 3 to 30 Hz. VLF is defined by
the International Telecommunication Union (ITU) as elec-
tromagnetic radio waves with frequencies from 3 kHz to 30
kHz. Third, system must be able to exclude uncertainty from
weak EMF signals. Fourth, the detected EMF signals must
be processed to obtain bioelectrical signals that are useful
for health monitoring and medical diagnostics. Last but not
least, the detection system needs to be non-intrusive so as
not to adversely affect the subject’s performance, and yet
maintains an acceptable level of accuracy. There are addi-
tional challenges for the selection of textile materials, circuit
assembly, manufacturing, and performance reliability.
[0019] Traditional EMF signal detection utilizes contact-
based electrodes. The electrode can be a tiny patch that
connects to the patient for sensing bioelectric potential. This
electrical activity can be viewed as a small electric field or
flux of charge-carrying particles (i.e., current). The elec-
trodes work as transducers that convert the current flow from
the body into the electron flow of the metallic wire. Often a
high ionic concentration gel is used in the skin-electrode
interface to increase conductivity due to small signal mag-
nitude.

[0020] However, such an implementation faces several
disadvantages. For example, one disadvantage is the time
and effort necessary to create an initial contact between the
electrode and the skin. Another disadvantage is that the
connection between the electrode and the skin may deterio-
rate over time. This may occur when the high ionic concen-
tration gel dries over time. This may also occur if the
electrode is pulled away from the skin. When the contact
deteriorates, the quality of the signal falls drastically. This
concern is especially important in a fast changing and
dynamic environment, such as a warzone where the elec-
trode’s contact to the patient’s skin deteriorates rapidly.
Additionally, the electrode may impede movement of the
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subject resulting in undesirable and dangerous loss of per-
formance in the environment.

[0021] There have been implementations that attempt con-
tact-less EMF detection by using traditional electrodes and
operates by capacitive coupling. In other words, the elec-
trode that operates by capacitive coupling treats the gap
between the electrode and the skin as a large capacitor. Such
a model has the drawback that the coupling capacitance
decreases rapidly as the distance between the electrode and
the skin increases. Therefore, the electrode may only operate
in a limited distance from the skin. Also, it is difficult to
discern the locations of the signal sources in such imple-
mentation. These limitations make this model not suitable
for EMF detection in a fast changing and dynamic environ-
ment.

[0022] Traditionally, only contact-based electrodes have
been used for bioelectrical signal detection because there are
several challenges to non-contact EMF detection. Antenna-
based EEG/ECG signal detection occurs at a distance from
the skin that is greater than the distance between a contact-
based electrode and the skin. The antenna frequency is very
low (10 Hz to 10 KHz) and thus its wavelength is long (e.g.,
the wavelength of a 5§ KHz signal is about 60,000 meters and
the wavelength of a 10 Hz signal is about 30,000,000
meters). Additionally, the minimum required electrical
wavelength for the traditional antenna is 0.1 wavelength to
guarantee an efficient radiation efliciency. Therefore,
antenna-based EEG/ECG has not been implemented
because the large size of the antenna would be cumbersome
and dangerous in a fast changing and dynamic environment.
[0023] Accordingly, introduced here is a technique to
measure and track EMF signals, which is based on a new
concept of detecting both contact and non-contact EMF
signals. Additionally, signal processing can be performed by
one or more embodiments for signature extraction and for
rejecting interference from EMF signals. More specifically,
the embodiments disclosed here can use a single or multiple
EMF sensors that can be placed at various strategic loca-
tions, where the locations can enable the sensors to detect
valuable signs of trauma and forecast physical conditions
impacting the human’s ability to operate missions in the
field or during training process. The placement of such
sensors can be part of an electro-textile combat and opera-
tions uniform. Some embodiments provide a body worn
system equipped with sensing, processing, communications,
and storage capabilities. The concept of the disclosed sens-
ing system is to have wearable antennas capable of trans-
ferring the EMF energy in its electrical or magnetic forms
into the sensors. The EMF energy is then processed to obtain
bioelectrical signals indicating the physical conditions of the
monitored human body.

[0024] EMF can be acquired from self-emission (i.e.,
passive detection) and reflection (i.e., active detection) from
the human body. EMF self-emission is a function of numer-
ous components. For example, random or pseudo noise can
be induced by human muscle activities, minor currents near
brain or heart, and body static excitations. Electromagnetic
(EM) reflection is induced by the incoming EM energy from
an external EM source coupling to the human body then the
re-emission is excited. Both self and reflected EMF can be
measured using electrical probes, magnetic loops, and
antenna systems with good receiver sensitivity at the low
end of the EM spectrum. Between two extremes of EM
spectrum, these signals are usually very weak due to no-
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higher-frequency human energy emission (e.g., muscle
pulse). Additionally, most of the non-linear effects in higher
frequency are happening very short in time and narrow in its
dynamic range in terms of amplitude.

[0025] Passive measurements may play a critical role in
defining the state of the biological system. Active measure-
ments on dead systems or selected organic chemical solu-
tions along with passive intermodulation measurements and
signal processing is used to further define the biological
system in detail. ECG/EEG signals vary from the microvolt
to the millivolt range and are the relatively stronger signal in
human tissue. Due to this small voltage, the signals mea-
sured need to be amplified for better access.

[0026] In accordance with some embodiments, biopoten-
tial amplifiers may have high input impedance and are
designed for safety, since excessive induced current may
produce a significant shock to the living organism. Isolation
and protection circuitry limit the any currents through the
electrodes to safe levels. For proper interface to outside
circuits, the output impedance of the amplifier desirably
should be very low, allowing to drive any external loads with
a minimal distortion. The amplifiers desirably should have a
high rejection ratio (e.g., in differential mode) to eliminate
large offset signals. Generally speaking, a rejection ratio of
30 db (i.e., 1000 times) may be considered “high.” One of
the most factors of EMF detection is the noise level, or noise
floor, which is highest at lower frequencies. Therefore,
according to one or more embodiments, biopotential ampli-
fiers are differential which can minimize noise from the
ground.

[0027] Further, in some embodiments, the EMF detection
system can perform active harmonic signal calibration in
order to understand and calibrate the intermodulation from
the mixer, cables, signal generators, and digitizer. In par-
ticular, the system can perform a two-tone measurement
around the frequency range of the interested signals and, in
some implementations, up to the 7th order of its harmonics.
For example, the test starts with two-tone signals feeding
into the RF mixer in its working frequency range. The
frequency mixer may have a low-frequency local oscillator
(LO) signal, which may be as low as 500 Hz, in some
examples. The system can also feed two tones above 500 Hz
and can, for example, sweep the LO with a 100-Hz step
frequency from 5 kHz to 5.5 kHz and keep the input signal
at 1000 Hz.

[0028] The EMF detection system can also perform vital
signal generation by waveform generator and active mea-
surement. In some examples, the system generates a body
signal (e.g., an ECG signal) and then measures the detected
signal. In order to differentiate a normal ECG signal and
arrhythmias signal, the system generates three different
ECGs. One is a normal ECG signal, and the other two are
arrhythmias (e.g., tachycardia and bradycardia). Fach signal
contains different features in both the time and frequency
domain (e.g., such as the bandwidth changes). For example,
tachycardia has a wider bandwidth than the normal ECG,
and bradycardia has a narrower bandwidth than the normal
one.

[0029] Finally, the EMF detection system can perform
ECG signal detection at different locations of the body. At
each measurement point, ECG may be recorded for 10
seconds at the sampling rate of 1000 samples/second. A low
pass filter is applied to clean the signal. Both the original
ECG signal and filtered signal may be plotted together for
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comparison. Additionally, the FFT spectrum of each original
ECG signal may be used to analyze the results. Depending
on the implementation, the system can also measure vital
signals measured at different body positions. It is observed
that ECG signal typically still dominates the vital signal
detection, but other types of vital signal from the frequency
domain, such as a 20 Hz signal around the stomach. This 20
Hz vital signal may be generated from stomach or intestine
activities.

[0030] As described in further detail below, the disclosed
embodiments here can further include a hybrid sensor sys-
tem and signal processing to capture the EMF effects and
track the EMF signatures in time and time-frequency
domains. Notably, the disclosed system design makes the
EMEF tractable and repeatable.

[0031] In the following, numerous specific details are set
forth to provide a thorough understanding of the presently
disclosed technology. In other embodiments, the techniques
introduced here can be practiced without these specific
details. In other instances, well-known features, such as
specific fabrication techniques, are not described in detail in
order to avoid unnecessarily obscuring the present disclo-
sure. References in this description to “an embodiment,”
“one embodiment,” or the like, mean that a particular
feature, structure, material, or characteristic being described
is included in at least one embodiment of the present
disclosure. Thus, the appearances of such phrases in this
specification do not necessarily all refer to the same embodi-
ment. On the other hand, such references are not necessarily
mutually exclusive either. Furthermore, the particular fea-
tures, structures, materials, or characteristics can be com-
bined in any suitable manner in one or more embodiments.
Also, it is to be understood that the various embodiments
shown in the figures are merely illustrative representations
and are not necessarily drawn to scale.

[0032] Several details describing structures or processes
that are well-known and often associated with EMF detec-
tion and corresponding systems and subsystems, but that can
unnecessarily obscure some significant aspects of the dis-
closed techniques. are not set forth in the following descrip-
tion for purposes of clarity. Moreover, although the follow-
ing disclosure sets forth several embodiments of different
aspects of the present disclosure, several other embodiments
can have different configurations or different components
than those described in this section. Accordingly, the intro-
duced techniques can have other embodiments with addi-
tional elements or without several of the elements described
below.

[0033] Many embodiments of the present disclosure
described below can take the form of computer- or control-
ler-executable instructions, including routines executed by a
programmable computer or controller. Those skilled in the
relevant art will appreciate that the introduced techniques
can be practiced on computer or controller systems other
than those shown and described below. The techniques
introduced herein can be embodied in a special-purpose
computer or data processor that is specifically programmed,
configured or constructed to perform one or more of the
computer-executable instructions described below. Accord-
ingly, the terms “computer” and “controller” as generally
used herein refer to any data processor and can include
Internet appliances and handheld devices (including palm-
top computers, wearable computers, cellular or mobile
phones, multi-processor systems, processor-based or pro-
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grammable consumer electronics, network computers, mini
computers and the like). Information handled by these
computers and controllers can be presented at any suitable
display medium, including a liquid crystal display (LCD).
Instructions for performing computer- or controller-execut-
able tasks can be stored in or on any suitable computet-
readable medium, including hardware, firmware or a com-
bination of hardware and firmware. Instructions can be
contained in any suitable memory device, including, for
example, a flash drive, USB device, and/or other suitable
medium.

[0034] The terms “coupled” and “connected,” along with
their derivatives, can be used herein to describe structural
relationships between components. It should be understood
that these terms are not intended as synonyms for each other.
Rather, in particular embodiments, “connected” can be used
to indicate that two or more elements are in direct contact
with each other. Unless otherwise made apparent in the
context, the term “coupled” can be used to indicate that two
or more elements are in either direct or indirect (with other
intervening elements between them) contact with each other,
or that the two or more elements co-operate or interact with
each other (e.g., as in a cause and effect relationship), or
both.

Passive Detection Configuration

[0035] FIG. 1 is a diagram of a passive detection envi-
ronment 100 for receiving EMF signals to obtain bioelec-
trical signals, according to some embodiments. The envi-
ronment 100 can perform passive detection using an EMF
sensor system to obtain bioelectrical signals such as EEG
and ECG signals. The environment 100 includes a body 105
that emits EMF signals 100. The EMF signals 100 can be
detected by the passive detection system 115. The passive
detection system 115 includes an antenna 120 and an ampli-
fier 125.

[0036] The antenna 120 can be a radio-frequency (RF)
antenna or magnetic probe placed close to the human body.
The placement may be determined by defined locations that
maximize detection of EMF signals associated with various
parts of the body, e.g., head, upper torso, and/or wrist. The
body 105 emits EMF signals 110 that can be received by the
antenna 120 of a passive detection system 115.

[0037] The received signal is then passed to amplifier 125
where the gain of the received signal is increased for further
signal processing. For example, the signal detected by
antenna may be amplified by a low noise amplifier (LNA).
With proper frequency down-conversion, the signal can be
observed and recorded for analysis.

Active Detection Configuration

[0038] FIG. 2 is a diagram of an active detection environ-
ment 200, in accordance with some embodiments. The
active detection environment 200 can utilize RF antennas to
send custom or arbitrary RF waveforms and receive EMF
signals from the body. Arbitrary signal generation is used to
generate RF harmonic signals to propagate through the
human body from RF antennas. For example, arbitrary
signal generation can generate different waveforms from
mathematical modeling along with different amplitudes,
bandwidths, and frequencies. The environment 200 includes
a human 205, an active detection transmission module 210,
and an active detection reception module 235.
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[0039] The active detection transmission module 210 may
be used to reflect or excite EMF signals from the human
body when a wideband or narrowband external transmission
source is placed near the human body. For example, a very
wideband transmission may include signals from DC to 10
KHz. A narrowband transmission may be a single tone (e.g.,
100 MHz). The active detection transmission module 210
includes a signal generator 215, amplifier 220, and trans-
mission antenna 225. The signal generator 215 generates an
EMF signal 230 near body 205. For example, the signal
generator 215 is used to send a single tone (e.g., 100 MHz)
signal to a VHF antenna.

[0040] The generated signal is amplified by amplifier 220
and transmitted using antenna 225. In some embodiments,
more than one antenna may be used to transmit RF signals.
Additionally, the antennas may be placed around the human
body. For example, antennas may be placed around the head,
heart, chest, and abdomen. The custom magnetic and RF
antennas are designed for high efficiency and compensate
for body impedance at desired frequency bands.

[0041] The active detection reception module 235 receives
the EMF signals transmitted by the active detection trans-
mission module 210 and reflected or excited by body 205.
The active detection reception module 235 includes antenna
240 and amplifier 245. The antenna 240 may be a radio-
frequency (RF) antenna or magnetic probe placed close to
the human body. The placement may be determined by
defined locations that maximize detection of EMF signals
associated with various parts of the body. The body 205
reflects EMF signals 230 that are received by antenna 240 of
active detection reception module 235.

[0042] The received signal is then passed to amplifier 245
where the gain of the received signal is increased for further
signal processing. For example, the signal detected by
antenna may be amplified by a low noise amplifier (LNA).
With proper frequency down-conversion, the signal can be
observed and recorded for analysis

[0043] Active detection using an active source enhances
the weak signal signature by using a carrier signal. The
transmitted carrier signal has stronger amplitude and a
controlled frequency. In this setting, the introduced embodi-
ments may use a mixer such that the human body behaves
like a non-linear channel, which can generate harmonics
signals when a single tone signal passes through the human
body channel. The signal may be mixed with other envi-
ronmental signals that enter the human body (e.g.. WiF1i, 4G,
VHF, and/or other RF signals) or another designed test tone
signal. The product of this mixing is called intermodulation
(IMD) tones, which, in some cases, fall in different receive
bands of the communication system.

[0044] The weak EMF signals coupled with stronger har-
monic signals become new modulation signals with detect-
able power levels seen by a receiver. The new modulation
signals include high-order intermodulated signals, including
the input tones, third-order products, and high-order prod-
ucts. They have lower amplitudes from the carrier tones but
still have a 20-dB dynamic range referring to the carrier
signal amplitude level. The modulated EMF signal can be
detected by the receiver and put into the demodulation
process by using signal processing algorithm.

[0045] Note, however, that an active detection configura-
tion with transmitted carrier signal may be less desirable, as
compared to a passive detection configuration, in an envi-
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ronment where unnecessary EMF emission should be
avoided (e.g., in a hostile, combative environment).

Hybrid Antenna System

[0046] Embodiments of the disclosed antenna system can
detect EMF signals with different frequency ranges. Addi-
tionally, the antenna can be designed in a loop, monopole,
dipole, or wire antenna placed in a certain distance from the
human body. In some embodiments, the antenna may be an
array or grid structure to scan the human body. In yet other
embodiments, the antenna may be conformal or wearable
structure embedded with textile.

[0047] The antenna system can be integrated into a body
suit without inhibiting the movement of the user. The
bandwidth of probe antenna and RF components are typi-
cally narrowband. Therefore, to detect and observe the
whole spectrum of triggered or induced signals, very wide-
band components are needed. For example, very wideband
components can support EMF signals from DC to 10 KHz.
Contact based electrodes attach directly to the body surface.
However, to use a probe antenna integrated with a textile
worn by the human body, there is a gap between the sensor
and the body. Therefore, non-contact antenna is provided to
detect EMF signals without degradation of bio-signals.
[0048] For purposes of the present disclosure, an EMF
antenna system that includes at least a contact input source
(e.g., an electrode) and a non-contact input source (e.g., an
antenna) may be referred to herein as a “hybrid” antenna
system.

[0049] FIG. 3 depicts a diagram of a hybrid antenna
system 300 worn on the head 305 of a user to monitor the
EMF signals of the user.

[0050] Hybrid antenna system 300 may use the mecha-
nisms of EMF generation linked to the muscle electro-
impulse response and energy conversations from body elec-
trochemistry effects. The hybrid antenna system 300 uses
both contact electrodes and non-contact antennas (i.e., a
hybrid approach) to detect vital EMF signals. The non-
contact antennas use active circuits to detect signals at such
low frequencies. Hybrid antenna system 300 also detects
common ground and reference signals, which are critical
since they are the reference signals used to cancel the
commonly seen noise (e.g., powerline noise, such as 60 Hz).
[0051] The example antenna system 300 includes a ground
contact 315, an ear reference module 320, a contact elec-
trode 325, non-contact antennas 330a and 33054, and a
Bluetooth™ module 335. The entire system may be worn
over the head which may include hair 310, where contact
electrode placement is not suitable.

[0052] The ground contact 315 provides a return path for
the signals detected by antenna system 300. The ear refer-
ence module 320 is a contact-based electrode for receiving
EMF signals emitted from head 305. For example, ear
reference module 320 uses traditional electrodes to connect
to the skin to detect reference signals. The contact electrode
325 is also a contact-based electrode for receiving EMF
signals emitted from head 305. For example, ear reference
module 320 uses traditional electrodes to connect to the skin
to detect EEG/ECG signals.

[0053] Many of contact-based biomonitoring electrodes of
ECG and EEG are comprised of a plastic substrate covered
with an Ag/AgCl compound. The electrode can be
assembled with an electrolyte gel since the skin interface
may contain an excess of chloride ions in solution such as
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perspiration. Such combination can be done by coating those
compounds on the plastic substrate (i.e., stud). The gel is
also used on the skin of patients when checking their ECG.
However, the gel may dry out or only can last a few hours
or days after placed on the patient. The conductive carbon
fiber, or other conductive materials, should be qualified to
replace current compound and metal materials used in
current electrodes or new probes. The probe-to-skin imped-
ance and its dimension will be decided by contact area, skin
properties, and the materials used.

[0054] The electrode used in ECG detection can be a tiny
patch which connects to the patient. ECG electrodes are used
for sensing bioelectric potential, generally the electrical
activity, caused by cardiac muscle. This electrical activity
can be viewed as a small electric field or flux of charge-
carrying particles (i.e., current). The electrodes work as
transducers converting this current flow from the body into
the electron flow of the metallic wire. After amplified and
processed, the ECG signal can be observed. Very often a
high ionic concentration gel is used in the skin-electrode
interface to increase conductivity due to small signal mag-
nitude. The electrode may be a silver-silver chloride elec-
trode.

[0055] In some embodiments, the electrode module
includes a plastic substrate covered with an Ag/AgCl com-
pound, an electrolyte gel coated on the plastic substrate to
provide a high ionic concentration, and a conductive mate-
rial to detect EMF signals when the electrode module is in
contact with a human surface. In some embodiments, an
electrode module includes two pre-gel (i.e., prior to gel
being applied) electrodes placed on the head of a human
body to detect the vital signs of the human body.

[0056] Insome embodiments, the electrode may be placed
in contact with the ear to detect a reference signal. The ear
is a suitable location to detect EMF signals from the body
because it has relatively less noise. This is because the ear
does not have any muscles and thus would not introduce
EMF signals resulting from the muscle. However, other
nodes can be used as needed.

[0057] The non-contact antennas 330a and 3305 detect
EMF signals without requiring direct contact to the human
body. The non-contact antennas 330a and 3306 use low
frequency antennas, from extreme low frequency (ELF) to
very low frequency (VLF), to collect the bioelectrical sig-
nals such as EEG/ECG signals. The antenna does not need
to contact the skin directly. Thus, the antenna performs
EEG/ECG signal detection at a distance from the skin that
is greater than the distance between a contact-based elec-
trode and the skin. The antenna frequency is very low (10 Hz
to 10 KHz) and thus its wavelength is long (e.g., the
wavelength of a 5 KHz signal is about 60,000 meters and the
wavelength of a 10 Hz signal is about 30,000,000 meters).
Additionally, the minimum required electrical wavelength
for the traditional antenna is 0.1 wavelength to guarantee an
efficient radiation efficiency.

[0058] The Bluetooth module 335 can be provided to
transmit and receive data related to the signals detected by
the ear reference module 320, contact electrode 325, and
non-contact antennas 330¢ and 330b6. For example, the
Bluetooth module 335 may transmit the detected signals to
a signal processing module for signal processing, analysis,
and data storage.
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[0059] The various components of the antenna system 300
can be implemented in a manner that is consistent with the
various embodiments described herein.

Antenna Signal Path

[0060] FIG. 4 depicts an antenna signal path 400 that
includes antenna material 405, an antenna matching circuits
410, and a receiver 415. The signal path 400 represents the
path of the EMF signal originating from a monitored body
to an amplified for signal processing.

Antenna Material

[0061] Antenna material 405 includes a conductive mate-
rial that receives EMF signals from a monitored human
body. In some embodiments, the antenna is an electro-textile
based antenna including non-conductive, interlacing fibers
420 and conductive yarn 425. In some embodiments, the
flexible antenna patch is embedded in a flexible substrate.
For example, non-conductive, interlacing fibers 420 may
form a flexible antenna patch integrated into clothing worn
by the monitored human body. The conductive yarn 425 may
be wound around individual fibers of the non-conductive
interlacing fibers 420, such that the non-conductive fiber 425
and conductive fiber 425 form a textile patch for receiving
EMF signals from a human body without contact with the
human body.

[0062] Antenna material 405 may use a variety of ele-
ments or materials. In some embodiments, silver ink and
copper wires are good conductors but they are less suitable
to be implemented on or be part of fabric for clothing.
Conductive fiber materials (e.g., electro-textile) may be used
as conductive yarn so that the antenna radiator pattern can be
built with the clothes in a weaving process. In some embodi-
ments, the antenna material 405 may be a meshed antenna
using conductive fiber was made by a very fine conductive
silver thread (e.g., Agsis Silver AGSIS100D-1KAG).
[0063] Conductive thread is suitable since it can be used to
modify existing clothing. Silver is ideal since silver oxide is
highly conductive possesses excellent RF properties. Addi-
tionally, the cost of silver is significantly less than alternative
conductive material such as gold.

[0064] Antenna material 405 may be used in a variety of
shapes. For example, a planar antenna can be integrated with
a conformal patch that fits in existing clothing. This con-
formal structure may cause additional resonances which
may be generally undesirable. However, this property is
good in this application because a wider bandwidth is
desired. In some embodiments, to fit the property of the
textile material, a meshed texture antenna can be used to
replace the conventional patch antenna with a solid surface.
Additionally, antenna material 405 may use flexible PCB
materials to fabricate the meshed antenna.

[0065] In some embodiments, the antenna material 405
may be formed as a non-uniform meshed path antenna.
Non-uniform meshed patch antennas have significantly less
conductor coverage than a conventional meshed patch
antenna. Less conductor coverage reduces the usage of the
specialized conductive fiber materials, which in turn can
reduce the cost of the antenna material.

Active Antenna Circuits

[0066] The antenna system uses two ways to reduce the
electrical wavelength. First, the antenna system changes the



US 2018/0289279 A1l

transmission line materials to increase the effective electrical
length. Second, the antenna system connects the shortened
antenna with active antenna circuits. With the above two
factors, the physical length can be greatly reduced to use a
shorter antenna length to receive the vital signal from the
human body. Additionally, while the environment is chang-
ing, such as when the user is in motion, the antenna system
may become detuned and mismatched to the RF circuit
front-end. The resulting signal loss may be significant in
specific frequency ranges. Furthermore, when there is gap or
other media between the body and the antenna, additional
loss will result in lower signal to be received. To mitigate
this impact, the active antenna circuits actively compensate
for the changing conditions using the components described
below.

[0067] Antenna circuits 410 includes electronic circuits
that can obtain the signals received by antenna material 405
and process the signals so that they are suitable for further
signal processing (e.g., at a subsequent stage, such as at the
receiver module and/or the signal processing module).
Antenna circuits 410 may include tunable module 411, filter
412, and amplifier 413.

[0068] Tunable module 411 facilitates wideband tuning
and signal amplification. and may be implemented with
tunable capacitors. Wideband tuning may facilitate reception
of signals at frequencies between and including the ELF and
VLF frequency bands. In some embodiments, the tunable
capacitors extend the bandwidth of the antenna to include
the ELF frequency band and the VLF frequency band. Filter
412 may be a band-pass or band-rejection filter that passes
the input signal in most frequencies but filters signals in
specific frequency bands. For example, filter 412 may pass
the detected EMF signal but attenuate one or more prede-
termined frequencies (or frequency range(s)) for back-
ground noise suppression. Commonly seen background
EMF noise can include those signals in the 60 Hz frequency
band, which are typically introduced by the powerline power
supply. Amplifier 413 increases the power of the signal
output of filter 412. For example, amplifier 413 may amplify
low frequency signals with frequencies from 5 Hz-1 KHz.

Receiver

[0069] Receiver 415 can include impedance matching
modules, differential amplifiers, and filters for processing
the received EMF signals from the antenna system. For
example, the impedance matching module maximizes the
power transfer of the received signal by matching the source
load of the antenna system.

[0070] The differential amplifier enhances the gain of the
received signal based upon the received reference signal.
The non-contact signal and contact signal enter the instru-
ment amplifier such as differential amplifiers. Since the
amplitude from the non-contact node is amplified to a
similar level of the contact node (e.g., the reference signal),
the noise and interference cancellation can be performed
inside the differential amplifier circuits. The filters reduce
noise such as powerline noise (e.g., noise at 60 Hz).
[0071] The various components of the antenna signal
patch 400 can be implemented in a manner that is consistent
with the various embodiments described herein.

Antenna Circuit Embodiment

[0072] FIG. 5 depicts a circuit diagram of antenna circuit
500 consistent with various embodiments disclosed herein.
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The active antenna circuit 500 includes various circuit
components that may be adjusted to perform antenna match-
ing, wideband tuning, and signal amplification. Antenna
circuit 500 shown in FIG. 5 may be an embodiment of circuit
410 described above. For example, tuning circuit 510 is an
embodiment of tuning circuit 411, filter circuit 520 is an
embodiment of filter 412, and voltage amplifier 530 and
emitter-follower amplifier 540 is an embodiment of ampli-
fier 413. An active antenna circuit is distinguished from a
passive antenna because the circuits utilize an external
power source (e.g. DC power source 804) to power an
amplifier. Additionally, the antenna circuit 500 may use
bipolar junction transistors (BJT) transistors with lump
elements to perform the antenna matching.

[0073] Since the body signal typically has a weak signal
strength, the received signal must be amplified and filtered
before the signal processing can be applied. The RF path is
the first opportunity to moderate the loss and noise. For
example, a high efficiency antenna and differential amplifi-
ers may be used to maintain gain, reduce noise, and increase
the chance to detect weak bioelectrical signals.

[0074] Instead of using discrete components, the antenna
tuner can be a highly integrated module consisted of several
switches and tunable capacitors for more flexible tuning.
The bipolar junction transistor (BJT) or field emitter tran-
sistor (FET) based active circuit is used to enhance the gain
and filtering. Additionally, the bandwidth of the antenna is
extended while minimizing the reduction in antenna effi-
ciency.

[0075] The various components of active antenna circuit
500 can be implemented in a manner that is consistent with
the various embodiments described herein.

EMF Signal Path

[0076] FIG. 6 depicts a block diagram of an EMF signal
path 600 consistent with various embodiments disclosed
herein. EMF signal path 600 is a signal path starting from the
EMEF signals 610 emitted from human body 605. The signals
are detected by an antenna module 615, a reference signal
module 630, and a contact signal module 635. The detected
signals then proceed along the EMF signal path 600 to a
receiver 640 and a signal processing module 650.

[0077] Antenna signal module 615 includes an antenna
620 and an antenna circuit module 625. According to one or
more embodiments, the antenna 620 detects a non-contact
EMF signal, and the antenna circuit module 625 performs
wideband tuning and amplifies the non-contact EMF signal.
For example, wideband tuning may facilitate reception of
signals at frequencies between and including the ELF and
VLF frequency bands.

[0078] Reference signal module 630 includes an electrode
to detect a reference signal from the human body 605. For
example, the electrode may be a contact-based electrode that
is placed on the ear of the human body 605. The contact
signal module 635 includes an electrode to detect an EMF
signal from the human body 605. For example, the electrode
may be a contact-based electrode placed on various parts of
the human body 635 to detect localized EMF signals.
[0079] Receiver module 640, in some implementations,
includes an impedance matching module 645 and differen-
tial amplifier 650. Impedance matching module 645
improves the power transfer of the EMF signals by matching
the source impedance of the antenna module. Differential
amplifier 650 generates bioelectrical signals including a
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contact bioelectrical signal by amplifying the contact EMF
signal and a non-contact EMF signals

[0080] Signal processing module 650, in some implemen-
tations, includes processor 665 and storage 670. Processor
665 applies a filtering algorithm to improve the signal-to-
noise ratio of the bioelectrical EMF signals and to perform
digital signal processing on the bioelectrical EMF signals.
Storage 670 provides data storage to maintain data regarding
the detected EMF signals. The stored data may be used to
perform further signal processing in the future. For example,
signals may be stored until enough signal data is gathered to
perform comparison or correlation related analysis.

[0081] The various components of the EMF signal path
600 can be implemented in a manner that is consistent with
the various embodiments described herein.

EMF Detection System

[0082] FIG. 7 depicts a block diagram of an EMF detec-
tion system 700 consistent with various embodiments dis-
closed herein. EMF detection system 700 includes an elec-
trode 701, an electrode 702, an active antenna module 705,
a receiver 710, and a signal processing module 720.
[0083] Electrode 701 may include a contact-based elec-
trode to detect a reference signal 730 from a human body. In
some embodiments, the electrode may be a contact-based
electrode that is placed on the ear of the human body. The
ear is a suitable contact point for the electrode because it
does not contain muscle tissue which emits EMF signals.
Thus, the detected signal includes the desired EMF signals
indicating the physical condition of the monitored body and
contains less noise that interferes with the desired signal. In
other embodiments, electrode 701 may be placed on the
neck or other locations that allow direct contact with the skin
of the body. Electrode 701 outputs contact reference signal
730, which is based on the detected reference signal. For
example, electrode 701 outputs reference signal 730 to
receiver 710 to prepare the signal for signal processing.
[0084] Electrode 702 may include an electrode to detect an
EMEF signal from a human body. For example, the electrode
may be a contact-based electrode that is placed on the head
of the human body to measure EEG signals. The contact-
based electrode is placed in direct contact with skin in order
to detect the EEG signals such as on the forehead or neck.
The placement of the contact-based electrode should avoid
hair because hair does not conduct current and thus does not
transmit EMF signals. More than one contact-based elec-
trode may be placed on the head to collect more than one
EMF signals from the human body. For example, the con-
tact-based electrode may be placed on various parts of the
head to detect localized EEG signals. This is important
because EEG activity in different parts of the brain may
indicate distinguishable physical conditions or brain activi-
ties. Electrode 702 outputs contact EMF signal 731. For
example, electrode 702 outputs contact signal 731 to
receiver 710 to prepare the signal for signal processing.
[0085] Active antenna module 704 includes direct current
(DC) power source 705, antenna trace and material 706,
tunable module 707, band-stop filter 708, and ELF-VLF
Amplifier 709. DC power source 705 provides power to
operate the antenna circuits (e.g., tunable module 707,
band-stop filter 708, and ELF-VLF Amplifier 709).

[0086] Antenna trace and material 706 facilitates the
detection of non-contact based EMF signals. In some
embodiments, antenna trace and material 706 includes a
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conductive material that receives EMF signals received from
a monitored human body. For example, the antenna may an
electro-textile based antenna forms a flexible antenna patch.
In some embodiments, the conductive yarn may be wound
around individual fibers of the non-conductive interlacing
fibers, such that the non-conductive fiber and conductive
fiber form a textile patch for receiving EMF signals from a
human body without contact with the human body. The
various components of the antenna signal patch 400 can be
implemented in a manner that is consistent with the various
embodiments described herein, such as those described at
FIG. 4.

[0087] Tunable module 707 facilitates wideband tuning
and signal amplification. Tunable module 707 includes
tunable capacitors. In some embodiments, the tunable
capacitors extend the bandwidth of the antenna to include
the ELF frequency band and the VLF frequency band.
Band-stop filter 708 passes the signal in most frequencies
unaltered but filters signals in specific frequency bands. A
band-stop filter may also be a band-rejection filter. For
example, band-stop filter 708 may pass the detected EMF
signal from antenna trace and material 706 but attenuates the
signal in the 60 Hz frequency band. This reduces the noise
introduced by the powerline power supply (e.g., DC power
source 705). ELF-VLF amplifier 709 increases the power of
the signal output of band-stop filter 708. For example,
ELF-VLF amplifier 709 may amplify low frequency signals
with frequencies from 5 Hz-1 KHz. As described above,
ELF 1s defined by the ITU as electromagnetic radio waves
with frequencies from 3 to 30 Hz. VLF is defined by the ITU
as electromagnetic radio waves with frequencies from 3 kHz
to 30 kHz. Thus, ELF-VLF amplifier 709 may amplify
frequencies from 5 Hz-1 KHz in order to amplify all signals
between the ELF and VLF frequency bands. Also noted
above, ELF-VLF amplifier 709 is powered by DC power
source 705.

[0088] After passing the non-contact EMF signal through
antenna trace and material 706, tunable module 707, band-
stop filter 708, and ELF-VLF Amplifier 709, the active
antenna module 704 outputs non-contact EMF signal 732 to
receiver 710 to prepare the signal for signal processing.

[0089] Receiver 710 processes the detected EMF signals
to prepare the signals for signal processing. To achieve this,
receiver 710 includes antenna matching module 711, band-
stop filter 712, band-stop filter 713, differential amplifier
714, low noise amplifier 715, bandpass filter 716, analog-
to-digital converter (ADC) 717 and transceiver 718.

[0090] Antenna matching module 711 ensures adequate
power transfer from active antenna module 704. This is
accomplished by matching the source load of the antenna
module. In some embodiments, antenna matching module
includes a resistor, inductor, and capacitor connected in
series to create a resistor-inductor-capacitor (RLC) circuit
network that is tuned to match the source load of the antenna
module.

[0091] Band-stop filter 712 takes the output of antenna
matching circuit 711 corresponding to contact EMF signal
731 or non-contact EMF signal 732. Similarly, band-stop
filter 713 takes the output of antenna matching circuit 711
corresponding to contact reference signal 730. For example,
band-stop filter 712 and band-stop filter 713 may attenuate
the signal in the 60 Hz frequency band to perform powerline
noise rejection.
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[0092] Differential amplifier 714 is an amplifier that
amplifies the difference between two input voltages and
attenuates the voltage common to the two inputs. In some
embodiments, differential amplifier 714 amplifies the differ-
ence between the reference signal and non-contact EMF
signal to produce a non-contact bioelectrical signal and
amplify the difference between the reference signal and
contact EMF signal to produce a contact bioelectrical signal.
In other words, a non-contact bioelectrical signal is pro-
duced by using differential amplifier 714 to amplify the
difference between the non-contact EMF signal and the
reference signal. Similarly, contact bioelectrical signal is
produced by using differential amplifier 714 to amplify the
difference between the contact EMF signal and the reference
signal. Although differential amplifier 714 is depicted as a
signal amplifier, differential amplifier 714 may be imple-
mented as multiple amplifiers. Each amplifier takes as input
the reference signal and a detected EMF signal. As such,
bioelectrical signals are generated by amplifying the differ-
ence between a detected EMF signal and the reference
signal.

[0093] Low noise amplifier 715 amplifies a low-power
signal without degrading the signal-to-noise (SNR) of the
signal. In some embodiments, low noise amplifier 715
amplifies the output of differential amplifier 714. The ampli-
fied signal output is provided as input into bandpass filter
716. Band-pass filter 716 passes frequencies within a certain
range but attenuates the signal outside of the range. In some
embodiments, bandpass filter 716 passes frequencies
between 5 Hz-10 KHz. This range allows signals from the
ELF frequency band to the VLF frequency band to pass
through. The signal passed from bandpass filter 716 is
provided as input into analog-to-digital converter 717. The
analog-to-digital converter 717 converts the detected EMF
signals into a digital signal for digital signal processing at
signal processing module 720. The digital signal output by
analog-to-digital converter 717 is provided to transceiver
718 for transmission as data transmission signal 733 to
signal processing module 720. In some embodiments, trans-
ceiver 718 may transmit data transmission signal 733 to
signal processing module 720 via wireless transmissions.
For example, transceiver 718 may be a Bluetooth enabled
module that transmits data transmission signal 733 to signal
processor 720 via Bluetooth. In other embodiments, trans-
ceiver 718 may transmit data transmission signal 733 to
signal processing module 720 using a wired transmission.

[0094] Signal processing module 720 may include trans-
ceiver 721, detection module 722, tracking module 723,
processor 724, and storage module 725. Depending on the
implementation, one or more modules can be added or
removed to suit the purpose of a specific field application.
Signal processing module 720 receives data transmission
signal 733 from receiver 710. Signal processing module 720
applies digital signal processing, signal analysis, and data
storage on received data transmission 733. Signal processing
includes preliminary EMF detection and processing. Mul-
tiple measurements are performed with a variety of sampling
rates and signal durations. Each measurement is analyzed
using human EMF decomposition algorithm. In some fre-
quency bands, the signals measured with or without a
monitored human body show repeatable differences.

[0095] First, transceiver 721 facilitates the reception of
data transmission 733. Data transmission 733 includes the
digital signals produced by receiver 710. In particular, data
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transmission signal 733 may include contact and non-con-
tact bioelectrical signals based on the contact reference
signal 730, contact EMF signal 731, and non-contact EMF
signal 732. Once data transmission signal 733 is received,
transceiver 721 provides the data for processing and storage
by detection module 722, tracking module 723, processor
724, and storage module 725.

[0096] Detection module 722 detects characteristics of the
bioelectrical signals to identify physical conditions of the
monitored body that correspond to the detected bioelectrical
signals. For example, detection module 722 may perform
peak detection, sampling rate control, and/or digital filtering
on the amplified bioelectrical signals.

[0097] Additionally, detection module 722 searches the
EEG signal patterns with the extreme conditions. For
example, besides observing the traditional EEG spectrum
from DC to 100 Hgz, detection module 722 scans wideband
spectrums up to several kHz. This design can cover the
spectral range from DC to 10 kHz with 10000 (40 dB)
voltage gain.

[0098] Tracking module 723 tracks changes in the bio-
electrical signals. In particular, tracking module 723 tracks
and associates signatures extracted from active and passive
systems. In other words, tracking module 723 performs a
correlation function on the bioelectrical signals with known
bioelectrical signal sets to exclude uncertainty in the bio-
electrical signals. The types of received signals are mostly
non-stationary and instantaneous with non-periodic features.
Since most signal processing algorithms are designed for
stationary and periodic waveforms with at least some iden-
tifiable features, knowledge of the waveforms must first be
acquired in order to apply the algorithms to non-stationary,
non-periodic waveforms. After acquiring knowledge of the
signal properties and being able to estimate the signal
resolution in time or frequency domain in advance, the
system is able to capture the signal. In some embodiments,
tracking module 723 applies weighted decisions and loop
detection to enhance the detection of bioelectrical signals
corresponding to known bioelectrical signals. Additionally,
tracking module 723 may apply machine learning and
feedback to dynamically enhance the detection of known
bioelectrical signals.

[0099] As described above, most of the EMF signals from
the human body fall between two extremes (i.e., between
ELF and VLF). Additionally, the EMF signals are generally
non-stationary and non-periodic. To make data from the
signal useful and reliable, the detected EMF signals may be
tracked with tracking algorithms. Here the specially
designed tracking filter is applied, which can be designed for
multiple target tracking to associate the relevant EMF data
in same track. It can be easier to track and update tracking
along time, analyze the signal signature, and track the
differences.

[0100] In some embodiments, tracking module 723 per-
forms correlation function on the EMF signals with known
EMF signals to exclude uncertainty in the bioelectrical
signals. Correlation functions measures the similarity of two
signals as a function of the displacement of one signal
relative to another. For example, correlation may be per-
formed suing a sliding dot product or sliding inner-product
calculation. In some embodiments, the tracking module uses
intermodulation techniques. The intermodulation techniques
are applied by performing measurements at the range of
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frequencies of the signals to be detected and up the 7th order
of harmonics of the signals to be detected.

[0101] Processor 724 analyzes the characteristics and
changes of the bioelectrical signals. For example, processor
724 analyzes the EMF signals to detect EMF signals corre-
sponding to physical conditions such as injury, health status,
and physical activities.

[0102] Processor 724 performs human EMF mode decom-
position to decompose a signal into intrinsic mode functions
(IMF) along with a trend, and obtain instantaneous fre-
quency data. It is designed to work well for data that is
nonstationary and nonlinear. Empirical mode decomposition
(EMD) may be used to decompose the signal into different
IMFs. The IMFs which may contain possible EMF modu-
lations can be selected into next stage for post signal
processing.

[0103] Processor 724 performs signal enhancements. One
effective way to enhance the signal is to apply a matched
filter. A matched filter is a signal processing technique used
to increase the signal to noise ratio (SNR). Usually a
perfectly matched filter can increase the signal level by 50
dB. To get ideal signal enhancement, a long sequence
waveform is stored in correlation memory. In some embodi-
ments, the long sequence waveform may be stored in data
storage module 725.

[0104] To characterize the EEG signals, processor 724
uses an 8 dB wavelet function to decompose the EEG signals
into bandwidths known as alpha, beta, theta, delta, and
gamma waves. The decomposed signals and FFT spectra
may be analyzed. For example, the alpha wave, which can
associate with eye closing, has a larger amplitude when the
monitored body performs an eye blink compared to when
the monitored body is in a relaxed state without performing
an eye blink. In some embodiments, processor 724 applies
a filtering algorithm to remove noise in a time-frequency
domain to perform spectrogram digital signal processing on
the bioelectrical signals. Processor 724 may also apply a
filtering algorithm in a time domain and frequency domain
to perform time domain and frequency domain digital signal
processing on the bioelectrical signals.

[0105] The various components of the EMF detection
system 700 can be implemented in a manner that is consis-
tent with the various embodiments described herein.
[0106] FIG. 8 depicts a block diagram of an EMF detec-
tion system 800 consistent with various embodiments dis-
closed herein. Many of components disclosed in EMF
detection system 800 are consistent with the components
disclosed in EMF detection system 700. In addition to
components common to both systems, EMF detection sys-
tem 800 also includes additional harmonic signal processing
module 830. Harmonic signal processing is based on the
concept that a signal is composed of a sum of oscillatory
components.

[0107] The output of differential amplifier 814 is input into
two-way splitter 815. Two-way splitter 815 then outputs the
input to both signal processing module 820 and harmonic
signal processing module 830. Harmonic signal processing
830 receives a signal to perform harmonic signal processing.
[0108] Harmonic signal processing 830 includes a LO
signal source 831, mixer 832, band pass filter 833, and ADC
834. LO signal source 831 comprises a local oscillator that
is used with mixer 832 to change the frequency of a signal.
The local oscillator may be a crystal oscillator that provides
stability and high performance for a fixed frequency. Alter-
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natively, the oscillator may be a variable-frequency oscilla-
tor to provide signals at different frequencies. Together, the
LO signal source 831 and mixer 832 functions as a converter
that converts the frequency of the signal received from
two-way splitter 815. The converted signal is then sent
through band-pass filter 833 and ADC 834.

[0109] Band pass filters passes frequencies within a cer-
tain range but attenuates the signal outside of the range. In
some embodiments, bandpass filter 833 passes frequencies
between 0.8-10 KHz. The signal passed from bandpass filter
833 is provided as input into analog-to-digital converter §34.
The analog-to-digital converter 834 converts the EMF sig-
nals into a digital signal for digital signal processing (DSP)
at signal processing module 840.

[0110] Using the harmonic signal processing module 830,
harmonic testing harmonic testing may be performed using:
(1) signal tone sine wave, (2) frequency modulated continu-
ous-wave (FMCW) signal with a 3-kHz bandwidth, (3)
noise with a 3-kHz bandwidth, and (4) an up-converted ECG
signal. Fach waveform can be mixed with a 10-kHz LO
signal by mixer 832. The time domain, frequency domain
and the 3rd harmonics for each scenario are examined to find
the signature of ECG waveform after mixing with the
designated LO signal. Based upon harmonic testing, it is
determined that the 3rd harmonic spectral signature of the
up-converted ECG signal is like a single-tone waveform.
[0111] Harmonic signal processing can be performed in
order to understand and calibrate the intermodulation from
the mixer, cables, signal generators, and digitizer of the
system. In one or more examples, a two-tone measurement
around the frequency range of the interested signals and up
to the 7th order of its harmonics is performed.

[0112] The various components of the EMF detection
system 800 can be implemented in a manner that is consis-
tent with the various embodiments described herein.
[0113] FIG. 9 is a high-level block diagram illustrating an
example of a processing system in which at least some
operations described herein can be implemented (e.g., signal
processing modules 660, 720, 840), consistent with various
embodiments. The processing system can be processing
device 900, which represents a system that can run any of the
methods/algorithms described above. A system may include
two or more processing devices such as represented in FIG.
9, which may be coupled to each other via a network or
multiple networks. A network can be referred to as a
communication network.

[0114] In the illustrated embodiment, the processing
device 900 includes one or more processors 910, memory
911, a communication device 912, and one or more input/
data (I/O) devices 913, all coupled to each other through an
interconnect 914. The interconnect 914 may be or include
one or more conductive traces, buses, point-to-point con-
nections, controllers, adapters and/or other conventional
connection devices. Each of the processors 910 may be or
include, for example, one or more general-purpose program-
mable microprocessors or microprocessor cores, Microcon-
trollers, application specific integrated circuits (ASICs),
programmable gate arrays, or the like, or a combination of
such devices. The processor(s) 910 control the overall
operation of the processing device 900. Memory 911 may be
or include one or more physical storage devices, which may
be in the form of random access memory (RAM), read-only
memory (ROM) (which may be erasable and program-
mable), flash memory, miniature hard disk drive, or other
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suitable type of storage device, or a combination of such
devices. Memory 911 may store data and instructions that
configure the processor(s) 910 to execute operations in
accordance with the techniques described above. The com-
munication device 912 may be or include, for example, an
Ethernet adapter, cable modem, Wi-Fi adapter, cellular
transceiver, Bluetooth transceiver, or the like, or a combi-
nation thereof. Depending on the specific nature and purpose
of the processing device 900, the I/O devices 913 can
include devices such as a display (which may be a touch
screen display), audio speaker, keyboard, mouse or other
pointing device, microphone, camera, etc.

[0115] While processes or blocks are presented in a given
order, alternative embodiments may perform routines hav-
ing steps, or employ systems having blocks, in a different
order, and some processes or blocks may be deleted, moved,
added, subdivided, combined, and/or modified to provide
alternative or sub-combinations, or may be replicated (e.g.,
performed multiple times). Each of these processes or
blocks may be implemented in a variety of different ways.
In addition, while processes or blocks are at times shown as
being performed in series, these processes or blocks may
instead be performed in parallel, or may be performed at
different times. When a process or step is “based on” a value
or a computation, the process or step should be interpreted
as based at least on that value or that computation.

[0116] Software or firmware to implement the techniques
introduced here may be stored on a machine-readable stor-
age medium and may be executed by one or more general-
purpose or special-purpose programmable microprocessors.
A “machine-readable medium”, as the term is used herein,
includes any mechanism that can store information in a form
accessible by a machine (a machine may be, for example, a
computer, network device, cellular phone, personal digital
assistant (PDA), manufacturing tool, any device with one or
more processors, etc.). For example, a machine-accessible
medium includes recordable/non-recordable media (e.g.,
read-only memory (ROM), random access memory (RAM),
magnetic disk storage media, optical storage media, flash
memory devices, etc.).

[0117] FIG. 10 is an active detection environment 1000 in
accordance with one or more embodiments of the present
disclosure. Active detection environment 1000 includes a
signal generator 1010, a monitored subject 1020, and a
receiver 1030.

[0118] Signal generator 1010 includes a signal source
1011 to produce a source signal, background noise signal,
and/or interference signal. The generated signal is then
provided to antenna 1012 for transmission as propagated
signal 1012 through monitored subject 1020. Monitored
body 1020 can be treated as a communication channel. The
antenna system 1030 includes an electrode/antenna interface
1021, amplifier 1032, and filter 1033. Electrode/antenna
interface 1021 performs electrode/antenna matching on the
electrodes and/or antennas (not shown) that detects the
signals propagated across monitor subject 1020. Amplifier
1032 and filter 1033 modifies the received signal such that
it is suitable for signal processing. The various components
of active detection environment 1000 can be implemented in
a manner that is consistent with the various embodiments
described herein.

[0119] FIG. 11 depicts a chart of contact points where
electrodes may be placed for performing contact-based EMF
detection in accordance with one or more embodiments of
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the present disclosure. The chart shows a side-view repre-
sentation of a head 1100. Contact points include the nasion
1110, preaurical point 1120, mastoid process 1130, and inion
1140. Electrodes may be used at one or more of the contact
points to detect EMF and reference signals. The placement
of multiple electrodes allows detection of localized EMF
signals around the brain. Additionally, each contact point has
different characteristics that provide different signal charac-
teristics. For example, placement of electrodes on the ear
produces less noise because there is less muscle current at
that contact point. The various components disclosed in FIG.
11 can be implemented in a manner that is consistent with
the various embodiments described herein.

CONCLUSION

[0120] From the foregoing, it will be appreciated that
specific embodiments of the technology have been described
herein for purposes of illustration, but that various modifi-
cations can be made without deviating from the technology.
In representative embodiments, the EMF detection system
can have configurations other than those specifically shown
and described herein, including other circuit designs. The
various modules and circuits described herein may have
other configurations in other embodiments, which also pro-
duce the desired characteristics described herein.
[0121] Certain aspects of the technology described in the
context of particular embodiments may be combined or
eliminated in other embodiments. Further, while advantages
associated with certain embodiments of the technology have
been described in the context of those embodiments, other
embodiments may also exhibit such advantages, and not all
embodiments need necessarily exhibit such advantages to
fall with within the scope of the present disclosure. Accord-
ingly, the present disclosure and associated technology can
encompass other embodiments not expressly shown or
described herein. For example, while processes or blocks are
presented in a given order, alternative embodiments may
perform routines having steps, or employ systems having
blocks, in a different order, and some processes or blocks
may be deleted, moved, added, subdivided, combined, and/
or modified to provide alternative or sub combinations. Each
of these processes or blocks may be implemented in a
variety of different ways. Also, while processes or blocks are
at times shown as being performed in series, these processes
or blocks may instead be performed in parallel, or may be
performed at different times. Further, any specific numbers
noted herein are only examples: alternative implementations
may employ differing values or ranges.
[0122] To the extent any materials incorporated herein
conflict with the present disclosure, the present disclosure
controls.
I/We claim:
1. A system for detecting bioelectrical signal, the system
comprising:
a reference module having a first electrode to detect a
reference electrical signal;
a contact module having a second electrode to detect a
contact electrical signal,
an antenna module, the antenna module including (1) an
antenna to detect a non-contact EMF signal, and (2) an
antenna circuit module to perform wideband tuning and
amplify the non-contact EMF signal;
a receiver module, the receiver module including (1) an
impedance matching module to match a source imped-
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ance of the antenna module, the reference module, and
the contact module; and (2) a differential amplifier to
amplify the difference between the reference signal and
the non-contact EMF signal to produce a non-contact
bioelectrical signal, and to amplify the difference
between the reference signal and contact signal to
produce a contact bioelectrical signal; and

a signal processing module including a processor to apply

a filtering algorithm to increase the signal-to-noise ratio
of the bioelectrical signals and to perform digital signal
processing on the bioelectrical signals.

2. The system of claim 1, wherein the antenna is an
electro-textile based antenna including (1) non-conductive
fibers, and (2) conductive fibers wound around individual
non-conductive fibers, such that the non-conductive fiber
and conductive fiber form a textile patch for receiving EMF
signals from a human body without contact with the human
body.

3. The system of claim 2, wherein the antenna is a
conformal patch that is embedded in clothing material.

4. The system of claim 1, wherein the antenna is config-
ured to receive signals from the extremely low frequency
(ELF) band to the very low frequency (VLF) band to detect
electroencephalography (EEG) signals and electrocardiog-
raphy (ECG) signals.

5. The system of claim 1, wherein the antenna is one of
dipole, monopole, or loop antenna.

6. The system of claim 1, wherein the antenna is a meshed
patch antenna embedded in a flexible substrate.

7. The system of claim 1, wherein the antenna module
includes a direct current (DC) power source to power the
antenna circuit.

8. The system of claim 1, wherein the antenna circuit
module includes (1) a tunable module including a tunable
capacitor, (2) a band-stop filter to reject a predetermined
frequency of noise, and (3) an amplifier to amplify the
non-contact EMF signals.

9. The system of claim 8, wherein the tunable capacitor is
operable to adjust the bandwidth of the antenna to include
the extremely low frequency (ELF) band and the very low
frequency (VLF) band.

10. The system of claim 1, wherein the antenna matching
module includes an RLC circuit network that is tuned to
match the source load of the antenna module.

11. The system of claim 1, wherein the receiver module
includes a band-stop filter to reduce or suppress a predeter-
mined noise frequency from the non-contact EMF signals.

12. The system of claim 1, wherein the receiver module
includes a transceiver to transmit the contact bioelectrical
signal and non-contact bioelectrical signals to the signal
processing module.

13. The system of claim 1, wherein the signal processing
module analyzes data related to the bioelectrical signals, the
signal processing module including (1) a detection module
to detect characteristics of the bioelectrical signals, (2) a
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tracking module to track the changes to the bioelectrical
signals, and (3) a processor for analyzing the characteristics
and changes of the bioelectrical signals.

14. The system of claim 13, wherein the detection module
performs peak detection, sampling rate control, and/or digi-
tal filtering on the amplified bioelectrical signals.

15. The system of claim 13, wherein the tracking module
performs a correlation function on the EMF signals with
known EMF signals to exclude uncertainty in the bioelec-
trical signals.

16. The system of claim 13, wherein the tracking module
applies weighted decisions and loop detection to enhance the
detection of bioelectrical signals corresponding to known
bioelectrical signals.

17. The system of claim 13, wherein the processor applies
machine learning and feedback to dynamically enhance the
detection of known bioelectrical signals.

18. The system of claim 13, wherein the processor ana-
lyzes the EMF signals to detect EMF signals corresponding
to physical conditions indicative of injury, health status,
and/or physical activities.

19. The system of claim 13, wherein the processor applies
a filtering algorithm to remove noise in a time-frequency
domain, and performs spectrogram digital signal processing
on the bioelectrical signals.

20. The system of claim 13, wherein the processor applies
a filtering algorithm in a time domain and frequency domain,
and performs time domain and frequency domain digital
signal processing on the bioelectrical signals.

21. The system of claim 13, wherein the processor applies
a matched filter to improve the signal-to-noise ratio of the
bioelectrical signals.

22. The system of claim 13, wherein the processor applies
a matched filter by sampling a bioelectrical signal measured
from the human body to produce a known bioelectrical
signal used to perform a correlation function.

23. The system of claim 13, wherein the processor decom-
poses the EEG signals extracted from the bioelectrical
signals into alpha, beta, theta, delta, and/or gamma signals.

24. The system of claim 23, wherein the processor decom-
poses the EEG signals using an 8 dB wavelet function.

25. The system of claim 13, wherein the processor applies
intermodulation techniques to the bioelectrical signals, the
intermodulation technique applied by performing measure-
ments at the range of frequencies of the signals to be
detected and up a predetermined order of harmonics of the
signals to be detected.

26. The system of claim 1, wherein the electrode module
includes (1) a plastic substrate covered with an Ag/AgCl
compound, (2) an electrolyte gel coated on the plastic
substrate to provide a high ionic concentration, and (3) a
conductive material to detect EMF signals when the elec-
trode module is in contact with a human surface.
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