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Description
TECHNICAL FIELD

[0001] Various exemplary embodiments disclosed
herein relates generally to an electromagnetic induction
radio.

BACKGROUND

[0002] There exist a variety of wireless systems which,
illustratively, are used for short range distance commu-
nication. Some systems are used for communication
around the human body; other systems may be used for
communication in or around other objects. For example,
currently RF based hearing aids are considered for wire-
less communication. Often such hearing aid systems op-
erate in the 2.5 GHz ISM band. Such systems feature
propagation by means of transverse waves, the magnetic
and electric fields being in phase and covering a relatively
large range of perhaps 30 meters. The large range may
cause problems in terms of security of the communication
content and may cause interference. Furthermore, be-
cause of their relatively high frequency of operation, such
systems are heavily influenced by the human body.
[0003] Somewhat more conventional hearing aids em-
ploy magnetic field induction as a wireless communica-
tion method. Unfortunately, magnetic field induction
based wireless systems have a limited range if the an-
tenna is comparatively small, such as would be required
in a hearing aid. Not all parts of the human body can be
reached with magnetic field induction-based systems
with small antennas. Consequently, it can be difficult to
provide communication between a hearing aid and a
hand-held control using such systems.

[0004] US2008/0262376 A1 (Price, M.) provides a
monitoring system comprising disposable sensor com-
ponents and a network component for the collection of
sensor information. The network component relays the
information for remote access and analysis. As part of a
sensor component, a tank circuit provides a signal to a
transmitter plate. A return path for current is provided by
a receiving plate which couples to a similar plate on the
network component. US 6,211,799 B1 (Rehmi Post et
al.) provides a system with transmitting and receiving
electrodes. A pair of electrodes receives a signal, which
is provided to full-wave rectifier and produces power for
a microcontroller. The microcontroller is also configured
to apply an output signal to a series LC tank circuit to
drive a further pair of electrodes to transmit a signal.

SUMMARY

[0005] While several embodiments and/or examples
have been disclosed in this description, the subject mat-
ter for which protection is sought is strictly and solely
limited to those embodiments and/or examples encom-
passed by the scope of the appended claims. Embodi-
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ments and/or examples mentioned in the description that
do not fall under the scope of the claims are useful for
understanding the invention.

[0006] A brief summary of various exemplary embod-
iments is presented below. Some simplifications and
omissions may be made in the following summary, which
is intended to highlight and introduce some aspects of
the various exemplary embodiments, but not to limit the
scope of the invention. Detailed descriptions of an exem-
plary embodiment adequate to allow those of ordinary
skill in the art to make and use the inventive concepts
will follow in later sections.

[0007] In accordance with a first aspect of the inven-
tion, an electromagnetic induction wireless communica-
tion system comprising the features of appended inde-
pendent claim 1 is provided. In accordance with a second
aspect of the invention, a method of communicating near
a human body comprising the steps of appended inde-
pendent claim 9 is provided. In accordance with a third
aspect of the invention, a non-transitory machine-read-
able storage medium in accordance with appended claim
15 is provided. The dependent claims provide further de-
tails of embodiments.

[0008] Various exemplary embodiments relate to an
electromagnetic induction wireless communication sys-
tem including: a magnetic antenna; an electric antenna;
a tuning capacitor coupled to the magnetic antenna con-
figured to tune the magnetic antenna; a controller con-
figured to control the operation of the communication sys-
tem; a signal source coupled to the controller configured
to produce a communication signal used to drive one of
the magnetic antenna and the electric antenna; a voltage
control unit coupled to the signal source configured to
produce a modified communication signal having one of
an amplitude difference, phase difference, and an am-
plitude and a phase difference from the communication
signal used to drive the one of the magnetic antenna and
the electric antenna, and use the modified communica-
tion signal to drive the other of the magnetic antenna and
the electric antenna.

[0009] Further, various exemplary embodimentsrelate
to a method of communicating near a human body in-
cluding: producing a communication signal; producing a
modified communication signal, wherein the modified
communication signal has one of an amplitude differ-
ence, phase difference, and an amplitude and phase dif-
ference from the communication signal; applying the
communication signal to one of an magnetic antenna and
an electric antenna; applying the modified communica-
tion signal to the other of the magnetic antenna and the
electric antenna; controlling the production of the modi-
fied communication signal to improve the method of com-
municating near the human body.

[0010] Further, various exemplary embodimentsrelate
to a non-transitory machine-readable storage medium
encoded with instructions for execution by a processor,
the non-transitory machine-readable medium including:
instructions for producing a communication signal; in-
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structions for producing a modified communication sig-
nal, wherein the modified communication signal has one
of an amplitude difference, phase difference, and an am-
plitude and phase difference from the communication sig-
nal; instructions for applying the communication signal
to one of a magnetic antenna and an electric antenna;
instructions for applying the modified communication sig-
nal to the other of the magnetic antenna and the electric
antenna; instructions for controlling the production of the
modified communication signal to improve the method
of communicating near the human body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Inordertobetter understand various exemplary
embodiments, reference is made to the accompanying
drawings, wherein:

FIG. 1 illustrates a block diagram of wireless com-
munication system;

FIG. 2illustrates a diagram of electrical and magnetic
field lines during operation of the wireless commu-
nication system;

FIG. 3 illustrates the coupling capacitors CE1 and
CE2 near a human body;

FIG. 4 displays the measured path loss versus dis-
tance of a magnetic induction communication link
operating at 10.6MHz;

FIG. 5displays path loss measurements at 10.6MHz
of the prior art magnetic induction method and the
electromagnetic induction method;

FIG. 6 displays path loss measurements at 10.6MHz
of a magnetic induction method and the electromag-
netic induction method according an embodiment of
the invention; and

FIG. 7 illustrates block diagram of an embodiment
of an electromagnetic induction radio.

[0012] To facilitate understanding, identical reference
numerals have been used to designate elements having
substantially the same or similar structure and/or sub-
stantially the same or similar function.

DETAILED DESCRIPTION

[0013] Thedescription and drawings illustrate the prin-
ciples of the invention. It will thus be appreciated that
those skilled in the art will be able to devise various ar-
rangements that, although not explicitly described or
shown herein, embody the principles of the invention and
are included within its scope. Furthermore, all examples
recited herein are principally intended expressly to be for
pedagogical purposes to aid the reader in understanding
the principles of the invention and the concepts contrib-
uted by the inventor(s) to furthering the art, and are to be
construed as being without limitation to such specifically
recited examples and conditions. Additionally, the term,
"or," as used herein, refers to a non-exclusive or (i.e.,
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and/or), unless otherwise indicated (e.g., "or else" or "or
in the alternative"). Also, the various embodiments de-
scribed herein are not necessarily mutually exclusive, as
some embodiments can be combined with one or more
other embodiments to form new embodiments. As used
herein, the terms "context" and "context object" will be
understood to be synonymous, unless otherwise indicat-
ed.

[0014] In a related U.S. Patent Application No.
14/270,013 entitted "ELECTROMAGNETIC INDUC-
TION FIELD COMMUNICATION" filed on May 5, 2014
an electromagnetic communication method near a hu-
man body by means of a combination of a magnetic field
and electric field with no intention to form transversal ra-
diating waves is described. This results in a method that
improves the link budget and extends the range to the
complete body and intra-body. The magnetic field is gen-
erated by a current through a first coil. The electric field
can be generated by a first coupling capacitor, having a
first conducting plate coupled to the human body and a
second conducting plate coupled to the environment. The
wireless communication system is not galvanically con-
nected to the ground. The magnetic and electric field can
be received by a receiver at another place near the hu-
man body by means of a second coil and a second cou-
pling capacitor, the second capacitor having a first con-
ducting plate coupled to the human body and a second
conducting plate coupled to the environment.

[0015] FIG. 1illustrates a block diagram of the wireless
communication system. FIG. 2 illustrates a diagram of
electrical and magnetic field lines during operation of the
wireless communication system. The wireless commu-
nication system of FIG. 1 includes a transmitter XMTR
and receiver RCVR. Communication between transmit-
ter XMTR and receiver RCVR is accomplished via a com-
bination of an electric field and a magnetic field as will
be further described. Magnetic field H1 is generated by
current through coil L1. An electric field E1 can be gen-
erated by a voltage on coupling capacitor CE1. Coupling
capacitor CE1 has a first conducting plate coupled to the
human body HB and a second conducting plate coupled
to the environment as will be further illustrated below.
Capacitors C1 and C2 are provided to resonate their re-
spective circuits at the required operational frequency.
[0016] Magnetic field H1 and electric field E1 may be
generated by the same voltage using sources S1 and
S2. Accordingly, the sources S1and S2 produce the com-
munication signal to be transmitted. In this illustrative em-
bodiment the sources S1 and S2 may generate a bal-
anced voltage across the coil L1. However the voltage
across the coil L1 may also be unbalanced and in this
case only one source is required.

[0017] Magnetic field H2 and electric field E2 (which
have a different amplitudes than magnetic field H1 and
electric field E1 respectively) may be received at a re-
ceiver RCVR positioned atanother place near the human
body (perhaps in the other ear) by means of a coil L2 and
a coupling capacitor CE2. Coupling capacitor CE2 has
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a first conducting plate coupled to the human body HB
and a second conducting plate coupled to the environ-
ment as will be further illustrated in Fig. 3.

[0018] This wireless communication system commu-
nicates using a wireless electromagnetic field communi-
cation method near a human body. The electromagnetic
induction fields are a combination of a magnetic field H1
and electric field E1 with no intention to form transversal
radiating waves. The magnetic field H1 is generated by
a magnetic antenna, a coil L1, while the electric field E1
is generated by a voltage on a coupling capacitor CE1.
This coupling capacitor CE1 has a first conducting plate
P11 coupled to the human body HB and a second con-
ducting plate P12 coupled to the environment. The wire-
less system is not galvanically connected to the ground.
[0019] A combination of magnetic field an electric field
is created, and the electric field is present between the
human body and the environment. The magnetic induc-
tion field decreases with 18db for every doubling of the
distance from the source, however the electric induction
field decreases with only 6db for every doubling of the
distance along a human body.

[0020] The magnetic field H2 and electric field E2 can
be received by a receiver at another place near the hu-
man body by means of a coil L2 and a coupling capacitor
CE2, the coupling capacitor CE2 having a firstconducting
plate P21 coupled to the human body and a second con-
ducting plate P22 to the environment.

[0021] FIG. 3 illustrates the coupling capacitors CE1
and CE2 near a human body HB. The conductive plate
P11 of coupling capacitor CE1 is coupled with the human
body HB. The conductive plate P12 of coupling capacitor
CE1 is coupled to the environment. The conductive plate
P21 of coupling capacitor CE2 is coupled with the human
body HB at another position. The conductive plate P22
of coupling capacitor CE2 is coupled to the environment.
CE1 has a coupling factor CP1, and CE2 has a coupling
factor CP2. The coupling factor CP1 and CP2 play a role
in the path loss of the communication system.

[0022] Plates P11, P12, P21, and P22 may be made
from conductive material, for example metal. In general,
plates P11, P12, P21, and P22 may have a variety of
shapes and may be surrounded by dielectric material so
that the overall structure of CE1 and CE2 performs a
capacitive function. In general, the dimensions of capac-
itors CE1 and CE2 should be small relative to the wave-
length of operation.

[0023] However different applications may require a
composition of electric and magnetic fields of different
amplitudes and phase between them. Therefore a sys-
tem is described below that may be integrated in a RF
integrated circuit and that is suitable to generate a blend-
ing of field amplitudes and phase that may be pro-
grammed to be specifically suited for various applica-
tions. The blending can be continuously adaptable. In
order to understand the effects of different amplitudes
and phases between the electric and magnetic fields var-
ious tests and measurements were done. The results of
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these tests are discussed below and provide insight as
to the benefits of varying the amplitudes and phases be-
tween the electric and magnetic fields.

[0024] FIG. 4 displays the measured path loss versus
distance of a magnetic induction communication link op-
erating at 10.6MHz. The measurement results are valid
forfree space and around a human body. This is because
the permittivity of a human body is close to that of air.
From the measurement results it can be seen that about
a 100db path loss results for a distance of 30 cm between
the two nodes. For example, for a magnetic induction
based hearing aid system communication is interrupted
with a path loss of 92db. It is thus not possible to have
wireless communication around all the places at the hu-
man body using this configuration.

[0025] FIG. 5 displays path loss measurements at
10.6MHz of the prior art magnetic induction method and
the electromagnetic induction method. In this example,
the transmitter and receiver are positioned near the left
hand and the right hand respectively of the test person.
Both arms are separated by a distance of 43cm. The test
person is sitting on a chair. The amplitude of the voltage
on the coil antenna (e.g., L1 in FIG. 1) and the capacitor
antenna(e.g., CD1inFIG. 1) is the same. The transmitter
and receiver antennas are a combination of a ferrite coil
and a coupling capacitor. The ferrite coil having a 2mm
diameter and a 7mm length with an inductance of 3.7uH;
the coupling capacitor having dimensions of 2 by 3cm
surface area and 4mm distance between the conducting
plates, the area between them is air with a capacitance
of 12pFarad. The coupling plates P11 and P21 where
isolated from the Human Body by means of clothes with
a thickness of 2 to 3mm. Magnetic induction measure-
ments (MI) and electromagnetic induction measure-
ments (EMI) are shown for both a male and female sub-
jects. Different use cases are studied for the electromag-
netic induction method, both antennas are separated 1
mm from the skin of the test person, the antennas con-
nected to the skin of the test person and only the coupling
capacitor connected to the skin of the test person. It is
noted that in all use cases the electromagnetic induction
method has at least 17.57db lower loss compared with
the magnetic induction method. In this case the same
voltage is applied to the coil antenna and the capacitor
antenna.

[0026] FIG. 6 displays path loss measurements at
10.6MHz of a magnetic induction method and the elec-
tromagnetic induction method according an embodiment
of the invention. In this example, the transmitter and re-
ceiver are positioned near the lefthand and the right hand
respectively of the test person. Both arms are separated
a distance of 43cm. The test person is sitting in a chair.
For the measurements illustrated in FIG. 6 the amplitude
of the voltage on the capacitor antenna (e.g., CE1in FIG.
1) is twice the voltage on the coil antenna (e.g., L1 in
FIG. 1). The transmitter and receiver antennas are a com-
bination of a ferrite coil and a coupling capacitor. The
ferrite coil having 2mm diameter and 7mm length with an
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inductance of 3.7uHenry; the coupling capacitor having
dimensions of 2 by 3cm surface area and 4mm distance
between the conducting plates, the area between them
is air with a capacitance of 12pFarad. The coupling plates
P11 and P21 where isolated from the Human Body by
means of clothes with a thickness of 2 to 3mm. In this
case the voltage on the capacitor antenna is twice the
voltage on the coil antenna.. Differentuse cases are stud-
ied for the electromagnetic induction method, both an-
tennas are separated 1 mm from the skin of the test per-
son, the antennas connected to the skin of the test person
and only the coupling capacitor connected to the skin of
the test person. It can be noticed thatin all use cases the
electromagnetic induction method has at least 23.57db
lower loss compared with the magneticinduction method.
[0027] From FIG. 5 and FIG. 6 it can be seen that the
path loss for the electromagnetic induction system can
be changed. Different path loss values can be obtained
by means of varying the phase and amplitude of the mag-
netic and the electric field that is generated by the wire-
less communication system. Thus a system that varies
the amplitude and phase of the voltage applied to the coil
antenna and the capacitor antenna may be used to im-
prove the performance of the wireless communication
system.

[0028] FIG. 7 illustrates block diagram of an embodi-
ment of an electromagnetic induction radio. The electro-
magnetic induction radio (EIR) may include a digital
processing unit DPU, signal processing units SP1 and
SP2, signal generators S1 and S2, buffers B1, B2, and
B3, a tuning capacitor TC, a voltage processing unit
VC/PS, an magnetic antenna coil MA, and an electric
antenna capacitor EA.

[0029] Thedigital processing unit DPU may control the
operation of the EIR and processes the signals related
to the communication. The digital processing unit may
contain analog digital converters (ADC) and/or digital an-
alog convertors (DAC), memory, storage, and all the
hardware and software required to process the commu-
nication signals. The digital processing unit may include
a processor that may be any hardware device capable
of executing instructions stored in amemory or other stor-
age or otherwise processing data. As such, the processor
may include a microprocessor, field programmable gate
array (FPGA), application-specific integrated circuit
(ASIC), or other similar devices. The memory may in-
clude various memories such as, for example L1, L2, or
L3 cache or system memory. As such, the memory may
include static random access memory (SRAM), dynamic
RAM (DRAM), flash memory, read only memory (ROM),
or other similar memory devices. The storage may in-
clude one or more machine-readable storage media such
as read-only memory (ROM), random-access memory
(RAM), magnetic disk storage media, optical storage me-
dia, flash-memory devices, or similar storage media. In
various embodiments, the storage may store instructions
for execution by the processor or data upon with the proc-
essor may operate. For example, the storage may store
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a base operating system for controlling various basic op-
erations of the hardware. It may also store data received
and processed by the EIR. Also, the storage my include
instructions used to process the data received by the EIR.
[0030] Signal processing units SPU1 and SPU2 may
contain the required hardware to interface to the antenna
circuitry MA and EA and the digital processing unit DPU.
SP1 and SP2 may include a processor that may be any
hardware device capable of executing instructions stored
in a memory or other storage or otherwise processing
data. As such, the processor may include a microproc-
essor, a signal processor, graphics processor, field pro-
grammable gate array (FPGA), application-specific inte-
grated circuit (ASIC), or other similar devices. The signal
processing unit SPU1 may help implement the transmit-
ter function while the signal processing unit SPU2 may
help implement the receiver function. In such a case the
EIR may have a transceiver functionality and thus may
be able to perform bidirectional communication.

[0031] In a transmitter mode, the magnetic field Um is
generated by a first alternating current |, through a mag-
netic antenna, coil MA, while the electric field Ue is gen-
erated by a second alternating voltage V, on the electric
antenna capacitor EA. The current |, through the coil MA
is dependent on the voltage on the coil:

In= Vm/Zcoil,

Zcoil = 2mfLcoil

[0032] The two voltages V, and V, thus define the
magnetic and electric fields Um and Ue respectively.
Changing one of the amplitudes of V,, and V, or the
phase between them, changes the combination of the
magnetic field Um and electric field Ue and thus blending
of the fields may be done in order to improve the per-
formance of the wireless communication system.

[0033] Signal processing unit SPU1 may command
signal generators S1 and S2 to produce currents that
drive the resonating circuit formed by coil MA and tuning
capacitor TC. Accordingly, the sources S1 and S2 pro-
duce the communication signal to be transmitted. In this
illustrative embodiment the sources S1 and S2 may gen-
erate a balanced voltage across MA. However the volt-
age across MA may also be unbalanced and in this case
only one source is required. TC is an integrated capacitor
bank that may be adjusted by the digital processing unit
DPU to tune the receiver/transmitter. The resonating fre-
quency can be chosen in one of the industrial, scientific,
and medical (ISM) bands, forexample 10.6MHz. The res-
onating circuit may have a bandwidth that is sufficient for
the required communication mode data rate. Optionally
the bandwidth may be adapted by means of inserting
additional loss in the resonating circuit using, for exam-
ple, a resistor bank which may have an adjustable resist-
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ance. This may be an additional functional block in the
EIR.

[0034] The voltage V,, on the magnetic antenna MA is
processed in the voltage processing unit VC/PS and fur-
ther applied to the electric antenna EA. The VC/PS pro-
duces a voltage V,, that is applied to the electric antenna
EA. The VC/PS may reduce or increase the input voltage
V. relative to V.. The VC/PS may additionally also
change the phase between V, and V.. In this way the
composition of magnetic and electric fields may be
changed according to the needs of the application. Alter-
natively the voltage Ve that is applied to the electric an-
tenna EA is processed in the voltage processing unit
VC/PS and further applied to the magnetic antenna MA.
The VC/PS produces a voltage Vm that is applied to the
magnetic antenna MA. The VC/PS may reduce or in-
crease the input voltage V, relative to V,. The VC/PS
may additionally also change the phase between V, and
V.- In this way the composition of magnetic and electric
fields may be changed according to the needs of the ap-
plication.

[0035] Inthe receive mode the voltage received by the
magnetic antenna MA may be combined with the voltage
received by the electric antenna EA. Before combining
both signals the phase and/or amplitude between them
may be adapted.

[0036] For example, when both signals are combined
in a parallel tuned circuit, the amplitude of the induced
antenna voltages should have a 180 degree phase shift
between them to generate an optimal combined output
signal. This may not always be desirable for all applica-
tions due to antenna design and positioning atthe human
body. Moreover the phase between them may change
dynamically and the VC/PS may continuously respond
to such changes.

[0037] The signal processing unit SPU2 may process
the received voltages from the antennas MA and EA. It
is noted that the VC/PS may have bidirectional function-
ality. The signal at the resonating circuit formed by TC
and MA may be buffered by buffers B2 and B3. An ad-
ditional buffer B1 may be available to monitor the differ-
ence between received magnetic and electric field
strength. Alternatively, the receiver and transmitter can
also have separate receive and transmit VC/PS.

[0038] The DPU may adjust the amplitude and phase
characteristics between the electric and magnetic fields
used to implement communication between a transmitter
and areceiver. Information regarding the communication
environment may be based upon various collected test
data. Also, test measurements may be made for each
individual user of the communication system. Further,
various channel measurement signals may be included
as part of the communication signal in order to determine
variations in the communication channel during the op-
eration of the wireless communication system. These
channel measurements may then be used to adjust the
phase and amplitude between the magnetic and electric
fields. Further, feedback loops may be used to further

10

15

20

25

30

35

40

45

50

55

monitor and adjust the phase and amplitude of between
the magnetic and electric signals.

[0039] The EIR may be implemented as a combination
of different integrated circuits (ICs) or on a single IC. Fur-
ther, the DPU, SPU1, and SPU2 are shown as separate
physical and functional blocks in FIG. 7, but the DPU,
SPU1, and the SPU2 may be implemented in a single
processor which may be its own IC. Also, SPU1 and
SPU2 may be implemented on a single signal processing
unit which may be its own IC. The DPU or the combination
of the DPU, SPU1, and SPU2 may be called a controller
that controls the operation of the EIR.

[0040] It should be appreciated by those skilled in the
art that any block diagrams herein represent conceptual
views of illustrative circuitry embodying the principles of
the invention. Further, in the circuits shown additional
elements may also be included as needed, or variations
to the structure of the circuit may be made to achieve the
same functional results as the circuits illustrated.
[0041] Although the various exemplary embodiments
have been described in detail with particular reference
to certain exemplary aspects thereof, it should be under-
stood that the invention is capable of other embodiments
and its details are capable of modifications in various
obvious respects. As is readily apparent to those skilled
in the art, variations and modifications can be effected.
While remaining within the scope of the invention. Ac-
cordingly, the foregoing disclosure, description, and fig-
ures are for illustrative purposes only and do not in any
way limit the invention, which is defined only by the
claims.

Claims

1. An electromagnetic induction wireless communica-
tion system for commmunicating neara human body,
the system comprising:

a magnetic antenna (L1);

an electric antenna (CE1);

a tuning capacitor (C1) coupled to the magnetic
antenna (L1) configured to tune the magnetic
antenna (L1);

a controller configured to control the operation
of the communication system;

a signal source coupled to the controller config-
ured to produce a communication signal used
to drive one of the magnetic antenna (L1) and
the electric antenna (CE1);

a voltage control unit coupled to the signal
source configured to:

produce a modified communication signal
having one of an amplitude difference,
phase difference, and an amplitude and a
phase difference from the communication
signal used to drive the one of the magnetic
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antenna (L1) and the electric antenna
(CE1); and

use the modified communication signal to
drive the other of the magnetic antenna (L1)
and the electric antenna (CE1).

The system of claim 1, wherein the voltage control
unit is coupled to the electric antenna (CE1).

The system of any of claims 1 or 2, wherein voltage
control unit is coupled to the magnetic antenna (L1).

The system of any preceding claim, wherein the sys-
tem is a transceiver.

The system of any preceding claim, wherein the con-
troller includes a data processing unit and signal
processing unit (SPU1).

The system of any preceding claim, wherein the con-
troller includes a data processing unit, a first signal
processing unit (SPU2), and a second signal
processing unit (SPU1), wherein the first signal
processing unit (SPU2) is part of a receiver portion
of the system and the second signal processing unit
(SPU1) is part of a transmitter portion of the system.

The system of any preceding claim, wherein the tun-
ing capacitor (C1) is adjustable by the controller, and
further comprising a variable resistor coupled to the
tuning capacitor (C1) and the magnetic antenna (L1).

The system of any preceding claim, wherein the volt-
age control unit has an output connected to the con-
troller, wherein the output produces a signal indicat-
ing a difference in a received magnetic field strength
and a received electric field strength.

A method of communicating near a human body
comprising:

producing a communication signal;

producing a modified communication signal,
wherein the modified communication signal has
one of an amplitude difference, phase differ-
ence, and an amplitude and phase difference
from the communication signal;

applying the communication signal to one of a
magnetic antenna (L1) and an electric antenna
(CET);

applying the modified communication signal to
the other of the magnetic antenna (L1) and the
electric antenna (CE1);

controlling the production of the modified com-
munication signal to improve the method of com-
municating near the human body.

10. The method of claim 9, further comprising receiving
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1.

12.

13.

14.

15.

a radiated signal.

The method of any of claims 9 or 10, further com-
prising tuning the magnetic antenna (L1).

The method of claim 11, wherein tuning the magnetic
antenna (L1) includes varying the capacitance of a
tuning capacitor (C1) coupled to the magnetic an-
tenna (L1).

The method of claim 12, further comprising adjusting
a variable resistor coupled to the tuning capacitor
(C1) and the magnetic antenna (L1).

The method of any of claims 9 to 13, further com-
prising:

monitoring signals at the magnetic antenna (L1)
and the electric antenna (CE1); and

adjusting the modified communication signal
based upon the monitored signals.

A non-transitory machine-readable storage medium
encoded with instructions for execution by a proces-
sor, the non-transitory machine-readable medium
comprising:

instructions for producing a communication sig-
nal;

instructions for producing a modified communi-
cation signal, wherein the modified communica-
tion signal has one of an amplitude difference,
phase difference, and an amplitude and phase
difference from the communication signal;
instructions for applying the communication sig-
nal to one of a magnetic antenna (L1) and an
electric antenna (CE1);

instructions for applying the modified communi-
cation signal to the other of the magnetic anten-
na (L1) and the electric antenna (CE1);
instructions for controlling the production of the
modified communication signal to improve com-
municating near the human body.

Patentanspriiche

1.

Ein drahtloses Kommunikationssystem mit elektro-
magnetischer Induktion zum Kommunizieren in der
Nahe eines menschlichen Korpers, das System auf-
weisend:

eine magnetische Antenne (L1);

eine elektrische Antenne (CE1);

einen Abstimmkondensator (C1), der an die ma-
gnetische Antenne (L1) gekoppelt und zum Ab-
stimmen der magnetischen Antenne (L1) konfi-
guriert ist;
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eine Steuerung, die zum Steuern des Betriebs
des Kommunikationssystems konfiguriert ist;

eine Signalquelle, die an die Steuerung gekop-
pelt und zum Erzeugen eines Kommunikations-
signals, das zum Treiben einer von der magne-
tischen Antenne (L1) und der elektrischen An-
tenne (CE1) verwendet wird, konfiguriert ist;

eine Spannungssteuerungseinheit, die an die
Signalquelle gekoppelt und konfiguriert ist zum:

Erzeugen eines modifizierten Kommunika-
tionssignals, das eine von einer Amplitu-
dendifferenz, einer Phasendifferenz und ei-
ner Amplituden- und Phasendifferenz von
dem Kommunikationssignal aufweist, das
zum Treiben der einen von der magneti-
schen Antenne (L1) und der elektrischen
Antenne (CE1) verwendet wurde; und
Verwenden des modifizierten Kommunika-
tionssignals zum Treiben des anderen von
der magnetischen Antenne (L1) und der
elektrischen Antenne (CE1).

Das System gemaf Anspruch 1, wobei die Span-
nungssteuerungseinheit an die elektrische Antenne
(CE1) gekoppelt ist.

Das System gemafR Anspruch 1 oder 2, wobei die
Spannungssteuerungseinheit an die magnetische
Antenne (L1) gekoppelt ist.

Das System gemafR einem jeden vorhergehenden
Anspruch, wobei das System ein Transceiver ist.

Das System gemafR einem jeden vorhergehenden
Anspruch, wobei die Steuerung eine Datenverarbei-
tungseinheit und Signalverarbeitungseinheit (SPU1)
aufweist.

Das System gemafR einem jeden vorhergehenden
Anspruch, wobei die Steuerung eine Datenverarbei-
tungseinheit, eine erste Signalverarbeitungseinheit
(SPU2) und eine zweite Signalverarbeitungseinheit
(SPU1) aufweist, wobei die erste Signalverarbei-
tungseinheit (SPU2) Teil eines Empfangerab-
schnitts des Systems und die zweite Signalverarbei-
tungseinheit (SPU1) Teil eines Senderabschnitts
des Systems ist.

Das System gemafR einem jeden vorhergehenden
Anspruch, wobei der Abstimmkondensator (C1)
durch die Steuerung justierbar ist, und ferner aufwei-
send einen variablen Widerstand, der an den Ab-
stimmkondensator (C1) und die magnetische Anten-
ne (L1) gekoppelt ist.

Das System gemafR einem jeden vorhergehenden
Anspruch, wobei die Spannungssteuerung einen
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10.

1.

12.

13.

14.

15.

Ausgang aufweist, der an die Steuerung gekoppelt
ist, wobei der Ausgang ein Signal erzeugt, das eine
Differenz in einer empfangenen magnetischen Feld-
starke und einer empfangenen elektrischen Feld-
starke indiziert.

Ein Verfahren zum Kommunizieren in der Nahe ei-
nes menschlichen Korpers, aufweisend:

Erzeugen eines Kommunikationssignals;
Erzeugen eines modifizierten Kommunikations-
signals, wobei das modifizierte Kommunikati-
onssignal eine von einer Amplitudendifferenz,
einer Phasendifferenz und einer Amplituden-
und Phasendifferenz von dem Kommunikati-
onssignal aufweist;

Applizieren des Kommunikationssignals an eine
von einer magnetischen Antenne (L1) und einer
elektrischen Antenne (CE1);

Applizieren des modifizierten Kommunikations-
signals an die andere von der magnetischen An-
tenne (L1) und der elektrischen Antenne (CE1);
Steuern des Erzeugens des modifizierten Kom-
munikationssignals, um das Verfahren zum
Kommunizieren in der Nahe des menschlichen
Korpers zu verbessern.

Das Verfahren gemafl Anspruch 9, ferner aufwei-
send ein Empfangen eines ausgestrahlten Signals.

Das Verfahren gemaR einem jeden der Anspriiche
9 oder 10, ferner aufweisend ein Abstimmen der ma-
gnetischen Antenne (L1).

Das Verfahren gemaf Anspruch 11, wobei das Ab-
stimmen der magnetischen Antenne (L1) ein Variie-
ren der Kapazitanz eines Abstimmkondensators
(C1) aufweist, der an die magnetische Antenne (L1)
gekoppelt ist.

Das Verfahren gemaf Anspruch 12, ferner aufwei-
send ein Justieren eines variablen Widerstands, der
an den Abstimmkondensator (C1) und die magneti-
sche Antenne (L1) gekoppelt ist.

Das Verfahren gemaR einem jeden der Anspriiche
9 bis 13, ferner aufweisend:

Uberwachen von Signalen bei der magneti-
schen Antenne (L1) und der elektrischen Anten-
ne (CE1); und

Justieren des modifizierten Kommunikationssi-
gnals basierend auf den Giberwachten Signalen.

Ein nicht flichtiges maschinenlesbares Speicher-
medium, das mit Befehlen zur Ausfiihrung mittels
eines Prozessors enkodiertist, wobeidas nichtfllich-
tige maschinenlesbare Speichermedium Folgendes
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aufweist:

Befehle zum Erzeugen eines Kommunikations-
signals;

et de I'antenne électrique (CE1) ; et
utiliser le signal de communication modifié
pour exciterl’autre de 'antenne magnétique
(L1) et de I'antenne électrique (CE1).

Systéme selon la revendication 1 ou 2, dans lequel
I'unité de commande de tension est couplée a I'an-
tenne magnétique (L1).

Befehle zum Erzeugen eines modifizieten 5 Systéme selon n'importe quelle revendication pré-
Kommunikationssignals, wobei das modifizierte cédente, le systéme étant un émetteur-récepteur.
Kommunikationssignal eine von einer Amplitu-

dendifferenz, einer Phasendifferenz und einer Systéme selon n'importe quelle revendication pré-
Amplituden- und Phasendifferenz von dem cédente, dans lequel le contréleur comporte une uni-
Kommunikationssignal aufweist; 10 té de traitement de données et une unité de traite-
Befehle zum Applizieren des Kommunikations- ment de signaux (SPU1).

signals an eine von einer magnetischen Anten-

ne (L1) und einer elektrischen Antenne (CE1); Systéme selon n'importe quelle revendication pré-
Befehle zum Applizieren des modifizierten Kom- cédente, dans lequel le contréleur comporte une uni-
munikationssignals an die andere von der ma- 15 té de traitement de données, une premiére unité de
gnetischen Antenne (L1) und der elektrischen traitement de signaux (SPU2) et une seconde unité
Antenne (CE1); de traitement de signaux (SPU1), dans lequel la pre-
Befehle zum Steuern des Erzeugens des modi- miére unité de traitement de signaux (SPU2) fait par-
fizierten Kommunikationssignals, um ein Kom- tie d’une section de récepteur du systeme et la se-
munizieren in der Nahe des menschlichen Kér- 20 conde unité de traitementde signaux (SPU1)faitpar-
pers zu verbessern. tie d’'une section d’émetteur du systéme.

Systéme selon n'importe quelle revendication pré-

Revendications cédente, dans lequel le condensateur d’accord (C1)
25 estréglable parle contréleur, et comprenant en outre
Systeme de communication sans fil a induction élec- une résistance variable couplée au condensateur
tromagnétique pour communiquer prés d’un corps d’accord (C1) et a 'antenne magnétique (L1).
humain, le systéme comprenant :

Systéme selon n'importe quelle revendication pré-
une antenne magnétique (L1); 30 cédente, dans lequel 'unité de commande de ten-
une antenne électrique (CE1) ; sion présente une sortie connectée au contrdleur, la
un condensateur d’accord (C1) couplé al'anten- sortie produisant un signal indiquant une différence
ne magnétique (L1) configuré pour accorder de force de champ magnétique regue et de force de
I'antenne magnétique (L1) ; champ électrique regue.
un contréleur configuré pour commander le 35
fonctionnement du systéeme de communication ; Procédé de communication prés d’un corps humain
une source de signal couplée au contréleur con- comprenant :
figurée pour produire un signal de communica-
tion utilisé pour exciter I'une de I'antenne ma- la production d’un signal de communication ;
gnétique (L1) et de I'antenne électrique (CE1); 40 la production d’un signal de communication mo-
une unité de commande de tension couplée a difié, le signal de communication modifié pré-
la source de signal configurée pour : sentant une d’une différence d’amplitude, d’'une

différence de phase, et d’'une différence d’am-
produire un signal de communication modi- plitude et de phase par rapport au signal de
fié présentant une d’'une différence d’ampli- 45 communication ;
tude, d’'une différence de phase, et d’'une I'application du signal de communication a une
différence d’amplitude et de phase par rap- d’'une antenne magnétique (L1) et d’'une anten-
port au signal de communication utilisé pour ne électrique (CE1) ;
exciter I'une de I'antenne magnétique (L1) I'application du signal de communication modi-

50

fié a 'autre de 'antenne magnétique (L1) et de
I’'antenne électrique (CE1) ;

lacommande de la production du signal de com-
munication modifié pour améliorer le procédé
de communication prés du corps humain.

2. Systeémeselon larevendication 1, dans lequel I'unité 55
de commande de tension est couplée a I'antenne
électrique (CE1).

10. Procédé selon la revendication 9, comprenant en
outre la réception d’un signal rayonné.
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Procédé selon I'une quelconque des revendications
9 ou 10, comprenant en outre I'accord de I'antenne
magnétique (L1).

Procédé selon la revendication 11, dans lequel I'ac-
cord de I'antenne magnétique (L1) comporte la va-
riation de la valeur de capacité d’un condensateur
d’accord (C1) couplé a 'antenne magnétique (L1).

Procédé selon la revendication 12, comprenant en
outre le réglage d'une résistance variable couplée
au condensateur d’accord (C1) et a 'antenne ma-
gnétique (L1) .

Procédé selon I'une quelconque des revendications
9 a 13, comprenant en outre :

le contréle de signaux au niveau de I'antenne
magnétique (L1) et de l'antenne électrique
(CE1); et

le réglage du signal de communication modifié
en fonction des signaux controlés.

Support de mémorisation non transitoire lisible par
machine codé avec des instructions destinées a étre
exécutées par un processeur, le support non transi-
toire lisible par machine comprenant :

des instructions pour produire un signal de
communication ;

des instructions pour produire un signal de com-
munication modifié, le signal de communication
modifié présentant une d’'une différence d’am-
plitude, d’'une différence de phase, et d’'une dif-
férence d’amplitude et de phase par rapport au
signal de communication ;

des instructions pour appliquer le signal de com-
munication a une d’'une antenne magnétique
(L1) et d’'une antenne électrique (CE1) ;

des instructions pour appliquer le signal de com-
munication modifié¢ a l'autre de I'antenne ma-
gnétique (L1) et de I'antenne électrique (CE1) ;
des instructions pour commander la production
du signal de communication modifié pour amé-
liorer le procédé de communication pres du
corps humain.
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ARM TO ARM SCENARIO., MALE FEMALE
DISTANGE 43 CM 521 521
db db
M| COAXIAL -98.66 -95.00
EMI ON 1MM SWEATER -80.29 7743
EMI TWICE CONNECTED TO SKIN -77.80 7355
EMI ONCE CONNECTED TO SKIN -69.77 -65.11

Ml = MAGNETIC INDUCTION
EMI = ELECTROMAGNETIC INDUCTION

FIG. 5

ARM TO ARM SCENARIO. MALE FEMALE
DISTANGE 43 CM 521 521
db db
M| COAXIAL -98.66 -95.00
EMI ON 1MM SWEATER -74.29 7143
EMI TWICE CONNECTED TO SKIN -71.80 -67.55
EMI ONCE CONNECTED TO SKIN -63.77 -59.11

MI'= MAGNETIC INDUCTION
EMI = ELECTROMAGNETIC INDUCTION

FIG. 6
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