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(57) Abstract: The present invention provides a communication apparatus being in directly contact with a human body and using
the human body as a transmission channel for data communication. The communication apparatus attached to the human body
transmits a signal in the form of a current, receives a signal transmitted from another communication apparatus attached to the
human body therethrough, and eliminates noise included in the received signal. In addition, the communication apparatus compares
the noise-eliminated signal and a reference signal and recovers an original signal. Further, the communication apparatus generates
a base-band signal and transmits the same through the human body.
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Description

COMMUNICATION APPARATUS
Technical Field

The present invention relates to a communication apparatus using the human body
as a propagation medium. More particularly, it relates to a communication apparatus
for generating a base-band signal and transmitting the same by using the human body
as a communication channel.

Background Art

Human body communication is where a signal is transmitted by using a human
body rather than by using a wire. In human body communication, the electrical signal
is transmitted through the human body without using electric wires since the human
body conducts electricity.

Recently, various information communication apparatuses such as a personal
digital assistant (PDA), a portable personal computer, a digital camera, an MP3 player,
and a cellular phone have been widely used. Users use information by transmitting/
receiving e-mails and downloading data through these apparatuses. However, simple
data transmitting/receiving cannot be achieved by using these apparatuses since they
require a physical communication line (e.g., a cable), a predetermined adaptor, or a
connector in order to transmit information stored in one communication device to
another communication device.

Also, when apparatuses for checking health status, for example an electro-
cardiograph (ECG), a non-invasive blood pressure (NIBP) module, and a heart monitor
transmit results to a computer or other communication apparatuses so that the results
are used along with other information, a physical communication line should be used
as the data are transmitted between the above-described communication apparatuses.

Particularly, when these apparatuses are connected by cables in the vicinity of the
human body to perform the data communication, the cables apply a load on the human
body and disturb mobility of the human.

The communication apparatuses and the apparatuses for checking health status have
common functions, such as display, memory, and digital signal processing functions,
as well as unique functions for converting digital information into a voice signal or
communicating with the Internet or other users. Accordingly, when these functions are
properly applied, they can efficiently use communication resources and perform simple
and easy data communication. For this purpose, human body communication has been
developed.

The above information disclosed in this Background section is only for en-
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hancement of understanding of the background of the invention and therefore it may
contain information that does not form the prior art that is already known in this
country to a person of ordinary skill in the art.

Disclosure of Invention

Technical Problem

The present invention has been made in an effort to provide a communication
apparatus having advantages of maintaining high speed communication performance
while reducing power consumption, and using a human body as a communication
channel.

Technical Solution

An exemplary human body communication apparatus using a human body as a data
transmission channel is provided according to the present invention. The human body
communication apparatus includes an electrode unit, a high pass filter, a comparator,
and a controller. The electrode unit is placed in direct contact with the human body for
transmitting a signal in a form of a current through the human body and receives the
signal from the human body, and the high pass filter eliminates noise included in the
signal received through the electrode unit. In addition, the comparator compares the
signal transmitted through the high pass filter and a reference voltage and generates a
signal waveform, and the controller recovers the signal transmitted through the
comparator.

When the communication apparatus is used for transmitting data, the controller
generates a base-band signal and transmits the same to the human body such that the

human body is used as a transmission channel for data communication.

Advantageous Effects

According to the present invention, data can be easily communicated through a
human body by using an inexpensive communication apparatus that consumes less
power than when using an RF module and data leakage due to hacking can be
prevented since a human body can be used as a data transmission channel.

In addition, data are transmitted using a base-band signal without using an RF
module, thereby enhancing energy efficiency.

In addition, a plurality of electrodes are used such that efficient data communication
can be achieved by controlling the number and size of the electrodes to be appropriate

for the communication status through the human body.
Brief Description of the Drawings
FIG. 1 shows a communication apparatus for accessing a human body and a host

according to an exemplary embodiment of the present invention.
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FIG. 2 exemplarily shows a communication system using the communication
apparatus according to an exemplary embodiment of the present invention.

FIG. 3 exemplarily shows another communication system using the communication
apparatus according to the exemplary embodiment of the present invention.

FIG. 4 is a block diagram illustrating a communication apparatus according to a
first exemplary embodiment of the present invention.

FIG. 5 shows a signal waveform of each part in the communication apparatus of
FIG. 4.

FIG. 6 shows signal recovery performance of a human body communication
apparatus using a band pass filter.

FIG. 7 shows signal recovery performance of the communication apparatus
according to the exemplary embodiment of the present invention.

FIG. 8 is a block diagram showing a filter replacing a high pass filter of FIG. 4.

FIG. 9 is a signal waveform of each part of FIG. 8.

FIG. 10 is a block diagram showing a communication apparatus according to a
second exemplary embodiment of the present invention.

FIG. 11 exemplarily shows an electrode arrangement in the communication
apparatus according to the second exemplary embodiment of the present invention.

FIG. 12 shows a state when a ground electrode and a signal electrode are set and
when only a signal electrode is set in the communication apparatus according to the
second exemplary embodiment of the present invention.

Best Mode for Carrying Out the Invention

An exemplary embodiment of the present invention will hereinafter be described in
detail with reference to the accompanying drawings.

In the following detailed description, only a preferred exemplary embodiment of the
present invention has been shown and described, simply by way of illustration. As
those skilled in the art would realize, the described embodiment may be modified in
various different ways, all without departing from the spirit or scope of the present
invention.

Accordingly, the drawings and description are to be regarded as illustrative in
nature and not restrictive, and like reference numerals designate like elements
throughout the specification. Throughout this specification and the claims which
follow, unless explicitly described to the contrary, the word “comprise,” and variations
such as “comprises” or “comprising,” should be understood to imply the inclusion of
the stated elements but not the exclusion of any other elements.

The word “host” as used throughout the specification represents various in-

formation communication devices that are capable of transmitting data by accessing
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another communication apparatuses according to an exemplary embodiment of the
present invention. Thus, various devices that have a self-operation function and data
processing capability can be used as hosts.

Hereinafter, a communication apparatus and a method thereof according to an
exemplary embodiment of the present invention will be described in detail with
reference to the accompanying drawings.

FIG. 1 shows a communication apparatus for accessing a human body and a host
according to an exemplary embodiment of the present invention, and FIG. 2 ex-
emplarily shows a human body communication network formed by using a plurality of
communication apparatuses according to an exemplary embodiment of the present
invention.

As shown in FIG. 1, a communication apparatus 100 is in direct contact with skin of
a human body 300, is connected with a host 200, and transmits/receives a signal. As
shown in FIG. 2, a human body communication network can be established in an area
close to the human body 300 by a plurality of hosts 200 and a plurality of health
monitoring apparatuses. The plurality of hosts 200 represent a plurality of com-
munication apparatuses including a PDA 210, a mobile phone 220, and a digital
camera 250, and the health monitoring apparatuses include a NIBP module 230 and a
heart monitor 240. In addition, the communication apparatus according to the
embodiment of the present invention may be applied to perform date communication
through the human body by using the respective independent apparatuses shown in
FIG. 2 as well as components of a wearable computer. At this time, the respective
hosts 210 to 250 as shown in FIG. 1 access the human body by using the com-
munication apparatus 100 as a communication medium. The host 200 that has received
information transmitted from the communication apparatus 100 may transmit the in-
formation to a computer provided at an external area of the human body 300.

The communication apparatus 100 in a human body communication network
configured as shown in FIG. 2 generates a base-band signal to transmit the same
through the human body. Accordingly, a low pass channel, which has a bandwidth
wide enough to accommodate frequencies of a series of data, is formed in the human
body to perform half-duplex communication. Therefore, when the data are transmitted
from both sides of the communication channel, which is configured by contacting the
plurality of communication apparatuses 100 with the human body, a data loss occurs
due to collision. Accordingly, these communication apparatuses 100 must be
controlled by the communication rule and order.

FIG. 3 exemplarily shows another communication system using the communication
apparatus according to the exemplary embodiment of the present invention. As shown

in FIG. 3, when two persons 300a and 300b directly contacted with the communication
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apparatus 100 accessing the host 200 are in physical contact with each other, the two
persons 300a and 300b form a human body communication network so that data can be
communicated therethrough. That is, when a plurality of persons respectively in
contact with the communication apparatus 100 are in physical contact with each other,
a data transmission channel may be established between the plurality of persons.
Therefore, a communication system that uses human bodies as a data transmission
channel can be generated by applying the communication apparatus 100 according to
the exemplary embodiment of the present invention in a manner shown in FIG. 3.

FIG. 4 is a block diagram showing a communication apparatus according to a first
exemplary embodiment of the present invention, and FIG. 5 shows signal waveforms
of respective parts in the communication apparatus of FIG. 4.

As shown in FIG. 4, the communication apparatus 100 includes an electrode unit
110, a buffer 120, a high pass filter (HPF) 130, an amplifier 140, a comparator 150, a
clock and data recovery (CDR) unit 160, and a controller 170. The communication
apparatus 100, as shown in FIG. 1, is in contact with the human body to transmit in-
formation via the human body to a host 200.

That is, the communication apparatus 100 is in direct contact with skin through the
electrode unit 110 which flows a small amount of current into the skin to measure body
fat so that information can be communicated through the human body. In addition, the
communication apparatus 100 realizes the human body communication when it is
coupled with the host 200 so that desired data is transmitted through the human body
to another communication apparatus and the other communication apparatus receives,
recovers, and transmits a signal to the coupled host.

As shown in FIG. 4, the communication apparatus 100 according to the exemplary
embodiment of the present invention is configured to realize the data communication
by using the base-band signal rather than by using a radio frequency (RF) module, and
accordingly the communication apparatus 100 generates a signal and transmits/
receives the signal via the current without performing a frequency modulation process
on the signal.

The case of the communication apparatus 100 receiving a signal transmitted
through the human body will now be described in more detail.

Being in direct contact with the human body and transmitting/receiving a signal, the
electrode unit 110 flows the current that has been transmitted from the host 200 to the
communication apparatus 100 and that includes the base-base signal generated from
the controller 170, to the human body 300. In addition, the electrode unit 110 receives
a data signal of the base-band signal transmitted through the human body where the
electrode unit 110 is attached. A part “a” of FIG. 5 shows a waveform of a signal
transmitted from a part “a” of FIG. 4, that is, a waveform of a signal received at the
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electrode unit 110 of the communication apparatus 100.

The buffer 120 reduces consumption of the current of the communication apparatus
100 by increasing input impedance thereof.

The HPF 130 eliminates noise included in the received signal through the electrode
unit 110 during a transmission process through the human body. The noise is generated
due to heterogeneity of components of the human body used as a data transmission
channel in the present invention, and it is added to the signal during the transmission
process and is eliminated by the HPF 130. When low frequency noise and high
frequency noise exist in the signal, it is efficient to eliminate the noise component
excluding a signal component that includes data by using a band pass filter (BPF).
However, experimental results show that the communication apparatus 100 using the
human body as a propagation medium has a superior signal recovery performance
when using the HPF rather than using the BPF. This will be described in more detail
with reference to FIG. 6.

According to the exemplary embodiment of the present invention, the noise in the
received signal is eliminated by using the HPF 130, but a matched filter or an
integrate-and-dump filter may replace the HPF 130 in the configuration of the com-
munication apparatus 100.

The amplifier 140 amplifies the signal transmitted through the buffer 120 and the
HPF 130 for easy signal recovery in the controller 170. A part “b” of FIG. 5 shows a
waveform of a signal of the part “a” of FIG. 4 which is amplified by the amplifier 140
after the noise of the signal is eliminated through the buffer 120 and the HPF 130.

The comparator 150 compares the noise-eliminated signal with a reference voltage
and outputs the signal in the form of a binary code signal. That is, the comparator 150
determines a logic “0” or a logic “1” by comparing the received signal with the
reference voltage. The comparator 150 transmits a pulse waveform signal generated as
a result of the comparison between the reference voltage and the received signal to the
CDR unit 160. A part “c” of FIG. 5 shows a waveform of a signal of a part “c” of FIG.
4, that is, a signal generated through the comparator 150. As shown in FIG. 5, a pulse
width and a level of the signal output from the comparator 150 become non-uniform.
In addition, a voltage level of the signal recovered by the controller 170 and output
therefrom is dependent on a power voltage level, and accordingly, when the level of
the power voltage is not great enough so that data communication cannot be efficiently
achieved, the level of the voltage of the signal should be increased. In this case, a high-
level voltage can be generated by using a direct current/direct current (DC/DC)
converter and applied to the comparator 150 to thereby increase the level of the voltage
of the signal input to the controller 170.

The CDR unit 160 analyzes the received data frame and performs a clock and data
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recovery function. For clock recovery, start time and end time of each code should be
known, and such time information can be included in a preamble of the transmitted
data frame. Thus, the CDR unit 160 analyzes the preamble of the data frame when
receiving the data from the comparator 150, checks the start time and the end time of
each code, corrects a cycle of the received data signal, and detects errors. The CDR
unit 160 may include a circuit commonly used for clock and data recovery.

The controller 170 checks and corrects an error in the data signal from the CDR unit
160, and recovers the signal received through the electrode unit 110. At this time, the
controller 170 may use time information extracted from the CDR unit 160. The signal
recovered through the above-stated process may be transmitted to the host 200 coupled
with the communication apparatus 100, or may be stored in a memory (not shown) in
the communication apparatus 100. A part “d” of FIG. 5 shows a waveform of the
signal recovered by the controller 170.

According to the above-stated exemplary embodiment of the present invention, the
CDR unit 160 and the controller 170 are separately provided and separately used to
thereby reduce a data process load and efficiently use resources, but it is possible to
configure the controller 170 to perform functions of the CDR unit 160.

The case of the communication apparatus 100 transmitting a signal will now be
described.

When the communication apparatus 100 that has received a data signal from a host
wants to transmit the data signal through the human body 300, the controller 170
receives the data signal from the host 200 coupled with the communication apparatus
100 and performs quantization and encoding on the signal to generate a base-band
signal. At this time, the controller 170 selects an encoding method that is appropriate
for a communication status and generates a signal. The generated data stream may
have various types of signals such as a non-return-to-zero (NRZ) signal, a return-
to-zero (RZ) signal, a Manchester signal, etc. After pulse-code modulating the data, the
controller 170 applies a voltage with a level that is appropriate for the communication
apparatus 100, generates the base-band signal, and transmits the base-band signal to
the electrode unit 110. The electrode unit 110 receives the base-band signal and
outputs the signal through the human body 100 so that data can be communicated
through the human body. The signal generated through the above-stated process has a
waveform shown in the part “d” of FIG. 5.

In addition, the controller 170 may have an impedance control function for
controlling input and output impedance. Through the impedance control function,
stable data communication can be achieved by controlling the impedance even though
the impedance of the human body 300 used as a transmission channel may have been

changed when a part of the human body 300 where the communication apparatus 100
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is attached has been changed or health status has been changed. In addition, the
controller 170 defines a communication order and rule between the communication ap-
paratuses 100 during the data communication process to prevent a data collision
phenomenon and to increase data transmission efficiency, thereby preventing waste of
communication resources.

The communication apparatus 100 does not frequency-modulate using a RF module
since it is configured to convert an analog signal to a base-band signal and transmit the
base-band signal, and accordingly the communication apparatus 100 has low power
loss according to the exemplary embodiment of the present invention.

FIG. 6 show a signal recovery performance of the human body communication
apparatus using a BPF, and FIG. 7 shows a signal recovery performance of the com-
munication apparatus according to the exemplary embodiment of the present invention.
As shown in FIG. 6 and FIG. 7, the communication apparatus performs excellent
signal recovery when using the HPF rather than the BPF.

A part “in” of FIG. 6 and FIG. 7 shows a waveform of a signal received through the
electrode unit 110, a part “comp_out” of FIG. 6 shows an output waveform of the BPF,
and a part “hpf_out” of FIG. 7 shows an output waveform of the HPF 130.

As shown in FIG. 6 and FIG. 7, a signal transmitted from the communication
apparatus 100 according to the exemplary embodiment of the present invention is
received at another communication apparatus 100 through the human body in the form
of a pulse.

When the pulse signal is processed using the BPF, a sine wave pulse is output.
When the sine wave pulse is processed through the comparator 150, a pulse with a
non-uniform width is output. That is, a 1 bit input signal is processed to be output
signals with different pulse widths, and the output signals may be delayed compared to
the input signal.

Meanwhile, when an input signal is processed by using the communication
apparatus 100 according to the exemplary embodiment of the present invention, an
output pulse waveform of the HPF looks similar to the input signal as shown in FIG. 7.
When the output pulse waveform which is similar to the input signal is processed by
using the comparator 150, the comparator 150 outputs a waveform having a pulse
width that corresponds to the pulse width of the input signal as shown in FIG. 7. When
the communication apparatus 100 according to the exemplary embodiment of the
present invention is used, the recovered signal becomes very similar to the cor-
responding input signal, and accordingly the possibility of error occurrence is
decreased. This implies that the signal recovery performance of the communication
apparatus 100 according to the exemplary embodiment of the present invention is

superior to that of the BPF in eliminating noise generated during transmission through
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the human body.

FIG. 8 is a block diagram of a structure replacing the HPF of FIG. 4, and FIG. 9
shows signal waveforms of respective parts of FIG. 8.

In the communication apparatus 100 according to the exemplary embodiment of the
present invention, the HPF 130 may be replaced with a structure configured to
eliminate noise based on a feed-forward method. As shown in FIG. 8, the structure
designed for eliminating noise includes a delay unit 410, a low pass filter (LPF) 420,
and a subtractor 430.

Signals received through the electrode unit 110 and processed through the buffer
120 has a waveform shown in a part “7a” of FIG. 9. The LPF 420 is provided for
extracting only low frequency noise included in the signal and outputs a waveform
shown in a part “7¢” of FIG. 9. To synchronize a delay time due to a signal process of
the LPF 420, the input signal is delayed by using the delay unit 410 such that a signal
shown in a part “7b” of FIG. 9 is generated. The two signals are processed by the
subtractor 430 and the signal of the part “7c” is subtracted from the part “7b” such that
a low-frequency-eliminated signal is generated as shown in a part “7d” of FIG. 9. That
is, it has the same effect as using the HPF 130.

FIG. 10 is a block diagram showing a communication apparatus according to a
second exemplary embodiment of the present invention. As shown in FIG. 10, the
communication apparatus according to the second exemplary embodiment of the
present invention includes the same elements as the communication apparatus 100
according to the first embodiment of the present invention, and further includes a
switch 180. However, an electrode unit 110 according to the second exemplary
embodiment of the present invention includes a plurality of electrodes.

The electrode unit 110 includes a plurality of electrodes that vary in size and shape.
The respective electrodes may be divided into a signal electrode for transmitting a data
signal and a ground electrode and used accordingly, and intervals between the
respective electrodes of the electrode unit 110 may be variously changed and used.

The switch 180 switches the plurality of electrodes included in the electrode unit
110 in accordance with a control signal of the controller 170 so that the respective
electrodes function as the ground electrode or the signal electrode.

FIG. 11 exemplarily shows an electrode arrangement of a communication apparatus
according to another exemplary embodiment of the present invention. The electrode
unit 110 according to the second exemplary embodiment of the present invention may
have various arrangements as shown in FIG. 11. As shown in a part (a) of FIG. 11, an
electrode unit may include two electrodes, and one electrode is used as a signal
electrode for transmitting a signal and the other is used as a ground electrode for

grounding. In addition, as shown in parts (b) and (c) of FIG. 11, three electrodes may
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be provided and thus one of them is used as the ground electrode and the rest are used
as the signal electrodes. At this time, the controller 170 and the switch 180 may select
the ground electrode, considering a location to which the communication apparatus
100 is attached and the amount of data to be transmitted. In addition, all the electrodes
included in the electrode unit 110 may be used as the signal electrodes instead of
dividing the electrodes into the ground electrode and the signal electrode. In order
words, the communication apparatus 100 can be floated.

When the communication apparatus 100 is used as a transmitter and a data signal is
transmitted by setting one of the plurality of electrodes of the electrode unit 110 to be
the ground electrode, an output voltage of the transmitted signal can be consistently
maintained such that a higher level of power may be transmitted, thereby enhancing
data transmission efficiency. On the other hand, when the communication apparatus
100 is used as a receiver, the ground electrode may interrupt receiving of the signal
since the power of the received signal increases in proportion to the size of the area of
the human body where the electrodes are attached. Therefore, when the com-
munication apparatus 100 is used as the receiver, the respective electrodes of the
electrode unit 110 are set to be the signal electrode for receiving a signal so as to
improve receiving performance.

FIG. 12 shows the communication apparatus according to the second exemplary
embodiment of the present invention in the case of using ground and signal electrodes
and in the case of using a signal electrode. FIG. 12 shows a communication apparatus
100f used as a transmitter and another communication apparatus 100g used as a
receiver. Herein, in (a), one of a plurality of electrodes included in the electrode unit
110 of the communication apparatus used as the receiver is set to be a ground electrode
and the rest are set to be signal electrodes. In (b), all of the electrodes included in the
electrode unit 110 are set to be the signal electrodes. A result of setting the electrodes
as shown in (a) and (b) of FIG. 12 is that the communication apparatus 100g used as
the receiver outputs a voltage of 59mV and the communication apparatus 100f used as
the transmitter outputs a voltage of SmV. This result implies that the receiving
performance can be improved when using all the electrodes as the signal electrodes
rather than dividing the electrodes into the ground electrode and the signal electrode.
The communication apparatus 100 according to the second exemplary embodiment of
the present invention includes a plurality of electrodes and utilizes the plurality of
electrodes in various ways to thereby control transmitting/receiving efficiency and
easily attach the communication apparatus 100 to a curved area of the human body.

While this invention has been described in connection with what is presently
considered to be practical exemplary embodiments, it is to be understood that the

invention is not limited to the disclosed embodiments, but, on the contrary, is intended
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and scope of the appended claims.
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Claims

A human body communication apparatus for intermediating between a host that
is capable of transmitting data and a human body, and transmitting/receiving data
through the human body, the human body communication apparatus comprising:
an electrode unit, being in direct contact with the human body, for transmitting a
signal in the form of a current through the human body and receiving a signal
from the human body;

a high pass filter for eliminating noise included in the signal received through the
electrode unit;

a comparator for comparing the signal transmitted through the high pass filter
and a reference voltage; and

a controller for recovering the signal transmitted through the comparator,
transmitting the recovered signal to the host, generating a base-band signal, and
transmitting the base-band signal to the human body through the electrode unit.
The human body communication apparatus of claim 1, further comprising an
amplifier for amplifying the signal transmitted from the high pass filter and
transmitting the amplified signal to the comparator.

The human body communication apparatus of claim 2, further comprising a
clock and data recovery (CDR) unit for analyzing the signal transmitted from the
comparator and perceiving start and end times of recovering of the received
signal.

The human body communication apparatus of claim 3, wherein the controller
generates a signal by employing pulse coding modulation.

The human body communication apparatus of claim 4, wherein the controller
recovers the received signal and transmits the recovered signal to the host
connected with the communication apparatus.

The human body communication apparatus of claim 5, further comprising a
direct-current/direct-current (DC/DC) converter for increasing an output voltage
of the comparator.

The human body communication apparatus of one of claim 1 to claim 6, wherein
the high pass filter comprises:

a delay unit for delaying and outputting the signal received through the electrode
unit;

a low pass filter for processing the received signal; and

a subtractor for subtracting output signals of the delay unit and the low pass
filter.

The human body communication apparatus of claim 1, wherein the electrode unit
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[10]

comprises a plurality of electrodes having different sizes, respectively.

The human body communication apparatus of claim 8, further comprising a
switch for controlling transmitting and blocking of signals to the plurality of
electrodes.

The human body communication apparatus of claim 9, wherein the switch sets
one of the plurality of electrodes to be a ground electrode when the com-

munication apparatus is used for data transmission.
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[Fig. 5]
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