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(57) Abstract:  There is provided a human
body communication method and system using a
frequency-selective baseband in order to transmit
and receive data between communication devices
that are coupled to a human body by using the human
body as a communication channel. The human body
communication method and system may be useful
to maximize an efficiency of the frequency-selective
spreading technology to enhance a processing
gain of the Walsh code technology, and thus to
reduce the interference between human bodies of
users by adaptively selecting a frequency band of
Walsh codes that are used for data communications
according to the human body channel characteristics
and the noise environments that are varied according
to the ambient environments, and also construct a
low-power and stable human body communication
when there is a strong interference induced from
other electronic equipments.
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Description

METHOD FOR SELECTING ADAPTIVE FREQUENCY
BASEBAND OF WALSH CODES, ADAPTIVE FREQUENCY-

SELECTIVE SPREADER USING THE SAME AND

TRANSMITTING AND RECEIVING APPARATUS USING THE

[1]

[2]

[3]

[4]

ADAPTIVE FREQUENCY-SELECTIVE SPREADER
Technical Field

The present invention relates to an adaptive frequency-selective spreader using a
frequency-selective baseband in a communication system using a human body as a
medium, and a transmitting and receiving apparatus using the same, and more par-
ticularly, to a method for selecting an adaptive frequency band of Walsh codes from
limited frequency bands according to the channel characteristics and noise envi-
ronments, the adaptive frequency band of Walsh codes being used for data commu-
nications, and the limited frequency bands excluding a frequency band from DC to 5
MHz in which a noise power around a human body is more concentrated in the other
frequency bands but including a frequency band in which a signal transmitted through
a human body that functions as a wave guide has a higher intensity than a signal
emitted from the human body, an adaptive frequency-selective spreader using the same
and a transmitting and receiving apparatus using the adaptive frequency-selective
spreader.

Background Art

Human body communication is referred to as a technology of transmitting signals
between devices that are coupled to a human body having conductivity by using the
human body as a communication channel. In this case, communications between
various portable devices such as a personal digital assistant (PDA), a portable personal
computer, a digital camera, an MP3 player and a mobile phone, and communications
with fixed devices such as a printer, TV and an entry control system can be im-
plemented through simple contact with a user.

As prior art relating to the human body communication methods, there have been
proposed technologies using a limited pass band and methods using such as
scrambling, channel coding, interleaving and spreading, using a user's unique ID.

However, the human-body communication methods have drawbacks in an aspect of
low power consumption since most of the communication systems require analog
transmitter and receiver terminals such as a digital-analog converter, an analog-digital

converter and the like to use a limited frequency band.
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Also, the human-body communication methods have drawbacks in that it is in-
effective to stably transmit and receive data due to the human body channel charac-
teristics and the ambient noise environments.

Disclosure of Invention

Technical Problem

The present invention has been made to solve the foregoing problems of the prior art,
and therefore an aspect of the present invention is to provide a method for selecting a
suitable frequency spreading band according to human body channel characteristics
and ambient noise environments in frequency-selective baseband transmission tech-
nologies or frequency-selective Walsh code technologies, an adaptive frequency-
selective spreader using the same, and a transmitting and receiving apparatus using the
adaptive frequency-selective spreader.

Also, another aspect of the present invention is to provide an adaptive frequency-
selective spreader capable of being driven at low power consumption while employing
a limited frequency band for stable communications when there is a strong interference
induced from other electronic equipment, as well as for not interfering with each other
under a communication environment in which a plurality of users exist, and, and a
transmitting and receiving apparatus using the adaptive frequency-selective spreader.
Technical Solution

According to an aspect of the present invention, there is provided a method for
selecting an adaptive frequency baseband of Walsh codes that are used for data com-
munications in a human-body communication system, the method including: setting an
offset input value to 0; generating a plurality of Walsh code groups by dividing the
total 2N Walsh codes used for frequency spreading by a number of 2; receiving
(N-M) frequency-selective control bits to select one of a plurality of the Walsh code
groups; receiving M data bits and N counter bits to repeatedly transmit 2™ Walsh
codes of the selected Walsh code group as many as predetermined cycles; and
receiving indexes of the selected 2™ Walsh codes by measuring performances of the
respective 2™ Walsh codes in a plurality of the transmitted Walsh code groups.

In this case, the performances of the transmitted 2™ Walsh codes may be measured
using a bit error rate (BER) or a frame error rate (FER).

Also, the indexes of the selected 2M Walsh codes may include either a start index, or
some or all indexes.

According to another aspect of the present invention, there is provided an adaptive
frequency-selective spreader using a frequency-selective baseband, including an N-bit
counter unit outputting N counter bits; an adaptive frequency baseband selector

receiving M data bits, (N-M) frequency-selective control bits and offset input bits to
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select a desired frequency band; a gray indexing unit gray-indexing the (N-M)
frequency-selective control bits and the M data bits; an arithmetic logic unit
performing a logic arithmetic operation on the N counter bits and output bits of the
gray indexing unit; and an output unit receiving output bits of the arithmetic logic unit
to select output bits.

In this case, the adaptive frequency baseband selector may be a subtracter for
offsetting the indexes of the selected Walsh codes to select the desired frequency band.

Also, the gray indexing unit may include (N-1) exclusive OR arithmetic operators
(XOR).

In addition, the arithmetic logic unit may include each of N AND arithmetic
operators (AND) inputting N counter bits, the most significant bits of (N-M)
frequency-selective control bits, and output bits of the (N-1) exclusive OR arithmetic
operators (XOR).

Additionally, the output unit may include one exclusive OR arithmetic operator
(XOR) inputting output bits of the N AND arithmetic operators (AND).

According to still another aspect of the present invention, there is provided a
transmitting apparatus for a human-body communication physical layer modem using
an adaptive frequency-selective baseband, including a preamble and header generator
generating a preamble for frame synchronization and a header including control in-
formation on data to be transmitted; a data generator outputting the data to be
transmitted as serial data; a scrambler scrambling the serial data outputted from the
data generator; a serial-to-parallel converter converting the scrambled serial data into
M parallel data bits and outputting the converted M parallel data bits; an adaptive
frequency-selective spreader selecting one of a plurality of Walsh code groups
generated by dividing the total 2N Walsh codes used for frequency spreading by a
number of 2M, and outputting 2M Walsh codes of the selected Walsh code group; and a
multiplexer multiplexing the generated preamble, the header and the selected 2™ Walsh
codes into digital signals and transmitting the multiplexed digital signals.

In this case, the transmitting apparatus may periodically transmit pre-set Walsh codes
between transmitting and receiving apparatuses to the receiving apparatus before or
after the initiation of communication of data to determine channel characteristics and
ambient noise environments in order to adaptively select a frequency band of the
Walsh codes used for frequency spreading.

Also, the transmitting apparatus may repeatedly transmit the pre-set Walsh codes as
many as predetermined cycles in order to determine the channel characteristics.

In addition, the adaptive frequency-selective spreader may include an N-bit counter

unit outputting N counter bits; an adaptive frequency baseband selector receiving M
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data bits, (N-M) frequency-selective control bits and offset input bits to select a desired
frequency band; a gray indexing unit gray-indexing the (N-M) frequency-selective
control bits and the M data bits; an arithmetic logic unit performing an AND logic
arithmetic operation on the N counter bits and output bits of the gray indexing unit;
and an output unit receiving output bits of the arithmetic logic unit to select output bits.

Additionally, the preamble and header generator may include a preamble generator
set to an initial value to generate a preamble having a predetermined length, the initial
value being set to acquire frame synchronization; a header generator constructing a
header having a pre-set header format, which includes the control information on data
to be transmitted; an HCS generator generating a header check sequence (HCS) using
the control information having the header format; and a spreader spreading the
generated preamble and header.

According to yet another aspect of the present invention, there is provided a
receiving apparatus for a human-body communication physical layer modem using an
adaptive frequency-selective baseband, including a frame synchronizer detecting a
preamble from the transmission data transmitted from a transmission block to perform
frame synchronization; a demultiplexer separating a header and data from the
transmission data according to the frame synchronization and outputting the separated
header and data; a header processor dispreading the separated header, followed by
restoring the control information on data through a header check sequence (HCS)
testing; an adaptive frequency-selective spreader calculating a correlation value
between the separated data and Walsh codes in one Walsh code group, and de-
termining index values of the Walsh codes having the highest correlation value to
output corresponding M-bit parallel data, the one Walsh code group being selected
from a plurality of Walsh code groups generated by dividing the total 2N Walsh codes
used for frequency spreading by a number of 2M, and the Walsh codes in the one
Walsh code group being used for spreading of the transmission block; a parallel-
to-serial converter converting the M-bit parallel data into serial data and outputting the
converted serial data; a descrambler descrambling the serial data into orthogonal
codes; and a data processor processing the descrambled data.

In this case, the receiving apparatus may periodically receive pre-set Walsh codes
between transmitting and receiving apparatuses from the transmission block before or
after initiation of the communication of data, and measures performances of the
received Walsh codes to determine channel characteristics and ambient noise envi-
ronments in order to adaptively select a frequency band of the Walsh codes used for
frequency spreading.

Also, the receiving apparatus may select the Walsh codes that are most suitable for

the channel characteristics and the ambient noise environments by measuring the per-
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formances of the received Walsh codes using a bit error rate (BER) or a frame error

rate (FER).
In addition, the receiving apparatus may select the Walsh codes that are most suitable

for the channel characteristics and the ambient noise environments, and allot indexes to
the selected Walsh codes to transmit either a start index, or some or all indexes to the

transmission block.

Advantageous Effects

In accordance with the present invention, when a frequency-selective baseband
transmission method using the data serial-to-parallel conversion and frequency-
selective Walsh codes is applied to a conventional human body communication
system, it is possible to effectively obtain a processing gain of a Walsh code
technology by adaptively selecting a frequency band of Walsh codes according to the
human body channel characteristics and the noise environments that may be varied
according to the time and spaces.

Also in accordance with the present invention, it is possible to achieve a low-power
and stable human body communication by employing a frequency spreading
technology of selecting a limited frequency band while avoiding interference between
human bodies of users that may be varied according to the time and spaces and strong
interference induced from other electronic equipments.

Brief Description of Drawings

FIG. 1 is a graph illustrating the relations between a frequency-selective baseband for
human-body communication according to one exemplary embodiment of the present
invention, and a signal power transmitted through a human body, a radiation power
emitted from the human body and a noise power around the human body, all of which
are varied according to the frequencies.

FIG. 2 is an illustrative diagram illustrating a 64-bit Walsh code according to one
exemplary embodiment of the present invention.

FIG. 3 is a block diagram illustrating an adaptive frequency-selective spreader using
a frequency-selective baseband in a human-body communication system according to
one exemplary embodiment of the present invention.

FIG. 4 is a detailed block diagram illustrating the adaptive frequency-selective
spreader as shown in FIG. 3.

FIG. 5 is a flowchart illustrating a method for selecting a frequency band of Walsh
codes that are suitable for data communications according to channel characteristics
and noise environments according to one exemplary embodiment of the present
invention.

FIG. 6 is a block diagram illustrating a transmitter/receiver for human-body commu-
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nications to which the present invention can be applied.
Best Mode for Carrying out the Invention

Hereinafter, exemplary embodiments of the present invention that may be easily put
into practice by a person having ordinary skills in the art to which the present invention
pertains will now be described in detail with reference to the accompanying drawings.
However, in describing operations of the exemplary embodiments in detail, when it is
considered that a detailed description on related well-known functions or constitutions
unnecessarily may make essential points of the present invention be unclear, the
detailed description will be omitted.

Also, in the drawings, the same reference numerals are used throughout to designate
the same or similar components.

According to one exemplary embodiment of the present invention, a method for
adaptively selecting a frequency baseband of Walsh codes according to channel char-
acteristics and noise environments, an adaptive frequency-selective spreader using the
same and a transmitting and receiving apparatus using the adaptive frequency-selective
spreader may apply to a digital communication system, particularly a human body
communication system using a human body as a medium. Therefore, the present
invention will be described in more detail relating to the human body communication
system.

First, the frequency-selective baseband transmission method refers to a transmission
technology that may perform a baseband transmission of analog transmission/reception
blocks whose configurations are simple, and obtain a desired frequency band and a
processing gain simultaneously by allowing a user to use only Walsh codes, which
have the most dominant frequency characteristics at a desired frequency band, out of
all Walsh codes that are used to obtain a processing gain of data.

Therefore, the frequency-selective baseband transmission method according to one
exemplary embodiment of the present invention is a novel transmission technology
that may effectively obtain a processing gain in the Walsh code technology by
adaptively selecting a frequency band of Walsh codes according to the human body
channel characteristics and noise environments due to the interference between users
that may be varied according to the time and spaces and strong interference induced
from other electronic equipments.

FIG. 1 is a graph illustrating the relations between a frequency-selective baseband for
human-body communication according to one exemplary embodiment of the present
invention, and a signal power transmitted through a human body, a radiation power
emitted from the human body and a noise power around the human body, all of which

are varied according to the frequencies.
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As shown in FIG. 1, it might be seen that a signal power A transmitted through a
human body is dominant over a radiation power B emitted from the human body when
a frequency band used for human body communications is in a range from O to 40
MHz, but the radiation power B is increased more than the signal power A when the
frequency band exceeds 40 MHz.

Also, it is revealed that a noise power C, which is calculated by adding measured
values of interference signals induced from various test spaces and dividing the sum
total by 5 MHz, is dominant over the signal powers within a frequency band of 0 to 5
MHz.

Therefore, a frequency-selective baseband is used to transmit data within a limited
frequency band of 5 to 40 MHz in the present invention, except for the frequency
bands of 0 to 5 MHz and greater than 40 MHz at which the highest noise power
appears.

FIG. 2 is an illustrative diagram illustrating a 64-bit Walsh code according to one
exemplary embodiment of the present invention.

As shown in FIG. 2, the present invention is characterized in that 64 Walsh codes are
used as the Walsh codes, and the 64 Walsh codes spanning from W, to W, function to
exactly divide a used frequency band into 64 frequencies and sequentially mapping the
most dominant frequency (fd) in each of the Walsh codes into the divided frequencies.

For example, assume that a spreading frequency band of the total Walsh codes is 16
MHz, the most dominant frequency (fd) in each of the Walsh codes has a band gap of
250 KHz (= 16 MHz/64).

Therefore, fds of Wy, W1, W5, and We; have band gaps of 0 Hz, 250 KHz, 12 MHz,
and 15.75 MHz, respectively.

The Walsh codes as shown in FIG. 2 are illustrated as one exemplary embodiment of
the present invention, and the frequency-selective Walsh codes are not restricted to the
Walsh code composed of 64 bits, but it is possible to use a Walsh code having 27K (K
is a positive integer) bits.

FIG. 3 is a block view illustrating an adaptive frequency-selective spreader for
adaptively selecting a frequency-selective baseband of Walsh codes according to the
channel characteristics and noise environments according to one exemplary em-
bodiment of the present invention.

First, the adaptive frequency-selective spreader according to one exemplary em-
bodiment of the present invention receives M-bit data input bits, and adaptively selects
one in a plurality of Walsh code groups using (N-M) frequency-selective control bits
and offset input bits, the plurality of Walsh code groups being generated by dividing
the total 2N (N is a positive integer) Walsh codes by a number of 2™ (M<N, M is a

positive integer). Here, the selected Walsh code group is used for frequency spreading.
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And, this exemplary embodiment of the present invention is described in detail on the
assumption that N is 6, M is 4, and 64 Walsh codes are used.

Referring to FIG. 3, the adaptive frequency-selective spreader 217 according to one
exemplary embodiment of the present invention includes a 6-bit counter unit 2171,
adaptive frequency baseband selector 2172 receiving offset input value, 2-bit
frequency-selective control bits (fs1, fsO) and lower-4-bit data input bits (b3, b2, b1,
b0) to adaptively select a frequency band of Walsh codes that will be used for data
communications, a gray indexing unit 2173, an arithmetic logic unit 2179 and an
output unit 2186 outputting one bit of FS_DOUT. The units are described in more
detail with reference to FIG. 4.

Here, the 2-bit frequency-selective control bits (fs1, fsO) are set to different values
according to the selected frequency bands. For example, 16 Walsh codes spanning
from WO to W15 are selected when the frequency-selective control bits (fs1, fs0) is (0,
0), 16 Walsh codes spanning from W16 to W31 are selected when the frequency-
selective control bits (fs1, fs0) is (0, 1), 16 Walsh codes spanning from W32 to W47
are selected when the frequency-selective control bits (fs1, fs0) is (1, 0), and 16 Walsh
codes spanning from W48 to W63 are selected when the frequency-selective control
bits (fs1, £s0) is (1, 1).

Also, the adaptive frequency baseband selector 2172 may offset selection of indexes
of the Walsh codes. Therefore, it is possible to select a frequency band of the Walsh
codes by varying the 2-bit frequency-selective control bits (fs1, fs0) and the offset
input value.

FIG. 4 is a detailed block diagram illustrating the adaptive frequency-selective
spreader as shown in FIG. 3.

Referring to FIG. 4, the adaptive frequency baseband selector 2172 according to one
exemplary embodiment of the present invention may offset selection of indexes of the
Walsh codes using a subtracter. An output value of the subtracter is represented by the
equation due to the offset input value: fs1fsOb3b2b1b0 ,, - offset input value =
fs1'ts0'b3'b2'b1'b0’ ).

Also, the gray indexing unit 2173 requires 5 XOR logic circuits 2174, 2175, 2176,
2177 and 2178 for gray indexing, and the arithmetic logic unit 2179 is composed of 6
AND logic circuits 2180, 2181, 2182, 2183, 2184 and 2185 into which output values C
s ~ Cy of the 6-bit counter unit 2171 are inputted, respectively, and the most significant
bits (fs1) of the frequency-selective control bits and 5 output bits of the 5 XOR logic
circuits are also inputted, respectively. Also, the output unit 2186 is composed of one
XOR logic circuit to perform an XOR operation on output values of the 6 AND logic
circuits.

It is assumed that 16 Walsh codes (W45 to Wes) of the 64 Walsh codes as shown in
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FIG. 2 are selected and used in the adaptive frequency-selective spreader 217
according to one exemplary embodiment of the present invention, 2-bit frequency-
selective control bits (fs1, fs0) in 6-bit input bits are set to a bit value of 11 and an
offset input value of the subtracter that may offset the indexes of the Walsh codes is set
to a bit value of 0.

Therefore, the finally generated Output Equation of the adaptive frequency-selective
spreader 217 is represented, as follows.

Output Equation = (fs1' and C,) xor [ (fs1' xor fs0') and C,] xor [ (fsO' xor b3') and C,
] xor [ (b3' xor b2") and C;] xor [ (b2' xor bl") and C,] xor [ (b1' xor b0") and Cs]

Also, the adaptive frequency-selective spreader 217 according to one exemplary em-
bodiment of the present invention may select indexes of the Walsh codes by offsetting
the indexes of the Walsh codes. For example, the selected indexes of the Walsh codes
spans from 62 to 47 when the offset value is 1, that is, a value of the subtracter as
shown in FIG. 4 is -1 while selecting fsO=1 and fs1=1.

Also, the Walsh codes used to adaptively select a frequency band of the Walsh codes
may be used in the present invention when they are Walsh codes or bit-shifted codes of
the Walsh codes, Walsh codes generated by performing a bit computing on AND, OR
and XOR between the Walsh codes, or Walsh codes whose codes such as PN sequence
may be divided with a sequence according to the frequency components.

FIG. 5 is a flowchart illustrating a method for selecting a frequency band of Walsh
codes that are the most suitable for data communications according to channel charac-
teristics and noise environments, which may be applied to the frequency-selective
baseband transmission system according to one exemplary embodiment of the present
invention.

Referring to FIG. 5, when 64 Walsh codes are used as the Walsh codes and M data
bits are used for data transmissions in the present invention, an offset input value of the
adaptive frequency-selective spreader 217 in the transmitter 21 is first set to a bit value
of 0 (S501), and a value of fsOfs1b3b2b1b0,, is divided by a number of 2M spanning
from 000000, to 111111, (binary representation) to transmit Walsh codes (S502).

Also, indexes of each of 2M Walsh codes represented by a decimal number, for
example, 0 ~ 2M-1, 1 ~2M 2 ~ 2M4]  63-2M ~ 62, 64-2M ~ 63. Also, the indexes of the
Walsh codes may not be necessarily successive.

The 64/2M (the rest number discarded) Walsh codes as a number of 2M are repeatedly
transmitted at such sufficient cycles that receiver 22 can determine the channel charac-
teristics of the corresponding Walsh codes (S502). Assume that the receiver 22 senses
that the transmitter 21 transmits the training signal.

The receiver 22 measures performances of the 64/2™ Walsh codes as a number of 2™
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transmitted from the transmitter 21 (S503), and selects the 2M Walsh codes having the
most excellent performances (S504).

The performances of the Walsh codes are measured, for example, by using a bit error
rate (BER) or a frame error rate (FER) as a measurement standard, and the Walsh
codes having the lowest BER or FER value are selected.

Then, the receiver 22 transmits indexes (a start index or some or all indexes) of the
selected Walsh codes to the transmitter 21 (S506).

The transmitter 21 receives the indexes of the Walsh codes transmitted from the
receiver 22, and determines an offset input value and frequency-selective control bits
(fs1, fs2) for determining 2™ Walsh codes with the corresponding indexes (S506).

When this procedure is completed, the data communication between the transmitter
and the receiver is initiated using the 2M selected Walsh codes that are considered to be
the most suitable for the channel characteristics and the noise environments (S507).
Also, this procedure may be periodically performed before/after the initiation of com-
munications.

FIG. 6 shows a human-body communication transmitter/receiver according to one
exemplary embodiment of the present invention when a bit value of 2™ is 16.

As shown in FIG. 6, the human-body communication system includes a human-body
communication MAC H/W 1, a human-body communication physical layer modem
(FS-CDMA) 2, a human-body communication IF 3, a signal electrode 4 and a ground
electrode 5.

More particularly, an MAC transmission processor 11 in the human-body commu-
nication MAC H/W 1 processes data to be transmitted and information on the data that
are received from an upper layer, and transmits the processed data and information on
the data to a transmitter 21 in the human-body communication physical layer modem
2, and an MAC reception processor 12 functions to receive data and the information on
the data that are received by the receiver 22 of the human-body communication
physical layer modem 2, process the received data and the information on the received
data, and transmit the processed data and the information on the processed data to the
upper layer.

The human-body communication physical layer modem 2 includes a transmitter 21
and a receiver 22, both of which use a frequency-selective baseband.

The transmitter 21 includes a preamble generator 211, a header generator 212, a data
generator 215, an HCS generator 213, a spreader 214, a scrambler 216, a serial-
to-parallel converter (S2P) 217, an adaptive frequency-selective spreader 218 and a
multiplexer 219.

The preamble generator 211 is set to an initial value that all users know. In this case,

the preamble generator 211 generates a preamble having a predetermined length,
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[78]
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inputs the generated preamble into the spreader 214. Then, the spreader 214 spreads
the inputted preamble into appointed Walsh codes.

The header generator 212 receives data information (transmission rate, modulation
method, user ID, data length) transmitted from the human-body communication MAC
H/W 1, constructs the received data information into an appointed header format, and
inputs the header format into the HCS generator 213 to generate HCS. Then, the
generated HCS is inputted into the spreader 214, and spread into appointed Walsh
codes.

The data generator 215 receives data transmitted from the MAC transmission
processor 11, and outputs the received data at a desired point of time.

The scrambler 216 reset by the user ID outputs an orthogonal code. In this case, the
data scrambling is completed by performing an XOR operation on the orthogonal code
with an output bit value of the data generator 215.

When it is assumed that the serial-to-parallel converter 217 receives the scrambled
data to construct 64 Walsh codes, a 4-bit serial-to-parallel conversion is performed.

A used frequency band is reduced by 1/4 owing to the results of the serial-to-parallel
conversion. This has an advantage in that high-quality data may be transmitted by
transmitting more data within the same frequency band or using a lager Walsh code
gain within the same frequency band.

The adaptive frequency-selective spreader 218 receives output 4 bits of the serial-
to-parallel converter 217 in a parallel manner, and outputs adaptive frequency-selective
Walsh codes.

The multiplexer 219 outputs a preamble, a header and data to correspond the frame
construction. The use of the adaptive frequency-selective spreader makes it possible to
permit a baseband transmission using a desired frequency band, and also to permit a
direct digital transmission using an output bit as 1 bit.

Therefore, the output bits are inputted into a signal electrode 4 via a transmitter/
receiver switch 31 without processing of the output bits in additional analog
transmission blocks such as a digital-analog converter and an intermediate frequency
converter, and then transmitted into a human body. A ground electrode 5 has the same
baseline potential as a ground of the human-body communication transmitter/receiver.

An operation of a receiver 22 in the human-body communication physical layer
modem 2 is performed, as follows. A received signal inputted through the signal
electrode 4 is passed through a noise removal filter 32 in order to remove noises that
are generated when the received signal is transmitted through the human body via the
transmitter/receiver switch 31, and then amplified to a signal with a desired magnitude
by the amplifier 33.

The amplified received signal is inputted into a clock recovery & data retiming unit
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(hereinafter, referred to as 'CDR’) 34 to correct the timing synchronization of the
received signal with a receiving-end clock and the frequency offset. The output bits of
the CDR 34 are inputted into the receiver 22 of the human-body communication
physical layer modem 2.

First, a received signal that has been inputted into the receiver 22 before the frame
synchronization is inputted into a frame synchronizer 229 to perform a frame synchro-
nization using a preamble.

When the frame synchronization is achieved by the frame synchronizer 229, a de-
multiplexer 221 in the receiver 22 separates a header and data from the received signal,
and outputs the separated header and data.

A header processor 224 extracts control information on the received signal data from
the header which is transferred via a despreader 222 and a HCS tester 223, and
transmits the extracted control information to the MAC reception processor 12.

The data out of the output bits of the demultiplexer 221 are inputted into an adaptive
frequency-selective spreader 225, and a correlation value is calculated in a correlator
(not shown) using 16 Walsh codes that are used in the transmitter 21 in a frequency-
selective manner out of the 64 Walsh codes, and then the maximum data bit value of 4
bits are outputted.

The outputted 4 bits are inputted into a serial-parallel converter (P2S) 226, and
converted into 4 parallel bits. Then, the converted 4 parallel bits are inputted into a de-
scrambler 227, and descrambled into an orthogonal code that is outputted from an or-
thogonal code generator that is reset by the user ID extracted from the header. The de-
scrambled received data are inputted into a data processor 228, processed and
transmitted into the MAC reception processor 12.

Therefore, the present invention may be useful to have an effect to obtain a
processing gain using the frequency-selective Walsh codes, and to simplify terminals
of the analog transmitter and the analog receiver that are required for the pass band
transmission, and thus to reduce consumption of an electric power by allowing a user
to selectively use Walsh codes having a desired frequency band. Also, the present
invention may be useful to improve an efficiency of the frequency spreading
technology by adaptively changing a frequency spreading band according to the human
body channel characteristics and the noise environments.

While the present invention has been described in connection with the exemplary
embodiments, it will be apparent to those skilled in the art that modifications and
variations can be made without departing from the spirit and scope of the invention as

defined by the appended claims.
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Claims

A method for selecting an adaptive frequency baseband of Walsh codes that are
used for data communications in a human-body communication system, the
method comprising:

setting an offset input value to 0;

generating a plurality of Walsh code groups by dividing the total 2N Walsh codes
used for frequency spreading by a number of 2 M;

receiving (N-M) frequency-selective control bits to select one of a plurality of
the Walsh code groups;

receiving M data bits and N counter bits to repeatedly transmit 2M Walsh codes
of the selected Walsh code group as many as predetermined cycles; and
receiving indexes of the selected 2M Walsh codes by measuring performances of
the respective 2M Walsh codes in a plurality of the transmitted Walsh code
groups.

The method of claim 1, wherein the performances of the transmitted 2™ Walsh
codes are measured using a bit error rate (BER) or a frame error rate (FER).

The method of claim 1, wherein the indexes of the selected 2™ Walsh codes
comprise either a start index, or some or all indexes.

An adaptive frequency-selective spreader using a frequency-selective baseband,
comprising:

an N-bit counter unit outputting N counter bits;

an adaptive frequency baseband selector receiving M data bits, (N-M) frequency-
selective control bits and offset input bits to select a desired frequency band;

a gray indexing unit gray-indexing the (N-M) frequency-selective control bits
and the M data bits;

an arithmetic logic unit performing a logic arithmetic operation on the N counter
bits and output bits of the gray indexing unit; and

an output unit receiving output bits of the arithmetic logic unit to select output
bits.

The adaptive frequency-selective spreader of claim 4, wherein the adaptive
frequency baseband selector is a subtracter for offsetting the indexes of the
selected Walsh codes to select the desired frequency band.

The adaptive frequency-selective spreader of claim 5, wherein the gray indexing
unit comprises (N-1) exclusive OR arithmetic operators (XOR).

The adaptive frequency-selective spreader of claim 6, wherein the arithmetic
logic unit comprises each of N AND arithmetic operators (AND) inputting N

counter bits, the most significant bits of (N-M) frequency-selective control bits,
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and output bits of the (N-1) exclusive OR arithmetic operators (XOR).

The adaptive frequency-selective spreader of claim 7, wherein the output unit
comprises one exclusive OR arithmetic operator (XOR) inputting output bits of
the N AND arithmetic operators (AND).

A transmitting apparatus for a human-body communication physical layer
modem using an adaptive frequency-selective baseband, comprising:

a preamble and header generator generating a preamble for frame synchro-
nization and a header including control information on data to be transmitted;

a data generator outputting the data to be transmitted as serial data;

a scrambler scrambling the serial data outputted from the data generator;

a serial-to-parallel converter converting the scrambled serial data into M parallel
data bits and outputting the converted M parallel data bits;

an adaptive frequency-selective spreader selecting one of a plurality of Walsh
code groups generated by dividing the total 2Y Walsh codes used for frequency
spreading by a number of 2™, and outputting 2™ Walsh codes of the selected
Walsh code group; and

a multiplexer multiplexing the generated preamble, the header and the selected 2
MWalsh codes into digital signals and transmitting the multiplexed digital
signals.

The transmitting apparatus of claim 9, wherein the transmitting apparatus peri-
odically transmits pre-set Walsh codes between transmitting and receiving ap-
paratuses to the receiving apparatus before or after the initiation of commu-
nication of data to determine channel characteristics and ambient noise envi-
ronments in order to adaptively select a frequency band of the Walsh codes used
for frequency spreading.

The transmitting apparatus of claim 10, wherein the transmitting apparatus re-
peatedly transmits the pre-set Walsh codes as many as predetermined cycles in
order to determine the channel characteristics.

The transmitting apparatus of claim 9, wherein the adaptive frequency-selective
spreader comprises:,

an N-bit counter unit outputting N counter bits;

an adaptive frequency baseband selector receiving M data bits, (N-M) frequency-
selective control bits and offset input bits to select a desired frequency band;

a gray indexing unit gray-indexing the (N-M) frequency-selective control bits
and the M data bits;

an arithmetic logic unit performing an AND logic arithmetic operation on the N
counter bits and output bits of the gray indexing unit; and

an output unit receiving output bits of the arithmetic logic unit to select output
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[13] The transmitting apparatus of claim 9, wherein the preamble and header

[14]

[15]

[16]

generator comprises:

a preamble generator set to an initial value to generate a preamble having a pre-
determined length, the initial value being set to acquire frame synchronization;
a header generator constructing a header having a pre-set header format, which
includes the control information on data to be transmitted;

an HCS generator generating a header check sequence (HCS) using the control
information having the header format; and

a spreader spreading the generated preamble and header.

A receiving apparatus for a human-body communication physical layer modem
using an adaptive frequency-selective baseband, comprising:

a frame synchronizer detecting a preamble from the transmission data
transmitted from a transmission block to perform frame synchronization;

a demultiplexer separating a header and data from the transmission data
according to the frame synchronization and outputting the separated header and
data;

a header processor dispreading the separated header, followed by restoring the
control information on data through a header check sequence (HCS) testing;

an adaptive frequency-selective spreader calculating a correlation value between
the separated data and Walsh codes in one Walsh code group, and determining
index values of the Walsh codes having the highest correlation value to output
corresponding M-bit parallel data, the one Walsh code group being selected from
a plurality of Walsh code groups generated by dividing the total 2¥ Walsh codes
used for frequency spreading by a number of 2™, and the Walsh codes in the one
Walsh code group being used for spreading of the transmission block;

a parallel-to-serial converter converting the M-bit parallel data into serial data
and outputting the converted serial data;

a descrambler descrambling the serial data into orthogonal codes; and

a data processor processing the descrambled data.

The receiving apparatus of claim 14, wherein the receiving apparatus peri-
odically receives pre-set Walsh codes between transmitting and receiving ap-
paratuses from the transmission block before or after initiation of the commu-
nication of data, and measures performances of the received Walsh codes to
determine channel characteristics and ambient noise environments in order to
adaptively select a frequency band of the Walsh codes used for frequency
spreading.

The receiving apparatus of claim 15, wherein the receiving apparatus selects the
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Walsh codes that are most suitable for the channel characteristics and the
ambient noise environments by measuring the performances of the received
Walsh codes using a bit error rate (BER) or a frame error rate (FER).

The receiving apparatus of claim 16, wherein the receiving apparatus selects the
Walsh codes that are most suitable for the channel characteristics and the
ambient noise environments, and allots indexes to the selected Walsh codes to

transmit either a start index, or some or all indexes to the transmission block.



1/6

WO 2009/096719

[Fig. 1]
0

-20

-40

-60

POWER (dBm)

-80

-100
0

10 fc 20 30 40

FREQUENCY—SELB?HVEBASEBAND=J

FREQUENCY (MHz)

PCT/KR2009/000438



2/6

WO 2009/096719
[Fig. 2]
(WO W63)
wWo 0000000000000000000000000000000000000000000000000000000000000000
w1 0000000000000000000000000000000011111111111111111111111111111111
w2 0000000000000000111111111111111111111111111111110000000000000000
W3 0000000000000000111111111111111100000000000000001 1111111111111
W4 0000000011114111114111110000000000000000111111111111111100000000
W5 0000000011111111111111110000000011111111000000000000000011111111
W6 0000000011111111000000001111111111111111000000001111111100000000
w7 000000001111111100000¢001111 111100000000111111110000000011111111
ws 00004111111110000000011111111000000001111111100000000111111110000
w9 0000111111110000000011111111000011110000000011111111000000001111
W10 000:011111111000011 11000000001 11111110000000011110000111111 110000
w1 0000111111110000111100000000111100001111111100001111000000001111
w12 0000111100001111149100001141000000001111000011111111000011110000
w13 0000111100001111111100001111000011110000111100000000111100001111
w14 0000111100001111000011110000111111110000111100001111000011 110000
W15 000011110000111100001 111000011 1100001111000011110000111100001111
W18 0011110000111100001111000011 110000111100001111000011110000111100
w17 001111000011110000111100001110011000011110000111100001111000011
wis 0011110000111100110000111100001111000011110000110011110000411100
w19 0011110000111100110000111100001100111100001111001100001111000011
w20 0011110011000011110000110011110000111100110000111100001100111100
w21 001111001 1000011110000110041111001100001100111100001191001 1000011
waz 0011110011000011004111001100001111000011001111001100001100111100
w23 0011110011000011001111001100001100111100110000110011110011000011
w24 0011001111001100001100111100110000110011110011000011001111001100
w25 0011001111001100001100111100110011001100001100111100110000110011
w26 00110011110011001 10011000011 001111001 100001100110011001111001100
w27 0011001111001100110011000011001100110011110011001100110000110011
was 001100110011001111001 1001100110000110011001100111100110011001100
w29 0011001100110011110011001100110011001100110011000011001100110011
W30 0011001100110011001100110011001111001100110011001100110011001100
w31 0011001100110011001100110011001100110011001100110011001100110011
W32 0110011001100110011001100110011001100110011001100110011001100110
W33 01100110011001100110011001100110100110011001 100110011001 10011001
w34 0110011061100110100110011001100110011001100110010110011001 100110
W35 0110011001100110100110011001100101100110011001101001 100110011001
W36 0110011010011001100110010110011001100110100110011001100101100110
W37 0110011010011001100110010110011010011001011001100110011010011001
was 01100110100110010%1001101001 100110011001011001101001100101 100110
W39 011001101001100101 1001101001 100101100110100110010110011010011001
W40 0110100110010110011010011001011001101001100101100110100110010110
w41 0110100110010110011010011001011010010110011010011001011001101001
W42 0110100110010110100101100110100110010110011010010110100110010110
w43 0110100110010110100101100110100101101001106101101001011041101001
w44 0110100101101001100101101001011001101001011010011001011010010110
w45 0110100161101001100101101001011010610110100101100110100101101001
w46 0110100101101001011010010110100110010110100101101001011010010110
w47 0110100101101001011010010110100101101001011010010110100101101001
w4s 0101101001011010010110100101 101001011010010110100101101001011010
w49 0101101001011010010110100101101010100101101001011010010110100101
W50 0101101001011010101001011010010110100101101001010101101001011010
W61 010110100:10110101010010110100101010110100101101010100101 10100101
w52 0101101010100101101001010101101001011010101001011010010101011010
W53 0101101010100101101001010101101010100101010110100101 101010100101
w54 0101101010100101010110101010010110100101010110101010010101011010
W55 0101101010100101010110101010010101011010101001010101101010100101
w56 0101010110101010010101011010101001610101101010100101010110101010
W57 0101010110101010010101011010101010101010010101011010101001010101
w58 01010101101010101010101001010101101010100101010101010101104101010
w59 0101010110101010101010100101010101010101101010101010101001010101
W60 0101010161010101101010101010101001010101010101011010101010101010
W61 010101010101010110106101010101010101010101010101001010101¢1010101
W62 0101010101010101040101010101010110101010101010101010101010101010
W63 0101010101010101010101010101010101610101010101010101010101010101

PCT/KR2009/000438



3/6

PCT/KR2009/000438

WO 2009/096719

[Fig. 3]

“Inog 4

612
\(\
J o OQ
— [ g ™
le— le— M|%Q N 48
: B €a
. o [ ’
mn [] ShSDey | [prwaanl .z oms Lo
1nd1N0le L | T AMQ AON3ND3 des
A_J 3AlLdvay
M M 0%
\ A|= A i rY =A| \ A_—mh \ IAm_D|_<>
LNdNI
9812 £l12 zl1e 138440
0o tp ¢p €o ¥o S
ST A 83LNN0D LIS-9 H3Q¥34dS IAILOIT3S
-AON3NO344 3AILIVaAY
112 91z



4/6

PCT/KR2009/000438

WO 2009/096719

[Fig. 4]

1nogs4d

G8lg~ “ 09
’ HOX 9 B
N ANV ], g1z~ ] 3 19
7812~y « HOX MQ =G
B aNv | 101271 @
«— e £q
£81c~g < YHoX £q m|o_ -
< ANV e 9/12-1 unm 0s4
> «—— S
3 8l < Hox [ ¥ M s}
ONv | siiz | 3
1812, . gox | 084
< N < das
“ NV | viiz”]
le—{ ONY 1S} > 3NVA
Al Zo
98l¢ 08le 95 15 25 €5 75 95
1z~ LINNH3INNOD LIg-9
H3IAVY3IHGS IAILOTIFS-AONINDIHS IAILIVAY
- 7
yAY g1z




5/6

WO 2009/096719

[Fig. 5]

(START)

y

SET OFFSET INPUT VALUE OF ADAPTIVE FREQUENCY -

SELECTIVE SPREADER TO 0 IN TRANSMISSION BLOCK [~ S501

SPREADER BY A NUMBER2 OF 2" SPANNING FROM 000000 (,) TO
1111171 () TO REPEATEDLY TRANSMIT WALSH CODES AS MANY AS
PREDETERMINED CYCLES IN TRANSMISSION BLOCK

A
DIVIDE FS1FS2B3B2B1B0 (,) OF ADAPTIVE FREQUENCY-SELECTIVE

—~— 5502

A

MEASURE PERFORMANCES OF 2" TRANSMITTED
WALSH CODES IN RECEPTION BLOCK

—— S503

A

SELECT 2™ WALSH CODES HAVING EXCELLENT
PERFORMANCES IN RECEPTION BLOCK

-~ 5504

Y

TRANSMIT INDEXES OF SELECTED
2" WALSH CODES FROM RECEPTION BLOCK
TO TRANSMISSION BLOCK

[~ S505

A
DETERMINE OFFSET INPUT VALUE, FS1 AND FS0
TO DETERMINE 2" WALSH CODES RECEIVED FROM
RECEPTION BLOCK IN TRANSMISSION BLOCK

~— 5506

Y
INITIATE DATA COMMUNICATION USING
2MSELECTED WALSH CODES IN
TRANSMISSION BLOCK

—~— 5507

A 4

( END )

PCT/KR2009/000438



6/6

PCT/KR2009/000438

WO 2009/096719

[Fig. 6]

200810313 ANNOYD

™ 300410313 WioIs |

2
|||||||||| —
[ g2z 0€2 ]
| — ~ _
| HOSSI00Hd |
HIZIMOEHONAS TWNSIS
| Wy || 08INGD _
| NOWIOD _
| 572 972 /22 822 |
] § § 5 _
[ ] = _ m ¥30v344S30 S _
S > | [ouwney || E ENIREER 2 (s iemogaa| 0SS IIOEL 1
SRR Emo R El B R E S | [PYaPElwoss300ud
e S [ »
- 5 W il ISEYGREN _ m _ zo_wﬁ,‘omm
> S By A9013 | | 3 e{oa0vaeesa) H31S31 SOH _lv_%m,mmoog E%T“ : 1o
g| L - . _ . > = _ v 1vaTyy
5| e go ve 122 zee gce ez 7
m L. - - ] ¢t
A r 812 112 912 512 |
Q [ § ‘ 4 4 _
s | H30¥3H43 d _
3 P Holvyanas |
. IASE IEHE RS S e e
5 = 40S5320Hd
8] = _ HOISSIASNYHL
b ; - gle gle _ WA
y Y 4
|| m ~ v ENE O A lel
Tl o d0vong0 Som [ [uoLveaac w30vaH | IvatL
_ H3AY3HdS _ >
H. _ < « HOLY3\Z0 TNvaed | | a
|7 7 _
61z ar
- J M/H OYI
31 NCILVOINAININGD ~ , NOLLYOINNAINGOD
AQO8 NVINNH 12 W3G0W H3AY] T¥DISAHd NOILYDINNINWOD AQOS-NYINH 1008 NYANH
% 7 7
g z |




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings

