
S04P1166 [Name of Document] SPECIFICATION  [Title of.
the Invention] TRANSMITTING DEVICE, TRANSMITTING
METHOD, AND STORAGE MEDIUM  [Technical Field] [0001]
The present invention relates to a transmitting
device,  transmitting method, and storage medium that
process radio  transmitted signals. The invention
specifically relates to a  transmitting device,
transmitting method, and storage medium  that perform
amplitude and phase modulation to carriers each,
perform inverse FFT to the plural carriers to convert
them into  time base signals while maintaining the
orthogonality of the  carriers on the frequency axis,
and perform transmission  processing to a transmitted
OFDM (Orthogonal Frequency Division  Multiplexing)
signal. [0002] Further in detail, the invention
relates to a  transmitting device, transmitting
method, and storage medium  that perform transmission
processing to a known pattern signal  for attaining
synchronization on the receiving side,  specifically
to a transmitting device, transmitting method, and
storage medium that perform transmission processing to
a known  pattern signal made up with a time sequence
together with an  OFDM-modulated transmitted signal.
[Background Art]  [0003] The wireless LAN has
attracted considerable attention as 



S04P1166 a system that relieves users from the
troublesome wiring of the  wired LAN. The wireless LAN
can eliminate most of wired cables  in a workspace
such as an office, which makes it possible to  move
personal computers and other communication terminals
comparably easily. In recent years, accompanied with
the  enhanced speed and reduced price of the wireless
LAN, the demand  for it is remarkably increased.
Especially recently, the  personal area network (PAN)
is under the examination for  introduction, so that
people can communicate information with  a small-scale
wireless network using multiple electronic  devices
surrounding people. As an example, different wireless
communication systems and wireless communication
devices are  stipulated, which use the frequency
bandwidths that do not  require a license by the
supervising agency, such as 2.4 GHz  band and 5GHz
band. [0004] Recently, a wireless communication system
using an ultra  wide bandwidth covering 3GHz to 10
GHz, which is called the  `ultra wide band (UWB)
communication' has drawn considerable  attention as a
wireless communication system that realizes a
short-distance ultra-high speed transmission; and the
practical development thereof is expected. At present,
the  data transmission system with a packet structure
including the  preamble is being designed as an access
control system for the  UWB communication in IEEE
820.15.3 and so forth. [0005] Now, building up a
wireless network in a room will make 



2 S04P1166 the multi-path environments, in which the
receiving devices  receive a direct wave having
multiple reflected waves and  delayed waves
overlapped. The multi-path environments will  cause
delay distortion (or frequency selective fading),
which  effects errors on the communication. And, the
inter-symbol  interferences due to the delay
distortion will be generated.  [0006] One of the main
countermeasures for the delay distortion  is the
multi-carrier transmission system. Since the
multi-carrier transmission system distributes
transmitted  data to plural carriers of different
frequencies, the  bandwidths of the carriers each
become narrow, which makes it  difficult to receive
the influences of the frequency selective  fading.
[0007] In the OFDM (Orthogonal Frequency Division
Multiplexing)  system being one of the multi-carrier
transmission systems, the  frequencies of the carriers
each are set in a manner that the  carriers each are
mutually orthogonal in the symbol interval.  During
transmission of information, the system performs
serial/parallel conversion to the information
transmitted in  serial at each symbol cycle that is
slower than the data  transmission rate, allocates the
plural data converted into the  serial/parallel format
to the carriers each, performs the  amplitude and
phase modulation to the carriers each, performs
inverse FFT to the plural carriers, and thereby
converts the  



carriers on the frequency axis into the signals on the
time base 3 S04P1166 while retaining the orthogonality
on the frequency axis to  transmit the information.
During reception, the system  performs the operation
reverse to the above; that is, it  performs FFT to
convert the signals on the time base into the  signals
on the frequency axis, performs the demodulations
corresponding to the respective modulation systems to
the  carriers each, performs parallel/serial
conversion to the  demodulated signals, and reproduces
the original information  transmitted in the serial
format. [0008] The OFDM modulation system is adopted
as the standard for  the wireless LAN, for example, in
IEEE 802.11a/g. Also in IEEE  802.15.3a, the
standardization of the UWB communication system
adopting the OFDM modulation system (hereunder, called
'OFDM_UWB') is in progress, in addition to the DS-UWB
system with the dif fusion speed of DS information
signal raised to the  limit, and the impulse-UWB
system for transmitting and  receiving the information
signal that uses the impulse signal  string having a
very short cycle of about some 100 pico-seconds.  In
case of the OFDM_UWB communication system, the OFDM
modulation is under examination, which performs
frequency  hopping (FH) on three sub-bands whose
bandwidths are 528 MHz  each in the frequency band
covering 3.14 to 4.8 GHz, and uses  IFFT/FFT having
each frequency band composed of 128 points (see
Non-patent Document 1). 



[Disclosure of the Invention] [Problem to be Solved by
the invention] 4 S04P1166 [0009] The general remote
communication system with a  transmitter and a
receiver combined transmits the signal for  attaining
synchronization as a pre-amble (or middle-amble) in
combination with a transmitted data body. [0010] In
case of the OFDM_UWB communication system as mentioned
above, the time sequence is used as the pre-amble
signal for  attaining synchronization (see Non-patent
Document 1). Further, the pre-amble signal is
configured with the pattern  of the binary  1, in
order to reduce the computational  complexity of the
correlation processing on the receiving side  (because
this case saves the multiplication for calculating the
correlation only through inverting the symbols).
(0011] Fig. 5 illustrates an example of the pre-amble
signal of  the binary  1. In this case, the BPSK
(Binary Phase Shift  Keying) modulation is performed
to a known pattern made up with  originally the time
sequence to generate the pre-amble signal,  apart from
the data body formed of the OFDM modulated signal  for
obtaining the time base signal by performing the
inverse  FFT to the signal on the frequency axis. Fig.
6 typically  illustrates a data frame configured with
the pre-amble (or  synchronization-obtaining) signal
having the BPSK modulation  



applied and the data body having the OFDM modulation
applied.  [0012] ig. 7 illustrates the frequency
spectrum of a binary time SO4P1166 sequence signal
(pre-amble pattern) as shown in Fig. 5. As seen  in
the drawing, the binary time sequence signal forms a
spectrum  characteristic with sharp irregularities,
which is not preferable for securing the stipulation
for the transmission  power density. Especially, the
FCC (federal communications.  commission) rule
concerning the UWB stipulates that the power  density
measured at each MHz must not exceed - 41.3 dBm/MHz,
instead of the power of the total signals.
Accordingly, in case  of the UWB system, the spectrum
peaks are necessarily to be  measured at a narrower
interval than the sampling interval (for  example,
4.125 MHz) . In the example as shown in Fig. 7, the
power spectrum at the peaks of the irregularities
exceeds 0 dB  (- 41.3 dBm) ; therefore, to transmit
the pre-amble as it is will  face the situation that
the power density cannot conform to the  stipulation
in the FCC rule. It is naturally necessary to  conform
to the FCC rule over the total data frame as shown in
Fig. 5, not only with the OFDM modulated data body. In
Fig.  7, since the peaks (near  32 on the horizontal
axis) exceed  the limit by about 5 dB, it is necessary
to lower the transmission  power of the pre-amble by 5
dB on transmission. This will lead  to deterioration
of the S/N ratio. [0013] Fig. 8 illustrates an
auto-correlation characteristic of  the pre-amble
signal. It is generally preferred that the output  



resides only near the center of the time base. In the
drawing  however, the output resides on the peripheral
areas of the time  base (for example, near  16 on the
horizontal axis), and it S04PI166 is difficult to give
a comment that this auto-correlation  characteristic
is satisfactory. [00141 In the OFDM modulation system,
the general practice  nullifies the sub-carriers on
the center frequency band and  both-end frequency
bands of the frequency domain in use (see  Fig. 9) In
this case, the spectrum of the pre-amble by the  BPSK
modulation as shown in Fig. 7 and the spectrum of the
OFDM  signal as shown in Fig. 9 are clearly different
in the waveforms;  therefore, the receiving side has
to switch the filter  conditions in the pre-amble part
and the OFDM signal part, which  is inconvenient and
disadvantageous. [00151  (Non-patent Document 1] IEEE
802.15.3a TI Document<URL:
http://grouper.ieee.org/groups/802/15/pub/2003/mayo3
file name: 03142r2PS02-15-TI-CFP-Document.doc> [ 00161
An object of the invention is to provide an excellent
transmitting device, transmitting method, and storage
medium  that can preferably perform transmission
processing to a known  pattern signal such as a
pre-amble signal for obtaining synchronization on the
receiving side.  .[0017] 



Another object of the invention is to provide an
excellent  transmitting device, transmitting method,
and storage medium  that can preferably perform
transmission processing to a known SO4P1166 pattern
signal of the time sequence in combination with an
OFDM  modulated signal. [00181 Another object of the
invention is to provide an excellent  transmitting
device, transmitting method, and storage medium  that
can preferably perform transmission processing, in a
manner that both the time sequence signal of a known
pattern  and the OFDM modulated signal satisfy the
stipulation for the  transmission power density
without lowering the SN  characteristic. [00191
Another object of the invention is to provide an
excellent  transmitting device, transmitting method,
and storage medium  that can preferably perform
transmission processing to the time  sequence signal
of a known pattern so as to improve the
auto-correlation characteristic for obtaining
synchronization  and so forth. [Means for solving the
Problem]  [0020] The invention has been made in view
of the above problems,  and relates to a transmitting
device that processes radio  transmitted signals. And
it includes: a frequency conversion  means that
converts an original time, sequence signal of a known
multi-valued pattern into a frequency signal to attain
a  



spectrum characteristic, a spectrum characteristic
processing  means that forcibly changes an amplitude
of a spectrum signal  while retaining the phase
information of the spectrum, and a 8 SO4P1166 means
that reconverts a spectrum having the spectrum
characteristic processing applied into a time sequence
signal.  [0021] The transmitting device relating to
the invention  transmits the reconverted time sequence
signal as a pre-amble  signal for obtaining.
synchronization on the receiving side,  together with
a data body. [0022] The transmitting device relating
to the invention may  further include a modulation
processing means that modulates  a transmitted data
body to obtain a modulated signal for  transmission.
The modulation processing means performs  amplitude
and phase modulation to the carriers each by the OFDM
modulation system as an example, performs inverse FFT
to the  plural carriers, and thereby converts the
original transmitted  signal on the frequency axis
into a signal on the time base while  retaining the
orthogonality of the carriers each. [0023] The
spectrum characteristic processing means forcibly
changes a spectrum amplitude of an original time
sequence signal,  in a manner that the spectrum
amplitude of the original time  sequence signal
becomes equal to that of a modulated signal for
transmission, while retaining the phase information of
the  



spectrum of the original time sequence signal. As an
example,  the spectrum characteristic processing means
forcibly nullifies the spectrum amplitude on the
center frequency band  and both-end frequency bands of
the frequency domain in use, 9 S04P1166 and smoothes
the spectrum amplitude on the other regions, in  a
manner that the spectrum amplitude of the original
time  sequence signal becomes equal to that of the
general OFDM signal  while retaining the phase
information of the original time  sequence signal.
[0024] Thus, according to the invention, it is
possible to  transform the pre-amble signal of the
time sequence to be  equivalent to the spectrum
waveform of the general OFDM signal.  Accordingly, it
is possible for the receiving side to apply the  same
filter (low pass filter or band pass filter) to each
of  the signal frequency bands, which simplifies the
construction  on the receiving side. [0025] The
smoothing is applied to the spectrum except the DC
components and the components at the both-end
frequency bands  of the pre-amble signal. Thereby, in
a new spectrum with the  waveform shaping applied, the
peaks of the irregularities are  suppressed. This
makes it easy to meet the stipulation for the
transmission power density by the FCC and so forth,
and makes  it possible to attain a higher transmission
power for obtaining  the same SN characteristic. 



[0026] The correlation processing on the time base is
performed  by the convolution operation, which however
corresponds to the  product of conjugate complex
numbers on the frequency axis.  Therefore, in the
correlation calculation on the center 10 SO4P1166
frequency, only the real part remains as the result of
the  multiplication of the conjugate complex numbers,
and it is  possible to obtain a greater value by
retaining the phase  information. Therefore, the above
operation of processing the  spectrum amplitude while
retaining the phase information of the  original time
sequence signal will lead to eliminating the
irregularities on the spectrum of the pre-amble
signal,  securing the stipulation for the power
density, and permitting  the maximum transmission
power. [Effect of the Invention]  [002'7] According to
the invention, it is possible to provide an  excellent
transmitting device, transmitting method, and  storage
medium that can preferably perform transmission
processing, in a manner that both the time sequence
signal of  a known pattern as the pre-amble and the
OFDM modulated signal  satisfy the stipulation for the
transmission power density  without lowering the SN
characteristic. [0028] According to the invention, it
is possible to provide an  excellent transmitting
device, transmitting method, and  



storage-medium that can preferably perform
transmission  processing to the time sequence signal
of a known pattern as  the pre-amble so as to better
the auto-correlation  characteristic for obtaining
synchronization and so forth.  [0029] According to the
invention, it is possible to provide an 11 SO4P1166
excellent transmitting device, transmitting method,
and  storage medium that can preferably perform
transmission  processing to the time sequence signal
of a known pattern by shaping the spectrum waveform
arbitrarily, so as not to increase  the scale of a
device for detecting the correlation on the  receiving
side. [0030] According to the invention, the spectrum
amplitude of the  pre-amble pattern on the
transmitting side is forcibly adjusted  while the
phase information thereof is retained, which makes  it
possible to improve the spectrum and correlation
characteristics while securing simplification of a
correlation  detecting device on the receiving side.
[0031] Other objects and features of the invention
will become  apparent by more detailed descriptions
based on the embodiments  described later and
accompanying drawings. [Best Mode for Carrying Out the
Invention]  [0032] The embodiments of the invention
will be described in  



detail with reference to the accompanying drawings.
[0033] Fig. 1 typically illustrates a construction of
the  wireless communication system relating to one
embodiment of the  present invention. As shown in the
drawing, the wireless  communication system includes a
transmitter that transmits a  radio signal and a
receiver that receives the radio signal. 12 S04P1166
[0034] The wireless communication system relating to
this  embodiment adopts the UWB system that performs
the wireless  communication using the ultra wideband
covering 3 GHz to 10 GHz  in order to realize a
short-distance and ultra high-speed  transmission. In
view of the problem of the delay distortion  and
inter-symbol interference under the multi-path
environments, it also adopts the OFDM modulation
system that  transmits to convert plural sub-carriers
arranged on the  frequency axis into the signal on the
time base. The gist of  the invention is to transmit
the pre-amble signal of the time  sequence, in
consideration for the stipulation for the
transmission power density, the auto-correlation
characteristic, and the waveform of the spectrum; and
the  transmission system of the data body is not
specifically  restricted. [0035]  The transmitter 10
includes a pre-amble generation unit 11  that
generates a pre-amble signal composed of a known
pattern  



for attaining synchronization, an OFDM modulation unit
12 that  performs the OFDM modulation to transmitted
data, an RF unit  13 that up-converts the data frame
composed of the pre-amble  and the data body into a
radio signal, and an antenna 14 that  transmits the
radio signal to propagation paths. Fig. 10
illustrates an internal construction of the pre-amble
generation unit 11. As shown in the drawing, the
pre-amble  generation unit 11 includes a
time-frequency conversion unit 13 S04P1166 11A, a
spectrum characteristic processing unit 11B, and a
frequency-time conversion unit 11C. [0036] In this
embodiment, the pre-amble. signal for attaining
synchronization is made up with the time sequence of a
multi-valued pattern in order to reduce the
computational  complexity of the correlation
processing on the side of the  receiver 20. The method
of configuring the pre-amble signal  will be described
later. [0037] On the other hand, the receiver 20
includes an antenna  21 that receives the radio signal
on the propagation paths, an  RF unit 22 that
down-converts a received signal, a synchronization
processing unit 23 that attains  synchronization by
the correlation processing between the  received
pre-amble signal and the known pattern retained in
advance, and an OFDM demodulation unit 24 that
performs the OFDM  demodulation to the received data
body to restore the original  



frequency signal. [0038] The wireless communication
system relating to this  embodiment adopts the OFDM
UWBsystem,and employs a binary time  sequence signal
as the pre-amble signal for attaining
synchronization, in order to simplify the correlation
detecting  device on the receiving side (see
Non-patent Document 1).  However, the spectrum of this
pre-amble signal forms  irregularities with sharp
peaks and dips, which deteriorates 14 SO4P1166 the
correlation characteristic. [0039] Accordingly, the
wireless communication system in this  embodiment
forcibly adjusts the spectrum amplitude of the
pre-amble pattern while retaining the phase thereof on
the  transmitting side, and thereby improves the
spectrum and the  correlation characteristic while
simplifying the correlation  detecting device on the
receiving side. [0040] The pre-amble generation unit
11 is provided with an  original time sequence signal
composed of a known multi-valued  pattern as the
pre-amble signal. This original pre-amble  signal is
made up with the binary value of  1, which is provided
by the BPSK modulation, for example, or as the data
stored in  a ROM (not illustrated) . Here, the
pre-amble signal is binary  (case of BPSK modulation)
, however it may take a multi-value,  for example, +
1, 0, - 1 more than the binary value. 



[0041]  The time-frequency conversion unit 11A
performs the  frequency conversion by the Fourier
transform to the original  pre-amble signal hk of this
time sequence signal to produce a  spectrum
characteristic Hk. And, the spectrum characteristic
processing unit 11B converts this Hk into a new
spectrum  characteristic Gk. [0042] As the first
procedure for converting the spectrum characteristic
Hk into Gk, the spectrum characteristic 15 S04P1166
processing unit 11B performs a waveform shaping in a
manner that  the spectrum waveform of the pre-amble
signal part matches with  that of the other OFDM
signal part. Concretely, the spectrum  characteristic
processing unit 11B forcibly nullifies the  spectrum
amplitude, the DC components on the center frequency
band and the components on the both-end frequency
bands of the  frequency domain in use, and smoothes
the spectrum amplitude  on the other frequency bands
in a manner that the spectrum of  the pre-amble signal
becomes equal to that of the general OFDM  signal.
[00431 Fig. 2 illustrates a state that the spectrum
characteristic processing unit 11B forcibly nullifies
the DC  components and the components on both the ends
of the original  spectrum Hk, and smoothes the
spectrum on the other frequency  regions. As the
result of shaping the spectrum waveform, the  



spectrum of the pre-amble signal becomes equal to the
spectrum  amplitude of the OFDM_UWB part, which.
facilitates handling.  Concretely, by nullifying the
DC components (center frequency  part) and the
components on both the ends of the frequency domain
in use, the spectrum of the pre-amble signal becomes
equal to  the spectrum amplitude of the general OFDM
signal, which makes  it possible for the receiving
side to apply the same filter (low  pass filter or
band pass filter) to the signal components each,
thereby simplifying the configuration of the receiver.
[0044] Applying the smoothing to the spectrum except
the DC 16 SO4P1166 components and the components on
both the ends will suppress  the peaks of the
irregularities in a new spectrum Gk. This makes  it
easy to meet the stipulation for the transmission
power  density by the FCC and so forth, and makes it
possible to attain  a higher transmission power for
obtaining the same SN characteristic.  [004.5] The
smoothing of the spectrum is achieved by the following
formula. That is, by using the following formula, the
original  time sequence signal of the binary pattern
produces a normalized  pre-amble signal so as to make
the spectrum flat. [0046]  [Formula 1] Hk [0047] 



As the second procedure for converting the spectrum
characteristic Hk into Gk, the spectrum characteristic
processing unit 11B forcibly nullifies the spectrum
amplitude  while retaining the phase information of
the spectrum.  [0048] Here, the correlation processing
on the time base is  performed by the convolution
operation, which however  corresponds to the product
of conjugate complex numbers on the  frequency axis.
The operations of the correlation processing  on the
time base and the frequency axis are given by the
following 17 SO4P1166 formulae.  [0049]  [Formula 2]
S(T)= f ~g(t)h*(t +r dt s(f)=G(f)H*(f) [0050] The
object of the correlation processing is h* (t + z)  in
the above formula. The correlation calculation on the
center  frequency corresponds to the case of i = 0 on
the time base in  the above formula. On the frequency
axis, only the real part  remains as the result of the
multiplication of the conjugate  complex numbers, and
it is possible to obtain a greater value.  [0051]
Therefore, the above operation of processing the
spectrum  amplitude while retaining the phase
information eliminates the  irregularities on the
spectrum of the pre-amble signal, secures  



the stipulation for the power density, and permits the
maximum  transmission power. [0052] The frequency-time
conversion unit 11C performs the  inverse FFT to the
spectrum Gk thus obtained to restore a time  sequence
signal gk. The obtained time sequence signal can be
used as the pre-amble signal on the transmitting side.
[0053] Fig. 3 illustrates an example of the pre-amble
signal gk  that is obtained from the original time
sequence signal of the 18 SO4P1166 binary pattern
through the above processing. Fig. 4  illustrates an
example of the mutual correlation processing  between
the transmitted pre-amble signal and the received
pre-amble signal. The pre-amble signal gk is not of
the binary  pattern. However, as seen in the drawing,
the correlation is  enhanced remarkably on the center
of the time base, and the  correlation on the
peripheral time domain is suppressed to a  low level,
which confirms that the correlation characteristic  is
enhanced. [0054] Fig. 12 through Fig. 16 illustrate
concrete examples of  the pre-amble signal sequences
attained by using the original  time sequence signals
of the binary pattern through the spectrum  smoothing
processing relating to the invention. The pre-amble
signal sequences in Fig. 12 through Fig. 16 each have
different  original time sequence signals as the
elements. Here, the  



Sequence Element represents the number of the time
sample, and  the Value represents the amplitude of
each sample. With regard  to the Formula 1, the tables
in Fig. 12 through Fig. 16 give  the results in which
the inverse Fourier transform is performed  to the
signal Gk with the spectrum waveform shaped on the
frequency domain. [0055] The transmitter 10 stores the
original time sequence  signals of the binary value of
1, for example, as the law data  of the pre-amble
signal in a ROM, for example. And the following
processing may be made: reading an original time
sequence signal 19 S04PI166 each time of data
transmission; according to the above procedure,
performing the Fourier Transform to apply the
processing to the  spectrum amplitude while retaining
the phase information, and  thereafter, performing the
inverse Fourier Transform to sequentially generate the
pre-amble signal.  [00561 If the original time
sequence signals as the law data of  the pre-amble
signal are the same, it will always give one and  the
same pre-amble signal; accordingly, the sequential
pattern  once calculated on the transmitter 10 may be
stored in the ROM  as the pre-amble signal for
transmission. [0057] Fig. 11 illustrates a
construction of the transmitter 10  in this case. The
transmitter 10 in Fig. 11 stores the  once-calculated
sequential pattern in a pre-amble signal  



storage unit 11 1 as the pre-amble signal for
transmission, which  is different form the transmitter
10 as shown in Fig. 1, where  the pre-amble generation
unit 11 sequentially generates the  normalized
pre-amble signal to make the spectrum flat.  [00581
The pre-amble signal in this case deviates from the 9k
binary pattern. However, the transmitter side can
store the  pre-amble pattern in a ROM or the like as
the transmitted data  itself, and can use it.
Therefore, the deviation from the  binary pattern will
not cause any problem. And the receiver  side may use
the binary as it is, in consideration for easily
making up the device. 20 S04P1166 [0059] Instead of
calculating the pre-amble signal for  transmission on
the transmitter 10 on the basis of the known  original
time sequence signal provided in advance, it is also
acceptable for a manufacturer of the device to
calculate the  pre-amble signal from the known
original time sequence signal  by using the above
procedure, and to mount on the transmitter  10 the ROM
in which not the original time sequence signal but
the actual pre-amble pattern is stored. [0060] The
invention has thus been described in detail with
reference to specific embodiments. However, it is
apparent  



that a person having ordinary skill in the art is able
to make  modifications and changes to the
aforementioned embodiments  without a departure from
the gist of the invention. That is,  the embodiments
have been presented as illustrations for  disclosing
the invention, and the contents described here in
this specification should not be understood in a
restricted  manner. The contents of the claims should
be well considered  for understanding the spirit and
scope of the invention.  [Brief Description of the
Drawings] [0061]  [Figure 1] Fig. 1 typically
illustrates a construction of the  wireless
communication system relating to one embodiment of the
present invention. [Figure 2] 21 S04P1166 Fig. 2
illustrates a state in which the DC components of  the
original spectrum Hk and the components on both the
ends  thereof are forcibly nullified, and the
amplitudes of the  spectrum on the other regions are
smoothed. [Figure 3] Fig. 3 illustrates an example of
the pre-amble  signal obtained from the original time
sequence signal of the  binary pattern. [Figure 4]
Fig. 4 illustrates an example of the mutual
correlation  processing between the transmitted
pre-amble and the received  



pre-amble. [Figure 5] Fig. 5 illustrates an example of
the pre-amble signal of  the value  1. [Figure 6] Fig.
6 typically illustrates a data frame configured with
the pre-amble (or synchronization-obtaining) signal
with the  BPSK modulation applied and the data body
with the OFDM  modulation applied. [Figure 7] Fig. 7
illustrates the frequency spectrum of a time  sequence
signal as shown in Fig. S. [Figure 8] Fig. 8
illustrates an auto-correlation characteristic of  the
pre-amble signal. [Figure 9] 22 SO4P1166 Fig. 9
illustrates a construction of the OFDM signal, in
which the sub-carriers on the center and both the ends
of the  frequency domain in use are nullified. [Figure
10] Fig. 10 illustrates an internal construction of
the  pre-amble generation unit 11. [Figure 11] Fig. 11
illustrates another construction of the  transmitter
10. [Figure 12] 



Fig. 12 illustrates a concrete example of the
pre-amble  signal sequence attained by using the
original time sequence  signal of the binary pattern
through the spectrum smoothing  processing relating to
the invention. [Figure 131 Fig. 13 illustrates a
concrete example of the pre-amble  signal sequence
attained by using the original time sequence  signal
of the binary pattern through the spectrum smoothing
processing relating to the invention. [Figure 14] Fig.
14 illustrates a concrete example of the pre-amble
signal sequence attained by using the original time
sequence  signal of the binary pattern through the
spectrum smoothing  processing relating to the
invention. [Figure 15] Fig. 15 illustrates a concrete
example of the pre-amble  signal sequence attained by
using the original time sequence 23 S04P1166 signal of
the binary pattern through the spectrum smoothing
processing relating to the invention. [Figure 161 Fig.
16 illustrates a concrete example of the pre-amble
signal sequence attained by using the original time
sequence  signal of the binary pattern through the
spectrum smoothing  processing relating to the
invention. [Explanation of Reference Numerals]  10 ...
transmitter 



11 ... pre-amble generation unit  11'... pre-amble
signal storage unit  12 ... OFDM modulation unit 13
... RF unit  14 ... antenna  20 ... receiver  21 ...
antenna  22 ... RF unit 23 ... synchronization
processing unit  24 ... OFDM demodulation unit 24
S04PI166 CLAIMS  [Claim 1] A transmitting device that
processes radio transmitted  signals, comprising: a
frequency conversion means that converts an original
time sequence signal of a known multi-valued pattern
into a  frequency signal to attain a spectrum
characteristic, a spectrum characteristic processing
means that changes  an amplitude of a spectrum signal
while retaining phase  information of the spectrum,
and a means that reconverts a spectrum having the
spectrum  characteristic processing applied into a
time sequence signal.  [Claim 2] A transmitting device
according to Claim 1, further  comprising a means that
transmits a signal reconverted into the  time sequence
signal together with a data body as a pre-amble  



signal for attaining synchronization on a receiving
side.  [Claim 31 A transmitting device according to
Claim 2, further  comprising a modulation processing
means that modulates a  transmitted data body to
attain a modulated signal for  transmission, wherein
the modulated signal is transmitted  together with the
pre-amble signal. [Claim 4] A transmitting device
according to Claim 3, wherein the  modulation
processing means performs an OFDM modulation that
applies amplitude and phase modulation to carriers
each, 25 S04PI166 applies inverse FFT to the plural
carriers, and thereby converts  the carriers into
signals on the time base, while retaining the
orthogonality of the carriers each on the frequency
axis.  [Claim 5] A transmitting device according to
Claim 3, wherein the  spectrum characteristic
processing means forcibly changes a  spectrum
amplitude of an original time sequence signal, in a
manner that the spectrum amplitude of the original
time sequence  signal becomes equal to that of a
modulated signal for transmission, while retaining
phase information of the spectrum  of the original
time sequence signal. [Claim 61 A transmitting device
according to Claim 4, wherein the  spectrum
characteristic processing means sets a spectrum
amplitude of an original time sequence signal to a
specific  



value at a center frequency band and end frequency
bands of a  frequency domain in use, and smoothes the
spectrum amplitude  at the other frequency bands, in a
manner that the spectrum  amplitude of the original
time sequence signal becomes equal  to that of a
general OFDM signal while retaining phase  information
of the original time sequence signal. [Claim 71 A
transmitting device according to Claim 6, wherein the
spectrum characteristic processing means nullifies the
spectrum amplitude on the center frequency band and
end  frequency bands. 26 S04P1166 [Claim 83 A
transmitting device according to Claim 1, further
comprising a pre-amble pattern storage means that
stores a  signal reconverted into the time sequence
signal as a pre-amble  signal for attaining
synchronization on a receiving side, wherein the
pre-amble signal read from the pre-amble  pattern
storage means is transmitted together with a
transmitted data body on transmission thereof. [claim
91 A transmitting method that processes radio
transmitted  signals, comprising: a frequency
conversion step that converts an original  time
sequence signal of a known multi-valued pattern into a
frequency signal to attain a spectrum characteristic,
a spectrum characteristic processing step that changes



an amplitude of a spectrum signal while retaining
phase  information of the spectrum, and a step that
reconverts a spectrum having the spectrum
characteristic processing applied into a time sequence
signal.  [Claim 101 A transmitting method according to
Claim 9, further  comprising a step that transmits a
signal reconverted into the  time sequence signal
together with a data body as a pre-amble  signal for
attaining synchronization on a receiving side.  [Claim
Ill A transmitting method according to Claim 10,
further  comprising a modulation processing step that
modulates a 27 S04P1166 transmitted data body to
attain a modulated signal for  transmission, wherein
the modulated signal is transmitted  together with the
pre-amble signal. [Claim 12] A transmitting method
according to Claim 11, wherein the  modulation
processing step performs an OFDM modulation, that
applies amplitude and phase modulation to carriers
each,  applies inverse FFT to the plural carriers, and
thereby converts  the carriers into signals on the
time base, while retaining the  orthogonality of the
carriers each on the frequency axis.  [Claim 13] A
transmitting method according to Claim 11, wherein the
spectrum characteristic processing step forcibly
changes a  spectrum amplitude of an original time
sequence signal, in a  



manner that the spectrum amplitude of the original
time sequence  signal becomes equal to that of a
modulated signal for transmission, while retaining
phase information of the spectrum  of the original
time sequence signal. [Claim 14] A transmitting method
according to Claim 12, wherein the  spectrum
characteristic processing step sets a spectrum
amplitude of an original time sequence signal to a
specific  value at a center frequency band and end
frequency bands, of a  frequency domain in use, and
smoothes the spectrum amplitude  at the other
frequency bands, in a manner that the spectrum
amplitude of the original time sequence signal becomes
equal  to that of a general OFDM signal while
retaining phase 28 S04P1166 information of the
original time sequence signal.  [Claim 1S] A
transmitting method according to Claim 14, wherein the
spectrum characteristic processing step nullifies the
spectrum  amplitude on the center frequency band and
end frequency bands.  [Claim 161 A transmitting method
according to Claim 9, further  comprising a pre-amble
pattern storage step that stores a signal  reconverted
into the time sequence signal as a pre-amble signal
for attaining synchronization on a receiving side,
wherein the pre-amble pattern stored in advance is
read  out and transmitted together with a transmitted
data body on  transmission thereof. 



[claim 17] A storage medium storing a multi-valued
pattern, wherein  an original time sequence signal of
a known multi -valued pattern  is converted into a
frequency signal, an amplitude of a spectrum  signal
is changed while phase information of the spectrum is
retained, and thereafter the spectrum signal is
reconverted  into a signal on the time base. [Claim
181 A transmitting device comprising: a storage medium
storing a multi-valued pattern generated  by
converting an original time sequence signal of a known
multi-valued pattern into a frequency signal, changing
an  amplitude of a spectrum signal while retaining
phase information of the spectrum, and thereafter
reconverting the 29 S04P1166 spectrum signal into a
signal on the time base; a modulation means that
performs modulation processing  to a transmitted data
body; and a transmission means that transmits the
multi-valued  pattern read from the storage medium as
a pre-amble signal  together with a transmitted signal
modulated by the modulation  means. 30 


