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(54) Receiving apparatus, communication system, receiving method and program

(57) A receiving apparatus according to the present
invention has a plurality of synchronizing circuits which
is provided corresponding to different preamble signals
of a reception signal and operate simultaneously at the
time of receiving the preamble signals so as to output
synchronous signals, a correlation value comparing sec-

tion which compares correlation values of the synchro-
nous signals output from the plurality of synchronizing
circuits, and a synchronizing section which determines
whether the received signal is for the subject apparatus
based on a comparison result from the correlation value
comparing section.
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Description

CROSS-�REFERENCE TO RELATED APPLICATION

�[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2007-305943
filed in the Japan Patent Office on November 27, 2007,
the entire contents of which being incorporated herein
by reference.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

�[0002] The present invention relates to a receiving ap-
paratus, a communication system, receiving method and
program.

DESCRIPTION OF THE RELATED ART

�[0003] For example, in multi-�band OFDM system of
UWB, a signal which hops over a plurality of bands is
transmitted and received, and a preamble pattern of the
signal is set to be different according to TFC patterns
representing types of hopping. For example, Japanese
Patent Application Laid- �Open Nos. 2007-19985 and
2006-197375 disclose a constitution where a plurality of
synchronizing circuits corresponding to the TFC patterns
are provided.

SUMMARY OF THE INVENTION

�[0004] On a receiving apparatus side, however, even
when a signal with a TFC pattern different from the preset
TFC pattern is received, synchronism is occasionally ac-
quired. Particularly when a distance between the receiv-
ing apparatus and a transmitting apparatus is short,� this
issue easily arises. In this case, the receiving apparatus
is considered to have acquired the synchronism and re-
ceives a signal after preamble. At the time when the re-
ceiving apparatus receives a header, a determination is
made that the reception signal is not for the subject ap-
paratus based on a header check sequence (HCE) in-
cluded in the header. For this reason, a useless process
is generated until the header is received. A MAC can
hardly determine whether an error due to the header
check sequence is caused by reception of different TFC
or by deterioration of SN or collision of signals. An un-
necessary process such as lowering of a reception rate
might be executed as a countermeasure against the er-
ror.
�[0005] Japanese Patent Application Laid-�Open Nos.
2007-19985 and 2006-197375 disclose the constitution
where a plurality of synchronizing circuits according to
the TFC patterns is provided. Although the synchronizing
circuits can be switched according to the TFC patterns,
an issue that synchronism is faultily acquired with a TFC
pattern different from that of the subject apparatus at the

time of acquiring the synchronism is not assumed.
�[0006] Therefore, it is desirable to provide new and
improved receiving apparatus, communication system,
receiving method and program which can accurately de-
termine whether a reception signal is for a subject appa-
ratus at the time of acquiring synchronism of a preamble
signal.
�[0007] According to an embodiment of the present in-
vention, there is provided a receiving apparatus includ-
ing: a plurality of synchronizing circuits which is provided
corresponding to different preamble signals of a recep-
tion signal and operates simultaneously at the time of
receiving the preamble signals so as to output correlation
values of synchronous signals; a correlation value com-
paring section which compares the correlation values
output from the plurality of synchronizing circuits; and a
synchronizing section which outputs a synchronism ac-
quisition signal based on a comparison result from the
correlation value comparing section.
�[0008] According to the above constitution, the plural-
ity of synchronizing circuits is provided corresponding to
different preamble signals of the reception signal, and
operates simultaneously at the time of receiving the pre-
amble signals so as to output correlation values of the
synchronous signals. The correlation value comparing
section compares the correlation values of the synchro-
nous signals output from the plurality of synchronizing
circuits. The synchronizing section outputs a synchro-
nism acquisition signal based on a comparison result
from the correlation value comparing section. Therefore,
only when the reception signal is for the subject appara-
tus based on the result of comparing the plurality of cor-
relation values of the synchronous signals, the synchro-
nism acquisition signal can be accurately output.
�[0009] Further, when a synchronizing circuit which out-
puts the largest correlation value is a synchronizing cir-
cuit corresponding to the preamble signal with a TFC
pattern of a subject apparatus based on the comparison
result from the correlation value comparing section, the
synchronizing section may output the output from the
synchronizing circuit as the synchronism acquisition sig-
nal. According to such a constitution, only when the re-
ceived signal is for the subject apparatus based on
whether the synchronizing circuit which outputs the larg-
est correlation value is the synchronizing circuit corre-
sponding to the preamble signal with the TFC pattern of
the subject apparatus, the synchronism acquisition sig-
nal can be output.
�[0010] Further, when the synchronizing circuit which
outputs the largest correlation value is not the synchro-
nizing circuit corresponding to the preamble signal with
the TFC pattern of the subject apparatus based on the
comparison result from the correlation value comparing
section, a receiving process thereafter is halted and the
process waits for synchronism by the plurality of synchro-
nizing circuits. According to such a constitution, when
the synchronizing circuit which outputs the largest cor-
relation value is not the synchronizing circuit correspond-
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ing to the preamble signal with the TFC pattern of the
subject apparatus, a determination can be made that a
received signal is not for the subject apparatus. For this
reason, the receiving process thereafter is halted, so that
execution of a useless receiving process can be re-
pressed.
�[0011] The correlation value comparing section may
compare the correlation values output within predeter-
mined time previously defined according to a preamble
signal or a TFC pattern. According to such a constitution,
since timings at which the synchronism is acquired differs
according to preamble signals or TFC patterns, when
correlation values output within predetermined time de-
fined according to a preamble signal or a TFC pattern
are compared so that the correlation values can be ac-
curately compared.
�[0012] According to another embodiment of the
present invention, there is provided a communication
system in which a transmitting apparatus and a receiving
apparatus are connected via a wireless communication
network, the receiving apparatus including: a plurality of
synchronizing circuits which is provided corresponding
to different preamble signals of a reception signal and
operates simultaneously at the time of receiving the pre-
amble signals so as to output correlation values of syn-
chronous signals; a correlation value comparing section
which compares the correlation values output from the
plurality of synchronizing circuits; and a synchronizing
section which outputs a synchronism acquisition signal
based on a comparison result from the correlation value
comparing section.
�[0013] According to the above constitution, in the com-
munication system in which the transmitting apparatus
and the receiving apparatus are connected via a wireless
communication network, the plurality of synchronizing
circuit of the receiving apparatus is provided correspond-
ing to different preamble signals of a reception signal,
and operates simultaneously at the time of receiving the
preamble signals so as to output correlation values of
the synchronous signals. The correlation value compar-
ing section compares the correlation values of the syn-
chronous signals output from the plurality of synchroniz-
ing circuits. The synchronizing section outputs the syn-
chronism acquisition signal based on a comparison result
from the correlation value comparing section. Therefore,
only when the reception signal is for the subject appara-
tus based on the result of comparing the plurality of cor-
relation values of the synchronous signals, the synchro-
nism acquisition signal can be output accurately.
�[0014] According to another embodiment of the
present invention, there is provided a receiving method
including the steps of: outputting correlation values of
synchronous signals at the time of receiving preamble
signals from a plurality of synchronizing circuits provided
corresponding to the different preamble signals of a re-
ception signal; comparing the correlation values output
from the plurality of synchronizing circuits; and outputting
a synchronism acquisition signal based on a result of

comparing the correlation values.
�[0015] According to the above constitution, the corre-
lation values of the synchronous signals are output from
the plurality of synchronizing circuits provided corre-
sponding to different preamble signals of the reception
signal at the time of receiving the preamble signals. Fur-
ther, the correlation values of the synchronous signals
output from the plurality of synchronizing circuits are
compared, and the synchronism acquisition signal is out-
put based on the result. Therefore, only when the recep-
tion signal is for the subject apparatus based on the result
of comparing the plurality of correlation values of the syn-
chronous signals, the synchronism acquisition signal can
be output accurately.
�[0016] According to another embodiment of the
present invention, there is provided a program which al-
lows a computer to function as: a unit which outputs cor-
relation values of synchronous signals at the time of re-
ceiving preamble signals from a plurality of synchronizing
circuits provided corresponding to the different preamble
signals of a reception signal; a unit which compares the
correlation values output from the plurality of synchroniz-
ing circuits; and a unit which outputs a synchronism ac-
quisition signal based on a result of comparing the cor-
relation values.
�[0017] According to the above constitution, the corre-
lation values of the synchronous signals are output from
the plurality of synchronizing circuits provided corre-
sponding to different preamble signals of the reception
signal at the time of receiving the preamble signals. Fur-
ther, the correlation values of the synchronous signals
output from the plurality of synchronizing circuits are
compared, and the synchronism acquisition signal is out-
put based on the result. Therefore, only when the recep-
tion signal is for the subject apparatus based on the result
of comparing the plurality of correlation values of the syn-
chronous signals, the synchronism acquisition signal can
be output accurately.
�[0018] According to the present invention, at the time
of acquiring synchronism of the preamble signals, a de-
termination can be accurately made whether the recep-
tion signal is transmitted to the subject apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0019]

FIG. 1 is a pattern diagram illustrating a constitution
of a receiving apparatus according to a first embod-
iment of the present invention;
FIGS. 2A to 2G are pattern diagrams illustrating sev-
en TFCs defined by IEEE802.15.3 standard;
FIG. 3 is a pattern diagram for explaining one exam-
ple of a data structure of a packet signal received by
the receiving apparatus;
FIG. 4 is a pattern diagram illustrating in detail a con-
stitution of a synchronizing section;
FIG. 5 is a pattern diagram illustrating correlation
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values of synchronous signals output from the syn-
chronizing circuits when the receiving apparatus re-
ceives a reception signal of TFC 1; and
FIG. 6 is a flow chart illustrating a procedure of a
process in the receiving apparatus according to the
embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

�[0020] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the appended drawings. Note that, in this spec-
ification and the appended drawings, structural elements
that have substantially the same function and structure
are denoted with the same reference numerals, and re-
peated explanation of these structural element is omitted.
�[0021] FIG. 1 is a pattern diagram illustrating a consti-
tution of a receiving apparatus 100 according to one em-
bodiment of the present invention. The receiving appa-
ratus 100 is, for example, a receiving apparatus adopting
a UWB multi-�band OFDM system, and receives a signal
transmitted from a transmitting apparatus connected
communicably via a wireless communication network. As
shown in FIG. 1, the receiving apparatus 100 has an an-
tenna 102, a RF circuit 104, an AD converting section
(ADC) 106, an FFT 110, a channel correcting section
112, a deinterleaver 114, a depuncturer 116, a decoder
118, an MAC 120, a synchronizing section 130 and a
controller 140.
�[0022] In FIG. 1, a high-�frequency signal received by
the antenna 102 is amplified by the RF circuit 104, and
is converted into a digital signal by the AD converting
section 106. The reception signal converted into the dig-
ital signal is subject to fast Fourier transformation by the
FFT 110 so as to be transmitted to the channel correcting
section 112. The channel correcting section 112 corrects
a channel based on a channel estimating signal (CE)
included in the reception signal.
�[0023] The signal which is corrected by the channel
correcting section 112 is sent to the deinterleaver 114.
The deinterleaver 114 executes a process for returning
the interleaved reception signal to an original state. The
reception signal output from the deinterleaver 114 is sent
to the depuncturer 116 so as to be subject to a depuncture
process. The decoder 118 decodes the signal input from
the depuncturer 116. The signal decoded by the decoder
118 is input into the MAC 120.
�[0024] The synchronizing section 130 acquires syn-
chronism of the signals received by the AD converting
sections 66 and 86. The controller 140 sends reception
timings of the signals synchronized by the synchronizing
section 130 to the FFT 110. The FFT 110 performs the
fast Fourier transformation on the signals based on the
reception timings sent from the synchronizing section
130.
�[0025] The OFDM system which carries out frequency
hopping, such as the communication system defined by

the IEEE802.15.3 standard, is normally called a multi-
band OFDM (MB- �OFDM) system. This system carries
out hopping even for transmission of a preamble signal
as a frequency acquisition signal, and has various types
of hopping patterns and data transmission patterns (Time
Frequency Code: hereinafter, TFC).
�[0026] FIGS. 2A to 2G are pattern diagrams illustrating
seven TFCs defined by the IEEE802.15.3 standard. As
shown in FIGS. 2A to 2G, seven patterns TFC1 to TFC7
are defined, and a preamble signal as a synchronous
signal is transmitted with any one of the seven patterns.
Concretely, three frequencies f1, f2 and f3 are prepared
as transmission frequencies, and a preamble signal (syn-
chronous signal) of one unit is sent repeatedly 24 times
(24 slots) by using any one of three frequencies f1, f2
and f3. FIGS. 2A to 2G show only 12 cycles.
�[0027] The respective patterns are described. In the
pattern TFC1, as shown in FIG. 2A, the frequency is
changed into f1, f2 and f3 in this order according to the
preamble signal (synchronous signal) of one unit. In the
pattern TFC2, as shown in FIG. 2B, the frequency is
changed into f1, f3 and f2 in this order according to the
preamble signal of one slot. In the pattern TFC3, as
shown in FIG. 2C, the frequency is changed into f1, f2
and f3 in this order according to the preamble signals of
two slots. In the pattern TFC4, as shown in FIG. 2D, the
frequency is changed into f1, f3 and f2 in this order ac-
cording to the preamble signals of two slots. In the pattern
TFC5, as shown in FIG. 2E, the preamble signals of all
the slots are transmitted with the frequency f1. In the
pattern TFC6, as shown in FIG. 2F, the preamble signals
of all the slots are transmitted with the frequency f2. In
the pattern TFC7, as shown in FIG. 2G, the preamble
signals of all the slots are transmitted with the frequency
f3. Not shown here, but signal polarities (+ or -) of the
preamble signals are set to predetermined patterns.
�[0028] FIG. 3 is a pattern diagram illustrating one ex-
ample of a data structure of a packet signal received by
the receiving apparatus 100. As shown in FIG. 3, the
packet signal includes a preamble, a channel estimating
signal (CE), a header and a payload. The header is clas-
sified into a PHY header, a MAC header and a header
check sequence (HCE). The PHY header includes infor-
mation such as a payload transmission rate and a pay-
load length. On the other hand, the MAC header includes
a MAC address showing destination of the packet signal.
Different preambles are set according to the preamble
patterns TFC1 to TFC7 shown in FIGS. 2A to 2G. When
the receiving apparatus 100 acquires synchronism of
preamble signals, it can recognize the TFC patterns of
the reception signals as the TFC pattern corresponding
to the subject apparatus.
�[0029] At this time, when, for example, the setting is
such that the receiving apparatus 100 receives the signal
of TFC1, it occasionally acquires synchronism due to the
reception of the other signals of TFC2 to TFC7. In this
case, the receiving apparatus 100 can determine recep-
tion of the other signals of TFCs by means of HCS after
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the MAC header, but it determines that the reception sig-
nal is a signal for the subject apparatus until receiving
the HCS of the header. For this reason, although origi-
nally the determination can be made that the reception
signal is not a signal for the subject apparatus at the time
of receiving the preamble, signals from the preamble to
the HCS are decoded, and thus an unnecessary process
is executed.
�[0030] For this reason, in the receiving apparatus 100
according to this embodiment, a plurality of synchronizing
circuits is provided to the synchronizing section 130 so
that it can be determined accurately whether the TFC of
the reception signal is for the subject apparatus. FIG. 4
is a pattern diagram illustrating in detail a constitution of
the synchronizing section 130. As shown in FIG. 4, the
synchronizing section 130 has a TFC1 synchronizing cir-
cuit 132, a TFC2 synchronizing circuit 134, ..., a TFCm
synchronizing circuit 136. Further, the synchronizing sec-
tion 130 has a correlation value comparing circuit 138
which compares correlation values output from the syn-
chronizing circuits 132, 134 and 136.
�[0031] The TFC1 synchronizing circuit 132 acquires
synchronism at the time of receiving a TFC1 reception
signal, and acquires a correlation value of the synchro-
nous signal. Similarly, the TFC2 synchronizing circuit 134
acquires synchronism at the time of receiving a TFC2
reception signal and outputs a correlation value. The
TFCm synchronizing circuit 136 acquires synchronism
at the time of receiving a TFCm reception signal and out-
puts a correction value.
�[0032] FIG. 5 is a pattern diagram illustrating correla-
tion values of the synchronous signals output from the
synchronizing circuit 132, 134 and 136 when the receiv-
ing apparatus 100 receives a TFC 1 reception signal.
The synchronizing circuits operate simultaneously at the
time of receiving signals. As shown in FIG. 5, when the
receiving apparatus 100 receives a TFC1 reception sig-
nal, the TFC1 synchronizing circuit 132 detects a corre-
lation value of a peak value 1. On the other hand, corre-
lation values of synchronous signals detected by the syn-
chronizing circuits 134 and 136 (peak value 2 and peak
value m) become smaller than the correlation value de-
tected by the TFC1 synchronizing circuit 132.
�[0033] The synchronizing circuits 132, 134 and 136
acquire synchronism when the correlation values exceed
a threshold TH. As shown in FIG. 5, however, when the
correlation values output from the synchronizing circuits
132, 134 and 136 exceed the threshold TH, a determi-
nation may not be made as to with which TFC pattern
the synchronism is acquired.
�[0034] For this reason, in the receiving apparatus 100
according to the embodiment, the correlation value com-
paring circuit 138 compares correlation values detected
by the synchronizing circuits 132, 134 and 136, and the
synchronizing circuit which outputs the largest correla-
tion value is specified. As a result, a determination is
made as to which one of TFC1 to TFC7 signals is re-
ceived. In the example of FIG. 5, since the correlation

value acquired by the TFC1 synchronizing circuit 132 is
larger than the correlation values acquired by the other
synchronizing circuits 134 and 136, a determination can
be made that the synchronizing circuit with the largest
correlation value is the synchronizing circuit 132 corre-
sponding to TFC1. As a result, a determination can be
securely made that the reception signal is a TFC1 pattern.
Therefore, a determination can be made whether the re-
ception signal is a TFC pattern for the subject apparatus
or a TFC pattern for the other apparatus at the time of
receiving payload. As a result, when the signals for the
other apparatuses are received, the receiving process
can be halted immediately, and thus execution of an use-
less process can be repressed.
�[0035] As to the comparison of correlation values, not
only correlation values at the same time but also corre-
lation values acquired in a predetermined interval B as
shown in FIG. 5 are compared. The interval B is set ac-
cording to a preamble signal, a hopping pattern and the
like. This is because the timings at which the correlation
values are detected differ according to variations of the
preamble patterns, the TFC patterns or the hopping pat-
terns.
�[0036] A procedure of a process in the receiving ap-
paratus 100 according to the embodiment is described
below with reference to FIG. 6. Information about which
one of TFC 1 to TFC7 is used by the receiving apparatus
100 is acquired at step S1. For example, a user can set
in advance TFC which is used by the receiving apparatus
100. The signal of the TFCm pattern which is to be used
by the receiving apparatus 100 is set in advance.
�[0037] Reception is started at a next step S2. As a
result, the reception signal which is digitally converted
by the AD converting section 106 is sent to the synchro-
nizing section 130. All the synchronizing circuits 132, 134
and 146 are actuated and wait for synchronism at a step
S3.
�[0038] At a next step S4, when the synchronizing cir-
cuit 136 corresponding to TFCm used by the receiving
apparatus 100 acquires synchronism, namely, the cor-
relation value detected by the synchronizing circuit 136
is larger than the threshold TH, the process goes to a
step S5. On the other hand, when it does not acquire
synchronism, the process returns to the step S3. Peaks
of the correlation values of the synchronizing circuits 132,
134 and 136 are compared within the range of the interval
B at the step S5. At a step S6, a determination is made
based on the comparison result at step S5. And when
the correlation value of the TFCn synchronizing circuit
136 is the maximum, the process goes to a step S7. At
the step S7, an output from the TFCn synchronizing cir-
cuit 136 is output as a final synchronism acquisition signal
from the synchronizing section 130 so as to be sent to
the controller 140. As a result, the reception timing due
to the synchronism acquisition is sent to the FFT 110,
and the reception signal is subject to the fast Fourier
Transformation. At a next step S8, reception of a symbol
such as a header after a preamble. After step S8, the
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TFC determining process is ended (RETURN).
�[0039] On the other hand, when the correlation value
of the TFCm synchronizing circuit is not maximum at the
step S6, it is determined that another TFC other than
TFCm is received, and the process returns to the step
S3 so that the process thereafter is repeated. According
to the above process, the determination can be accurate-
ly made whether the TFC pattern of the reception signal
is the TFC pattern to be used by the receiving apparatus
100. The process in FIG. 6 may be realized by allowing
the receiving apparatus 100 as a computer to function
according to a program (software) stored in a memory of
the receiving apparatus 100, for example.
�[0040] According to this embodiment, the synchroniz-
ing circuits 132, 134 and 36 corresponding to a plurality
of TFCs are provided, and the correlation values detected
by the synchronizing circuits 132, 134 and 136 are com-
pared so that the TFC pattern of the reception signal can
be securely recognized. Therefore, the determination
can be accurately made based on the TFC pattern wheth-
er the reception signal is a signal for the subject appara-
tus or for another apparatus.
�[0041] It should be understood by those skilled in the
art that various modifications, combinations, sub-�combi-
nations and alternations may occur depending on design
requirements and other factors insofar as they are within
the scope of the appended claims or the equivalents
thereof.

Claims

1. A receiving apparatus comprising:�

a plurality of synchronizing circuits which is pro-
vided corresponding to different preamble sig-
nals of a reception signal and is configured to
operate simultaneously at the time of receiving
the preamble signals so as to output correlation
values of synchronous signals;
a correlation value comparing section which is
configured to compare the correlation values
output from the plurality of synchronizing cir-
cuits; and
a synchronizing section which is configured to
output a synchronism acquisition signal based
on a comparison result from the correlation val-
ue comparing section.

2. The receiving apparatus according to claim 1, where-
in when a synchronizing circuit which outputs the
largest correlation value is a synchronizing circuit
corresponding to the preamble signal with a TFC pat-
tern of a subject apparatus based on the comparison
result from the correlation value comparing section,
the synchronizing section outputs the output from
the synchronizing circuit as the synchronism acqui-
sition signal.

3. The receiving apparatus according to claim 2, where-
in when the synchronizing circuit which outputs the
largest correlation value is not the synchronizing cir-
cuit corresponding to the preamble signal with the
TFC pattern of the subject apparatus based on the
comparison result from the correlation value com-
paring section, a receiving process thereafter is halt-
ed and the process waits for synchronism by the plu-
rality of synchronizing circuits.

4. The receiving apparatus according to claim 1, where-
in the correlation value comparing section is config-
ured to compare the correlation values output within
predetermined time previously defined according to
a preamble signal or a TFC pattern.

5. A communication system in which a transmitting ap-
paratus and a receiving apparatus are connected via
a wireless communication network, the receiving ap-
paratus comprising:�

a plurality of synchronizing circuits which is pro-
vided corresponding to different preamble sig-
nals of a reception signal and is configured to
operate simultaneously at the time of receiving
the preamble signals so as to output correlation
values of synchronous signals;
a correlation value comparing section which is
configured to compare the correlation values
output from the plurality of synchronizing cir-
cuits; and
a synchronizing section which is configured to
output a synchronism acquisition signal based
on a comparison result from the correlation val-
ue comparing section.

6. A receiving method comprising the steps of:�

outputting correlation values of synchronous
signals at the time of receiving preamble signals
from a plurality of synchronizing circuits provid-
ed corresponding to the different preamble sig-
nals of a reception signal;
comparing the correlation values output from the
plurality of synchronizing circuits; and
outputting a synchronism acquisition signal
based on a result of comparing the correlation
values.

7. A program which allows a computer to function as:�

a unit which outputs correlation values of syn-
chronous signals at the time of receiving pream-
ble signals from a plurality of synchronizing cir-
cuits provided corresponding to the different
preamble signals of a reception signal;
a unit which compares the correlation values
output from the plurality of synchronizing cir-
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cuits; and
a unit which outputs a synchronism acquisition
signal based on a result of comparing the cor-
relation values.
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