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METHOD Technical Field [0001] The present invention relates to an

ort hogonal frequency division nmultipl exed signal receiving apparatus that
recei ves an orthogonal frequency division nultiplexed signal and recovers
transm ssion data. First, it relates to an orthogonal frequency division
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transmtted simnultaneously i f Rty bands. Background Art
[ 0002] An identicalthod for Ejtir gr#s%'mlﬁl ng fgfdél gl { i signal, the orthogonal

frequency division nultiplexing (OFDM nethod is known. [0003] According
to an orthogonal frequency division nmnultiplexing nethod, a pilot signal
havi ng prededdnietbapmidigide, phase and timng is inserted into a
predeterm néd subcarrrer to transmt data. [0004) For exanple, in a
synchr onous[ oumiu] at The pyeisent COMpbhenén Wrkhathe VB- An( BriHAjonAdTeo
Broadcasting-Terrestrial) or 1SDB-T (Integrated Services 1 7 F E B 2005 2
Di gi t al Br cachxpein oy -dierirsdsinr imul Lt iptlidded mg drizd addedgdng apfpasiensy

di vision multiplexing method, a pilot signal referred to as a dispersed
pi |l ot (SP) imatygedeives an orthogonal frequency division multiplexed

signal and recovers transmission data. First, it relates to
anorthogonal frequencydivisionmultiplexedsignal receiving
apparatus that appropriately equalizes a received signal to
recover transmission data. Secondly, it relates to an
orthogonal frequency division multiplexed signal receiving
apparatus that is suitable for a network environment in which
an identical content is transmitted simultaneously in

different frequency bands.

Background Art

[0002] An identicalthod for transmitting a digital signal,
~ the orthogonal frequency division multiplexing (OFDM) method

is known.

[0003] According to an orthogonal frequency division

multiplexing method, a pilot signal having predefined

amplitude, phase and timing is inserted into a predetermined

subcarrier to transmit data.

[0004] For example, in a synchronous modulation system

compliant with the DVB-T (Digital Video

Broadcasting-Terrestrial} or ISDB-T (Integrated Services



(0005] In a receiving apparatus that is applied to such a DVB-T-conpliant
or | SDB-T-conpliant system receives an orthogonal frequency division
mul ti pl exed signal and recovers transm ssion data by means of an 17 FEB 2005
arrangenent including an equalizer, adransm ssion |line characteristic for
a subcarrier having transmtted the SP signal is first determ ned based
on the received signal data. Then, the receiving apparatus filters data
representing.the _t SS|on i ne characteristic . in a synbol direction
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synbol filt and a sgpcarrler fliter res The transm ssion |ine
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representlng Fansn ssion | ar a erlst or> art®Subcarriers. (0006]
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recei ved data using the transm I né ar ac

obt ai ned, 1 5@ SBYCORS AL 4 1oL GRIDERY . Hiidlandal & SOUR! | Z.«%@ea%gg da&g to an

effect of the transm ssion line, and recover the transm ssion
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execute a filtering process for removing a folding conmponent when
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3 the subcarrier having transmtted the SP signal in the subcarrier

direction (éqealuensy, dia edtraorgni<068] 1Hare exargdastaefidthioc t réswsni £si on
| ine characteristic data for the subcarrier having transmtted the SP
signal is $weeapoler edravinchetsgnbolittedecthion SPti ségdrlecisonfirst
transm ssion line characteristic having a tinme response
determined based on the received signal data. Then, the
receiving apparatus filters data representing the
transmission line characteristic in a symbol direction (time
direction) and a subcarrier direction (frequency direction)
by a symbol filter and a subcarrier filter, respectively.
The transmission line characteristic determined only for the
subcarrier having transmitted the SP signal is interpolated,
thereby providing transmission line data representing
transmission line characteristic for all subcarriers.
[0006] The receiving apparatus can perform complex division
or the like on the received data using the transmission line
characteristicdatathusobtained, therebyocbtainingreceived
signal data equalized according to an effect of the
transmission line, and recover the transmission data by
demapping or the like.
[0007] Here, conventional receiving apparatus execute a

filtering process for removing & folding component when

interpolating the transmission line characteristic data for



characteristic (delay profile) shown in Figure 11(a) is obtained. The

recei ving apparatus filters the transm ssion |line characteristic usilrfgFEs 2003
conpl ex BPF (band pass filter) having a pass band characteristic shown in
Figure 11(b), thereby interpolating t transm ssion line characteristic

in the subcarrier direction (frequency direction) to generate a

transm ssion line characteristic data having a tine response

characteristic shown in Figure 11(c). (0009] According to the prior art

t echni que deer sHPgazEdes, hawiay tteansmitiedstbe GERratgralstic thea for
the subcarrier having transmtted the SP signal is interpolated in the
subcarri er IWPERIFIRC (dierpleiry frequensy ditrRctiomnbring process nay be

executed usjng a conplex BPF having the. pass band limted enough to
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data. [0012] On the other hand,” systens that enab nrcation

via the ortdngonadaf r eauepsye fivhiappardtld Piexbpg it had il ddg,@ mul ti

frequency network (MFN) in which a plurality of sending stations transmt
an identi caline @Haanictesiing id Lsehgnk EsmpLeRBES (MHHSBIp € anvierd 4 pnal
recei ving apparatus that receives a
having a pass band characteristic shown in Figure 11(b),
thereby interpolating the transmission line characteristic
in the subcarrier direction (frequencydirection) to generate
atransmission line characteristicdatahavinga time response
characteristic shown in Figure 11(c).
[0009] According to the prior art technique described above,
when the transmission characteristic data for the subcarrier
having transmitted the SP signal is interpolated in the
subcarrier direction (frequency direction), the filtering
process may be executed using a complex BPF having the pass
band limited enough to remove the folding component.
[0010] However, only removing the folding component is not
enough to control noise components in the transmission line
characteristic, andcorrect transmissiondatapossiblycannot
be recovered.
[0011] The present invention has been devised in view of the
abo?e-described first problem of the prior art technigue.

A first object of the invention is to provide an orthogonal

frequency division multiplexed signal receiving apparatus



signal transmtted froma sending station and recovers transm ssion data
whil e noving in such an MFN environnment sw tches the receiving chanp?¢E§¥w5
controlling the frequency of a local oscillation signal used for
down-converting the received signal,-when the reception |evel of the

signal transmtted fromthe sending station. In this way, the receiving
apparatus can receive a signal transmtted from another sending station
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channel is se ected y switching the frequency of the | ocal oscillation
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di sadvant ageously results in a conplicated structure and high cost. [00171
The presentconmtvemt i vwsi i sdbbratey i fosdidenadesv of the above-descri bed
second problem of the prior art technique. A second object of the
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channel s.
transmission data while moving in such an MFN environment

switches the receiving channel by controlling the frequency
of a local oscillation signal used for down-converting the
received signal, when the reception level of the signal
transmitted from the sending station. In this way, the
receliving apparatus can receive a signal transmitted from
another sending station and obtain transmission data having
the identical content that is transmitted via a new channel
in a different frequency band.

[0014] According to the prior art technique described above,
the receiving channel is selected by switching the frequency
of the local oscillation signal used for down-converting the
received signal.

[0015] Therefore, there is a problem in that, when the
reception level for the channel being used for reception is
degraded and switching from the channel to ancother one provided
by another sending station is performed, it takes a long time

to obtain the transmission data.



Di scl osure of the Invention (0018] In order to attain the above-descg lJbFeE%
first object, an orthogonal frequency division nmultiplexed signal 2005
receiving apparatus according to the invention (first invention)
essentially serves to receive an orthogoral frequency division nmultiplexed
(OFDM signal including a dispersed pilot signal inserted in a

predeterm ned subcarrier and recover transm ssion data. [0019] According
toafirstfaosd)leé: ' i ' . I ' o the

i nvention corrprlfsegfn_és%%t %%ﬁgi:?ié? é%ﬁ%%&%ﬁ%g?%ggggﬁﬁeﬁP%g:%%og}ﬁ%n&gth of a
guar d i nt ergalaen§6hia®1 01 a Bl 9a0Ra 1 BEGUANGH Mo 2] OBl ey exed
signal; characteristic termning neans for determnihg a transm ssion

line characl#y kbl endPheide R CEniBHpptd A0S Hilsh a1 Sigf pi l ot
signal; first interpolating neans for interpolating data indicative of the

det er m ned destatt & i 20 omp B dd e B te8icturtd e haipctesdstic in a synbol
direction; and second interpolating neans for interpolating, in a
subcarrier [aglIECt The ptdseiiatiavienteopohas eddmabhiessmwok idw £ttt to
determ ne a transm ssion |ine characteristic for all subcarriers. And, the
second i nt extpotetdeasr midss sepend! psobilamsof htize anier driatteichofiigdeer s t he
data indicative of the transmssion |ine characteristic which is

i nt er pol at &dsegonthebigubaif dheettveomt Len g &of proelde an aattdwigstriacl
corresponding to the detected length of the guard interval section. [0020]
More speci fiz&guency e vdgdanamyd tip lexedr sHagddalre cedddien @prding tdison

mul ti pl exed signal receiving apparatus _which receives received signal data
i ndi cat i ve ¥retaRasq? (HeFdSaP tFrehRER AU LA sPBRA M| ¥ T ExkTs oy fata

nsistin
consi st gby swiftly switching between different frequency band

channels.

Disclosure of the Invention

[0018] 1In order to attain the above-described first object,
anorthogonal frequencydivisionmultiplexedsignal receiving
apparatus according to the invention {(first invention)
essentially serves to receive an orthogonal £requency
division multiplexed (OFDM) signal including a dispersed
pilot signai inserted in a predetermined subcarrier and
recover transmission data.

[0019] According to a first aspect of the first invention,
the apparatus according to the invention comprises: section
detecting means for detecting the length of a guard interval
section of the orthogonal frequency division multiplexed
signal; characteristic determining means for determining a
transmission line characteristic for the subcarrier that
transmits the dispersed pilot signal; first interpolating

means for interpolating data indicative of the determined



of an effective synbol section and a guard interval section and having a
di spersed pilot signal inserted in a predeterm ned subcarrier and 1 §chpeI8)
transm ssion data, the apparatus conprising: section determ ning neans for
perform ng an autocorrel ation operati gn-on the input received signal data,
t hereby determ ning the length of the guard interval section; Fourier
transform nmeans for performng a Fourier transformon the input received

[ | data; h teristic det I Nj ng. f det I Nj
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interpolating, in a subcarrier direction, ata 1 ndicative of the

transm ssi Qidd1e-1E1a aChRE! SthE ddisHPAlAlRDd 1h i ifg B ogflifAcd on by
said first interpolating neans to determne a transm ssion |I'ine
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equal i zing the received signal data by performng a conplex arithnetic
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transform neans using the data indicative of the transm ssion |ine

char act eri gthec isymdrqpo| atietedlyigmi disigompndai nf et perat chgrantznsi s taind
demappi ng neans for recovering the transm ssion data fromthe received

si gnal dat #osqesiongdngy teatHecdpbetredglenpdr ff dhensgwprd interval

section.
[0020]) More specifically., the apparatus is an orthogonal
frequency division multiplexed signal receiving apparatus
which receives received signal data indicative of an
orthogonalfrequencydivisionnmltiplexedsignalconsisting
of an effective symbol section and a guard interval section
andhavingadispersedpilot signal insertedinapredetermined
subcarrier and recovers transmission data, the apparatus
comprising:

section determining means for performing an
autocorrelation operation on the input received signal data,
thereby determining the length of the guard interval section;

Fourier transform means for performing a Fourier
transform on the input received signal data;

characteristic determining means for determining a
transmission line characteristic for a subcarrier which
transmits the dispersed pilot signal based on the received
signal data Fourier-transformed by said Fourier transform

means; first interpolating means for interpolating data



(0021] And, said second interpolating neans includes: filter coefficient
determ ning neans for determning a filter coefficient correspondiﬂ9 to
the length of the guard interval section determ ned by said sectio FEB 2005
determ ning neans; and filtering nmeans for performng, using the filter

- coefficient determned by said filter coefficient determ ning neans, a
filtering process for passing only a conponent, corresponding to the guard
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determ ned by the section determning neans is used to performthe

filtering pregese:Hndleidat ehatdeténtdvee AhthpdIaARAEaSERE dynifdbl
characteristic interpolated in the synbol direction by the first

i nt er pol at i dgre®aen Hy0ea3 flust ihterifd Patimghfeaid efddetcatnine the
subcarrier direction while preventing an error fromoccurring in the
t ransm ssi otransmwel sdizpraciléniest chadattebyspassifigr ordhl a subaaponiats ;of t he
transm ssion |ine characteristic which corresponds to the guard interval
secti on begquaig g aperatten mgans, famequaliszingdherecotvedisjrmaldat a can
be appropriately equalized and the correct transm ssion data can be
recovered. 430020 PRIXECTRINQpPpaFATRLeHCRBEERAQLLE apsEasAgnagPeciheof the
first invention conprises: characteristic deternining . .
received signal data Fourier-transformed by said Fourier
transform means using the data indicative of the transmission
linecharacteristicinterpolatedbysaidsecondinterpolating
means; and
demapping means for recovering the transmission data
from the received signal data equalized by said equalizing
operation means.
{0021] And, saidsecondinterpcolatingmeans includes: filter
coefficient determining means for determining a filter
coefficient corresponding to the length of the guard interval
section determined by said section determining means:; and
filtering means for performing, using the filter
coefficientdeterminedbysaidfiltercoefficientdetermining
means, a filtering process for passing only a component,
corresponding to the guard interval section beginning at a
direct wave, of the transmission 1line characteristic
interpolated in the symbol direction by said first

interpoclating means and supplying the result to said

egqualizing operation means.



means for determning a transmssion |ine characteristic for the

subcarrier that transmts the dispersed pilot signal; first interpng#Eﬁgms
nmeans for interpolating data indicative of the determ ned transm ssi

line characteristic in a synbol directd qn; and second interpol ating neans
for interpolating, 1in a subcarrier direction, the data interpolated in the
synbol direction to determne a transmssion |ine characteristic for all
subcarriers, 40025] And, the second interpol atigg means operates in such a

manner t hat { $924bnéCOE8iRIfe? dPept bF$ Y 8spesh efidhgaf arst AmrEm igns. - 9

i ndi cative ‘%1; the trangnm ssion_|ine characteristic interpolated in the
synbol di r é818Dn B8 192t2r sRGLcative i Afi chbeve tERNSIESSIQsnikidi®on |ine
characteristic interpolated, in the, s grecti on usi n%é.]a filter
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t he apparatus conprising: Fourier ftransformnea or performng a Fourier

transform ofhditeativiPutof ecehued tinMisdaldr CBRACct @iastik ety ni ng
means for determning a transm ssion |line characteristic for a subcarrier
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data Fourier-transfornmed by said Fourier transform neans; first

i nt er pol at iingtemerisatfiorg imetagrspol ati ng data indicative of the transm ssion

| i ne characteristic determ ned
[0023] Thus, the data can be interpolated in the subcarrier
direction while preventing an error from occurring in the
transmission line characteristic data by passing only a
component of the ftransmission line characteristic which
corresponds to the guard interval sectionbeginningat adirect
wave, and thus, the received signal data can be appropriately
equalized and the correct transmission data can be recovered.
[0024] Next, an apparatus according to a second aspect of
the first invention comprises: characteristic determining
means for determining a transmission line characteristic for
the subcarrier that transmits the dispersed pilot signal;
first interpolating means for interpolating data indicative
of the determined transmission line characteristic in a symbol
direction; and second interpolating means for interpolating,
in a subcarrierdirection, the data interpolated in the symbol
direction to determine a transmission line characteristic
for all subcarriers.

[0025] And, the second interpolating means operates in such

a manner that it generates a delay profile from the data



by said characteristic determning means in a synbol direction; second

I nterpolating nmeans for interpolating, in a subcarrier direction, t] elgﬁdﬂaiﬂﬁﬁ
i ndicative of the transm ssion line characteristic interpolated in't'h
synbol direction by said first interpoiating neans to determne a

transm ssion |ine characteristic for all subcarriers; and equalizing
operation neans for equalizing the received signal data by performng a
conmplex arithnmetic operation on the 1 7 FEB 2005 - 10 received signal data
Fouri er-trahRAbFaRivey 84i d Ghsur i EFanspigsion m Adass (Hharpater batkc
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coefficient determning neans, a filtering process on the data indicative
of the transteasien rddaioreahariantal iddtia lindtieradtivat @ iah todregdnd L
direction by said first interpolating nmeans and supplying the result to
frequency division multiplexed signal having a dispersed
pilot signal inserted in a predetermined subcarrier and
recovers transmissiondata, the apparatus comprising: Fourier
transform means for performing a Fourier transform on the
input received signal data;
characteristic determining means for determining a
transmission line characteristic for a subcarrier which
transmits the dispersed pilot signal based on the received
signal data Fourier-transformed by said Fourier transform
means; first interpolating means for interpolating data
indicativeof the transmission line characteristicdetermined
by said characteristic determining means in a symbol
direction; second interpolating means for interpolating, in
a subcarrier direction, the data indicative of the
transmission line characteristic interpolated in the symbol
direction by said first interpolating means to determine a
transmission line characteristic for all subcarriers; and

equalizing operation means for equalizing the received signal

data by performing a complex arithmetic operation on the



said equalizing op
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transm ssi on data

in a network environnment in which an identical content
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in such a manner that any one of an internediate

frequency smpfhlleobtmiliggdihh detecting means for detecting a direct

wave component and at least one delayed wave component from
the delay profile generated by said inverse Fourier transform
means to determine a delay time of a delayed wave which has
the longest path:

filter coefficient determining means for determining
a filter coefficient corresponding to the length of the delay
time determined by said multipath detecting means; and
filtering means for performing, using the filter coefficient
determined by said filter coefficient determining means, a
filtering process on the data indicative of the transmission
line characteristic interpolated in the symbol direction by
said first interpolating means and supplying the result to
said equalizing operation means.
{0028] With the apparatus according to the second aspect of
the first invention, when the data indicative of the
transmission line characteristic is interpolated in the
subcarrier direction, the filter coefficient corresponding

to the delay time of the delayed wave component which is the



down-converting a radio frequency signal transmtted via a first channel
and an intermedi ate frequency signal obtained by down-converting a Triabi®2005
frequency signal transmitted via a second channel different fromthe first
channel is selected, 1 7 F E B 2005 a pase band signal is denodul ated from
the selected internediate frequency signal, a correlation operation is
performed on the base band signal to estimate the effective synbol section
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switched at a timng estimated to be inc ed 1n the guard interva

section, thg FROEI¥d Whil 1Y Yrevéintifg indRArdrs M IRGMildy titptrid the
signal having been selected in the effective synbol section, and the

transni ssi oirarthadias d Sorl eCDver eHabaotethethas@arantdbpi gpassidgnedulyated by
selecting the internedi ate frequency signal having a higher reception
| evel . [ 003mpdnent td theeitvangmilainel Xiane behawattbyiswitchadiciwi th a
sinple structure in which the base band signal is denodulated fromthe
i nt er medi ate»respoants teoivpigs foonl thangirfecdnvae tathe delbayedosaws gnal
transmtted via any one of the two channels. [0033] More specifically, the
OFDM si gnal¥higdei@ithp longest multipath, and thus, the received signal
data can be appropriately egqualized and the correct
transmission data can be recovered.
[0030] 1In order to attain the above-described second object
of the invention, an orthogonal frequency division
multiplexed signal receiving apparatus according to the
invention (second invention) is, essentially, an orthogonal
frequency division multiplexed (OFDM) signal receiving
apparatus which receives an orthogonal frequency division
multiplexed signal consist'ing of an effective symbol section
and a guard interval section and recovers transmission data
in a network environment in which an identical content is
transmitted in different frequency bands. The OFDM signal
receiving apparatus operates in such a manner that any one
of an intermediate frequency signal obtained by
down-converting a radio frequency signal transmitted via a
first channel and an intermediate frequency signal obtained

by down-converting a radic £frequency signal transmitted via

a second channel different from the first channel is selected,



apparatus according to the second invention conprises: first 17 FEB 2005 -
13 signal converting neans for down-converting a radio frequency silghBfB 2005
transmtted via a first channel into an internmediate frequency signal;
second signal converting neans for dowa-converting a radio frequency

signal transmtted via a second channel different in frequency band from
the first channel into an internedi ate frequency signal; signal selecting
means for sel ecting one of the i terrdrggi ate frequency signal péovi ded

an
by down- conversiéh B?néaiﬁl%?:‘st 1% §RRPduontert | hEoHede afekarte
I nt er medi at SRLE, ' | rovi ded by down-caonversion by said second
si gnal connglr GT[ng Irfhg%en?&gﬁlr%id& éstﬁgr%lé“quéngofrEPﬁ&grﬁ?d‘hloﬁei Phas® band
signal fr parc| r ' I hgpal ed .b | d_,signal
sel ecti ng afns; rée}icgyg?ﬂ%gé%%%r?%q’ﬁrgiggggvg?iengggfrﬁ%etr éln?%'a‘-lsesq%ln ata
from the baggnhandesitddal adgnmil ' atj ;. Section
estimating reans fgr rece?yi ng t ﬁg%b%glsgxggggags%ﬁg?&%ér#o%%ggdﬁb%/gsai d
denmodul at i ngheTBA% @ @td Fldgi®ndy"® i9hkHACtisV 8w g ey %nﬂ{}fj%t he
guard interval section; and selection Controlling neans that swtches said
si gnal Se|ﬁﬁﬂn[ﬂ}:d@&65b@tirﬁciudéﬁlﬁrﬁihé”?¢§§ﬂd%@éf\%f%@dﬁrbn estydrating
nmeans to be included in the guard interval section to cause sald signal
sel ecti ng nearpttiorsdlesetl ofiethahstinal Siodongetecd et dHa: &fff aglid ve
synbol section by said signal selecting neans, of the internedi ate
frequency siigmal hpvbugdeeibygedemtedonv dhel off byt saedsmbal seicdiidin,
converting neans and the internedi ate frequency signal provided by
down- converadidorihgy trangmissinn dagpaliscorververnd feams thecbmsar dariche

reception level of the selected signal with that 17FEB 2005
signal democdulated by selecting the intermediate frequency

signal having a higher reception level.

[0031] According to the second invention, radio frequency
signals transmitted via two channels are down-converted into
intermediate frequency signals, selectionof theintermediate
frequency signal is switched at a timing estimated to be
included in the guard interval section, the reception level
of the signal is compared with that of the signal having been
selectedin the effective symbol section, and the transmission
data is recovered from the base band signal demodulated by
selecting the intermediate frequency signal having a higher
reception level.

[0032] Thus, the receiving channel can be swiftly switched
with a simple structure in which the base band signal is
demodulated from the intermediate frequency signal resulting
from the radio frequency signal transmitted via any one of
the two channels,

[0033] More specifically, the OFDM signal receiving

apparatus according to the second invention comprises: first



- 14 of the signal selected in the effective synbol section by said
signal selecting neans, and causes said signal selecting neans to fﬁ#%%ﬁmw
the internedi ate frequency signal having a higher reception |evel

enabl e recoverion of the transm ssiqgnigata. [0034] According to the second

i nventi on,

the selection controlling nmeans switches selection of the

signal by the signal selection neans at the timng estimted by the
section estimating nmeans to be in the guard interval section, conpares

t he recepti

DhInRY EONYPItABINAAIS BT doYRaroRver ting 2 SRILRL raqupRtyY

selected in the effective s ol section, d th ' _sel ecti
rane o soFbERal HEAATAGRAA H08 & Frkiilo R ROEInal CRaa A S et te 1 M

reception |

Thus, the bASEIBERTY siHiHI*h’s F&MSAG até

vel to enabhle .recaoverian of gaﬁ téansni sion data.
a4t h

B2frEhS" F848s i

00351

SO

(het e gl SLLAGLICERL S SR ELeduettd oL ieat PESLAEL 80Pl 20 b

obt ai ned by "switc

I NG r éCepti on chann

Pescr { pt1 ONsBoh BRI NARF AR L AR 10 e A8 AL¢ Nogona

frequency
enbodi nent
equal i zi ng

divi sion nul T ed signal receiving apparatus according

circurt 1n Figure 1; Figure 3 shows a configuration

Ghafnéi’ ShtdVER! | HYe fldiii e %%Q%eﬁc‘io ngighantl CE‘iggr]Eag“

to an

subcarrier ghi186tind mdANLr¥ ald NG UiHd AGL Yl F tthe ifd tetmeaiaodd ment ;

17FEB2005 15 Figure 4 shows a configuration of an orthogonal

frequency

di vi si on nutté@ghexes sidgnul provided byshoms-@onvaetisgunaby aaDd fissbcarrier

di rection

signal convertingmeans and the intermediate frequency signal
provided by doewn-conversion by said second signal converting
means; demodulating means for demodulating a base band signal
from the intermediate frequency signal selected by said signal
selecting means; recovering means for recovering the
transmission data from the base band signal demodulated by
said demodulating means;

section estimating means for receiving the base band
signal demodulated by said demoduiating means and estimating
the effective symbol section and the guard interval section;
and selection controlling means that switches said signal
selecting means at a timing estimated by said section
estimating means to be included in the guard interval section
to cause said signal selecting means to select one, which
is not selected in the effective symbol section by said signal
selecting means, of the intermediate frequency signal
provided by down-conversion by said first signal converting
means and the intermediate frequency signal provided by
down-conversion by said second signal converting means,

compares the reception level of the selected signal with that



interpolating unit according to a second enbodi nent; Figure 6 shows a
configuration of an orthogonal frequency division nultiplexed SignaWYFEBZMS
recei ving apparatus according to an enbodi ment of a second invention;
Figure 7 shows a configuration of a RR gignal processing wunit in Figure 6;

Figure 8 shows a configuration of an IF signal processing wunit in Figure
6; Figure 9 shows a configuration of a baseband signal processing unit in
Figure 6; Figure 10 shows a variety of signals for illustrating an
operati on &f tthe slomedosglertedudnc Fha 9g§¢6ﬁlﬁﬁ| sypbetegecsigraby

recei ving apparatus accqording to the enmbodi nent of = the second invention;
and Fi gur e P14 g1gngl S6L8GAGS MeInT( RRAIGRISHT SpélRtal §£18CtdR%nt i onal

receiving apparatus that filters tra sniss:on | i ne characteristic data.

Best Mbde NG tey FREeEht Urh el M IRETR ALY B d 10 & st

i nvention that attains a_firs ohj ect of t resent | ti d

erbodi ont SAgned s RPN eAEVEY ¢ e BPERLAS ESCBYSRIOT0; B0 ShA he

pr esent in%gntion wi || & described in detail belowwith reference to the
dr awi ngs. TR 2005 %16 [0037] [First Invention] In the follow ng,

first and 3%@3 ALATER! SOl QLY AL EIENEKe ILYh 8k on

mul ti pl exe nal recervirng apparatus according to the first invention

Wil be degeihed ik dsledinls shiQ3BLsl EeiaktEBROdiEMRAL] shghaX3Pde an

ort hogonal frequency division nmultiplexed signal receiving apparatus 100

accordi ng t@gna Ebiséteshadamnbt afhd bemihg Sstiimeidd BR the section
estimatingmeans to be in the guard interval section, compares
the reception level of the selected signal with that of the
signal selected in the effective symbol section, and causes
the signal selecting means to select the intermediate
frequency signal having a higher reception level to enable
recoverion of the transmission data.
[0035] Thus, the base band signal is demodulatedwithasingle
arrangement, so that the whole structure is simplified, and

the transmission data can be obtained by switching the

reception channel in a short time.

Brief Description of the Drawings

Figure 1 shows a configuration of an orthogonal frequency
division multiplexed signal receiving apparatus according
to an embodiment of a first invention;

Figure 2 shows a configuration of an equalizing circuit
in Figure 1;

Figure 3 shows a configuration of a subcarrier direction

interpolating unit according to a first embodiment:



recei ves a baseband received signal data obtained by detection by neans of
an orthogonal detector and recovers transm ssion data froma sendi n,?: E'b(%e.
[ 0039] Here, the signal detected by the orthogonal detector is an 1I FEB 2005
(internedi ate frequency) signal received via an antenna, down-converted
and then digitized by an ADC (analog/digital converter), for exanple.
(0040] The received signal data to be input to the orthogonal frequency

di vision multiplexed signal receiving apparatus 100 is data obtained by
digitizing an oFtlgagenbshbéwe quenchi gudrat isiroof eml drfhegenlatifgeguentyt | s
subj ect to orthogonal frequency division multiplexing on the sender side
and transniitvtied on anud Higrlgecedusiigmadf; subcarriers orthogonal to each
other in a synbol cycle. [0041] The orthogonal frequency division

mul ti pl exed si ghdgurednshews afonfiigpratippeoSamuicaretenfizmedtdqguar d
interval section, and the guard interval section has a copy of sone of

si gnal s i n iMHerEflating witdccosdingn tq goszrons £MGigientn t he
orthogonal frequency division nultiplexed signal, predeterm ned
subcarriers occHAEVRE GFhowy &SPt Ignffton af AR PRL FEEEIUSIM i me

direction) and 1 7 F B 2005 - 17 t every. 12 subcarriers in the

subcarri er %Vﬂéetquﬁlu(itﬁ@ifgﬁéyS1&PP3CFngﬁylﬁg\,gpgaa‘P%lgr ?ggoﬁq}l&g (SP)

si gnal havitgg anpl i tgﬁ%be nd fphas% Ié'rtll mr{[v%ntthl% receiving side inserted
therein. [Tb4d) GPSHIER S &5 Ec &&FS Suchl ‘an or t Hogonal frequency division
mul ti pl exec. S!08345,300; LAGALEL ot 1ARTTRLLS REShqgnd DB -RIdAANA
frequency divisi on il ti pl'exed signal TrecelVing appa%atu 100 conprises a

guard interyale iqet@ergddy Bg circuit 10, a fast Fourier transf orm (FFT)
circuit 11, an equalilzing circuit 12 and a dermapper circuit 13, as

Figure 8 shows a configuration of an IF signal processing
unit in Figure 6;

Figure 9 shows a configuration of a baseband signal
processing unit in Figure 6;

Figure 10 shows a variety of signals for illustrating
an operation of the orthogonal frequency divisionmultiplexed
signal reéeiving apparatus according to the embodiment of
the second invention; and

Figure 11 is a diagram for illustrating an operation
of a conventional receiving apparatus that £filters

transmission line characteristic data.

Best Mode for Carrying out the Invention

[0036] Embodiments of a first invention that attains a first
object of the present invention and embodiments of a second
invention that attains a secondobject of the present invention
will be described in detail below with reference to the

drawings.



illustrated in Figure 1. [0044] The guard interval determining circuit 10
determnes the length of the guard interval section froma received 2%%E§h
data obtai ned by detection by neans of the orthogonal detector. (ooh ] 05
exanple, the guard interval determ ninggcircuit 10 detects a guard

I nterval section and determnes the length thereof by perform ng an
autocorrel ation operation using the received signal data and data obtained
by del aying, the recejived _signal] data by a_ti corresponding to th
effective SYlbbT]  JEGERSTOYHRIAR I d opfhe EPLLMing: HUFT bARE $RRRar
transformon .the. received signal data_obtained by detecti neaps of
the  ort hogBRAERAEER GF 28 Rardieotii, 6P eRRGREY AL e 1 88 METIIEReRe [ e
axis into fre e n ' 471. The

equal i zi ng J&%ﬁ%% f%g%gﬁgogégggéﬁﬁgrhzéa%]ole%én{%ﬂ%%t ﬁie‘ergjéiélgse%%g?%#é?gdat ato

conpensat e r ' ' . degraded due to an effect of a
¢ t?&edé/t&%eisdeﬁ?iieg %‘is%%hﬁ

transm ssion i ne or own in Figure 2, the equali zing

circuit 12 fdog3d] E Bre8@% EntbdiGRIT] SePo? ahifis! | ahl G@isgsmatul ating
unit 20, a synbo Irection interpolating unit Z1, a subcarrier direction

i nter pol at i #16 g dcy? 218554 ih ARMA ip2idie ORAIHA 10 bl ividdy adPPiStusor
exanpl e, the characteristic data calculating unit 20 extracts subcarriers

havi ng transgo kicedridiagSh dhgnal rktosmbéditmé e Rifv eHesf ghat Takéntion
Fourier-transformed by the FFT circuit 11, and perforns thereon a conpl ex
di vi si on byretstiore s athasabaned mEceai vest 2ignat dSRav gial ng@ bgrdd egictom
predeterm ned timng, thereby generating transm ssion line determning
dat a i ndi caty meaos <f mnapshhegeoal [detecigrapndtxgd¢erers transmission

data from a sending side.

[0039] Here, the signal detected by the orthogonal detector
is an IF {intermediate frequency) signal received via an
antenna, down-converted and then digitized by an ADC
{analog/digital converter), for example.

[0040] The received signal data to be input to the orthogonal
frequency division multiplexed signal receiving apparatus
100 is data obtained by digitizing an orthogonal frequency
division multiplexed signal that is subject to orthogonal
frequency division multiplexing on the sender side and
transmitted via a large number of subcarriers orthogonal to
each other in a symbol cycle.

[0041] The orthogonal frequencydivisionmultiplexed signal
consists of an effective symbol section and a guard interval
section, and the guard interval section has a copy of some
of signals in the effective symbol section.

[0042] In addition, in the orthogonal frequency division
multiplexed signal, predetermined subcarriers occurring at

every 4 symbols in the symbol direction (time direction) and



[0049] In this process, the characteristic data calculating unit 20
generates the transm ssion line determning data indicative of the

transm ssion line characteristic for the subcarriers having t r ans v/ tHEBL005
the SP signal, and sets the transm ssign_line characteristic data for the
ot her subcarriers at zero. [0050] The synbol direction interpolating unit
21 is conposed of a finite inpulse response (FIR) filter, infinite inpulse
response (IIR) filter or the like, for exanple, and interpolates, in the
synbol di r ezt pyarytlipubiaeciemhin thesuhganrriprdisactiine (Gra@Eangy stic
data for the subcarriers having transmtted the SP signal determ ned by
the characdtFeatienhhpyeadispansePihet (58) ol hering @it ude
direction interpolating unit 22 interpolates,_in the subcarrier direction,
the transni 333 oPhase Jenm R 1l iR i itds pulsReed ntheee Y nbol
direction 1_7 F B 2005.- 19 to generate the transm ssionline

char act et | 5464k 211 GFE0SH | €0 HESSEETS: SPEpsan BEEDP IR R TIRARY a

fi ti f.th b ' . di tl int | ati It 0053] As
hown. 1 he CUEEatoT EpIETPEEEPE P AR Bt AEPRACAE Co3hRnhaPieBala 1 I br
fficient t 3 Silt P ' 1 Th
?iI{gLegffig&%ﬁtOgg%ﬁgngﬁffgﬂ%%ﬁﬁ%ggg gﬁﬁéi?égh ﬁ%h%?é%ﬁ%%%/[ 4%r tﬁe
like, for e%é‘@@Jfﬁ% t uPRLEESs t 0106 NecGRPPL 8XsBPE 35 rd gnaled Adicati ve

of a filter coef ent” corresponding to the I'ength of the guard interval
section dejefdimesihycibeudvand 4 pAst ¥alurdeirad ri il ferk i F o) lcilbui i her eby

defining the pass band of the conplex BPF 31. [0055] The conplex BPF 31 is

composed of1n, AR dqddiarzing Bircuit 12 and a demapper circuit 13, as
illustrated in Figure 1.
[0044] The guard interval determining circuit 10 determines
the length of the guard interval section froma received signal
dataobtainedbydetectionbymeans of the orthogonal detector.
[0045] For example, the guard interval determining circuit
10 detects a guard interval section and determines the length
thereof by performing an autocorrelation operation using the
receivedsignaldataanddataobtainedbydelayingthe received
signal data by a time corresponding to the effective symbol
section.
[0046] The FFT circuit 11 performs Fourier transform on the
received signal data obtained by detection by means of the
orthogonal detector, thereby converting time series data on
the time axis into frequency component data on the frequency
axis.
[0047] The equalizing circuit 12 performs equalization on
the received signal data to compensate the received signal
data degraded due to an effect of a transmission line or the

like. As shown in Figure 2, the equalizing circuit 12



filter or the like, for exanple. It controls the pass band thereof
according to the signal indicative of the filter coefficient suppllpﬂptgqu
the filter coefficient table 30 to performa filtering process on the
transm ssion line characteristic data;geceived fromthe synbol direction
interpolating unit 21. In this way, the conplex BPF 31 interpolates the
transm ssion line characteristic data in the subcarrier direction to
determine the transm ssion |line characteristic data for all the subcarrier
and suppl i e%OIFW%SG%ét%PQ’@CEWJ&ﬁP& ﬁ@l‘iﬁg’w‘%%ﬁw uailt 2@, a(@mb?lThe
equal i zing operation unit 23 shown in Figure 2 is conposed of a nuneric
operation citeeFtien tREerpRiatipys upi b, ft sybsarpien r&hsasE5PBN |ine

characterlstlc datg% for all tixasubcarrlers_detern1ned bg t he subcarrier
direction 1*LeEROLRHENG Wyt @Pﬂo?ﬁt?ﬁﬁaﬁﬁFFRQZOP%rﬁE? BrHPétc%ﬁplex

?LZLELS” et iiFe] ng o etnle| She Shsftac gt %%g%tc?ﬁ ki “»‘f'irrliu.t
13
shown i nzfe%ég:%cjcsléul%)e[@ro e):ds hg‘trlg @% or { e‘?A 51(1 aigﬁx g.n?ﬁoqxr om t he

performs a prng. process Tor reco ering 1

rocei ved sianalodai gequa bagd dyed %]@%&m&g{lhe P2 chasegy on a

synbol arrangenment on a co napper circuit

13 recover scih@uit nans &h&S%@PfgﬁEQ fHOR S 4 BoRBask &QWQQSH" bg
ort hogonal conponent of the received signal data nodul ated ac |ng to a

mul ti - val uethdshit fd onpfetahogersrehcas 68 qyaghal Urgend@pRtbhudgenogul ation
(QAN), based on a.correspondence between a prescribed coordinate val ue on

a conpl ex phesbetterchided tindEnsy] sheebbgagenefQ0HR Thensiepsappen TLineuit 13
out puts the recovered
determining data indicative of a transmission line
characteristic.
[0049] In this process, the characteristic data calculating
ﬁnit 20 generates the transmission line determining data
indicative of the transmission line characteristic for the
subcarriers having transmitted the SP signal, and sets the
transmission line characteristic data for the other
subcarriers at zero.
[0050] Thesymboldirectioninterpolatingunit 21l is composed
of a finite impulse response (FIR) filter, infinite impulse
response (IIR) filter or the 1like, for example, and
interpolates, in the symbol direction (time directioﬁ), the
transmission line characteristic data for the subcarriers
having transmitted the SP signal determined by the
characteristic data calculating unit 20.
[0051] The subcarrier direction interpolating unit 22

interpolates, in the subcarrier direction, the transmission

line characteristic datainterpolated in the symbol direction



transm ssion data to a deinterleaving circuit or the like to provide for
the processing of the transm ssion data. [0060] In the follow ng, anyFfgp 2005
operation of the orthogonal frequency division multiplexed signal

recei ving apparatus 100 according to i%e first enmbodi nent of the invention

will be described. [0061] Wien the orthogonal frequency division

mul tipl exed signal receiving apparatus 100 recovers transm ssion dat a,

the FFT circuit 11 first receives received signal data obtained by

det ecti on hhp mearesadfe tthe drehsgdssliocdetdoieochaad tgarifsdrims data-dion er
transformthereon to convert the tinme series data into frequency conponent
data. 17FER2303I® uiBErifws$ -FFT circuit 11 transmits the received signal
data converted into the frequency conponent data to the equalizing

circuit 12.1905¢a3] FAgurs S t&*ﬂms theCORBIFUFr AL EPR aP L dEPEr FRGRF 9 Uit 10
determ nes the length of the guard interval section by performng an

aut ocor r el ALEERE G dtETORdaTd & idceidred signal data obtai ned by
detection by means_of the orthogonal . detector,., 0064; Thiﬁguard i nterval

det er ni ni nd %43 PSR anhg FEPCTTigh AL natiien L EPo LA IR ned

| ength of the guard interval section tqo the filter coefficient table 30
provi ded iz% F?fg'pé-&ﬁggr?ié%lff ’o%ﬂ‘ﬁietﬁﬁ’ eabl ng ot tcoé?fe(’bd)@ﬂ% Then,
the equalizin | r QU erf.orns a processin for equalizing the
received sipgans% Cédla]t_cta%rg e‘%@e&lf'r omt hg FFT ci ?cuit 11fq E 0_06_69] Figure 4
| Ilustrat °g st igdr 8 1 08 cgbf@irbfgﬁ@oc%l@ 30f 18OUEREYsdaVEBi D tead

mul ti pl exed signal 1 ndicated by the received signal data input to the

equal i zi ng fHIF Welmokd (ROM) or the like, for example. It supplies to
the complex BPF 31 a signal indicative of a filter coefficient
corresponding to the length of the guard interval section
determined by the guard interval determining circuit 10,
thereby defining the pass band of the complex BPF 31.
[0055] The complex BPF 31 is composed of a FIR filter, IIR
filter or the like, for example. It controls the pass band
thereof according to the signal indicative of the filter
coefficient supplied from the filter coefficient table 30
to perform a filtering process on the transmission line
characteristic data received from the symbol direction
interpolating unit 21. In this way, the complex BPF 31
interpolates the transmission line characteristic data in
the subcarrier direction to determine the transmission line
characteristic data for all the subcarrier and supplies this
data to the equalizing operation unit 23.
[0056] The equalizing operation unit 23 shown in Figure 2
is composed of a numeric operation circuit or the like. For
example, it uses the transmission line characteristic data

for all the subcarriers determined by the subcarrier direction



[ 0067] Subcarriers with an index SP in Figure 4 are those having the SP
signal inserted therein on the sending side. [ 0068 ] That is, the1§ﬁf82%5
signal is transmitted by being inserted in predeterm ned subcarrie
occurring at every 4 synbols in the ol direction (time direction) and
at every 12 subcarriers in the subcartier direction (frequency

direction). [0069] For exanple, the characteristic data cal culating unit

20 perforns a conplex division on the subcarriers having transmtted the
SP signal @A@regtladinGt unike2? nte @S orm 8 Tonpl ex Ao siqp orFithw e 4) by
a reference SP signal generated with anplitude, phase and timng known to
the recei viRgedived shgnal defie racedvad S5¢ihe BET cizcudtek] sthenehy t he
subcarriers havin transmtted the SP signal is determ ned. [0070] The

char act er i $@9@1d3i29c dPeursceiyednSionglt its, to the synbol direction
i nt er pol ati transm ssion |ine characteristic data

th ( . .
ot o gds]. Tﬁ?m%%roﬁlr?ﬂétéﬁa hole 1o P igure biid FeRvosied he

subcarri ers _havj tr he SP si gnal 007 At this tlne, t he
charact eri §tf| %@I?a éﬁ‘l Prig™ Uhi ?ranrs"[m FTYES ReAEPARE™ rect i on

I nter pol at Log gl vl ogg%ga%%ﬁﬁose A GPRRRale05 GORBEESU [ data

for the carriers o aV|ng ansm

[0072] The <SYRR0 odlhreRlian: kBeEPOLALI Dgulitl R BREEALES 108 Lol | ng

process for i'nt er pol at | rect |rect| t he

transm ssi gg El@@mggqraggghbghbﬁtdghaa Eempilved phixg@.t he characteristic
data calculating unit 20 to determ ne the transnlsS|on | ine characteristic

for the syboasni erghatthsa syolethappfeki Gicuht [ 807 Heddite Sy Midle

direction interpolating unit 21 transmts
transmissiondata froman in-phase component and an orthogonal
component of the received signal data modulated according
to a multi-valued modulation method, such as 64 gquadrature
amplitudemodulation(QAM),basedcnlacorrespondencebetween
a prescribed coordinate wvalue on a complex plane and the
transmission data.
[0059] The demapper circuit 13 outputs the recovered
transmission data to a deinterleaving circuit or the like
to provide for the processing of the transmission data.
{0060] In the following, an operation of the orthogonal
frequency division multiplexed signal receiving apparatus
100 according to the first embodiment of the invention will
be described.
[{0061] When the orthogonal frequency division multiplexed
signal receiving apparatus 100 recovers transmission data,
the FFTcircuit ll firstreceivesreceived signal dataobtained
by detection by means of the orthogonal detector, and performs
a Fourier transform thereon to convert the time series data

into frequency component data.



the transm ssion |line characteristic data interpolated in the synbol
direction (tinme direction) to the subcarrier direction interpolating?hiBt2005
22. [0074] The subcarrier direction interpolating unit 22 receives the
transm ssion line characteristic data ,{nterpolated in the symbol direction
(time direction) from the synbol direction interpolating unit 21 and
receives a 1 7 FE B 2005 - 23 signal indicative of the Iength of the guard
i nterval section fromthe guard interval deternining circuit 10. 10075]

The filter REX) cTBAFERBLECYDtuk fuRBSBLEFfihe recedives: sianat dat@ filter
coefficient correspondin% to the length of the guard interval section

i ndi cat ed IFPRREF tEGhatC theahteRieRely FPERPIBE tyiaka itet B¢ #uadiigifichi ng
circuit 10 and praqvides the same to the conplex BPF 31. [0076] Here, the
filter coefd%%GWrh 4%l e 30 previously stores the filter coefficient

correspondi t ard. interval section with the fjlter coeffjcient
bei ng get i’i'{b%sta?olvagge%]ﬁa lﬁ‘iel'o él@W%al%BﬁB‘\émﬁ rﬂe‘?‘?ﬂjjrfh’e‘lg Fr’rrtqlr’é'ltgluard
i nt I ' bheai nni ' t iLn .t he, del fi.l

narcart ve i e RHAEY BheSeRoth BE B GnRal 1R TR BEroh bar 1o

pass 1 her et ugl d 0GRl 580 Y0 SPLoRYSEMA b il iy i, Sethagans

frequency exing, a service area IS C SO as to

prevent a rEJi'gtdaqaaQtawt&ﬂ;@@%yaagﬁé@ﬁ?ﬁ@mes% gEandd o%:&%?@fﬂalsem i on

fromoccurring. Therefore , sinCe the coefficient € 30 defines
t he pass banpddtdhe conplex BPF 31 and allows only the data in a region
corresponding to the guard interval section of the direct wave to pass

t her et hr ouglnoeawl eThergward ie: tereddntiete HhOMLAGCEHT FERPE 1 10 trha shwiaks M ssi on

| i ne characteristic data.
a signal indicative of the determined length of the guard
interval section to the filter coefficient table 30 provided
in the subcarrier direction interpolating unit 22.
[0065] Then, the equalizingcircuit 12 performs a processing
for equalizing the received signal data received from the
FFT circuit 11.
[0066] Figure 4 illustrates aconfiguration of an orthogonél
frequency division multiplexed signal indicated by the
received signal data input te the equalizing circuit 12.
[6067] Subcarriers with an index SP in Figure 4 are those
having the SP signal inserted therein on the sending side.
{0068] Thatis, theSPsignalis transmittedbybeinginserted
in predetermined subcarriers occurring at every 4 symbols
in the symbol direction (time direction) and at every 12
subcarriers in the subcarrier direction (frequency
direction).
i0069] Forexample, the characteristicdatacalculatingunit
20 performs a complex division on the subcarriers having

transmitted the SP signal (indicated with the index SP in



[0078] The conpl ex BPF31 controls the pass band thereof according to the
signal received fromthe filter coefficient table 30 and perforns al7 FEB 2005
filtering process on the transmssion |ine characteristic data received
fromthe synbol direction interpolating unit 21. 1 7 F E B 2005 - 24
(00791 In this way, the conplex BPF 31 can control the pass band thereof
so as to pass therethrough the conponents of the transm ssion |line
characteristic ranging fromthe conponent corresponding to the direct wave
to the comfdgawre 4tdryw espefeiience SR higdal ganknated gditdyadpiisndehe direct
wave by the guard interval section, and interpolates the transm ssion |line
char act er | phiasedang Himing sy rierthe) Feeelvingf sédaencThasy egheon) .
[0080] The conplex BPF 31 transmts, to the equalizing operation unit 23,

t he transnit¥gnspisisgenchifrechanagterigdis faktdrishdsardiiens handng
subcarriers by the interpolation in the subcarrier direction. [0081] The

equal i zi ng tEE@sEitEsduthe 58 sdgnel,ds OrEeTREREAved signal data received

f the FFE [ 1t 11 b form .arith ' i on, h
1s°h compl AP7Rily: thefhadherhE s Sud i R SR StsRE hITAS EraREpThEnt s on
| h teristic d ' N BP, ) 008 Th

cqual | 21 g Boer Pl oRVIRPL SETFFERLRR ctphErBRIRE Rty 28a othRal data

to the demipRfsnisbidh! e &139%%&1%%@39?@389%5 Uddiddesvd UoeSchlle

recei ved signal dat'a  equall ze e equal 1 zing operation unit

recover the  Liaaswigsl on idal a and-Lildulst e f¥Briidat 0e8rCi kaMIt t hat
processes the transm ssion data, such as a deinterleaving circuit. (0084]
As descri bedpaRey¥eershtavdhgatraakmditteat te SP signal.
[0071] Atthistime, thecharacteristicdatacalculatingunit
20 transmits, to the symbol.direction.interpolating‘unit 21,
"zero” as the transmission line characteristic data for the
subcarriers other than those having transmitted the SP signal.
[0072] The symbol direction interpolating unit 21 performs
afilteringprocess for interpolating, in the symbol direction
{(time direction), the transmission line characteristic data
received from the characteristic data calculating unit 20
to determine the transmission line characteristic for the
subcarriers with a symbol * in Figure 4.
[0073] The symbol direction interpolatingunit 21 transmits
the transmission line characteristic data interpolated in
the symbol direction (time direction} to the subcarrier
direction interpolating unit 22.
[0074] The subcarrier direction interpolating unit 22
receives the transmission line characteristic data

interpolated in the symbol direction (time direction) from

the symbol direction interpolating unit 21 and receives a



interpolating unit 22 has the filter coefficient table 30, and

I nterpolates the transm ssion |ine characteristic data in the subc gigh
direction (frequency direction) by 1 7 E E B 2005 - 2 5 controlling &8 2005
pass band by the filter coefficient _cggresponding to the length of the
guard interval section determ ned by the guard interval determ ning

circuit 10. (00851 In this way, the conponent of the direct wave beyond

the guard interval section can be suppressed, an error can be prevented
from occur S¥Ralnipdicative Aisshedangid of Hdasrarisintervah saat kor

correct transn155|on data can be recovered. 5%0086 (Second Enbodi ment] The

orthogpnanQQR1 WUaR, it tG TR defiesdd iy M ng apparatus 100
fiiters thd Qribnbe iie Srbsitas rebin. Yﬁﬁ‘% Bress Sagat ©
conponent .he dlrect ve nd th u rd |nterval ect| However ,
t he corrpon%?t'i %%ﬁﬁ¥ 3Iay§§ ﬁagge%ﬁgc% cPﬁgngﬁg gfhtaﬁﬁn a

mul ti pat h GHyth H@ytlpeepﬁﬂ g Fif EPval'él-éﬁ%rf % Q‘é”a’E%d 8y ﬁ{é i

frequency i VIsi on exe gnhal” recelving s acco ng to a

second —emoai ity t%garf%mf It ghﬁ‘,ée%‘t%va‘ihh‘é'ﬂefﬂm'ﬂn%g;ng'i%c rlsd“ ssi on

| ine characteristi ta to suppress the conponent bey t he del ayed wave

which is thgd iR he isand WY tdhRARrpedatsrgn ¥ | | be descri bed.
[ 0087] The orthogonal frequency division multiplexed S|gnal receiving
appar at us goeoedi Ngelre ,t htes axian e ndsl fiedief tabeet BOS pibiisiysiiynvention
differs fromthe orthogonal frequency division nmultiplexed signal
recei vi ng appareat tthe M0 taor crakfifidierithecdrraspendony neat the guarfd r st
i nvention described above in the configuration of the subcarrier

interval section with the filter coefficient being set at

a value that allows only a component included in the guard
intervalsectionbeginningatadirectwave inthe delayprofile
indicative of the time response characteristicof the received
signal to pass therethrough.

[0077] Inatypicalsystemutilizing theorthogonal frequency
division multiplexing, a service area is constructed so as
to prevent a multipath that causes a delay beyond the guard
interval section fromoccurring. Therefore, since thefilter
coefficient table 30 defines the pass band of the complex
BPF 31 and allows only the data in a region correspcnding
to the guard interval section of the direct wave to pass
therethrough, an error can be prevented from occurring in
the transmission line characteristic data.

f0078] The complex BPF31 controls the pass band thereof
according to the signal received £from the filter coefficient
table 30 and performs a filtering process on the transmission
line characteristic data received from the symbol direction

interpolating unit 21.




direction interpolating unit 22. 17FEB2005 - 26 (0088] Specifically, the
ort hogonal frequency division multiplexed signal receiving apparatqs7}€§2m5
according to the second enbodi ment of this invention conprises the
subcarrier direction interpolating unit 22 configured as shown in Figure
5. [0089] As shown in Figure 5, the sthcarrier direction interpolating
unit 22 conprises a characteristic data IFFT unit 40, a multipath
detecting unit 41, a filter coefficient table 42 and a conpl ex BPF 43.

[ 0090] The (Qlgmact eni i€ waat,athEFdompléx HPmpenf carscamt ro hvetes @alssur i er
transformon the transm ssion line characteristic data interpolated in the
synbol di r éanidorthefreiofe sdi asctbopasby thheeshirbuopghdithec ciomponendrspalfat i ng
unit 21, thereby producing a delay profile. [0091] The nultipath detecting
unit 41 dettduem hesnsmissiohe lide aghprefiteaiptdduceanpynghefromertde Fouri er
transformby the characteristic data I FFT unit 40, a direct wave conponent
and a del apodpoaeatconpvaependingheo tihee dientavavieti@dile compenent 0092]
The nultipath detecting unit 41 transnits, to the filter coefficient table
42, a si gn&lorinegpeadiipg &0 the delayed: vageoflekaysfpdrem the dH&Eeddt er mi ned
del ayed wave conponents which constjtutes the | ongest path. [009 The
filter coefive &t thepBard AT ERL ??FY+RP'C%ﬂ$Ié9tB%P°&§F g &f§hal

i ndi cative of the filter, coefficien corresponding tp the delay .time of
Lhe del ayed BARPESGHIONAHNS W CHATEeFREE FEngBLE Jot hEPh EHECATA At h

situation, d rle-.%q:i]ém7 ('%%‘%q%%%%yzzlirection) .

[0080] The complex BPF 31 transmits, to the equalizing
operation unit 23, the transmission line characteristic data
determined for all the subcarriers by the interpolation in
the subcarrier direction.

{008l1] The equalizing operation unit 23 equalizes the
received signal data received from the FFT circuit 11 by
performing a complex arithmetic operation, such as a complex
division, on the received signal data using the transmission
line characteristic data received from the complex BPF 31.
[0082] The equalizing operation unit 23 transmits the
equalized received signal data to the demapper circuilt 13.
{0083] The demapper circuit 13 uses the received signal data
egqualized by the equalizing operation unit 23 to recover the
transmission data and outputs the same data to a circuit that.
processes the transmission data, such as a deinterleaving
circuit.

(0084] As described above, the subcarrier direction
interpolating unit 22 has the filter coefficient table 30,
and interpolates the transmission line characteristic data

in the subcarrier direction (frequency' direction) by



I's determned by the nultipath detecting unit 41 to define the pass band
of the conplex BPF 43. [0094] The conpl ex BPF 43 controls the pass_band
thereof according to the signal indicative of the filter coeffici @t 2005
supplied fromthe filter coefficient_table 42 to performa filtering
process on the transm ssion |line characteristic data received fromthe
synbol direction interpolating unit 21. [0095] In the orthogonal frequency
di vision multiplexed signal receiving apparatus 100 according to the
second entwditmitlicfg t the | pgest iband ndwdithe t fd 1delsc acoedif icdierdet i on
interpolating unit 22 thus configured, the FFT circuit 11, the

char act er | sonregmonddaig foatheglepgth20fafbe gHardyABSPIdiRle SEcHon
interpolating unit 21 operate in the sane way as in the first enbodi nent
descri bed dgdprmigege®yr dhe gWed Aatervadi ¢ termd ndig 454kt i t0dat a
interpolated in_the synbol direction (tinme directjon). [0096] Wen, the
subcarri er [§083d: | &R i ME-atRRFAPRINEDE ofeERE VAL ¢RE WASHDREADN | ne

characteristic dat intergglated,in t he synbol direction (tine direction)

by the syh§ YardctPERTYRALFHOFLR nPtRS SPPHIE Fhardt BN %™ dat a
| FFT it 40 th [ f ' E | t . ;

del 2y pr of 1iFe. BEBGBTEoSnet Kilhr 20PUAtarTE ot & TErT T A R ¢ ho
produced delay DAl 0 ke THh! LRl Bodebet! Rdndllibsdbn dddlI8antne
mul ti path deteéecting unit receives the delay profile fromthe

characteri §fd G-HakaddgT unit 40, conpares each signal conponent in the
delay profile wth a prescribed 1 7 F E B 2005 - 28 threshold, and detects

a conponent gy Ng g Sklowd | BrBeaihEAD] t hend hreahdgbmsl t Feediuady wave

conponent and the del ayed
divisionmultiplexedsignal receivingapparatus 100 according
to the first embodiment of the first invention described above
filters the transmission line characteristic data to suppress
the component of the direct wave beyond the guard interval
section. However, the component beyondthe delayedwave which
is the longest path when a multipath occurs may be suppressed.
In the following, an orthogonal frequency division
multiplexed signal receiving apparatus according to a second
embodiment of the first invention, which filters the
transmission 1line characteristic data to suppress the
component beyond the delayed wave which is the longest path
in a multipath situation will be described.
[0087] The orthogonal frequency divisionmultiplexed signal
receiving apparatus according to the second embodiment of
the this (first) invention differs from the orthogonal
frequency division multiplexed signal receiving apparatus
100 according to the f£irst embodiment of the first invention

described above in the configuration of the subcarrier

direction interpolating unit 22.



wave conponent due to nultipath. [0099] The nultipath detecting unit 41
determ nes a conponent which constitutes the | ongest path (a conpogan; 2005
having the maximumdelay tinme) fromthe detected del ayed wave conp (Nﬁ%,

and transmts a signal indicative of-the delay tinme of the

conponent to

the filter coefficient table 42. [0100] The filter coefficient table 42
outputs a signal indicative of the filter coefficient corresponding to the

dot etting WIS SRRPStbe U nbot i iegeiey PR R e 5
coet 1 cf et orEis st B8R 1 Ee T nld Robat ali NP R dondl b e o8 1111 &1

coeffi ci ent

transm ssion li1ne characteristic ranging from

s Werﬁﬁﬁdf&en@ oﬁﬂfs t.i.lﬁ%ten%lilo%\’\’éoﬁlg'ﬁi £80RqNe gh

€ componén

P

c%];: rtirée."r

correspondi ng

to the dir A i wave
| reaGlehaR 1 0Ld gﬁe;g@eﬂ&t% &8&@9@9(%]@&0&2:]09&99{1@ %\%\.gsl,re;[ h;

havi ng the | ongest path to her et hr ough.

filter coefsficient table 42 defines the pass band of the conpl ex BPF 43,
so that the tinme width in which the nultiple paths are distributed is a
pass bandwi{dioso] W ebhorn enr @ididde be, preeenhisb e ©cadieicd on t he
transm ssion line characteristic data. [0103] As descri bed above, according
to the firsnterpeniastdng uniien2 2 onprinsss $s ichiadaicte rdlzariac idadas TFFTdat a i s
filtered to interpolate the transm ssion |line characteristic datain 1 7 F
E B 2005 - uzdit 4fe smpdadphth ¢k trertiron upfitedliercfiditegctpefifictilemtpass
band is controlled in response to the Iength of the guard interval

section or tabdeddiZapnd ge compilpg BBFagdd wave which is the
and theref%%%boan error _can be prevented from

| ongest pat h,

] The characteristic data IFFT unit 40 performs an

inverse Fourier transform on the transmission line

characteristic data interpolated in the symbol direction
(time direction) by the symbol direction interpolating unit
21, thereby producing a delay profile.

[0091] The multipath detecting unit 41 determines, from the
delay profile produced by the inverse Fourier transform by
the characteristic data IFFT unit 40, a direct wave component
and a delayed wave component at the time when a multipath
OCCUrs.

[0092] The multipath detecting unit 41 transmits, to the
filter coefficient table 42, a signal indicative of the delay
time of a component in the determined delayed wave components
which constitutes the longest path.

[0093] The filter coefficient table 42 supplies, to the
complex BPF 43, a signal indicative of the filter coefficient

corresponding to the delay time of the delayed wave component

- which is the longest path in the multipath situation, which



occurring in the transmssion |ine characteristic data. (0104] Thus, the
recei ved signal data can be appropriately equalized with an effecHéPB f
noi se on the transmssion line characteristic data being renoved £ ﬂ@ﬁ
correct transm ssion data can be recovered. (0105] (Second Invention] In
the follow ng, an enbodi nent of an oﬁ%%ogonal frequency division

mul tipl exed signal receiving apparatus according to a second invention
will be described in detail. [0106] Figure 6 shows a configuration of an
ort hogonal isf aeteentiyed wirste nmd i tdx etk tdgnialg necal Viingoagediaiels 600
according to the enbodi nrent of the second invention. (0107] As shown, the
ort hogonal theegasscpatidviofi che rohpilpkeB®® 4i3gnal recei ving apparatus 600
conprises a radio frequency (RF) signal processing unit 61, an

i nt er medi at{@09f4deqlbacgotp FexsBBRak3 prockesingthni pass, bandsshsaredfsi gnal
processing unit 63 and an operation control unit 64. (01081 As shown in
Figure 7, w@ifgorRisigghalthsr §G§§§lrﬂg‘lq}m¢tlm0§oﬁ%ﬁ> ifdddegncantéardend, a | ow
noi se anpllfler (LNA) 71, a distributor a tenperature co ensatlon
crystal os$dPplies fF‘P@X@)le?%llWlF sqom%%ﬁdtqt&&m?ow P& 75,
and first and second m xers 76, 77. %OIOQL The antenna, 70 recelves an RF

si gnal that ﬁ§e§ﬂﬁﬁé8F°cF§5aﬁnoFPﬁo§ AQpm™ ?5&88n&§n8|9P§F8ﬁ REASYH%xi ng on

di 7 F E B2 nd | ess| d
her of  om 38K8 FPERLAPESEEPRONE IR ARTeCier 10 PRECLRALPE CFif1o)

Here, in tgﬁ ort hogonal frequency division multiplexed RF signal received
by the anténria 70, one synbol section is separated into an effective

synbol - sectip@ysqnd rpd {HIATS-iHSIMA S Hby THE IHREH ML ehpdlex@ertion

pr ecedes
signal receiving apparatus 100 according to the second

embodiment of this invention including the subcarrier
direction interpolating unit 22 thus configured, the FFT
circuit 11, the characteristic data calculating unit 20 and
the symbol direction interpolating unit 21 operate in the
same way as in the first embodiment described above to generate
the transmission line characteristic data interpolated in
the symbol direction (time direction).

[0096] When the subcarrier direction interpolating unit 22
receives the transmission 1line characteristic data
interpolated in the symbol direction (time direction) by the
symbol direction interpolating unit 21, the characteristic
.dataIFFTunit40thereinperformsaninverseFouriertransform
to produce a delay profile.

[0097] The characteristic data IFFT unit 40 transmits the
produced delay profile to the multipath detecting unit 41.
[0098] The multipath detecting unit 41 receives the delay
profile from the characteristic data IFFT unit 40, compares

each signal component in the delay profile with a prescribed



the effective synbol section in a synbol section, and is a redundant

signal section having a copy of a rear part of the effective symbol7 FEB 2005
section. [0111] The LNA 71 anplifies the RF signal received via the
antenna 70 and transmts the anplified&~signal to the distributor 72.
[0112] The distributor 72 distributes the RF signal received fromthe LNA
71 anong the first mxer 76 and the second mxer 77. (01131 The TCXO 73 is

et o SRR B Fidind LRI a1 050 ot
| ohlakl i - [ 15t Local: ascl
£ orosed "3 eAREUhECag HO0AL B Mkt lfglectagidd ot er 7

generates hQCAompRiehnlt! @l oshidli s ng a first frequency by, for
exanple, dividing the reference frequency signal generated by the TCXO 73

under the q@pogl Phe e taRARA IS @i HAIaHL rdhids alcOmplo@ it I St

| ocal oscillator 74 generates the local oscillation signal having the

first frequenen whneltitates tRBaBSnyesh pden rEef Fdipvhdi e gy Tnenal
generated by the TCXO 73, and supplies the sane signal to the first m xer

76. 1 7 FEDaXiftmdelay ¢ Odd plErbmecisedendctodde1e8Gid vatrecompongend@posed of
a PLL circuit, for exanple. It generates a |local oscillation signal

havi ng a sendndrbnegi¢scy sifghalemdicavivderf itlet delegudrime dfy thieor
exanpl e, dividing the reference frequency signal generated by the TCXO 73
under the compoglendf tich&hepdiiditiean coediticdleninitatde 4ihe second | oca
oscillator 75 generates the local oscillation signal havi ng the second

frequency WOOR1 i Fhen fiRdee woat flisdands &radnk®e 4% eQUERBYSsAgFdlgngdner at ed
indicative of the filter coefficient corresponding to the
delay time indicated by the signal transmitted from the
multipath detecting unit 41 and supplies the same signal to
the complex BPF 43.
[0101} Here, the filter coefficient table 42 previously
stores the filter coefficient corresponding to the length
of the delay time with the filter coefficient being set at
a value that allows the components of the transmission line
characteristic ranging from the component corresponding to
the direct wave to the component corresponding to the delayed
wave having the longest path to pass therethrough.
f0102] 1In this way, the filter coefficient table 42 defines
the pass band of the complex BPF 43, so that the time width
inwhichthemultiplepathsaredistributedisapassbandwidth,
whereby an error can be prevented from occurring in the
transmission line characteristic data.
[0103] As described above, according to the first invention,
when the transmission line characteristic data is filtered

to interpolate the transmission line characteristic data in



by the TCXO 73, and supplies the sanme signal to the second m xer

[0116] The first m xer 76 down-converts the RF signal into the IF ggi

by multiplying the RF signal provided by the distributor 72 by theI7 2005
oscillation signal having the first_f%%qyency received fromthe first

| ocal oscillator 74. The first m xer transmts the |IF signal obtained
by the down-converting of the RF signal to a switch 80 provided in the IF
signal processing unit 62. ( 0 117 ] The second m xer 77 down-converts the
RF signal itheosub¢rrriesidgnartbynhfineguepiawdihecREosi gridie passibéadi by t he
di stributor 72 by the local oscillation signal having the second frequency
recei ved fASnFeREr3bEdAdN BeaPonseilq dherlempth pfethe wrmardriingerval
transmts the I F signal obtained by down-conversion of the RF s&gﬁgl to

the switch S@@t&P&P&eahe detae Wﬂ%.%aﬁheprd@clé%qqqglawwhw isp The IF
signal pro e55|n un| 3 wn in Figure 6 has the conflguratlon shown in
Figure 3, 'IaL‘“ fs°€§ t A8 ‘%W—"E’Ehc%@ bea%&r’((?“d’ff‘éis fEom er

(BPF) 81, an %utonat (o ﬂ c%nt 1% Cﬁ? gylt 2, flrst d second
17FEB2005 CCS¥TTARY &Y &G LAP ERABF1RE éPPe aggcterist ?ﬂ selectlng
circuit 85, r c osci | l.at 86 _a orth onal dete

c1161 The dgtol! b8l AnO LN sFonaThRla ¥ g%{a PBpErbEd Sttt he.
first and 7 o) essi uni t
61" and supari ol LR Eien Hh oE2eBEE PloiRel B (e HIRL JHASERSA) LT

sel ects, acgrdicherli®tdc Siagndl @digh tﬂ@mdtedaﬁaomcﬁee CEIB%%%'

selectlng circuit 85, any one of the IF signal provided by down-conversion

by the firstan@miekitd aadat Banl beSirgBakepeavi ded by down-conversion
[0105]. [Second Invention] In the following, an embodiment
of an orthogonal fregquency division multiplexed signal
receiving apparatus according to a second invention will be
described in detail.
[0106] Figure 6 shows a configuration of an orthogonal
frequency division multiplexed signal receiving apparatus
600 according to the embodiment of the second invenfion.
fo107] As shown, the orthogonal frequency division
multiplexed signal receiving apparatus 600 comprises a radio
frequency (RF) signal processing unit 61, an intermediate
frequency (IF) signal processing unit 62, a base band signal
processing unit 63 and an operation control unit 64.
[0108] As shown in Figure 7, the RF signal processing unit
61 comprises an antenna 70, a low noise amplifier (LNA) 71,
a distributor 72, a temperature compensation crystal
oscillator (TCX0O) 73, first and second local oscillators 74,
75, and first and second mixers 76, 77.

[0109] The antenna 70 receives an RF signal that is subject

to an orthogonal frequency divisionmultiplexing on a sending



by the second m xer 77 and supplies the selected one to the BPF 81. In

ot her words, changing the |IF signal selected by the switch 80 prOV|des
swi t chi ng between receiving channels of the orthogonal frequency!diNiBsilthn
mul ti pl exed signal receiving apparat 600. [0120] The BPF 81 Ilimts the
pass band for the IF signal supplied Tromthe switch 80 to renove a
conponent outside of the pass band of the receiving channel and transmts
the resulting signal to the AGC circuit 82. (0121] The AGC circuit 82

aut omat i calstptdont ad wirsilgssly tnphimithefddihearafinom angnprangmins | F
signal having passed through the BPF 81 to a predeterm ned signal |evel
(0122] Her &het gecadred REuFLIB2ldEPethPnblAt Rd-reception level of the IF
signal received fromthe BPF 81, that is, the reception level of the RF
si gnal basd818f1t he %@ﬁ%al hﬁpl?#?caﬁ?EﬁP$%&ﬁ%r fﬁ%%HeFﬁYanﬂ¥VFFéQPlon of
the IF signal, for exaqP The AGC, ci.r.cui ransmits a si

AGC_LEVEL F“H&F&Btlﬂfédoﬁ‘ SHOnadeF erHi-FER BBE ?‘6 ei‘%@e]‘)w’“ﬁnég’?‘gf’&[ A/ D
converter 83. .1 7 [012 ldes L rcuit

Cranmi ts CRECAAD £Fi gaPaFﬁ*?eflghaFot%nt%%f%% LHE sy P neerELPREAR 0104,

the AGC ci PN ES el abint FEby hafg Q@aﬂl?ﬁg EYATReTR R EEREy
sel ecting ¢ Cgkkeéﬁlygo%kﬁﬁ 8 268 Al LG &vgret;%&o%‘l dihgi igzgs the

anplified circuit supplies ‘the resu ting

signal to Eaauaahmggﬂeﬁaﬁege%cttl% ﬁzmhalz%pﬁh%fcaaf@@f REHEG!H ReeCl rCui t

85 is intended for controlling selection anong fromreceiving channels by
switching @rbbeisw k¢Ro80. sébBakiohs, the channel selecting circuit 85

generates a signal CH SEL for selecting a receiving
{0111] The LNA 71 amplifies the RF signal received via the
antenna 70 and transmits the amplified RF signal to the
distributor 72.
[0112] The distributor 72 distributes the RF signal received
from the LNA 71 among the first mixer 76 and the second mixer
T7.
[0113] TheTCXO 73 is anoscillator that generates areference
frequency signalusedby the first andsecond localoscillators
74, 75 when they generate their respective local oscillation
signals.
[0114] The first local oscillator 74 is composed of a phase
locked loop (PLL) circuit, for example. It generates a local
oscillation signal having a first frequency by, for example,
dividing the reference frequency signal generated by the TCXO
73 under the control of the operation control unit 64. That
is, the first local oscillator 74 generates the local
oscillation signal having the first frequency which is in
phase with the reference fregquency signal generated by the

TCX0O 73, and supplies the same signal to the first mixer 76.



channel and supplies the signal to the switch 80, thereby controlling
sel ection between the IF signals. At this tine, the channel sele t.}ggﬁ
circuit 85 determnes the timng of switching the selection by the g@ﬁ

80 according to a signal G.TIMNG recei,ved froma timng generator 91
provided in the base band signal proc %srng unit 63. The channel selecting
circuit 85 notifies the operation control unit 64 of the receiving channel
selected by the switch 80. [0127] Besides, the channel selecting circuit 85
recei ves theld yndtherncecoBdFELodayi ¢sgklildyort S fiilsr sbmpbBedopfeat®il. 83 and
determ nes the reception level. [0128] The third | ocal oscillator 86
gener at es acibeuit. foxigxamplen sipognematiess bo¢akgsendyaddomrsiignplo a
signal FINE_FREQ received fromthe operation control unit 64 and supplies
the local oR@Yingd sAcengddfHequenayedbffasgshidirordbect brs8Eremendy r d

| ocal oscil]ator 86 can renove an 1 7 F E B 2005 - 34 offset frequency in
the | F sign¥- b§Hef¥rEPLRg Bh¥1fdRd| thesEefraENSs SirgamIenayyiFignal
frequency accordi€g to tEF signal FI NE_ FREQ and supplying the | ocal

osci | | ati onI&PgrAFEd PY the SFXRofdindedetbe; 6PnEyol| of e prRe T Ryonal
detector 87 uses jhe Jocal oggcillatio signal receiyved omthe third

| ocal osci I?%?'Ee)lr:o%énf]bt 3’2% oiﬁ? sb???}%go%%cfg:geo{secc]t FIH 5t {%@eﬂfrﬁﬁﬁal
received fr .D_convert 4 ere modul ating .t he base
band signalQN&%Egazﬁﬁﬁgg&ﬁg!%ﬂﬁggﬁiﬁEé$§??§ngﬁ é?h¥gr?ﬂ3e85§€ﬂgéﬂb si gha
processi ng [ |4 e Ll lgnale dndicati f.1a | .N- e
conponent o%gt%%qdﬁéan%@duv{%t}gi}q%aggf)gg%g% g:gfﬁjglr&%é%gy \aéggglaad’r %el.ll-{l’% si gnal

indicative ¥ @&k adirgsNahn@osReRENts therfafe UL ddharhasedand signal

processing unit 63 shown in Figure
mixer 77.

[0116] The first mixer 76 down-converts the RF signal into
the IF signal by multiplying the RF signal provided'by the
distributor 72 by the local oscillation signal having the
first frequency received from the first local oscillator 74.
The first mixer 76 transmits the IF signal obtained by the
down-converting of the RF signal to a switch 80 provided in
the IF signal processing unit 62.

[0117] The second mixer 77 down-converts the RF signal into
the IF signal by multiplying the RF signal provided by the
distributor 72 by the local oscillation signal having the
second frequency received from the second local oscillator
75. The second mixer 77 transmits the IF signal obtained by
down-conversion of the RF signal to the switch 80 provided
in the IF signal processing unit 62.

[0118] The IF signal processing unit 62 shown in Figure 6
has the configuration shown in Figure 3, for example. It
comprises the switch 80, a band pass filter (BPF) 81, an

automatic gain control (AGC) circuit 82, first and second



6 has the configuration shown in Figure 9, for exanple. It conprises a
guard correlator 90, a timng generator 91, a peak detector 92 , a fast
Fourier transform (FFT) window circuit 93, an FFT circuit 94, an eludditiBz8%
95 and a demapper 96. [0131] The guargﬁcorrel ator 90 is intended for

performng an autocorrelation operati on the base band signal. That s,
the guard correlator 90 del ays the base band signal consisting of the |
signal and the Q signal by a length of the effective synbol section and
det er m nes amelogvdimioralkl(d/Dinchererctears B3 dd4ayadcivasee baved exd tgivady and
the base band signal not delayed in a tine width corresponding to the

| engt h of t®&Ergukl B3 ntaerthelrd dedadn osTiid lgtam 86 @ndelant @rtdddommbni t s
the correlation value obtained by 1 7 FEB 2005 - 35 performng

aut ocorrel AFAFED the tining generator 91 and the peak detector 92.

[0132] Here, since the guard interval section is a signal section having a

copy of a r1Phr Thsrswiieht? selprisannpne o§dde Bhsighalsaeaaisedn val ue
operat; on 1EROM PR Tat B0 BPRORRIRERERS 16 arl 1 IRF SHHAGA Amd g
operation i ai ive
synbol section i,s received. [0133].The . timng. generator. 91 is intended for
egti mat i ng SJt%%a]éf&ré’&%s\?é‘n%/E?B&I% géc??‘ans‘é‘?ﬁgg{'%% rgbe]r'?‘ﬁ'é"?‘ié?n%efrﬂ i on

B T o e

guard correlator thetimn ener a

timng wherssydcolngeba BRIt PEESANS cnakiRY! < SALLL Ay NG LN1G: guard

i nterval sectlon occurs, generates a signa cative of the

det er mi ned g4 @nRJondNee tiHE N 9EHRRALHFoPiladd AW Hdwh Jdh i ANAn G M NG

to the FFT window circuit 93, the channel selecting circuit
thefirstmixer 76 and the IF signal provided by down-conversion
by the second mixer 77 and supplies the selected one to the
BPF 81. In other words, changing the IF signal selected by
the switch 80 provides switching between receiving channels
of the orthogonal frequency division multiplexed signal
receiving apparatus 600.
[0120] The BPF 81 limits the pass band for the IF signal
supplied from the switch 80 to remove a component outside
of the pass band of the receiving channel and transmits the
‘resulting signal to the AGC circuit 82.
[0121] The AGC circuit 82 automatically control a signal
amplification factor to amplify the IF signal having passed
through the BPF 81 to a predetermined signal level.
[0122] Here, theAGCcircuit82determinesthereceptionlevel
of the IF signal received fromtheBPF 81, that is, the reception
level of the RF signal based on the signal amplification factor
used in amplification of the IF signal, for example. The AGC

circuit 82 transmits a signal AGC_LEVEL indicative of the

determined reception level to the first A/D converter 83.



85 provided in the IF signal processing unit 62 and the operation control
unit 64. [ 0134 ] The peak detector 92 is intended for detecting a pepKgg 2005
val ue of the correlation value obtained by the guard correlator 90

perform ng the autocorrelation operagi9$ and a signal phase at a timng
h

when the correlation val ue has a peak. e peak detector 92 notifies the
operation control unit 64 of the detected peak val ue and signal phase.
[0135] The FFT window circuit 93 is intended for extracting only the base
band si gnal [ @¥23he Bepfidesi, vehe AdIcigwatiitof3 tnansmpbstthe anpl siimdl to
the FFT circuit 94. It renmoves 1 7 F E B 2005 - 36 the base band signal in
the guard iH Fignakdq e s A/P qarerantisd Shsed on the signal

G TIMNG recejved fromthe tinmng generator 91, and then transmts_the
base band si@Al iThe hE1EFt e PyEolyRESELs &3 i @h9tblrae the &Fanat 94.
[01361 The FET circuit 94 is intended for performng a_ fast _ Fourier

t ransf or m SFGHETHs Ee68ndes) Ghart The ARe EEFSE‘E‘FVQZ WHYIPRELE § 1S ecei ved

he i gnal TP TR ARy Sl CHARRET <A b (oo Tratih 88 The - © |

fast . Fouri oisig 1o hALEL: 088 % AU e0tal. §2 AN, CONRL LARL 4ud s A QAFT] The

equal i zer 'S ‘conmpose a‘fin ul se ponse

infinite | rmugg%ggsgpgﬁetr{e{ hBE Lizdle o ahBOshbfiel e AT 1dd | S

i nt ended for conpensating e anplitude or phas the base i gnal
received frgrqn&tlhq:d:&'geci&qm(;g&{gla%qréyﬁ& tg the characteristic of the

transm ssion line to renove a signal distortion or the like. The equalizer

95 transm tpideE equdl ickethRasadiattisigdndirck Ot t B8 demppendd®@ for
controlling selection among from receiving channels by
switching of the switch 80. That is, the channel selecting
circuit 85 generates a signal CH_SEL for selecting areceiving
channel and supplies the signal to the switch 80, thereby
controlling selection between the IF signals. At this time,
the channel selecting circuit 85 determines the timing of
switching the selection by the switch 80 according to a signal
G_TIMING received from a timing generator 91 provided in the
base band signal processing unit 63. The channel selecting
circuit 85 notifies the operation control unit 64 of the
recei&ing channel selected by the switch 80.
[0127] Besides, the channel selecting circuit 85 receives
the signal AGC_LEVEL digitized by the first A/D converter
83 and determines the reception level.
[0128] The third local oscillator 86 generates a local
oscillation signal having a frequency according to a signal
FINE_FREQ received from the operation control unit 64 and
supplies the local oscillation signal to the orthogonal

detector 87. The third local oscillator 86 can remove an



(01381 The demapper 96 is conposed of a read only nmenory (ROM) or the
like, for exanple. It perfornms a demappi ng process for recoveri ngWI‘FﬁEB 2005
transm ssion data fromthe base band signal equalized by the equalizer 95,
based on a synbol arrangenent on a conplex plane. [0139) That is, the
demapper 96 recovers the transmission 38ata fromthe | signal and Q signal
of the base band signal nodul ated according to a nulti-val ued nodul ati on
met hod, such as 64 quadrature anplitude nodul ation (QAM, based on a 1 7

FEB 7005 3%fFydtcHenfirmes hat waen IF sagndilnaie gealkta tdeletidad il a
conpl ex plane and the transm ssion data. [0140] The demapper 96 outputs the

recover ed tosiisitiadSicins ighed B hia® iagieifiregleaay Agceihdingttcothé @ drdde to
provi de for the processing of the transm ssion data. [0141] The operation
cont rol uniRINE FREQvandns kpmly tnd tilsee locaposedidladinoncs bgnatessdther the
like, for exanple. It 1is to control the entire operation of the orthogonal
frequency dhithgjovalmdatiegitexed7si gnal receiving apparatus 600. [0142] For
exanpl e, the operation control unit 64 determ nes, based on the
notificati dPli2lei Yhe dntdwmaonalpdakedbordiorse9zhet hecal gsalildladdomt t he
timng when the peak of the correlation value obtained by the guard
correl at or d@najeFeoeivag foem he ddomklacndwsshiert t onh 86nt ¢ e fesam band
signal appears. The operation caontrol _unit 64 transm.ts the signal
FI NE_FREQ t%F ‘ipdadily detechionsdithalbsighaloreont Yo faafetip&esash
t hereof, thereby causing jt to nerate | ocal .. oscillation signal having
2 Tr equency LPPBERBRAF Y 1 SPERECY deaaT i Hebr ey ghi SpRaderdedil - (fe
operation t L 1% I Bg ],_tan} afd ek faed \ ' yl d be
i ncl uded Fﬁr?llrl“t ﬁgt?ﬁgél ‘ana t;%%tﬁzlﬁ [ ed%'lo Eiine osf't 8g%n%ﬁg§%t%%\dt?%r ased

processing unit 63, an in-phase (I) signal indicative of an

in-phase component of the demodulated base band signal and

a quadrature (Q) signal indicative of an orthogonal component

thereof.

[0130] Thebasebandsignal processingunit 63 shown inFigure

6 has the configuration shown in Figure 9, for example. It

comprises a guard correlator 90, a timing generator %1, a

peak detector92, afast Fourier transform (FFT) windowcircuit

93, an FFT circuit 94, an equalizer 95 and a demapper 96.

{0131] The guard correlator 90 is intended for performing

an autocorrelation operation on the base band signal. That

is, the guard correlator 90 delays the base band signal

consisting of the I signal and the Q signal by a length of

the effective symbol section and determines the

autocorrelation between the delayed base band signal and the

base band signal not delayed in a time width corresponding

to the length of the guard interval section. The guard

correlator 90 transmits the correlation value obtained by



on the signal phase, of which the peak detector 92 notifies the operation
control unit, and causes the third local oscillator 86 to generatﬁ t %

| ocal oscillation signal for renoving the estimted offset freque ZJ? 2005
[0143] In the follow ng, an operation @ the orthogonal frequency division

mul ti pl exed signal

to a nulti ¥%%

RS ARFAETY

havi

generate | ocal “osci on st gnals

and second JdQEUSNCI @Be ESSPELAEYELY vahe f 86 1SR

ref erence

| e, diwuidi
frequency signal supplied fromthe T XO@B P% ae%éallt irbgléd‘le]ferm ned

under cont redrd1dt @l@eﬁéffeﬂm@ﬂgtﬂ% A ded¥re B SWRIP b a ttilthh G2

oscillation signals to t

si gnal s,

down-convert RF signals in different
pr edet er mi Nl 3Tk ehredt dnéng fgerprentyr Phnds. intenidesl fay, esitdmardma i on

control unit 64

the effective symbol section and the guard interval section
basedon the result of the autocorrelation operation performed
by the guard correlator 90. That is, the timing generator
91 determines the timing when switching between the effective
symbol secticen and the guard interval section occurs, and
generates a signal G_TIMING indicative of the determined
timing. The timinggenerator9l transmits the signalG_TIMING
to the FFT window circuit 93. the channel selecting circuit
85 provided in the IF signal processing unit 62 and the
operation control unit 64.

[0134] The peak detector 92 is intended for detecting a peak
value of the correlationvalue obtained by the guard correlator
90 performing the autocorrelationoperation and a signal phase
at a timing Qhen the correlation value has a peak. The peak
detector 92 notifies the operation control unit 64 of the
detected peak value and signal phase.

[0135] The FFT window circuit 93 is intended for extracting
only the base band signal in the effective symbol section

and inputting the signal to the FFT circuit 94. It removes

receiving apparatus 1 7 FEB 2005 38 600 according to an
enbodi nent of this invention will be described. (0144] The orthogonal

frequency division nultiplexed signal . receiving apparatus 600 is applied
% ]ﬂ'—'%mbn'iﬂ rSmdAfLng, dafedr eI Andy of

sendi ng st at,i on ransmts I dentical content via different frequency
bands. Thzél}ﬁ')pé?%t'% u@e%eeccteqli/?s&'a RF signal transmtted froma sending
station vi n a 0 ] di stributor 72 distributes the RF
si gnal | recg[i(}s/fe%?v}}% t ezgﬁ %nﬁégoggggdﬁ%tne%v TS YY THhé W A anong
the first ﬂéﬂoigjx%‘i%gtg'ec Qd, M. patt F)?a Ic]: eTé}eec]cEJ{éeE sgrr}ndonoﬁcond

| ocal oscillators first

e first and second m xers 76, 77, respectively.
0147 | Her ey pgduk operattimingobenl thei tré4 1666t eals othentl kftrecand,second
| ocal oscillators 74, 75 to cause themto generate |ocal oscillation
whasoibcalr eserdeicbrbyl st hedeliveid .and  second m xers 76 , 77 to

frequency bands into IF signals in

[



causes the RF signal processing unit 61 to generate IF signals which

enabl e reception of two pieces of transm ssion data having the sane
content and transmitted via two channels in different frequency bdrdkEB 100y
FE B 2005 - 39 [ 0148 1 Each of the first and second m xers 76, 77
transmts the |F signal obtained by-ddw=conversion of the RF signal to
the switch 80. [01491 The switch 80 selects any one of the IF signal
received fromthe first mxer 76 and the IF signal received fromthe

second m xethe/ La%@c%diqw&igaatlh&ns it@RalguEHaSER tbh3a3Msklcqd onf,F YRl
channel selecting circuit 85 and transmts the selected one to the AGC

circuit 82 14 detBemBREdMasddbaOtndheidifa SicgmraMiRevLo8e pasaskrdhr@ieoh the
BPF 81 is anplified by the AGC circuit 82, digitized by the second A/D

converter &dndmdyy yhasravppl9edand thenarddmgonal ttet Basonvafy sildhkal] At
this time, the AGC circuit 82 determ nes the reception level of the RF

si gnal whi din Hae lddieaddmeerstypdoli e ttiln 1o sihgndFTSeliemheick byd t he switch
80 based on the signal anplification factor used to anplify the IF signal
to a predetl@iFtiedTheghEl digwiit SAdindmitensed ferchenfeimisegl e dasty
circuit 85 of the reception level in the formof the signal AGC LEVEL. For
exanpl e, t Feurgercitranstogm ogehee dvage thandisjianalaco thece fifegitigea

vol tage waveformwi th the voI.ta%e val ue_ var ¥‘i ng in response to the
reception IS¥PERL sgctioRe recgiyrialEeRVERe ETT; Hilpdewd chycpid P 0 A/ D
converter 83 and tggn tranim'tted to, the channel selecting circuit 85.
[0152] The IS JotEe §aPBRLOPR 87 Qs DAt vdEa Bt of e

rptel e L M S
fast-Fourier-transformed base band signal to the equalizer
95.

[0137] The equalizer 95 is compesed of a finite impulse
response (FIR) filter, infinite impulse response (IIR) filter
or the like, for example. It is intended for compensating
the amplitude or phase of the base band signal received from
the FFT circuit 94 according to the characteristic of the
transmission line to remove a signal distortion or the like.
The equalizer 95 transmits the equalized base band signal
tce the demapper 96.

[0138] The demapper 96 is composed of a read only memory (ROM)
or the like, for example. It performs a demapping process
for recovering the transmission data from the base band signal
equalized by the equalizer 95, based con a symbol arrangement
on a complex plane.

[0139] That is, the demapper 96 recovers the transmission
data from fhe I signal and Q-signal of the base band signal

modulated according toamulti-valued modulationmethod, such

as 64 quadrature amplitude modulation (QAM), based on a



circuit 82 via the second A/D converter 84, thereby denodulating the |
signal andQ signal of the base band signal. 1 7 FEB 2005 - 40 The | 15 RERRI005
andQ si gnal denodul ated by the orthogonal detector 87 are transmitted to

t he base band signal processing unit 6; [0153] The FFT window circuit 93
renoves a part corresponding to the Qﬁard I nterval section fromthe base
band signal consisting of the I signal and Q signal denodul ated by the
ort hogonal detector 97, and supplies only a part corresponding to the

ef fecti ve syrhelspoadienaoe betwkhenFRTcobrdintt84val{ielBéletindnleldl ot acuit 94
perforns a fast Fourier transform on the base band signal and transmts
the resul t icogpdiegn@llaneo anfde thqudkrianemi®sign dadiagnal indicative of the
frequency conponent. &%%551 The equal i zer 95 receives the base band signa
from the KOL48ilr cThe PR ARG PartPntshdhehaegoveres: itrapsmilggion
transm ssion line by, for exanple, extracting a subcarrier having
“transm tt edagaptpor ‘iqwrleﬂﬁ’é-f’&]ﬁ’&lr%ﬁ 95 Bagalisesto mrovdiee foand
signal by, for exanple, conpensating the base _ band signal according to the
esti mat ed tP&nQﬁP§§F§&nﬂlﬁg tBﬁaF&éPéWﬂ§§ﬂ8n Qﬁ&asupplles the resultlng

signal to tﬁ er 0156] The de %prerfor ggapplng
process usil 3413 S%P?ﬁﬁ1 R et §4b§
recover the tran gééonldatargégg1the sqﬁglqg‘stagg 4} é? ng guard
correl at or QB"PIS’gP OP a"ﬁ orre? alfl operation ase nd
signal by del I:QthQf Pﬂ@ﬁgﬁkg@ﬁgcﬁ‘%é%ﬁ% oﬁé‘ffke&h@% and the
Q signal déno ate by t ort hogona et ect or tinme “correspondi ng
to the ef{8¢tisYenSHiReL p3e&bho8igRd PSR ARG %ﬂ@&%&%&sfﬁﬂﬂ.
[0142] Forexample, theoperationcontrolunit 64 determines,
based on the notification received from the peak detector
92, the signal phase at the timing when the peak of the
correlation value obtained by the guard correlator 90
performing the autocorrelation operation on the base band
signal appears. The operation control unit 64 transmits the
signal FINE_FREQ to the third local oscillator 86 to control
the operation thereof, thereby causing it to generate a local
oscillation signal having a frequency corresponding to the
determined signal phase. That is, the operation control unit
64 estimates the offset frequency which would be included
in the IF signal supplied to the orthogonal detector 87 based
on the signal phase, of which the peak detector 92 notifies
the operation contrel unit, and causes the third local
oscillator 86 to generate the local oscillation signal for
removing the estimated coffset frequency.

[0143] In the following, an operation of the orthogonal

frequency division multiplexed signal receiving apparatus



17 FEB 2005 - 41 operation for the del ayed base band signal and thf l;rﬁe
band signal not del ayed. (0158] The tim ng generator 91 estinates A 2003
ef fective synbol section and the guard interval section based on the
correlation value obtained by the guard correlator 90 performng the
autocorrel ation operation and determ m% The tim ng when sw tching between
t hese sections occurs. The timng generator 91 generates a signal GTIMNG
having a rectangular voltage wave formw th the voltage val ue varying

bet ween t he0lefdasinding b an samhodimend éhetigiiar dntraheival wiadt Heon, for
exanple, and transmts the signal to the FFT window circuit 93, the
channel seldesdmidedi.rcuit 85 and the operation control wunit 64. [0159] The
peak detector 92 determnes the timng when the correlation value obtained
by the guarldlddlr eThesr 9@ agerlf Hrequenchdiydsdoormel tip bexed signsdak,
detects the correlation value and signal phase at the timng and notifies
t he oper at iT®FedoHMgAPRAT At 6 0P iﬁr@:gdﬁfbtcaﬂinmitﬁaft@qlamcymém:gmal

phase. [0160]_ The operation control unit 64 cooperates with the channel

sel ecting dMFEL enyEropmeRs . | Fkahischs @i pregaliky f semding sitdtd@rdhannel
to enable the transm ssi.on dati havi ngc an jidentical _content to be

recover ed. FOPETR USAn ddgRSEEal GO ttafidhsrent ToriveRrateddsst a
[ | Lved by t th | _f di Vi si | tipl d si |
ecerving. dnRPYEhBEs et neds £ HUTA D ranyilieq Rreh Aretdintae o

t he recei V%‘%aﬁ:ii%'?;alvi%r% hatghed El1é0F E B 2005 - 42 [01621 The tim ng
generator 91 generates the signa TIM NG

[0145] The distributor 72 distributes the RF signal received
via the antenna70 and then amplified by the LNA 71 among the
first mixer 76 and the second mixer 77.

f0l146] The first and second local oscillators 74, 75 generate
localoscillation signals having first and second frequencies,
respectively, by, for example, dividing the reference
frequencysignal suppliedfromthe TCX073inaratiodetermined
under control of the operation control unit 64, and supply
the local oscillation signals to the first and second mixers
76, 77. respectively.

[0147] Here, the operationcontrolunit 64 controls the first
and second local oscillators 74, 75 to cause them to generate
local oscillation signals, which are used by the first and
second mixers 76, 77 to down-convert RF signals in different
frequency bands into IF signals in predetermined intermediate
frequency bands. In this way, the operation control unit 64
causes the RF signal processing unit 61 to generate IF signals
which enable reception of two pieces of transmission data
having the same content and transmitted via two channels in

different frequency bands.



shown in Figure 10(b) to enable discrimnation between the effective

synbol section and the guard interval section. [01633 The FFT w ndqw {EB 2005
circuit 93 determnes the effective synbol section based on the signa

G TIM NG renoves the base band si gpa}ll:?:i n the guard interval section and

supplies the remaining signal to the T circuit 94. [01641 The operation
control unit 64 controls the first local oscillator 74 to cause it to
generate a local oscillation signal having a first frequency fl for

recei vi ng al@l4hhl Eachanfnthe ddrstoand ssaradidgisdeatsi 86, v d taraniamsiit£hannel
CH, for exanple. In addition, the operation control unit 64 controls the
second | ocafheddi 9igned phtajnedule downwcompyrrsien of |YwRFosdidriakion
signal having a second frequency f2 for receiving a signal transmtted
fromthe setdi e si%ttDh 8 a a second channel CH2 different in frequency
band fromt&e fi' r% channel CHI . [0165l]l Besi des, the signal CH SEL shown
in Figure 100%4°1 S CRBP sediegt sAnY RBerq L hediphanabmecmisiedt is at
a low |l evel _and ,instructs seleciion of the second channgl 2 when it is
2t a high IS R FAEEtpERPF e thRolE SRS EE S RO Hgur e 10

| Lot | | . o0
timing 11, Sepifeiiee o et eEruanct R Kars lé*ﬂﬁ%f?%'aﬁam‘%{%&? the
| F signal i degls b i fi i _ -

the | £ ol ool of (e  BER B SorBrstf Sridre iR thamdl tEpaRa Ty T s

det er mi nes ddvadctSdidivg e FRICHIRN 1Y & LGl iHHF Ghannel s needed
1 7 FEB 2005 - 43 when it Is detected that the signal |evel (voltage

val ue, for{eEsnpl eheoflirt BegaadnahvAGE bEYELAr eaebvgd themeple sAGG s circuit

82 via the first A/D converter 83, for exanple, is
amplified by the AGC circuit 82, digitized by the second A/D
converter 84 and then supplied to the orthogonal detector
87.
[0151] At this time, the AGC circuit 82 determines the
reception level of the RF signal which has been converted
into the IF signal selected by the switch 80 based on the
signal amplification factor used to amplify the IF signal
to a predetermined signal level, and notifies the channel
selecting circuit 85 of the reception level in the form of
the signal AGC_LEVEL. For example, the AGC circuit 82
generates the signal AGC_LEVEL having a voltage waveformwith
the voltage value varying in response to the reception level,
andthe signal AGC_LEVEL isdigitizedbythefirstA/Dconverter
83 and then transmitted to the channel selecting circuit 85.
{0152] The orthogonal detector 87 uses the local oscillation
signal received from the third local oscillator 86 to perform
orthogonal detection of the IF signal supplied from the AGC

circuit 82 wvia the second A/D converter 84, thereby

demodulating the I signal and Q signal of the base band signal.



| ower than a predeterm ned threshold prescribed by the operation control
unit 64. [0168] Wien it is determ ned that switching of selection of17ﬁ%@2W5
recei ving channel is needed, the channel selecting circuit 85 controls the
switch 80 selecting the IF signal and Pfrforns a processing for swtching

the receiving channel. (0169] That is,”the channel selecting circuit 85
receives the signal GTIMNG fromthe timng generator 71, and

determ nes the timng when the received signal enters the guard interva
section (0TI Fdgnakamd(sigwzhdenedsilghed b@ tHewNchegonalideticgore 10(b)
beconmes at a signal |evel (voltage value) indicating the guard interva
section at &heane fragsmittedetenbim dasedandk isdgnaly priocessing ualds t he
signal level of the signal CH SEL as shown in Figure 10(c) to cause the
switch 80 t&%*- select the | F signal provided by down-conversion by the
second m xer 77. &0171 Here, if the receiving channel is switched every

time when {HSIlecdPeddF SYHHOW EATERL LihEr YIRYYS ARIF Y EPTEEEPPHALNG he
property of the timng.generator 91 is degraded and it becqnes difficult
Do di sci i nitfat P bed4eEh LRECEYRECPPEEIOR) AFOM S48 i RAFSnBabfie Sq9aRd

I nterval sectian. .Therefore, = the channgl sel ecti ciycuit | g, adapt ed
to switch (FWESISYRY © cUBF stﬁ%agi%’h ° EAI8EL SR ta?dggéfdz-f’&m ned 1
7 FEB 2005 - d_int | . ' . t wo

[ B 2005 e oo IS L 87 SR SPGh1 9 hpa il 8RR8I0
Swi t ches SlLqleon fediie! ByRitdialkeAG6QM FbNgnko Felte i Rale G4 SEL
received fromthe channel sélecting circuit 85, thereby swtching the
signal supploigd ] t entherBREr8hikr 9Mgigotn@nal r4 L€ dioad e arkhe rhirhst

channel on the base band signal and transmits the resulting signal
to the egqualizer 95 as a signal indicative of the frequency
component.
[0155] The equalizer 95 receives the base band signal from
the FFT circuit 94 and estimates the characteristic of the
transmission line by, for example, extracting a subcarrier
having transmittedapilotsignal. Theequalizer95equalizes
the base band signal by, for example, compensating the base
band signal according to the estimated transmission line
characteristic, and supplies the resulting signal to the
demapper 96.
{0156] The demapper 96 performs a demapping process using
the base band signal equalized by the equalizer 95 to recover
the transmission data from the sending station.
[0157] The guard correlateor 90 performs an autocorrelation
operation on the base band signal by delaying the base band
signal consisting of the I signal and the Q signal demodulated
by the orthogonal detector 87 by a time corresponding to the

effective symbol section and performing a product-sum



CHL to the signal received via the second channel CH2. [01731 That is, the
switch 80 selects the IF signal provided by down-conversion by the‘is?eFEH‘ﬂ}l]S
m xer 77 instead of the IF signal provided by the down-conversion by the
first mxer 76 according to the signal,CH SEL and supplies the selected

|F signal to the BPF 81. [0174] At this tine, as shown in Figure 10(d) ,

for exanple, if the signal AGC LEVEL generated by the AGC circuit 82 is

| ower ed, the channel selecting circuit 85 determnes that the first

channel CHIOR&rH; iffe £ orhbihe tdrlakad basehband| sigHpml iand sbepbase bHaval .
[0175] Then, the channel selecting circuit 85 swtches the signal |evel of
the signal T9=ek Wt delawady t 2 when the guard interval section ends, the

timng being determned from the signal G TIMNG and changes the

recei vi ng clg%lrﬁ%l fhe Hiping gerexhtohal egiinatesre)e eAfaglivesiymeak

channel sel ecti_n(g_f ci%ggit 85 notifies the operation control unit 64 of the
reception |RE Y 2pfLheguardintenl serbipabasedrn hherergidatiof er val
section. The o erbtipn nt r’iojlli‘ uni t ‘84 det eirq'énes \Slneth r or, not the
reception I'&/&t® ot S RY nbe  9RYT Dy CPhECERERRe P Os BrESATMY "L i thaii t 85

I's higher t cgamplre%tdaeé.ec__,rnrn' eedréfi;oer{ ence &gg‘f?}ﬁ%}&%ﬁgtEFSEé%&%& i 5%[ 0177]

I f the operation control uni et erm nes | of

th d I ' Lgh : f I it .det '
hat the. Si Ghal T 58 rn Ehe oo S R can B aceRT A cd 1

ceiv Vi a e second channel ‘can 1) urf%t ed and

then det er idiasratdtet Dfen@iratels 4 RS ghlaiS§ EHaNGe h]ag'ﬂlngaﬂ delta R

channel 2 transmt an identical content. [0178] At this time, the guard
correl at or @ trfd aarefarmcwi fglid 9d1eRGealh0iefRiry g Barwhdnitgly al

section of the
effective symbol section and the guard interval section, for
example, and transmits the signal to the FFT window circuit
93, the channel selecting circuit 85 and the operation control
unit 64.
[0159] The peak detector 92 determines the timing when the
correlation value obtained by the guard correlator 90
performing the autocorrelation has a peak, detects the
correlation value and signal phase at the timing and notifies
the operation control unit 64 of the correlation value and
the signal phase.
[0160] The operation control unit 64 cooperates with the
channel selecting circuit 85 or the like to swiftly switch
the receiving channel to enable the transmission data having
an identical content to be recovered.
[01l61] For example, Figure 10(a) shows a configquration of
a signal received by the orthogonal frequency division

multiplexed signal receivingapparatus 600. InFigure 10(a),

the guardinterval sections of thereceivedsignal arehatched.



signal received via the second channel CH2 during the period between the
timngs ti and t2 and a rear part of the effective synbol section bf FEBE005
signal received via the first channel CHl during the period between the
timngs t2 and t3. [0179] The operatjogbcpntrol unit 64 reads a peak of the
correlation value detected by the peak detector 92 fromthe correlation
val ue obtained by the correlation operation perfornmed by the guard
correlator 90 and conpares the peak value with a predeterm ned reference.
[0180] I|f tlRd6@der Bhedimiastgetesmtor 84 grneratesshehatgnab G_TIMING
correlation value is equal to or higher than the predeterm ned reference
val ue, it @PO¥MilRcELIgREE AP | | e enakten ddis colimimadt itdne bedoweah dfennel CH2
transmt the sanme content. At this time, the operation control unit 64 can
estimte, SHL&&FIYS SHEPSLgSECtAREsEngr thgi Onard Adsrtenvad Heethiopeak
detector 92, %&ﬁ differgnce,betmeen the offset frequency of the IF signal
provi ded by %d&wd- cORGFST JHMPY (FaGUidt O determadnesy thge edfredivier equency
of the IF signal, provi ded b down- conver si 0 e second mixer 77. 1 7
PR 5005 - AR ARSVLE Sadka it ERe S TTAE RN T BRORSE RS B2t ¢ 64
det er m nes t e rgd. correlation output is |lower _than the
pr edet er ni r?é?iﬁr g#gﬁg%cggv%?]%éﬂ‘l% d é‘t%rrn‘%anriesset ar ™ taﬁlgofiuP?tll&faﬁ%‘a CH1
and the seggggiggggnghgggg %éa@ﬁgigFTdbﬁgghggt9gqntents and controls the

t not

channel selecting Circdi to select thé second channel CH2

aftervard. (p184§21rH88pbekratibh ddift SECORT GRAMCLrSIL thidPBL £ § oRaGONt €Nt

different fromthat for the first channel CH, the switch 80 selects only
the I F signskipniatbgedabyodeniseonvetsi §8nebytéhge 1beal Bb¥@11484000i ch has

been selected in the effective synbol section, and supplies the IF signal

to the BPFs@§nal having a first frequency £l for receiving a signal
transmitted from a sending station via a £irst channel CH1,
for example. In addition, the o¢peration control unit 64
controls the second local oscillator 75 to cause it to generate
a local oscillation signal having a second frequency £2 for
receiving a signal transmitted from the sending station via
a second channel CH2Z different in freguency band from the
first channel CHL.
[0165] Besides, the signal CH_SEL shown in Figure 10(c)
instructs selection of the first channel CH1 when it is at
a low level and instructs selection of the second channel
CH2 when it is at a high level.
(0166] Specifically, the signal CH_SEL shown in Figure 10(c)
instructs selection of the first channel CH1 in a period up
to a timing tl1, and the switch 80 selects, according to the
signal CH_SEL, the IF signal provided by down-conversion by
the first mixer 76 and supplies the IF signal to the BPF 81.

[0167] Then, thechannel selectingcircuit 85determines that

switching of selection of the receiving channel is needed



[0183] If the first channel CHL and the second channel CH2 transmt the
sane content, when the signal G TIMNG beconmes at a signal level 17FEB 2005
indicating the guard interval section at the timng t3, the channel
selecting circuit 85 switches the sigpgl CH SEL to cause the switch 80 to
select the IF signal provided by down-conversion by the second m xer 77.
(0184] At this tinme, the channel selecting circuit 85 determnes that the
second channel CH2 is higher than the first channel CHL in reception |evel
because t héPqyidl iSef@tecird kbagi ghal sAcoalryervedr {ivodittaged vialoms t he AGC
circuit 82 _increases, as shown in Figure 10(d). [0185] Thus, the channel
sel ecting é%ﬁW%PﬁtﬁPﬁss%%ﬂlﬁwEY decgivert SromaihecAGEL even

ft tini.ng t t .which th dint I ti ds, | hed,
ind | adopt S S S3nH BNk RRCH LERE. AAD (RRYRAR iy R RS - (Ho
ffecti nhal i on whi.ch begi the tiging t4. 17FEB 2005 - 47
[0136] Te Aot iabl Ao Hf T AEr po b Bhsccriie | BK o r o

unit 64 th SEeC nnel. is adopted as the receiving channel.
101871 V\he?i)tpte}?eﬁ&%glr %ﬁ&%@o%ﬁﬁgl én‘it 64 is notified by the channel

sel ectin [ i1t : . . 1S ed as t
recei vi ng g[r?g%l#ell ,ﬁlﬁﬁhﬁga%%%&?géﬂﬁgg?ﬁw]ﬁ%%%égp %ggél) %':fdtolro%é)?t he

si gnal Fl NEneREC:& Ss1nehRfne i 9 stdiadd @Nehe RP3S6 A s ML S i%ﬁgﬁﬁgJifm by

the peak detector 92, thereby switching the frequency o ca

oscill atioms sogtpdls eneswiit BOhd Red hthPEhBOGOEaLNHSt £¢h Per@brmENUS,

the third |l ocal oscillator 86 can generate a local oscillation signal for
removi ng t e pafofceats ihve foeneywiathtihg thesirgralivipigo\bh#ethdly. down- conver si on
by the second m xer 77. [0188] In addition, at this tinme, the operation
control unil016%] That is, the channel selecting circuit 85 receives

the signal G_TIMING from the timing generator 71, and’
determines the timing when the received signal enters the
guard interval section.

[0170] For example, when the signal G_TIMING shown in Figure
lotb) becomes at a signal level (voltage value) indicating
the guard interval section at the timing tl1l, the channel
selecting circuit 85 switches the signal level of the signal
CH_SEL as shown iﬂ FigureIIO(c) to cause the switch 80 to
select the IF signal provided by down-conversion by the second
mixer 77.

{0171] Here, if the receiving channel is switched every time
when the received signal enters the guard interval section,
the property of the timing generator 91 is degraded and it
becomes difficult to discriminate between the effective
symbol section and the guard interval section. Therefore,
the channel selecting circuit 85 is adapted to switch the

signal level of the signal CH_SEL once for a predetermined



64 resets the equalizer 95. Thus, the base band signal can be equalized in
accordance with the characteristic of the transmssion |line for r@f¢EBQgﬁ
via the second channel CH2 different fromthe first channel CHl in
frequency band. [0189] Then, selection by the switch 80 is switched to
determine the reception level for the $#r3t channel CH at tinings t5 and
t7. Since the reception |level for the second channel CH2 is higher than
that for the first channel CHL at both the timngs, the receiving channel

i s changed haster bd dglerdeaeedvaharmet idiHR, tsiicheas\aicd ert t@adsyiasd on dat a
at timngs t6 and t8. [ 01901 After that, if selection by the switch 80 is
swi tched atntenval rgpdtdionshesc shomel iselFdguneg 16 (@it 85 maintains the
signal level of the signal CH SEL even after a timng 17 FEB 2005 - 48

t10, at whildhithk Gbher ¢wiitichr 88l swatches erdectiionr eficlibe IS mdegndle
reception level for the first channel CHL is higher than that for the
second charforgHng THusthe heignahGH sSElonredaived@afirom tbheovdaathadi t h t he
first channel CHL being used as the receiving channel for the effective
symbol sectSePCtANTFLBEYiLAs8at theaebynfg tehdng| the Higme Hes@nbedl above,
according to the second invention, the first and second |ocal oscillators

74, 75 and %h&Rei BRY 8L Ag0RethnFiand Sereived ¥ie Mokiidet chddne RF
' I ' i ff t 1. di o f. d be down- ted t
genorate { R F i Gl LGP A (O GREy B ARErAoth EH 1 ch 80

Sui ohes selictd Pnafhe e MEeSaaln 68se EIPAYLAl G 1ie DRSS fANG, o1 onal

I n the guar nt'erval séction, €s e receptioneve
sel ected | oys Al cinBrsiBA b eddIScldony AldkrSeh el o bl Do Rl IReti ve
synbol section, an sefects the I'F signal having higher reception |level to
signal provided by the down-conversion by the first mixer
76 according to the signal CH_SEL and supplies the selected
IF signal to the BPF 81.
[0174] At this time, as shown in Figure 10(d). for example,
if the signal AGC_LEVEL generated by the AGC circuit 82 is
lowered, the channel selecting circuit 85 determines that
the first channel CH1 is higher than the second channel CH2
in reception level.
{0175] Then, the channel selecting circuit 85 switches the
signal level of the signal CH_SEL at a timing t2 when the
guard interval section ends, the timing being determined from
the signal G_TIMING, and changes the receiving channel to
the first channel CHI.
[0176] Inaddition, thechannelselectingcircuit85notifies
the operation control unit 64 of the reception level of the
second channel CH2Z2 received in the guard interval section.
The operation control unit 64 determines whether or not the

reception level of which is notified by the channel selecting

circuit 85 is higher than a predetermined reference level.



recover the transm ssion data. [0192] Thus, transm ssion data can be
obtained with a sinple structure by swiftly switching between channels for
different frequency bands. [0193] Here, in the enbodinent of the 17FEB 1005
above-descri bed second invention, desggiption has been nade assum ng that
the channel selecting circuit 85 supplies the signal CH SEL to the switch
80 to switch the receiving channel. However, the operation control unit 64
may have t funct iLan_of the channel selectin circuit 85 according to the
At et

above- desc dF e PP eXAF Lo0LuFPR B O L ittt B4ndsleThineggitrat dhe 1 7 F E
Cnventi on, SATATNG LPYERGH COPORCFPHE CHabael GHT% LFCTHRET | A dipol at ed
cont ol 1 od Tt arsssh 18985 he YIS Phatoharc tonel HCe ke 19 or the
Cranam soi oncl TRco it sear ety Wil dealodfy 4NORRE AR axfelr B ent ed

{10m 0CUT 4kl OB LIS RIS OBEKAE ICR! AELETIR) LR ARACnLAIAS) Thus,

the received signal data can be appropriate equall ze e correct

transm ssi @u2datancail than aceyneiedl «b8i86l Furthernore, according to the
second invention, selection of the IF signal is switched in the guard

interval qeatisqn, Atorpasi TAmehetiiReyddiRl raseRdl1 Mot eyel eplobhe laF
signals is perfornmed, and the IF signal having higher reception |evel can
be sel ect edorrefatdver opbeat fansfos thengdard. int&397] shsSiod AN THeSSi ON
data can be obtained with a sinple structure by swiftly switching between
channel s f sigdiaflf eeeaived dgqutheysdzondd channel CH2 during the period
between the timings tl and t2 and a rear part of the effective
symbol section of the signal received via the first channel
CH1 during the period between the timings t2 and t3.
[0179] The operation control unit 64 reads a peak of the
correlation value detected by the peak detector 92 from the
correlation value obtained by the correlation operation
performed by the guard correlator 90 and compares the peak
value with a predetermined reference.
[0180] TIf the operation control unit 64 determines that the
peak correlation value is equal to or higher than the
predetermined reference value, it determines that the £irst
channel CH1 and the secondchannel CH2 transmit the same content.
At this time, the operation control unit 64 can estimate,
based on the signal phase of which is notified by the peak
detector 92, the difference between the offset frequency of
the IF signal provided by down-conversion by the first mixer

76 and the offset frequency of the IF signal provided by

down-conversion by the second mixer 77.



frequency band. 17FEB2005 - 50 CLAIMS 1. (Canceled) 2. An orthogonal
frequency division nultiplexed signal receiving apparatus whi ch reckef VEB 2005
signal data indicative of an orthogonal frequency division nultiplexed
signal consisting of an effective syn&gl_section and a guard interval

gn

section and having a dispersed pil ot al inserted in a predeterm ned
subcarrier and which recovers transm ssion data, said apparatus
conprising: section determ ning neans for performng a correlation
operation udl¥®l} hénr tbeiodtesingmal, d&it ahandpeehtiyonecsntnsl ainit Mt
received signal data, thereby determning a |ength of the guard interval
section; Folgtiesminesndhatmtireansadoguped fermietp bidhwuieput risnsfawen on t he
i nput received signal data; characteristic determ ning neans for

det er mi ni ng-han tthgnprpdeterminae Enfpreresivrleef okt deigigeime rthéd ch
transmts the dispersed pilot signal on the basis of the received signal
dat a Fouri dhe fEistoheansy §&ild apsutier secansk shaniedn SHZ itrgnsmit

i nterpol ati n_gf nmeans for interpqglating, in a synbol direction, data

i ndi cat i ve DEfarent SORMERET Gﬁdlci%’gq?a? the shaonel sgbeek HPa&d a5 idai d

characteristic determnin ans; second inter ti nmeans for

i nt er pol at i g,nqq:ntzf sﬁfg@é“?‘rﬁ}e SHeRG icg'ﬁ—‘,n eﬁe%f%@ ve of the
transm ssi ldne haract eri,sti ¢ _interpaol at .0 .the synbol direction by
sord firer ToMAN aRSRI FERE fotREGRRRRELet? prdheltite core

charact eri sy« §,Q8 @ld - gUReaRs if%és £n@d¥alkt! Y ARenaHAN '%%%”%Jﬂ{]ch .
1h (5’ I at thnetic

equal i zing the recelved signa a by performng a conplex ari ;
operation g reaRicted chilgndhe dat 3i5aMNT pLoliaRd @y MRdwRY cHAE FZAWH er

transf orm neans using

by the first mixer 76, which has been selected in the effective
symbol section, and supplies the IF signal to the BPF 81.
[0183] If the first channel CHl1 and the second channel CH2
transmit the same content, when the signal G_TIMING becomes
at a signal level indicating the guard interval section at
the timing t3, the channel selecting circuit 85 switches the
signal CH_SEL to cause the switch 80 to select the IF signal
provided by down-conversion by the second mixer 77.
[0184] At this time, the channel selecting circuit 85
determines that the second channel CHZ2 is higher than the
first channel CH1 in reception level because the signal level
of the signal AGC_LEVEL transmitted from the AGC circuit 82
increases, as shown in Figure 10(4d).

[0185] Thus, the channel selecting circuit 85 maintains the
signal level of the signal CH_SEL even after a timing t4,
at which the guard interval section ends, is reached, and

adopts the second channel CH2 as the receiving channel for

the effective symbol section which begins at the timing t4.



the data indicative of the transmission |ine characteristic interpolated
by said second interpol ati ng neans; and demappi ng neans for recover ?%E%W%ﬁ
transm ssion data from the received signal data equalized by sald
equal i zi ng operation neans, CHARACTERIZED IN THAT sai d second

I nterpol ati ng neans includes: 17 FEB 2005 - 51 filter coefficient
determ ni ng neans for deternining a filter coefficient corresponding to

he | h I det t

ot er m i ng ise; CARE° e on2ERELRY, St or g ngihficRe e er
coef fi ¢i entopdiehar s&&ﬂ%éma A ofOELELEL B dRheup pLadIRANS . 2
filtering p#%cess or passing only a conponen cOorrespondi ﬁ& & “She guard

interval seGd i RRYLARIRG %Tha"ﬁn@.'lr ect wave, of the transm ssion line
characteristic interpolatéd in the synbol direction by said first

i nt er pol at I[mgmanmaﬂetrwasbﬁaegoh%ﬁ@ﬁdﬂ hnlefsi he Bbﬂ@iéﬁ%@&%ess to

sai d equalizing operation neans. 3. The orthogonal frequency I sion

mul ti pl exedhsingeal sdl@@@llwlgnal@@aarcasgstﬁa@omengeaen@l ahdhde1Ghact eri zed
in that said filter coefficient determ ning neans previously stores a

filter coefifd cidepttedonsespendengivanyhenhengtlh ot thanematd i Rerwal
section determ ned by said section determ ning neans. 4. An orthogonal
frequency dinirsi dncell ¢splbketosigfalther edegnelng INEPERENUSeBPbRAIMGCE] Ves
an orthogonal frequency division nultiplexed signal including a dispersed
pil ot signdlo thesyaned phagepredbichnisedtsfiicsd byerthaptakedetecsor
transmi ssion data, said apparatus conprising: characteristic determning
means for detctReRePY S¥itchdmgntBeifHequenct REr the éMO@tll estdilaféon

subcarri er that transmts the dlsgersed pi | ot signa
nal to be supplied to the orthogonal etector 87. Thus,

the third local oscillator 86 can generate a local oscillation
signal for removing the offset frequency of the IF signal
provided by down-conversion by the second mixer 77.
[0188] In addition, at this time, the operation control unit
64 resets the equalizer 95. Thus, the base band signal can
be equalized in accordance with the characteristic of the
transmission line for reception via the second channel CH2
different from the first channel CH1l in frequency band.
[0189] Then, selection by the switch 80 is switched to
determine the reception level for the first channel CH1 at
timings t5 and t7. Since the reception level for the second
channel CH2 is higher than that for the first channel CH1
at both the timings, the receiving channel is changed back
to the second channel CH2 to recover the transmission data
at timings t6 and t8§.

[01%0] After that, if selection by the switch 80 is switched
at a timing t9, the channel selecting circuit 85 maintains

the signal level of the signal CH_SEL even after a timing



first interpolating neans for interpolating, in a synbol direction, data

I ndicative of the determned transmssion |line characteristic in a STVEPEﬂ
direction; and second interpolating neans for interpolating, in a 1 005
subcarrier direction, the data interpghated in the synmbol direction to
determne a transm ssion line characteristic for all subcarriers and
providing determ ned the transm ssion |line characteristic to equali zing
nmeans for received signal data, CHARACTERI ZED I N THAT t he second

i nt er pol at i H medth ¥higdn dhet @slagdddndpryads see tilogments Jdtsa naafhedd i ve of
the transm ssion |ine characteristic interpolated in the synbol direction
and filterssinge §aeareGrRRERN ¢evet e theahsRF S GharnehEIchaE@aT sti ¢
interpolated in the synbol direction using a filter characteristic

det er ni ned Hhafklhah fatheisgrodbrnprnel G gTRUSHoEhe tyansqisgion

th I di vi si | t.i pl .Sl I L Vi t whi ch
or hosonal | eency il o0 FuLipyeied: S inal. ool 19, apparatps vl
o viston mitiglened Sl g 80, disersed il ol Syl serged 0 o

appar at us %{’g_pc%sd ‘nd QY 108 ttrdi?r[l%f rﬁrgoneans for performng a Fourier
si gha

transform on e 1nput receive data; characteristic deternining

means for dejeyyy niﬁg% crtib%'?isamc?s%PQC&BPE%EQ%B‘?\Q{@ﬁ&éBBQifn‘%renaci%-mcarri er

which transmts "t | spersed pilot signal on the basis of the received

signal dat@gdeUkiser ahfafsdOndBb I Saicd 1kaubirdr 71l ansf o trRaFS et 1 st
I nterpolating neans for interpolating, in a synbol direction, data

i ndi cati ve fifg tdeedi@nEHess a1 | i717e acleapaoivedest,i anddeher mmed dnalsai d
characteristic determ ning neans; second interpol ati ng neans for
I nt er pol at ingdiffiexestiboar riadio firegednon banides dande deowratdongegftedhe
transm ssion |ine
to generate the IF signals in intermediate frequency bands.
The switch 80 switches selection of the IF signal for
demodulating the base band signal in the guard interval section,
compares the reception level of the selected IF signal with
that of the IF signal selected in the effective symbol section,
and selects the IF signal having higher reception level to
recover the transmission data.
[0192] Thus, transmission data can be obtained with a simple
structure by swiftly switching between channels for different
frequency bands.
{0193] Here, in the embodiment of the above-described second
invention, descriptionhas beenmade assuming that the channel
selecting circuit 85 supplies the signal CH_SEL to the switch
80 to switch the receiving channel. However, the operation
control unit 64 may have the function of the channel selecting

circuit 85 according to the above-described embodiment and

control selection by the switch 80.



characteristic interpolated in the synbol direction by said first
interpolating neans to determne a transm ssion line characteristi jg ;
all subcarriers; and equalizing operation nmeans for equalizing the r %%[19
signal data by perform ng a conpl ex. afgthnetic operation on the received
signal data Fourier-transformed by said Fourier transform neans wusing the
data indicative of the transm ssion |line characteristic interpolated by

sai d second inter oI atl nq rreans CHARACTERI ZED I N THAT sai d second

i nterpol ati lﬁ\Yer se Fourier transform nmeans for

per form ng i verse r|er tranformonthe datalndlcatlve of the
transni ssi (ﬁlg"‘ﬂ c‘?ﬁ%‘?‘ ’e‘r“-? sthe it%er fditsited 1PN entd 9y nh¥Ped r &&¥8 on by

d fi I h d fil
ol i pat . GERETI G REREn G gﬁ%@%&%‘gg%‘%%' {BueroatabeRcrt e ot
mver se. FodreBrie iR PAERORIARC poafehay Ais8icaBhd, tRadbBreataRtyca |

i nverse Fourier fransformmeans yed

whi ch f f
ot or i ni nd20phPFol PSRN rebBbllse i %@ép%noé%gko%%ﬁ ERELL R
time deter rgle@%q_onbgrsghg @ié&p@irﬁb%ﬁfé e 5! Iasw dwiu?; F. Ee% %005 - 53

filtering nmeans for performng, using filt coef I Cl ent term ned by

sai d filtenoagekti sheRttgetieraicning mlsamm higkl BHaPROEEES s S he data
i ndicative of the transm ssion line characteristic interpolated in the

symbol di r dettiaQnwhyrediydahi estori ohar pel ptévgn te@nsramdosdppYhgd ihhe
result of the filtering process to said equalizing operation neans. 6. The
ort hogonal theequenspidisipbsi dinpukhiprhetedisitdgnallataecei vi ng appar at us
according to Claimb5, characterized in that
(0195] Thus, the received signal data can be appropriately
equalized, and the correct transmission data can be recovered.
[0196] Furthermore, according to the second invention,
selection of the IF signal is switched in the guard interval
section, comparison between the reception levels of the IF
signals isperformed, and the IF signal havinghigher reception
level can be selected to recover the transmission data.
[0197] Thus, transmission data can be obtained with a simple
structure by swiftly switching between channels fordifferent

frequency bands.

frequency band.



said filter coefficient determ ning neans previously stores a filter
coefficient corresponding to the delay tine determned by said nmu ?iﬁg%mﬁ
detecting neans. 7. The orthogonal frequency division nultiplexed J
recei ving apparatus according to Claimb5 or 6, characterized in that said
nmul ti path detecting neans conpares eachsgoaponent in the delay profile
generated by said inverse Fourier transformneans wth a previously
defined threshel d and detects a conponent having a value larger than the
threshold as the direct wave conponent and the del ay wave conponent. 8. An
ort hogonal frequency division nmultiplexed signal receiving nmethod for
recoveri ng (cansgensajon data from received signal data indicative of an
ort hogonal frequency division nmultiplexed signal which consists of an
effective synbol section and a guard interval section and which has a

di spersed pilot signaln okRABEbRAL! FrégRE P eIV diEsh $iRGAH18ea Saighalet NOd
conprising: a section deternmining step of perform ng an autocorrel ation
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section; a Fourier transformstep of performng a Fourler_transé rm, on the
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i spersed Rpil.of signal on the basis.o recei ved si s
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step of interpskating, deteamiyiing mehn%cfbvnpexﬁarmﬂnﬁcatbpgnﬂiaﬂiyq
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characterfstirc determ fAing stéep; a secohd interpolating step of
i nt er pol &hempcaeived syppaldaga. thereby determining a length of the guard

interval section;

Fourier transform means for performing a Fourier transform
on the input received signal data:

characteristic determining means for determining a
transmission line characteristic for a subcarrier which transmits
the dispersed pilot signal on the basis of the received signal
data Fourier-transformed by said Fourier transform means;

first interpolating means for interpolating, in a symbol
direction, data indicative of the transmission line characteristic
determined by said characteristic determining means;

second interpolatingmeans forinterpolating, inasubcarrier
direction, the data indicative of the transmission line
characteristic interpolated in the symbol direction by said first
interpolating means to determine a transmission line
characteristic for all subcarriers;

equalizingoperationmeans forequalizingthereceivedsignal
databy performing a complex arithmeticoperationonreceivedsignal
data Fourier-transformed by said Fourier transform means using
the data indicative of the transmission line characteristic
interpolated by said second interpolating means; and

demapping means for recovering the transmission data from
the received signal data equalized by said equalizing operation
means,

CHARACTERIZED IN THAT said second interpolating means

includes:
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said filter coefficient determining means previously stores a
filter coefficient correspondingtothe lengthof theguardinterval

section determined by said section determining means.

4, An orthogonal freguency division multiplexed signal
receiving apparatus which receives an orthogonal frequency
division multiplexed signal including a dispersed pilot signal
inserted in a predetermined subcarrier and recovers transmission
data, said apparatus comprising:

characteristic determining means for determining a
transmission line characteristic for the subcarrier that transmits
the dispersed pilot signal;

first interpolating means for interpolating, in a symbol
direction, data indicative of the determined transmission line
characteristic in a symbol direction; and

secondinterpolatingmeans forinterpolating, inasubcarrier
direction, the data interpolated in the symbol direction to
determine a transmission line characteristic for all subcarriers
and providing determined the transmission line characteristic to
equalizing means for received signal data,

CHARACTERIZED IN THAT the second interpolating means
generates a delay profile from the data indicative of the
transmission line characteristic interpolated in the symbol
direction and filters the data indicative of the transmission line
characteristic interpolated in the symbol directionusinga filter

characteristic determined based on the delay profile.
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on the input received signal data; a characteristic determning step of
determning a transmssion line characteristic for a subcarrier V\/m ch
transmits the dispersed pilot signal on the basis of the recei ved] 3.@84!1051
7 F EB 2005 - 55 data Fourier-transforned in said Fourier transform step;
a first interpolating step of interpalating, in a synbol direction, data

I ndicative of the transm ssion |line characteristic determned in said
characteristic determ' ni ng step a second interpolating step of

i nt er pol ati ng, irection,.the data| I t|v
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data indicative of the transm ssion |line characterjstic_interpol.ated in
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of a del aped Wawveielr-cirahasorred dygestid Fatriexr fidtarafouefmegnent
determ ning St%&r%& QSE%EBEE QQn% R ahgrfor interpolating, in a symbol
direction, data indicative of the transmission line characteristic
determined by said characteristic determining means;
second interpolatingmeans for interpolating, inasubcarrier
direction, +the data indicative of the transmission line
characteristic interpolated in the symbol direction by said first
interpolating means to determine a transmission line
characteristic for all subcarriers; and
equalizingoperationmeans forequalizingthereceivedsignal
data by performing a complex arithmetic operation on the received
signal data Fourier-transformed by said Fourier transform means
using the data indicative of the transmission line characteristic
interpolated by said second interpclating means,
CHARACTERIZED IN THAT said second interpolating means
includes:
inverse Fourier transform means for performing an inverse
Fourier transform on the data indicative of the transmission line
characteristic interpolated in the symbol direction by said first
interpolating means, thereby generating a delay profile;
multipath detecting means for detecting a direct wave
component and at least one delayed wave component from the delay
profile generated by said inverse Fourier transform means to
determine a delay time of a delayed wave which has the longest
path;
filtercoefficient determiningmeans fordeterminingafilter
coefficient corresponding to the length of the delay time determined

by said multipath detecting means; and



coefficient corresponding to the length of the delay tinme determned in
said nmultipath detecting step; and a filtering step of perform ng, usj Rgg 2005
the filter coefficient determned in said filter coefficient determning
step, a filtering process on the data indicative of the transm ssion line
characteristic interpolated in the synbeg direction by said first

interpol ating step and providing the result of the filterin rocess for
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obt ai ned prypcdman toc eaidt tegqupld zdiad eofereduarcynednghal transnitted via a
first channel and an internediate frequency signal obtained by

down-converting a radio frequency signal transmtted via a second channel
di f f er ent6 .f r omThiee pribpgehainefreguertyctEivisionadw iRl erehalsigmal
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included in the quard.interval, section, the reception |evel of the signa
is conparsé"(}dwiwgttlﬁft h (r#ett‘?f%t M2avi ng been selected in the effective
synbol section, and the transm ssion data is recovered fromthe base band

signal denmodulat ed Q)éhﬁglcﬁ%&' ngrégﬁeﬁ%ermgg?f { VYesb@nadi gy ng
a hi gher reception I'evel, ereln e selection of the internediate_
receiving apparatus according to Claim 5 or 6, characterized in
that said multipath detecting means compares each component in
the delay profile generated by said inverse Fourier transformmeans
with a previously defined threshold and detects a component having
a value larger than the threshold as the direct wave component

and the delay wave component.

8. An orthogonal frequency division multiplexed
signal receiving method for recovering transmission data from
received signal data indicative of an orthogonal frequency division
multiplexed signal which consists of an effective symbol section
and a guard interval section and which has a dispersed pilot signal
inserted in a predetermined subcarrier, said method comprising:

a section determining step of performing an autocorrelation
operation using the received signal data and delay versions of
the received signal data, thereby determining a length of the guard
interval section:;

a Fourier transform step of performing a Fourier transform
on the received signal data: ‘

a characteristic determining step of determining a
transmission line characteristic for a subcarrier which transmits
the dispersed pilot signal on the basis of the received signal
data Fourier-transformed in said Fourier transform step:;

a first interpolating step of interpolating, in a symbol

direction,dataindicativeofthetransmissionlinecharacteristic



frequency signal is perforned such a manner that it is determ ned p?$§g [
a correlation value obtained by a correlation operation on the base ban&
si gnal whether or not the internediate frequency signal selected in the
effective synbol section and the internediate frequency signal selected in
ghe guarddinhervaL section carry an - deamtical content, and if it is
etermned that the signals do not carry the identical content, thereafter
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signal converting nmeans; denodul ating neans for denmpdul ating a base band
S|gnal_fPBﬂ| the internedi ate frequency signal selected by said signal

sel ecting neaasdemapping step of recovering the transmission data from

the received signal data equalized in said equalizing operation
step,

CHARACTERIZED IN THAT said second interpolating step
includes:

afilter coefficient determining step of determiningafilter
coefficient corresponding to the length of the guard interval
section determined in said section determining step:; and

a filtering step of performing, using the filter coefficient
determined by said filter coefficient determining means, a
filtering process for passing only a component, corresponding to
the guard interval section beginning at a direct wave, of the
transmission line characteristic interpolated in the symbol
direction in said first interpolating step and providing the
resultant data for the equalizing operation in said equalizing

operation step.

9. An orthogonal frequency division multiplexed signal
receiving method for recovering transmission data from received
signal data indicative of an orthogonal £requency division
multiplexed signal having a dispersed pilot signal inserted in
a predetermined subcarrier, said@ method comprising:

a Fourier transform step of performing a Fourier transform
on the input received signal data:

a characteristic determining step of determining a
transmission line characteristic for a subcarrier which transmits

the dispersed pilot signal on the basis of the received signal



recovering neans for recovering the transm ssion data from the base band
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CHARACTERIZED IN THAT said second interpolating step
includes:

an inverse Fourier transform step of performing an inverse
Fourier transform on the data indicative of the transmission line
characteristic interpolated in the symbol direction in said first
interpolating step, thereby generating a delay profile;

a multipath detecting step of detecting a direct wave
component and at least one delayed wave component from the delay
profile generated in said inverse Fourier transform step to
determine a delay time of a delayed wave which has the longest
path;

afiltercoefficient determining step of determiningafilter
coefficient correspondingto the lengthof the delay time determined
in said multipath detecting step; and

a filtering step of performing, using the filter coefficient
determinedelsaidfiltercoefficientdeterminingstep,zafiltering
process on the data indicative of the transmission line
characteristic interpolated in the symbol direction by said first
interpolating step and providing the result of the filteringprocess
for the complex arithmetic operation in said equalizing operation

step.

10. An orthogonal fregquency division multipiexed
signal receiving apparatus which receives an oxrthogonal frequency

division multiplexed signal consisting of an effective symbol



signal receiving apparatus according to Caim 11, characterized in that
the apparatus further conprises phase deternining neans for deter nidikig 205
signal phase at a timng at which the correlation value obtained by said
correlation operation nmeans performng the correlation operation has a
peak, said denodul ating nmeans has oscil kgtion signal generating neans for
generating a local oscillation signal for renoving an offset frequency in
the int eseediishedd sguenayisiegnal setttordndwhisdi despynak tg@inamiswiareans,
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is trangy thediighadl hielfgbencsitiedsyedandthe effective symbol section,
and the transmission data is recovered from the base band signal
demodulated by selecting the intermediate frequency signal having
ahigherreceptionlevel,whereintheselectiontﬁftheintermediate
frequency signal is performed such a manner that it is determined
based on a correlation value obtained by a correlation operation
on the base band signal whether or not the intermediate frequency
signalselectedintheeffectivesymbolsectionandtheintermediate
frequency signal selected in the guard interval section carry an
identical content, and if it is determined that the signals do
not carry the identical content, thereafter only the intermediate
frequency signal selected in the effective symbol section is

selected.

11. An orthogonal freguency division multiplexed
signal receiving apparatus which receives an orthogonal freguency
division multiplexed signal consisting of an effective symbol
sectionandaguardintervalsectionandwhichrecoverstransmission
data in a network environment in which an identical content is
transmitted in different frequency bands, said apparatus
comprising:

first signal converting means for down-converting a radio
frequency signal transmitted via a first channel into an
intermediate frequency signal;

second signal converting means for down-converting a radio



CHARACTERI ZED I N THAT either one of an internedi ate frequency signa

obt ai ned by down-converting a radio frequency signal 1 7 FEB 2005 - BEFEBzmﬁ
transmtted via a first channel and an internediate frequency signal
obt ai ned by down-converting a radio frequency signal transmtted via a
second channel different fromthe firstsghannel is selected, a-base band
signal is denodulated fromthe selected internedi ate frequency signal, a
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section; and

selection controlling means that switches said signal
selecting means at a timing estimated by said section estimating
means to be included in the guard interval section to cause said
signal selecting means to select one, which is not selected in
the effective symbol section by said signal selecting means, of
the intermediate frequency signal provided by down-conversion by
said first signal converting means and the intermediate frequency
signal provided by down-conversion by said second signal converting
means, compares the reception level of the selected signal with
that of the signal selected in the effective symbol section by
said signal selectingmeans, and causes said signal selectingmeans
to select the intermediate frequency signal having a higher
reception level to enable recovery of the transmissiondata, wherein
said selectioncontrollingmeans operates such that it is determined
based on a correlation value obtained by a correlation operation
on the base band signal whether or not the intermediate frequency
signal selectedin the effective symbol sectionandthe intermediate
frequency signal selected in the guard interval section carry an
identical content, and if it is determined that the signals do
not carry the identical content, thereafter only the intermediate
frequency signal selected in the effective symbol section is

selected.
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the local oscillation signal generated by said oscillation signal
generating means based on the signal phase determined by said phase
determining means if it is determined, based on the correlation
value obtained by said correlation operation means performing the
correlation operation, that the intermediate freqguency signal
selected in the effective symbol section by said signal selecting
means and the intermediate frequency signal selected in the guard
interval section by said signal selecting means carry an identical
content, and that the transmission data is to be recovered from
the intermediate frequency signal selected in the guard interval

section by said signal selecting means.

14. The orthogonal frequency division multiplexed
signal receiving apparatus according to Claim 11 or 13,
characterized in that said selection controlling means switches
the intermediate frequency signal selected by said signal selecting

means once for a predetermined number of guard interval sections.

15. An orthogonal frequency division multiplexed
signal receiving method for receiving an orthogonal frequency
division multiplexed signal consisting of an effective symbol
section and a guard interval section and recovering transmission
data in a network environment in which an identical content is
transmitted in different fregquency bands,

CHARACTERIZED IN THAT either one of an intermediate frequency

signal obtained by down-converting a radio frequency signal

provi ded by down-conversion by said 1 7 FEB
60 first signal converting neans and the internediate frequency
provi ded by down-conversion by said second_signal converting neans;

or -recovering the transm ssion data from, the base band

1 pheredst af edmby g dhdehothi abirie vardre t 0
S | sectjon and the quard interv secti%%é and
sel ect | oNa¢BRtPRFFIRRA M¥a §lgﬁr%qm OR5TA TP EPPE R EA T HG Rans at a

rate of eseeefllatieachpeiratiphetiakeanipeat nunber of guard interval sections

0 sel ect” one,

ans “and the internedi ate



t he sel
synbol
sel ecti
hi gher

ected signal with that of the signal selected in the effective
section by said signal selecting neans, and causes said sibﬁeﬁEB 2005
ng nmeans to select the internmedi ate frequency signal having a
reception level to enable recovery of the transm ssion data.

- 59 -
transmittedviaafirst channel andanintermediate frequencysignal
obtained by down-converting a radio frequency signal transmitted
via a second channel different from the first channel is selected,
a base band signal is demodulated from the selected intermediate
frequency signal, a correlation operation is performed on the base
band signal to estimate the effective symbol section and the guard
interval section, selection of the intermediate frequency signal
is switchedatatimingestimated tobe includedinthe guard interval
section, the reception level of the signal is compared with that
of the signal having been selected in the effective symbol section,
and the transmission data is recovered from the base band signal
demodulated by selecting the intermediate frequency signal having
ahigher reception level, wherein the selection of the intermediate
frequency signal is performed such a manner that it is determined
based on a correlation value obtained by a correlation operation
on the base band signal whether or not the intermediate frequency
signalselectedintheeffectivesymbolsectionandtheintermediate
frequency signal selected in the guard interval section carry an
identical content, and if it is determined that the signals do
not carry the identical content, thereafter only the intermediate
frequency signal selected in the effective symbol section is

selected.

le. An orthogonal frequency division multiplexed signal
receiving apparatus which receives an orthogonal frequency
division multiplexed signal consisting of an effective symbol
section and aguard interval section andwhichrecovers transmission
data in a network environment in which an identical content is
transmitted in differenct frequency bands, said apparatus
comprising:

first signal converting means for down-converting a radio
frequency signal transmitted via a first channel into an
intermediate frequency signal;:

second signal converting means for down-converting a radio
frequency signal transmitted via a second channel different in
frequencybandfromthefirstchannelintoanintermediatefrequency
signal:

signal selecting means for selecting either one of the

intermediate frequency signal provided by down-conversion by said



17 FEB 2003

— 60 -

first signal convertingmeans and the intermediate frequency signal
provided by down-conversion by said second signal convertingmeans;

demodulating means for demodulating a base band signal from
the intermediate frequency signal selected by said signal selecting
means;

recovering means for recovering the transmission data from
the base band signal demodulated by said demodulating means;

section estimating means for receiving the base band signal
demodulated by said demodulating means to estimate the effective
symbol section and the guard interval section: and

selection controlling means that switches said signal
selecting means at a rate of once for each of a predetermined number
of guard interval sections being estimated by said section
estimating means to be included in the guard interval section to
cause said signal selecting means to select one, which is not
selected in the effective symbol section by said signal selecting
means, of the intermediate frequency signal provided by
down-conversion by said first signal converting means and the
intermediate frequency signal provided by down-conversion by said
second signal converting means, compares the reception level of
the selected signal with that of the signal selected in the effective
symbol section by said signal selecting means, and causes said
signal selecting means to select the intermediate frequency signal
having a higher reception level to enable recovery of the

transmission data.



