1 *159159* ORTHOGONAL FREQUENCY DI VI SI ON MULTI PLEXED SI GNAL RECEI VI NG
APPARATUS AND ORTHOGONAL FSEQUENCY DI VI SI ON MULTI PLEXED Sl GNAL RECEI VI NG
METHOD Techni cal Field [0001] The present invention re!aﬂWﬂmwﬂummwmw

ort hogonal frequency division nultipLeieq signal recei Vvl s t hat
recei ves an orthogonal frequency divisidn nultiplexed signalissamd recovers

transnmission data. First, it relates to an orthogonal frequency division
mul ti pl exed signal receivin apparatus that appropriately equalizes a
recei ved si gﬂ&gﬂ%o“hregmp C¥rBHY ESTQM MIE(TLPLEXEM BIGNALt REGERVENGt O an
orthogonal freguency division multiplexed signal receiving apparatus that
is suitable & SvONP ORTHOGANARt FREQUENEK D&HIS§@NtHUhTIﬁDExEDB Lf
transmtted simltaneously in_ different frequency bands. Backgroun rt
[0002] An identicalthod for CF&N&F RECREVENG ETHODs| gnal, the orthogonal -
frequency division nultiplexing (OFDVM nmethod is known. [0003] According
to an orthogonal frequency division mltiplexing nethod,da.pilot si gnal
havi ng pred 'éﬁg& SMpidyde, phase and timing is inserted into a

predet er m ngic'ié buu?féﬂ T iieeullé?o transmt data. 4[110004] D{/g Te?%_rrp! te, I i C/E
synchronous st At i @Re SHEEEEht C QTR oM LY 18 - Sigal Video
B¥oadcasting-TerrEstriaI% or ISDBﬁngIntggrateéngﬁrV|cg orthogona

' frequency division multiplexed signal receiving apparatus

that receives an orthogonal frequency division multiplexed
signal and recovers transmission data. First, it relates to
anorthogonalfrequencydivisionmultiplexedsignalreceiving
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

- (R
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*@00002* - 2. Digital Broadcasting-Terrestrial) utilizing the orthogonal
frequency division nultiplexing nethod, a pilot signal referred to as a

di spersed pilot (SP) is used. [0005] In a receiving apparatus that is
appli-ed to such a DVB-T-conpliant or |SDB-T-conpliant system receives an
ort hogonal frequency division miltiplexéd signal and recovers transm ssion
data by neans of an arrangenent including an equalizer, a transm ssion

I'ine characteristic for a subcarrier having transmtted the SP signal is

first deterPladtiabBreendgastiag-gesrestrdagnait ot zind ttie okBRogbRaRi Vi ng

apparatus filters data representing the transm ssion |line characteristic

in a synbol &regeepsl @ivisiosi muditiiplexdmd anstiveds r rerpidicteckiignal

(frequency direction) by a synbol filter and a subcarrier filter,

respect i vel yFefeRzet 8asaf sai dlsnenaed mddadt iSPIt ids detedr.ni ned only for the

subcarrier hayi transm tted the SP signal is interpolated, thereby
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renoving a feydangzépponentraMdission line characteristic for a
subcarrier having transmitted the SP signal is first
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 1line 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, thereby obtainingreceived
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 a folding component when

interpolating the transmission line characteristic data for



i nterpol-ating the transm ssion line characteristic data for 3 the
subcarrier having transmtted the SP signal in the subcarrier direction
(frequency direction). [0008] For exanple, if the transm ssion |ine
characteristic data for the subcarrier_jhaving transmtted the SP signal is
interpolated in the synbol direction (tine direction), a transmssion |line
characteristic having a tinme response characteristic (delay profile) shown
in Figure 11%a) is obtained. The receiving apparatus filters the
transm ssi onthe| gabeparierehaying (dgiangmd teedpitdre BFE ghgndlpdas thé ter)
havi ng a pass band characteristic shown in Figure 1lgb), t her eby

i nt er pol at i n§UPFRTF e MG hPn i (feregvengyt 8irsetdon)n t he subcarrier
direction (f direction) to generate, a transm ssion |ine

char act eri st @8]@&?; PRPRYRE] | At TR pEAREMLEHtem dide SRITACHRKHS HIE Fi gur e
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control noi sen&pPARPESEIESLd N( dé’_&ﬁ} [ BASHI BS) Oﬁé&rﬂeincbégﬁ%e&iﬁ(g)c’isa“d
correct transm ssion data possibly cannot be recovered. [0011] The present

i nventi on hasbtetmedeviThedréde W aw apphbatuslava-«des enbbathfdisds bl em of
the prior art technique. A first object of the invention is to provide an
ort hogonal 1line characteristic using a complex BPF (band pass filter)

) having a pass band characteristic shown in Figure 11(b),
thereby interpolating the transmission line characteristic
in the subcarrier direction (frequency direction) 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 transmissiondatapossibly cannot
be recovered.

[0011] The present invention has been devised in view of the
above-described first problem of the prior art technique.
A first object of fhe invention is to provide an orthogonal

frequency division multiplexed signal receiving apparatus



frequency division nultiplexed signal receiving apparatus. 4 that can
appropriately equalize a received signal and recover correct transm ssion
data. [0012] On the other hand, systens that enable nobile communication
via the orthogonal frequency division nultiplexing method include a nulti
frequency network (MFN)- in which a pruﬂarity of sending stations transmt
an identical content using different frequencies. (0013] A conventional
recei ving apparatus that receives a signal transmtted froma sendi ng
station and tkesbwansappramsiatediyoequal bzevai tecaibrdigignat wlid aecdirét
environment swtches the receiving channel by controlling the frequency
of a | ocal oseortreéati transmisdliarsathtfaor .down-converting the received
signal, when the reception level of the signal transmtted fromthe
sending stat{®fl2in On sthmayothhs headei viyRtempathatlis egmbleeceowble si gnal
transmtted from another sending station and obtain transm ssion data
havi ng the FORRERLERtIRINt ehitat hiele i sOXEheEIRAY edfHoGUENeEW Shehabdn in a

di ff f band. 014 di h i or- hni
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reception le¥§ﬁt%ﬁ% $§§h rﬁy¥§gréﬁﬁl%}e %ﬁc&%@ reception is degraded and
ec ot her

switching fromt annel to an € provi'ded by another sending

station is ppshPsed cohvbakesnal! Ak {41y dppa2didid +hide LLaasyLssi on

dat a.
signal transmitted from a sending station and recovers

') transmission data whille 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
receiving 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
recelved signal.

[0015] Therefore, there is a problem in that, when the
reception level for the channel being used for recéption is
degradedandswitchingfrdmthechanneltoanotheroneprovided

by another sending station is performed, it takes a long time

to obtain the transmission data.



5 [0016] In this regard, the transm ssion data nay be recovered by _
denodul ati ng a baseband signal based on signals received via two channels.
However, this approach di sadvantageously results in a conplicated
structure and high cost. [00171 The present invention has been devised in
view of the above-described second problémof the prior art technique. A
second object of the invention is to provide an orthogonal frequency

di vision multiplexed signal receiving apparatus that has a sinple
structure anbioehf] odmaiinis regand s thert réaisaisisyonvddtd mayhiet oddongebed ween
different frequency band channels. Disclosure of the Invention [0018] In
order to attByfempsiudigdiagde hagehand plgnabdjarad ongpignahsgoreeive@quency
di vision multipl exed signal receiving apparatus according to the invention
(first inventi®rhwo ebarnirlsy | flovevers thils appreachndbsadviptagesuekiiency

di vision multiplexed (OFDM signal including a dispersed il ot signal
inserted in 5?%?%B%t¥ﬂrﬁrﬂﬁTRﬁﬂﬁ?&PﬂiéFr&ﬁHurFeEBQe iﬂPaﬁQﬁEssion dat a.

[ 0019] Accor gdj o] first aspect of the fjirst jnventjon, . the_apparatus
accor di ng to%ﬁgﬂ n@ﬁt?’f}‘?ﬁ% PV?Bg."OEZ’&% %ﬁen Ve’cst‘?%énr?ﬁ'a?’(éoﬁo e
detecting th rd i e} f .t 0, ogponal
frequency di %?é?%%&%%%jib?ﬁ%%gggngl ﬁé‘?(?é%ﬁ??%‘fe?fgﬂrcggtet%ér%%%ge 'rreans
for determ nAngRnd 68768t T¥ ehe! {MAIAAEECE Pridvild ahhSrS 41 er that
transmts the dispersed pilot signal; first intérpolating means for
i nterpol ati ngrél@iéndyndicaldiva ahilthgldabar 81§41 6receiving apparatus

that has a simple structure and can obtain transmission data

by swiftly switching between different frequency band

channels.

Disclosure of the Invention

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

[0019] According to a first aspect of the fifst 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



transm ssion |line characteristic in-a synbol direction; and second

I nterpolating nmeans for interpolating, in a subcarrier direction, the data
interpolated in the synbol direction to determne a transm ssion line
characteristic for all subcarriers. And, the second interpol ati ng neans
operates in such a manner that it filtérS the data indicative of the
transm ssion line characteristic which is interpolated in the synbol
direction using a filter characteristic corresponding to the detected

| engt h of thtrgusmissinredink clsmdtmriqtie20h deymisdeditrecaliby; dmd
‘apparatus is an orthogonal frequency division nultiplexed signal receiving
apparatus waeeond dnspypelating peansifgraln tenro Jatdingu Ln@ sibearrist hogonal
frequency division multiplexed signal consisting of an effective synbol
section and @1EeGEirn nitbevdtta dategpolatedntyithe syabodeddvgcplontto i gnal
inserted in @egredeterm' ned. subcarrier and recovers transm ssion data,

t he appar at uSeTERH sitngtrarspt sfieRt dimieni REarasherigtiser £8F nigkl an
autocorrel ation operation_on the i nput received signal data, thereby
det er i ni ng ?‘ﬁ%c? 5 of APHe Y}tférs&q"ﬁ’tde%g?rE%FFEHP BBANF SLPeT2ERT or m
means for pej ' er apsf orm t he.i_nput.received_si gnal
dat a; chalroa%{' ggrlilgs}{llgcxﬁ%lgr?% n%%r%tn%l&ngﬁinés)e %?&’ e?gfcﬁ*i %Pﬁécggﬁyﬁn‘%ﬂi on line

char act eri St fad g1 & P A3nE! BhabED-1 LEROSHISH L %Lg@ﬁééf&{d gt signal

based on the received signal ~Fourier-transtorne sard Fouri er
transform nerRes; syhbst | ditdRAlcH | RG1TRANS T G aituer R Atd vk dadd

corresponding to the detected length of the guard interval

S

section.

[0020] More specifically, the apparatus is an orthogonal
frequency division multiplexed signal receiving apparatus
which receives received signal data indicative of an
orthogonal frequency division multiplexed signal consisting
of an effective symbol section and a guard interval section
andhavingadispersedpilotsignalinsertedjxlépredetermined,
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



I ndicative of the transm ssion |line characteristic determ ned by said
characteristic determning neans in a synbol direction; second
interpolating nmeans for interpolating, in a subcarrier direction, the data
indicative of the transm ssion line characteristic interpolated in the
synbol direction by said first interpol’ating means to deternmine a

transm ssion line characteristic for all subcarriers; equalizing operation
means for equalizing the received signal data by perform ng a conpl ex

- arithnetic opedacativenfitie tranmiieed o IR clflet fc ot d€fc betasnorgrd by

i said Fourier transformneans using the data indicative of the transm ssion
~ line charact &y ssatdi nharpetarédtby shitbrseindnd i néanpolaii ag symess; and
demappi ng neans for recovering the transm ssion data fromthe received

si gnal dat a ddwgkitied: mecmdinterpekaintng mpenat fan imterpoladddy], fnd, said
second interpolating neans includes: filter coefficient determ ning neans
for determ nengSHPERrTder chiregiiamt dder edpbadi hpdiocathwel enfit hthé t he
guard interval section determ ned by said section_determning neans; and
filtering med®enfFpisgérndimenghatastRriselq interprodatedkn die gunbehi ned by

said filter efficient determning, peans, a filtering process for passing
only a corrpoﬁgﬁ??tl%pl?%ﬁ?dﬁ{i?ﬁﬁsfto“fﬁ%r%ﬂaq‘h”}gnt“@a\?ﬁ %Qeé??:ﬁﬁmb@@i"f‘mi ng at

di t ] SSi L Lne. I St i i nt | ated i
the synbol " atraepiskBEoh G BhRPabhRE SRS ndtne sPRESERDRSTNG ( ne
result to Sab&uaiﬂ!ﬁhb%b@%a@@@ﬁ%Ebggfg¥%ﬁuaf&zingthereceivedsignal

data by performing a complex arithmetic operation on the

received signal data Fourier-transformed by said Fourier
transformmeans 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, saidsecondinterpolatingmeans includes: filter
coefficient determining means for determining a filter
coefficient corresponding to the length of the guard interval
section determined by said section determiniﬁg means; and

filtering means for performing, using the filter
coefficientdeterminedby saidfilter 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 1line characteristic
interpolated in the symbol direction by said first
interpolating means and supplying the result to said

equalizing operation means.



t

[ 00221 According to the first aspect of the first invention, when the
data indicative of the transm ssion line characteristic is interpolated in
the subcarrier direction, the filter coefficient corresponding to the

|l ength of the guard interval section determ ned by the section determning
means is used to performthe filtering Brocess on the data indicative of
the transm ssion |ine characteristic interpolated in the synbol direction
by the first interpolating nmeans. [0023] Thus, the data can be

i nter pol at ed[ 0022 he Avdesaihigtio tHb FAGHtOAsYEEL @ £PFIEY SR Perdf faH, from
occurring in the transmssion line characteristic data by passing only a

conmponent ofwhéme tthesndsta onliditohay acd®er i3d ¢ tWHdnl i drespoits to the
guard interval section beginning at a direct wave, and thus, the received
si gnal dat a chardetepistir iatiglberpedueiedztd Hredstibeacoieecditedison Ssi on
data can be recovered. [0024] Next, an apparatus according to a second
aspect of tHke ffikter mosfifiiciensnprirsesponfidngcterthse i temgtlerod nieg neans
for determning a transm ssion line characteristic for the subcarrier that
transmts tH813FSAaitesyapigentisngdetermined by thespotipnnie trasamion iy
interpolating data indicative of the determned transm ssion |ine
char act er i stf€2%% i $FfdofFo BPFERIM dihe £id teddBadPracespoPat gy datens f or
interpolati%a ié%{%SUbC rrhﬁr directiogn, .the ta interpolated in the
synbol  di r ettF R0 et BF mi fR®a £FRRSMESSIBA | itd@ech aGtenistiq or al |
subcarriers. dé&%ﬁﬂ Ay the ond, j Rt &r pol.ati nmeans operates in such a
i 1 i S5 A" P! : .
manner that 1t generates a delay profi e fﬁa&metcﬁcgo&at %YI n%?léaat ?’isllerso t he
transm ssi ondtd¥SNA AL fldatisl,C

)

' [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 transmission line characteristic which
corresponds tothe guardinterval 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 subcarrier direction, 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



interpolated in the synbol direction and filters the data indicative of
the transm ssion |ine characteristic interpolated in the synbol direction
using a filter <characteristic determ ned based on the delay profile.

[ 0026] More specifically, the apparatus according to the second aspect of
the first invention is an orthogonal fré@quency division multiplexed signal
recei ving apparatus which receives received signal data indicative of an
ort hogonal frequency division multiplexed signal having a dispersed pilot

signal i nserifd bl fver eget Sl - 3inAddiRh ahind CCONEESoEERNSEL 851 On

data, the apparatus conprising: Fourier transform nmeans for performing a

Fourier trangheerpolatd® i HHE svRGB1VAIracgish Qﬁh@filﬁﬁféaﬁhérhé%c

determ ning neans for determning a transm ssion l[ine characteristic for a

subcarrier whh@catie®snbEs the ditiR@iadsAionot sigal chasgdt8pisPec
received signal data Fourier-transfornmed by said Fourier transform neans;

first interpbhbérpglaeeds ifnor thet esymbel i nlkadtaion ndisdalg va ofilbher
transm ssion line characteristic determned by said characteristic

det er m ni ng eanacterss siarid temliinect baseds enotiel dedayopabifigeneans f or
interpolatin?, in a subcarrier direction, the data indicative of the
transm ssi onl992@] cMorgcispecdfical by er poeaspparatuheasgobding dto ethéon by
said first interpolating means to determne a transmnission |ine
characterist?%c?%¢a§PPCEGS&&Qﬁ¥ﬁ%E1QNQPt%ﬂHéﬁﬁﬂ9thﬁﬂﬂwﬁﬁEﬁﬁ@@%mgyfor
equalizing t eceived signal _data by perform ng a conplex arithnetic
operation ongf‘ﬁ{esfoqo murlzté‘giri\‘?é&dsi ggf%‘fgljdatrz?cl‘—*t}lyr’iné‘r - BPRASASERed"BiCR ) d
Fouri er

) receives received signal data indicative of an orthogonal

frequency division multiplexed signal having a dispersed
pilot signal inserted in a predetermined subcarrier and
recoverstransmissiondata,theapparatuscomprising: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
indicative of the transmission line characteristic determined
by said characteristic determining means in a symbol
direction; second interpolating means for interpolating, in
a  subcarrier direction, the data indicative of the
tranémission line characteristic interpolated in the symbol
direction by said first interpolating means to determine a
transmission line characteristic for all subcarriers; and
equalizingoperationmeans for equalizing the received signal

data by performing a complex arithmetic operation on the



transform neans using the data indicative of the transm ssion |ine
characteristic interpolated by said second interpolating neans. [00271
And, said second interpolating nmeans includes: inverse Fourier transform
means for performng an Inverse Fourier transformon the data indicative
of the transmission |ine characteristil®interpolated in the synbol
direction by said first interpolating neans, thereby generating a del ay
profile; multipath detecting neans for detecting a direct wave conponent

and at | east - gog1 ek 3y en AR Vs CP RANAN: S o ddbnediP Y SO iyﬁ@ﬂf&ffat ed

by said inverse Fourier transform neans to determne a ne of a

del ayed wavethh§toRifeahbdingoasd daea!Indiidatt%reC&ffftLb%féﬁsrﬂ'ﬁéeﬁ&E ni ng

nmeans for determning a filter coefficient corresponding to t engt h of
the delay tiliRredRheastaetsbyc satérpaldtddbh sdaiedddid 1Redspo Bdeing
filtering neans f or performng, using the filter coefficient determ ned
by said fil teeawwefficient determning neans, a filtering process on the
data indicative of the transmission line characteristic interpolated in
the synbol dl¢@27]onAby, swiidl f$exind nirtevbalahingeaesnandiseipdys ng t he
result to said equalizing operation neans. [00281 Wth the apparatus
accordi ng t olRHersediirigdpderngformhreansg sfor npenfooningam tivexke a
indicative of the transnission J]ine characteristic is interpolated in the

subcarrier dfPeEtsDrrapfEorn arethe sata tpdheatbve efpbhai ikpnsmlagioniel ay

time of the | ayed waye conponent which is.the - 11 | ongest nultipath
det er ni ned bgf’f%é’?‘r’ﬁflaf:?éﬁgﬁﬁgggtjé&qrﬂ’é) in'the symbol’d rection by

i 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 saild 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



is used to performthe filtering process on the data indicative of the
transm ssion line characteristic interpolated in the synbol direction by
the first interpolating neans. [0029] Thus, the data can be interpolated in
the subcarrier direction while preventing an error fromoccurring in the
transmi ssion |line characteristic data Bl passing only a conponent of the
transm ssion line characteristic which corresponds to waves fromthe
direct wave to the del ayed wave which is the longest multipath, and thus,

t he recei vedy g} | ' rect
16h§8at mudelﬁaeﬁaeleerﬁmﬁ%g%got]a{eeinmegﬂakha%cte%ftfinfg{}ﬁe X

transm ssion data can be recovered. In order to attain e

above- descri beaseaad e £y @cthe ¢h1t801Hh 5 YRRICRR o Bh8 daRAMONM o4 £ HeIENCY
division nultiplexed signal receiving apparatus according to the

i nvention (setott itransnienyon 9inesskataetéyisic anteagelalted LAGIENCY

di vision multiplexed (OFDM signal receiving apparatus which receives an
ort hogonal fswgoehcdixkatiiginoy rohlet fprexednsegpalatbngi meéang. of an

ef fective synbol section and a guard interval section and recovers
transmi ssi on[ @@2%] Thug,nchevdatacean benbheberpolahed Hnahhe daridamatieont ent
is transmtted in different frequency bands. The OFDM signal receiving
appar at us op®tEeetion Wide RIRNARELNThAR QRYOBNEroBfoGENLIRG gt tite
frequency siggal thqined b down- converting a radi o frequency signal
transmtted YFEELI§§I% netasatt el S hiGerirtR aP¥ PrE§LBAC YISVl
obt ai ned by ? -convert| radi 0 frequency signal transmtted via a
second chann@ 8@? ?%ﬁe%{ #ﬂ%ngfﬁgs?ffifo%hzﬁﬂélc' TGteETEF I Wplchy pase
ban()j signal §S-ASIRHE AL 8V ELOR 38! 88£E5 wave to the delayed wave
which is the longest multipath, and thus . the received signal

data can be appropriately equalized and the correct
transmission data can be recovered.

[0030] In order to attain the above-described second object

of the invention, an orthogonal frequency division
multiplexed sidnal 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 fréquency signal obtained

by down-converting a radio frequency signal transmitted via

a second channel different from the first channel is selected,




internedi ate frequency signal, a correlation operation is perfornmed on the
base band signal to estimate the effective synbol section and the guard
interval section, selection of the internediate frequency signal is
switched at a timng estinmated to be included in the guard interval
section, the reception |evel of the sid§fal is conpared with that of the

si gnal having been selected in the effective synbol section, and the
transm ssion data is recovered fromthe base band signal denodul ated by

sel ecting the ibaes mdind esigravens dsimedalabadi Nerdh hitgler s6e68PLHON

| evel . .[0031] According to the second invention, radio frequency signals
transmtted thaermedtatanttaqusrecy@aynednyer cedrelbh@iohnbpefReishels
frequency signals, selection of the internediate frequency signal is
switched at Rerfarmgdewt itinet base dadiel silgohlided dgt infetegtthede £ P St Vb
section, the reception |evel of the signal is conpared with that of the
si gnal havi n§YBReh seqliian andi the lmaaik dotevealgantiigecsedrctand ofie
transm ssion _data is recovered fromthe base band signal denodul ated by
sel ecting t hEPPNiBERERPRtRLS pARNEYsisdearlnasi Ayihchedhet arbbteprgon

| evel . [0032] Thus e receivin hannel can be swiftly swtched wth a
si npl e spruc%ﬁFém?heaﬂVbﬁetﬁ%cgﬁgﬁgﬂéhahgi%Hﬁﬁdi%?tQ£¥ﬁdd§P§Fé9nirEM?the
{ransm 1 od TPRSRRTOBIS UL 45 EREBLERAhALT EonRies) Ghe LBRBCPF ) ER Ly t he
CroM ST §EGRAY -GBS AGR A SRS ARSI VRO,
freguency and the transmission data is recovered from the base band
signal demodulated 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
intermediatefrequéncysignals,selectionoftheintermediate
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
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 a higher
reception level.
[0032] Thus, the receiving channel can be swiftly switched
with a simple structure in which the base band signal is
demodulatedfromtheintermediatefrequencysignalresulting
from the radio frequency signal transmitted via any one of
the two channels.

[0033] More specifically, the OFDM signal receiving

apparatus acdording to the second invention comprises: first



signal transmtted via a first channel into an internediate frequency
signal ; second signal converting neans for down-converting a radio
frequency signal transmtted via a second channel different in frequency
band fromthe first channel into an internedi ate frequency signal; signal
sel ecting neans for selecting any one of3the internediate frequency signal
provi ded by down-conversion by said first signal converting neans and the
i nternmedi ate frequency signal provided by down-conversion by said second

si gnal convesigngl conesstingmednsald@owadenTErt Hegadiy ditd Pﬁe%u@@éf band
signal fromthe internediate frequency signal selected by said sigha

sel ecti ng neahgnal eomnsmitdedeabs f Girseccv@insl ot ahr 8ne8hERSaOASat a
fromthe base band signal denodul ated by said denodul ati ng nmeans; section
esti mati ng nfoeguéney r edgingilng sheohdsestmral somvalrtdepdmbanhed Hyrsai d
denodul ati ng neans and estimating the effective synbol section and the
guard i nter v8PWReeenertingha safidetfreguanty clildnad mreansmihaedswiaches sai d
signal selecting neans at a tinin% estimated by said section estimating
nmeans to be FREPRYehItnalhdiffergnitnier fapayerey ohand of tomstheaftirst gnal

sel ecting neans_to sel%ct_one, which_ is not selected in the effective

synbol sect | GA*BY aitdt8i fHhl 1nSEFBERLAGCneRRIVUSIICE he Lopedy vl gral
oauency S Bgalee EMGIEE, B, SLERINST TR Pt S la St
ecept i on | oo g R S gRRE P EaP LR ny AR bl TR oy PR e
sel ected in $iynLf £6RYEVELFYNBEhs 286 {11 R¥ermediate frequency signal
) provided by down-conversion by said second signal converting
means;demodulatingmeansfordemodulating61basebandsignal
fromtheintermediatefrequencysignalselectedbysaidsignal
selecting means; recovering means for recovering the
transmission data from the base band signal demodulated by
sald 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
1s not selected in the effective symbol section by said signal
selecting means, of the intermediate freéuency 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



said signal selecting nmeans, and causes said signal selecting neans to
select the internedi ate frequency signal having a higher reception |evel
to enabl e recovering of the transm ssion data. (0034] According to the
second invention, the selection controlling neans swi tches sel ection of
the signal by the signal selection meds-at the tining estimated by the
section estimating nmeans to be in the guard interval section, conpares

the reception | evel of the selected signal with that of the signa

sel ected in ¢hetrad fARnade seyaBObASER t109, e BFECERKS BSYyMBOE Sé&FEdn SHf ecti ng
means to select the internediate frequency signal having a higher

recepti on | eveld signebakllectiagamearnsgand chhe esrsabdisignal sklectindg035 |
Thus, the base band signal is denpdulated with a single arrangenent, so

t hat t he whohearst rigciseldect stlsé nipltidrimedliadied fraequbacyr ahgnadshavninigtaa can be
obtained by swtching the reception channel in a short tine. | Brief

Descri pti on lbkghere megsptdonFi davell thowsnablenfreceeerbon ofofin the hogonal
frequency division nmultiplexed signal receiving apparatus according to an
enbodi ment ofTaRIRFEHLIMEAR-on; Figure 2 shows a configuration of an :
equal i zi ng cdrcuit in Figure 1. Figure 3 shows a configuration of a

subcarrier di?%4] ofCGorddngoits: ithg Sscerdcddvainid oy 418 reglesiRi nent ; -

15 Figure 45000 AP Heafd 3k 20nak 80: QLENQI0R! L CHESY by the

signal selection means at the timing estimated by 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 fo enable
recoverion of the transmission data.

[0035] Thus, the basebandsignal is demodulatedwithasingle
arrangement, so that the whole structure is simplified, and
the transmission data can be obtaine‘d 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;



division nultiplexed signal; Figure 5 shows a configuration of a subcarrier
direction interpolating unit according to a second enbodinent; Figure 6
shows a configuration of an orthogonal frequency division nultiplexed
signal receiving apparatus according to an enbodi nent of a second
invention; Figure 7 shows a configuratiign-of a RF signal processing wunit
in Figure 6; Figure 8 shows a configuration of an |IF signal processing

unit in Figure 6; Figure 9 shows a configuration of a baseband si gnal

I Tustrat ing an OgeFR o @ ROCGERBBORARS P AEACY bR AT | pl exed
si gnal recel%%ag?gﬁfiaﬁ%ﬂiégggg{ghgg {9 t he enbodi nent of the second

invention; a agPamfor illustrating an operation of a
conventional recei u S 1.S$] J.
characteristic dgltiém‘%efg H%%tg ‘?%‘E%‘%’%é.inﬁf gﬁtEI %ﬁgéﬁlﬁggﬁ?;ﬁolr# e{%&f&

Enbodi ment s ﬂit@rgaiééiri%\a%atti QBcbPalngt £81 BSs8cbhd SEmbORIRELL Of the

present invention and enbodi nents of a second invention that attains a

second obj ect of miRirresedsts hatiigaratibhlofen 8esabybadlifrdigictidy bel ow
with reference to the drawings. - 16 (0037] (First Invention] In the

foll ow ng, fdisisiord isAcdpdexeabstignedtsecdiaim@rdagmgaials faaguehiayy
division multiplexed signal receiving apparatus according to the first
invention to an embodiment of a second invention;

Figure 7 shows a configuration of a RF signal processing

) unit in Figure 6;

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 varlety 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 asecondobject of thepresent invention
will be described in detail below with reference to the

drawings.



will be described in detail. [0038] [First Enbodi nent] For exanple, an
orthogonal frequency division nultiplexed signal receiving apparatus 100
according to the first enbodi ment of the first invention receives a
baseband recei ved signal data obtained by detection by neans of an

ort hogonal detector and recovers transrliéssi on data froma sending side.

[ 0039] Here, the signal detected by the orthogonal detector is-an IF
(internedi ate frequency) signal received via an antenna, down-converted

and then di gjpdaed bri3d tANverdtalt@l1001 ditdet A1 KRNV ! £1)st Al S8R €.
[ 0040] The received signal data to be input to the orthogonal frequency

di vi si on mul émpb@xrénts @Fhn o2eBoYoNE L MRy diPDsisnddirt OPtaitated by
digitizing an orthogonal frequency division nultiplexed signal that is
subj ect to osigwabnaiceiviiaguepsaratiug acedrdihyitd avengipsttireraenat si de
and transmtted via a | arge nunber of subcarriers orthogonal to each

ot her in a syhbblbeyddscridililn Betaddt. hogonal frequency division

mul ti pl exed signal consists of an effective synbol section and a guard
interval set@038) addirss dgmbodimpnsdvalFeecexanphas ancopytlofggonke of
signals in the effective synbol section. [0042] In addition, in the

ort hogonal f¥Ee@EieeRGY diMision MydtipppEREdsgpmhl TeqrEdEt @ ranpRIatus
subcarriers occurrin every 4 s nbolgéin t he synbol direction (tine

di rection) ahR0.acPpr atge%rt?eléi’é%%/@g‘lbf’ drentog ﬁé‘e_sﬁﬁEﬁFrji‘b‘fe‘tﬁjr%t.i on
(freauency, SLeshoomhntsnd HulSatl Bl olol SFh 3 oAby RS AP 110
! by means of an orthogonal detector and recovers 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 frequency divisionmultiplexed 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



[0043] In order to receive such an orthogonal frequency division

mul ti pl exed signal and recover the transm ssion data, the orthogonal .
frequency division nultiplexed signal receiving apparatus 100 conprises a
guard interval determning circuit 10, a fast Fourier transf orm (FFT)
circuit 11, an equalizing circuit 12 and .a demapper circuit 13, as
illustrated in Figure 1. [0044] The guard interval determning circuit 10
determnes the length of the guard interval section froma received signa

exanp! 6.t heSbBXPHT A BV RASTE T FERGUBRPEGLEE g SRinaR PRl
exanpl e, e i |

i nt I I d i I t f )

st ocorr et a toroghanf Rare R4 uepardd s (k81 gRar R AL ¢ i nea
by del ayi i i d I di h

y delaying f %lﬁﬁéé%‘ﬁﬁ%wﬁ“ 03%? %%%eﬁ&%ﬁ quﬁecg§%ﬁ§ﬂgﬁ tAdrbPnt NE

effective sy section. ( ircuit pertorns Fourier

transform ongghgs| I eGL1 yefh:S| i dte e AU NG SYLHiGISE 1 Frdyudans of

the orthogonal detector, thereby converting tinme series data on the tine

axis into frefweston ﬁ@ﬂfﬁ@?ﬁéﬁ:e&i@ﬁ.@na_ﬂ] drlterd ESPRIEBEY trfishni slsA@h/datihe
equalizing circuit 12 perforns equalization on the received signal data to

conpensat e ttige r enetihvefbrid lgndireqi@heydeglatdedoduemt Dt fplekédCts DFnaal

transmssion line or the |like. As shown in Figure 2, the equali zing

circuit 12 -rd@eivcimpriamsarmatoimr dditer icinprideisa ¢al cgldaatd ngintervd&D, a

synbol direction interpolating unit 21, a subcarrier direction

i nt er pol at i ndeterniphaairanl edlald fasigFopeter tsangformFFT) circuit

) 11, an equalizing circuit 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 fromareceived signal
dataobtainedbydetectionbymeans of the orthogonal detector.
[0645] 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
receivedsignal dataanddataobtainedby delayingthe 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



[ 0048] For exanple, the characteristic data calculating unit 20 extracts
subcarriers having transmtted the SP signal from the received signal data
Fourier-transformed by the FFT circuit 11, and perforns thereon a conpl ex
division by data indicative of a reference SP signal generated at a
predeterm ned timng, thereby generatidd transmi ssion line deternining
data indicative of a transmssion |[ine characteristic. [0049] In this
process, the characteristic data calculating unit 20 generates the

transm ssi orconpiel skl &/chatadgeddl el cidutiaCodlyel £ 14 §Anlitade MaSshb1 | ne
characteristic for the subcarriers having transmtted the SP signal, and
sets the transdtsisironinterpalleriag aimst | 21 daka sicdrid ot Eirestihw@rri ers
at zero. [0050] The synbol direction interpolating unit 21 is conposed of
a finite i npultsEsrpdsiomgeupEtR2 farld em, egohilniziagi aparaeionespinses (|1 R)
filter or the like, for exanple, and interpolates, in the synbol direction
(time directi®$8] t Rer exazpdei, ddieorharaet extis ot dat atiad cadia ihgrurtite
subcarriers having transnmtted the SP signal determ ned by the

char act eri st4&e¥hFactassbrarrigramaving tTangnl t ik thelRRisdigealdiraet | on
interpolatiﬁglunit 22 intenfolates, in the subcarrier direction, the

transm ssio ﬁi?ﬁf%ﬂﬁﬁ%ﬂﬁ%ﬁl%ﬁ!@aﬁ%¢59?ﬁf%¥b5¥%?§ﬁ°fﬂe@hBYSJWBbWEﬂrection
subcarr i o s C00ed 1y M PRIRSE thEBefT quidrerorivie oskh st
direction i ntRyRAANIEN L Z%ference SP signal generated at a
predetérmined timing, thereby generating transmission line
determining data indicative of a transmission 1line
characteristic.
[0049] 1In this process, the characteristic data calculating
unit 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 21 iscomposed
. of a finite impulse response (FIR) filter, infinite impulse
response (IIR) ‘filter or the like, for example, and
interpolates, in the symbol direction (time direction), the
transmission line characteristic data for the subcarriers
havihg 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 characteristicdatainterpolated in the symbol direction



afilter efficient table 30 and a conplex band pass filter (BPF) 31.
[0054] The filter efficient table 30 is conposed of a read only nenory
(ROM or the like, for exanple. It supplies to the conplex BPF 31 a signal
indicative of a filter coefficient conresponding to the length of the
guard interval section determ ned by the guard interval determ ning
circuit 10, thereby defining the pass band of the conplex BPF 31. [0055]
The conplex BPF 31 is c osed of a FIRfjlter, IIR filter or the like,
for exanple.t9 tgeﬂfrﬁarst& gghgrﬁﬁggiﬁﬁﬁﬁn RS 2RI H ¢ AR E9%Gnal

i ndi cative cglfrﬁhfigdgarrr&oefficient supplied fromthe filter coefficient

table 30 to per or ma |It3Fﬁﬁg process on the transm ssion line

chat acter | St Sosl7f 2 igfieler 39 L0l LhG MM Siieetdaorind IUGLORLAILIND uni ¢

21. In this onpl ex Interpolates ransim Ssion 1ine
characterist&{réggf%dllntggioigggﬁbrhﬁitdbégction to determne the
transmssion line ¢

haractéeristic data for all the subcarrier and supplies

this data tdd] eddaibodnN G HPSIRE A0 Wil rddt 1 bR rpRe 229 %3Y irtd 19
operation unit 23 shown in Figure 2 1s conposed of a nuneric Operation

circuit or tdwe dompeiskera fexaEy ectitidfestdbte tIPRNA §SEAMpléR®band
characteristic data for all the subcarriers determ ned by the subcarrier
direction - ks ifitldrepol(BPFNg3anit 22 to performa conpl ex division on the
recei ved signal data received fromthe FFT circuit 11, thereby equalizing
t he recei vedl &%hal That Bl l{0SELiThentichabper3¢iisc gomprdedhofim iredd gure 1
i s conposed

.) only memory (ROM) or the like, for example. It supplies to
the complex BPF 31 a gignal 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 fhe 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

forall the subcarriers determined by the subcarrier direction



of a ROMor the like, for exanple. It perforns a demappi ng process for
recovering the transm ssion data fromthe received signal data equalized
by the equalizing circuit 12, based on a synbol arrangenent on a conpl ex
plane. [0058] That is, the demapper circuit 13 recovers the transm ssion
data from an i n-phase conponent and an 2or t-hogonal conponent of the

recei ved signal data nodul ated according to a multi-valued nodul ation
nmet'hod, such as 64 quadrature anplitude nodul ation (QAM, based on a

and thetrabarreet SRt JEoRE P AR BkPnbTe o PV & SR BT he

recovered t{-ggém,é&gggngﬂh%];%ﬁ]e%eq_@eﬁtﬂérﬁﬁﬁja@g‘gfé{f&%%ibgg],t{hﬁel{%#y to

provi de for the procesSing o e transm ssi on a.

follow ng, asgaaelzih®ntwd ﬂé&i%bh@ggﬂah ahegquency division nultiplexed
signal receiving apparatus 100 according to the first enbodi nent of the

invention wi[b05be dercaémesberd 0062hiYhenshben ant hogerall {seamigiysedi vi sion
mul ti pl exed signal receiving apparatus 100 recovers transm ssion data,
the FFT circofta RDM brsthe dddievesor emeanvel Si gabedabamohd aidiebp g
detection by neans of the orthogonal detector, and perforns a Fourier
t ransf or m t heFeems $ §orgreevering thenrapemies idatdata At om fthecpesreclyvecbnponent
data. - 21 [0062] The FFT circuit 11 transmits the received signal data
converted i ntb9R&k 43ty eaivey igefpbriehite craatizing wratitzilly teisedlit 12
[0063] At this tinme, the guard interval determning circuit
on a symbol arrangement on a complex plane.
[0058] That 1is, the demapper circuit 13 recovers the
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 quadrature
amplitude modulation (QAM), based on a correspondence between
a prescribed coordinate value 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,
theFFTclrcuilt 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.




10 determ nes the length of the guard interval section by performng an
autocorrel ati on operation using the received signal data obtained by
detection by nmeans of the orthogonal detector.. [0064] The guard interval
determining circuit 10 transmts a signal indicative of the determ ned

| ength of the guard interval sectiomt2lthe filter coefficient table 30
provided in the subcarrier direction interpolating unit 22. [0065] Then,
the equalizing circuit 12 perforns a processing for equalizing the

recei ved si 9[1@6621?'[ FHeCEPP ¥t chi et Pﬁanﬂl:ir‘:@t?@%écéd}ve& gggﬁlal':degﬂ’g e 4

illustrates a configuration of an orthogona requency division

mul tipl exed sogrettéddhesattad Pyedishcy 86mbYRENE Al tddha odifiti1dfhd he
equalizing circuit 12. [0067] Subcarriers with an index SP in Figure 4 are
t hose havi ngitdelSPLBI gnal inserted therein on the sending side. (00681
That is, the SP signal is transmtted by being inserted in predeterm ned
subcarriers DRe&3 i Ag thisvéme,itisy goalrd intrervel ayubehidingaiimuiti me
direction) and at every 12 subcarriers in the subcarrier direction
(frequency 10 réetemminey abeoleRgtheréinphe, gudmed chat et £l | sidtol atattay
calculating unit 20 perforns a conplex division on the subcarriers having
transmitted Rt SN AR avtogeree 3t 1vn ppera tiloges SRy the 12Xeifiegur e 4)

by a reference SP signal generated with anplitude, phase and tim ng known
to the r eceiﬁlfﬂbals?iég? qﬁfpg;nq%gy qe et PEmeane ofhEhearditicgaralf or t he

subcarriers 5g%gégbrtransnitted the SP signal is determ ned.

[0064] The guard interval determining circuit 10 transmits
a signal indicative of the determined léngth of the guard
interval section to the filter coefficient table 30 provided
in the subcarrier direction interpolating unit 22.
[0065] Then, the equalizing circuit 12 performs a processing
for equaliz;’.ng the received signal data received from the

- FFT circuit 11.
[0066] Figufe 4 illustrates a configuration of an orthogonal
frequency division multiplexed signal indicated by the
receiired signal data input to fhe equalizing circuit 12.
[0067] Subcarriers with an index SP in Figure 4 are those
having the SP signal inserted therein on the sending side.
[0068] Thatis,theSPsignalistransmittedbybeinginserted
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).

- [0069] Forexample, the characteristicdatacalculatingunit
20 performs a complex division on the subcarriers having

transmitted the SP signal (indicated with the index SP in



[ 0070] The characteristic data calculating unit 20 transmts, to the
synbol direction interpolating unit 21, the transm ssion |ine
characteristic data indicative of the transmssion |line characteristic
determned for the subcarriers having transmtted the SP signal. [0071] At
this time, the characteristic data calgy ating unit 20 transmts, to the
synbol direction interpolating unit 21, "zero" as the transmssion |ine
characteristic data for the subcarriers other than those having

t itted t SP si . _[0072] Th | di t] | nt | at i it
21" port or s #15n% A4 Phg BRETESION SF FHILT Pty oq HLERGIRDOIRA rect | on
ti di ti the t 1,SSi | i h | stic. dat ived f

the' char act PPatd S, SIEE R Fhe AT odpde | ity ST sl on
¥ h Ceristi : . - . e 4
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transm ssi ong 4 Ngn Cha AR ist isG gllahaisNhekBehahed. i n the symbol direction

(time direction) to the subcarriér direction interpolating unit 22. [0074]

The subcarrigfo i | egheQhdridic@eRekal th tddd1 Al at BEGLMES dderddShstd ssion
| ine characteristic data interpolated in the synbol direction (tine

direction) fgomtHde sspeal direetion | theeppbPati@gunihiel 2Znd r@eei ves a
- 23 signal indicative of the length of the guard interval section from
t he guard i ntesmvenigsicer Minegeltarackdrilétid 0846d Thditelktier oaefthei ent
table 30 outputs a signal indicative of the filter coefficient
cor r espondi ngramsnigs idrendgtimeof aheaapismd sitdcer dglteguinesh ifradi cathel by t he
S|g?al subcarriers having tranasmitted the 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 interpolating unit 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



transmtted fromthe guar interval determning circuit 10 and provides the
sane to the conplex BPF 31. [0076] Here, the filter coefficient table 30 °
previously stores the filter coefficient corresponding to the guard
interval section with the filter coeffigcjent being set at a value that
allows only a conponent included in fhéKbUhrd I nterval section begi nning
at a direct wave in the delay profile indicative of the tinme response
characteristic of the received signal to pass therethrough. [0077] In

at ypi cal systehgnal indipgtie off thedenaithf o2 dhenpyardlnitsroaldedt pbexi Nng, a
service area is constructed so as to prevent a nultipath that causes a

del ay beyondfXomre thearghandtlevbeaivadedeitemmindngoctrnecuingloTher efore, since
the filter coefficient table 30 defines the pass band of the conplex BPF
31 and al | ovEO®M Y tThe ildeim cpefddicdentortiaddeod mptouts e slgmall

i nt erval seggﬁfn of the direct wave to pass. therethrough, an error can be
prevent ed friofRalis of ithe EhiteranQefEiciont | erreesperd iy sto ctht a.

[0078] The c lex BPE31 contrpls the pass band thereof according to the
si gnal receii\?ere{%% 8?1 'lf:lheégf’lf“ﬁiejrn%eo"e‘fq]’r Efaé’?itmntja‘b‘?jec%'@e%r’i’d’ peeiptIR
filtering pr t apsm sSLon lne characteristic data received
fromthe syn@o| gl%&'[(il]gr]{%kl 2?‘%} g‘?ﬂl’at jl‘rﬁlée]ﬂ%?f %Fel:méhmgf do7F9h thi s way,
t he conpl ex r Qb hep h of,so as to pass
therethrougﬁﬁggéﬁ%gﬁggﬁggpg %katﬁg ?ﬁ%ngnﬁég?%ngffn%lbharacteristic

rangi ng fromddvs] CcoEpenNerhet F118epORGES 113 chite t‘aibg.%CtBOW%iﬁeJig:l}ﬁ&
conponent corresponding to the del ayed wave del ayed fromthe dire
stores the filter coefficient corresponding to the guard
} interval section with.the filter coefficient being set at
a value that allows only a component included in the guard
intervalsectionbeginningatadirectwaveinthedelayprofile
indicative of the time response characteristic of the received
signal to pass therethrough.
[0077] Inatypical systemutilizing the orthogonal 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 the filter
; coefficient table 30 defines the pass band of the complex
BPF 31 and allows only the data in a region corresponding
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.
[0078] 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 transrﬁission

line characteristic data received from the symbol direction

interpolating unit 21.



wave by the guard interval section, and interpolates the transmssion |ine
characteristic data in the subcarrier direction (frequency direction).
[ 0080] The conplex BPF 31 transmits, to the equalizing operation unit 23,
the transm ssion |line characteristic data determned for all the
subcarriers by the interpolation in -thg subcarrier direction. [0081] The
equal i zing operation unit 23 equalizes the received signal data received
fromthe FFT circuit 11 by performng a conplex arithnetic operation, such
as a conpl ex

| i ne char act[eqqd}sg\[/i §&82§%0$g%§ﬁv ecfeciro\é\% %ngg%f%%%gﬁhg%oih%%@%g%;ﬁhzsi o

e tog A Y bo?de! (ANMLA SRS BB R0 'RigoRth el gl date

to the dema circurt enapper- circuilt uses

received si 9{}?:1? daLasmegyabh Zad Y LberSoHat] £ 119 eagb%igonfy&ht 2 O

recover the ansm ssion data and outputs the sane data’to a circuit that

processes thedd AN 88LPAsHSh@inG YN tAE @A NWARLRY e ddnfdtdnt [ 0084]

As described above, the subcarrier direction interpolating unit 22 has the
filter coeffigiedpdriing 20, thandeldyed pRdwvd afe ldifed rAARGIItIE @idddte

characteristic data in the subcarrier direction (frequency direction) by -
25 control |vwanee the s guzand interialf isetotr ongefahidc iiertte rpodratespdidi ng t o
the length of the guard interval section determ ned by the guard interval
det er mi ni ng trarenissi®n JigG85¢hdractesistde d4ka conpbhentsudfcandedi r ect
wave beyond the guard interval section can be suppressed, an error can
direction (frequency direction). _ _
[00B80] 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.
[0081] The equalizing operation unit 23 equalizes the
received signal data received from the FFT circuit 1l 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 recelved signal data to the demapper circuit 13.
[0083] The demapper circuit 13 uses the received signal data
equalized by the equalizing operation unit 23 to recover the
transmission data and outputs the same data to a circuilt 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



be prevented fromoccurring in the transmssion |line characteristic data
and the correct transm ssion data can be recovered. [0086] [ Second

Enbodi ment] The orthogonal frequency division nmultiplexed signal receiving
apparatus 100 according to the first enbodi nent of the first invention
descri bed above filters the transm ssk6n-line characteristic data to
suppress the conponent of the direct wave beyond the guard interval
section. However, the conponent beyond the del ayed wave which is the

| ongest path Wgsgaﬁgﬁgat%ggpthggu&%vgpyngegﬂgpr dok 18 ife@le! owi ng,

an orthogonaf® Vi st on i p 5i gnal recel vi ng appar at us
according to Ioe) di_ggen fids tadd e Nt¥bvarthigede thiont €rs the
transm ssi onc(?rllfle C ;h}ierl‘gﬁé}(railg |ci8§§%ﬂ{1§f supprgess t he conaponent beyond t he

del ayed waveadfialude toie dranghak-anghberi dastbinoridy stitaiiomod || be
described. [0087] The orthogonal frequency division multiplexed signal

recei vi ng appsisd Ps 1aceRi sivag ,t thé honponend eftd aepecefwatdideying (first)
invention differs fromthe orthogonal frequency division nultiplexed

si gnal receithdguriiiatesval0feccimr diang beostppréssed, emboziimenicanf t he
first invention described above in the configuration of the subcarrier
direction i nber palextengdunitor??2 occu2@ing0088] t8eectFarsmlysieme ldincthogonal
frequency division nmultiplexed signal receiving apparatus 100 according to
the second cndoaltemistdic aite andebhe opOEERPE | Bean SHES sshit g3 can

direction interpolating unit 22 configured as shown in Figure 5.
. be recovered.

(0086] [Second Embodiment] The orthogonal frequency
divisionmultiplexedsignalrecelvingapparatus 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 delayedwavewhich
is the longest path when amultipath occurs may be suppressed.
In the following, an orthogonal frequency division
multiplexedsignalxeceivingapparatusaccording1xyasecond
embodiment of the first invention, which filters the
transmission line characteristic data to suppress the
component beyond the delayed wave which is the longest path
in a multipath situation will be described.

[0087] Theorthogonalfrequencydivisionmultiplexedsignal
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 first embodiment of the first invention
_described above in the configuration of the subcarrier

direction interpolating unit 22.



[0089] As shown in Figure 5, the subcarrier direction -interpolating unit
22 conprises a characteristic data 1FFT unit 40, a nultipath detecting
unit 41, a filter coefficient table 42 and a conpl ex BPF 43. [0090] The
characteristic data | FFT unit 40 perforns an inverse Fourier transformon
the transnmission line characteristic @& a interpolated in the synbol
direction (tinme direction) by the synbol direction interpolating unit 21,
t hereby producing a delay profile. [0091] The nultipath detecting unit 41

det erm nes, [gayd It hespéied BN, | Endr OLUEEGoRN 1 FRelgéntye dIRkId RIn
transformby the characteristic data | FFT unit 40, a diréct wave conponent

and a del ayashMamAl ex@ipoNgnal atedeisr inigmappheatas MU d aRebitd18¢Ctb thd 0092]
The nultipath detecting unit 41 transmts, to the filter coefficient table

42, a signalseculicenbyéimént be telaynvehikonfcanmangenend subddie-idat er m ned
del ayed wave conponents which constitutes the |ongest path. [0093] The
filter coeffdiciemitiarabhtexifo kaipiplg esit 2@ ¢drefigquorgd ax Sidwnlin FBigimgnal
indicative of the filter coefficient corresponding to the delay tine of
t he del ayed Ivave conponent which is the |longest path in the nultipath
situation, which - 27 is determned by the nultipath detecting unit 41 to
define the R hatf ofbeyR dBnplieRrepe '43?h&069g]3a¥ﬁée§orﬁ&|ré€t5m 43
control s (hepass il Aehcel, scearding, Loothe stanal | ndfcal iyl the
performa  fijl4ehbN% RLOEEES R Md S TR SHL 81 PN ol PP SNV AT A 8L C

table 42 and a complex BPF 43.

[0090] The characteristic data IFFT unit 40 performs an

inverse Fourier transform on the transmission 1line

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

f;i.lter coefficient table 42, a signal indicative of the delay

time of a component inl 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



data received:fromthe synbol direction interpolating unit 21. [0095] In
the orthogonal frequency division nmultiplexed signal receiving apparatus
100 according to the second enbodinent of this invention including the
subcarrier direction interpolating unit 22 thus configured, the FFT
circuit 11, the characteristic data cakgulating unit 20 and the synbol
direction interpolating unit 21 operate in the sane way as in the -first
enbodi ment descri bed above to ‘generate the transm ssion line

h teristj ta int l.ated i { di ' {i [ ti .
[0006] when 1 SensmiPPRoRY S ikt AREREE Rl Bkt 5y te ol ho”
t 1 SSi ' teri st [ lated in th nbol di ti
(11 di rectohPasy tead B Bhbe iR o B RS o at ing uni 21, the

char act eri stjigyo £at anbFEInpIE Bk LIS SId RO AHB fkd RIS S er

transform to produce a delay profile. [0097] The characteristic data | FFT

unit 40 trangBdraitmifto RRANESEa Halnad cRtelk! 6F thet Bel puttdduddy dadfct i ng
unit 41. [0098] The nultipath detecting unit 41 receives the del ay

profile fromdgifidmraehethetf Ltk &defiflculnt 48b1e04aPatESpeEsin < gnal
conponent in the delay profile with a prescribed - 28 threshold, and

detects a canpdreaniindiprioegsa wal tize | targesmidmion tlhind [utestaltemistie direct
wave conponent and the del ayed wave conponent due to nultipath. [0099] The
mul ti pat h deladst megednet fdonydther siynbe ladtvepbhentingypdl aolng iundites t he

| ongest path (a conponent having the maxinumdelay tine) fromthe detected
del ayed wave?lconmponent s,

) [0095] In the orthogonal frequency division multiplexed
signal receiving apparatus 100 according to the second
embodiment of this invention including the subcarrier
direction interpolating unit 22 thus configured, the FFT
¢ircuit 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 line characteristic data
interpolated in the symbol direction (time direction) by the
symbol direction interpolating unit 21, the characteristic
data IFFTunit 40 thereinperforms an inverse Fourier transform
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



and transmts a signal indicative of the delay tine 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
delay tinme indicated by the signal transmtted fromthe nultipath
detecting unit 41 and supplies the sam@8si-gnal to the conpl ex BPF 43.
[0101] Here, the filter coefficient table 42 previously stores the filter
coefficient corresponding to the length of the delay tine with the filter

coefficient hietdhaiet, ahd datéeklen EBAboAbh oWl SUANENRSgRE dilh
transm ssion line characteristic ranging fromthe conponent "correspondi ng

to the diretie winesho lihas i @iardc tc gakes pomgobient cahd et kel gedregrave
having the | ongest path to pass therethrough. [01021 In this way, the
filter coeffwavrerdonpanent4dudetonmaltipatpass band of the conpl ex BPF 43,
so that the tinme width in which the nultiple paths are distributed is a
pass bandwi dt®099 Wh&hemplidpethdetestibg ymidvehdetiefmbnesacompargentn t he
transmission |ine characteristic data. [0103] As described above, according
to the firstWhfesonsitufpenthindangasdnbedional ¢compenentcdiaring ithedata is
filtered to int?#golate the transm ssion |ine characteristic data in - 29

t he subcarﬂ@ﬁx%ﬂ Qﬁ%?%F%W?éﬁﬁ%ﬂ&PQﬂqQRHq%ﬁ§?1%ﬁ%dH§§§qﬁﬂﬂ?“ﬁ&is'
el ay i me o RERRERESbo e hin e e SHohbestefay it ing P4 idkerore,
AL R T R RN A SR
appropriatelph100] The filter coefficient table 42 outputs a signal
) 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 corfesponding to the delayed
wave having the longest path to pass therethrough.
[0102] 1In this way, the filter coefficient table 42 defines
the pass band of the complex BPF 43, so that the time width
inwhichthemultiplepathsaredistributedis apassbandwidth,
whereby an error can be prevented from occurring in the
transmission line characteristic data.
[0103] As describedabove, according to the first invention,

when the transmission line characteristic data ig filtered

to interpolate the transmission line characteristic data in



equalized with an effect of a noise on the transm ssion |ine characteristic
data being renoved, and the correct transm ssion data can be recovered.

[ 0105] [Second Invention] In the follow ng, an enbodi nent of an orthogonal
frequency division nultiplexed signal receiving apparatus according to a
second invention will be described in4fktail. [0106] Figure 6 shows a
configuration of an orthogonal frequency division nultiplexed signal

recei ving apparatus 600 according to the enbodi nent of the second

invention. pR&GHboATribewLredte onr (HegRraloy d MMt i ¥heigiks Bald | Pl exed
signal receiving apparatus 600 conprises a radio frequency (RF) signal

processi ng ubstc@ifradednireresgoate td thquastiytt bF)tisd goakapieegseaNg unit
62, a base band signal processing unit 63 and an operation control unit
64. [01081 Aseshbon ¢m thegdeda¥?, time dFF thiegdellagyedcrasenghushtis 6dhe
conprises an_antenna 70, a |ow noise anplifier (LNA) 71, a distributor 72,
a t enper at ur €oRgeHE et .oandritmrafonsscahl etoor (CEOXEE FBevénted @i second
| ocal oscillators 74, 75, and first and second m xers 76, 77. [01091 The
antenna 70 rREeRTELNGniRthy gransmigsiprs dibpecharactanistibodanal

frequency divyjsj |tiplexing on a sending - 30 station and wirelessly
transmtted H@g?r mﬁﬂusanﬁh? EErShved sigral dadia egnAre Srprapniatedey LNA 71.

L L P AR AT R e
ef fect ngrzgﬁdgée%saé@&fim@“%at% 94Rlid g NLRMARe Sl ward dnterval
\ transmission data can be recovered.

[0105] [Second Invention] 1In the following, an embodiment

of an orthogonal frequency division multiplexed signal
receiving apparatus according to a second invention will bé
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.
[0107] 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.

[9108] 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 (TCXO) 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 division multiplexing on a sending



the effective synbol section in a synbol section, and is a redundant
signal section having a copy of a rear part of the effective synbol
section. [ 0111 ] The LNA 71 anplifies the RF signal received via the
antenna 70 and transmts the anplified RF signal to the distributor 72.
[0112] The distributor 72 distributes t3lpge -RF signal received fromthe LNA
71 anong the first mxer 76 and the second mxer 77. [01131 The TCXO 73 is
an oscillator that generates a reference frequency signal used by the

first and second | ocal, oscill at.or th

Fespect ] ve 1SRN LS BRI BT P o R haraei had FPpr b Ebpd AR RSB ator 74
i's composed I t, f I It

gener g}[:)esea %cgﬁeo&g%%q ["at i o%nagoﬁgl( hgzlll'ﬁérgf:‘l rst 01[ r Zéﬁgﬁcs by, for

exanple, diyjdi thgotgf er gpcet ﬁé eoyeRtygignale e d AYilhenTCXO 73

under the control of the Operation control unlt 64. That ~ is, the first

local oscil lgiofipre @/ ffhdineebagdba @s%hlela{wfhaswnaénéwlt he
first frequency which is in  phase with the reference frequency signal

gener at ed bysddieionl @Oséparatdasifpbi &8 éfifeSBle S¥iA1 tsadtiod ianst N xer
76. - 31 [0115] The second local oscillator 75 is conposed of a PLL

circuit, foraguarpliatekrvalieeetabns THogarrdintbirablgectignarededesng a

second frequency different fromthe first frequency by, for exanple,

di vi di ng t hethesfesifiendd vier sgmbntyse¢ghat ingeneyabed bgcthen TGM@A 43 ander the

control of the operation control unit 64. The second |ocal oscillator 75

gener at es redundant signal section having a copy of a rear part of the

} effective symbol section.

| [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 distr.ibutes the RF signal received
from the LNA 71 among the first mixer 76 and the second mixer
77.
[0113] TheTCXO 73 isanoscillator that generatesareference
frequency signalused by the first and second local oscillators
74, 75 when they generate their respective local oscillation
signals.
{0114] The first local oscilllator 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 frequency signal generated by the

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



the local oscillation signal having the second frequency which is in phase
with the reference frequency signal generated by the TCXO 73, and supplies
the sane signal to the second mxer 77. [0116] The first m xer 76
down-converts the RF signal into the IF signal by multiplying the RF
signal provided by the distributor #2231y -the | ocal oscillation signal
having the first frequency received fromthe first local oscillator 74.
The first mxer 76 transmts the |IF signal obtained by the down-converting

fth : : . : ) | \ :
o "tne 5 a0 Oxtosi ol W mouL 6t 1 UF AR PERSEED
signal by mubiigfi NEot B é!9&%9&Hé§ﬁé§?%QXCEE%sdyfﬁﬂﬂfﬁﬁéﬁqggiby the

| ocal oscillation signal having Seco requency receive omt he

second | ocalh£said haddond Bredien S WIE PR £4dm AN ETLES £ } gnal
obt ai ned by domn-conversioﬁegf ?ﬁg RF si gnal t&nthe s&%tch %ﬁ?éﬁ%) ded in

the | F signaby prismesstamplainidivddin0 kbl rdreddndd Frquimsessidihuni t 62
shown in Figure 6 has the configuration shown in Figure 3, for exanple. It
conpri ses t lperswidtcd 89, tiae MEIXD passndét tidte (EBRErodlofathe asiex@iicn gai n
control (AGC) circuit 82, first and second - 32 analog/digital (A/' D
converters 8&n@pl anditaphel T second lotcatudscBblatotrhls dgdmaadtes

oscillator 86 and an orthogonal detector 87. [01191 The switch 80 sel ects

anyone of tHédqreahpariliaeionsdonsl bavitng e second frequedcyivierah 76, 77

provided in the RFE_signal processing unit 61 and supplies the selected one
to is 1n phase“with the reference frequency signal generated

by the TCXO 73, and supplies the same signal to the second
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 fhe switch 80, a band pass filter (BPF) 81, an

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



the BPF 81. That is, the switch 80 selects, according to a signal CH SEL
transmtted fromthe channel selecting circuit 85, any one of the IF
signal provided by down-conversion by the first mxer 76 and the |IF signal
provi ded by down- conversion by the second m xer 77 and supplies the

sel ected one to the BPF 81. In other- V& ds, changing the |IF signa
selected by the switch 80 provides swtching between receiving channel s

of the orthogonal frequency division multiplexed signal receiving

appar at us GO%aiQ&?ﬂ%ﬂ_m gﬁ?ﬁﬂcdﬂﬁft%r@%?%? @Bﬂaﬁgélt%%%ﬁ%ﬂbgnal

supplied fromthe switch 8 o renove a conponent outsi ss band
of the receigipguchamela andridr i%&l@s&i}ﬂaﬁ&ﬁ%&'&gdsang?étﬁ&g&% AGC
circuit 82. [0121] The AGC circuit 82 automatically control a signa
anplificati otetactaxr 0. anplify the | F signal having passed through the
BPF 81 to a predetermned signal level. [0122] Here, the AGC circuit 82
det er mi nes t hell%lefhiemwitehso seletteahy onegthe EEaiivyec e vead e BPF 81,
that is, the reception |evel of the RF signal based on the signa

anpl i fi cati obrémcthy figysdédand sepind indatdmen 76f, UHeptéviigdain flme RXanpl e.
The AGC circuit 82 transmits a signal AGC _LEVEL indicative of the

determ ned ret@pt} drqcessingounke ¢1 rand Auppddesetther s@Becte@3ong O3]
Besides, the AGC circuit 83 transmts the anplified IF signal to the
second A/ D cbv&tifePlas Tha 14 ¥he $¥iteh ADsedpedst epcaardingttoes t he

i |  AGC LEVE pved f h CC ¢l it 8 i th
SLanal | ACC AR ERCERY ARG ATk Shooid, B3 a0d Sl IS AN,
AN D)ConverteéS 8%nqz' hg'gf’aschtehﬁFaspPéﬂ;i %q:ovided by down~-conversion by

the firstmixer 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, theAGCcircuit 82determines thereceptionlevel
of the IF signal received fromthe BPF 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.



| F signal fromthe AGC circuit 82 and supplies the resulting signal to the
ort hogonal detector 87. [0126] The channel selecting circuit 85 is intended
for controlling selection anong fromreceiving channels by sw tching of
-the switch 80. That is, the channel selecting circuit 85 generates a
signal CH SEL for selecting a receivrh§3 channel and supplies the signal to
the switch 80, thereby controlling selection between the IF signals. At
this time, the channel selecting circuit 85 determ nes the timng of

swi t chi ng t hE0328 bciBeaddey, t tiee RECt chr801 aELtaAgmi® sathb HighlifAdd M NG
received froma timng generator 91 provided in the base band signa
processi ng ubFtsE@alliko dihenselcondl 8¢Di agnverteni 8485 notifies the
operation control unit 64 of the receiving channel selected by the switch
80. [0127] BEQ1ZtE, The £hesied/Retervénteri auidigdsizeseithes sidmalsi gnal
AGC _LEVEL dggiéized by the first A/D converter 83 and determ nes the
reception | N&t-LEFEDLEFLPCPhEeL TN theahGe TGt to 8 288ngesiepl bes dHencal

illati i | . havi f di t i | FI NE_FRE
Cocei vad {1 e THEGIEEtat Conthel ChAntebasahget Cagprieeut hetbocal

illati j t | detect .87, .The third | {
cci 11 ator sl 28! | el Beedld AU 0GRy tie RO hanly 1 FRS Hie lmmiiiiad by

ti t | i bl i .Sl | i . di t
She Srgnar BF YRR £E0E enetoOR I 0 S SuBpi 18R FRE S R The
orthogonal _det @ 0reind G128bedhe1 Ok hogesal set ector 87 uses the | ocal
I r

oscillation signal received ffromthe t | ocal oscillator 86 to perform
[0126] The channel selecting circuit 85 is intended for
) :

controlling selection among from receiving channels by
switching of the switch 80. That is, the channel selecting
circuit859eneratesasignalCH_SELforselectingaxeceiving
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
receiving channel selected by the switch 80.
[0127] Beéides, the channel selecting circuit 85 receives
the signal AGC_LEVEL digitized by the first A/D convertér
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
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Figure 6 h

detection of the IF signal received fromthe second A/D

4, thereby denodul ating the base band signal. The orthogonal

transmts, to the base band signal processing unit 63, an

) signal indicative of an in-phase conponent of the denodul ated
base band signal and a quadrature (Q 34 gnal indicative of an orthogonal
thereof. (0130] The base band signal processing unit 63 shown in

as the configuration showmn in Figure 9, for exanple. It

conprises a @ffgelt drgierioyr 190the IFTEIGnENSY ddereHtiny Raak glaiect or
Fourier transform (FFT) window circuit 93, an FFT circuit 94,

an equal i zero®&i brak someigppkha%ing d Ptdqdedbe agdairdiagrte kb1 dHal S

92, a fast

i ntended fo

r perform ng an autocorrelation operation on the base band

si gnal . ThatFINE, FRE( agdasuprbyired dher 186atelsayid ldtd dmseghandtsitgral
of the | signal and the Q signal by a length of the effective
synbol sect | onthegpbrith aetiesdort BF. aut ocorrel ati on between the del ayed base
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section hav
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and the base band signal not delayed in a tine width
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autocorrel ation operati on
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The orthogonal detector 87 transmits, to the base band signal
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 in Figure
6 has the configuration shown in Figure 9, for example. It
comprises a guard correlator 90, a timing generator 91, 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 fhe
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

t he



a peak at a timng when the trailing end of the effective synbol section
is received. [0133] The timng generator 91 is intended for estinmating the
ef fective synbol section and the guard interval section based on the
result of the ‘autocorrelation operation performed by the guard correl ator
90. That is, the timing generator 9F @termnines the tinm ng when switching
between the effective synbol section and the guard interval section
occurs, and generates a signal G TIMNG indicative of the determ ned

timng. The gdifdisnigRNauRbebrPd1ht 888 M b Sthder shiy gdact M NG 92t ufdhe FFT
w ndow circuit 93, the channel selecting circuit 85g provided in the IF

si gnal procedss npdkidet@2tamdokhe operation control unit 64. [01341 The
peak detector 92 is intended for detecting a peak value of the correl ation
val ue obt ai Xl 3R] t Herguas thoorite gueanrd 20tpevhdrseayiohelaud adagmnadl ati on
operation and a signal phase at a timng when the correlation value has a
peak. The pesfictigat bevdng 3P copyi ¢f es repy ppet aifi thecefifeot Luaisyn®blof t he
det ected peak value and signal phase. [0135] The FFT wi ndow circuit 93 is

i nt ended forsas&iofot | fhe cigralistisasevphng hfiwdinad, bie e e@uard synbol
section and ié\qputting the signal to the FFT circuit 94. It renoves - 36
the base barfPHeffdon At PRFTRERINY ther o4FoseErfbAt Lo WeTrI kiR tdsni ned

based on the signal .G TIM NG received fro he tim enerator 91, and
then transm sp‘%q(e Ata8e LHLARI SYRRRAI Eh? Nt det E9 e?d’t‘i{n\})gps‘%'r?o(ﬂf ¥6n to the

FFT circuit bd1 %jSo'lqhg FEL 8“’,g§it 94 is intended for performng a
fast Fourie ‘anstormon the Basé band si gnal in the effective

_ [0133] The timing generator 91 is intended for estimating

) the effective symbol secfion and the guard interval section
based on 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 section and the guard interval section occurs, and
generates a signal G_TIMING indicative of the determined
timing. Thetiminggenerator9l transmitsthe signalG_TIMING
to the FFT window circuit 93, the channel selecting circuit
85 provided in the IF signal processing unit 62 and the

i 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 autocorrelation operationandasignal phase
at a timing when 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



synbol section received fromthe FFT window circuit 93 to convert the
signal on the tinme axis into the signal on the frequency axis. The FFT
circuit 94 transmts the fast-Fourier-transforned base band signal to the
equalizer 95. [0137] The equalizer 95 is conposed of a finite inpul se

- response (FIR) filter, infinite inpulsgeresponse (I IR) filter or the
like, for exanple. It is intended for conpensating the anplitude or phase
of the base band signal received from the FFT circuit 94 according to the

the ik, The Bage Poob’ BEORMELRIAS Ml RIS 2 oy ¥ ”°”t8r
(Reny PP e Bopéraizia bolth SFBPEL o0y € CAMRS SR BerEagh Wy oY
recovering ttfmtngagéﬂeééwf‘ 992! &nd W BEaRERL DAL BGBAnEYIYdAC] by

the equalizer 95 ased on a symbol arrangenent on a conp plYane. [0139]

That is, thepleRpREFeIQivECOVRPSL §EctiAMNSHO SehowriatfrdipMshe | signal
and C}S|gnal of the base band signal nodul ated according to a nmulti-val ued

modul ati on metsed, 'ShelFrmeibduitady asuirt egdd ifvdepardoraihgna (F@YY) , based
on a 37 correspondence between a coordinate value determ ned on a conplex

pl ane and t Feurizmsirassbormaira.the0ba8E Hhrddehgppkrim & heutgiifes tilve
recovered transm ssion data to a deinterleaving circuit or the like to
provi de for symbelpsecsdonnpectivére fremsihe JEh wiatdow [GAUitTHS dyer ati on
control unit 64 shown in Figure 1 is

convert the signal on the time axis into the signal on the
frequency axis. The FFT circuit 94 transmits the
fast-Fourier-transformed base band signal to the equalizer
95. |

[0137] The equalizer 95 is composed 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
to 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 on a symbol arrangement
on a complex plane.

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

modulated according to amulti-valued modulationmethod, such

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



conposed of a microprocessor or the |like, for exanple. It 1is to control
the entire operation of the orthogonal frequency division nultiplexed
signal receiving apparatus 600. [0142] For exanple, the operation control
unit 64 determ nes, based on the notification received fromthe peak
detector 92, the signal phase at the t37m-ng when the peak of the

correl ation val ue obtained by the guard correlator 90 performng the
autocorrel ati on operation on the base band signal appears. The operation

control uni tebrddgditdict Wa%wesh0BkobtAEnatEXAfd Mot idihdedl a

oscillator 86 to control the operation thereo ereby causing it to

generate a !@sﬁblgnesgﬂiarieatain@ thledR2hnBAY5880A Gheguency corresponding to
the determ ned signal phase. That is, the operation control -unit 64

estimates t hpoD{d petrhler aguepsyr WE outpotlsdthe Fo6bveeda trandipiddisi gnal

supplied to the orthogonal detector 87 based on the signal phase, of which
the peak detéstart®da @eintérkeadiiny epecal iosr cid Nakel bt prafdasaties the

third local oscillator 86 to generate the local oscillation signal for
removi ng t hetkestpmnetesthiofd odt theetjuensyisfdd3fiata.t he fol |l owi ng, an
operation of the orthogonal frequency division nultiplexed signal

recei vi ng apbk4t lis The3gresabi e conndineg no-idn 6dnbbdivnein Biguhe sl idsventi on
wi Il be described. [0144] The orthogonal frequency division multiplexed
signal recefUTRRFShPAr &t NLCHORFPLL TN i%d the dikal t foFr exampts . nditwor k
(MFN) enviro nt, i.n gﬂ%ch a plurality. . of sending ,stations transmts an
i denti cal co#t”gﬂtdo\ﬂqo i bfee?léﬁfrﬁf Pgaﬁﬁﬁ?ﬁnﬁgn e Og’FHQQSBB&r%ﬁ%err&yei ves a
RF_?IgnaI tr&!&i@f&é“%dﬂ%%ﬂf%x%ﬁ“QEBHal receiving apparatus 600.

[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 wvalue 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 control unit, and causes the third local
oscillator 86 to generate the local oscillation signal for
removing the estimated offset frequency.

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

frequency division multiplexed signal receiving apparatus



station via the antenna 70.

[0145] The distributor 72 distributes theRF

'signal received via the antenna70 and then anplified by the LNA 71 anong
the first mxer 76 and the second m xer 77. [0146] The f irst and second

.local oscillators 74, 75 generate |local oscillation signals having f

and second frequencies, respectively, 3y~ for exanple, dividing the

ref erence

frequency signal

irst

supplied fromthe TCXO 73 in a ratio determ ned
under control of the operation control unit 64, and supply the |ocal

osci |l | ati on ed@nétSotdiidied idrs tenbbdisReANGMHAS 1nkentibn WASAEHd Vel y.
[0147] Here, the operation control unit 64 controls the first and second

| ocal osci

|dgsxasibel]. 75 to cause themto generate |ocal oscillation

signals, which are used by the first and second mxers 76 , 77 to
down- conver t [ (¥4 4] gihlesrithogiohadrioreaquergnditniyi dandi tiplexbl sigad s i n
predeterm ned internediate frequency bands. In this way, the operation
control uni trerplvnsarPaTat RS ) §nabrpioddosi mglthifre@encygertsmate | F
signals which enable reception of two pieces of transm ssion data having
the same cont™iN) gRYirrament tidywhight sup lamadddlysof reentlin @ sdiat fomsquency
[, 01481 Eachﬁgf the first and second mxers 76, 77 transmts

bands. 39
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[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.

[0146] The first and second local oscillators 74, 75 generate
local os.cillation signals having first and second frequencies,
respectively, by, for example, dividing the reference
frequencysignal supplied fromthe TCXO 73 inaratiodetermined
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, theoperationcontrolunit 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.



sel ected one to the AGC circuit 82 via the BPF 81. [0150] The IF signal
havi ng passed through the BPF 81 is anplified by the AGC circuit 82,
digitized by the second A/AD converter 84 and then supplied to the

ort hogonal detector 87. [Q151] At this time, the AGC circuit 82 determ nes
the reception |level of the RF signaJ‘v%ﬁch has been converted into the IF
signal selected by the switch 80 based on the signal anplification factor
used to anplify the IF signal to a predeterm ned signal |evel, and
notifies thel@hédhelEachebectliengiehtcand s8zoall mheerecAN! HonttHvahits the
formof the signal AGC LEVEL. For exanple, the AGC circuit 82 generates

t he signal AQDe IHVELdmali nhtainedtizyaom~eforrvaensiiion offhehwORF agigal ue
varying in response to the reception level, and the signal AGC LEVEL is
digitized byt®htheiswitchyadd converter 83 and then transnitted to the

- channel selecting circuiit 85. [0152] The orthogonal detector 87 uses the
|l ocal oscil | B91HN Jihgrewitdrd) vederitsmmnhene pifrthe 6E slignedi téaiore®6 t o
perform orthogonal detection of the IF signal supplied fromthe AGC
circuit 82 vi% & ELERY PR Oy BRfeEhe ALY signady regefvad| Sromgthee |
signal and Q signal..of t base band signal. - 40 The | signal and Q

si gnal deno%?%‘?%% Wetrhggo??ﬂ?)ﬁ‘gm td"et%é‘é"t §tang GHSEL Sapemiddad t he
base band signgl C ' upj [Q153] . The FET wi_ndow circuit 93
renoves apar't cor?%%pgﬁ%#ﬁgl P%i?ﬁgﬁﬁ%agﬁr?n%grgala?@cﬁF@WSWP5ﬁ1HﬁE’base

band signal sepaisted 19k ¥o e hcti 892bndRdsf 9i4nehe dgPPIY ated by the
ort hogonal detector 97, and supplies onFy a part correspondi hg

) - [0150] The IF signal having passed through the BPF 81 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 féctor 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 waveform with
the voltage value varying in response to the reception level,
andthe signal AGC_LEVEL is Eiigitized bythe firstA/Dconverter
8.3 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 via the second A/D converter 84, thereby

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




to the effective synbol section to the FFT circuit 94. [ 01541 The FFT
circuit 94 perforns a fast Fourier transform on the base band signal and
transmts the resulting signal to the equalizer 95 as a signal indicative
of the frequency conponent. [0155] The equalizer 95 receives the base band
signal from the FFT circuit 94 and eswiomates the characteristic of the
transm ssion line by, for exanple, extracting a subcarrier having
transmitted a pilot signal. The equalizer 95 equalizes the base band

cLonal by, e SEARLor YDA ddib i ety RN sl dBs U Lo L he

estimated transm s aracteris suppl iPes Tes ng

signal to thegy é?:%”%i?ﬁﬁém?@tecﬁOéos%eT%‘isgeHﬁﬂge%%/&?%P%ﬁ% sfnéigi}ﬁ,?gi ng

process using the base band signal equalize e equali zer
recover the3ransm ssion data fromthe sending station. [0157] The guard
correlator 90 perfornms an autocorrelation operation on the base band

signal by dejend3g whemmmwciﬁé@ﬂ@bs&@ﬂﬁiv@siélgaeft dd¥erdspuriialg and the
Q signal denodul ated by the orthogonal detector 87 by a tine corresponding

to the effeoditiee Syndnod Beodival adebtissd of HormgtRe pbadecbandngilgnaaper ati on
for the del ayed base band signal and the base band signal not del ayed.
(0158] The tdarisgig tgage ot bhe 9l sigmatated Qhsighdkbodemedsyabed bysedate on and
the guard interval section based on the correlation value obtained by the
guard corr elofttdrowraddsinration? T hend suprpddesandy apasparondempanting

determ nes the tim ng when smitching bet ween t hese sections occurs. The
timng to the effective symbol sé&ction to the FFT circuit 94.

| [0154] The FFT circuit 94 performs a fast Fourier transform
on the base band signal and transmits the resulting signal
to the equalizer 95 as a signal indi.cative 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 transmittedapilot signal. 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 correlator 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 detectof 87 by a time corresponding to the

effective symbol section and performing a product-sum



generator 91 generates a signal G TIMNG having a rectangular voltage
waveformw th the voltage val ue varying between the effective synbol
section and the guard interval section, for exanple, and transmts the
signal to the FFT window circuit 93, the channel selecting circuit 85 and
the operation control wunit 64. (0159] 4The peak detector 92 determ nes the
timng when the correlation value obtained by the guard correl ator 90
perform ng the autocorrel ation has a peak, detects the correlation value

and signal rgl%s,_ea tiyy (g ' nal unit 64
of the correlati ot?\lto\#a?ﬁlé ﬂgr?dag% ﬁggg%#ae{ Ibgﬁ‘gsgéf&fgggd?* !Fﬁlg %%%é §%nodjn
control uni tgiatha10QRAT Ae@ayWyt h the channel selecting circuit 85 or the

like to swiftly switch the receiving channel to enable the transm ssion

data havi ng [ 58 demhéeahifagifeneiratoria sLeavafché 8EeLLthoe Sxaddl e,
Figure 10(a) shows a configuration of a signal received by the orthogonal

~ frequency disdctiiam amiithe pherxédnsiegnal seetdion bigaPER kU ra@).atidbn
FigurelO(a), the guard interval sections of the received signal are

hat ched. - 42alyeprdtjainied biynithg geaedacorrelagemenat geriflvandingnaiheG TI M NG
shown in Figure 10(b) to enable discrimnation between the effective
synbol sect idttoseFredatdanr apprasionl asdcidesarmings63heTHEMERT wihegow
circuit 93 deternm nes the effective synbol section based on the signal

G TIMNG r&thedinge Bakeeenatdresiegnafcthonsie Qs 4 nt Fhal tdedmigon and

supplies the remaini signa] to the FEFT circuit 94. [0164] The operation
colr[:ltorol uni tgegfrg%ﬁfr%?ge?%’éa#?? g5ty G-TIMING haVing[arec]tangulaFJ):

| voltage waveform with the voltage value varying between 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

L 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.

[0161] For example, Figure 10(a) shows a configuration of

a signal received by the orthogonal frequency division

multiplexed signal receiving apparatus 600. InFigure 1l0(a),

theguardinterval sections of thereceivedsignal arehatched.



’ oscillator 74 to cause it to generate a local oscillation signal having a

- first frequency fl for receiving a signal transnitted froma sending
station via a first channel CHl, for exanple. In addition, the operation
control unit 64 controls the second |ocal oscillator 75 to cause it to
generate a local oscillation signal ha4d ng a second frequency f2 for
receiving a signal transmtted fromthe sending station via a second
channel CH2 different in frequency band fromthe first channel CHL. [0165]

Bosi des, therolangl Wil Sk sfiguflet st 91 Gorldililes LASIIUHLS SSHAFHEN Of

the first channel CHL when is at a | ow tion of

the second chhowalin @Hgutaenoib)io nadild aﬁsb%!ﬁhnakﬁ$96$egwggh?ﬂg Iy,

the signal CH SEL shown in Figure 10(c) instructs selection o e first

channel CH1 efifacpivé oshmipl tsectionmand the gadrihentwiish 88csehgCt S,
according to the signal CH SEL, the IF signal provided by down-conversion
by the firsiOh63Xer The BRE wimddw esirdw tl B3sdgpatmifet hehBREE et 1¢H167]
Then, the channel selecting circuit 85 determines that sw tching of

sel ecti on of SYRRo} geeitipndastiesner thiess hgreale ¢_TINBNGwhesmdted shdabaed ed t hat
t he signal |evel (voltage value, for exanple) of the signal AGC _LEVEL
recei ved frobtRfhedigmal dpy Ehet9Brd iintenyaili sectAoD codveupplids, thor
exanple, is ower,. than a predeterm ned threshold prescribed by the

operati on cdﬁém% DR 1S '9Ral GPeSPeVRER FErreiBiePérni ned that switching of
cirout 85 LOHEFL] E Pl o B0 e BT R iaRb eI Gk LAY FReHor ms

) oscillator 74 to cause it to generate a local oscillation
signal having a first frequency fl for receilving a signal
transmitted from a sending station via a first éhannel CH1,
for example. In addition, the operation control unit 64
controlsthesecondlocaloscillator751x>causej1:togenerate
a local oscillation signal having a second frequency f£2 for
receiving a signal transmitted from the sending station via
a second channel CH2 different in frequency band from the
first channel CH1.
[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,thesignalCH_SELshownjijigureIO(c)
instructs selection of the first channel CHI 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, the channel selectingcircuit 85 determines that

switching of selection of the receiving channel 1is néeded



a processing for switching the receiving channel. [0169] That is,. the
channel selecting circuit 85 receives the signal GTIMNG fromthe timng
generator 71, and determnes the timng when the received signal enters
the guard interval section. [0170] For,  exanple, when the signal G TIM NG
shown in Figure 10(b) becones at a si gﬁ'ﬁal' | evel (voltage val ue) indicating
~.the. guard interval section at the timng tl, the channel selecting
circuit 85 switches the signal level of the signal CH SEL as shown in

Fi gure 10(c)when chusks tdedestieicith@® the sehral ldweel HwoDtede PraMigled by
down-conversion by the second mxer 77. [0171] Here, if the receiving
channel is sH®¥ capRhedr pft the sigreal AGE_IEVELY edceilyndl feometlse tAGT guar d
interval sectjon, the property of the timng generator 91 is degraded and
it becomes THFFHEIE2 t"&adiegérgﬁﬁﬁtpe’%méﬁtﬁh‘e%ff@@riw:eammrbdls section
and the guargd int ew\{al section. Therefore, the channel selecting circuit

85 i s adapt et®¥Y sWiBRh & RFedgtgrmined, sthegshqldl spypaerippdEbyortde for a

predeterm ned.-_44 _nunber qf quard interval sections, such as once for two
guard int er%%?r%teic?q ons' éf?qslli‘g\?v% gr"f'Fi gure 10 (c). [0172] The switch 80

itch I i LE sj ; i .fath i | CH SEL
Cecer ved 1r oo it Mhehift s feandl SBAT AL A o8 98T thmpE: ne

. I |4 r n i é . anne é d.oyya t fJ t
channel * - ot oo paLe e BREndd) A LRI A o e K T b B e T T3

That is, thessvbhehodd thel SpteH B6 geﬁel%'Ft%@ 1 Q¥ 6fha PYn§ PUIFLYRLET ST oN

by the second m xer 77 instead of the

‘ a processing for switching the receiving channel.

) [0169] 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]'Forexample,whenthesignalG_TIMINGshowninFigure
10(b) becomes at a signal level (voltage value) indicating

the guard interval section at the timing tl, the channel
selecting'circuit 85 switches the signal level of the signal
CH_SEL as shown in Figure 10(c) to cause the switch 80 to
selecttheIFsignalprovidedbydown—conversionbythesecond
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



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
[01741 At this time, as shown in Figure 10(d) , for exanple, if the signa
AGC _LEVEL generated by the AGC circuit 82 is |owered, the channel
selecting circuit 85 determines that ~t4f first channel CHL 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

timng t2 wheambée ofgyeard HAterval seetidis c8deh dd'8nbe o8 9 §8arda
determned from the signal G TIMNG and changes the receiving channel to

the first chimbetvdtised¢tlioify asn saddint ilon Filgieechannel) .sel ecting circuit 85
notif ies the operation control unit 64 of the reception |evel of the
second channE0l TP (Theeiswddchn8dhswltiehdsi sékeybionesti BRe IFhgigRer ati on
control unit 64 determ nes whether or not the reception |evel of which is
notified by d¢ROEGERMcto sthectignpl GH.ERLE 1BEceéisved gfom ttiae ehannel
predeterm ned reference level. - 45 0177] If the operation control unit
64 det er m ne¥CteGtinhircudtctn i dherehy seltehtng ddwnaighadneipied s
hi gher than th r rence level, it determ nes that the signal received
thaneh R

via the secoh ! Emomcthe pd Ipatouarat ¥adante thenfies reRarRel whet her
hentcor "o SIS LS. 2R RSN nESRED e, SRRt " o v
Cohnr e o OELELL ek s B 216hAS o200
) by down-conversion by the second mixer 77 instead of the IF
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 CH1l 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
guardihtervaleectionends,thetimingbeingdeterminedfrom
- the signal G_TIMING, and changes the>receiving channel to
the first channel CH1.
[0176] Inaddition,thechannelselectingcircuit85notifies
the operation control unit 64 of the reception level of the
second channel CH2 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.



between the timngs t1 and t2 and a rear part of the effective synbol

section of the signal received via the first channel CHl during the period
between the timngs t2 and t3. [0179]. The operation control unit 64 reads
a peak of the correlation value det ectesd by the peak detector 92 fromthe

correl ati on val ue obtained by the cort ™t on operation performed by the

guard correlator 90 and conpares the peak value with a predeterm ned -
reference. [0180] If the operation control unit 64 determ nes that the
peak correl al 9bh7 Vallfethe cpgration contighenithés deteropmedetbati tieel
reference value, it determnes that the first channel CHL and the second
channel CH2 ¥FeePRF QN igyed ok thensepend channglsCHRnks hilghespthani time cont r ol
unit 64 can estimate, = based on the signal phase of which is notified by
the peak def®EeTRNe levrd /gl deterpdngst thek thee sdonadt recefivedcyiaf the
| F signal provided b gown-conversi on by the first mxer 76 and the offset

frequency of “thESLRNY nel, ¢ §o@ bRy degorlasadand shepydetrrmirend m xer
77. - 46 1 M. th t h hand, if th ti trol it 64
e oo HREH S BhE LS ot ol NG PR AL O SODL IOl ML
predet er m neg 4 %ﬁﬂ@ne CI\% ti%enltacggtglgﬁ‘#:gﬁ that the first channel CHL

and the second transm érent contents and controls the

channel sel ecdiywy CintCW ot l.eqt d oGh
FLT £ iee BBl e SRS L RO S TRORE 1 o

afterward. [ 0182 ] That is, if the sécond chann

di fferent freseddiaitfci opbeatisstrdrhanaefuid irdteevaw teht18R selwgds only
the I F signal provided by down-conversion

| signal received via the second channel CH2 during the period
., between the timings t1 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.
10179]. 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] If 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 first
channel CH1 and the second channel CH2 transmit the same content.
At this time, the operation control unit 64 can estimate,
based on the signal phase of which is nofified 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.



by the first mxer 76, which has been selected in the effective synbol
section, and supplies the IF signal to the BPF 81. [0183] If the first
channel CHl1 and the second channel CH2 transmit the sane content, when the
signal G.TI M NG becones at a signal level indicating the guard interval
section at the timng t3, the channel 48electing circuit 85 swtches the
signal CH SEL to cause the switch 80 to select the IF signal provided by
down-conversion by the second mxer 77. [0184] At this tine, the channel

PrecCring, Sty S8 8 GelioRahl1d NheDBRARA L ERADELLERY RO ST | han

the first c annel 1 1n receptron lev ause e Si evel” " of the

si gnal ACC_Ldafdrnit! Fhite I shown
in Figure 10(d). [(ﬁrﬁg] TEutsjhét%f%%ﬁﬁgccggfggﬁzﬁggc?é ?a%g&naﬁ ai ns

the signal tratelthel phoge béamBle Ciletrenvanvali bl £t tddid¥mifes tHatWhi ch
~the guard interval section ends, is reached, and adopts the second channel

CH2 as the rdoeifdimyg channell ¢RI andetied fRaide chaindl st itandiiich begins
at the timng t4. - 47 [0186] The channel selecting circuit 85 notifies
the oper at |G fsgremrtotontentt 6and bantrbds sbecrithoiensel e€tZnyciadoitted  as

t he receiving channel. & 01871 When the operation control unit 64 is
notified by &5K?OH:W@nW@Ie§éléb@iﬁgc@hdcgﬂﬁnmﬁlt¢ﬁﬂ afteeswaohd channel s CH2
is adopted as the receiving channel, it transmts, to the third |ocal
oscillator d81&%He Ihghds. MWFREQOPW%CH?GRW@%QIGWM of
which is not t he peak detector t hereby swi tching the frequency
of the | ocal jt#sf%qqré[ fER™ Ehghafox ot fsitfp';d? iEenns L (&llor tthegSWAtchet ect or
87._ Thus,

) 80 selects only the IF signal provided by down-conversion

by the first mixer 76, which has been selected 1n the effective
symbol section, and supplies the IF signal to the BPF 81.
[0183] If the first channel CHl 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 CH2 is ﬁigher than the
first channel CH1 in reception level because the signal level
of the signal AGC_LEVEL transmitted from the AGC circuilt 82
increases, as shown in Figure 10(4).

[0185] Thus, the channel selecting circuit 85 maintains the
signal ievel 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 third local oscillator 86 can generate a |local oscillation signal for
renmovi ng the offset frequency of the IF signal provided by down-conversion
by the second m xer 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 chathcteristic of the transm ssion
line for reception via the second channel CH2 different fromthe first
channel CH1 in frequency band. [0189] Then, selection by the switch 80 is
switched to [@&86éim rthe hehamnebt sedettiry fadmrcuie 85 shotidlesl €HiEl at
timngs t5 and t7. Since the reception |evel for the second channel CH2 is
hi gher than eharatbenchatiol unitiédrielt Qi seaondohanhad CHRnisadop tdid

recei ving channel is changed back to the second channel CH2 to recover the
transm ssi ond8athe Becelvingschaqngdd t8. [ 0190 | After that, if selection
by the switch 80 is switched at a timng t9, the channel selecting circuit

85 mai nt ai ns[0tR2! sihen thewpergtiopecontgmnd vkt 4 st ifiad by thei ng -
48 110, at mgich ihe uard i nterval section ends, is reached since the
reception | eGePPRYT TRECTEHIE Dghrdl 8eHERPRE RRgnepcordashamnels &tH2 he
second chann Thus he transnpi ssion_ data, can be recovered with the
first channe?g ﬁg%%? ngasusttél(? - Chuif n?eggf“{}flﬁg' chanhe?n Bt het it i ve
synbol secti ' beali tiJgy.n _ escribed above,
according t o%ﬁg&?e%nld%?h\%%tg{tgﬁ%t H’Jeﬂef %}é%g%n%ﬁlﬂé%@i:g%saqo%{%q | at or s

74, 75 and tHg thd §1gna0PhISEOHE wRHIEE! s (ot ified By R%I%Vgggﬁ’déf,r%écn:e RF
signals in different two radio frequency bands can be down-converted
_ 92, thereby switching the frequency of the local oscillation
) signal to be supplied to the orthogonal detector 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] 1In addition, at this time, the operation control unit
64 resets the equalizer 95. Thus, the base band signal can
be equalized in accordance with fhe characteristic of the
transmission line for reception via the second channel CH2
different from the first channel CHl1 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
dt timings t6 and t8.

[0190] 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



to generate the IF signals in internediate frequency bands. The switch 80
switches selection of the IF signal for denodul ating the base band signal
in the guard interval section, conpares the reception |evel of the
selected IF signal with that of the IF signal selected in the effective
symbol section, and selects the IF sidthl~ having higher reception level to
recover the transm ssion data. [0192] Thus, transm ssion data can be
obtained with a sinple structure by swiftly swi tching between channels for
different fteguencwHiandthe] Gha2H Hatervald s8€teshoghdaentiodfrddhed
above-descri bed second invention, description has been nade assumi ng that
t he channel siwmtethenmpeadptcidan 186es fimd the filheststhanhe CHHREH stipl dier swi t ch
80 to switch the receiving channel. However, the operation control unit 64
may have thetiamébpsrfur thasegoadnehanes eCHRng Thus cthe BSametissiioy to the
above -described enbodi nent and control selection by the switch 80. - 49

| ndustrial Appta can betye¢oegd ndddr thagtinst lehannest CHAvealngrysethen t he
transm ssion line characteristic data is interpolated in the subcarrier

di rection (f3edithEecaivdag shpnnehefphsthe pffestlivedymhokdéctkasponse
to the length of the guard interval section or the delay tinme of the

del ayed vvavew%%cfrbtp‘?gs&ts‘lﬁ@t to%gddPipgt FlPo filter the transmission line

h teristy t b ted fr. ' '
The transm sToT; e dE-IRbaMbeld. Yoo it G PRERAE o BRI Sl gna
data can be GRpEqRtahfhVsediiRhobad 0881 86£9TF £0h ot LRSS QR data can

be recovered.
and second mixers 76, 77 are provided, and the RF signals

) in different two radio frequency bands can be down-converted
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 sgzlects the IF signal having higher reception level to
recover the transmission data.
[0192] Thus, transmission data can .be obtained with a simple

1 structure by swiftly éwitching between channels for different
frequency bands.
[0193] Here, in the embodiment of the above-described second
invention, description has beenmade as suming 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.



[0196] Furthernore, according to the second invention, selection of the IF
signal is switched in the guard interval section, conparison between the
reception levels of the IF signals is performed, and the |IF signal having
hi gher reception |evel can be.selected to recover the transm ssion data.
[0197] Thus, transmission data can be #tained with a sinple structure by
swiftly switching between channels for different frequency bands.
frequency band. - 50 CLAIMS 1. An orthogonal frequency division

mul ti pl exed Indstirialedgipliiegbappagat us which receives an orthogonal
frequency division nmultiplexed signal including a dispersed pilot signal
inserted in BO¥4ldet ehotomedi rsyibdar r ithe afdrsecoveventi6ANS NisSh oncHEt a,

sai d apparatus conprising: section detecting neans for detecting a | ength
of a guard tranamngsisoectinn cbarabtevishbgaiatia Lscquempolitedinthe

mul ti pl exed signal; characteristic determ ning neans for determning a
transm ssi orPYRGRF TR ddrectdonc (frequercy ubteecetkon) hathe tpagws arsd t he

di spersed pi] ot si first interpolating neans for interpolating, in.a

symbol  di r et PBHIFggﬁédi%f%%E?%e se the lgagthnehddre gunsthlstianval i ne

cubcarri er ATEATOAT ERE UL (TS 55 ShEAAPRYAG ESHBITLEh DI o

g?gg{g}gg ?ﬂ%ﬁ@%%ﬂ%é?%@ﬁx{%ggg%??é%g%%%h%%&%siggrlf%é éﬁg¥§g¥géT§ii%pd
data, whereby an error can be prevented from occurring in
the transmission line characteristic ddta.
[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
signalsisperformed,andtheIFsignalhavinghigherreception
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 for different

frequency bands.

frequency band.



| ine characteristic to equalizing neans for received signal .data,
characterized in that the second interpolating neans filters the data

i ndicative of the transmission |ine characteristic which is interpolated
in-the synbol direction wusing a filter characteristic corresponding to the
detected Ilength of the guard interval sgection. - 51 2. An orthogonal
frequency division nultiplexed signal receiving apparatus which receives
received signal data indicative of an orthogonal frequency division

nul ti pl exed oSi | consisting of an effective synbol section and a guard

i nterval SEC%IOH and having a dispersed pilot signal inserted in a

D ue ook ® B0 BlogBAd "R BuEREP 8194 LEBR> A HaBl ol 1 il

t
apparatus conprising: seCtion rmn nmeans for rmn

aut ocorrel atfé&ﬂﬁ%ahpsar%ué nﬁl;ﬂdip%cw%isvsﬁ_&éw@orﬂﬁ %req%% y

determining a length of 'the guard iInterval section; Fourler transtorm neans

for perform g s o mnelt igileXel Gigr thecivbiulg r£cai¥pdrebandidat a;
characteristic determ ning neans for determning a transm ssion |ine

charact eri stagrfalr iasswybedrin e pwbdeherhingsddscdReLh srt sRERidret si gnal
on the basis of the received signal data Fourier-transfornmed by said
Fourier trandrmamhsasdans datar ssaldt eppatratungcommnissing: i nterpolating, in a
synbol direction, data indicative of the transm ssion line characteristic
det ermi ned by sais@céhandetecitdnpmedasef of deftgctingrislength 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;
_firStinterpolatingﬁeansforinterpolating,jixasymbol
direction, data indicative of the determined transmission
line characteristic; and
second interpolating means for interpolating, in a
subcarrier direction, the data interpolated in the symbol
direction to determine a transmission line characteristic
for all subcarriers and providing the determined transmission
line characteristic to equallzing means for received signal
~ data,
characterized in that the second interpolating means
filters the data indicative of the transmission 1line
characteristic which is interpolated in the symbol direction
using a filter characteristic corresponding to the detected

length of the guard interval section.



second interpolating neans for interpolating, in a subcarrier direction,

the data indicative of the transm ssion Iine characteristic interpolated
in the synbol direction by  said first interpolating nmeans to determne a
transm ssion line characteristic for all subcarriers; equalizing operation

neans for equalizing the received sigmal -data by performng a conplex
arithmetic operation on - 52 received signal data Fourier-transformed by
said Fourier transform means using the data indicative of the transm ssion

line ch teristic int | at by said second interpolatin nmeans; and
denmappt g weans P PRI, Thedbehays dis isaandmﬁﬁwﬁ@#%t Ved

[ | dat & ' [,Zi eration,neans, char erized in
That sai d sciocelvEsg sipsRh SRl GE! PloofPEL :?f?ﬂé?gc&&ﬁr‘? | & t
det I Ni t ] fi r anding to
the | engt h o pen tble S8 1 B uibory, FrBehef A hEAbn MILAIAAL
determ ni ng s @PAE conBdstihg&yf B WA WY sPRHELTE G ort 8hdA% Iiald | ter

coefficient determ ned by said filter coeffiCient determ ning ans, a

filtering processvdDEeptssh AgdUEWiNY & @IBRREEELA p OUY §38RATI MG drG ddre guard
i nterval section beginning at a direct wave, of the transm ssion |Iine

char act er i stira pretdeteandhed subchlreisydnd with e ebtote Y tSndnfigsSion
i nterpol ati ng means and supplying the result of the filtering process to
" sai d equal i Adakp omEaial iappraredns. comprising:
section determining means for performing an

-) autocorrelation operation on the input received signal data,
| thereby determining a length of the guard interval section;

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

characteristic détermihing 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—fransformed by said Fourier
transform means;

first interpolatingmeans for interpolating, in a symbol
direction, data indicative of the transmission line
characteristicdeterminedbysaidcharacteristicdetermining
means ;

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;

equalizing operation means for equalizing the received

signal data by'performing a complex arithmetic operation on



3. The orthogonal frequency division nmultiplexed signal receiving
apparatus according to Claim2, characterized in that said filter
coefficient determ ning nmeans previously stores a filter coefficient
corresponding to the length of the guard interval section determ ned by
said section determning neans. - 53- %2 4 An orthogonal frequency
division nultiplexed signal receiving apparatus which receives an

ort hogonal frequency division multiplexed signal including a dispersed

pilot signabeb8fPadeHigflal @4CLH&IH E e @‘%éf&oﬁ i

. b . er .
transm ssion data, said apparatus conprising: characteristrc detéernmn ning

means for detpansfoASmeank Iy €5 QB th RIDA AL 6F itdle frd@émid®ion
subcarrier that transmts the dispersed pilot signal; first 1 nterpolating

means for inlengeharaogeristfc syobPpolaté@bYisend dtaichd Neh &Abd Ve Bfg t he
determned transm ssion |ine characteristic in a synbol direction; and
second i nt erpeams; ngndreans for interpolating, in a subcarrier direction
the data interpolated in the synbol direction to determne a transni ssion
| i ne char act eri stdemappdngameasgb€arr receveningr tvé di rap shet s vmeath tae
transm ssion_line characteristic to equalizing neans for received signal
data, char actEeT Adte ingcefyedt pionetoirtad eaueddized by sebdequmkiciates a
delay profile fromthe data indicative of the transmssion |ine

char act eri stPREFHLEIHIMCAY in the synbol direction and filters the data

i ndi iv f th ransm ssiqn,
dicative of t %h%f%c erﬁzea in that said second interpolating means

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
coefficlent determinedbysaidfilter 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 by said first
interpolatingmeansandsupplyingtheresultofthefiltering

process to said equalizing operation means.

3. The orthogonal frequency division multiplexed signal
receiving apparatus according to Claim 2, characterized in
that said filter coefficient determining means previously
gstores a fiiter coefficient corresponding to the length of
the guard interval section determined by said section

determining means.



| ine characteristic interpolated in the synbol direction wusing a filter
characteristic determ ned based on the delay profile. 5. An orthogonal
frequency division nultiplexed signal receiving apparatus which receives
received signal data - 54 indicative of an orthogonal frequency division
mul tipl exed signal having a dispersedsgyl-ot signal inserted in a
predeterm ned subcarrier and which recovers transm ssion data, said
apparatus conprising: Fourier transformneans for perform ng a Fourier
transformon the input received signal data; characteristic determning
nmeans for determning a transnission |l i ne characteristic for a subcarrier

hi ch - ransgn < e nsaEeaed el s9mAL 558 Blad he gl epel ved

signal data Fourier or e sal ourier: fta

i nt er pol at i ngsd@AATd prh?h@ﬁ?%ﬁdlﬂ%ede&v%sSXHbQJ:th(Sj £511 quéﬁ@ g

indicative of the transmssion l1ne characteristic d er mne

charact eri std ety fﬂuﬂlﬁlﬁblémlssig?rﬁ‘épnﬂnbi‘ﬁ&h?&' at ign! iRy f lg
|nterpolat|ng, in a subcarrier direction, the data indicative ©

transm ssi onsidrdle iakatrastern st Ip&eua&eﬁ:mhaheﬂubaafbﬁeﬁym|réiicrxﬁ‘éxté 0“ by
said first interpolating neans to determne a transm ssion |ine

char act er i stimarfsuisailonsdiatar,r seld; appdragual campgiopegat i on nmeans for
equalizing the received signal data by performng a conplex arithmetic
operation on thehpraerertistigndetdaminkogr ineans afef odetdringndaigd douri er
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 diredtion; and

second interpolating means for interpoléting, in a
subcarrier direction, the data interpolated in the symbol
direction to determine a transmission line characteristic
'forallsubcarriersandprovidingdeterminedthetransmission
line characteristic to equalizing means for received signal
data,

characterized in that the second interpolating means
generafes 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 chafacteristic interpolated in the symbol direction

using a filter characteristic determined based on the delay

profile.

5. An orthogonal frequency division multiplexed signal

recelving apparatus which receilves received signal data



transform neans using the data indicative of the transmssion line
characteristic interpolated by said second interpol ating neans,

characterized in that said second interpolating means includes: - 55
inverse Fourier transformnmeans for perf ormng an inverse Fourier
transformon the data indicative of thé4 ransmssion |ine characteristic

interpolated in the synbol direction by said first interpolating neans,
t hereby generating a delay profile; multipath detecting nmeans for

detecting a ThdReitMWaver &® naldrabgheasy @ﬂ@iéféﬁ%ﬂ?ﬂ%ﬁ@dmone”t
fromthe delay profile generated by said inverse Fourier transtorm neans

to determ neskymtel ajiaving of aidebyed WIS tWhsLHnABS inldee-tdNgent Path;
filter coefficient determ ning means for determining a filter coefficient
cor r espondi rRyeds ttermiinedgubwirties aiel wyich reeoderstranethilsy isaiahtal) ti path
detecting neans; and filtering nmeans for performng, using the filter
coef ficient YRekeAARMERt samariplngr coefficient deternining neans, a
filtering process on the data indicative of the transmssion !lqe
characteristic i FPEFp8Fatiepnsfomie Boanps| LN r Periformbngsat d Hausier

the result of the filtering process to
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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;
firstinterpolatingmeansforinterpolating,leasymbol
'direction, data indicative of the transmission 1line
characteristicdeterminedbysaidcharacteristicdeterminiﬁg
means;
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 received signal data Fourier-transformed by said Fourier
transformmeansusingthedataindicativeofthetranémission
linecharacteristicinterpolatedbysaidsecondinterpolating
means,
characterized in that said second interpolating means

includes:



stores a filter coefficient corresponding to the delay tine determ ned by
said nultipath detecting neans. - 56 7. The orthogonal frequency division
mul ti pl exed signal receiving apparatus according to Claimb5 or 6,
characterized in that said nmultipath detecting neans conpares each
conponent in the delay profile generatdd by said i nverse Fourier
transformnmeans wth a previously defined threshold and detects a
conponent having a value |arger than the threshold as. the direct wave

conponentand t heyfied;a% HAKa Foarfile OF bROGRRA nLIEUHEAGY Il Vi ST On

mul ti pl exed signal receiving nmetho or recoverfng transm ssion a from

recei ved si gpghrdat & randiceainl e tAb m@&h&@ggegbefafgggggﬁangms?i'cﬁ{'

mul ti pl exed signal which consists of an effective section and a

guard i nt er vainé etdrataid seibCin o 1 téE PAT 68l Spimbdl §ig8atibAsaFted in
a predeterm ned subcarrier, said nethod conprising: a section determning

step of perfsatilnfimet iateepolaeind inamperakirebyogehbeat €6§i & ath Kgnal
data, thereby determning a length of the guard interval section; a
Fourier tranBfefiietep of performng a Fourier transformon the received
signal data; a characteristic determning step of determning a

transm ssi on | i néwitdpatbefptestingmeansyifosr detectingha dizarstivavd he

di spersed pilot signal on the basis of the received signal data

Fouri er -t r anSPBROREL T Andhpd FRRFt cine Cedayrer WR¥EepompoReRttERam diysol at i ng

direction, data indicative of the

step of inte lating,.,in a s ol Cctig
tragsnissionégfﬂ% protfile gene%gged 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
coefficientdeterminedbysaidfiltercoefficient 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 of the filtering process to said equalizing

operation means.

6. The orthogonal frequency division multiplexed signal
receiving apparatus according to Claim 5, characterized in
that said filter coefficient determining means previously
stores a filter coefficient corresponding to the delay time

determined by said multipath detecting means.



- 57 characteristic determned in said characteristic determning step; a
second interpolating step of interpolating, in a subcarrier direction, the

data indicative of the transmission line characteristic interpolated in
the synbol direction in said first iné%rpol ating step to determ ne a
transm ssion line characteristic for subcarriers; an equalizing

operation step of equalizing the received signal data by performng a
conplex arithmetic operation on the received signal data

Fouri er-transfor fbe prtbagdn&buf requericynbifviranost emltsipigdte sdajnal

I ndicative of the transmssion line characteristic interpolated in said
second i nt erfRFeiVing appepatumaceoadingpingleind ofr ¢ ecthagraaipriized

transm ssion data fromthe received signal data equalized in said

equal i zi ng ‘bpthat saAdaudivakhdetestiingmaans eenpare esebsempomeartpol at i ng
step includes: a filter coefficient determ ning step of determning a
filter coeffiiERe 881 FEsPERALNG STEREtPENGh id hénlgjﬁ’aﬁﬂ Foyrdeyal

d d tep; filt t
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d'. rect V"ave’aé?ftr}ehﬁiréég%%'%ﬂdn@%tcgﬁﬁaﬁgrdesféf 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
symbel 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 on the received signal data,
thereby determining a lengthlof 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 pllot signal on the basis of the
recelved signal data Fourier-transformed in said Fourier
transform step;

a first interpolating step of interpolating, in a symbol

direction, data indicative of the transmission line



interpolated in the synbol direction in said first - 58 interpolating step
and providing the resultant data for the equalizing operation in said
equal i zi ng operation step. 9. An orthogonal frequency division nultiplexed
signal receiving nethod for recovering transnission data from received
signal data indicative of an orthogomal3% rrequency division multiplexed
signal having a dispersed pilot signal inserted in a predeterm ned
subcarrier, said nmethod conprising: a Fourier transformstep of perform ng

a Fourier t5RASAGFLER At id\getdiMind EER Y cHad 3t HAlst i FaSt i fig Sti C
determ ning step of determining a transm ssion line characteristic for a

subcarrier wegtgh; transmts the dispersed pilot signal on the basis of the
received signal data Fourier-transfornmed in said Fourier transformstep; a
first interpol atiadgsed@d ofntev@sjzdiald ngtep Nof Sykbepbolditiagti dm «ata
indicative of the transm ssion line characteristic determned in said

char act eri st sebcateten dingect séreptha dadaoirdlicw einpod fitthegt saregmicdsion
interpolating, in a subcarrier direction, the data indicative of the
transm ssi online mhagiagtarististinternaigisidaiadtie symbody dbsectiercitn on in
said first interpolating step to determne a_transmssion line
charact eri st 314 ofingl InfseRolpdilg §R8PaRC cC@BETRIRR DPEFMIBESIUD of

equalizing the received signal data iyﬁggrfornin a conplex arithnetic

operation on-1RfeChaxRaatAIY sditgn foTg 3t PREFiEFEAsformed in said Fourier

an equ.alizing operation step of equalizing the received

) signal data by performing a complex arithmetic operation on
the received signal data Fouriler-transformed in said Fourier
transform step using the data indicative of the transmission
linecﬁaracteristicinterpolatedinsaidsecondinterpolating
step; and

a demapping 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:

' a filter coefficient determining step of determining
a filter coefficient corresponding to the length of the guard
interval section determined in said section determining sfep;
and

a filtering step of performing, using the filter
coefficient determinedbysaidfiltercoefficientdetermining
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



- 59 transformstep using the data indi cative of the transmssion Iine
characteristic interpolated in said second interpolating step,
characterized in that said second interpolating step includes: an inverse

Fourier transformstep of performng ang
data indicative of the

t he synbol

a delay profjle;
conponent antPEPTRALAY

enerated in_said inverse Fqurier transform step to determ ne a del ay
gf a del ayeae%?/gi %W%%qﬂﬁ‘eipoﬁegat eguphlziggr ppegatdger stepent
determ ning step of determining a filter coefficient corresponding to the
| ength of the del ay
a filtering gtep

said filter
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i nverse Fourier transformon the
transm ssion |ine characteristic interpolated in

direction in said first interpolating step, thereby generating
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a mul tl{g?,at h detecti ns@step of detecting a direct wave
1 lpgnbbacrasukomnt satadépaythe of i | e

time determined in said nultipath detecting step;
determned in.

time

and
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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 determinﬂ.ng a
transmission line char-acteristic for a subcarrier which
transmits the dispersed pilot signal on thé basis of the
recelved signal data Fourier-transformed in said Fourier
transform step;

a first interpolating step of interpolating, in a symbol
direction, data indicative of the transmission line
characteristicdetermined in said characteristic determining
step;

a second interpolating step of interpolating, in a
subcarrier direction, the data indicative of the transmission
line characteristic interpolated in the symbol direction in
sald first interpolating step to detlermine a transmission
line characteristic for all subcarriers; and

an equalizing operation step of equalizing the received
signal data by performing a complex arithmetic operation on

the received signal data Fourier-transformed in said Fourier



} division nmultiplexed signal consisting of an effective . synbol section
and a guard interval section and which recovers transnmssion data in a
network environment in which an identical content is transmtted in
different frequency bands, characterized in that either one of an
internediate frequency signal obtai red9y down-converting a radio
frequency signal transmitted via a first channel and an internediate
frequency signal obtained by down-converting a radio frequency signal

t itted ai ' laftize L' o
ransmtted piah < oYRfOPED %@%Fl@?{he Wiafth iﬁ&‘icé?% WEeehs ﬁa%oeﬂr ?redi at e

sel ected, a base band signal is denodul ated fromthe selec

frequency -sixgnad char£&dtdralstliich R Al 1Y 155288 5RCERA Gt edpftdl PSRy band
signal to estinate the effective synbol section and the guard Interva

section, selsdp,on of the internediate frequency signal is switched at a
timng estimated to be included in the guard interval section, the

recepti on | evel chhrabeesligedlin sticonaiell seddnd haiteafpdleet gignetdeavi ng
been selected in the effective synbol section, and the transm ssion data
i s recover edfglordetshe base band signal denodul ated by selecting the

i ntermedi ate frequency signal having a higher reception level. 11. An

ort hogonal frequélcynye¥ssi deurieri fluapsd osingretiep r e epeindgragpgr &trus whi ch
recei ves an orthogonal frequency division nmultiplexed signal consisting of

an ef fecti vePSARASS FudETor 2and foTgu Y the flate ddirafiygd ofhitde

ver ransm i Qn i n r nvi ronment in which an - 61
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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;

.a fillter coefficient determining step of determining
a filter coefficient corresponding to the length of the delay
time determined in said multipath detecting step:; and

a filtering step 'of performing, using the filter
coefficient determinedinsaidfiltercoefficient determining
step, a filtering 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 filtering process for the complex arithmetic

operation in said equalizing operation step.

10. An orthogonal frequency division multiplexed signal

receiving apparatus which receives an orthogonal freguency



I dentical content is transmtted in different frequency bands, said
apparatus conprising: first signal converting neans for down -converting a
radio frequency signal transmitted via a first channel into an
i ntermedi ate frequency signal; second signal converting neans for
‘down-converting a radio frequency srgﬁgl‘transnitted via a second channel
different in frequency band fromthe first channel into an internediate
frequency signal; signal selecting means for selecting either one of the
i nter nedi at@fisipreneyt i Eedd 9igvaTiednby s€ong ogy8Esb8B1vRS YL i1 st
signal converting nmeans and the intermediate frequency signal provided by
down- conver ssextinn sandl segoaxd sntembal oseetlomgandawhlchemedivv@irisng nmeans
for denodul ating a base band signal fromthe internediate frequency signal
sel ect ed by Eranemlisgpisn dafiaecin ng medwsrkr egorieronmgniteatrs whochr emover i ng
the transm ssion data fromthe base band signal denodul ated by said
denodul at i ngtdefddtrl seentient ekt | heansnl tkedsinodiffespntnd relquebaye band
signal denodul at ed by said denpdul ating neans to estinmate the effective
synbol sect iRAPShd t he guard interval section; and selection controlling
ans at a timng estimated by
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frequency signal transmitted via a first channel and an
intermediate frequency signal 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 switched at a timing estimated to be
included in the guard interval section, the reception level
oflthe 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 a higher

reception level.

11. An orthogonal frequency division multiplexed signal
receiving apparatus which receives an orthogonal frequency
divisionmultiplexed signal consisting of an effective symbol
.section and a guard interval section and which recovers

transmission data in a network environment in which an




is not selected in the effective synbol section by said signal selecting
nmeans, of the internedi ate frequency signal provided by down-conversion by
said first signal converting neans and the internedi ate frequency signal
provi ded by down-conversion by said second signal converting neans,
conpares the reception level of the Selfdcted signal with that of the
signal selected in the effective synbol section by said signal selecting
means, and causes said signal selecting mneans to select the internediate
frequency sipientiwal sgntentigheanentepbiian defFedrdéwt epaghenegeaIsy, of the
transm ssion data. 12. The orthogonal frequency division multiplexed
signal recesadd@amErAtatsusoaprdsiingg to Caim 11, characterized in that
said section estimting nmeans has correl ati on operation nmneans for
perform ng a cor fdirstissiynagaranviest ing mean sobaredbundcosventlngenadiloat ed by
sai d denodul ati ng neans, and said sel ection controlling nmeans determn nes,
based on a Eegguanay ¢hiiopgaludrepsaitsadbyigaind fdasteichnnoe logatat iaon neans
performng the correl ation operation, whether or not the internediate
frequency siyHfrRedigtcedfrequeReYefigkelive symbol section “by said signa
sel ecting neans and tgesﬁinternediate frequency signal selected in the

n
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the effective synbol sectiofn afterward.
) intermediate frequency signal;

signal selecting means for selecting either one 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;

demodulating means for demodulating a base band signal
fromthe 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 timing estimated by said sectioﬁ
estimating means to be included in the guard interval section

to cauée sald signal selecting means to select one, which
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' 13. The ort hogonal frequency division nmultiplexed signal receiving
apparatus according to Caim12, characterized in that the apparatus
further conprises phase determ ning neans for determi ning a signal phase

~at a timing at which the correlation vﬁue obtai ned by said correlation

operation means performing the correlatfon operation has a peak, said
denodul ating . neans has oscillation signal generating neans for
generating a local oscillation signal f or renoving an off set frequency
in the inter#@diodteelectphbhnitheseffmdt ed syinbdlimectdioh By gedld segeet i ng
means, said selection controlling nmeans swtches the frequency of the
| ocal oscil | 2¢1ertirgnmeageneref edhpy tniermedidtet foequengyal sih@met ati ng

means based on tﬂ(g%gib%ngl l;l)hase determ ned by said phase determ ni ng neans
if it is detRFATHERS WallWl - SRS It by seldfinatusiopaai eervent bag d

correlation erati erfgim' ng the correl ati on operation, that

o) n ans
the intermedate {8 u&ﬁgy Eitgﬁgﬁ BFec£E8IMRNEKe sdopadt iRrROVIARth ?Y sect i on
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frequency division nultiplexed signal recelving apparatus accordi rYg to

Caimll, 1%ards3gnalliaetengirthid) dRdlcatdled §&i&§&baa_1%%1té&é:ﬂdd‘9 means
switches the internedi ate frequency signal selected by said

) means to select the intermediate frequency signal having a

' higher reception level to enable recovery of the transmission

data.

12. The orthogonal frequency division multiplexed signal
receiving apparatus according to Claim 11, characterized in
that said section estimating meané has correlation operation
means for performing a correlation operation on the base band
signal demodulated by said demodulating means, and

sald selection controlling means determines, based on
a correlation value obtained by said correlation operation
means performing the correlation operation, whether or not
the intermediate frequency signal selected in the effective
symbol section “by said signal sélecting means and the
intermediate frequency signal selected in the guard interval
section by said signal selecting means carry an identical
content, and if it is determined that the signals do not carry
the same content, the selection controlling means causes said

signal selecting means to select only the intermediate



signal selecting neans once for a predeterm ned nunber of guard interva
sections. 15. An orthogonal frequency division nultiplexed signal

receiving method for receiving an orthogonal frequency division

mul ti pl exed signal consisting of an effective synbol section and a guard
interval section and recovering tramsfi¥sion data in a network environnent
in which an identical content is transmtted in different frequency
bands, characterized in that either one of an internediate frequency

si gnal obt ai feeqibyncio Wiy geliebied LAdtRe SFLEUENGY STHPSL ssapsamtted
via a first channel and an internediate frequency signal obtained by

.down- conver tafigerwarddi o frequency signal transmtted via a second channe
different fromthe first channel is selected, a base band signal is
denodul ated fromthe selected internediate frequency signal, a correlation
operation is perforned on the base band signal to estimate the effective
synbol sectibh- Jh¢ oiméhgaandli ireavencyedivbeionohelbtiphesdd tdibgnal
internediate frequency signal is switched at a timng estimated to be

i ncl uded i n ¥$REHUNHAPRAERVEF agaandmg tReClabrfid oahpsasterdtedhtn si gnal
is conpared %ﬁﬁh hhat of the signal having been selected in the effective
synbol sect i Ut A8 aRRATETYSHcHhen comprisggiphase AetsrRindngresdihe base
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correlation value obtained by said correlation operation
means performing the correlation operation has a peak,

said demodulating means has oscillation signal
generating means for generating a local oscillation signal
forremoving an offset frequency in the intermediate frequency
signal selected by said signal selecting means,

said selection controlling means switches the frequency
of the local oscillation signal generated by said oscillation
signal generating means based on the signal phase determined
by said phase determining means 1f it is determined, based
on the correlation value obtained by said correlation
opération means performing the correlat:l.oﬁ operation, that
the intermediate frequency 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, 12 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
divisionmultiplexedsignalconsistingofen1effectivesymbol
section and a guard interval section and recovering
transmission data in a network environment in which an
identical content is transmitted in different frequency
bands,

characterized in that either 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-con?erting
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
thebasebandsignaltoestimatetheeffectivesymbolsection
and the guard interval section, selection of the intermediate
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

seiectedintheeffectivesymbolsection,andthetransmissidn
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data is recovered from the base band signal demodulated by

selecting the intermediate frequency signal having a higher

reception level.



