US 20120099677A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2012/0099677 A1

IKEGAYA et al. 43) Pub. Date: Apr. 26, 2012
(54) SIGNAL RECEIVING APPARATUS, SIGNAL Publication Classification
RECEIVING METHOD AND SIGNAL (51) Int.Cl
RECEIVING PROGRAM HO4L 27/06 (2006.01)
(52) US.Cl .ot 375/340
(75) Inventors: Ryoji IKEGAYA, Kanagawa (IP);
Hidetoshi Kawauchi, Kanagawa 7 ABSTRACT
(IP); $ugurl.1 Hou.chi, Tokyo (JP); A signal receiving apparatus includes: a processing unit con-
Naoki Yoshimochi, Kanagawa (JP) figured to carry out Fourier transform on Fourier-transform
data serving as a Fourier-transform object and carry out Fou-
(73) Assignee: Sony Corporation, Tokyo (IP) rier transform on inverse-Fourier-transform data serving as
an inverse-Fourier-transform object; and a control unit con-
(21) Appl. No.: 13/235.917 figured to output pieces of data obtained as a result of the
.No.: %

Fourier transform carried out on the Fourier-transform data in
an order, in which the pieces of data have been obtained, in a

(22) Filed: Sep. 19, 2011 process of outputting the pieces of data and output other
pieces of data obtained as a result of the Fourier transform
(30) Foreign Application Priority Data carried out on the inverse-Fourier transform data by rearrang-
ing the other pieces of data in a process of outputting the other
Oct. 20,2010 (JP) weveervcierececineercenae 2010-235148 pieces of data.
1
!
DEMODULATION SECTION
11
{ 12
FOURIER-TRANSFORM .
PROCESSING BLOCK .
16 13
i §
FOURIER-TRIQNSFORM NOISE DETECTION
PROCESSING BLOCK BLOCK
1S5 14
{ {
CHANNEL INFERENCE R AURIER
BLOCK PROCESSING BLOCK




=
I~
5
2
S
& 32079 ONISSIDOUd
R WdO4SNVYL > A00714
> AATINOS SN IDNIYIANI TANNYHO
, T
b1 ST
=
=
g MD01g D019 ONISSID0Ud
= NOILLD313a 3SION WYO4SNVYL-4314N04
= T T
z, €T 91
S
m | |
- : %2078 ONISSID0Ud
: WYOISNVYL-43ITdNO04
21 T
1
NOILD3S NOLLYINAOW3a

)
1

I°"9I14

Patent Application Publication



US 2012/0099677 Al

Apr. 26,2012 Sheet 2 of 19

Patent Application Publication

() X 11nS3d
WYO4SNYYL-¥3TdNO04

22079 DNISSIO0Ud

WY O4SNVYL-431dN04

AYOWINW
1Nnd1Lno

)
1 44

1INN
NOILND3Xd | AYOW3NW
WYO4SNVYL | 1NdNI
-d31dNod
I f
€¢ [

(u) x v1va
WYO4SNVY1-4314N04

1INN

TOY1INOD

J
1¢

)
91

¢ ' 9OId




US 2012/0099677 Al

Apr. 26,2012 Sheet 3 of 19

Patent Application Publication

1INN
AdOWIW _\,__,_%mwmmm% AdOWINW
(u) A 171nS3y | 1N41NO -¥314N04 1NdNI (1) A vivd
WYOASNYYL SHIANT WYOASNVYL
~3TYN04-ISYIANI , : , ~43TYN04-3ISYIANI
be ce z€
1INN
7JOULNOD
M2078 ONISSII0Ud Ie
IWNYO4SNVYL-dITHNO4-3SHIANI
,
b1




US 2012/0099677 Al

Apr. 26,2012 Sheet 4 of 19

Patent Application Publication

L9
{

d3T104LNOD

o,m

NOILD3S

NOILY1NAOW3d
d3TAAVI-ILTNW

NOILO3S

NOILYINAOW3d
d3TIYVI-ITONIS

f
59

daNNL

%9
M
NOILD3S
< NOISY3IANOD
a’v
J
€9
b9 |
g4+9 V+9
b Ol

a9

19



US 2012/0099677 Al

OV14 NOILvVd3adO
WYO4SNVY.L-43TdNo4

,
£8

(=)}

5 ¥J07d D014
. > 9NISSIDOUd = EXEN i
3 TVNOIS 1INNVHD
7 T T

o b8 58

>

S ND01d

S NOILD3.13d 3ISION

=

-

A20718 ONISSID0Ud
WHO4SNVYYL-¥43TdN0od

}

NOILLD3S NOLLYINAOW3d 18

AITIAVI-IL TN

J
99

DI

Patent Application Publication



US 2012/0099677 Al

Apr. 26,2012 Sheet 6 of 19

Patent Application Publication

Z6
{
LINN LINA (1) A viva
AdOWIW NOILND3X3 AYOWIW NOLLDTT3S WAOJSNYYL
() A 1534 Wa04SNaL| LNdLNO[“(u)v| WAOJSNYAL LNdNI[S(e | TuNaIs RN,
-¥3A14N0Q4-35¥IANI -d301dN04 -1NdNI
40 (1) X 1InSTY , T m
WYO4SNYYL-¥3TUN0A S6 ¥6 £6 (u) x yv1va
WYO4SNVYL
-4314no4
1INN
TOYLINOD o5v14
NOILLVY3dO
ﬁ,m W3O4SNYYL
X019 DNISSID0Ud TYNDIS -d3TdN0od
,
b8




Patent Application Publication

Apr. 26,2012 Sheet 7 of 19

FIG.7/

(START OF PROCESSING

CARRIED OUT BY SIGNAD

PROCESSING SECTION

<

IS FOURIER-TRANSFORM \°1

TRANSFORM DATA x (n)
AND STORE IT IN INPUT
MEMORY

OPERATION FLAG H?  /NO
YES
SELECT FOURIER- S2 [ SELECT INVERSE-

FOURIER-TRANSFORM
DATA Y (k) AND STORE IT
IN INPUT MEMORY

PERFORM FOURIER TRANSFORM |53

US 2012/0099677 Al

S6

| PERFORM FOURIER TRANSFORM |57

STORE FOURIER-TRANSFORM
RESULT IN OUTPUT MEMORY

S4

STORE FOURIER-TRANSFORM
RESULT IN OUTPUT MEMORY

READ OUT DATA SEQUENTIALLY
FROM ADDRESSES 0, 1, .., (N-1)
TO OUTPUT FOURIER-TRANSFORM
RESULT X (k)

S5

READ OUT DATA SEQUENTIALLY FROM
ADDRESSES 0, (N-1), (N-2), ..., 2,1
TO OUTPUT INVERSE-FOURIER-
TRANSFORM RESULT y (n)

END

S8

S9



US 2012/0099677 Al

Apr. 26,2012 Sheet 8 of 19

Patent Application Publication

¢-S0T1

(u) A 1153y
WY04SNVYL
-¥314N04-3SYIANI

1Nd1NO

AdOWIW

-UNODJ3S

a

1INN
NOILND3X3
WYOd4SNVYL
-d3rdNod

(1) X LInS3y
WY04SNVYL
-4314no4

D018 DONISSIDO0Ud TVNDIS

)
144!

€0T 2-201
, ~
AdOWIW
LNdNI (1) A VLva
1INn|  [FANOD3S WYO4SNVIL
NOILDI13S -4314N04
WNDIS -3SUIANI
“INdNE | xdonaw
LNdNI (u) x v1va
-1S¥14 WYO4SNVYL
, -4314N04
1-20T
LINN
TOYINOD v 14
NOILYY3dO
, WYO4SNVYL
10T -4314N04

)
8

8 9I4d




Patent Application Publication  Apr. 26,2012 Sheet 9 of 19 US 2012/0099677 A1
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START OF PROCESSING
CARRIED OUT BY SIGNAL
PROCESSING SECTION

IS FOURIER-TRANSFORM \S81
OPERATION FLAG H?  /NO

YES
582 S87
SELECT FOURIER- SELECT INVERSE-FOURIER-
TRANSFORM DATA x (n) TRANSFORM DATA Y (k)

SELECT FOURIER-TRANSFORM| -~ | SELECT INVERSE-FOURIER- |S98

TRANSFORM DATA X(k) AND
WAIARSISET | BN R G

PERFORM FOURIER TRANSFORM |S84 [PERFORM FOURIER TRANSFORM |>83

SELECT FOURIER-TRANSFORM |85 [SELECT FOURIER-TRANSFORM |590

RESULT AND STORE IT IN RESULT AND STORE IT IN
INPUT/OUTPUT MEMORY INPUT/OUTPUT MEMORY

586 591
READ OUT DATA SEQUENTIALLY READ OUT DATA SEQUENTIALLY
FROM ADDRESSES 0, 1, ..., (N-1) FROM ADDRESSES 0, (N-1), (N-2),
TO OUTPUT FOURIER-TRANSFORM .., 2, 1 TO OUTPUT INVERSE-
RESULT X (k) FOURIER-TRANSFORM RESULT y (n)

|

END



US 2012/0099677 Al

Apr. 26,2012 Sheet 16 of 19

Patent Application Publication

IWILSAS DONIAIIOIY 1VYNOIS

1

(viva a3aod3aq)
NOILVWYO4NI

NO11)3S
ONISS3I0¥d 300030
NOILYWYOANI-TYNIOTYO

)
£02

NOILJ3S INISSII0Yd NOILD3S
< 30030 TYNIIS NOILISINODV [«=—— T¥NOIS
INIT-NOISSIWSNVYL TVYNDIS
M )
c0¢ T0¢



US 2012/0099677 Al

Apr. 26,2012 Sheet 17 of 19

Patent Application Publication

NOI1D3S
ONILLN41NO
TVNOIS

W3LSAS DNIAIIOIY TYNDIS

1

)
112

NOILI3S
INISS320¥d 300030
NOILYWYOANI-TYNIOINO0

NOILI3S INISSII0Ud

300330 TYNIIS
INIT-NOISSIWSNVYL

)
£0¢

)
20

LT DI

NOILD3S
NOILISINODV
TYNDIS

<—— 1VNDIS

}
102



US 2012/0099677 Al

Apr. 26,2012 Sheet 18 of 19

Patent Application Publication

W3 LSAS DNIAIIOIY TVNDIS

1

NOI1D3S _ zo:Bm_ NOI.L33S INISSID0Ud NOILD3S
ONIQH023N A.1|_ ONISS3I0Yd m_ooum_o_A.l| 300330 TYNOIS NOILISINOJV fe—— T¥YNDIS
1VNDIS _zoEzmo“_z_ TYNIONYO} INIT-NOISSIWSNYYL 1VNDIS
|||||| —_———d ,
) ] ) )
12¢ €0¢ ¢0¢ 10¢
8T°'OI4



US 2012/0099677 Al

Apr. 26,2012 Sheet 19 of 19

Patent Application Publication

197—| WNIQ3IW
ONIQY0DTY
319VAOWIY
m.qN_N w.nw_N £ST 952
! !
09— JATNG NOILD3s| | NoI11D3s|| NoILDas NOILLD3S
NOILVDINNWWOD| |3DV40LS 10dLNO LNdNI
§57— 3DV4YILNI LNdLNO/LNANI

6T DI

WVY

)
€42

WOY

)

[4°]4

Ndd

1§¢




US 2012/0099677 Al

SIGNAL RECEIVING APPARATUS, SIGNAL
RECEIVING METHOD AND SIGNAL
RECEIVING PROGRAM

BACKGROUND

[0001] The present disclosure relates to a signal receiving
apparatus, a signal receiving method and a signal receiving
program. More particularly, the present disclosure relates to a
signal receiving apparatus having a small circuit scale for a
case in which Fourier-transform results and inverse-Fourier-
transform results are demanded in signal processing carried
out by the apparatus, and relates to a signal receiving method
adopted by the apparatus as well as a signal receiving pro-
gram implementing the method.

[0002] As a modulation method of the ground digital
broadcasting, an OFDM (Orthogonal Frequency Division
Multiplexing) method is adopted. The OFDM method is a
method for modulating each of a number of orthogonal car-
rier waves by adoption of a PSK (Phase Shift Keying) tech-
nique or a QAM (Quadrature Amplitude Modulation) tech-
nique. In a signal receiving apparatus for receiving a
broadcast signal obtained as a result of modulation carried out
by adoption of typically the OFDM method, Fourier-trans-
form processing and inverse-Fourier-transform processing
are carried out in order to demodulate data conveyed by the
signal.

[0003] FIG. 1is a block diagram showing a demodulation
section 1 employed in the existing signal receiving apparatus.
[0004] As shown in FIG. 1, the demodulation section 1 is
configured to include a Fourier-transform processing block
11, a signal division block 12, a noise detection block 13, an
inverse-Fourier-transform processing block 14, a channel
inference block 15 and a Fourier-transform processing block
16. In the existing signal receiving apparatus, an IF (Interme-
diate Frequency) signal is subjected to an orthogonal
demodulation process carried out by making use of a carrier
signal having a frequency determined in advance. A baseband
OFDM signal obtained as a result of the orthogonal demodu-
lation process is then supplied to the Fourier-transform pro-
cessing block 11.

[0005] The OFDM signal supplied to the Fourier-transform
processing block 11 is a time-domain signal prior to execu-
tion of FFT (Fast Fourier Transform) processing. As a result
of the orthogonal demodulation process carried out by the
existing signal receiving apparatus, the OFDM time-domain
signal supplied to the Fourier-transform processing block 11
is changed to a signal having a real-axis component referred
to as an I signal and an imaginary-axis component referred to
as a Q signal. That is to say, as a result of the orthogonal
demodulation process, the OFDM time-domain signal sup-
plied to the Fourier-transform processing block 11 becomes a
signal which is a combination of data transmitted by a signal
transmitting apparatus and an impulse response representing
a channel state.

[0006] The Fourier-transform processing block 11 is a
block for carrying out Fourier transform on the OFDM time-
region signal in order to produce a signal representing a result
of the Fourier transform. The signal output by the Fourier-
transform processing block 11 to the signal division block 12
is a frequency-domain signal obtained as a result of the Fou-
rier transform.

[0007] The signal division block 12 is a block for dividing
the frequency-domain signal received from the Fourier-trans-
form processing block 11 by a signal received from the Fou-
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rier-transform processing block 16 in order to get rid of dis-
tortion components of the channel. The signal division block
12 supplies the frequency-domain signal obtained as a result
of'the division process carried out by the signal division block
12 in order to get rid of the distortion components to the noise
detection block 13 and sections provided at the later stage
following the demodulation section 1. The sections provided
atthe later stage following the demodulation section 1 include
an error correction section.

[0008] The noise detection block 13 is a block for detecting
noise components included in the frequency-domain signal
received from the signal division block 12 and outputting a
signal representing the result of the noise-component detec-
tion to the inverse-Fourier-transform processing block 14.
[0009] The inverse-Fourier-transform processing block 14
is a block for carrying out inverse Fourier transform on the
frequency-domain signal received from the noise detection
block 13 and outputting a signal representing the result of the
inverse Fourier transform to the channel inference block 15.
The signal output by the inverse-Fourier-transform process-
ing block 14 is a time-domain signal.

[0010] The channel inference block 15 is a block for infer-
ring the state of the channel on the basis of the time-domain
signal received from the inverse-Fourier-transform process-
ing block 14 and outputting a time-domain signal represent-
ing the result of the inference to the Fourier-transform pro-
cessing block 16. As the result of the processing to infer the
state of the channel, the channel inference block 15 outputs
the time-domain signal representing the positions of a main
path, a pre-echo and a post-echo which are included in a
segment determined in advance.

[0011] The Fourier-transform processing block 16 is a
block for carrying out Fourier transform on the time-domain
signal received from the channel inference block 15 and out-
putting a frequency-domain signal representing the result of
the Fourier transform to the signal division block 12.

[0012] As described above, in the demodulation section 1,
in order to equalize the signal output by the Fourier-transform
processing block 11, the inverse-Fourier-transform process-
ing block 14 carries out the inverse Fourier transform whereas
the Fourier-transform processing block 16 carries out the
Fourier transform.

[0013] FIG. 2is ablock diagram showing the configuration
of'the Fourier-transform processing block 16 employed in the
demodulation section 1 shown in FIG. 1.

[0014] As shown in FIG. 2, the Fourier-transform process-
ing block 16 is configured to include a control unit 21, an
input memory 22, a Fourier-transform execution unit 23 and
an output memory 24. The Fourier-transform processing
block 16 receives pieces of data represented by the time-
domain signal output from the channel inference block 15 as
data to serve as an object of the Fourier transform.

[0015] The Fourier-transform data x (n) is stored at an
address n in the input memory 22. In this case, n denotes a
point of time. n=0 indicates a point of time at which the first
Fourier-transform data x (0) is stored. The control unit 21
specifies the address n at which Fourier-transform data x (n)
is stored.

[0016] N is a data count which is the number of pieces of
data to serve as an object of the Fourier transform. When N
pieces of data to serve as an object of the Fourier transform
have been stored in the input memory 22, the Fourier-trans-
form execution unit 23 carries out the Fourier transform on
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the data. The Fourier transform carried out by the Fourier-
transform execution unit 23 is represented by Eq. (1) given as
follows.

N-L " (D
Xth) = Z xm)e W

n=

[0017] InEgq. (1), notation j denotes the imaginary-number
unit. X (n), where n=0, 1, . . . and (N-1), denotes Fourier-
transform data stored in the input memory 22. X (k), where
k=0, 1, . .. and (N-1), denotes results of the Fourier trans-
form. It is to be noted that, depending on the data count N, Eq.
(1) can be modified to a simple equation representing simple
Fourier transform. However, explanation of the simple equa-
tion and the simple Fourier transform is omitted.

[0018] N results X (k) of the Fourier transform carried out
by the Fourier-transform execution unit 23 are stored at
addresses k in the output memory 24. The addresses k are also
specified by the control unit 21.

[0019] After all the N results X (k) of the Fourier transform
have been stored at respectively addresses 0 to (N-1) in the
output memory 24, the N results X (k) are read out sequen-
tially from the addresses 0 to (N-1). The address from which
a result of the Fourier transform is read out from the output
memory 24 is also specified by the control unit 21. To put it
concretely, the results X (0), X (1), . . . and X (N-1) are read
out from the output memory 24 in the frequency-index order.
[0020] FIG. 3 isablock diagram showing the configuration
of the inverse-Fourier-transform processing block 14
employed in the demodulation section 1 shown in FIG. 1.
[0021] As shown in FIG. 3, the inverse-Fourier-transform
processing block 14 is configured to include a control unit 31,
an input memory 32, an inverse-Fourier-transform execution
unit 33 and an output memory 34. The inverse-Fourier-trans-
form processing block 14 receives pieces of data represented
by the frequency-domain signal output from the noise detec-
tion block 13 as data to serve as an object of the inverse
Fourier transform.

[0022] The inverse-Fourier-transform dataY (k) is stored at
an address k in the input memory 32. In this case, k denotes a
frequency index. k=0 indicates the frequency index of the first
inverse-Fourier-transform data Y (0). The control unit 31
specifies the address k at which inverse-Fourier-transform
dataY (k) is stored.

[0023] N is a data count which is the number of pieces of
data to serve as an object of the inverse Fourier transform.
When N pieces of data to serve as an object of the inverse
Fourier transform have been stored in the input memory 32,
the inverse-Fourier-transform execution unit 33 carries out
the inverse Fourier transform on the data. The inverse Fourier
transform carried out by the inverse-Fourier-transform execu-
tion unit 33 is represented by Eq. (2) given as follows.

N-1 " (2)
Yy = ) Yk

k=0

[0024] InEg.(2), notation j denotes the imaginary-number
unit. Y (k), where k=0, 1, . . . and N-1, denotes inverse-
Fourier-transform data stored in the input memory 32.y (n),
where n=0, 1, . . . and N-1, denotes results of the inverse
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Fourier transform. It is to be noted that, depending on the data
count N, Eq. (2) can be modified to a simple equation repre-
senting simple inverse Fourier transform. However, explana-
tion of the simple equation and the simple inverse Fourier
transform is omitted.

[0025] N results y (n) of the inverse Fourier transform car-
ried out by the inverse-Fourier-transform execution unit 33
are stored at addresses n in the output memory 34. The
addresses n are also specified by the control unit 31.

[0026] After all the N results y (n) of the inverse Fourier
transform have been stored at respectively addresses 0 to
(N-1)in the output memory 34, the N results y (n) are read out
sequentially from the addresses 0 to (N-1). The address from
which a result of the inverse Fourier transform is read out
from the output memory 34 is also specified by the control
unit 31. To put it concretely, the results y (0), y (1), and y
(N-1) are read out sequentially from the output memory 24.
[0027] For more information, the reader is suggested to
refer to Japanese Patent Laid-Open No. 2009-164746.

SUMMARY

[0028] The demodulation section employed in the existing
signal receiving apparatus has a Fourier-transform processing
section and an inverse-Fourier-transform processing section
which are separated from each other. A Fourier-transform
execution unit employed in the Fourier-transform processing
block needs a memory with a relatively large storage capacity
for execution of Fourier transform. By the same token, an
inverse-Fourier-transform execution unit employed in the
inverse-Fourier-transform processing block also needs a
memory with a relatively large storage capacity for execution
ofinverse Fourier transform. Thus, with such a Fourier-trans-
form processing section and such an inverse-Fourier-trans-
form processing section which are separated from each other,
the increase of the circuit scale of the demodulation section
cannot be ignored.

[0029] It is therefore an embodiment of the present disclo-
sure addressing the problem described above to reduce the
circuit scale of a demodulation section in which Fourier-
transform results and inverse-Fourier-transform results are
demanded in signal processing carried out by the demodula-
tion section.

[0030] A signal receiving apparatus includes:

[0031] a processing unit configured to carry out Fourier
transform on Fourier-transform data serving as a Fourier-
transform object and carry out Fourier transform on inverse-
Fourier-transform data serving as an inverse-Fourier-trans-
form object; and

[0032] a control unit configured to output pieces of data
obtained as a result of the Fourier transform carried out on the
Fourier-transform data in an order, in which the pieces of data
have been obtained, in a process of outputting the pieces of
data and output other pieces of data obtained as a result of the
Fourier transform carried out on the inverse-Fourier trans-
form data by rearranging the other pieces of data in a process
of outputting the other pieces of data.

[0033] The signal receiving apparatus wherein the control
unit outputs the mth piece of data obtained as a result of the
Fourier transform carried out on the Fourier-transform data as
an mth piece of data of a Fourier-transform result composed
of the pieces of data and outputs the (N-m)th other piece of
data obtained as a result of the Fourier transform carried out
on the inverse-Fourier-transform data as an mth piece of data
of an inverse-Fourier-transform result composed of the other
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pieces of data where N is the number of points of the Fourier
transform carried out by the processing unit and m is an
integer having the following value: m=0, 1, ..., (N-1).
[0034] The signal receiving apparatus, the signal receiving
apparatus further includes:

[0035] an input storage unit configured to store one of the
Fourier-transform data and the inverse-Fourier-transform
data; and

[0036] an output storage unit configured to store one of data
obtained as a result of the Fourier transform carried out on the
Fourier-transform data stored in the input storage unit and
data obtained as a-result of the Fourier transform carried out
on the inverse-Fourier-transform data stored in the input stor-
age unit,

[0037] wherein the control unit outputs the data stored in
the output storage unit.

[0038] The signal receiving apparatus, the signal receiving
apparatus further includes:

[0039] a first input storage unit configured to store the Fou-
rier-transform data;

[0040] a second input storage unit configured to store the
inverse-Fourier-transform data;

[0041] a first output storage unit configured to store data
obtained as a result of the Fourier transform carried out on the
Fourier-transform data stored in the first input storage unit;
and

[0042] asecond output storage unit configured to store data
obtained as a result of the Fourier transform carried out on the
inverse-Fourier-transform data stored in the second input
storage unit,

[0043] wherein the control unit outputs the data stored in
one of the first output storage unit and the second output
storage unit.

[0044] The signal receiving apparatus, the signal receiving
apparatus further includes:

[0045] a first input storage unit configured to store the Fou-
rier-transform data;

[0046] a second input storage unit configured to store the
inverse-Fourier-transform data; and

[0047] an output storage unit configured to store one of data
obtained as a result of the Fourier transform carried out on the
Fourier-transform data stored in the first input storage unit
and store data obtained as a result of the Fourier transform
carried out on the inverse-Fourier-transform data stored in the
second input storage unit,

[0048] wherein the control unit outputs the data stored in
the output storage unit.

[0049] The signal receiving apparatus, the signal receiving
apparatus further includes:

[0050] an input storage unit configured to store one of the
Fourier-transform data and the inverse-Fourier-transform
data;

[0051] a first output storage unit configured to store data
obtained as a result of the Fourier transform carried out on the
Fourier-transform data stored in the input storage unit; and
[0052] asecond output storage unit configured to store data
obtained as a result of the Fourier transform carried out on the
inverse-Fourier-transform data stored in the input storage
unit,

[0053] wherein the control unit outputs the data stored in
one of the first output storage unit and the second output
storage unit.
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[0054] The signal receiving apparatus, the signal receiving
apparatus further includes:

[0055] astorage unit configured to store data selected from
[0056] the Fourier-transform data,

[0057] the inverse-Fourier-transform data,

[0058] data obtained as a result of the Fourier transform

carried out on the Fourier-transform data, and

[0059] data obtained as a result of the Fourier transform
carried out on the inverse-Fourier-transform data; and
[0060] a select unit configured

[0061] to select one of the Fourier-transform data and the
inverse-Fourier-transform data when receiving the Fourier-
transform data and the inverse-Fourier-transform data and to
store one of the selected Fourier-transform data and the
selected inverse-Fourier-transform data in the storage unit,
and

[0062] to select one of the data obtained as a result of the
Fourier transform carried out by the processing unit on the
Fourier-transform data stored in the storage unit and the data
obtained as a result of the Fourier transform carried out by the
processing unit on the inverse-Fourier-transform data stored
in the storage unit when receiving the data obtained as a result
of'the Fourier transform carried out on the Fourier-transform
data and the data obtained as a result of the Fourier transform
carried out on the inverse-Fourier-transform data and to store
one of the selected data obtained as a result of the Fourier
transform carried out on the Fourier-transform data and the
selected data obtained as a result of the Fourier transform
carried out on the inverse-Fourier-transform data in the stor-
age unit,

[0063] wherein the control unit outputs one of the data
obtained as a result of the Fourier transform carried out on the
Fourier-transform data and the data obtained as a result of the
Fourier transform carried out on the inverse-Fourier-trans-
form data by reading out the data to be output from the storage
unit.

[0064] A signal receiving method includes:

[0065] carrying out Fourier transform on Fourier-transform
data serving as a Fourier-transform object and carrying out
Fourier transform on inverse-Fourier-transform data serving
as an inverse-Fourier-transform object; and

[0066] outputting pieces of data obtained as a result of the
Fourier transform carried out on the Fourier-transform data in
an order, in which the pieces of data have been obtained, in a
process of outputting the pieces of data and outputting other
pieces of data obtained as a result of the Fourier transform
carried out on the inverse-Fourier transform data by rearrang-
ing the other pieces of data in a process of outputting the other
pieces of data.

[0067] A signal receiving program to be executed by a
computer to perform processing includes:

[0068] carrying out Fourier transform on Fourier-transform
data serving as a Fourier-transform object and carrying out
Fourier transform on inverse-Fourier-transform data serving
as an inverse-Fourier-transform object; and

[0069] outputting pieces of data obtained as a result of the
Fourier transform carried out on the Fourier-transform data in
an order, in which the pieces of data have been obtained, in a
process of outputting the pieces of data and outputting other
pieces of data obtained as a result of the Fourier transform
carried out on the inverse-Fourier transform data by rearrang-
ing the other pieces of data in a process of outputting the other
pieces of data.
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[0070] In the aforementioned embodiments of the present
disclosure, Fourier transform is carried out on Fourier-trans-
form data serving as a Fourier-transform object whereas other
Fourier transform is carried out on inverse-Fourier-transform
data serving as an inverse-Fourier-transform object. In addi-
tion, pieces of data obtained as a result of the Fourier trans-
form carried out on the Fourier-transform data serving as a
Fourier-transform object are output in an order, in which the
pieces of data have been obtained, in a process of outputting
the pieces of data. On top of that, other pieces of data obtained
as a result of the Fourier transform carried out on the inverse-
Fourier transform data serving as an inverse-Fourier trans-
form object are output by rearranging the other pieces of data
in a process of outputting the other pieces of data.

[0071] In accordance with the present disclosure, the cir-
cuit scale of the signal receiving apparatus can be reduced for
a case in which Fourier-transform results and inverse-Fou-
rier-transform results are demanded in signal processing car-
ried out by the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] FIG. 1is a block diagram showing a demodulation
section employed in the existing signal receiving apparatus;
[0073] FIG.2isablock diagram showing the configuration
of a Fourier transform block employed in the demodulation
section shown in FIG. 1;

[0074] FIG. 3 is ablock diagram showing the configuration
of an inverse-Fourier transform block employed in the
demodulation section shown in FIG. 1;

[0075] FIG.4 isablock diagram showing a typical configu-
ration of a signal receiving apparatus according to an embodi-
ment of the present disclosure;

[0076] FIG.5isablock diagram showing a typical configu-
ration of a multi-carrier demodulation section employed in
the signal receiving apparatus shown in FIG. 4;

[0077] FIG. 6 is a block diagram showing a first typical
configuration of a signal processing block employed in the
multi-carrier demodulation section shown in FIG. 5;

[0078] FIG. 7 shows an explanatory flowchart representing
processing carried out by the signal processing block shown
in FIG. 6;

[0079] FIG. 8 is a block diagram showing a second typical
configuration of the signal processing block;

[0080] FIG.9 shows an explanatory flowchart representing
processing carried out by the signal processing block shown
in FIG. 8;

[0081] FIG. 10 is a block diagram showing a third typical
configuration of the signal processing block;

[0082] FIG. 11 shows an explanatory flowchart represent-
ing processing carried out by the signal processing block
shown in FIG. 10;

[0083] FIG. 12 is a block diagram showing a fourth typical
configuration of the signal processing block;

[0084] FIG. 13 shows an explanatory flowchart represent-
ing processing carried out by the signal processing block
shown in FIG. 12;

[0085] FIG. 14 is a block diagram showing a fifth typical
configuration of the signal processing block;

[0086] FIG. 15 shows an explanatory flowchart represent-
ing processing carried out by the signal processing block
shown in FIG. 14;

[0087] FIG. 16 is a block diagram showing a typical con-
figuration of a signal receiving system according to a first
embodiment;
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[0088] FIG. 17 is a block diagram showing a typical con-
figuration of a signal receiving system according to a second
embodiment;

[0089] FIG. 18 is a block diagram showing a typical con-
figuration of a signal receiving system according to a third
embodiment; and

[0090] FIG. 19 is a block diagram showing a typical con-
figuration of a computer.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Typical Configuration of a Signal Receiving Apparatus
[0091] FIG. 4 is a block diagram showing a typical configu-
ration of a signal receiving apparatus 51 according to an
embodiment of the present disclosure.

[0092] As shown in the figure, the signal receiving appara-
tus 51 is configured to include an antenna 61, a tuner 62, an
A/D conversion section 63, a switch section 64, a single-
carrier demodulation section 65, a multi-carrier demodula-
tion section 66 and a controller 67. A typical example of the
signal receiving apparatus 51 is a signal receiving apparatus
conforming to the DTMB (Digital Terrestrial Multimedia
Broadcast) specifications provided for the ground digital
broadcasting.

[0093] In accordance with the DTMB specifications, as a
data modulation method, itis possible to select either a single-
carrier modulation method or a multi-carrier modulation
method. A signal receiving apparatus conforming to the
DTMB specifications is provided with a function for
demodulating data modulated by adoption of the single-car-
rier modulation method before being transmitted to the appa-
ratus as well as a function for demodulating data modulated
by adoption of the multi-carrier modulation method before
being transmitted to the apparatus.

[0094] The tuner 62 is a section for receiving an RF (Radio
Frequency) signal and carrying out frequency conversion on
the RF signal in order to generate an IF signal to be supplied
to the A/D conversion section 63.

[0095] The A/D conversion section 63 is a section for car-
rying out A/D conversion on the IF signal, which is received
from the tuner 62, in order to generate digital data to be
supplied to the switch section 64.

[0096] The switch section 64 is a section for determining a
destination, to which the digital data received from the A/D
conversion section 63 is to be passed on, in accordance with
control carried out by the controller 67. To put it in detail, in
processing carried out by the signal receiving apparatus 51 to
demodulate a signal modulated by adoption of the single-
carrier modulation method and transmitted to the signal
receiving apparatus 51, the switch section 64 connects an
input terminal 64 A to an output terminal 64B in order to pass
on the digital data received from the A/D conversion section
63 to the single-carrier demodulation section 65. In process-
ing carried out by the signal receiving apparatus 51 to
demodulate a signal modulated by adoption of the multi-
carrier modulation method and transmitted to the signal
receiving apparatus 51, on the other hand, the switch section
64 connects the input terminal 64 A to an output terminal 64C
in order to pass on the digital data received from the A/D
conversion section 63 to the multi-carrier demodulation sec-
tion 66.

[0097] The single-carrier demodulation section 65 is a sec-
tion for demodulating the digital data received from the
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switch section 64 in accordance with control carried out by
the controller 67 in order to generate output data.

[0098] The multi-carrier demodulation section 66 is a sec-
tion for demodulating the digital data received from the
switch section 64 in accordance with control carried out by
the controller 67 in order to generate output data. If the
OFDM method is adopted as the multi-carrier modulation
method, a baseband OFDM signal is supplied to the multi-
carrier demodulation section 66. The baseband OFDM signal
is a signal obtained as a result of orthogonal demodulation
carried out by a processing section not shown in the figure on
the digital data output by the A/D conversion section 63.
[0099] Data obtained as a result of the demodulation car-
ried out by the single-carrier demodulation section 65 or the
multi-carrier demodulation section 66 is supplied to typically
a processing section provided at the following stage. The
processing section provided at the following stage then car-
ries out processing such as error correction on the data.
[0100] The controller 67 is a section for controlling the
whole operations of the signal receiving apparatus 51 by
executing a program determined in advance. For example, the
controller 67 controls the switch section 64 in order to deter-
mine a destination, to which the digital data received by the
switch section 64 from the A/D conversion section 63 is to be
passed on, in accordance with whether the modulation
method adopted by the channel receiving a signal is the
single-carrier modulation method or the multi-carrier modu-
lation method. In addition, the controller 67 also supplies a
Fourier-transform operation flag to the multi-carrier demodu-
lation section 66. The Fourier-transform operation flag is a
flag indicating the substance of processing to be carried out by
the multi-carrier demodulation section 66.

[0101] FIG.5isablock diagram showing a typical configu-
ration of the multi-carrier demodulation section 66 employed
in the signal receiving apparatus 51 shown in FIG. 4.

[0102] As shown in FIG. 5, the multi-carrier demodulation
section 66 is configured to include a Fourier-transform pro-
cessing block 81, a signal division block 82, a noise detection
block 83, a signal processing block 84 and a channel infer-
ence block 85. The multi-carrier demodulation section 66
does not have a Fourier-transform processing block and an
inverse-Fourier-transform processing block which are sepa-
rated from each other. Instead, the multi-carrier demodulation
section 66 is provided with the signal processing block 84
having a configuration including units common to the Fou-
rier-transform processing section and the inverse-Fourier-
transform processing section or a configuration including all
portions common to the Fourier-transform processing section
and the inverse-Fourier-transform processing section except
the control unit.

[0103] The Fourier-transform processing block 81 receives
an OFDM signal which is a baseband time-domain signal
obtained as a result of orthogonal demodulation whereas the
signal processing block 84 receives the Fourier-transform
operation flag from the controller 67. The signal supplied to
the Fourier-transform processing block 81 is a combination of
data transmitted by a signal transmitting apparatus and an
impulse response representing a channel state.

[0104] The Fourier-transform processing block 81 carries
out Fourier-transform processing on the OFDM time-domain
signal and outputs a signal representing the result of the
Fourier-transform processing to the signal division block 82.
The signal output by the Fourier-transform processing block
81 is a post-FFT-processing frequency-domain signal.
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[0105] The signal division block 82 divides the frequency-
domain signal received from the Fourier-transform process-
ing block 81 by a signal received from the signal processing
block 84 in order to eliminate distortion components of the
channel. The signal division block 82 supplies a frequency-
domain signal obtained as a result of the division to the noise
detection block 83 and sections provided at a stage following
the multi-carrier demodulation section 66. The sections pro-
vided at a stage following the multi-carrier demodulation
section 66 include an error correction section.

[0106] The noise detection block 83 detects noise compo-
nents included in the frequency-domain signal received from
the signal division block 82 and outputs a frequency-domain
signal representing the result of the noise detection to the
signal processing block 84.

[0107] The signal processing block 84 carries out inverse-
Fourier transform on the frequency-domain signal received
from the noise detection block 83 and outputs a signal repre-
senting the result of the inverse-Fourier-transform processing
to the channel inference block 85. The signal output by the
signal processing block 84 to the channel inference block 85
is a time-domain signal. In addition, the signal processing
block 84 also carries out Fourier transform on a time-domain
signal received from the channel inference block 85 and out-
puts a frequency-domain signal representing the result of the
Fourier-transform processing to the signal division block 82.
[0108] The Fourier-transform processing carried out by the
signal processing block 84 is processing of performing Fou-
rier transform on data received as Fourier-transform data and
outputting data of the Fourier-transform result. On the other
hand, the inverse-Fourier-transform processing carried out by
the signal processing block 84 is processing of performing
Fourier transform on data received as inverse-Fourier-trans-
form data and outputting data of the inverse-Fourier-trans-
form result.

[0109] The channel inference block 85 infers the state of
the channel on the basis of the time-domain signal received
from the signal processing block 84 and outputs a signal
representing the result of the inference to the signal process-
ing block 84. The signal output by the channel inference block
85 as a signal representing the inference result indicating the
state of the channel is a time-domain signal representing the
positions of a main path, a pre-echo and a post-echo which are
included in a segment determined in advance.

[0110] The following description explains typical configu-
rations of the signal processing block 84 and operations car-
ried out by the signal processing block 84. In each of the
typical configurations, the number of pieces of input data is
two. The two pieces of input data are Fourier-transform data
and inverse-Fourier-transform data respectively. However,
the number of pieces of input data is by no means limited to
two.

First Typical Configuration

[0111] FIG. 6 is a block diagram showing a first typical
configuration of the signal processing block 84 employed in
the multi-carrier demodulation section 66 shown in FIG. 5.

[0112] As explained earlier by referring to FIGS. 2 and 3,
the Fourier-transform processing block 16 employs the con-
trol unit 21, the input memory 22, the Fourier-transform
execution unit 23 and the output memory 24 whereas the
inverse-Fourier-transform processing block 14 employs the
control unit 31, the input memory 32, the inverse-Fourier-
transform execution unit 33 and the output memory 34. That
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is to say, except the configuration of the control unit 91, the
configurations of all sections employed in the signal process-
ing block 84 are identical with the configurations of the cor-
responding sections employed in the inverse-Fourier-trans-
form processing block 14 and the Fourier-transform
processing block 16. Because of these three combinations,
the signal processing block 84 is capable of carrying out the
functions of both the Fourier-transform processing block 16
and the inverse-Fourier-transform processing block 14.
[0113] As shown in FIG. 6, in addition to the control unit
91, the input memory 93, the Fourier-transform execution
unit 94 and the output memory 95, the signal processing block
84 is configured to include also an input-signal selection unit
92. The input-signal selection unit 92 receives Fourier-trans-
form data which is data represented by the time-domain sig-
nal output by the channel inference block 85. In addition, the
input-signal selection unit 92 also receives inverse-Fourier-
transform data which is data represented by the frequency-
domain signal output by the noise detection block 83. The
Fourier-transform operation flag output by the controller 67 is
supplied to the control unit 91 and the input-signal selection
unit 92.

[0114] The Fourier-transform operation flag is set atan H or
L level. The Fourier-transform operation flag set at the H level
indicates that, since Fourier-transform data is supplied, Fou-
rier transform is requested as processing to be carried out by
the Fourier-transform execution unit 94 on the data. On the
other hand, the Fourier-transform operation flag set at the L
level indicates that, since inverse-Fourier-transform data is
supplied, inverse Fourier transform is requested as processing
to be carried out by the Fourier-transform execution unit 94
on the data. The point count of the Fourier transform is N. The
point count of the Fourier transform is the number of pieces of
data to serve as an object of the Fourier transform.

[0115] With the Fourier-transform operation flag set at the
H level, the input-signal selection unit 92 selects the input
Fourier-transform datax (n), wheren=0, 1, . .. and (N-1), and
outputs the selected data to the input memory 93 used for
storing the data. In this case, notation n denotes a point of time
and a point of time at which the first Fourier-transform data x
(0) is received is expressed by the time n (=0).

[0116] With the Fourier-transform operation flag set at the
L level, on the other hand, the input-signal selection unit 92
selects the input inverse-Fourier-transform data’Y (k), where
k=0,1, ...and (N-1), and outputs the selected data to the input
memory 93 used for storing the data. In this case, notation k
denotes a frequency index and a frequency index of the first
inverse-Fourier-transform data Y (0) is received is expressed
by the frequency index k (=0).

[0117] Leta (i), wherei=0, 1, ... and (N-1), denote pieces
of data supplied by the input-signal selection unit 92 to the
input memory 93. In this case, the data a (i) is expressed by
Eq. (3) given as follows.

{x(i) for Fouriertransfrom operation flag= H 3
a(i):=

Y(i) for Fourier transform operation flag = L

[0118] The data a (i) output by the input-signal selection
unit 92 is stored at an address 1 in the input memory 93. That
is to say, the data a (i) output by the input-signal selection unit
92 is stored at a storage location pointed to by the address i as
a location in the input memory 93. The address i is specified
by the control unit 91.
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[0119] When N pieces of data a (i) to serve as an object of
the Fourier transform have been stored in the input memory
93, the Fourier-transform execution unit 94 carries out Fou-
rier transform on the data a (1) stored in the input memory 93.
The Fourier transform carried out by the Fourier-transform
execution unit 94 is represented by Eq. (4) given as follows.

N-1 i )
A(m) = Z ale W

i=

[0120] InEq. (4) givenabove, notation j denotes the imagi-
nary-number unit whereas notation a (i) denotes the data
stored in the input memory 93 as data to serve as an object of
the Fourier transform. Notation A (m), where m=0, 1,2, . ..
and (N-1), denotes the result of the Fourier transform.

[0121] N Fourier-transform results A (m) output by the
Fourier-transform execution unit 94 are stored at addresses m
in the output memory 95. The addresses m are specified by the
control unit 91.

[0122] The way in which data is read out from the output
memory 95 is switched from one way to another in accor-
dance with whether the Fourier-transform operation flag has
been set at the H level to indicate that Fourier-transform
processing is being carried out or the Fourier-transform
operation flag has been set at the L level to indicate that
inverse-Fourier-transform processing is being carried out.

[0123] The following description explains a relation
between the Fourier transform and the inverse Fourier trans-
form.

[0124] As described before, the Fourier transform is
expressed by Eq. (4) where notation a (i) denotes input data.
In addition, the inverse Fourier transform is expressed by Eq.
(5) given below. In Eq. (5), notation A' (m), where m=0, 1, . .
. and (N-1), denotes results of the inverse Fourier transform.

N-1 i 5)
Alm) =Y a(hed™ W

i=0

[0125] From Egs. (4) and (5), Eq. (6) is derived as an
equation representing a relation between the results A (m) of
the Fourier transform carried out on the same data a (i) as the
data serving as an object of the inverse Fourier transform and
the results A' (m) of the inverse Fourier transform. It is to be
noted that the following equation holds true: A' (N)=A (0).
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[0126] Eq. (6) indicates that the mth data of the inverse-
Fourier-transform result is equal to the (N-m)th data of the
Fourier-transform result.
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[0127] The following description again explains the opera-
tion to read out data from the output memory 95. With the
Fourier-transform operation flag set at the H level, the Fou-
rier-transform processing is carried out. In this case, a relation
expressed by Eq. (7) given below holds true.

a(n) of Eq. (4)=x(n) of Eq. (1) (7

[0128] Thus, a relation expressed by Eq. (8) given below
also holds true.

A(K) of Eq. (4)=X(k) of Eq. (1) (8)

[0129] As is obvious from the above description, by read-
ing out data from the output memory 95 in the following
order: addresses 0, 1, . . . and (N-1), it is possible to read out
the Fourier-transform results X (0), X (1), ...and X (N-1) in
the order of their enumeration.

[0130] With the Fourier-transform operation flag set at the
L level, on the other hand, the inverse-Fourier-transform pro-
cessing is carried out. In this case, a relation expressed by Eq.
(9) given below holds true.

a(k) of Eq. (4)=Y(k) of Eq. (2) ©)

[0131] In addition, if Eq. (6) given before is taken into
consideration, Eq. (10) given below holds true.

A(0) of Eq. (4)=y(0) of Eq. (2)

A(N-n) of Eq. (4)=y(n) of Eq. (2) (10)

[0132] As is obvious from the above description, by read-
ing out data from the output memory 95 in the following
order: addresses 0, (N-1), (N=2), ..., 2 and 1, it is possible
to read out the results of the Fourier transform as the inverse-
Fourier-transform results y (0), y (1), and y (N-1) in the order
of their enumeration.

[0133] As described above, in the signal processing block
84, there is a case in which it is necessary to output Fourier-
transform results obtained by carrying out Fourier-transform
processing in conformity with the Fourier-transform opera-
tion flag set at the H level and a case in which it is necessary
to output inverse-Fourier-transform results obtained by car-
rying out inverse-Fourier-transform processing in conformity
with the Fourier-transform operation flag set at the L level. In
either of the cases, the processing itself is the Fourier trans-
form. In the case where it is necessary to output inverse-
Fourier-transform results, data obtained by carrying out the
Fourier transform on inverse-Fourier-transform data serving
as an inverse-Fourier-transform object is read out from the
output memory 95 by changing the read order to read out the
data from the output memory 95 and output in the order the
data is read out from the output memory 95.

[0134] Next, processing carried out by the signal process-
ing block 84 shown in FIG. 6 is explained by referring to a
flowchart shown in FIG. 7 as follows.

[0135] The flowchart shown in FIG. 7 begins with a step S1
at which the input-signal selection unit 92 determines
whether or not the Fourier-transform operation flag has been
set at the H level.

[0136] Iftheinput-signal selection unit 92 determines at the
step S1 that the Fourier-transform operation flag has been set
at the H level, the flow of the processing goes on to a step S2
at which the input-signal selection unit 92 selects input Fou-
rier-transform data x (n). Then, the input-signal selection unit
92 stores (or writes) the Fourier-transform data x (n) in the
input memory 93 in accordance with control carried out by
the control unit 91.
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[0137] Subsequently, at the next step S3, the Fourier-trans-
form execution unit 94 carries out Fourier transform on the
Fourier-transform data x (n) stored in the input memory 93.
[0138] Then, at the next step S4, the Fourier-transform
execution unit 94 stores the results of the Fourier transform in
the output memory 95 in accordance with control carried out
by the control unit 91.

[0139] Subsequently, at the next step S5, the control unit 91
specifies read addresses 0, 1, . . . and (N-1) in their enumera-
tion order and carries out control to sequentially read out the
Fourier-transform results X (k) from the read addresses 0, 1,
... and (N-1) in the output memory 95.

[0140] Iftheinput-signal selection unit 92 determines at the
step S1 that the Fourier-transform operation flag has been set
at the L level, on the other hand, the flow of the processing
goes on to a step S6 at which the input-signal selection unit 92
selects input inverse-Fourier-transform data Y (k). Then, the
input-signal selection unit 92 stores the inverse-Fourier-
transform data Y (k) in the input memory 93 in accordance
with control carried out by the control unit 91.

[0141] Subsequently, at the next step S7, the Fourier-trans-
form execution unit 94 carries out Fourier transform on the
inverse-Fourier-transform data Y (k) stored in the input
memory 93.

[0142] Then, at the next step S8, the Fourier-transform
execution unit 94 stores the results of the Fourier transform in
the output memory 95 as inverse-Fourier-transform results y
(n) in accordance with control carried out by the control unit
91.

[0143] Subsequently, at the next step S9, the control unit 91
specifies read addresses 0, (N-1), (N-2), ..., 2 and 1 in their
enumeration order and carries out control to sequentially read
out the results of the Fourier transform as the inverse-Fourier-
transform results y (0), y (1), . . . and y (N-1) from the output
memory 95. Then, after the inverse-Fourier-transform results
y (n) have been output, the processing is finally terminated.
[0144] By carrying out the processing described above,
Fourier-transform results X (k) can be read out from the
output memory 95 when it is necessary to output the Fourier-
transform results X (k) and inverse-Fourier-transform results
y (n) can be read out from the output memory 95 when it is
necessary to output the inverse-Fourier-transform results y
(n). Thus, in comparison with a configuration in which the
inverse-Fourier-transform processing block 14 and the Fou-
rier-transform processing block 16 are provided separately
from each other, the circuit scale of the signal processing
block 84 can be reduced.

Second Typical Configuration

[0145] FIG. 8 is a block diagram showing a second typical
configuration of the signal processing block 84.

[0146] The second typical configuration shown in FIG. 8 is
different from the first typical configuration shown in FIG. 6
in that, in the case of the second typical configuration, a
first-input memory 102-1 used for storing input Fourier-
transform data x (n) and a second-input memory 102-2 used
for storing input inverse-Fourier-transform data Y (k) are
provided in place of the input memory 93 employed in the
first typical configuration. In addition, in the case of the
second typical configuration, a first-output memory 105-1
used for storing Fourier-transform results X (k) of Fourier-
transform processing and a second-output memory 105-2
used for storing inverse-Fourier-transform results y (n) of
inverse-Fourier-transform processing are provided in place of
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the output memory 95 employed in the first typical configu-
ration. The signal processing block 84 combines the inverse-
Fourier-transform execution unit 33 of the inverse-Fourier-
transform processing block 14 and the Fourier-transform
execution unit 23 of the Fourier-transform processing block
16 into the Fourier-transform execution unit 104 so as to carry
out the functions of both the inverse-Fourier-transform pro-
cessing block 14 and the Fourier-transform processing block
16.

[0147] As shown in FIG. 8, the signal processing block 84
is configured to include a control unit 101, the first-input
memory 102-1, the second-input memory 102-2, an input-
signal selection unit 103, the Fourier-transform execution
unit 104, the first-output memory 105-1 and the second-
output memory 105-2. As described above, the first-input
memory 102-1 is used for storing input Fourier-transform
data x (n) represented by a time-domain signal output by the
channel inference block 85. On the other hand, the second-
input memory 102-2 is used for storing input inverse-Fourier-
transform data’Y (k) represented by a frequency-domain sig-
nal output by the noise detection block 83. The control unit
101 receives the Fourier-transform operation flag from the
controller 67.

[0148] With the Fourier-transform operation flag set at the
H level to indicate that the Fourier-transform processing is
requested, the input Fourier-transform data x (n), where n=0,
1, ...and (N-1), is stored at an address n in the first-input
memory 102-1. The address n is specified by the control unit
101.

[0149] With the Fourier-transform operation flag set at the
L level to indicate that the inverse-Fourier-transform process-
ing is requested, on the other hand, the input inverse-Fourier-
transform data’Y (k), where k=0, 1, ... and (N-1), is stored at
an address k in the second-input memory 102-2. The address
k is specified also by the control unit 101.

[0150] With the Fourier-transform operation flag set at the
H level, the input-signal selection unit 103 selects the input
Fourier-transform data (n) stored in the first-input memory
102-1. With the Fourier-transform operation flag set at the L
level, on the other hand, the input-signal selection unit 103
selects the input inverse-Fourier-transform dataY (k) stored
in the second-input memory 102-2. In actuality, the input-
signal selection unit 103 selects the input Fourier-transform
data x (n) stored in the first-input memory 102-1 or the input
inverse-Fourier-transform data Y (k) stored in the second-
input memory 102-2 in accordance with a select signal which
is output by the control unit 101 on the basis of the level of the
Fourier-transform operation flag supplied to the control unit
101.

[0151] The Fourier-transform execution unit 104 carries
out processing according to Eq. (4) given earlier in order to
perform Fourier transform on data a (i) selected by the input-
signal selection unit 103, where i=0, 1, . . . and (N-1).

[0152] With the Fourier-transform operation flag set at the
H level, the Fourier-transform execution unit 104 outputs the
Fourier-transform result A (m) to the first-output memory
105-1 and stores the Fourier-transform result A (m) at an
address m in the first-output memory 105-1 where m=0, 1, . .
. and (N-1). With the Fourier-transform operation flag set at
the J, level, on the other had, the Fourier-transform execution
unit 104 outputs the Fourier-transform result A (m) to the
second-output memory 105-2 and stores the Fourier-trans-
form result A (m) at an address m in the second-output
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memory 105-2 where m=0, 1, . . . and (N-1). In either case,
the address m is specified by the control unit 101.

[0153] The control unit 101 specifies addresses 0, 1, ... and
(N-1) in their enumeration order in order to sequentially read
out Fourier-transform results X (0), X (1), ... and X (N-1)
from the first-output memory 105-1. In addition, the control
unit 101 specifies addresses 0, (N-1), (N-2),...,2and 1 in
their enumeration order in order to sequentially read out the
results of the Fourier transform as inverse-Fourier-transform
results y (0), y (1), . . . and y (N-1) from the second-output
memory 105-2.

[0154] Inaccordance with the second typical configuration
shown in FIG. 8, it is possible to deal with a case in which the
input timings of the Fourier-transform data coincide with the
input timings of the inverse-Fourier-transform data or a case
in which the output timings of the Fourier-transform results
coincide with the output timings of the inverse-Fourier-trans-
form results. In addition, by combining the Fourier-transform
execution unit 23 and the inverse-Fourier-transform execu-
tion unit 33 into the Fourier-transform execution unit 104
common to the Fourier-transform processing and the inverse-
Fourier-transform processing, the circuit scale of the signal
receiving apparatus 51 can be reduced.

[0155] Next, processing carried out by the signal process-
ing block 84 shown in FIG. 8 is explained by referring to a
flowchart shown in FIG. 9 as follows.

[0156] The flowchart shown in FIG. 9 begins with a step
S21 at which the control unit 101 determines whether or not
the Fourier-transform operation flag has been set at the H
level.

[0157] Ifthecontrolunit 101 determines at the step S21 that
the Fourier-transform operation flag has been set at the H
level, the flow of'the processing goes on to a step S22 at which
the control unit 101 stores input Fourier-transform data x (n)
in the first-input memory 102-1.

[0158] Then, at the next step S23, the input-signal selection
unit 103 reads out the Fourier-transform data x (n) from the
first-input memory 102-1 and outputs the Fourier-transform
data x (n) to the Fourier-transform execution unit 104.
[0159] Subsequently, at the next step S24, the Fourier-
transform execution unit 104 carries out Fourier transform on
the Fourier-transform data x (n) received from the input-
signal selection unit 103.

[0160] Then, at the next step S25, the Fourier-transform
executionunit 104 outputs the results of the Fourier transform
to the first-output memory 105-1 and stores the results in the
first-output memory 105-1 in accordance with control carried
out by the control unit 101.

[0161] Subsequently, at the next step S26, the control unit
101 specifies read addresses 0, 1, . . . and (N-1) in their
enumeration order and carries out control to sequentially read
out the Fourier-transform results X (k) from the read
addresses 0, 1, . . . and (N-1) in the first-output memory
105-1.

[0162] Ifthecontrolunit 101 determines at the step S21 that
the Fourier-transform operation flag has been set at the L
level, on the other hand, the flow of the processing goes on to
a step S27 at which the control unit 101 stores input inverse-
Fourier-transform data Y (k) in the second-input memory
102-2.

[0163] Then, at the next step S28, the input-signal selection
unit 103 reads out the inverse-Fourier-transform data Y (k)
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from the second-input memory 102-2 and outputs the inverse-
Fourier-transform data Y (k) to the Fourier-transform execu-
tion unit 104.

[0164] Subsequently, at the next step S29, the Fourier-
transform execution unit 104 carries out Fourier transform on
the inverse-Fourier-transform data Y (k) received from the
input-signal selection unit 103.

[0165] Then, at the next step S30, the Fourier-transform
executionunit 104 outputs the results of the Fourier transform
to the second-output memory 105-2 and stores the results in
the second-output memory 105-2 in accordance with control
carried out by the control unit 101.

[0166] Subsequently, at the next step S31, the control unit
101 specifies read addresses 0, (N-1), (N-2),...,2and 1 in
their enumeration order and carries out control to sequentially
read out the results of the Fourier transform as the inverse-
Fourier-transform results y (0), y (1), .. .andy (N-1) from the
second-output memory 105-2. Then, after the inverse-Fou-
rier-transform results y (n) have been output, the processing is
finally terminated.

Third Typical Configuration

[0167] FIG. 10 is a block diagram showing a third typical
configuration of the signal processing block 84.
[0168] The third typical configuration shown in FIG. 10 is
different from the first typical configuration shown in FIG. 6
in that, in the case of the third typical configuration, a first-
input memory 112-1 used for storing input Fourier-transform
data x (n) and a second-input memory 112-2 used for storing
input inverse-Fourier-transform data Y (k) are provided in
place of the input memory 93 employed in the first typical
configuration. The signal processing block 84 shown in FIG.
10 employs the input memories 32 and 22 of the inverse-
Fourier-transform processing block 14 and the Fourier-trans-
form processing block 16 respectively as they are but com-
bines the output memories 34 and 24 of the inverse-Fourier-
transform processing block 14 and the Fourier-transform
processing block 16 respectively into an output memory 115.
In addition, the signal processing block 84 shown in FIG. 10
also combines the execution sections 33 and 23 of the inverse-
Fourier-transform processing block 14 and the Fourier-trans-
form processing block 16 respectively into the Fourier-trans-
form execution unit 114 so as to carry out the functions of
both the inverse-Fourier-transform processing block 14 and
the Fourier-transform-processing block 16.
[0169] As showninFIG. 10, the signal processing block 84
is configured to include a control unit 111, the first-input
memory 112-1, the second-input memory 112-2, an input-
signal selection unit 113, the Fourier-transform execution
unit 114 and the output memory 115. As described above, the
first-input memory 112-1 is used for storing input Fourier-
transform data x (n) represented by a time-domain signal
output by the channel inference block 85. On the other hand,
the second-input memory 112-2 is used for storing input
inverse-Fourier-transform data Y (k) represented by a fre-
quency-domain signal output by the noise detection block 83.
The control unit 111 receives the Fourier-transform operation
flag from the controller 67.
[0170] With the Fourier-transform operation flag set at the
H level, the input Fourier-transform data x (n), where n=0, 1,
.. and (N-1), is stored at an address n in the first-input
memory 112-1. The address n is specified by the control unit
111.
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[0171] With the Fourier-transform operation flag set at the
L level, on the other hand, the input inverse-Fourier-trans-
form data Y (k), where k=0, 1, . . . and (N-1), is stored at an
address k in the second-input memory 112-2. The address k is
specified also by the control unit 111.

[0172] With the Fourier-transform operation flag set at the
H level, the input-signal selection unit 113 selects the input
Fourier-transform data x (n) stored in the first-input memory
112-1. With the Fourier-transform operation flag set at the L.
level, on the other hand, the input-signal selection unit 113
selects the input inverse-Fourier-transform dataY (k) stored
in the second-input memory 112-2. In actuality, the input-
signal selection unit 113 selects the input Fourier-transform
data x (n) stored in the first-input memory 112-1 or the input
inverse-Fourier-transform data Y (k) stored in the second-
input memory 112-2 in accordance with a select signal which
is output by the control unit 111 on the basis of the level of the
Fourier-transform operation flag supplied to the control unit
111.

[0173] The Fourier-transform execution unit 114 carries
out processing according to Eq. (4) given earlier in order to
perform Fourier transform on data a (i) selected by the input-
signal selection unit 113, where i=0, 1, . . . and (N-1). The
Fourier-transform execution unit 114 outputs the Fourier-
transform result A (m) to the output memory 115 and stores
the Fourier-transform result A (m) at an address m in the
output memory 115 where m=0, 1, ... and (N-1). The address
m is specified by the control unit 111.

[0174] The control unit 111 specifies addresses 0, 1, ... and
(N-1) in their enumeration order in order to sequentially read
out Fourier-transform results X (0), X (1), ... and X (N-1)
from the output memory 115. In addition, the control unit 111
specifies addresses 0, (N-1), (N=2), . . ., 2 and 1 in their
enumeration order in order to sequentially read out the results
of the Fourier transform as inverse-Fourier-transform results
y (0),y (1), ...andy (N-1) from the output memory 115.

[0175] In accordance with the third typical configuration
shown in FIG. 10, it is possible to deal with a case in which the
input timings of the Fourier-transform data coincide with the
input timings of the inverse-Fourier-transform data. In addi-
tion, by combining the Fourier-transform execution unit 23
and the inverse-Fourier-transform execution unit 33 into the
Fourier-transform execution unit 114 common to the Fourier-
transform processing and the inverse-Fourier-transform pro-
cessing and combining the output memory 24 and the output
memory 34 into the output memory 115 also common to the
Fourier-transform processing and the inverse-Fourier-trans-
form processing, the circuit scale of the signal receiving appa-
ratus 51 can be reduced.

[0176] Next, processing carried out by the signal process-
ing block 84 shown in FIG. 10 is explained by referring to a
flowchart shown in FIG. 11 as follows.

[0177] The flowchart shown in FIG. 11 begins with a step
S41 at which the control unit 111 determines whether or not
the Fourier-transform operation flag has been set at the H
level.

[0178] Ifthecontrolunit 111 determines at the step S41 that
the Fourier-transform operation flag has been set at the H
level, the flow of'the processing goes on to a step S42 at which
the control unit 111 stores input Fourier-transform data x (n)
in the first-input memory 112-1.

[0179] Then, at the next step S43, the input-signal selection
unit 113 reads out the Fourier-transform data x (n) from the
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first-input memory 112-1 and outputs the Fourier-transform
data x (n) to the Fourier-transform execution unit 114.
[0180] Subsequently, at the next step S44, the Fourier-
transform execution unit 114 carries out Fourier transform on
the Fourier-transform data x (n) received from the input-
signal selection unit 113.

[0181] Then, at the next step S45, the Fourier-transform
executionunit 114 outputs the results of the Fourier transform
to the output memory 115 and stores the results in the output
memory 115 in accordance with control carried out by the
control unit 111.

[0182] Subsequently, at the next step S46, the control unit
111 specifies read addresses 0, 1, . . . and (N-1) in their
enumeration order and carries out control to sequentially read
out the Fourier-transform results X (k) from the read
addresses 0, 1, . . . and (N-1) in the output memory 115.
[0183] Ifthe controlunit 111 determines at the step S41 that
the Fourier-transform operation flag has been set at the L
level, on the other hand, the flow of the processing goes on to
a step S47 at which the control unit 111 stores input inverse-
Fourier-transform data Y (k) in the second-input memory
112-2.

[0184] Then, at the next step S48, the input-signal selection
unit 113 reads out the inverse-Fourier-transform data Y (k)
from the second-input memory 112-2 and outputs the inverse-
Fourier-transform data Y (k) to the Fourier-transform execu-
tion unit 114.

[0185] Subsequently, at the next step S49, the Fourier-
transform execution unit 114 carries out Fourier transform on
the inverse-Fourier-transform data Y (k) received from the
input-signal selection unit 113.

[0186] Then, at the next step S50, the Fourier-transform
executionunit 114 outputs the results of the Fourier transform
to the output memory 115 and stores the results in the output
memory 115 in accordance with control carried out by the
control unit 111.

[0187] Subsequently, at the next step S51, the control unit
111 specifies read addresses 0, (N-1), (N-2),...,2and 1 in
their enumeration order and carries out control to sequentially
read out the results of the Fourier transform as the inverse-
Fourier-transform results y (0), y (1), .. .andy (N-1) from the
output memory 115. Then, after the inverse-Fourier-trans-
form results y (n) have been output, the processing is finally
terminated.

Fourth Typical Configuration

[0188] FIG. 12 is a block diagram showing a fourth typical
configuration of the signal processing block 84.

[0189] The fourth typical configuration shown in FIG. 12 is
different from the first typical configuration shown in FIG. 6
in that, in the case of the fourth typical configuration, a first-
output memory 125-1 used for storing Fourier-transform
results X (k) of Fourier-transform processing and a second-
output memory 125-2 used for storing inverse-Fourier-trans-
form results y (n) of inverse-Fourier-transform processing are
provided in place of the output memory 95 employed in the
first typical configuration. The signal processing block 84
shown in FIG. 12 employs the output memories 34 and 24 of
the inverse-Fourier-transform processing block 14 and the
Fourier-transform processing block 16 respectively as they
are but combines the input memories 32 and 22 of the inverse-
Fourier-transform processing block 14 and the Fourier-trans-
form processing block 16 respectively into an input memory
123. Inaddition, the signal processing block 84 shown in FIG.
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12 also combines the execution sections 33 and 23 of the
inverse-Fourier-transform processing block 14 and the Fou-
rier-transform processing block 16 respectively into the Fou-
rier-transform execution unit 124 so as to carry out the func-
tions of both the inverse-Fourier-transform processing block
14 and the Fourier-transform processing block 16.

[0190] AsshowninFIG. 12, the signal processing block 84
is configured to include a control unit 121, an input-signal
selection unit 122, the input memory 123, the Fourier-trans-
form execution unit 124, the first-output memory 125-1 and
the second-output memory 125-2. The input-signal selection
unit 122 receives Fourier-transform data which is data repre-
sented by the time-domain signal output by the channel infer-
ence block 85. In addition, the input-signal selection unit 122
also receives inverse-Fourier-transform data which is data
represented by the frequency-domain signal output by the
noise detection block 83. The Fourier-transform operation
flag output by the controller 67 is supplied to the control unit
121 and the input-signal selection unit 122.

[0191] With the Fourier-transform operation flag set at the
H level, the input-signal selection unit 122 selects the input
Fourier-transform datax (n), wheren=0, 1, .. .and (N-1), and
outputs the selected data to the input memory 123. With the
Fourier-transform operation flag set at the L level, on the other
hand, the input-signal selection unit 122 selects the input
inverse-Fourier-transform data Y (k), where k=0, 1, . . . and
(N-1), and outputs the selected data to the input memory 123.
[0192] The data a (i) output by the input-signal selection
unit 122 is stored at an address 1 in the input memory 123. The
address 1 is specified by the control unit 121.

[0193] The Fourier-transform execution unit 124 carries
out processing according to Eq. (4) given earlier in order to
perform Fourier transform on the data a (i) stored in the input
memory 123, where i=0, 1, . . . and (N-1).

[0194] With the Fourier-transform operation flag set at the
H level, the Fourier-transform execution unit 124 outputs a
Fourier-transform result A (m) to the first-output memory
125-1 and stores the Fourier-transform result A (m) at an
address m in the first-output memory 125-1 where m=0, 1, . .
. and (N-1). With the Fourier-transform operation flag set at
the L level, on the other hand, the Fourier-transform execu-
tion unit 124 outputs the Fourier-transform result A (m) to the
second-output memory 125-2 and stores the Fourier-trans-
form result A (m) at an address m in the second-output
memory 125-2 where m=0, 1, . . . and (N-1). In either case,
the address m is specified by the control unit 121.

[0195] The control unit 121 specifies addresses 0, 1, ... and
(N-1) in their enumeration order in order to sequentially read
out Fourier-transform results X (0), X (1), ... and X (N-1)
from the first-output memory 125-1. In addition, the control
unit 121 specifies addresses 0, (N-1), (N=-2),...,2and 1 in
their enumeration order in order to sequentially read out the
results of the Fourier transform as inverse-Fourier-transform
results y (0), y (1), . . . and y (N-1) from the second-output
memory 125-2.

[0196] In accordance with the fourth typical configuration
shown in FI1G. 12, it is possible to deal with a case in which the
output timings of the Fourier-transform results coincide with
the output timings of the inverse-Fourier-transform results. In
addition, by combining the input memory 22 and the input
memory 32 into the input memory 123 common to the Fou-
rier-transform processing and the inverse-Fourier transform
processing and combining the Fourier-transform execution
unit 23 and the inverse-Fourier-transform execution unit 33
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into the Fourier-transform execution unit 124 also common to
the Fourier-transform processing and the inverse-Fourier-
transform processing, the circuit scale of the signal receiving
apparatus 51 can be reduced.

[0197] Next, processing carried out by the signal process-
ing block 84 shown in FIG. 12 is explained by referring to a
flowchart shown in FIG. 13 as follows.

[0198] The flowchart shown in FIG. 13 begins with a step
S61 at which the input-signal selection unit 122 determines
whether or not the Fourier-transform operation flag has been
set at the H level.

[0199] If the input-signal selection unit 122 determines at
the step S61 that the Fourier-transform operation flag has
been set at the H level, the flow of the processing goes onto a
step S62 at which the input-signal selection unit 122 selects
input Fourier-transform data x (n). Then, the input-signal
selection unit 122 stores the Fourier-transform data x (n) in
the input memory 123 in accordance with control carried out
by the control unit 121.

[0200] Subsequently, at the next step S63, the Fourier-
transform execution unit 124 carries out Fourier transform on
the Fourier-transform data x (n) stored in the input memory
123.

[0201] Then, at the next step S64, the Fourier-transform
execution unit 124 stores the results of the Fourier transform
in the first-output memory 125-1 in accordance with control
carried out by the control unit 121.

[0202] Subsequently, at the next step S65, the control unit
121 specifies read addresses 0, 1, . . . and (N-1) in their
enumeration order and carries out control to sequentially read
out the Fourier-transform results X (k) from the read
addresses 0, 1, . . . and (N-1) in the first-output memory
125-1.

[0203] If the input-signal selection unit 122 determines at
the step S61 that the Fourier-transform operation flag has
been set at the L level, on the other hand, the flow of the
processing goes on to a step S66 at which the input-signal
selection unit 122 selects input inverse-Fourier-transform
data’Y (k). Then, the input-signal selection unit 122 stores the
inverse-Fourier-transform data Y (k) in the input memory 123
in accordance with control carried out by the control unit 121.
[0204] Subsequently, at the next step S67, the Fourier-
transform execution unit 124 carries out Fourier transform on
the inverse-Fourier-transform data Y (k) stored in the input
memory 123.

[0205] Then, at the next step S68, the Fourier-transform
execution unit 124 stores the results of the Fourier transform
in the second-output memory 125-2 as inverse-Fourier-trans-
form results y (n) in accordance with control carried out by
the control unit 121.

[0206] Subsequently, at the next step S69, the control unit
121 specifies read addresses 0, (N-1), (N-2),...,2and 1 in
their enumeration order and carries out control to sequentially
read out the results of the Fourier transform as the inverse-
Fourier-transform results y (0), y (1), .. .andy (N-1) from the
second-output memory 125-2. Then, after the inverse-Fou-
rier-transform results y (n) have been output, the processing is
finally terminated.

Fifth Typical Configuration

[0207] FIG. 14 is a block diagram showing a fifth typical
configuration of the signal processing block 84.

[0208] The fifth typical configuration shown in FIG. 14 is
different from the first typical configuration shown in FIG. 6
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in that, in the case of the fifth typical configuration, an input/
output memory 134 used for storing input data and processing
results is provided in place of the input memory 93 and the
output memory 95 which are employed in the first typical
configuration.

[0209] Asshownin FIG. 14, the signal processing block 84
is configured to include a control unit 131, an input-signal
selection unit 132, a processed signal selection unit 133, an
input/output memory 134 and a Fourier-transform execution
unit 135. The input-signal selection unit 132 receives Fourier-
transform data which is data represented by the time-domain
signal output by the channel inference block 85. In addition,
the input-signal selection unit 132 also receives inverse-Fou-
rier-transform data which is data represented by the fre-
quency-domain signal output by the noise detection block 83.
The Fourier-transform operation flag output by the controller
67 is supplied to the control unit 131 and the input-signal
selection unit 132.

[0210] With the Fourier-transform operation flag set at the
H level, the input-signal selection unit 132 selects the input
Fourier-transform datax (n), wheren=0, 1, .. .and (N-1), and
outputs the selected data to the processed-signal selection
unit 133 as data a (i) where i=0, 1, . . . and (N-1). With the
Fourier-transform operation flag set at the L level, on the other
hand, the input-signal selection unit 132 selects the input
inverse-Fourier-transform data Y (k), where k=0, 1, . . . and
(N-1), and outputs the selected data to the processed signal
selection unit 133 as data a (i) where i=0, 1, . . . and (N-1).

[0211] As described above, the processed-signal selection
unit 133 receives the data a (i), which is the input Fourier-
transform data x (n) or the input inverse-Fourier-transform
data’Y (k), from the input-signal selection unit 132. In addi-
tion, the processed-signal selection unit 133 also receives an
Fourier-transform result A (m) where m=0, 1, . . . and (N-1)
from the Fourier-transform execution unit 135 as described
later where m=0, 1, . .. and (N-1). In accordance with a select
signal received from the control unit 131, the processed-
signal selection unit 133 selects the data a (i) and passes on the
data a (i) as data b (i) where i=0, 1, . . . and (N-1) to the
input/output memory 134 or selects the Fourier-transform
result A (m) and passes on the Fourier-transform result A (m)
asdatab (m) where m=0, 1, . . . and (N-1) to the input/output
memory 134.

[0212] The data b (i) passed on by the processed-signal
selection unit 133 from the input-signal selection unit 132 to
the input/output memory 134 is stored at an address i speci-
fied by the control unit 131. By the same token, the data b (m)
passed on by the processed-signal selection unit 133 from the
Fourier-transform execution unit 135 to the input/output
memory 134 is stored at an address m also specified by the
control unit 131.

[0213] If the data a (i) has been stored in the input/output
memory 134 as the data b (i), the Fourier-transform execution
unit 135 carries out processing according to Eq. (4) on the
data b (i) stored in the input/output memory 134 by making
use of the data b (i) as the data a (i) of Eq. (4) in order to
perform Fourier transform. The Fourier-transform execution
unit 135 then supplies the Fourier-transform result A (m) to
the processed-signal selection unit 133.

[0214] Ifthe Fourier-transform result A (m) has been stored
in the input/output memory 134 as the data b (m), on the other
hand, the control unit 131 reads out the data b (m) from the
input/output memory 134 as output data.
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[0215] The data b (m) is read out sequentially from the
input/output memory 134 as output data as follows. With the
Fourier-transform operation flag set at the H level, the control
unit 131 specifies addresses 0, 1, . . . and (N-1) in their
enumeration order in order to sequentially read out Fourier-
transform results X (0), X (1), . . . and X (N-1) from the
input/output memory 134. With the Fourier-transform opera-
tion flag set at the L level, on the other hand, the control unit
131 specifies addresses 0, (N-1), (N=2), ..., 2 and 1 in their
enumeration order in order to sequentially read out the results
of the Fourier transform as inverse-Fourier-transform results
y(0),y (1), ...and y (N-1) from the input/output memory
134.

[0216] In accordance with the fifth typical configuration
shown in FIG. 14, the input and output memories are com-
bined into one memory and, in addition, in the fifth typical
configuration, the execution sections 33 and 23 of the inverse-
Fourier-transform processing block 14 and the Fourier-trans-
form processing block 16 respectively are combined into the
Fourier-transform execution unit 135. Thus, the circuit scale
of the signal receiving apparatus 51 can be reduced.

[0217] Next, processing carried out by the signal process-
ing block 84 shown in FIG. 14 is explained by referring to a
flowchart shown in FIG. 15 as follows.

[0218] The flowchart shown in FIG. 15 begins with a step
S81 at which the input-signal selection unit 132 determines
whether or not the Fourier-transform operation flag has been
set at the H level.

[0219] If the input-signal selection unit 132 determines at
the step S81 that the Fourier-transform operation flag has
been set at the H level, the flow of the processing goes onto a
step S82 at which the input-signal selection unit 132 selects
input Fourier-transform data x (n) and outputs the input Fou-
rier-transform data x (n) to the processed-signal selection unit
133.

[0220] Then, at the next step S83, the processed-signal
selection unit 133 selects the Fourier-transform data x (n)
received from the input-signal selection unit 132 and stores
the Fourier-transform data x (n) in the input/output memory
134 in accordance with control carried out by the control unit
131.

[0221] Subsequently, at the next step S84, the Fourier-
transform execution unit 135 carries out Fourier transform on
the Fourier-transform data x (n) stored in the input/output
memory 134 and supplies the result of the Fourier transform
to the processed-signal selection unit 133.

[0222] Then, at the next step S85, the processed-signal
selection unit 133 selects the Fourier-transform result
received from the Fourier-transform execution unit 135 and
stores the result in the input/output memory 134 in accor-
dance with control carried out by the control unit 131.
[0223] Subsequently, at the next step S86, the control unit
131 specifies read addresses 0, 1, . . . and (N-1) in their
enumeration order and carries out control to sequentially read
out the Fourier-transform results X (k) from the read
addresses 0, 1, . . . and (N-1) in the input/output memory 134.
[0224] If the input-signal selection unit 132 determines at
the step S81 that the Fourier-transform operation flag has
been set at the L level, on the other hand, the flow of the
processing goes on to a step S87 at which the input-signal
selection unit 132 selects input inverse-Fourier-transform
data Y (k) and outputs the input inverse-Fourier-transform
data’Y (k) to the processed-signal selection unit 133.
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[0225] Then, at the next step S88, in accordance with con-
trol carried out by the control unit 131, the processed-signal
selection unit 133 selects the inverse-Fourier-transform data
Y (k) received from the input-signal selection unit 132 and
stores the inverse-Fourier-transform data Y (k) in the input/
output memory 134.

[0226] Subsequently, at the next step S89, the Fourier-
transform execution unit 135 carries out Fourier transform on
the inverse-Fourier-transform dataY (k) stored in the input/
output memory 134 and supplies the result of the Fourier
transform to the processed-signal selection unit 133.

[0227] Then, at the next step S90, the processed-signal
selection unit 133 selects the Fourier-transform result
received from the Fourier-transform execution unit 135 and
stores the result in the input/output memory 134 in accor-
dance with control carried out by the control unit 131.
[0228] Subsequently, at the next step S91, the control unit
131 specifies read addresses 0, (N-1), (N-2),...,2and 1 in
their enumeration order and carries out control to sequentially
read out the results of the Fourier transform as the inverse-
Fourier-transform results y (0), y (1), .. .and y (N-1) from the
input/output memory 134. Then, after the inverse-Fourier-
transform results y (n) have been output, the processing is
finally terminated.

Typical Applications to Signal Receiving Systems

[0229] FIG. 16 is a block diagram showing a typical con-
figuration of a signal receiving system employing the multi-
carrier demodulation section 66 in accordance with a first
embodiment.

[0230] As shown in FIG. 16, the signal receiving system is
configured to include a signal acquisition section 201, a trans-
mission-line signal decode processing section 202 and an
original-information decode processing section 203.

[0231] The signal acquisition section 201 is a section for
acquiring a signal transmitted through a transmission line not
shown in the figure and supplying the signal to the transmis-
sion-line signal decode processing section 202. Typical
examples of the transmission line are the ground digital
broadcasting, the satellite digital broadcasting, the CATV
network and other networks including the Internet. The multi-
carrier demodulation section 66 shown in FIG. 5 is typically
included in the signal acquisition section 201.

[0232] Thetransmission-line signal decode processing sec-
tion 202 is a section for carrying out processing to decode a
signal transmitted to the signal acquisition section 201
through the transmission line and supplying a processing-
result signal to the original-information decode processing
section 203. The processing includes error correction.
[0233] The original-information decode processing section
203 is a section for carrying out original-information decode
processing on the signal output by the transmission-line sig-
nal decode processing section 202 as a result of the transmis-
sion-line signal decode processing. The original-information
decode processing at least includes a process to decompress
compressed information conveyed by the received signal in
order to generate the original information from the com-
pressed information.

[0234] That is to say, the signal received by the signal
acquisition section 201 from the transmission lines conveys
information representing data such as images and sounds. In
some cases, the information has been compressed by the
signal transmitting apparatus in a compression-encoding pro-
cess carried out by the signal transmitting apparatus in order
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to reduce the amount of data represented by the information.
In such cases, the original-information decode processing
section 203 must carry out decompression processing to
decompress a signal, which is output by the transmission-line
signal decode processing section 202 as a signal conveying
the compressed information, in order to generate the original
information from the compressed information.

[0235] It is to be noted that, if the signal received by the
signal acquisition section 201 from the transmission lines
conveys uncompressed information, the original-information
decode processing section 203 does not carry out the decom-
pression processing on the signal output by the transmission-
line signal decode processing section 202.

[0236] A typical example of the decompression processing
is MPEG decode processing. In addition, in some configura-
tions, the original-information decode processing carried out
by the transmission-line signal decode processing section 202
is not only followed by the decompression processing per-
formed by the original-information decode processing sec-
tion 203, but is also accompanied by descramble processing
or other processing.

[0237] Typically, the signal receiving system having the
configuration like the one shown in the FIG. 16 is applied to
aTV tuner for receiving TV broadcasts which are transmitted
as digital broadcast signals. It is to be noted that each of the
signal acquisition section 201, the transmission-line signal
decode processing section 202 and the original-information
decode processing section 203 can be designed as a piece of
hardware or a software module. The piece of hardware is
typically a stand-alone apparatus or an IC (Integrated Cir-
cuit).

[0238] In addition, the signal acquisition section 201, the
transmission-line signal decode processing section 202 and
the original-information decode processing section 203 can
be integrated with each other in a variety of stand-alone
combinations described as follows. For example, the signal
acquisition section 201 and the transmission-line signal
decode processing section 202 are integrated with each other
to form a set. As another alternative, the transmission-line
signal decode processing section 202 and the original-infor-
mation decode processing section 203 are integrated with
each other to form a set. As a further alternative, the signal
acquisition section 201, the transmission-line signal decode
processing section 202 and the original-information decode
processing section 203 are integrated to form a set.

[0239] FIG. 17 is a block diagram showing a typical con-
figuration of a signal receiving system employing the multi-
carrier demodulation section 66 in accordance with a second
embodiment of the present disclosure.

[0240] In the typical configuration of the second embodi-
ment implementing a signal receiving system as shown in
FIG. 17, components identical with their respective counter-
parts employed in the typical configuration of the first
embodiment implementing a signal receiving system as
shown in FIG. 16 are denoted by the same reference numerals
as the respective counterparts. In addition, the explanation of
the identical components is not repeated.

[0241] The second embodiment implementing a signal
receiving system as shown in the FIG. 17 also employs a
signal acquisition section 201, a transmission-line signal
decode processing section 202 and a original-information
decode processing section 203 in the same way as the first
embodiment implementing a signal receiving system as
shown in the FIG. 16. The second embodiment is different
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from the first embodiment, however, in that the second
embodiment is newly provided with a signal outputting sec-
tion 211.

[0242] The signal outputting section 211 typically includes
a display unit for displaying images and a speaker for output-
ting sounds. On the basis of a signal received from the origi-
nal-information decode processing section 203, the display
unit displays images whereas the speaker generates sounds.
That is to say, the signal outputting section 211 displays
images and generates sounds.

[0243] Typically, the signal receiving system having the
configuration like the one shown in the FIG. 17 is applied to
aTV forreceiving TV broadcasts transmitted as digital broad-
cast signals and to a radio receiver for receiving radio broad-
casts.

[0244] It is to be noted that, if the signal received by the
signal acquisition section 201 is a signal not subjected to a
compression encoding process, a signal output by the trans-
mission-line signal decode processing section 202 can be
supplied to the signal outputting section 211 directly.

[0245] FIG. 18 is a block diagram showing a typical con-
figuration of a signal receiving system employing the multi-
carrier demodulation section 66 in accordance with a third
embodiment of the present disclosure.

[0246] Inthe typical configuration of the third embodiment
implementing a signal receiving system as shown in the FIG.
18, components identical with their respective counterparts
employed in the typical configuration of the first embodiment
implementing a signal receiving system as shown in the FIG.
16 are denoted by the same reference numerals as the respec-
tive counterparts. In addition, the explanation of the identical
components is not repeated.

[0247] The third embodiment implementing a signal
receiving system as shown in the FIG. 18 also employs a
signal acquisition section 201 and a transmission-line signal
decode processing section 202 in the same way as the first
embodiment implementing a signal receiving system as
shown in the FIG. 16. The third embodiment is different from
the first embodiment, however, in that the third embodiment
does not employ an original-information decode processing
section 203 but is newly provided with a signal recording
section 221.

[0248] The signal recording section 221 is a section for
recording (or storing) a signal output by the transmission-line
signal decode processing section 202 into a recording (or
storing) medium such as an optical disc, a hard disc (or a
magnetic disc) or a flash memory. A typical example of the
signal output by the transmission-line signal decode process-
ing section 202 is TS packets of a TS conforming to the
MPEG specifications.

[0249] Typically, the signal receiving system having the
configuration like the one shown in the FIG. 18 is applied to
a recorder used for recording TV broadcasts.

[0250] It is to be noted that the signal receiving system
having the configuration like the one shown in the FIG. 18
may also employ an original-information decode processing
section 203 for carrying out the original-information decode
processing in order to generate a decoded signal which is then
recorded onto the signal recording section 221. The decoded
signal typically represents data of images and data of sounds.

Typical Configuration of a Computer

[0251] Every series of processes described previously can
be carried out by making use of hardware and/or by execution
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of software. If the series of processes described above is
carried out by execution of software, programs composing
the software can be installed into a computer embedded in
dedicated hardware, a general-purpose personal computer or
the like from typically a removable recording medium.
[0252] FIG. 19 is a block diagram showing a typical con-
figuration of hardware composing a computer for executing
the programs described above in order to carry out every
series of processes.

[0253] In the computer shown in FIG. 19, a CPU (Central
Processing Unit) 251, a ROM (Read Only Memory) 252 and
aRAM (Random Access Memory) 253 are connected to each
other by a bus 254.

[0254] The bus 254 is also connected to an input/output
interface 255 which is wired to an input section 256, an output
section 257, a storage section 258, a communication section
259 and a drive 260. The input section 256 includes a key-
board and a mouse whereas the output section 257 includes a
display unit and a speaker. The storage section 258 is typically
a hard disk or a non-volatile memory. The communication
section 259 is typically a network interface unit. A removable
recording medium 261 is mounted on the drive 260 to be
driven by the drive 260.

[0255] In the computer having such a configuration, in
order to carry out a series of processes, the CPU 251 carries
out various kinds of processing by execution of typically
programs loaded from the storage section 258 into the RAM
253 through the input/output interface 255 and the bus 254.
[0256] The programs to be executed by the CPU 251 are
typically programs stored in advance in the removable
recording medium 261. As an alternative, the programs are
programs downloaded into the computer from a program
provider by making use of a wire or radio communication
medium. Typical examples of the wire communication
medium are a local area network or the Internet whereas a
typical example of the radio communication medium is a
digital broadcasting communication medium. In this case, the
programs downloaded into the computer are installed into the
storage section 258.

[0257] It is also worth noting that, in the specifications of
the present disclosure, the programs include not only pro-
grams executed by the computer in order to carry out steps of
the flowcharts described above in a pre-prescribed order
along the time axis, but also programs which are concurrently
orindividually executed with demanded timings such timings
to activate the steps.

[0258] The scope of the present disclosure is by no means
limited to the embodiments described above. That is to say,
the embodiments implementing the present disclosure can be
changed to a variety of implementations within a range not
deviating from essentials of the present disclosure.

[0259] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2010-235148 filed in the Japan Patent Office on Oct.
20, 2010, the entire content of which is hereby incorporated
by reference.

What is claimed is:

1. A signal receiving apparatus comprising:

aprocessing unit configured to carry out Fourier transform
on Fourier-transform data serving as a Fourier-trans-
form object and carry out Fourier transform on inverse-
Fourier-transform data serving as an inverse-Fourier-
transform object; and
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a control unit configured to output pieces of data obtained
as a result of said Fourier transform carried out on said
Fourier-transform data in an order, in which said pieces
of data have been obtained, in a process of outputting
said pieces of data and output other pieces of data
obtained as a result of said Fourier transform carried out
on said inverse-Fourier transform data by rearranging
said other pieces of data in a process of outputting said
other pieces of data.

2. The signal receiving apparatus according to claim 1
wherein said control unit outputs said mth piece of data
obtained as a result of said Fourier transform carried out on
said Fourier-transform data as an mth piece of data of a
Fourier-transform result composed of said pieces of data and
outputs said (N-m)th other piece of data obtained as a result of
said Fourier transform carried out on said inverse-Fourier-
transform data as an mth piece of data of an inverse-Fourier-
transform result composed of said other pieces of data where
N is the number of points of said Fourier transform carried out
by said processing unit and m is an integer having the follow-
ing value: m=0, 1, ..., (N-1).

3. The signal receiving apparatus according to claim 1, said
signal receiving apparatus further comprising:

an input storage unit configured to store one of said Fou-
rier-transform data and said inverse-Fourier-transform
data; and

an output storage unit configured to store one of data
obtained as a result of said Fourier transform carried out
on said Fourier-transform data stored in said input stor-
age unit and data obtained as a result of said Fourier
transform carried out on said inverse-Fourier-transform
data stored in said input storage unit,

wherein said control unit outputs said data stored in said
output storage unit.

4. The signal receiving apparatus according to claim 1, said

signal receiving apparatus further comprising:

a first input storage unit configured to store said Fourier-
transform data;

a second input storage unit configured to store said inverse-
Fourier-transform data;

a first output storage unit configured to store data obtained
as a result of said Fourier transform carried out on said
Fourier-transform data stored in said first input storage
unit; and

a second output storage unit configured to store data
obtained as a result of said Fourier transform carried out
on said inverse-Fourier-transform data stored in said
second input storage unit,

wherein said control unit outputs said data stored in one of
said first output storage unit and said second output
storage unit.

5. The signal receiving apparatus according to claim 1, said

signal receiving apparatus further comprising:

a first input storage unit configured to store said Fourier-
transform data;

a second input storage unit configured to store said inverse-
Fourier-transform data; and

an output storage unit configured to store one of data
obtained as a result of said Fourier transform carried out
on said Fourier-transform data stored in said first input
storage unit and store data obtained as a result of said
Fourier transform carried out on said inverse-Fourier-
transform data stored in said second input storage unit,
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wherein said control unit outputs said data stored in said
output storage unit.

6. The signal receiving apparatus according to claim 1, said

signal receiving apparatus further comprising:

an input storage unit configured to store one of said Fou-
rier-transform data and said inverse-Fourier-transform
data;

a first output storage unit configured to store data obtained
as a result of said Fourier transform carried out on said
Fourier-transform data stored in said input storage unit;
and

a second output storage unit configured to store data
obtained as a result of said Fourier transform carried out
on said inverse-Fourier-transform data stored in said
input storage unit,

wherein said control unit outputs said data stored in one of
said first output storage unit and said second output
storage unit.

7. The signal receiving apparatus according to claim 1, said

signal receiving apparatus further comprising:

a storage unit configured to store data selected from

said Fourier-transform data,

said inverse-Fourier-transform data,

data obtained as a result of said Fourier transform carried
out on said Fourier-transform data, and

data obtained as a result of said Fourier transform carried
out on said inverse-Fourier-transform data; and

a select unit configured

to select one of said Fourier-transform data and said
inverse-Fourier-transform data when receiving said
Fourier-transform data and said inverse-Fourier-trans-
form data and to store one of said selected Fourier-
transform data and said selected inverse-Fourier-trans-
form data in said storage unit, and

to select one of said data obtained as a result of said Fourier
transform carried out by said processing unit on said
Fourier-transform data stored in said storage unit and
said data obtained as a result of said Fourier transform
carried out by said processing unit on said inverse-Fou-
rier-transform data stored in said storage unit when
receiving said data obtained as a result of said Fourier
transform carried out on said Fourier-transform data and
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said data obtained as a result of said Fourier transform
carried out on said inverse-Fourier-transform data and to
store one of said selected data obtained as a result of said
Fourier transform carried out on said Fourier-transform
data and said selected data obtained as a result of said
Fourier transform carried out on said inverse-Fourier-
transform data in said storage unit,

wherein said control unit outputs one of said data obtained
as a result of said Fourier transform carried out on said
Fourier-transform data and said data obtained as a result
of said Fourier transform carried out on said inverse-
Fourier-transform data by reading out said data to be
output from said storage unit.

8. A signal receiving method comprising:

carrying out Fourier transform on Fourier-transform data
serving as a Fourier-transform object and carrying out
Fourier transform on inverse-Fourier-transform data
serving as an inverse-Fourier-transform object; and

outputting pieces of data obtained as a result of said Fourier
transform carried out on said Fourier-transform data in
an order, in which said pieces of data have been
obtained, in a process of outputting said pieces of data
and outputting other pieces of data obtained as a result of
said Fourier transform carried out on said inverse-Fou-
rier transform data by rearranging said other pieces of
data in a process of outputting said other pieces of data.

9. A signal receiving program to be executed by a computer

to perform processing comprising:

carrying out Fourier transform on Fourier-transform data
serving as a Fourier-transform object and carrying out
Fourier transform on inverse-Fourier-transform data
serving as an inverse-Fourier-transform object; and

outputting pieces of data obtained as a result of said Fourier
transform carried out on said Fourier-transform data in
an order, in which said pieces of data have been
obtained, in a process of outputting said pieces of data
and outputting other pieces of data obtained as a result of
said Fourier transform carried out on said inverse-Fou-
rier transform data by rearranging said other pieces of
data in a process of outputting said other pieces of data.
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