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(57) ABSTRACT 

A signal receiving apparatus includes: a processing unit con 
figured to carry out Fourier transform on Fourier-transform 
data serving as a Fourier-transform object and carry out Fou 
rier transform on inverse-Fourier-transform data serving as 
an inverse-Fourier-transform object; and a control unit con 
figured 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 transform data by rearrang 
ing the other pieces of data in a process of outputting the other 
pieces of data. 

DEMODULATION SECTION 

NOISE DETECTION 
BLOCK 

INVERSE-FOURIER 
TRANSFORM 
PROCESSING BLOCK 

  



XOOT 8 50 NISSE OOR?d 

WYHO–ISNV H_L 
-YHEINH TIO-|-ES?|BANI 

US 2012/0099677 A1 

XOOTE 
NOI LOE LEGI ESION 

Apr. 26, 2012 Sheet 1 of 19 

NOI_LDES NOI LWT|[\C]OWHCl 

I " 5) I - 

Patent Application Publication 

y 

XIOOT18 
EDNEYHE-HNI TEINNVHO X{0OT£ 5) NISSEOO}}d WHOISNV HI-HBIHno XôOTA ?NISSEOorld W(JOHSNVRH_L-XHEIHTO 

  

  

  

  

  

  

  



US 2012/0099677 A1 Apr. 26, 2012 Sheet 2 of 19 Patent Application Publication 

(X) X LTD SEH W?JOHSNV H_L-XHEIMH () O 

ÅRHOWNE W L?ld LTTO 

Z º 5) I – 

LIN[] TOYH_LNO O 

  



US 2012/0099677 A1 Apr. 26, 2012 Sheet 3 of 19 Patent Application Publication 

ÅRHOVNE W 

(u) Á LTD SEYH || Lfld_L^O 

£ º 5) I – 

ÅRHOVNE IN L?ldNI 

_LIN[] TOYH_LNOO 

  





US 2012/0099677 A1 Apr. 26, 2012 Sheet 5 of 19 Patent Application Publication 

XOOTE 
5) NISSE OOR?d 

TVN5ÐIS 

XOOT8 
NOI LOB LBC] ESION 

Z8 

99 

G ’5) I - 

XOOTg E3DNEYHE-INI TENNWHO G8 

  

    

  

  

  

    

    

  

  





Patent Application Publication Apr. 26, 2012 Sheet 7 of 19 US 2012/0099677 A1 

FI G. 7 

START OF PROCESSING 
CARRIED OUT BY SIGNAL 
PROCESSING SECTION 

IS FOURIER-TRANSFORM S1 
OPERATION FLAG H2 

YES 

S6 SELECT INVERSE 
FOURIER-TRANSFORM 
DATA Y (k) AND STORE IT 
IN INPUT MEMORY 

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

PERFORM FOURIER TRANSFORM 

STORE FOURIER-TRANSFORM 
RESULT IN OUTPUT MEMORY 

READ OUT DATA SEQUENTIALLY 
FROMADDRESSES 0, 1,..., (N-1) 
TO OUTPUT FOURIER-TRANSFORM 
RESULTX (k) 

PERFORM FOURIER TRANSFORMS7 

STORE FOURIER-TRANSFORM 
RESULT IN OUTPUT MEMORY 

READ OUT DATA SEQUENTIALLY FROM 
ADDRESSESO, (N-1), (N-2), ..., 2, 1 
TO OUTPUT INVERSE-FOURIER 
TRANSFORMRESULTy (n) 
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FIG. 9 

START OF PROCESSING 
CARRIED OUT BY SIGNAL 
PROCESSING SECTION 

Is FourERTRANSFORM \S21 
OPERATION FLAG HP 

YES 

S27 
STORE INVERSE-FOURIER 
TRANSFORM DATA Y(K) IN 
SECOND-INPUT MEMORY 

STORE FOURIER-TRANSFORM 
DATA x (n) IN FIRST-INPUT 
MEMORY 

S28 
READ OUT INVERSE-FOURIER 
TRANSFORM DATA Y (k) 
FROM SECOND-INPUT MEMORY 

READ OUT FOURIER 
TRANSFORM DATA x (n) 
FROM FIRST-INPUT MEMORY 

S29 PERFORM FOURIER TRANSFORM PERFORM FOURIER TRANSFORM 

TORE FOURIER-TRANSFORMS25 STORE FOURIER-TRANSFORMS30 
RESULT INSECOND-OUTPUT 
MEMORY 

S 
RESULT IN FIRST-OUTPUT 
MEMORY 

S31 
READ OUT DATA SEQUENTIALLY FROM 
ADDRESSESO, (N-1), (N-2), ..., 2 AND1 
TO OUTPUT INVERSE-FOURIER 
TRANSFORM RESULTy (n) 

READ OUT DATA SEQUENTIALLY 
FROM ADDRESSES 0, 1,..., (N-1) 
TO OUTPUT FOURIER-TRANSFORM 
RESULTX (k) 
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FIG 11 

START OF PROCESSING 
CARRIED OUT BY SIGNAL 
PROCESSING SECTION 

Is FourER-TRANSFORM \S41 
OPERATION FLAG HP 

YES 

S47 
STORE INVERSE-FOURIER 
TRANSFORM DATA Y(K) IN 
SECOND-INPUT MEMORY 

STORE FOURIER-TRANSFORM 
DATA x (n) IN FIRST-INPUT 
MEMORY 

S48 
READ OUT FOURIER 
TRANSFORM DATA Y (k) 
FROM SECOND-INPUT MEMORY 

READ OUT FOURIER 
TRANSFORM DATA x (n) 
FROM FIRST-INPUT MEMORY 

PERFORM FOURIER TRANSFORMS44 PERFORM FourER TRANSFORMS.49 

STORE FOURIER-TRANSFORM 
RESULT IN OUTPUT MEMORY 

READ OUT DATA SEQUENTIALLY 
FROMADDRESSES 0, 1,..., (N-1) 
TO OUTPUT FOURIER-TRANSFORM 
RESULTX (k) 

S51 
READ OUT DATA SEQUENTIALLY 
FROM ADDRESSESO, (N-1), (N-2), 
... 2, 1 TO OUTPUT INVERSE 
FOURIER-TRANSFORM RESULT y (n) 
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FIG. 13 
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AND STORE IT IN INPUT 
MEMORY 
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AND STORE IT IN INPUT 
MEMORY 

PERFORM FOURIER TRANSFORM 

STORE FOURIER-TRANSFORM 
RESULT IN FIRST-OUTPUT 
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READ OUT DATA SEQUENTIALLY 
FROM ADDRESSES 0, 1,..., (N-1) 
TO OUTPUT FOURIER-TRANSFORM 
RESULTX (k) 
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MEMORY 

S69 

S64 

READ OUT DATA SEQUENTIALLY 
FROM ADDRESSESO, (N-1), (N-2), 
... 2, 1 TO OUTPUT INVERSE 
FOURIER-TRANSFORMRESULT y (n) 

  

    

  

  

  

  

  

  

  

  

  

  





Patent Application Publication Apr. 26, 2012 Sheet 15 of 19 US 2012/0099677 A1 

FIG. 15 
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SIGNAL RECEIVINGAPPARATUS, 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. 1 is 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 
at the 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. 2 is a block 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 (O) 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. 

(1) 

O 

0017. In Eq. (1), notation 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 kin the output memory 24. The addresses kare 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 (O), X (1), ... and X (N-1) are read 
out from the output memory 24 in the frequency-index order. 
0020 FIG.3 is a block 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 kin 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 (O). The control unit 31 
specifies the address k at which inverse-Fourier-transform 
data Y (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. 

0024. In Eq. (2), notation 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 resultsy (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 resultsy (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 (O), 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 
of inverse Fourier transform. Thus, with Sucha 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. 
0.038. 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 
0.042 a second 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 a second 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 a storage unit configured to store data selected from 
0056 the Fourier-transform data, 
0057 the inverse-Fourier-transform data, 
0.058 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 
0.066 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. 1 is a block diagram showing a demodulation 
section employed in the existing signal receiving apparatus; 
0073 FIG. 2 is a block diagram showing the configuration 
of a Fourier transform block employed in the demodulation 
section shown in FIG. 1; 
0074 FIG.3 is a block diagram showing the configuration 
of an inverse-Fourier transform block employed in the 
demodulation section shown in FIG. 1; 
0075 FIG. 4 is a block diagram showing a typical configu 
ration of a signal receiving apparatus according to an embodi 
ment of the present disclosure; 
0076 FIG.5 is a block 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; 
007.9 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; 
I0086 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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I0088 FIG. 17 is a block diagram showing a typical con 
figuration of a signal receiving system according to a second 
embodiment; 
I0089 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, it is possible to select eithera 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. 
0.095 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 64A 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 64A 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.5 is a block 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 block84. 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 at an Hor 
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), where n=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 datax 
(O) is received is expressed by the time n (=O). 
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, i.... 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 (O) is received is expressed 
by the frequency index k (-0). 
0117 Leta (i), where i=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. 

{" for Fourier-transfrom 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 i in the input memory 93. That 
is to say, the dataa (i) output by the input-signal selection unit 
92 is stored at a storage location pointed to by the addressi 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 (i) 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. 

i O 

0120 In Eq. (4) given above, notation 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. 
I0121 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 mare specified by the 
control unit 91. 

0.122 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. 
I0123. The following description explains a relation 
between the Fourier transform and the inverse Fourier trans 
form. 

0.124. 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. 

W (5) 

0.125 From Eqs. (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(O). 

N- (6) 

0.126 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 (O), 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) (9) 

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

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

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

0.132. 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 resultsy (O), y (1), andy (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. If the input-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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0.137 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. 
0.138. 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. 
I0139 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. If the input-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. 
0.141. 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. 
0.143 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 resultsy (O), 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 dataY (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 data Y (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 (O), 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). . . . , 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 (O), y (1), ... and y (N-1) from the second-output 
memory 105-2. 
0154) In accordance 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. 

(O157. If the control unit 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 
execution unit 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. 
0.161 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. If the control unit 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 
execution unit 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),..., 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 resultsy (O), y (1),...andy (N-1) from the 
second-output memory 105-2. Then, after the inverse-Fou 
rier-transform resultsy (n) have been output, the processingis 
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 shown in FIG. 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 kin the second-input memory 112-2. The address kis 
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 data Y (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 (O), 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 (O), y (1), ... and y (N-1) from the output memory 115. 
0.175. 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 If the control unit 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 
execution unit 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 If the control unit 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 
execution unit 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),..., 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 resultsy (O), 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 resultsy (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. In addition, 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. As shown in FIG. 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), where n=0, 1,... and (N-1), and 
outputs the selected data to the input memory 123. With the 
Fourier-transform operation flag set at the Llevel, 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. 
0.192 The data a (i) output by the input-signal selection 
unit 122 is stored at an addressi in the input memory 123. The 
address i 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 dataa (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. 
0.195 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 (O), 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). . . . , 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 (O), y (1), ... and y (N-1) from the second-output 
memory 125-2. 
0196. In accordance with the fourth typical configuration 
shown in FIG. 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. 
0.197 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 on to 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 
dataY (k). Then, the input-signal selection unit 122 stores the 
inverse-Fourier-transform dataY (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),..., 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 resultsy (O), y (1),...andy (N-1) from the 
second-output memory 125-2. Then, after the inverse-Fou 
rier-transform resultsy (n) have been output, the processingis 
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. As shown in 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), where n=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 Llevel, 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 dataa (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) 
as datab (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 datab (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 datab (i), the Fourier-transform execution 
unit 135 carries out processing according to Eq. (4) on the 
datab (i) stored in the input/output memory 134 by making 
use of the datab (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. If the Fourier-transform result A (m) has been stored 
in the input/output memory 134 as the datab (m), on the other 
hand, the control unit 131 reads out the datab (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 (O), 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 on to 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 data Y (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),..., 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 resultsy (O), y (1),...andy (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 The transmission-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 



US 2012/0099677 A1 

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 section202 
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 
a TV 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 

Apr. 26, 2012 

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 
a TV for receiving 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. In the 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 
a RAM (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: 
a processing 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. 

c c c c c 


