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(57) ABSTRACT 

A communication device is provided with a turbo encoder 
(1) which carries out a turbo encoding process on the lower 
two bits of transmission data So as to output information bits 
of two bits and redundant bits of two bits, a conversion (2) 
which carries out calculations So as to uniform error-cor 
rection capabilities on respective information bits by using 
the output, decoders (11 to 18) which carries out a soft 
judgment on the lower two bits of the received Signal that are 
Susceptible to degradation in the characteristics So as to 
estimate the original transmission data, and a Second judging 
device (19) which carries out a hard-judgment on the other 
bits in the received signal So as to estimate the original 
transmission data. 
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METHOD OF AND DEVICE FOR 
COMMUNICATION 

TECHNICAL FIELD 

0001. The present invention in general relates a method 
of and device for communication that use a multi-carrier 
modem System. More particularly, this invention relates to a 
communication device which realizes data communication 
through the existing communication lines by using a method 
such as the DMT (Discrete Multi-Tone) modem system and 
the OFDM (Orthogonal Frequency Division Multiplex) 
modem System and a communication method capable of 
realizing Such a communication device. However, the 
present invention is not intended to be limited to the com 
munication device for carrying out data communication 
through the DMT modem system, and is applicable to any 
communication device for carrying out cable communica 
tion and radio communication through normal communica 
tion lines by using the multi-carrier modem System and a 
Single carrier modem System. 

BACKGROUND ART 

0002 The conventional communication methods will be 
explained below. For example, in the wide band CDMA 
(W-CDMA: Code Division Multiple Access) using the SS 
(Spread Spectrum) System, turbo codes have been proposed 
as error-correction codes that greatly exceed convolutional 
codes in their performances. In the turbo code, a list formed 
by interleaving an information list is encoded in parallel 
with a known coding list, and the turbo code is one of the 
error-correction codes that have attracted the greatest public 
attention at present, and is said to provide characteristics 
close to Shannon limit. In the above-mentioned W-CDMA, 
Since the performances of the error-correction code give 
great effects on the transmission characteristics in the Voice 
transmission and data transmission, the application of the 
turbo code makes it possible to greatly improve the trans 
mission characteristics. 

0.003 Operation of transmitting and receiving systems of 
the conventional communication device using the turbo code 
will be explained in detail below. FIG. 8 is a drawing that 
shows the construction of a turbo encoder used in the 
transmitting system. In FIG. 8(a), reference numeral 101 
denotes a first recursive System convolutional encoder that 
Subjects an information list to a convolutional encoding 
process to output redundant bits. Reference numeral 102 
denote an interleaver, and reference numeral 103 denote a 
Second recursive System convolutional encoder that Subjects 
the information list that has been switched by the interleaver 
102 to a convolutional encoding process to output redundant 
bits. FIG. 8(b) is a drawing that shows the inner structures 
of the first recursive system convolutional encoder 101 and 
the second recursive system convolutional encoder 103, and 
the two recursive System convolutional encoders are encod 
ers that only output redundant bits respectively. Moreover, 
the interleaver 102, which is used in the turbo encoder, 
randomly switches information bit lists. 
0004. The turbo encoder, which is arranged as described 
above, Simultaneously outputs an information bit list: X, a 
redundant bit list: X obtained by encoding the information 
bit list through the operation of the first recursive system 
convolutional encoder 101, and a redundant bit list: X 
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obtained by encoding the information bit list that has been 
interleaved through the operation of the Second recursive 
system convolutional encoder 103. 
0005 FIG. 9 is a drawing that shows the construction of 
the turbo decoder that is used in the receiving System. 
Reference numeral 111 denotes a first decoder that calculates 
a logarithm likelihood ratio from a receiving Signal: y and 
a receiving signal: y. Reference numerals 112 and 116 
denote adders, and reference numeral 113 and 114 denote 
interleavers. Reference numeral 115 denotes a second 
decoder that calculates a logarithm likelihood ratio from a 
receiving Signal: y and a receiving Signal: ya. Reference 
numeral 117 denotes a deinterleaver, and reference numeral 
118 denotes a judging device for judging the output of the 
second decoder 115 to output an estimated value of the 
original information bit list. The receiving Signals: y, y-, y 
are signals that are formed by allowing the information bit 
list: X and the redundant bit lists: X, X to include influences 
from noise and phasing in the transmission path. 
0006. In the turbo decoder that is arranged as described 
above, first, the first decoder 111 calculates the logarithm 
likelihood ratio: L (U) (where k refers to the time) from a 
received signal: y and a received signal: y2. In this case, 
the logarithm likelihood ratio: L(U) is represented by the 
following equation: 

L(t) = yik - La(iii) + Le(uk) (1) 

0007 Here, Le (U) represents external information, La 
(U) represents preliminary information that is external 
information preceding by one, P(x'=1|{Y}) represents the 
probability of an estimated information bit upon receipt of 
the entire list {Y} of the received signals: X}" being 1 and, 
Pr(X=0{Y}) represents the probability of an estimated 
information bit upon receipt of the entire list {Y} of the 
received signals: X being 0. In other words, equation (1) 
finds the probability of the estimated information bit: X 
becoming 1 with respect to the probability of the estimated 
information bit: X being 0. 
0008 Next, the adder 112 calculates external information 
to be given to the second decoder 115 from a logarithm 
likelihood ratio that is the result of the above-mentioned 
calculation. Based upon the above-mentioned equation (1), 
the external information: Le (U) is represented by the 
following equation: 

0009 Since no preliminary information has been given at 
the time of the first decoding process, La(U)=0. 
0010. In the interleavers 113 and 114, in order to make 
the received signal: y and the external information: Le 
(U) coincident with the time of the received signal: y, the 
Signals are re-arranged. Then, in the same manner as the first 
encoder 111, based upon the received signal: y and the 
received signal: y as well as the external information: 
Le(U) preliminarily calculated, the Second decoder 115 
calculates a logarithm likelihood ratio: L(U). Thereafter, in 
the same manner as the adder 112, the adder 116 calculates 
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the external information Le(U) by using equation (2). At 
this time, the external information, rearranged by the inter 
leave 117, is fed back to the first decoder 111 as the 
preliminary information: La(U). 
0.011 Finally, in the turbo decoder, the above-mentioned 
processes are repeatedly executed predetermined times So 
that it is possible to calculate a logarithm likelihood ratio 
with higher precision, and the judgment device 118 makes a 
judgment based upon this logarithm likelihood ratio, thereby 
estimating the bit list of the original information. More 
Specifically, for example, the logarithm likelihood ratio 
shows that “L(U)>0”, the estimated information bit: x' is 
judged as 1, while it shows that “L(U)s 0”, the estimated 
information bit: X is judged as 0. 
0012. In this manner, in the conventional communication 
method, by using the turbo code as the error-correction code, 
even when the Signal point-to-point distance becomes closer 
as the modulation System is multi-valued, it becomes pos 
Sible to greatly improve the transmitting characteristics in 
the Voice transmission and data transmission, and conse 
quently to obtain characteristics Superior to the known 
convolutional codes. 

0013 However, in the above-mentioned conventional 
communication method, in order to carry out an error 
correction with high precision, the turbo encoding process is 
carried out on all the information lists on the transmitting 
Side, and on the receiving Side, all the encoded Signals are 
decoded, and a Soft-judgment is then executed thereon. 
More specifically, for example, in the case of 16 QAM, a 
judgment is made with respect to all the 4-bit data (0000 to 
1111: 4-bit constellation), and in the case of 256 QAM, a 
judgment is made with respect to all the 8-bit data. There 
fore, conventionally, the application of the conventional 
communication method that carries out judgments on all the 
data as described above causes a problem of an increase in 
the amount of calculations in the encoder and decoder in 
response to the multi-valued levels. 
0.014. Therefore, the object of the present invention is to 
provide a communication device and a communication 
method for Such a device, which is applicable to any 
communication System using the multi-carrier modem SyS 
tem and the Single-carrier modem System, and makes it 
possible to achieve a reduction in the amount of calculations 
and to provide a good transmitting characteristics in the 
Same manner as the conventional device, even when there is 
an increase in the constellation due to multi-valued levels. 

DISCLOSURE OF THE INVENTION 

0.015 The communication device according to one aspect 
of this invention, which uses turbo codes as error-correction 
codes, is provided with a turbo encoding unit (corresponding 
to a turbo encoder 1 in an embodiment which will be 
described later) which carries out a turbo encoding process 
on lower bits of a predetermined number in transmission 
data to output information bits in accordance with the 
predetermined number and first and Second redundant bits 
that have been convolutionally encoded in different 
Sequences; a computing unit (corresponding to a conversion 
2) which carries out calculations for uniforming error 
correction capabilities on the respective information bits by 
using the information bits of the predetermined number and 
the redundant bits to output the results of the calculations 
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and the other bits in the transmission data as the results of 
the encoding process; a first decoding unit (corresponding to 
a first decoder 11 and an adder 12) which extracts the 
information bits and the first redundant bits from the lower 
bits of the predetermined number in the received signal, and 
makes a Soft-judgment based upon the results of the extrac 
tion and a Soft judgment output that is an output preceding 
by one given as preliminary information (in Some cases, not 
given); a Second decoding unit (corresponding to a second 
decoder 15, an interleavers 13 and 14, an adder 16 and a 
deinterleaver 17) which extracts the information bits and the 
Second redundant bits, makes a Soft-judgment based upon 
the results of the extraction and the Soft-judgment output 
from the first decoding unit, and informs the first decoding 
unit of the results thereof as the Soft-judgment output 
preceding by one; a first judging unit (corresponding to a 
first judging device 18) which executes the Soft-judgment by 
the first decoding unit and the Second decoding unit a 
predetermined times repeatedly, and then estimates the 
original information bit based upon the Soft-judgment output 
of the Second decoding unit; and a Second judging unit 
(corresponding to a Second judging device 19) which makes 
a hard-judgment on the other bits in the received signal to 
estimate the original information bits. 
0016 Furthermore, the turbo encoding unit is provided 
with a deinterleave processing unit (corresponding to a 
deinterleaver 25) for carrying out a de-interleaving process 
on one group of the redundant bits that have been encoded 
after the interleave process to output the respective infor 
mation bits and the redundant bits with the times being 
coincident with each other. 

0017 Furthermore, Reed Solomon codes and turbo codes 
are used combinedly, and on the transmitting Side, the turbo 
encoding is carried out after the Reed Solomon encoding, 
while on the receiving Side, the Reed Solomon codes are 
decoded after decoding the turbo codes. 

0018. The communication device according to another 
aspect of this invention has an encoder that uses turbo codes 
with the interleave process being incorporated into the 
encoding process. This encoder is provided with a turbo 
encoding unit (corresponding to a turbo encoder 1 in an 
embodiment which will be described later) which receives 
transmission data constituted by a plurality of bits, and 
carries out a turbo encoding process on lower bits of a 
predetermined number in transmission data to output infor 
mation bits in accordance with the predetermined number, 
first redundant bits that have been obtained by convolution 
ally encoding the information bits and Second redundant bits 
that have been obtained by convolutionally encoding the 
information bits after the interleave process, and a comput 
ing unit (corresponding to a conversion 2) which carries out 
calculations for uniforming error-correction capabilities on 
the respective information bits by using the information bits 
of the predetermined number and the redundant bits, in Such 
a manner that the results of the calculations and the other bits 
in the transmission data are outputted as the results of the 
encoding process. 

0019 Furthermore, the turbo encoding unit is provided 
with a deinterleave processing unit (corresponding to a 
deinterleaver 25) for carrying out a de-interleaving process 
on the Second redundant bits So that the respective informa 
tion bits, the first redundant bits and the second redundant 
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bits that have been Subjected to the de-interleaving proceSS 
are outputted with the times being coincident with each 
other. 

0020. The communication device according to still 
another aspect of this invention has an encoder that uses 
turbo codes with the interleave proceSS being incorporated 
into the encoding process. This encoder is provided with a 
turbo encoding unit which receives transmission data con 
Stituted by a plurality of bits, and carries out a turbo 
encoding process on lower bits of a predetermined number 
in transmission data to output information bits in accordance 
with the predetermined number, first redundant bits that 
have been obtained by convolutionally encoding the infor 
mation bits and second redundant bits that have been 
obtained by convolutionally encoding the information bits 
after the interleave process, in Such a manner that in addition 
to the respective information bits and the first and Second 
redundant bits, the other bits in the transmission data are 
outputted as the results of the encoding process. 
0021 Furthermore, Reed Solomon codes and turbo codes 
are used combinedly, and the turbo encoding is carried out 
after the Reed Solomon encoding. 
0022. The communication device according to still 
another aspect of this invention has a decoder that decodes 
a received signal that has been turbo encoded by using a Soft 
judgment. This decoder is provided with a first decoding unit 
(corresponding to a first decoder 11 and an adder 12) which 
extracts information bits and first redundant bits that have 
been convolutionally encoded from the lower bits of the 
predetermined number in the received signal, and makes a 
Soft-judgment based upon the results of the extraction and a 
Soft judgment output that is an output preceding by one 
given as preliminary information (in Some cases, not given); 
a second decoding unit (corresponding to a second decoder 
15, an interleavers 13 and 14, an adder 16 and a deinter 
leaver 17) which extracts the information bits in accordance 
with the number of outputs on the encoder side and the 
second redundant bits that have been convolutionally 
encoded in a method different from the first redundant bits 
from the lower bits in the predetermined number in the 
received signal, makes a Soft-judgment based upon the 
results of the extraction and the Soft-judgment output from 
the first decoding unit, and informs the first decoding unit of 
the results thereof as the Soft-judgment output preceding by 
one; a first judging unit (corresponding to a first judging 
device 18) which executes the soft-judgment by the first 
decoding unit and the Second decoding unit a predetermined 
times repeatedly, and then estimates the original information 
bit based upon the Soft-judgment output of the Second 
decoding unit; and a second judging unit (corresponding to 
a second judging device 19) which makes a hard-judgment 
on the other bits in the received signal to estimate the 
original information bits. 
0023. Furthermore, when Reed Solomon codes and turbo 
codes are used combinedly on the transmitting Side, the 
Reed Solomon codes are decoded after decoding the turbo 
codes. 

0024. The communication method according to still 
another aspect of this invention, which uses turbo codes as 
error-correction codes, is provided with a turbo encoding 
Step of carrying out a turbo encoding process on lower bits 
of a predetermined number in transmission data to output 
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information bits in accordance with the predetermined num 
ber and first and second redundant bits that have been 
convolutionally encoded in different Sequences, a comput 
ing Step of carrying out calculations for uniforming error 
correction capabilities on the respective information bits by 
using the information bits of the predetermined number and 
the redundant bits to output the results of the calculations 
and the other bits in the transmission data as the results of 
the encoding process, a first decoding Step of extracting the 
information bits and the first redundant bits from the lower 
bits of the predetermined number in the received signal So as 
to make a Soft-judgment based upon the results of the 
extraction and a Soft judgment output that is an output 
preceding by one given as preliminary information (in Some 
cases, not given); a Second decoding step of extracting the 
information bits and the Second redundant bits So as to make 
a Soft-judgment based upon the results of the extraction and 
the Soft-judgment output from the first decoding Step, 
thereby informing the first decoding unit of the results 
thereof as the Soft-judgment output preceding by one; a first 
judging Step of executing the Soft-judgment by the first 
decoding Step and the Second decoding Step a predetermined 
times repeatedly, and then estimating the original informa 
tion bit based upon the Soft-judgment output of the Second 
decoding Step; and a Second judging Step of making a 
hard-judgment on the other bits in the received Signal to 
estimate the original information bits. 
0025) Furthermore, the turbo encoding step is provided 
with a deinterleave processing Step of carrying out a de 
interleaving process on one group of the redundant bits that 
have been encoded after the interleave process to output the 
respective information bits and the redundant bits with the 
times being coincident with each other. 
0026 Furthermore, Reed Solomon codes and turbo codes 
are used combinedly, and on the transmitting Side, the turbo 
encoding is carried out after the Reed Solomon encoding, 
while on the receiving Side, the Reed Solomon codes are 
decoded after decoding the turbo codes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 is a drawing that shows constructions of an 
encoder and a decoder that are used in a communication 
device in accordance with the present invention; 
0028 FIG. 2 is a drawing that shows a construction of a 
transmitting System of a transmitter in accordance with the 
present invention; 
0029 FIG. 3 is a drawing that shows a construction of a 
receiving System in accordance with the present invention; 
0030 FIG. 4 is a drawing that shows a tone construction 
in a multi-carrier modem System and a construction of an 
encoder that is applicable to a 4-bit constellation; 
0031 FIG. 5 is a drawing that shows a layout of signal 
points in various digital modulations, 
0032 FIG. 6 is a drawing that shows a circuit construc 
tion of a turbo encoder 1, 

0033 FIG. 7 is a drawing that shows a difference in bit 
error rates, 

0034 FIG. 8 is a drawing that shows a construction of a 
conventional turbo encoder; and 
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0.035 FIG. 9 is a drawing that shows a construction of a 
conventional turbo encoder. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0036 Preferred embodiments of the method of and 
device for communication in accordance with the present 
invention will be explained below with reference to the 
accompanying drawings. However, the present invention is 
not intended to be limited by these embodiments. 
0037 FIG. 1 is a drawing that shows constructions of an 
encoder (a combination of a turbo encoder and a conversion) 
and a decoder (a combination of a turbo decoder and a hard 
judging device) used in a communication device in accor 
dance with the present invention in which. More specifically, 
FIG. 1(a) shows the construction of the encoder, and FIG. 
1(b) shows the construction of the decoder according to this 
embodiment. In the communication device in accordance 
with the present embodiment, both of the constructions of 
the encoder and decoder are installed So that it is possible to 
provide a data error-correction capability with high preci 
Sion, and consequently to obtain a Superior transmitting 
characteristics in data communication and Voice communi 
cation. Here, in the present embodiment, for convenience of 
explanation, both of the constructions are provided; how 
ever, for example, of the two devices, only the encoder may 
be installed in a transmitter, or only the decoder may be 
installed in a receiver. 

0038 Moreover, in the encoder in FIG. 1(a), reference 
numeral 1 denote a turbo encoder that uses turbo codes as 
error-correction codes So as to provide a performance close 
to the Shannon limit and 2 is a conversion for converting 
data received from the turbo encoder 1. In the turbo encoder 
2, for example, with respect to an input of two-bit informa 
tion bits, two-bit information bits and two-bit redundant bits 
are outputted, and in the conversion 2, with respect to the 
received 4-bit data, calculations are carried out So as to 
uniform the correction capabilities with respect to the infor 
mation bits on the receiving Side. 
0039. In the decoder shown in FIG. 1(a), reference 
numeral 11 denotes a first decoder for calculating the 
logarithm likeliness ratio from a receiving Signal: Lcy 
(corresponding to receiving signals: Vo, V1, Wo and W1, as 
will be described later), 12 and 16 are adders. Reference 
numerals 13 and 14 denote interleavers. Reference numeral 
15 denotes a Second decoder for calculating the logarithm 
likeliness ratio from the receiving Signal: Lcy (correspond 
ing to receiving Signals: Vo, V, Wo and W, as Will be 
described later). Reference numeral 17 denotes a deinter 
leaver. Reference numeral 18 denotes a first judging device 
for judging the output of the Second decoder 15 to output an 
estimated value of the original information bit list, and 
reference numeral 19 denotes a Second judging device for 
hard-judging the Lcy (corresponding to receiving signals: V. 
..., we ..., as will be described later) to output an estimated 
value of the original information bit list. 
0040 Prior to explaining the operations of the encoder 
and decoder, an explanation will be briefly given of the basic 
operation of the communication device in the present inven 
tion by reference to Figures. For example, with respect to the 
cable-type digital communication System for carrying out 
data communication by using the DMT (Discrete Multi 
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Tone) modem System, there are xDSL communication Sys 
tems including an ADSL (Asymmetric Digital Subscriber 
Line) communication System that executes a high-speed 
digital communication with Several megabits/second by 
using the existing telephone lines and an HDSL (high-bit 
rate Digital Subscriber Line) communication System. Here, 
these systems are standardized in T1.413 of the ANSI, etc. 
In the explanation of the present embodiment, for example, 
a communication device that is applicable to the ADSL is 
used. 

0041 FIG. 2 is a drawing that shows the construction of 
a transmitting System of a communication device in accor 
dance with the present invention. In this transmitting System, 
the transmission data is multiplexed by a multipleX/synch 
control (corresponding to a MUS/SYNC CONTROL in the 
Figure) 41, and error-correction codes are added to the 
transmission data that has been multiplexed in cyclic redun 
dancy checks (corresponding to CRC: Cyclic Redundancy 
Checks) 42, 43, and FEC-use codes are added thereto and a 
Scrambling proceSS is also applied thereto in forward error 
corrections (corresponding to SCRAM & FEC) 44, 45. 
0042. There are two paths from the multiplex/synch 
control 41 to a tone ordering 49, and one is an interleaved 
data buffer path containing the interleave 46, and the other 
is a fast data buffer path that does not contain the interleave 
46; thus, for example, the interleaved data buffer path for 
executing an interleaving process has a greater delay. 

0043. Thereafter, the transmission data is subjected to a 
rate converting process in rate converters (corresponding to 
RATE-CONVERTORS) 47, 48, and then subjected to a tone 
ordering process in the tone ordering (corresponding to 
TONE ORDERRING) 49. Based upon the transmission data 
after the tone ordering process, constellation data is formed 
in a constellation encoder/gain Scaling (corresponding to 
CONSTELLATION AND GAIN SCALING) 50, and this is 
Subjected to an inverse Fast Fourier transform in an inverse 
Fast Fourier transform section (corresponding to IFFT: 
Inverse Fast Fourier transform) 51. 
0044 Finally, after the Fourier transform, the parallel 
data is converted to Serial data in an input parallel/Serial 
buffer (corresponding to INPUT PARALLEL/SERIAL 
BUFFER) 52, and the digital waveform is converted to an 
analog waveform in analog processing/digital-analog con 
verter (corresponding to ANALOG PROCESSING AND 
DAC) 53; then, after having been subjected to a filtering 
process, the resulting transmission data is transmitted to a 
telephone line. 

004.5 FIG. 3 is a drawing that shows a construction of a 
receiving System of the communication device in accor 
dance with the present invention. In this receiving System, 
the received data (corresponding to the above-mentioned 
transmission data) is Subjected to a filtering process in an 
analog processing/analog-digital converter (corresponding 
to ANALOG PROCESSING AND ADC in the Figure) 141, 
and the analog waveform is converted to a digital waveform; 
thereafter, this is Subjected to an adaptive equalization 
process with respect to the time domain in a time domain 
equalizer (corresponding to TEQ) 142. 
0046) With respect to the data having been subjected to 
the adaptive equalization process, this is converted from 
Serial data to parallel data in an input Serial/parallel buffer 
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(corresponding to INPUT SERIAL/PARALLEL BUFFER) 
143, and this parallel data is subjected to a fast Fourier 
transform in a fast Fourier transform Section (corresponding 
to FFT: Fast Fourier transform) 144; thereafter, this is 
Subjected to an adaptive equalization process with respect to 
the frequency domain in a frequency domain equalizer 
(corresponding to FEQ) 145. 
0047 The data, which has been subjected to the adaptive 
equalization process with respect to the frequency domain, 
is Subjected to a composite process (most likeliness com 
posite method) and a tone ordering process in a constellation 
decoder/gain scaling (corresponding to CONSTELLATION 
DECODER AND GAIN SCALING) 146 and a tone order 
ing (corresponding to TONE ORDERING) 147 so that this 
is converted to Serial data. Thereafter, this is Subjected to 
processes, Such as a rate converting process by rate con 
verters (corresponding to RATE-CONVERTER) 148,149, a 
de-interleaving process in a deinterleave (corresponding to 
DEINTERLEAVE) 150, an FEC process and a de-scram 
bling process in forward error corrections (corresponding to 
DESCRAM & FEC) 151, 152, and a cyclic redundancy 
check in cyclic redundancy checks (corresponding to cyclic 
redundancy checks) 153, 154; thus, the received data is 
finally reproduced from a multiplex/synch control (corre 
sponding to MUX/SYNC CONTROL) 155. 
0.048. In the communication device as described above, 
the two paths are provided respectively in the receiving 
System and transmitting System, and by using these two 
paths properly or using these two paths at the same time, it 
is possible to realize a low-transmission delay and data 
communication with high rates. 
0049. In the communication device, the encoder shown in 
FIG. 1(a) is positioned at the constellation encoder/gain 
Scaling 50 in the transmitting System, and the decoder shown 
in FIG. 1(b) is positioned at the constellation decoder/gain 
Scaling 146 in the receiving System. 
0050 Operations of the encoder (transmitting system) 
and the decoder (receiving System) will now be explained in 
details. First, operations of the encoder which is shown in 
FIG. 1(a) will be explained. FIG. 4 shows a tone structure 
(see (a)) in the multi-carrier modem System and a construc 
tion (see (b)) of the encoder that is applicable to the 4-bit 
constellation. Here, in the present embodiment, as illustrated 
in FIG. 4(a), with respect to the multi-value Quadrature 
Amplitude Modulation (QAM), for example, a 16 QAM 
System is adopted, and with respect to two tones in the 
multi-carrier, an encoding process is carried out. Moreover, 
in the encoder of the present embodiment, different from the 
conventional technique that executes a turbo encoding pro 
ceSS on all the input data, the turbo encoding proceSS is 
executed on the input data of the lower two bits as illustrated 
in FIG. 4(b), and with respect to the other upper bits, the 
input data, as it is, is outputted. 
0051. Here, the following description will discuss why 
only the lower two bits of the input data are subjected to the 
turbo encoding process. FIG. 5 is a drawing that shows the 
layout of Signal points in various digital modulations, and 
more specifically, FIG. 5(a) shows the layout of signal 
points in the 4-phase shift keying (PSK) system, FIG. 5(b) 
shows the layout of Signal points in the 16 QAM System, and 
FIG. 5(c) shows the layout of signal points in the 64 QAM 
System. 
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0052 For example, when, in the layout of signal points in 
all the modulation Systems, the received signal points are a 
or b positions, on the receiving Side, normally, the data 
having the most likelihood is estimated as the information 
bit list (transmission data) through a Soft-judgment. In other 
words, the Signal point having the closest distance to the 
received signal point is judged as the transmission data. 
However, at this time, for example, when attention is given 
to the received signal points a and b in FIG. 5, it is found 
that the four points, which are closest to the received signal 
point, have lower two bits represented by (0, 0) (0, 1) (1,0) 
(1, 1), in any of the cases (corresponding to FIGS. 5(a), (b) 
and (c)). Therefore, in the present embodiment, with respect 
to the lower two bits of the four signal points (the four points 
closest to received signal point) that are more likely to have 
degradation in the characteristics, the turbo encoding pro 
ceSS having a Superior error-correction capability is applied 
thereto, and a Soft-judgment is carried out on the receiving 
Side. In contrast, with respect to the other higher bits that are 
less likely to have degradation in the characteristics, these 
bits are outputted as they are, and a hard-judgment is made 
on the receiving Side. Here, with respect to information bit 
lists us, u, us and us, V2, Va., W2 and Wa respectively 
correspond to these. 
0053 Thus, in the present embodiment, the characteris 
tics that might have degradation due to multi-valued levels 
can be improved, and Since the turbo encoding proceSS is 
carried out only on the lower two bits of the received signal, 
it is possible to greatly reduce the amount of calculations as 
compared with the conventional technique that applies the 
turbo encoding process to all the bits. 
0054 The following description will discuss the opera 
tion of the turbo encoder 1 shown in FIG. 4(b) that carries 
out the turbo encoding process on the inputted lower two bits 
of the received data: u and ul. FIG. 6 is a drawing that 
shows the circuit construction of the turbo encoder 1. 
Reference numeral 21 denotes a first recursive System 
convolutional encoder. Reference numerals 22 and 23 
denote interleavers. Reference numeral 24 denotes a Second 
recursive System convolutional encoder, and reference 
numeral 25 denotes a deinterleaver. In the turbo encoder 1, 
the transmission data: u and u (with k representing the 
time) corresponding the information list, redundant data: u. 
obtained by encoding the transmission data through the 
process of the first recursive System convolutional encoder 
21 and redundant data: us obtained by encoding the trans 
mission data that has been interleave-processed through the 
Second recursive System convolutional encoder 24, and then 
allowing it to have the original time through the deinterleave 
process, are simultaneously outputted. 
0055. In this manner, in the present embodiment, the 
arrangement in which the di-interleaver 25 is added to the 
Second recursive convolutional encoder 24 as its following 
Stage is used So that the times of the transmission data and 
the redundant data are made coincident with each other; 
thus, it is possible to efficiently carry out the calculating 
processes in the Succeeding conversion 2. 
0056 Next, the conversion 2, which has received the 
two-bit transmission data: u and u and the two-bit redun 
dant data: u and u, from the turbo encoder 1, carries out 
calculating processes So as to provide uniform correction 
capabilities with respect to the transmission data on the 
receiving Side. 
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0057 For example, when the transmission data: u and u. 
and the redundant data: u and us are transmitted without the 
conversion 2, on the receiving Side, the original transmission 
data: u and u are estimated by using the received signals: 
u" and u" (" represents the received signal containing 
influences from noise and phasing in the transmission path) 
However, in this case, the received data: u' corresponding 
to the output of the first recursive System convolutional 
encoder 21 and the received data: u' outputted through each 
interleaver, the Second recursive System convolutional 
encoder 24 and each di-interleaver are different in their 
error-correction capability; therefore, as illustrated in FIG. 
7, they come to have a difference in the probability in bit 
errors. Therefore, in the present embodiment, the bit error 
rates on the receiving Side are uniformed by executing the 
following computation formulas: 

V=it---ita (3) 

Voll (4) 

W132 u2+ut 1+ua+ui, (5) 

wo-it---it (6) 

0.058 Here, the above-mentioned v and w correspond to 
the respective tones shown in FIG. 4(a). 
0059. In this manner, in the present embodiment, the 
turbo encoder 1 and the conversion 2 are provided in the 
encoder So that the device can be applied to the communi 
cation using the multi-carrier modem System, and even 
when the constellation increases due to multi-valued levels 
in the modulation System, it is possible to reduce the amount 
of calculations, and also to achieve a good transmitting 
characteristics in the same manner as the conventional 
device. Here, in the present embodiment, the turbo encoder 
1 and the conversion 2 are installed in the encoder; however, 
the present invention is not intended to be limited to this 
arrangement, and for example, when a difference in the bit 
error rate is permitted, the conversion 2 may be omitted, and 
it is still possible to reduce the amount of calculations. 
Moreover, in the present embodiment, the explanation has 
been given of the 16 QAM system as an example; however, 
the present invention is not intended to be limited by this, 
and even in the case of the application to the other modu 
lation Systems (256 QAM System, etc.), the same effects can 
be obtained. 

0060 Next, operations of the decoder which is shown in 
FIG. 1(b) will be explained now. Here, in the present 
embodiment, for example, the 16 QAM System is adopted as 
the multi-value quadrature amplitude modulation (QAM), 
and the following description will discuss a case in which 
two tones in the multi-carrier are Subjected to a decoding 
process. Moreover, in the encoder of the present embodi 
ment, the turbo encoding proceSS is carried out on the lower 
two bits of the received data, and the original transmission 
data is estimated by a Soft-judgment, and with respect to the 
other upper bits, the original transmission data is estimated 
by carrying out a hard-judgment on the received data in the 
Second judging device 19. Here, the received signals Lcy: 
Vo, V, V2, Vs, Wo, W1, W2, Wa are signals obtained by 
allowing the outputs on the transmitting Side: Vo, V, V2, Va, 
Wo, W1, W2, Wa to contain influences from noise and phasing 
due to the transmission path. 
0061 First, in the turbo encoder, upon receipt of the 
Signals Lcy: Vo, V, wo, w, the first decoder 11 calculates the 
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logarithm likelihood ratio: L(u), L(u) (with k represent 
ing the time) of estimated bits: u, u' estimated by these 
received signals. Here, with respect to the decoder for 
calculating the logarithm likelihood ratio, for example, the 
known maximum A-Posteriori (MAP algorithm) is often 
used; however, for example, the known Vitabi decoder may 
be used. 

0062) In this case, the logarithm likelihood ratio: L(u), 
L (us) are represented by the following equations: 

L(uk) = Ley + La(uk) + Le(ulk) (7) 

0063 Here, in the present embodiment, Le (us), Le (u) 
represent external information; La (uk), La (uk) represent 
pre-information that is external information preceding by 
one; P. (u'=1|{Lcy) represents the post-probability of the 
estimated information bit: u" being 1 upon receipt of all the 
lists of the received signals: {Lcy; P. (u'=0{Lcy) rep 
resents the post-probability of the estimated information bit: 
u" being 0, Pr (u'=1|{Lcy) represents the post-probabil 
ity of the estimated information bit: u. being 1 upon receipt 
of all the lists of the received signals: {Lcy; and P. 
(u'=0{Lcy) represents the post-probability of the esti 
mated information bit: u" being 0. In other words, in 
equations (7) and (8), the probability of u" being 1 with 
respect to the probability of u" being 0, and the probability 
of us' being 1 with respect to the probability of u" being 
0 are found. 

0064. Next, in the adder 12, external information for the 
second decoder 15 is calculated from the logarithm likeli 
hood ratio that is the above calculation result. The external 
information: Le (u), Le (u) is represented as follows 
based upon the above-mentioned equations (7) and (8): 

0065 Here, in the first decoding process, since no pre 
information is found, La (u)=0, and La (u)=0. 
0066 Next, in the interleavers 13 and 14, the signals are 
re-arranged based upon the received signal Lcy and the 
external information Le (u), Le (u). Then, in the Second 
decoder 15, in the same manner as the first decoder 11, based 
upon the received signal Lcy and pre-information: La(u), 
La (us) that has been preliminarily calculated, the logarithm 
likelihood ratio: L(u), L(u) is calculated. Thereafter, in 
the adder 16, in the same manner as the adder 12, external 
information: Le(uk), Le(u2) is calculated by using equa 
tions (9) and (10). At this time, the external information, 
re-arranged by the deinterleave 17, is fedback to the first 
decoder 11 as the pre-information: La(u), La (u). 
0067. Thereafter, in the above-mentioned turbo decoder, 
the above-mentioned processes are repeated predetermined 
times so that the logarithm likelihood ratio with higher 
precision is calculated; and lastly, the first judging device 18 
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judges the Signals based upon the logarithm likelihood ratio 
So as to estimate the original transmission data. More 
Specifically, for example, if the logarithm likelihood ratio 
shows "L(u)>0”; then, u' is judged as 1, and if it shows 
“L(u)SO'; then, u' is judged as 0; in the same manner, 
if the logarithm likelihood ratio shows “L(u) >0”; then, 
u" is judged as 1, and if it shows "L(u) is 0; then, u. 
is judged as 0. Here, with respect to the received signals Lcy: 
V, V, W, W that are simultaneously received, they are 
hard-judged by using the Second judging device 19. 
0068. In this manner, in the present embodiment, even 
when the constellation increases as the modulation System is 
multi-valued, the turbo decoder for carrying out a Soft 
judgment on the lower two bits of the received Signal that are 
more Susceptible to degradation in the characteristics and the 
judging device for carrying out a hard-judgment on the other 
bits of the received signal are provided; thus, it is possible 
to reduce the Soft-judgment portions having a great amount 
of calculations, and also to achieve a good transmitting 
characteristic in the same manner as the conventional 
device. Additionally, in the transmission path having random 
errors and burst errors in a mixed manner as described in the 
present embodiment, by adopting the R-S codes (Reed 
Solomon) for carrying out error corrections on a symbol 
basis and other known error-correction codes in a combined 
manner, it is possible to obtain a further Superior transmis 
Sion characteristic. 

0069. As described above, in accordance with the present 
invention, the communication device is made applicable to 
communication using the multi-carrier modem System, and 
is provided with a turbo encoding unit and a computing unit. 
Therefore, even when the constellation increases as the 
modulation System is multi-valued, it is possible to reduce 
the amount of calculations, and also to achieve a good 
transmitting characteristic in the same manner as the con 
ventional device. Moreover, a Soft-judgment is carried out 
on the lower two bits of the received signal that are more 
Susceptible to degradation in the characteristics, and a hard 
judgment is carried out on the other bits of the received 
Signal. Therefore, even when the constellation increases as 
the modulation System is multi-valued, it is possible to 
provide a communication device which can reduce the 
Soft-judgment portions having a great amount of calcula 
tions, and also achieve a good transmitting characteristic in 
the same manner as the conventional device. 

0070. In accordance with the next invention, the commu 
nication device has an arrangement in which a deinterleave 
processing unit is added to the turbo encoding unit So that 
the times of the transmission data and redundant data are 
made coincident with each other. Therefore, it is possible to 
provide a communication device which can effectively carry 
out calculation processes in the Succeeding computing unit. 

0071. In accordance with the next invention, even in a 
transmission path having random errors and burst errors in 
a mixed manner, Since the R-S codes for carrying out error 
corrections on a Symbol basis are combinedly used, it 
becomes possible to provide a communication device which 
can provide a further Superior transmission characteristic. 
0.072 In accordance with the next invention, the commu 
nication device is made applicable to communication using 
the multi-carrier modem System, and is provided with a 
turbo encoding unit and a computing unit. Therefore, even 
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when the constellation increases as the modulation System is 
multi-valued, it is possible to reduce the amount of calcu 
lations, and also to achieve a good transmitting character 
istic in the same manner as the conventional device. 

0073. In accordance with the next invention, the commu 
nication device has an arrangement in which a deinterleave 
processing unit is added to the turbo encoding unit So that 
the times of the transmission data and redundant data are 
made coincident with each other. Therefore, it is possible to 
provide a communication device which can effectively carry 
out calculation processes in the Succeeding computing unit. 

0074. In accordance with the next invention, when a 
difference in the bit error rate with respect to respective 
information bits is permitted, the computing unit may be 
omitted, and it is possible to further reduce the amount of 
calculations. 

0075. In accordance with the next invention, even in a 
transmission path having random errors and burst errors in 
a mixed manner, Since the R-S codes for carrying out error 
corrections on a Symbol basis are combinedly used, it 
becomes possible to provide a further Superior transmission 
characteristic. 

0076. In accordance with the next invention, a soft 
judgment is carried out on the lower two bits of the received 
Signal that are more Susceptible to degradation in the char 
acteristics, and a hard-judgment is carried out on the other 
bits of the received signal; thus, even when the constellation 
increases as the modulation System is multi-valued, it is 
possible to provide a communication device which can 
reduce the Soft-judgment portions having a great amount of 
calculations, and also achieve a good transmitting charac 
teristic in the same manner as the conventional device. 

0077. In accordance with the next invention, even in a 
transmission path having random errors and burst errors in 
a mixed manner, Since the R-S codes for carrying out error 
corrections on a Symbol basis are combinedly used, it 
becomes possible to provide a further Superior transmission 
characteristic. 

0078. In accordance with the next invention, the commu 
nication made is made applicable to communication using 
the multi-carrier modem System, and is provided with a 
turbo encoding unit and a computing unit. Therefore, even 
when the constellation increases as the modulation System is 
multi-valued, it is possible to reduce the amount of calcu 
lations, and also to achieve a good transmitting character 
istic in the same manner as the conventional method. More 
over, a Soft-judgment is carried out on the lower two bits of 
the received signal that are more Susceptible to degradation 
in the characteristics, and a hard-judgment is carried out on 
the other bits of the received signal. Therefore, even when 
the constellation increases as the modulation System is 
multi-valued, it is possible to provide a communication 
method which can reduce the Soft-judgment portions having 
a great amount of calculations, and also achieve a good 
transmitting characteristic in the same manner as the con 
ventional method. 

0079. In accordance with the next invention, a deinter 
leave processing Step is added to the turbo encoding Step So 
that the times of the transmission data and redundant data are 
made coincident with each other, therefore, it is possible to 
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provide a communication method which can effectively 
carry out calculation processes in the Succeeding computing 
Step. 

0080. In accordance with the next invention, even in a 
transmission path having random errors and burst errors in 
a mixed manner, Since the R-S codes for carrying out error 
corrections on a Symbol basis are combinedly used, it 
becomes possible to provide a communication method 
which achieve a further Superior transmission characteristic. 
0081) 
0082. As described above, the communication device in 
accordance with the present invention is effectively applied 
to data communications using the DMT (Discrete Multi 
Tone) modem system and the OFDM (Orthogonal Fre 
quency Division Multiplex) modem System, and in particu 
lar, to xDSL communication systems such as the xDSL 
communication Systems including an ADSL (ASymmetric 
Digital Subscriber Line) communication System and an 
HDSL (high-bit-rate Digital Subscriber Line) communica 
tion System that execute a high-Speed digital communication 
with Several mega bits/second by using the existing tele 
phone lines. 

Industrial Applicability 

1. A communication device, which uses turbo codes as 
error-correction codes, comprising: 

a turbo encoding unit which carries out a turbo encoding 
process on lower bits of a predetermined number in 
transmission data to output information bits in accor 
dance with the predetermined number and first and 
second redundant bits that have been convolutionally 
encoded in different Sequences, 

a computing unit which carries out calculations for uni 
forming error-correction capabilities on the respective 
information bits by using the information bits of the 
predetermined number and the redundant bits to output 
the results of the calculations and the other bits in the 
transmission data as the results of the encoding process, 

a first decoding unit which extracts the information bits 
and the first redundant bits from the lower bits of the 
predetermined number in the received signal, and 
makes a Soft-judgment based upon the results of the 
extraction and a Soft judgment output that is an output 
preceding by one given as preliminary information (in 
Some cases, not given); 

a Second decoding unit which extracts the information bits 
and the Second redundant bits, makes a Soft-judgment 
based upon the results of the extraction and the Soft 
judgment output from Said first decoding unit, and 
informs said first decoding unit of the results thereof as 
the Soft-judgment output preceding by one; 

a first judging unit which executes the Soft-judgment by 
Said first decoding unit and Said Second decoding unit 
a predetermined times repeatedly, and then estimates 
the original information bit based upon the Soft-judg 
ment output of Said Second decoding unit; and 

a Second judging unit which makes a hard-judgment on 
the other bits in the received signal to estimate the 
original information bits. 

2. The communication device according to claim 1, 
wherein Said turbo encoding unit includes a deinterleave 
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processing unit for carrying out a de-interleaving process on 
one group of the redundant bits that have been encoded after 
the interleave process to output the respective information 
bits and the redundant bits with the times being coincident 
with each other. 

3. The communication device according to claim 1, 
wherein Reed Solomon codes and turbo codes are used 
combinedly, and on the transmitting Side, the turbo encoding 
is carried out after the Reed Solomon encoding, while on the 
receiving Side, the Reed Solomon codes are decoded after 
decoding the turbo codes. 

4. A communication device comprising an encoder that 
uses turbo codes with the interleave process being incorpo 
rated into the encoding process, and outputs results of the 
encoding process, 

Said encoder includes, 

a turbo encoding unit which receives transmission data 
constituted by a plurality of bits, and carries out a 
turbo encoding process on lower bits of a predeter 
mined number in transmission data to output infor 
mation bits in accordance with the predetermined 
number, first redundant bits that have been obtained 
by convolutionally encoding the information bits and 
second redundant bits that have been obtained by 
convolutionally encoding the information bits after 
the interleave process, and 

a computing unit which carries out calculations for 
uniforming error-correction capabilities on the 
respective information bits by using the information 
bits of the predetermined number and the redundant 
bits, 

wherein the results of the calculations and the other bits 
in the transmission data are outputted as the results of 
the encoding process. 

5. The communication device according to claim 4, 
wherein Said turbo encoding unit includes a deinterleave 
processing unit which carries out a de-interleaving proceSS 
on the Second redundant bits, 

wherein the respective information bits, the first redun 
dant bits and the second redundant bits that have been 
Subjected to the de-interleaving process are outputted 
with the times being coincident with each other. 

6. The communication device according to claim 4, 
wherein Reed Solomon codes and turbo codes are used 
combinedly and the turbo encoding is carried out after the 
Reed Solomon encoding. 

7. A communication device comprising an encoder that 
uses turbo codes with the interleave process being incorpo 
rated into the encoding process, and outputs results of the 
encoding process, 

Said encoder includes a turbo encoding unit which 
receives transmission data constituted by a plurality of 
bits, and carries out a turbo encoding proceSS on lower 
bits of a predetermined number in transmission data to 
output information bits in accordance with the prede 
termined number, first redundant bits that have been 
obtained by convolutionally encoding the information 
bits and second redundant bits that have been obtained 
by convolutionally encoding the information bits after 
the interleave process, 
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wherein, in addition to the respective information bits and 
the first and second redundant bits, the other bits in the 
transmission data are outputted as the results of the 
encoding process. 

8. The communication device according to claim 7, 
wherein Reed Solomon codes and turbo codes are used 
combinedly and the turbo encoding is carried out after the 
Reed Solomon encoding. 

9. A communication device comprising a decoder that 
decodes a received signal that has been turbo encoded by 
using a Soft judgment, 

Said decoder including, 
a first decoding unit which extracts information bits and 

first redundant bits that have been convolutionally 
encoded from the lower bits of the predetermined 
number in the received signal, and makes a Soft 
judgment based upon the results of the extraction and 
a Soft judgment output that is an output preceding by 
one given as preliminary information (in Some cases, 
not given); 

a Second decoding unit which extracts the information 
bits in accordance with the number of outputs on the 
encoder Side and the Second redundant bits that have 
been convolutionally encoded in a method different 
from the first redundant bits from the lower bits in 
the predetermined number in the received signal, 
makes a Soft-judgment based upon the results of the 
extraction and the Soft-judgment output from said 
first decoding unit, and informs Said first decoding 
unit of the results thereof as the Soft-judgment output 
preceding by one; 

a first judging unit which executes the Soft-judgment by 
Said first decoding unit and Said Second decoding 
unit a predetermined times repeatedly, and then 
estimates the original information bit based upon the 
Soft-judgment output of Said Second decoding unit; 
and 

a Second judging unit which makes a hard-judgment on 
the other bits in the received signal to estimate the 
original information bits. 

10. The communication device according to claim 9, 
wherein, when Reed Solomon codes and turbo codes are 
used combinedly on the transmitting Side, the Reed Solomon 
codes are decoded after decoding the turbo codes. 

11. A communication method, which uses turbo codes as 
error-correction codes, the method comprising: 

a turbo encoding Step of carrying out a turbo encoding 
process on lower bits of a predetermined number in 
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transmission data to output information bits in accor 
dance with the predetermined number and first and 
second redundant bits that have been convolutionally 
encoded in different Sequences, 

a computing Step of carrying out calculations for uniform 
ing error-correction capabilities on the respective infor 
mation bits by using the information bits of the prede 
termined number and the redundant bits to output the 
results of the calculations and the other bits in the 
transmission data as the results of the-encoding pro 
CeSS, 

a first decoding Step of extracting the information bits and 
the first redundant bits from the lower bits of the 
predetermined number in the received Signal So as to 
make a Soft-judgment based upon the results of the 
extraction and a Soft judgment output that is an output 
preceding by one given as preliminary information (in 
Some cases, not given); 

a Second decoding Step of extracting the information bits 
and the Second redundant bits So as to make a Soft 
judgment based upon the results of the extraction and 
the Soft-judgment output from the first decoding Step, 
thereby making the results thereof as the Soft-judgment 
output preceding by one; 

a first judging Step of executing the Soft-judgment by the 
first decoding Step and the Second decoding Step a 
predetermined times repeatedly, and then estimating 
the original information bit based upon the Soft-judg 
ment output of the Second decoding Step; and 

a Second judging Step of making a hard-judgment on the 
other bits in the received signal to estimate the original 
information bits. 

12. The communication method according to claim 11, 
wherein the turbo encoding Step includes a deinterleave 
processing Step of carrying out a de-interleaving proceSS on 
one group of the redundant bits that have been encoded after 
the interleave process, 

wherein the respective information bits and the redundant 
bits are outputted with the times being coincident with 
each other. 

13. The communication method according to claim 11, 
wherein Reed Solomon codes and turbo codes are used 
combinedly, and on the transmitting Side, the turbo encoding 
is carried out after the Reed Solomon encoding, while on the 
receiving Side, the Reed Solomon codes are decoded after 
decoding the turbo codes. 

k k k k k 


