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(57) ABSTRACT 

The present invention provides an error correction circuit for 
receiving and decoding a trellis-encoded signal of a Series of 
data Z, Z-1, . . . .Z., which comprises convolutional 
encoded bits and unencoded bits, the convolutional-encoded 
bits being obtained by convolutional-encoding lower t bits 
X, X-1, . . . .X. of an input p-bit Series of data X, X-1, . 
. . .X (where pe2, q2p, and p>te 1), and the unencoded 
bits being obtained by not convolutional-encoding upper 
(p-t) bits thereof. The circuit includes: a maximum likeli 
hood decoder for preselecting one of m parallel paths of 
transition from State X at time k to State y at time k+1. 

5510 5509 5511 

5512 
Trellis 

Segment Reed-Solomon 
areer decoder 

  

  

  

    

  



Patent Application Publication Aug. 12, 2004 Sheet 1 of 37 US 2004/0158798 A1 

FIG. 1 
101 102 

100 103 

Switch Ond 
postcoder 

4-state/8-state 
trellis decoder 

    

  

  

  



US 2004/0158798A1 

OSIN 

0099 2. '$)I, H. 

| 099 

Patent Application Publication Aug. 12, 2004 Sheet 2 of 37 

  

  

  



US 2004/0158798A1 Patent Application Publication Aug. 12, 2004 Sheet 3 of 37 

  

  

  



Patent Application Publication Aug. 12, 2004 Sheet 4 of 37 US 2004/0158798 A1 

FIG. 4 

Compare encoded data R(t) with possible data points taken by bronches 
i, Ond select data point Li(t) of bronchi closest to encoded data R(t). 

S1 

S2 Doto Corresponding to dota point Li(t) of bronchi closest to encoded doto R(t) is 
stored in poth memory OS first path information or OS condidate for decoded doto. 
For trace back system, data Y2(for 4-stote transition) or data X(for 8-state transition) 
corresponding to the closest data point Li(t) is stored in path memory as candidate for 
data Y, R path information). For register exchange system, doto Y2Y (for 4-stote 
transition) or data XX (for 8-state transition) corresponding to the closest data point 
Li(t) is stored in path memory as candidote for decoded doto. 

Calculate branch metric Bmi(t) for branchi 

Calculate sum (Pmi (t–1)+Bmi(t) of path metric Pmi(t-1) and 
bronch metric Bmi(t) corresponding to bronchi 

Select One of two paths merging to state Skin which sum (Pmj(t–1)+Bmi(t) of path S5 
metric E. Ond bronch metric Bmi(t) is smaller, to be new path metric Pm k(t) for 
state Sk(Pmk(t)=Pmi(t-1)+Bmi(t)-minPmk(t)), and store new path metric Pmk(t) in pothmetric memory. 
For path metric memory not to overflow, poth metric is normalized by subtracting 
minimum value of path metric minPmk(t) from each path metric. 
For troce back system, path selection information for selected path is stored in path 
memory. 

S6 Perform maximum likelihood decoding operation On data Y2Y (4 states) or dota X2X 
(8 states), obtained by tracing back for cut-off path length, corresponding to state 
Sm whose path metric value Pmk(t) is smallest. 
For trace back system, use path selection information stored in path memory to 
reconstruct surviving path corresponding to state Sm whose path metric value Pm (t 
is smallest and perform maximum likelihood decoding Operation On data Y2Y (4 states 
or data XX (8 states), obtained by tracing back cut-off path length along the Surviving path. 

End 
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FIG. 8A 
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FIG.SD 
State transition diagram used commonly for 8-state 
transition and 4-state transition 
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FIG.S.E 
L/XX for respective branches 

  





Patent Application Publication Aug. 12, 2004 Sheet 13 of 37 US 2004/0158798 A1 

FIG. 1 1A 
State transition from time 0 to time 1 (L=-94) 

FIG. f. 1 B 
Comporison of poth metric O 
ESERS where Pm(0)=0) Poth metric Pm.(1) 

So Bm(1)= 1.96 KBm(1)= 6.76 Pms(1)=1.96-0.36=1.6 

Bm.(1)=11.56 > Bm(1)= 0.36 Pms (1)=0.36-0.36=0 

Pms,(1)=0.36-0.36=0 Bm(1)= 0.36 g Bm1(1)= 11.56 

Bm(1)=29.16 > Bm(1)= 1.96 Pms(1)=1.96-0.36=1.6 

Bm(1)=11.56 × Bm(1)= 0.36 Pms,(1)=0.36-0.36=0 

Bma(1)=29.16 > Bm(1)= 1.96 Pms(1)=1.96-0.36=1.6 

Bm(1)= 1.96 kBm(f)= 6.76 Pms,(1)=1.96-036-1.6 
Bm.(1)=54.76 > Bm1(1)= 11.56 Pms,(1)=11.56-0.36=11.2 
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FIG. 18A State transition diagram 
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FIG. 19 
2400 2105 2402 
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FIG.31 904 
1100 1103 

Differential precoder 
  

    

  



US 2004/0158798A1 

| | | | | 

|00Z| 
| | 

Patent Application Publication Aug. 12, 2004 Sheet 35 of 37 

N 

  

  

  

  





– – – –) 

S??q pºp00ug L?__|__|___ ! TIT__T__TI– – – –] 

US 2004/0158798A1 

19SIDd30 

Publication Aug. 12, 2004 Sheet 37 of 37 ion o 

- - - - -– – – –) 

Patent Appl 

      

  

  

  

  

  

    

  

  



US 2004/0158798 A1 

ERROR CORRECTION CIRCUIT AND ERROR 
CORRECTION METHOD 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an error correction 
circuit for decoding digitally transmitted data which has 
been subjected to trellis coded modulation (TCM). 
0003 2. Description of the Related Art 
0004) An 8VSB (Vestigial Sideband) modulation system 
is employed for the terrestrial digital broadcasting in the 
U.S. References describing the 8VSB modulation system 
include, for example, “Digital Television Standard”, ATSC, 
Annex D, 16 Sep. 1995 (hereinafter, “Reference 1”), and 
“Guide to the Use of the ATSC Digital Television Standard”, 
ATSC, pp. 96-126, 4 Oct. 1995 (hereinafter, “Reference 2'). 
0005 References 1 and 2 describe encoding and decod 
ing of data based on trellis coded modulation (hereinafter, 
abbreviated as “TCM’) which has been employed for the 
8VSB modulation system. A convolutional encoder having 
4 internal states is used as a TCM encoder. 

0006 FIG.22 illustrates a transmitter based on the 8VSB 
modulation system. Referring to FIG. 22, the transmitter 
comprises terminals 5000, 5004 and 5005, a randomizer 
5001, a Reed-Solomon encoder 5002, an interleaver 5003, a 
trellis encoder unit 5006, and a multiplexer (MUX) 5007. 
The transmitter further comprises a pilot inserter 5008, a 
VSB modulator 5009, and an RF upconverter 5010. 
0007. A 188-byte MPEG transport stream (including 1 
synchronization byte and 187 data bytes) is input to the 
terminal 5000. The randomizer 5001 randomizes data input 
through the terminal 5000, and outputs the randomized data. 
The Reed-Solomon encoder 5002 performs a Reed-Solomon 
encoding operation on the randomized data, and outputs the 
Reed-Solomon-encoded data with 20 Reed-Solomon parity 
bytes being added to each packet. The interleaver 5003 
performs a convolution byte interleave operation on the 
Reed-Solomon-encoded data at a depth which is about 1/6 
(52 data segments) of a data field. The interleaver 5003 does 
not interleave the Synchronization byte, and only interleaves 
the data bytes. 
0008. The trellis encoder unit 5006 performs a trellis 
encoding operation at a code rate of 2/3 on the data from the 
interleaver 5003, and maps the encoded data onto an 8-level 
data series. A segment sync is input to the terminal 5004, and 
a field sync is input to the terminal 5005. The multiplexer 
5007 adds the segment sync and the field sync to the 
trellis-encoded and mapped data, and frames the obtained 
data so as to output framed data. The pilot inserter 5008 adds 
a pilot Signal to the framed data. The framed data is 
subjected to VSB modulation by the VSB modulator 5009, 
up-converted by the RF up-converter 5010, and then output 
through an antenna as an RF signal. 
0009 FIG. 23 illustrates a receiver based on the 8VSB 
modulation system. Referring to FIG. 23, the receiver 
comprises a tuner 5011, an IF filter and synchronous detector 
5012, a sync and timing generator 5013, an NTSC 30 
interference remover 5014, an equalizer 5015, a phase noise 
remover 5016, a trellis decoder unit 5017, a deinterleaver 
5018, a Reed-Solomon decoder 5019, a derandomizer 5020, 
and a terminal 5021. 
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0010) The tuner 5011 tunes to and selectively receives the 
RF signal from the transmitter, and outputs the received 
signal. The IF filter and synchronous detector 5012 passes 
the received signal through an IF filter to convert it to a 
Signal having a predetermined frequency. The converted 
Signal is Synchronously detected to convert it to a baseband 
Signal. The Sync and timing generator 5013 detects a Syn 
chronization signal of the baseband Signal So as to time the 
baseband Signal. When the baseband Signal contains an 
NTSC co-channel Interference component, the baseband 
signal is input to the equalizer 5015 after the NTSC co 
channel interference component is detected by the NTSC 
interference remover 5014 and removed by a comb filter in 
the NTSC interference remover 5014. When no NTSC 
co-channel interference component is contained, the base 
band signal is directly input to the equalizer 5015. The 
waveform of the baseband Signal is equalized by the equal 
izer 5015, and any phase noise contained therein is removed 
by the phase noise remover 5016, after which the baseband 
signal is input to the trellis decoder unit 5017 as encoded 
data. The trellis decoder unit 5017 performs a trellis decod 
ing operation on the encoded data and outputs the trellis 
decoded data. The trellis-decoded data is Subjected to a 
convolution byte deinterleave operation by the deinterleaver 
5018, a Reed-Solomon decoding operation by the Reed 
Solomon decoder 5019 and a derandomizing operation by 
the derandomizer 5020, and then output through the terminal 
5021. 

0011 Such a receiver unit may employ the following 
methods for decoding data which has been encoded by a 
4-state trellis encoder: a method in which the encoded data 
is decoded based on State transitions among 4 States, in the 
case where a comb filter is not used (no NTSC co-channel 
interference component is contained); and a method in 
which the encoded data is decoded based on State transitions 
among 8 states, in the case where a comb filter is used (an 
NTSC co-channel interference component is contained). 
The 8 States comprise States resulting from the trellis 
encoder and other States resulting from the comb filter. 
0012. The decoding operation for use with TCM is 
described, for example, in Japanese National Phase PCT 
Laid-open Publication No. 10-502776 which discloses a 
trellis coded modulation system for HDTV (hereinafter, 
“Reference 3”). Reference 3 describes a decoding method 
using a 4-state trellis decoder, as a decoding method based 
on State transitions among 4 States for use in the case where 
a comb filter is not used, and also describes a method using 
an 8-State trellis decoder, as a decoding method based on 
transitions among 8 States for use in the case where a comb 
filter is used. 

0013 FIG. 24 is a block diagram illustrating a conven 
tional trellis decoder unit for decoding encoded data by 
Selectively using a 4-State trellis decoder and an 8-State 
trellis decoder. 

0014. The trellis decoder unit corresponds to the trellis 
decoder unit 5017 in FIG. 23. 

0.015 Referring to FIG. 24, the trellis decoder unit com 
prises terminals 5100 and 5112, switches 5101 and 5111, 
terminals 5101a, 5101b, 5111a and 5111b, demultiplexers 
(DEMUXs) 5102 and 5105, and multiplexers (MUXs) 5104 
and 5110. The trellis decoder unit further comprises 8-state 
trellis decoders 5103a-51031, 4-state decoders 5106a-510.6l, 
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postcoders 5107a-51071, adders (modulo 2) 5108a-5108l, 
and 1-symbol delay circuits 5109a-5109l. 

0016. The encoded data is input from the phase noise 
remover 5016 of FIG. 23 to the terminal 5100. When the 
encoded data contains an NTSC co-channel interference 
component, the Switch 5101 is turned to the terminal 5101a 
so as to input the encoded data to the demultiplexer 5102. 
The demultiplexer 5102 divides the encoded data by sym 
bols So as to input the obtained data for the respective 
symbols to the 8-state trellis decoders 5103a-5103l, respec 
tively. During a segment Sync period (in which the data is 
not trellis-encoded), no data is input to the 8-state trellis 
decoders 5103a-51031, while the demultiplexer 5102 
Switches its selection to the next one of the 8-state trellis 
decoders 5103a-51031. The decoded data from each of the 
a-state trellis decoders 5103a-51031 is input to the multi 
plexer 5104, where the data is multiplexed together and 
output to the deinterleaver 5018 illustrated in FIG. 23. 
0.017. When the encoded data from the phase noise 
remover 5016 of FIG. 23 contains no NTSC co-channel 
interference component, the Switch 5101 is turned to the 
other terminal 5101b so as to input the encoded data to the 
demultiplexer 5105. Like the demultiplexer 5102, the 
demultiplexer 5105 divides the encoded data by symbols to 
input the obtained data for the respective symbols to the 
4-state trellis decoders 5106a-510.6l, respectively. During a 
Segment Sync period, no data is input to the 4-state trellis 
decoders 5106a-5106l, while the demultiplexer 5105 
Switches its Selection to the next one of the 4-state trellis 
decoders 5106a-5106l. Data Y.Y. from each of the 4-state 
trellis decoders 5106a-510.6l is input to the postcoders 
5107a-5107l, respectively, where the data Y is passed 
through a feed forward loop to obtain data X. As a result, 
decoded data XX is obtained. The decoded data XX from 
each of the postcoders 5107a-5107l is input to the multi 
plexer 5110, where the data is multiplexed together and 
output to the deinterleaver 5018 illustrated in FIG. 23. 
0.018. Accordingly, when an NTSC co-channel interfer 
ence component is contained, the Switch 5111 is turned to 
the terminal 5111a so as to select the 8-state trellis decoder. 
When no NTSC co-channel interference component is con 
tained, the Switch 5111 is turned to the terminal 5111b So as 
to Select the 4-state trellis decoder. 

0019 FIG. 25 illustrates a 4-state trellis decoder. Refer 
ring to FIG. 25, the 4-state trellis decoder comprises termi 
nals 5200,5205 and 5206, a branch metric production circuit 
5201, an ACS (Add Compare Select) circuit 5202, a path 
metric memory 5203, and a trace back memory 5204. 
0020. The encoded data from the demultiplexer 5105 
illustrated in FIG. 24 is input to the input terminal 5200 of 
the 4-state trellis decoder 5106 illustrated in FIG. 25. The 
4-state trellis decoder 5106 decodes the encoded data as 
follows using a Viterbialgorithm. 

0021. There are two possible state transitions from state 
S; at time t (t is an integer) to State S at time t+1 which are 
respectively used as Symbol Subsets, and each branch 
extends to the next State. There are two possible State 
transitions from time t to state S at time t+1 (i.e., one from 
state S, at time t and another from state S, at time t). The 
branch metric production circuit 5201 produces a branch 
metric for each branch for each encoded data, and outputs 
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the produced branch metric to the ACS circuit 5202. The 
ACS circuit 5202 adds the branch metric for each branch to 
a path metric for each State Stored in the path metric memory 
5203, and selects the Smaller one of the obtained Sums to be 
used as a new path metric for the State. The new path metric 
for the state is stored in the path metric memory 5203. Data 
corresponding to the Selected path for the State (containing 
a candidate for data Y and path Selection information) is 
stored in the trace back memory 5204. The trace back 
memory 5204 traces back a predetermined cut-off path 
length along a Surviving path which contains a State whose 
new path metric is Smallest So as to determine a Subset and 
data Y to reconstruct the data, thereby determining data Y. 
The data Y is output to the terminal 5205 and the data Y. 
is output to the terminal 5206. 

0022 FIG. 26 illustrates an 8-state trellis decoder. Refer 
ring to FIG. 26, the 8-state trellis decoder comprises termi 
nals 5300, 5307 and 5308, a delay circuit 5301, a branch 
metric production circuit 5302, an ACS circuit 5303, a path 
metric memory 5304, a trace back memory 5305, and a 
Slicer 5306. 

0023 The encoded data from the demultiplexer 5102 of 
FIG. 24 is input to the terminal 5300 of the 8-state trellis 
decoder 5103. Like the 4-state trellis decoder 5106, the 
8-state trellis decoder 5103 decodes the encoded data as 
follows using a Viterbialgorithm. 

0024. There are two possible state transitions from state 
S; at time t to State S at time t+1. There are two possible 
State transitions to state S at time t+1 (i.e., one from State S, 
at time t and another from state S, at time t). The branch 
metric production circuit 5302 produces a branch metric for 
each branch for each encoded data, and outputs the produced 
branch metric to the ACS circuit 5303. The ACS circuit 5303 
adds the branch metric for each branch to a path metric for 
each state stored in the path metric memory 5304, and 
Selects the Smaller one of the obtained Sums to be used as a 
new path metric for the state. The new path metric for the 
state is stored in the path metric memory 5304. Data 
corresponding to the Selected path for the State (containing 
a candidate for a coset and path Selection information) is 
stored in the trace back memory 5305. The trace back 
memory 5305 traces back a predetermined cut-off path 
length along a Surviving path which contains a State whose 
new path metric is Smallest So as to determine the coset and 
the data X. The data X is output to the terminal 5307. The 
delay circuit 5301 delays the data from the terminal 5300 for 
a period of time corresponding to an amount of delay by the 
trace back memory 5305 before the data is output to the 
slicer 5306. The slicer 5306 determines the data X by 
identifying the coSet based on the delayed data, and outputs 
the data X to the terminal 5308. 

0025. When the, above-described conventional device 
performs a decoding operation by using a 4-state trellis 
decoder, the device first decodes the Subset and data Y to 
reconstruct the data, thereby decoding data Y. When decod 
ing encoded data using an 8-State trellis decoder, the data X 
is first decoded, and then the data X is decoded by using the 
Slicer to identify the coset based on the delayed data. 
Consequently, the decoding operation for the data X 
requires the delay circuit and the Slicer, and the decoding 
method is complicated. 
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0026. Moreover, the prior art requires 12 4-state trellis 
decoders and 128-State trellis decoders, thereby increasing 
the circuit Scale. 

0027. A communication system based on TCM includes 
the digital CATV in the U.S. The digital CATV employs a 64 
QAM (Quadrature Amplitude Modulation) system and a 256 
QAM system. The 64 QAM and 256 QAM systems in the 
U.S. are described, for example, in “ITU-T Recommenda 
tion.J.83 ANNEXB” (hereinafter, “Reference 4”). Reference 
4 describes an error correction technique which is employed 
in the 64 QAM system and the 256 QAM system in the U.S. 
0028 FIG. 27 illustrates a transmitter 701 and a receiver 
706 of the digital CATV in the U.S. In FIG. 27, a trans 
mission path 705 is provided between the transmitter 701 
and the receiver 706. The transmitter 701 comprises a 
terminal 700, an MPEG framing section 702, an error 
correction encoding section 703, and a QAM modulation 
section 704. The receiver 706 comprises a QAM demodu 
lation section 707, an error correction decoding section 708, 
an MPEG framing section 709, and a terminal 710. 
0029) Data in the MPEG2 transport stream format is 
input to the terminal 700. The MPEG framing section 702 of 
the transmitter 701 performs a linear encoding operation on 
the input data so that the parity checksum of the data is 0x47 
(i.e., “47 in hexadecimal expression). The error correction 
encoding Section 703 performs an error correction encoding 
operation on the linearly-encoded data. The QAM modula 
tion section 704 performs a QAM modulation operation on 
the error-correction-encoded data, and transmits the QAM 
modulated data to the receiver 706 via the transmission path 
705. 

0030) The QAM demodulation section 707 of the 
receiver 706 performs a QAM demodulation operation on 
the data received via the transmission path 705. The error 
correction decoding section 708 performs an error correction 
operation on the QAM-demodulated data. The MPEG fram 
ing section 709 detects an error by multiplying the error 
corrected data by a parity check matrix (so as to check 
whether the parity checksum is 0x47), and converts the data 
to an MPEG2 transport stream format. 

0031 FIGS. 28A and 28B illustrate the error correction 
encoding Section 703 and the error correction decoding 
section 708, respectively. 

0.032 The error correction encoding section 703 illus 
trated in FIG. 28A comprises a terminal 800, a Reed 
Solomon encoder 801, an interleaver 602, a randomizer 803, 
and a trellis encoder 804. 

0033. The Reed-Solomon encoder 801 encodes the lin 
early-encoded data from the MPEG framing section 702 into 
RS (128, 122) (1 symbol=7 bits). The interleaver 802 
performs a convolution interleave operation on the Reed 
Solomon-encoded data. The randomizer 803 randomizes the 
interleaved data. The trellis encoder 804 performs a trellis 
encoding operation on the randomized data at a code rate of 
14/15 (for the 64 QAM system; a code rate of 19/20 is used 
for the 256 QAM system). The trellis-encoded data is 
QAM-modulated by the QAM modulation section 704 and 
then transmitted onto the transmission path 705. 
0034. The error correction decoding section 708 illus 
trated in FIG. 28B comprises a trellis decoder 805, a 
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derandomizer 806, a deinterleaver 807, a Reed-Solomon 
decoder 808, and a terminal 809. 

0035) The trellis decoder 805 performs a trellis decoding 
operation on the QAM-demodulated data from the QAM 
demodulation section 707. The deinterleaver 807 performs a 
convolution deinterleave operation on the derandomized 
data. The Reed-Solomon decoder 808 performs a Reed 
Solomon decoding operation on the interleaved data. The 
Reed-Solomon-decoded data is output after being converted 
to the MPEG2 transport stream format by the MPEG fram 
ing section 709. 
0036) Next, the error correction encoding operation will 
be further described (for more detail, see Reference 1). 
0037 FIG. 29 illustrates a parser 901 provided in the 
stage following the trellis encoder 804 (the parser 901 is not 
illustrated in FIG.28A), the trellis encoder 804, and a QAM 
mapper 907 provided in the QAM modulation section 704. 
0038) Referring to FIG. 29, there are provided terminals 
900, 908 and 909, a non-encoding section 902, an encoding 
section 903, a differential precoder 904, a 1/2 convolutional 
encoder and 4/5 puncturer 905, and another 1/2 convolu 
tional encoder and 4/5 puncturer 906. The "1/2 convolu 
tional encoder” as used herein refers to a convolutional 
encoder for convolutional-encoding data at a code rate of 
1/2, and the “4/5 puncturer' as used herein refers to a 
puncturer for puncturing data at a code rate of 4/5. 

0039 The trellis encoder 804 comprises the non-encod 
ing section 902 and the encoding section 903. The encoding 
section 903 comprises the differential precoder 904 and the 
two 1/2 convolutional encoder and 4/5 puncturers 905 and 
906. 

0040. The output from the randomizer 803 of FIG. 28A 
is input to the terminal 900. The parser 901 divides the data 
series (Io-I, Qo-Q) input from the terminal 900 into bits 
to be non-encoded (I-Io, Qo-Qo) and bits to been coded 
(Io-I7, Qo-Q) The differential precoder 904 performs a 
differential encoding operation on the bits to be encoded 
(I-I, Qo-Q). Each of the 1/2 convolutional encoder 
and 4/5 puncturers 905 and 906 performs a convolution 
operation at a code rate of 1/2 and a puncturing operation at 
a code rate of 4/5 on the differential-encoded data So as to 
obtain the encoded bits (Io'-I", Qo'-Q). The QAM 
mapper 907 performs a 64 QAM mapping operation on the 
non-encoded bits (Io-Io, Qo-Qo) and the encoded bits (Io'- 
I, Qo'-Q"), and outputs the obtained I data through the 
terminal 908 and the obtained Q data through the terminal 
909. 

0041) Thus, for the 64 QAM system, 28 bits of data are 
input through the terminal 900, 20 bits of which are input to 
the non-encoding section 902, with the remaining 8 bits 
being input to the encoding section 903, and a trellis 
encoding operation at a code rate of 14/15 is performed So 
as to obtain 30 bits of data. Then, a 64 QAM mapping 
operation is performed So as to output the I data and the Q 
data through the terminals 908 and 909, respectively. 

0042. For the 256 QAM system, 30 bits of data out of the 
39 bits of input data (10 non-encoded bits of data are 
additionally provided in the 256 QAM system as compared 
to the 64 QAM System) are input to the non-encoding 
Section, with the remaining 8 bits of data being input to the 
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encoding Section, and a trellis encoding operation at a code 
rate of 19/20 is performed so as to obtain 40 bits of data. 
Then, a 256 QAM mapping operation is performed, and the 
obtained data is output as I data and Q data. 

0043 FIG.30 illustrates an operation of the parser 901 of 
FIG. 29. In FIG. 30, data 1000, 1001, 1002 and 1003 each 
contains 7 bits of data (RSH1-RSH4) which has been Reed 
Solomon-decoded, interleaved and randomized. The data 
1000 and the data 1001 are I symbols, and the data 1002 and 
the data 1003 are Q symbols. Data 1004 and data 1006 
contain non-encoded bits (I-I), and data 1005 contains 
non-encoded bits (I-7-I) and encoded bits (Io-I). Data 
1007 contains the non-encoded bits (I-I), and data 1008 
contains the encoded bits (I-I"). 
0044) The I symbol 1000 and the lower 3 bits (I-I) of 
the I symbol 1001 input to the parser 901 are divided into 
two Series of non-encoded bits (I, Ia, Is, I7, Io) and (Io, I2, 
I, I, Is). The upper 4 bits (I-I) of the I symbol 1001 
input to the parser 901, as the encoded bits, are differential 
encoded, convolutional-coded, and punctured, So as to 
obtain 5 bits of data (Io'-I). The Q symbols input to the 
passer 901 are processed in Substantially the same manner. 

004.5 FIG. 31 illustrates in greater detail the differential 
precoder 904 of FIG.29. Referring to FIG.31, the precoder 
904 comprises terminals 1100, 1101, 1103 and 1104. 

0046) The I data Io-I,(=W) from the parser 901 is input 
to the terminal 1100, and the Q data Qo-Q(=Z) from the 
parser 901 is input to the terminal 1101. The differential 
precoder 904 performs a differential encoding operation on 
the I data Io-I, and the Q data Qo-Q based on the 
following differential encoding formulae (1) and (2) (where 
j is an integer), and outputs the differential-encoded data Xi, 
Y, through the terminals 1103 and 1104. 

0047 FIG. 32 is a block diagram illustrating in greater 
detail the 1/2 convolutional encoder and 4/5 puncturer 905, 
906 of FIG. 29. Referring to FIG. 32, the 1/2 convolutional 
encoder and 4/5 puncturer comprises terminals 1200, 1209, 
1210 and 1211, a convolutional encoder 1201 for encoding 
data at a code rate of 1/2, delay circuits 1203–1206, adders 
1202 and 1207 (modulo 2), and a puncturer 1208 for 
encoding data at a code rate of 4/5. 

0048. The I data (Io-I)(X) which has been differen 
tial-encoded by the differential precoder 904 is input through 
the terminal 1200 (as indicated by “in” in the figure). A 
convolution operation at a code rate of 1/2 is performed on 
the data (Io-I) So as to output (Io, I, Io-I, II+I) to 
the terminal 1209 (“out 1”) and (Io, Io-I, Io-I+I, 
I+I, +I+I) to the terminal 1210 (“out2”). The 4/5 
puncturer 1208 punctures the output of each of the terminals 
1209 and 1210 based on the puncture matrix (0001, 1111) so 
as to Output (Io, Ilo-I, Io-I+I2, I+IIs, Io+I, +I12+ 
I,)=(Io'-I") to the terminal 1211. The Q data (Y) from the 
differential precoder 904 in processed in substantially the 
Same manner as the I data. 

0049 FIGS.33A, 33B and 33C illustrate an arrangement 
of 64 QAM encoding points in the QAM mapper 907 of 
FIG. 29. 
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0050. The QAM mapper 907 has the arrangement of 64 
QAM encoding points as illustrated in FIG.33A. The Q data 
is derived from values along the vertical axis, and the I data 
1a derived from values along the horizontal axis. AS illus 
trated in FIG.33B, each encoding point is represented as (I 
bit, Q bit)=(C(1) C(2) C(3), C(4) C(5) C(6)). C(1) C(2) C(4) 
and C(5) are non-encoded bits, and C(3) and C(6) are 
encoded bits (see FIG.29). As illustrated in FIG.33C, there 
are four combinations (indicated respectively by the Sym 
bols “O'”, “”, “D”, “o”) of the encoded bits C(3) and C(6), 
each of which can be either “1” or “0”. The bit being “0” 
corresponds to Signal levels “-7, -3, +1, +5', and the bit 
being “1” corresponds to signal levels “-5, -1, +3, +7”. The 
I data and the 0 data corresponding to the encoding point 
(C(1) C(2) C(3), C(4) C(5) C(6)) are obtained and output 
with reference to the arrangement of 64 QAM encoding 
points of FIG. 33A. 
0051 Next, the error correction decoding operation will 
be further described. 

0052 A decoding operation for decoding convolutional 
encoded and punctured data is described, for example, in 
Japanese Laid-open Publication No. 8-288967 which dis 
closes a transmission System and a transceiver therefor, and 
a trellis decoder (hereinafter, “Reference 5'). Reference 5 
describes a method for decoding non-encoded bits by decod 
ing encoded bits with a Viterbi decoder and by using date 
obtained by convolutional-encoding (re-encoding) the Vit 
erbi-decoded data. 

0053 FIG. 34 illustrates in greater detail the trellis 
decoder 805 and a deparser 1412 provided in the, stage 
following the trellis decoder 805 (the deparser 1412 is not 
illustrated in FIG. 28B). 
0054) Referring to FIG. 34, there are provided terminals 
1400, 1401 and 1413. A non-decoded bit decoding section 
1402 comprises an area determination section 1403, a delay 
circuit 1404, a convolutional encoder 1405 for encoding 
data at a code rate of 1/2, a puncturer 1406 for encoding data 
at a code rate of 4/5, and a selection section 1407. A encoded 
bit decoding section 1408 comprises a depuncturer 1409, a 
Viterbi decoder 1410, and a differential postcoder 1411. 
0055. The trellis decoder 805 comprises the non-decoded 
bit decoding section 1402 and the encoded bit decoding 
Section 1408. 

0056. The encoded bit decoding section 1408 receives the 
QAM-demodulated I data and Q data through the terminals 
1400 and 1401, respectively. The depuncturer 1409 depunc 
tures the I data and the Q data, and outputs the depunctured 
I data (Ia) and Q data (Q). The Viterbi decoder 1410 
performs a Viterbi decoding operation on the depunctured I 
data (Ia) and Q data (Q). The differential postcoder 1411 
performs a differential decoding operation on the Viterbi 
decoded I data (I) and Q data (Q), and outputs the 
differential-decoded data. 

0057 The non-decoded bit decoding section 1402 
receives the QAM-demodulated I data and Q data at the area 
determination section 1403. The area determination section 
1403 selects one of the areas which are numbered from 1 to 
49 as in FIG. 33A, and outputs area information “A” which 
indicates the determined area. 

0.058 Referring to FIG.33A, there are provided 49 areas 
of 64 QAM encoding point Such that each area has the four 
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different encoding points (“O'”, “”, “ I”, “o”) at the four 
corners thereof, respectively. An Outermost area, Such as 
area 1 or area 2, preferably includes the peripheral area 
around it. 

0059) The delay circuit 1404 delays the area information 
“A”. The 1/2 convolutional encoder 1405 performs a con 
volution operation at a code rate of 1/2 on the Viterbi 
decoded I data (I) and Q data (Q). The 4/5 puncturer 1406 
performs a puncturing operation at a code rate of 4/5 on the 
convolutional-encoded I data (Io) and Q data (Qo), and 
decodes the encoded bits C(3) and C(6), so as to output the 
decoded data to the selection section 1407. 

0060 Utilizing the fact that the four encoding points 
(“O'”, “”, “ I”, “o”) belonging to the same area have 
respectively different combinations of the encoded bits C(3) 
and C(6), the selection section 1407 decodes the non 
encoded bits based on the area information “Ad”, and the 
encoded bits C(3) and C(6) which have been decoded. 
0061 The encoded and non-encoded bits which have 
been decoded as described above are input to the deparser 
1412. The deparser 1412 puts together the I bits and the Q 
bits, respectively, So as to output them through the terminal 
1413 as I symbols and Q symbols. 

0.062. In the above-described prior art, the non-decoded 
bits are decoded by using, in combination: the area infor 
mation; and the data obtained by convolutional-encoding 
(re-encoding) and puncturing the Viterbi-decoded data by 
the convolutional encoder 1405 and the puncturer 1406. 
Accordingly, error propagation may occur during the con 
volutional-encoding (re-encoding) operation, particularly 
when C/N is poor, thereby increasing the error rate. More 
over, the decoding operation is complicated. 

0.063 Two conventional devices for encoding and decod 
ing data based on TCM have been described above. They 
both perform a trellis decoding operation on encoded data, 
in which it is required to perform a convolutional-encoding 
(re-encoding) operation on the encoded data. The former 
device performs a convolution operation on the encoded 
data by the trellis decoder 5103 illustrated in FIG. 26, 
whereas the latter device performs a convolution operation 
on the encoded data by the convolutional encoder 1405 
illustrated in FIG. 34. 

0064. When a convolutional-encoding (re-encoding) 
operation is performed on the decoding Side, as above 
described, the error rate may rapidly increase if error propa 
gation occurs. Moreover, the prior art devices require the 
delay circuit 5301 illustrated in FIG. 26 or the delay circuit 
1404 illustrated in FIG. 34, and the data is delayed before 
used, thereby complicating the data processing operation 
and the circuit configuration. 

SUMMARY OF THE INVENTION 

0065 According to one aspect of this invention, an error 
correction circuit is provided for receiving and decoding a 
trellis-encoded signal of a series of data Z, Z-1, . . . .Z. 
which comprises convolutional-encoded bits and unencoded 
bits, the convolutional-encoded bits being obtained by con 
volutional-encoding lower t bits X, X , . . . .X of an input 
p-bit Series of data X, X-1,...,X (where pe2, qep, and 
p>te 1), and the unencoded bits being obtained by not 
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convolutional-encoding upper (p-t) bits thereof. The circuit 
comprises: a maximum likelihood decoder for preselecting 
one of m parallel paths of transition from State X at time k 
to State y at time k+1. 
0066. In one embodiment of the invention, the maximum 
likelihood decoder comprises: a Selection Section for Select 
ing one of them parallel paths transition from State X at time 
k to State y at time k+1; and a calculation Section for 
obtaining a path metric using a branch metric. 
0067. In one embodiment of the invention, the error 
correction circuit receives and decodes data which is pro 
duced by mapping the Series of data Z, Z-1, . . . .Z, onto 
jpoints. The series of data Z, Z-1, . . . .Z is obtained by 
performing a trellis encoding operation on a first Series of 
data Yi, Y., . . . .Y. (r>te 1) and a second Series of data 
Y, Y-, . . . ,Y, the first Series of data being obtained by 
preceding upper bits of the input series of data X, X_1, .. 
..X. (p22), and the Second Series of data comprising lower 
bits of the input series of data X, X_1, . . . , X. The 
maximum likelihood decoder is operable to perform in 
different maximum likelihood decoding methods for maxi 
mum-likelihood-decoding the received data based on a 
plurality of States. The maximum likelihood decoder Selects 
one of the n maximum likelihood decoding methods So as to 
maximum-likelihood-decode the received databased on the 
Selected maximum likelihood decoding method. 
0068. In one embodiment of the invention, the error 
correction circuit further comprises a postcoder for postcod 
ing or not postcoding the decoded data from the maximum 
likelihood decoder. Whether the decoded data is postcoded 
or not depends upon the n maximum likelihood decoding 
methods. 

0069. In one embodiment of the invention, the maximum 
likelihood decoder further comprises: a branch metric pro 
duction Section for producing first path information indicat 
ing the Selected path and a branch metric according to the n 
maximum likelihood decoding methods, a calculation Sec 
tion for obtaining a path metric based on the branch metric 
obtained by the branch metric production Section and for 
obtaining Second path information based on the path metric, 
a path metric memory for Storing the path metric obtained by 
the calculation Section; a path memory for Storing the first 
path information obtained by the Selection Section and the 
Second path information obtained by the calculation Section; 
and a trace back Section for obtaining decoded databased on 
the path metric obtained by the calculation Section and the 
first and Second path information Stored in the path memory. 
0070. In one embodiment of the invention, the maximum 
likelihood decoder further comprises: a branch metric pro 
duction Section for producing first path information indicat 
ing the Selected-path and a branch metric based on the n 
maximum likelihood decoding methods, a calculation Sec 
tion for obtaining a path metric based on the branch metric 
obtained by the branch metric production Section and for 
obtaining Second path information based on the path metric, 
a path metric memory for Storing the path metric obtained by 
the calculation Section; a path memory for Storing the first 
path information obtained by the Selection Section and the 
Second path information obtained by the calculation Section; 
and a register eXchange Section for obtaining the decoded 
data based on the path information and the path metric 
obtained by the calculation Section and the candidate for the 
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decoded data comprising the first path information and the 
Second path information Stored in the path memory. 

0071. In one embodiment of the invention, the postcoder 
comprises a memory for Storing upper bits of the decoded 
data from the maximum likelihood decoder. 

0.072 In one embodiment of the invention, the maximum 
likelihood decoder comprises a branch metric production 
Section. The branch metric production Section references 
contents of a diagram So as to derive first path information 
indicating the Selected path and a branch metric from the 
received data, wherein the contents of the diagram are 
obtained by associating the first Series of data Y, Y-, . . . 
Y, the Second Series of data Yi, Y, . . . .Y., and the 
received data, which is produced by mapping the Series of 
data Z, Z-1, . . . .Z onto j points, with one another. 
0073. In one embodiment of the invention, the maximum 
likelihood decoder comprises a branch metric production 
Section. The branch metric production Section references 
contents of a diagram So as to derive first path information 
indicating the Selected path and a branch metric from data 
which is obtained by passing the received data through a 
linear filter, wherein the contents of the diagram are obtained 
by associating the Series of data X, X-1,...,X and data 
obtained by passing, through the linear filter, data which is 
produced by mapping the series of data Z, Z ..,Z onto 
j points, with each other. 

q-12 

0074. In one embodiment of the invention, the linear 
filter comprises a comb filter. 

0075. In one embodiment of the invention, the maximum 
likelihood decoder comprises a branch metric production 
Section. The branch metric production Section references 
contents of a diagram So as to derive a candidate for the 
decoded data and a branch metric from the received data, 
wherein the contents of the diagram are obtained by asso 
ciating the first Series of data Y, Y-, ... .Y., the Second 
Series of data Y, Y-, ... .Y., and the received data, which 
is produced by mapping the Series of data Z, Z-1, . . . .Z. 
onto j points, with one another. 

0.076. In one embodiment of the invention, the maximum 
likelihood decoder comprises a branch metric production 
Section. The branch metric production Section references 
contents of a diagram So as to derive a candidate for the 
decoded data and a branch metric from data obtained by 
passing the received data through a linear filter, wherein the 
contents of the diagram are obtained by associating the 
Series of data X, X-1,...,X and data obtained by passing, 
through the linear filter, data which is produced by mapping 
the Series of data Z, Z-1, . . . .Z onto j points, with each 
other. 

0077. In one embodiment of the invention, the linear 
filter comprises a comb filter. 

0078. In one embodiment of the invention, the maximum 
likelihood decoder performs a decoding operation using a 
Viterbialgorithm. 

0079. In one embodiment of the invention, the error 
correction circuit receives and decodes data which is pro 
duced by mapping the trellis-encoded signal onto a 2-di 
mensional data Series. The error correction circuit further 
comprises a Section for demapping a Series of data which is 
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obtained through a maximum likelihood decoding operation 
on the 2-dimensional data Series by the maximum likelihood 
decoder. 

0080. In one embodiment of the invention, the error 
correction circuit further comprises a Section for delaying 
the demapped Series of data. 

0081. In one embodiment of the invention, the error 
correction circuit receives and decodes data which is pro 
duced by mapping the trellis-encoded signal onto a 2-di 
mensional data Series. The c-bit trellis-encoded signal is a 
Series of data Z, Z-1, . . . .Z., which comprises convolu 
tional-encoded bits and unencoded bits, the convolutional 
encoded bits being obtained by performing a differential 
encoding operation on lower t bits X, X , . . . .X of the 
input p-bit Series of data X, X_1, . . . , X (where p22, 
q2p, and p>te 1) and convolutional-encoding the differen 
tial-encoded bits, and the unencoded bits being obtained by 
not convolutional-encoding upper (p-t) bits thereof. The 
error correction circuit further comprises: a Section for 
performing a differential decoding operation on a first Series 
of data which is produced through a maximum likelihood 
decoding operation on the 2-dimensional data Series by the 
maximum likelihood decoder; and a Section for demapping 
a Second Series of data which is produced through a maxi 
mum likelihood decoding operation on the 2-dimensional 
data Series by the maximum likelihood decoder. 
0082 In one embodiment of the invention, the error 
correction circuit further comprises a section for delaying 
the demapped Series of data. 

0083. In one embodiment of the invention, the error 
correction circuit receives and decodes data which is pro 
duced by mapping the trellis-encoded signal onto a 2-di 
mensional data Series. The c-bit trellis-encoded signal is a 
Series of data Z, Z-1, . . . .Z., which comprises punctured 
bits and unencoded bits, the punctured bits being obtained 
by convolutional-encoding lower t bits X, X , . . . .X of 
the input p-bit series of data X, X_1,..., X (where pe2, 
q2p, and p>te 1) and puncturing the convolutional-encoded 
bits, and the unencoded bits being obtained by not convo 
lutional-encoding upper (p-t) bits thereof. The error correc 
tion circuit further comprises: a Section for depuncturing the 
2-dimensional data Series, a Section for puncturing a Second 
Series of data which is produced through a maximum 
likelihood decoding operation on the depunctured Series of 
data by the maximum likelihood decoder; and a Section for 
demapping the punctured Series of data. 

0084. In one embodiment of the invention, the error 
correction circuit further comprises a Section for delaying 
the demapped Series of data. 

0085. In one embodiment of the invention, The error 
correction circuit receives and decodes data which is pro 
duced by mapping the trellis-encoded signal onto a 2-di 
mensional data Series. The c-bit trellis-encoded signal is a 
Series of data Z, Z-1, . . . .Z., which comprises punctured 
bits and unencoded bits, the punctured bits being obtained 
by performing a differential encoding operation on lower t 
bits X, X-1, . . . .X. of the input p-bit series of data X, 
X-1,..., X (where pe2, qep, and p>te1), convolutional 
encoding the differential-encoded bits, and puncturing the 
convolutional-encoded bits, and the unencoded bits being 
obtained by not convolutional-encoding upper (p-t) bits 



US 2004/0158798 A1 

thereof. The error correction circuit further comprises: a 
Section for depuncturing the 2-dimensional data Series, a 
Section for performing a differential decoding operation on 
a first Series of data which is produced through a maximum 
likelihood decoding operation on the depunctured Series of 
data by the maximum likelihood decoder: a Section for 
puncturing a Second Series of data which is produced 
through a maximum likelihood decoding operation on the 
depunctured Series of data by the maximum likelihood 
decoder; and a Section for demapping the punctured Series of 
data. 

0.086. In one embodiment of the invention, the error 
correction circuit further comprises a Section for delaying 
the demapped Series of data. 
0087. In one embodiment of the invention, the maximum 
likelihood decoder comprises: a Section for producing a 
branch metric, a Section for addition, comparison and Selec 
tion of branch metricS and path metrics, a path metric 
memory for Storing a plurality of path metrics, a plurality of 
path memories, and a trace back processing Section for 
outputting a first Series of data which is obtained by decod 
ing a Series of encoded data, and a Second Series of data 
which is obtained by decoding a Series of data which 
contains information of a Series of unencoded data. 

0088. In one embodiment of the invention, the maximum 
likelihood decoder comprises: a Section for producing a 
branch metric, a Section for addition, comparison and Selec 
tion of branch metrics and path metrics, a path metric 
memory for Storing a plurality of path metrics, a plurality of 
path memories, and a register exchange Section for output 
ting a first Series of data which is obtained by decoding a 
Series of encoded data, and a Second Series of data which is 
obtained by decoding a Series of data which contains infor 
mation of a Series of unencoded data. 

0089. According to another aspect of this invention, an 
error correction circuit comprises a maximum likelihood 
decoder for performing a maximum likelihood decoding 
operation on a Series of data. The maximum likelihood 
decoder comprises: a Section for producing a branch metric, 
a Section for addition, comparison and Selection of branch 
metrics and path metrics, a path metric memory for Storing 
a plurality of path metrics, a plurality of path memories, and 
a trace back processing Section for outputting a first Series of 
data which is obtained by decoding a Series of encoded data, 
and a Second Series of data which is obtained by decoding a 
Series of data which contains information of a Series of 
unencoded data. 

0090 According to another aspect of this invention, an 
error correction circuit comprises a maximum likelihood 
decoder for performing a maximum likelihood decoding 
operation on a Series of data. The maximum likelihood 
decoder comprises: a Section for producing a branch metric, 
a Section for addition, comparison and Selection of branch 
metrics and path metrics, a path metric memory for Storing 
a plurality of path metrics, a plurality of path memories, and 
a register exchange Section for outputting a first Series of 
data which is obtained by decoding a Series of encoded data, 
and a Second Series of data which is obtained by decoding a 
Series of data which contains information of a Series of 
unencoded data. 

0.091 According to another aspect of this invention, an 
error correction method is provided for receiving and decod 
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ing a trellis-encoded signal of a Series of data Z, Z-1, ... 
Z which comprises convolutional-encoded bits and unen 
coded bits, the convolutional-encoded bits being obtained by 
convolutional-encoding lower t bits X, X , . . . .X of an 
input p-bit Series of data X, X-1,...,X (where pe2, qep, 
and p>te 1), and the unencoded bits being obtained by not 
convolutional-encoding upper (p-t) bits thereof. The method 
comprises: a maximum likelihood decoding Step of prese 
lecting one of m parallel paths of transition from State X at 
time k to State y at time k+1. 
0092. In one embodiment of the invention, the maximum 
likelihood decoding Step comprises: a Selection Step of 
Selecting one of the m parallel paths transition from State X 
at time k to State y at time k+1; and a calculation Step of 
obtaining a path metric using a branch metric. 
0093. In one embodiment of the invention, the error 
correction method is for receiving and decoding data which 
is produced by mapping the Series of data Z, Z-1, . . . .Z. 
onto jpoints. The series of data Z, Z-1,....Z is obtained 
by performing a trellis encoding operation on a first Series of 
data Yi, Y., . . . .Y. (r>te 1) and a second Series of data 
Y, Y-, . . . ,Y, the first Series of data being obtained by 
preceding upper bits of the input series of data X, X_1, .. 
..X (p22), and the Second Series of data comprising lower 
bits of the input series of data X, X_1, . . . .X. The 
maximum likelihood decoding Step is operable to perform in 
different maximum likelihood decoding methods for maxi 
mum-likelihood-decoding the received data based on a 
plurality of States, wherein the maximum likelihood decoder 
Selects one of the n maximum likelihood decoding methods 
So as to maximum-likelihood-deoode the received data 
based on the Selected maximum likelihood decoding 
method. 

0094. In one embodiment of the invention, the error 
correction method further comprises a postcoding Step of 
postcoding or not postcoding the decoded data from the 
maximum likelihood decoding step. Whether the decoded 
data is postcoded or not depends upon the n maximum 
likelihood decoding methods. 
0095. In one embodiment of the invention, the maximum 
likelihood decoding Step comprises: a branch metric pro 
duction Step of producing first path information indicating 
the Selected path and a branch metric according to the n 
maximum likelihood decoding methods, a calculation Step 
of obtaining a path metric based on the branch metric 
obtained in the branch metric production Step and obtaining 
Second path information based on the path metric, a path 
metric memory Step of Storing the path metric obtained in 
the calculation Step; a path memory Step of Storing the first 
path information obtained in the Selection Step and the 
Second path information obtained in the calculation Step; and 
a trace back Step of obtaining decoded databased on the path 
metric obtained in the calculation Step and the first and 
Second path information Stored in the path memory Step. 

0096. In one embodiment of the invention, the maximum 
likelihood decoding Step comprises: a branch metric pro 
duction Step of producing first path information indicating 
the Selected path and a branch metric based on the n 
maximum likelihood decoding methods, a calculation Step 
of obtaining a path metric based on the branch metric 
obtained in the branch metric production Step and obtaining 
Second path information based on the path metric, a path 
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metric memory Step of Storing the path metric obtained in 
the calculation Step; a path memory Step of Storing the first 
path information obtained in the Selection Step and the 
Second path information obtained in the calculation Step; and 
a register eXchange Step of obtaining the decoded databased 
on the path information and the path metric obtained in the 
calculation Step and the candidate for the decoded data 
comprising the first path information and the Second path 
information Stored in the path memory Step. 
0097. In one embodiment of the invention, the postcoder 
comprises a Step of Storing upper bits of the decoded data 
from the maximum likelihood decoding Step. 
0098. In one embodiment of the invention, the maximum 
likelihood decoding Step comprises a branch metric produc 
tion Step. The branch metric production Step comprises 
referencing contents of a diagram So as to derive first path 
information indicating the Selected path and a branch metric 
from the received data, wherein the contents of the diagram 
are obtained by associating the first Series of data Yi, Y, 

. . .Y., the Second Series of data Yi, Y_1, . . . .Y., and the 
received data, which is produced by mapping the Series of 
data Z, Z . . .Z onto j points, with one another. 
0099. In one embodiment of the invention, the maximum 
likelihood decoding Step comprises a branch metric produc 
tion Step. The branch metric production Step comprises 
referencing contents of a diagram So as to derive first path 
information indicating the Selected path and a branch metric 
from data which is obtained by passing the received data 
through a linear filter, wherein the contents of the diagram 
are obtained by associating the series of data X, X_1, ... 
X and data obtained by passing, through the linear filter, 
data which is produced by mapping the series of data Z. 
Z-1, . . . .Z, onto j points, with each other. 
0100. In one embodiment of the invention, the linear 

filter comprises a comb filter. 
0101. In one embodiment of the invention, the maximum 
likelihood decoding Step comprises a branch metric produc 
tion Step. The branch metric production Step comprises 
referencing contents of a diagram So as to derive a candidate 
for the decoded data and a branch metric from the received 
data, wherein the contents of the diagram are obtained by 
asSociating the first Series of data Yi, Y. , . . . , Y, the 
Second Series of data Y, Y-1,..., Y, and the received data, 
which is produced by mapping the series of data Z, Z-1, . 
. . , Z onto j points, with one another. 
0102) In one embodiment of the invention, the maximum 
likelihood decoding Step comprises a branch metric produc 
tion Step. The branch metric production Step comprises 
referencing contents of a diagram So as to derive a candidate 
for the decoded data and a branch metric from data obtained 
by passing the received data through a linear filter, wherein 
the contents of the diagram are obtained by associating the 
Series of data X, X-1,..., X and data obtained by passing, 
through the linear filter, data which is produced by mapping 
the Series of data Z, Z-1, . . . .Z onto j points, with each 
other. 

0103) In one embodiment of the invention, the linear 
filter comprises a comb filter. 
0104. In one embodiment of the invention, the maximum 
likelihood decoding Step comprises performing a decoding 
operation using a Viterbialgorithm. 
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0105 Thus, the invention described herein makes pos 
Sible the advantage of providing an error correction circuit 
for decoding encoded data without requiring a convolu 
tional-encoding (re-encoding) operation on the encoded 
data. 

0106 This and other advantages of the present invention 
will become apparent to those skilled in the art upon reading 
and understanding the following detailed description with 
reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0107 FIG. 1 is a block diagram illustrating an error 
correction circuit according to Embodiment 1 of the present 
invention; 
0.108 FIG. 2 is a block diagram illustrating a receiver 
based on an 8VSB modulation system incorporating the 
error correction circuit of FIG. 1: 

0109 FIG. 3 is a block diagram illustrating a 4-state/8- 
State trellis decoder provided in the error correction circuit 
of FIG. 1; 
0110 FIG. 4 is a flow chart illustrating a decoding 
process by the 4-state/8-state trellis decoder of FIG. 3; 
0111 FIG. 5 is a block diagram illustrating a Switch and 
postcoder provided in the error correction circuit of FIG. 1; 
0112 FIG. 6 is a block diagram illustrating a circuit 
configuration for producing the contents of a State transition 
diagram for the error correction circuit of FIG. 1; 
0113 FIG. 7 illustrates a 4-state transition diagram for 
the error correction circuit of FIG. 1; 
0114 FIG. 8A is a table illustrating the relationship 
between data WWWW (15 levels) after being passed 
through a comb filter and data X; 
0115 FIG. 8B is a table illustrating the relationship 
between 15 levels after being passed through a comb filter 
and data X; 
0116 
0117 FIG.9B is a table illustrating 15 levels after being 
passed through a comb filter, 
0118 FIG.9C is a table Illustrating level L/data XX for 
respective branches, 
0119 FIG. 9D is a state transition diagram used com 
monly for 8-State transition and for 4-state transition; 
0120 FIG.9K is a table illustrating level L/data XX for 
respective branches, 
0121 FIG. 10 is a trellis diagram illustrating 8-state 
transitions, 

0.122 FIG. 11A illustrates a method for calculating a 
branch metric for a state transition from time 0 to time 1 in 
FIG. 10; 

0123 FIG. 11B illustrates a method for calculating a path 
metric for the same State transition; 

0.124 FIG. 12A illustrates a method for calculating a 
branch metric for a State transition from time 1 to time 2 in 
FIG. 10; 

FIG. 9A is an a state transition diagram; 
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0.125 FIG. 12B illustrates a method for calculating a 
path metric for the same State transition; 
0.126 FIG. 13A illustrates a method for calculating a 
branch metric for a state transition from time 2 to time 3 in 
FIG. 10; 

0127 FIG. 13B illustrates a method for calculating a 
path metric for the same State transition; 
0128 FIG. 14A illustrates a method for calculating a 
branch metric for a state transition from time 3 to time 4 in 
FIG. 10; 

0129 FIG. 14B illustrates a method for calculating a 
path metric for the same State transition; 
0130 FIGS. 15A-15C illustrate the relationship between 
data WWWW (15 levels) according to Embodiment 1 
and 7 cosets according to a conventional device; 
0131 FIG. 16 is a block diagram illustrating a trellis 
decoder and a deparser of an error correction circuit accord 
ing to Embodiment 2 of the present invention; 
0132 FIG. 17 is a block diagram illustrating a Viterbi 
decoder provided in the encoded bit decoding Section of 
FIG. 16; 

0.133 FIG. 18A illustrates a state transition diagram 
according to Embodiment 2 of the present invention; 

0134 FIG. 18B is a table illustrating the relationship 
between out 1, out2 and the Signal level according to the 
present invention; 

0135 FIG. 19 illustrates a differential postcoder of FIG. 
16; 

0.136 FIG. 20 is a block diagram illustrating a trellis 
decoder and a deparser according to Embodiment 2 of the 
present invention; 

0137 FIG. 21A illustrates an arrangement of 64 QAM 
encoding points according to Embodiment 2 of the present 
invention; 

0138 FIG. 21B illustrates an encoding point according 
to Embodiment 2 of the present invention; 

0139 FIG. 21C is a chart illustrating encoded bits C(3) 
and C(6) according to Embodiment 2 of the present inven 
tion: 

0140 FIG. 22 is a block diagram illustrating e conven 
tional transmitter based on the 8VSB modulation system; 
0141 FIG. 23 is a block diagram illustrating a conven 
tional receiver based on the 8VSB modulation system; 
0142 FIG. 24 is a block diagram illustrating a conven 
tional trellis decoder which decodes data by selectively 
using a 4-state trellis decoder and an 8-State trellis decoder; 
0143 FIG. 25 is a block diagram illustrating a conven 
tional 4-State trellis decoder; 

014.4 FIG. 26 is a block diagram illustrating a conven 
tional 8-State trellis decoder; 

014.5 FIG. 27 is a block diagram illustrating a transmit 
ter and a receiver of a conventional digital CATV; 
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0146 FIG. 28A is a block diagram illustrating an error 
correction encoding Section provided in the transmitter of 
FIG. 27; 
0147 FIG. 28B is a block diagram illustrating an error 
correction decoding section provided in the receiver of FIG. 
27; 
0.148 FIG. 29 is a block diagram illustrating a parser, a 
trellis encoder, and a QAM mapper provided in the error 
correction encoding section of FIG. 28A, 
0149 FIG. 30 illustrates an operation of the parser of 
FIG. 29; 
0150 FIG. 31 illustrates a differential precoder of FIG. 
29; 
0151 FIG. 32 is a block diagram illustrating a 1/2 
convolutional encoder and 4/5 puncturer of FIG. 29; 
0152 FIG. 33A illustrates an arrangement of 64 QAM 
encoding points in the QAM mapper of FIG. 29; 
0153 FIG.33B illustrates an encoding point in the QAM 
mapper of FIG. 29; 
0154 FIG. 33C is a chart illustrating encoded bits C(3) 
and C(6) in the QAM mapper of FIG. 29; and 
O155 FIG. 34 is a block diagram illustrating a trellis 
decoder and a deparser. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0156 (Embodiment 1) 
O157 FIG. 1 is a block diagram illustrating an error 
correction circuit according to Embodiment 1 of the present 
invention. FIG. 2 is a block diagram illustrating a receiver 
based on the 8VSB modulation system incorporating the 
error correction circuit of FIG. 1. 

0158 Referring to FIG. 2, the receiver comprises a tuner 
5500, an IF filter and synchronous detector 5501, a sync and 
timing generator 5502, an NTSC interference remover 5503, 
an equalizer 5504, a phase noise remover 5505, a trellis 
decoder unit 5507, a trellis segment deinterleaver unit 5508, 
a deinterleaver 5509, a Reed-Solomon decoder 5510, a 
derandomizer 5511, and a terminal 5512. 
0159. The tuner 5500 tunes to and selectively receives an 
RF signal from a transmitter, and outputs the received signal. 
The IF filter and synchronous detector 5501 passes the 
received signal through an IF filter to convert it to a signal 
having a predetermined frequency, and Synchronously 
detects the received signal to convert it to a baseband Signal. 
The sync and timing generator 5502 detects a synchroniza 
tion signal for the baseband Signal So as to time the baseband 
signal. When the baseband signal contains an NTSC co 
channel interference component, the baseband Signal is 
input to the equalizer 5504 after the NTSC co-channel 
interference component is detected by the NTSC interfer 
ence remover 5503 and removed by a comb filter in the 
NTSC interference remover 5503. When no NTSC co 
channel interference component is contained, the baseband 
signal is directly input to the equalizer 5504. The waveform 
of the baseband signal is equalized by the equalizer 5504, 
and any phase noise contained therein is removed by the 
phase noise remover 5505, after which the baseband signal 
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is input to the trellis decoder unit 5507 as encoded data. The 
trellis decoder unit 5507 performs a trellis decoding opera 
tion on the encoded data and outputs the trellis-decoded 
data. The trellis-decoded data is Subjected to an in-segment 
deinterleave operation by the trellis Segment deinterleaver 
unit 5508, a convolution byte deinterleave operation by the 
deinterleaver 5509, a Reed-Solomon decoding operation by 
the Reed-Solomon decoder 5510 and a derandomizing 
operation by the derandomizer 5511, and then output 
through the terminal 5512. 
0160 The error correction circuit illustrated in FIG. 1 
corresponds to the trellis decoder unit 5507 in FIG. 2. 
0.161 Referring to FIG. 1, the error correction circuit 
comprises terminals 100 and 103, a 4-state/8-state trellis 
decoder 101, and a Switch and postcoder 102. The term 
“4-state/8-state trellis decoder” as used herein refers to a 
trellis decoder which is used commonly for 4-state transition 
and for 8-State transition. 

0162 The encoded data from the phase noise remover 
5505 of FIG. 2 is input through the terminal 100. The 
4-state/8-state trellis decoder 101 decodes the encoded data 
and outputs the decoded data. The Switch and postcoder 102 
performs a postcoding operation on the decoded data, when 
no NTSC co-channel interference component is contained 
(for 4-state transition). The Switch and postcoder 102 does 
not perform a postcoding operation on the decoded data, and 
the decoded data is directly output to the terminal103, when 
an NTSC co-channel interference component is contained 
(for 8-state transition). 
0163 The circuit according to Embodiment 1 of the 
present invention requires only one 4-State/8-state trellis 
decoder 101 and only one switch and postcoder 102, thereby 
Significantly reducing the circuit Scale from that of the 
conventional device illustrated in FIG. 24 which comprises 
a plurality of trellis decoderS and a plurality of postcoderS. 

0164 FIG. 3 illustrates the 4-state/8-state trellis decoder 
101. Referring to FIG. 3, the 4-state/8-state trellis decoder 
101 comprises terminals 200 and 206, a branch metric 
production circuit 201, an ACS circuit 202, path metric 
memories 203a–2031, a trace back processing circuit 204, 
and path memories 205a-205l. 
0.165. The branch metric production circuit 201 com 
prises a Selection circuit 207 and a branch metric calculation 
circuit 208. 

0166 The encoded data from the phase noise remover 
5505 of FIG. 2 is input to the terminal 200. The 4-state/8- 
State trellis decoder 101 decodes the encoded data using a 
Viterbialgorithm. The decoding process will be described 
below with reference to the flow chart of FIG. 4. 

0167 There are two (for 4-state transition) or three (for 
8-State transition) possible parallel paths from State S; at time 
t (t is an integer) to State S at time t+1. There are two 
possible State transitions to State S at time t+1 (i.e., one from 
State S, at time t and another from State S, at time t). The 
selection circuit 207 compares the encoded data with pos 
Sible data points taken by each of the branches (i.e., one from 
state S, to state S and another from state S, to state S), and 
Selects one of the possible data points taken by the branches 
which is closest to the encoded data (step S1), So as to 
produce a candidate for data Y (first path information for 
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4-state transition) or a candidate for data X (first path 
information for 8-state transition). The candidates for data 
Y, and data X- are stored in a path memory (one of the path 
memories 205a-2051) (step S2). For a register exchange 
System, a candidate for data Y2Y (a candidate for decoded 
data for 4-state transition) or a candidate for data XX (a 
candidate for decoded data for 8-State transition) is produced 
and Stored in the path memory. 
0.168. The branch metric calculation circuit 208 calcu 
lates a branch metric for the parallel path closest to the 
encoded data (Step S3). A Square of Euclidean distance is 
used for the branch metric. The branch metric production 
circuit 201 produces a branch metric for each branch for 
each encoded data and a candidate for data Y (first path 
information for 4-state transition) or a candidate for data X 
(first path information for 8-state transition), and outputs 
them to the ACS circuit 202. For a register eXchange System, 
a candidate for data Y2Y (a candidate for decoded data for 
4-state transition) or a candidate for data X-X (a candidate 
for decoded data for 8-State transition) is produced and 
output to the ACS circuit 202. 
0169. The ACS circuit 202 adds the branch metric for 
each branch to the path metric for each State Stored in the 
path metric memory (one of the path metric memories 
203a–2031) (step S4), so as to compare the obtained sums 
with each other and Select the Smallest Sum to be a new path 
metric for the state. The new path metrics for the respective 
States are Stored in the above-described path metric memory 
(one of path metric memories 203a–203) (step S5). Data 
corresponding to the Selected path for each State (path 
Selection information (second path information)) is stored in 
the path memory (one of the path memories 205a-2057) 
having a number corresponding to that of the path metric 
memory. The trace back processing circuit 204 traces back 
a predetermined cut-off path length along a Surviving path 
which contains a State whose new path metric is Smallest So 
as to determine data Y2Y (for 4-state transition) or data 
XX (for 8-state transition), and the determined data is 
output to the terminal 206 (step S6). 
0170 The path metric memories 203a–2031 and the path 
memories 205a-2051, along with 1-symbol delay circuits 
306a-306l of a postcoder 302 (described later), are succes 
Sively Selected in the same order according to a trellis 
encoding rule of the trellis encoder unit 5006 of FIG. 22. 
0171 However, during the segment sync period (in 
which the data is not trellis-encoded), no encoded data is 
input to the 4-state/8-state trellis decoder 101, while 
memory Selections are Switched to the next one of the path 
metric memories 203a-203l and to the next one of the path 
memories 205a-205l, respectively. 
0172. As described above, the 4-state/8-state trellis 
decoder 101 is provided with the path metric memories 
203a–2031 and the path memories 205a-205l so that each 
path metric memory Stores the path metric for each State and 
that each path memory stores data for each State (i.e., the first 
path information and the Second path information (for the 
trace back System), or a candidate for decoded data (for the 
register exchange System)). Thus, it is possible to repeatedly 
and Successively perform the 4-State and 8-State decoding 
operations. The use of the 4-state/8-state trellis decoder 101 
makes it possible to implement the error correction circuit of 
FIG. 1. 
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0173 FIG. 5 illustrates in greater detail the switch and 
postcoder 102. Referring to FIG. 5, the Switch and postcoder 
102 comprises terminals 300 and 304, switches 301 and 303, 
further terminals 301a, 301b, 303a and 303b, the postcoder 
302, the adder 305 (modulo 2), and the 1-symbol delay 
circuits 306a-306l. 

0.174. The decoded data from the 4-state/8-state trellis 
decoder 101 is input to the terminal 300. The switch 300 is 
turned to the terminal 301 a when an NTSC co-channel 
interference component is contained (for 8-state transition), 
and to the terminal 301b when no NTSC co-channel inter 
ference component is contained (for 4-state transition). 
When the terminal 301b is selected, the postcoder 302 
passes data Y, through a feed forward loop to convert it to 
data X2, and outputs the decoded data XX. 
0175. The switch 303 is turned to the terminal 303a when 
an NTSC co-channel interference component is contained, 
and to the terminal 303b when no NTSC co-channel inter 
ference component is contained, So that data XX is output 
to the terminal 304. 

0176) The 1-symbol delay circuits 306a-3061, along with 
the path metric memories 203a–2031 and the path memories 
205a-2051, are successively selected in the same order 
according to a trellis encoding rule of the trellis encoder unit 
5006 of FIG. 22. 

0177. However, during the segment sync period (in 
which the data is not trellis-encoded), no decoded data is 
input to the Switch and postcoder 102, while delay circuit 
selection is switched to the next one of the 1-symbol delay 
circuits 306a-306l. 

0.178 As described above, the Switch and postcoder 102 
is provided with the 1-symbol delay circuits 306a-3061, and 
data Y for 4-state transition is stored in each of the path 
metric memories 203a–2031 and the path memories 205a 
205l. Thus, it is possible to repeatedly and successively 
perform the 4-state and 8-State decoding operations. The use 
of the Switch and postcoder 102 makes it possible to 
implement the error correction circuit of FIG. 1. 
0179 Next, the contents of the state transition diagram 
used in the 4-state/8-state trellis decoder 101 for decoding 
the encoded data will be described in detail. 

0180 FIG. 6 is a block diagram illustrating a circuit 
configuration for producing the contents of the State transi 
tion-diagram. Referring to FIG. 6, the circuit comprises, 
terminals 400, 401, 405, 406, 407 and 408, a precoder 402, 
adders (modulo 2) 402a, 403b, 404b, 404d and 404f. 1-sym 
bol delay circuits 402b, 403a, 403a, 404a, 404a and 404e, 
a trellis encoder 403, and a comb filter 404. 

0181. In the circuit illustrated in FIG. 6, the delay circuits 
provided in the precoder 402, the trellis encoder 403, and the 
comb filter 404 are all 1-symbol delay circuits for delaying 
information by 1 bit. The upper bit X of the 2-bit input data 
XX is Input to the terminal 400, with the lower bit X 
(X=Y) thereof being input to the terminal 401. The pre 
coder 402 precodes data X to obtain data Y. (Y=Z). The 
trellis encoder 403 performs a trellis encoding operation on 
data Y2Y to obtain data Z.Z.Z. For the case where there 
is NTSC co-channel interference, it can be considered that 
a comb filter used on the receiving Side is provided on the 
transmitting Side. Then, data ZZZo is passed through the 
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comb filter 404 to obtain data W.W.W.W (15 levels). The 
D and D are the same delayed information, and D and Ds 
are also the same delayed information (i.e., D=D., D=Ds). 
0182 FIG. 7 is a 4-state transition diagram. Referring to 
FIG. 7, So, S, S and S each denote a state, D and D. 
denote delayed information of the delay circuits 403a and 
403c of FIG. 6, respectively, and R/YY denotes symbol/ 
data. 

0183 For 4-state transition, there are two paths (-7/00 
and +1/10) for the transition from State So to State So, as 
illustrated in the figure. One of the two paths is selected 
based on the received Signal level. 

0.184 For 4-state transition, data YY is decoded using 
the state transition diagram of FIG. 7. 

0185 FIG. 8A is a table illustrating the relationship 
between data WWWW (15 levels) after being passed 
through the comb filter and data X. FIG. 8B is a table 
illustrating the relationship between the 15 levels after being 
passed through the comb filter and data X. 

0186 Referring to FIG. 8A, it can be seen that Y cannot 
be uniquely determined from WWZ (see FIG. 6), but X 
can be uniquely determined therefrom. Z is determined 
simultaneously with W and Wo which are determined by the 
trellis encoder 403 and the comb filter 404. Thus, referring 
to FIG. 6, input data XX, can be determined from 
W.W.W.W., by the trellis decoder 101 (FIG. 1). 
0187 FIG. 9A is an 8-state transition diagram. FIG. 9B 
is a table illustrating the 15 levels after being passed through 
the comb filter. FIG. 9C is a table illustrating level L/Data 
XX for each branch. In FIGS. 9A-9C, So, S, S, S, S, Ss, 
S and S, each denote a state, D, D, and D denote delayed 
information of the delay circuits 404c, 403a and 403c of 
FIG. 6, respectively, and L/XX denotes level/data. 

0188 Without Do (considering only D and D), the state 
transition of FIG. 9A becomes equivalent to the 4-state 
transition of FIG. 7 but with the number of parallel paths 
being increased from two to three. This is shown in FIGS. 
9D and 9E. As can be seen from FIGS. 9D and 9E, there 
are three paths ((-12, -8/10), (-4, 0/00), (4,8/10)) from state 
So to State So, for example. One of the three paths is Selected 
based on the received signal level. Thus, it is possible to use 
a trellis decoder commonly for 4-state transition and for 
8-State transition. 

0189 Next, an exemplary trellis decoding process by the 
error correction circuit of Embodiment 1 based on the a State 
transition as illustrated in FIGS. 9A-9C will be described 
with reference to FIGS. 10-15C. 

0.190 FIG. 10 is a trellis diagram illustrating 8-state 
transitions. In FIG. 10, each state has one surviving path 
(indicated by a solid line). 
0191 FIGS. 11A-14B illustrate a method for calculating 
a branch metric and a path metric for a State transition from 
time t (t is an integer) to time t+1 in FIG. 10. 
0192 FIGS. 15A-15C illustrate the relationship between 
data WWWW (15 levels) according to Embodiment 1 
and 7 coSets according to the conventional device. AS is 
apparent from FIGS. 15A-15C, it is possible to perform the 
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decoding operation using the 15 levels as in Embodiment 1 
which is Substantially the same as that of the conventional 
device using cosets. 
0193 The relationship between the 15 levels of Embodi 
ment 1 and the 7 cosets of the conventional device is also 
illustrated in the tables of FIGS. 11A, 12A, 13A and 14A. 

0194 The calculation of branch metrics and path metrics 
for the state transition from time t to time t-1 of FIG. 10 will 
be described. For example, consider a case where the 
received Signal level after being passed through the comb 
filter varies from -9.4, to +4.1, -5.7, and then to +7.2. In this 
example, State transitions after time 0 is considered, and 
therefore the path metric Pm(0) at time 0 is 0 for each state. 
The path metric Pm(t+1) at time t+1 is the sum of the path 
metric Pm(t) at time t and the branch metric Bm(t+1) at time 
t+1. Thus, Pm(t+1)=Pm(t)+Bm(t+1). 
0.195 First, the branch metric and the path metric for the 
state transition from time 0 to time 1 in FIG. 10 are 
calculated. The two branches (2x3 =6) transiting to State So 
at time 1 are considered. There are two State transitions to 
State So at time 1 (i.e., one from State So at time 0 and another 
from state S at time 0). 
0196) Three signal levels -8, 0 and +8 may be taken by 
the transition branch from State So at time 0 to State So at time 
1. Of the three signal levels, the signal 1 vel -8 which is 
closest to the received signal level -9.4 (indicated by “L-” 
in FIG. 10) is selected. Then, the branch metric for the 
transition is calculated as follows: 

0197) Therefore, the path metric for the path is calculated 
as follows: 

0198 Similarly, three signal levels -12, -4 and +4 may 
be taken by the transition branch from state S at time 0 to 
State So at time 1. Of the three Signal levels, the Signal level 
-12 which is closest to the received signal level -9.4 is 
Selected. Then, the branch metric for the transition is cal 
culated as follows: 

0199 Therefore, the path metric for the path is calculated 
as follows: 

0200 Piso(0)+BA(1) and Ps(O)+B (1) are com 
pared with each other. Since Pso(0)+BA(1) is the Smaller 
value, the path metric Pso(1) for State So at time 1 is 
calculated as follows: 

0201 The path metric Pm(t) at time t is normalized so 
that the minimum value of the path metric is 0. 

0202) The branch metrics and the path metrics for the 
other States at time 1 are also calculated as described above 
and as illustrated In FIGS. 11A and 11B. The symbols A-J 
in BA(1)-B(1) respectively correspond to the Symbols 
A-J provided to the branches in FIGS. 9A, 9C, 15A and 
15C. Thus, B.A(1)-B, (1) are the branch metrics for the 
branches A-J. 
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0203 The branch metrics and the path metrics for the 
other State transitions from time t to time t+1 are similarly 
calculated as illustrated in FIGS. 12A-14B. 

0204 Referring to FIG. 10, and assuming the cut-off path 
length to be 4, for example, the path metric at time 4 is 
Smallest for state Ss. Then, the most likely state at time 0 is 
State So as determined by tracing back the predetermined 
cut-off path length (=4) along the Surviving path. Therefore, 
the most likely path for the transition from time 0 to time 1 
is the path from State So to State So Thus, the maximum 
likelihood-decoded data XX is “10” (the branch is asso 
ciated with data XX as illustrated in FIG. 9C). It is 
currently believed in the art that the cut-off path length is 
preferably about 5-6 times of the constraint length (i.e., 4x5 
to 4x6=20 to 24 for 8-state transition), while the cut-off path 
length is set to be 32 for both 4-state transition and 8-state 
transition in Embodiment 1 allowing for desirable decoding 
operations. According to Embodiment 1, a candidate for data 
X (first path information) and Selection information (Second 
path information) are stored in the path memory and a 
maximum likelihood decoding operation is performed on 
data XX for the trace back System, whereas a candidate for 
data X-X (a candidate for decoded data) is stored in the path 
memory and a maximum likelihood decoding operation is 
performed on data XX for the register exchange System. 
While a case of 8-state transition has been described above, 
a proceSS Substantially the Same as that for 8-State transition 
can be used for 4-state transition to perform a maximum 
likelihood decoding operation on data Y.Y. 
0205. On the contrary, when using the conventional 
8-state trellis decoder illustrated in FIG. 26, the most likely 
path for the transition from time 0 to time 1 is the path from 
State So to State So as determined by tracing back the 
predetermined cut-off path length along the Surviving path 
from State So at time 4. Thus, a maximum likelihood 
decoding operation is performed to obtain data X="0" and 
coset UA="-8, 0, +8'. The maximum-likelihood-decoded 
coset UA="-8, 0, +8" is used by the slicer 5306 for a 
decoding operation to obtain data X="1'. Thus, the prior art 
requires the delay circuit 5301 and the slicer 5306. 
0206 AS described above, according to the embodiment 
of the present invention, it is possible to use a trellis decoder 
commonly for 4-State transition and for 8-State transition, 
and to directly decode data XX by using the 8-State 
transition diagram. 
0207 While the trace back processing circuit 204 is used 
in Embodiment 1 as the 4-state/8-state trellis decoder 101, a 
register exchange circuit may alternatively be used in place 
of the trace back processing circuit 204. Moreover, while a 
Square of Euclidean distance is used in Embodiment 1 for 
the branch metric, any other Suitable value can alternatively 
be used, e.g., an absolute value of Euclidean distance. 
0208 AS described above, according to Embodiment 1 of 
the present invention, the branch metric production circuit 
201 first compares the encoded data with possible data 
points taken by each of the branches (i.e., one from State S, 
to state S and another from state S, to state S) to select one 
of the data points closest to the encoded data, and a 
candidate for data X (first path information for the trace 
back System) or a candidate for data X-X (a candidate for 
the decoded data for the register exchange System) is pro 
duced So as to calculate the branch metric for the data closest 
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to the encoded data. Alternatively, all the Squares of Euclid 
ean distance for the encoded data and possible data points 
taken by each of the branches (i.e., one from State S, to State 
S and another from State S, to State S) maybe first calcu 
lated, So as to use the Smallest Square value as the branch 
metric for that branch, thereby using the data corresponding 
to the branch metric as a candidate for data X (first path 
information for the trace back System) or a candidate for data 
XX (a candidate for the decoded data for the register 
exchange System). While a plurality of memories are used 
for each of the path metric memory and the path memory of 
the 4-state/8-state trellis decoder 101 and for the 1-symbol 
delay circuit of the postcoder 302, a Single memory or a 
shared memory may alternatively be used, and the memory 
may be divided into a plurality of memory areas. 
0209 AS described above, the error correction circuit of 
Embodiment 1 does not require the slicer 5306 of the 
conventional device illustrated in FIG. 26 and does not 
perform the convolution operation, thereby avoiding the 
possibility of error propagation. 
0210. When using an 8-state trellis decoder, the conven 
tional device requires 4 bits of information (a candidate for 
a coset (3 bits) and a candidate for data X (1 bit)) to be 
stored for each state in the trace back memory 5305, while 
the error correction circuit of Embodiment 1 only requires 2 
bits of information (a candidate for data X (1 bit) and path 
Selection information (information corresponding to a can 
didate for data X (1 bit)) to be stored for each state in the 
path memory. Therefore, the error correction circuit of 
Embodiment 1 only requires a memory capacity which is 1/2 
(2 bits/4 bits=1/2) of that required for the conventional 
device. Thus, the memory capacity required for the error 
correction circuit of Embodiment 1 is reduced by 50% from 
that required for the conventional device. 
0211 Moreover, the conventional device requires the 
delay circuit 5301 illustrated in FIG. 26. For example, in 
order to delay 10 bits of information by the delay circuit 
5301, (4x8+10) bits need to be stored. On the contrary, 
Embodiment 1 only requires (2x8) bits to be stored. There 
fore, the error correction circuit of Embodiment 1 only 
requires a memory capacity which is about 0.4 times ((2x 
8)/(4x8+10)=16/42=0.4) of that required for the conven 
tional device. Thus, the memory capacity required for the 
error correction circuit of Embodiment 1 is reduced by about 
60% from that required for the conventional device. 
0212. Furthermore, for the entire 8-state trellis decoder, 
the error correction circuit of Embodiment 1 only requires a 
memory capacity which is about 0.6 times ((1+1)/(1+42/ 
16)=0.6) of that required for the conventional device. Thus, 
the memory capacity required for the error correction circuit 
of Embodiment 1 is reduced by about 40% from that 
required for the conventional device. 
0213 (Embodiment 2) 
0214 FIG. 16 is a block diagram illustrating a trellis 
decoder and a deparser of an error correction circuit accord 
ing to Embodiment 2 of the present invention. The trellis 
decoder and the deparser of Embodiment 2 are provided in 
place of the trellis decoder and the deparser illustrated in 
FIG. 34, and in place of the trellis decoder 805 illustrated in 
FIG. 28B. 

0215 Referring to FIG. 16, there are provided terminals 
2100,2101 and 2110, an encoded bit decoding section 2102, 
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a depuncturer 2103, a Viterbi decoder 2104, a differential 
postcoder 2105, a non-encoded bit decoding section 2106, a 
4/5 puncturer 2107, a QAM demapper 2108, and a deparser 
2109. 

0216) The trellis decoder comprises the non-encoded bit 
decoding Section 2106 and the encoded bit decoding Section 
2102. 

0217. The encoded bit decoding section 2102 receives 
QAM-demodulated I data and Q data through the terminals 
2100 and 2101, respectively. The depuncturer 2103 depunc 
tures the I data and Q data. The Viterbi decoder 2104 
performs a Viterbi decoding operation on the depunctured I 
data I and Q data Qap. and produces Viterbi-decoded I data 
Iv1 and Q data Qy, and I data I and Q data Q, to be used 
for decoding the non-encoded bits. The differential post 
coder 2105 performs a differential decoding operation on the 
encoded bits based on the Viterbi-decoded I data IV, and O 
data Q. 
0218. The Viterbi decoder 2104 inputs the Viterbi-de 
coded I data I (I data denotes a signal level) and Q data Q, 
(Q data denotes a signal level) to the 4/5 puncturer 2107 in 
the non-encoded bit decoding section 2106. The 4/5 punc 
turer 2107 performs a puncturing operation at a code rate of 
4/5 on the Viterbi-decoded I data I (I data denotes a signal 
level) and Q data Q, (Q data denotes a signal level). The 
QAM demapper 2108 demaps the punctured I data I, (I data 
denotes a signal level) and Q data Q (Q data denotes a 
signal level) So as to produce and output non-encoded bits. 
0219. The encoded and non-encoded bits which have 
been decoded as described above are input to the deparser 
2109. The deparser 2109 puts together the I bits and the Q 
bits, respectively, So as to output them through the terminal 
2110 as I symbols and Q symbols. 
0220 FIG. 17 is a block diagram illustrating the Viterbi 
decoder 2104 provided in the encoded bit decoding section 
2102 of FIG. 16. 

0221) Referring to FIG. 17, the Viterbi decoder 2104 
comprises terminals 2200,2206 and 2207, a selection circuit 
2206, a branch metric production section 2201, an ACS 
(Add Compare Select) section 2202, path metric memories 
2203a and 2203b, a trace back processing section 2204, and 
path memories 2205a and 2205b. 
0222 FIG. 18A is a state transition diagram. In the state 
transition diagram, So-Ss each denote a State, D, D, D. 
and D each denote delayed information of the respective 
delay circuits 1203–1206 (illustrated in FIG. 32) of the 
trellis encoder 804 in the error correction encoding section 
703 (illustrated in FIG. 28A), and “out 1 out2/in” denotes 
outputs 1,2/input of the 1/2 convolutional encoder 1201 
illustrated in FIG. 32. The Viterbi decoder 2104 produces 
data I, Q, I2O2 using the State transition diagram 
illustrated in FIG. 18A. 

0223) An operation of the Viterbi decoder 2104 for 
decoding data using the State transition diagram and the 
Viterbialgorithm of FIGS. 18A and 18B will be described. 

0224) Referring to FIG. 17, the depunctured I data I, or 
Q data Q, to input through the terminal 2200. Each tran 
sition from one state to another has two branches. The 
selection circuit 2208 compares the encoded data with 
possible data points taken by each of the branches, and 
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Selects one of the data points which is closest to the encoded 
data. The branch metric production section 2201 calculates 
the branch metric for the closest data point, and outputs it to 
the ACS Section 2202. 

0225. A square of Euclidean distance is used for the 
branch metric. However, a branch metric corresponding to 
punctured data of out 1 IS not calculated. 
0226. There are two possible transitions to the next state 
(from two different states), and the ACS section 2202 adds 
the branch metric for each branch to a path metric for each 
state stored in the path metric memory 2203a or 2203b, and 
Selects the Smaller one of the obtained Sums to be used as a 
new path metric for the state. The new path metric for the 
State is Stored in the same one of the path metric memories 
2203a and 2203b. Data corresponding to the new path 
metric for each State is Stored in one of the path memories 
2205a and 2205b having a number corresponding to that of 
the path metric memory. 
0227. The data stared in the path memory 2203a or 2203b 
includes the delayed information (“0” or “1”) of D, on the 
transition origin side of FIG. 18A (“D", on the left side in 
FIG. 18A), and the signal levels respectively corresponding 
to out1 and out2 (i.e., one of “-7, -3, +1, +5” when out 1 or 
out2 is “0”, or one of "-5, -1, +3, +7 when out 1 or out2 is 
“1”). However, the punctured data of out1 (i.e., the signal 
level corresponding to out1) is not stored in the path 
memory. 

0228. The trace back processing section 2204 traces back 
a predetermined cut-off path length along the Surviving path 
which contains the State whose new path metric is Smallest 
no as to determine data I, Q, I, Q, and outputs the 
data I and Q through the terminal 2206 and the data I 
and Q through the terminal 2207. 
0229 FIG. 19 illustrates in greater detail the postcoder 
2105 of FIG. 16. Referring to FIG. 19, the postcoder 2105 
comprises terminals 2400, 2401, 2401 and 2403. 

0230. The I data I (=X) from the Viterbi decoder 2104 
is input through the terminal 2400, and the Q data Q, (=Y) 
from the Viterbi decoder 2104 is input through the terminal 
2401. The differential postcoder 2105 performs a differential 
decoding operation on the I data and Q data based on the 
following differential encoding formulae (3) and (4) (where 
j is an integer), and outputs the differential-encoded data W, 
and Z, through the terminals 2402 and 2403, respectively. 

0231. As described above, Embodiment 2 of the present 
invention provides a Viterbi decoder for decoding a first 
Series of data obtained by decoding a Series of encoded data, 
and a Second Series of data obtained by decoding a Series of 
data which contains information of a Series of unencoded 
data. Thus, it is possible to decode the Series of unencoded 
data (non-encoded bits) without convolutional-encoding (re 
encoding) the Series of Viterbi-decoded data. 
0232 (Embodiment 3) 
0233 FIG. 20 is a block diagram illustrating a trellis 
decoder and a deparser of an error correction circuit accord 
ing to Embodiment 3 of the present invention. The trellis 
decoder and the deparser of Embodiment 3 are provided in 
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place of the trellis decoder and the deparser illustrated in 
FIG. 19, and in place of the trellis decoder 805 illustrated in 
FIG. 28B. 

0234 Referring to FIG. 20, there are provided terminals 
2500,2501 and 2510, an encoded bit decoding section 2505, 
a depuncturer 2506, a Viterbi decoder 2507, a differential 
postcoder 2508, a non-encoded bit decoding section 2502, a 
QAM demapper 2503, a delay circuit 2504, and a deparser 
2509. 

0235. The trellis decoder comprises the non-encoded bit 
decoding Section 2502 and the encoded bit decoding Section 
2505. 

0236. The encoded bit decoding section 2505 receives 
QAM-demodulated I data and Q data through the terminals 
2500 and 2501, respectively. The depuncturer 2506 depunc 
tures the I data and O data. The Viterbi decoder 2507 
performs a Viterbi decoding operation on the depunctured I 
data I dp and Q date Q dp? and produces Viterbi-decoded I data 
I and Q data Q. The differential postcoder 2508 performs 
a differential decoding operation on the Viterbi-decoded I 
data I and Q data Q, and produces encoded bits. 

0237) The non-encoded bit decoding section 2502 
receives the QAM-demodulated I data and Q data at the 
QAM demapper 2503. The QAM demapper 2503 performs 
a demapping operation based on the I data and Q data, and 
produces non-encoded bits. The delay circuit 2504 delays 
the decoded non-encoded bits. 

0238. The encoded and non-encoded bits which have 
been decoded as described above are input to the deparser 
2509. The deparser 2509 puts together the I bits and the Q 
bits, respectively, So as to output them through the terminal 
2510 as I symbols and Q symbols. 

0239 FIGS. 21A-21C illustrate an arrangement of 64 
QAM encoding points in the QAM demapper 2503 of FIG. 
2O. 

0240. In the QAM demapper 2503, the 64 QAM encod 
ing points are arranged as illustrated in FIG. 21A, and the 
non-encoded bits corresponding to the Q data along the 
Vertical axis thereof and the I data along the horizontal axis 
thereof are derived. As illustrated in FIG. 21B, each encod 
ing point is represented as (I bit, Q bit)=(C(1) C(2) C(3), 
C(4) C(5) C(6)). C(1) C(2) C(4) and C(5) are non-encoded 
bits, and C(3) and C(6) are encoded bits (see FIG. 29). As 
illustrated in FIG. 21C, there are four combinations (indi 
cated respectively by the symbols “O'”, “”, “ I”, “O'”) of 
the encoded bits C(3) and C(6), each of which can be either 
“1” or “0”. The bit being “0” corresponds to signal levels 
“-7, -3, +1, +5”, and the bit being “1” corresponds to signal 
levels “-5, -1, +3, +7”. I bits and Q bits respectively 
corresponding to the I data and the Q data are obtained with 
reference to the arrangement of 64 QAM encoding points of 
FIG. 21A. Non-encoded bits are extracted from the I bits 
and the Q bits, and output. 

0241 AS described above, Embodiment 3 of the present 
invention provides a demapper for decoding a Series of 
demodulated data to obtain a Series of unencoded data. Thus, 
it is possible to decode the Series of unencoded data (non 
encoded bits) without convolutional-encoding (re-encoding) 
the series of Viterbi-decoded data. 
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0242. In Embodiments 2 and 3 above, a trace back 
processing Section is used as a Viterbi decoder. Alternatively, 
a register eXchange processing Section may be used in place 
of the trace back processing Section. 

0243 Moreover, while a square of Euclidean distance is 
used in Embodiment 3 for the branch metric, any other 
Suitable value can alternatively be used, e.g., an absolute 
value of Euclidean distance. Furthermore, while the branch 
metric production Section described above does not calculate 
a branch metric corresponding to punctured data of out 1, the 
branch metric corresponding to punctured data of out 1 may 
be a constant (e.g., 1). 
0244 Moreover, while decoding operations for the 64 
QAM System are described above, Similar decoding opera 
tions can be performed for other systems, e.g., the 256 QAM 
System. 

0245) Furthermore, both the differential encoding/decod 
ing operations and the puncturing/depuncturing operations 
are performed in the above-described embodiments. How 
ever, either one, or both, of the differential encoding/decod 
ing operations and the puncturing/depuncturing operations 
may be omitted, while it is still possible to perform the 
encoding and decoding operations which are Substantially 
the same as those of Embodiments 2 and 3 based on the 
present invention. The present invention can be effectively 
used as long as trellis encoding and mapping onto 2-dimen 
Sional m values are performed on the transmitting Side, 
while maximum likelihood decoding and demapping are 
performed on the receiving Side. 

0246. As described above, Embodiments 2 and 3 provide: 
a Viterbi decoder for decoding a first series of data obtained 
by decoding a Series of encoded data, and a Second Series of 
data obtained by decoding a Series of data which contains 
information of a Series of unencoded data, or a demapper for 
decoding a Series of modulated data to obtain a Series of 
unencoded data. Thus, it is possible to implement an error 
correction circuit capable of decoding a Series of unencoded 
data (non-encoded bits) without convolutional-encoding (re 
encoding) a Series of Viterbi-decoded data. 
0247 AS is apparent from the detailed description of the 
embodiments of the present invention, the present invention 
can be used with trellis-encoded signals including encoded 
data and unencoded data. The present invention performs a 
Viterbi decoding operation by Selecting one of a plurality of 
parallel paths of a branch through calculation of the branch 
metric thereof, thereby eliminating the need to decode 
non-encoded bits by re-convolutional-encoding the Viterbi 
decoded data as in the prior art. Therefore, the present 
invention Simplifies the circuit to be used, as compared to a 
circuit used with the conventional method in which the 
encoded lower bit is Viterbi-decoded, and a re-convolution 
is performed to decode the unencoded upper bit. Moreover, 
in the prior art, the re-convolution operation by a re 
convolutional encoder may result in error propagation cor 
responding to the constraint length of the re-convolutional 
encoder, whereas Substantially no error propagation occurs 
in the method of the present invention. Thus, characteristics 
Such as the SIN ratio are better than those obtained with the 
conventional method. 

0248. In the terrestrial digital broadcasting system cur 
rently used in the U.S., the transition state of the convolu 
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tional encoder may change from 4-state transition to 8-State 
transition when a comb filter for removing an NTSC co 
channel interference component is provided on the receiving 
Side. According to the present invention, one State resulting 
from the comb filter is associated with an increase in one 
parallel path, So that a decoder can be used commonly for 
8-State transition and for 4-state transition, thereby simpli 
fying the circuit. 
0249 Moreover, according to the present invention, even 
when a plurality of convolutional encoders are provided on 
the transmitting Side, the data processing can be performed 
with a single Viterbi decoder on the receiving side by 
providing one circuit that can be used as both a branch 
metric production circuit and an ACS circuit, thereby reduc 
ing the circuit Scale. 
0250 Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the Scope and Spirit of this invention. 
Accordingly, it is not intended that the Scope of the claims 
appended hereto be limited to the description as Set forth 
herein, but rather that the claims be broadly construed. 
What is claimed is: 

1. An error correction circuit for receiving and decoding 
a trellis-encoded signal of a Series of data Z, Z-1, . . . .Z. 
which comprises convolutional-encoded bits and unencoded 
bits, the convolutional-encoded bits being obtained by con 
volutional-encoding lower t bits X, X-1,...,X of an input 
p-bit series of data X, X-1,..., X (where p22, qep, and 
p>te 1), and the unencoded bits being obtained by not 
convolutional-encoding upper (p-t) bits thereof, the circuit 
comprising: 

a maximum likelihood decoder for preselecting one of m 
parallel paths of transition from State X at time k to State 
y at time X-1. 

2. An error correction circuit according to claim 1, 
wherein the maximum likelihood decoder comprises: 

a Selection Section for Selecting one of the m parallel paths 
transition from State X at time k to State y at time k+1; 
and 

a calculation Section for obtaining a path metric using a 
branch metric. 

3. An error correction circuit according to claim 1, 
wherein: 

the error correction circuit receives and decodes data 
which is produced by mapping the series of data Z. 
Z-1, . . . .Z onto j points, 

the series of data Z, Z. . . . .Z is obtained by 
performing a trellis encoding operation on a first Series 
of data Y, Y-, ... .Y. (r>te 1) and a second Series 
of data Y, Y-, . . . ,Y, the first Series of data being 
obtained by preceding upper bits of the input Series of 
data X, X_1,..., X (pe2), and the Second Series of 
data comprising lower bits of the input Series of data 
X, X-1, . . . , X-1, 

the maximum likelihood decoder is operable to perform in 
different maximum likelihood decoding methods for 
maximum-likelihood-decoding the received databased 
on a plurality of States, wherein the maximum likeli 
hood decoder Selects one of the n maximum likelihood 
decoding methods So as to maximum-likelihood-de 
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code the received databased on the Selected maximum 
likelihood decoding method. 

4. An error correction circuit according to claim 3, further 
comprising a postcoder for postcoding or not postcoding the 
decoded data from the maximum likelihood decoder, 
wherein whether the decoded data is postcoded or not 
depends upon the n maximum likelihood decoding methods. 

5. An error correction circuit according to claim 3, 
wherein the maximum likelihood decoder further comprises: 

a branch metric production Section for producing first path 
information indicating the Selected path and a branch 
metric according to the n maximum likelihood decod 
ing methods, 

a calculation Section for obtaining a path metric based on 
the branch metric obtained by the branch metric pro 
duction Section and for obtaining Second path informa 
tion based on the path metric; 

a path metric memory for Storing the path metric obtained 
by the calculation Section; 

a path memory for Storing the first path information 
obtained by the Selection Section and the Second path 
information obtained by the calculation Section; and a 
trace back Section for obtaining decoded databased on 
the path metric obtained by the calculation Section and 
the first and Second path information Stored in the path 
memory. 

6. An error correction circuit according to claim 3, 
wherein the maximum likelihood decoder further comprises: 

a branch metric production Section for producing first path 
information indicating the Selected path and a branch 
metric based on the n maximum likelihood decoding 
methods, 

a calculation Section for obtaining a path metric based on 
the branch metric obtained by the branch metric pro 
duction Section and for obtaining Second path informa 
tion based on the path metric; 

a path-metric memory for Storing the path metric obtained 
by the calculation Section; 

a path memory for Storing the first path information 
obtained by the Selection Section and the Second path 
information obtained by the calculation Section; and 

a register exchange Section for obtaining the decoded data 
based on the path information and the path metric 
obtained by the calculation Section and the candidate 
for the decoded data comprising the first path informa 
tion and the Second path information Stored in the path 
memory. 

7. An error correction circuit according to claim 4, 
wherein the postcoder comprises a memory for Storing upper 
bits of the decoded data from the maximum likelihood 
decoder. 

8. An error correction circuit according to claim 3, 
wherein: 

the maximum likelihood decoder comprises a branch 
metric production Section; and 

the branch metric production Section references contents 
of a diagram So as to derive first path information 
indicating the Selected path and a branch metric from 
the received data, wherein the contents of the diagram 
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are obtained by associating the first Series of data Y., 
Y_1, . . . .Y., the Second Series of data Yi, Y_1, . . . 
Y, and the received data, which is produced by 
mapping the Series of data Z, Z-1, . . . .Z, onto j 
points, with one another. 

9. An error correction circuit according to claim 3, 
wherein: 

the maximum likelihood decoder comprises a branch 
metric production Section; and 

the branch metric production Section references contents 
of a diagram So as to derive first path information 
indicating the Selected path and a branch metric from 
data which is obtained by passing the received data 
through a linear filter, wherein the contents of the 
diagram are obtained by associating the Series of data 

, X_1,...,X and data obtained by passing, through 
the linear filter, data which is produced by mapping the 
Series of data Z, Z-1,...,Z onto jpoints, with each 
other. 

10. An error correction circuit according to claim 9, 
wherein the linear filter comprises a comb filter. 

11. An error correction circuit according to claim 3, 
wherein: 

the maximum likelihood decoder comprises a branch 
metric production Section; and 

the branch metric production Section references contents 
of a diagram So as to derive a candidate for the decoded 
data and a branch metric from the received data, 
wherein the contents of the diagram are obtained by 
asSociating the first Series of data Y, Y-, ... .Y. the 
Second Series of data Y, Y-1,...,Y, and the received 
data, which is produced by mapping the Series of data 
Z, Z-1, . . . .Z onto j points, with one another. 

12. An error correction circuit according to claim 3, 
wherein: 

the maximum likelihood decoder comprises a branch 
metric production Section; and 

the branch metric production Section references contents 
of a diagram So as to derive a candidate for the decoded 
data and a branch metric from data obtained by passing 
the received data through a linear filter, wherein the 
contents of the diagram are obtained by associating the 
Series of data X, X_1, . . . .X and data obtained by 
passing, through the linear filter, data which is pro 
duced by mapping the Series of data Z, Z-1, . . . .Z. 
onto j points, with each other. 

13. An error correction circuit according to claim 12, 
wherein the linear filter comprises a comb filter. 

14. An error correction circuit according to claim 3, 
wherein the maximum likelihood decoder performs a decod 
ing operation using a Viterbialgorithm. 

15. An error correction circuit according to claim 1, 
wherein: 

the error correction circuit receives and decodes data 
which is produced by mapping the trellis-encoded 
Signal onto a 2-dimensional data Series, and 

the error correction circuit further comprises a Section for 
demapping a Series of data which is obtained through a 
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maximum likelihood decoding operation on the 2-di 
mensional data Series by the maximum likelihood 
decoder. 

16. An error correction circuit according to claim 15, 
further comprising a Section for delaying the demapped 
Series of data. 

17. An error correction circuit according to claim 1, 
wherein: 

the error correction circuit receives and decodes data 
which is produced by mapping the trellis-encoded 
Signal onto a 2-dimensional data Series: 

the c-bit trellis-encoded signal is a series of data Z, Z-1, 
. . . .Z which comprises convolutional-encoded bits 
and unencoded bits, the convolutional-encoded bits 
being obtained by performing a differential encoding 
operation on lower t bitS X, X , . . . .X of the input 
p-bit series of data X, X-1,...,X (where p22, qep, 
and p>te 1) and convolutional-encoding the differen 
tial-encoded bits, and the unencoded bits being 
obtained by not convolutional-encoding upper (p-t) bits 
thereof; and 

the error correction circuit further comprises: 
a Section for performing a differential decoding opera 

tion on a first Series of data which is produced 
through a maximum likelihood decoding operation 
on the 2-dimensional data Series by the maximum 
likelihood decoder; and 

a Section for demapping a Second Series of data which 
is produced through a maximum likelihood decoding 
operation on the 2-dimensional data Series by the 
maximum likelihood decoder. 

18. An error correction circuit according to claim 17, 
further comprising a Section for delaying the demapped 
Series of data. 

19. An error correction circuit according to claim 1, 
wherein: 

the error correction circuit receives and decodes data 
which is produced by mapping the trellis-encoded 
Signal onto a 2-dimensional data Series, 

the c-bit trellis-encoded signal is a series of data Z, Z-1, 
. . . .Z which comprises punctured bits and unencoded 
bits, the punctured bits being obtained by convolu 
tional-encoding lower t bits X, X , . . . .X of the 
input p-bit Series of data X, X-1,...,X (where pe2, 
gep, and p>te 1) and puncturing the convolutional 
encoded bits, and the unencoded bits being obtained by 
not convolutional-encoding upper (p-t) bits thereof; 
and 

the error correction circuit further comprises: 
a Section for depuncturing the 2-dimensional data 

Series, 
a Section for puncturing a Second Series of data which 

is produced through a maximum likelihood decoding 
operation on the depunctured Series of data by the 
maximum likelihood decoder; and 

a Section for demapping the punctured Series of data. 
20. An error correction circuit according to claim 19, 

further comprising a Section for delaying the demapped 
Series of data. 
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21. An error correction circuit according to claim 1, 
wherein: 

the error correction circuit receives and decodes data 
which is produced by mapping the trellis-encoded 
Signal onto a 2-dimensional data Series, 

the c-bit trellis-encoded signal is a series of data Z, Z, 
. . . .Z which comprises punctured bits and unencoded 
bits, the punctured bits being obtained by performing a 
differential encoding operation on lower t bits X, X-1, 
. . . .X. of the input p-bit Series of data X, X_1, . . . 
, X (where p22, q2p, and p>te 1), convolutional 
encoding the differential-encoded bits, and puncturing 
the convolutional-encoded bits, and the unencoded bits 
being obtained by not convolutional-encoding upper 
(p-t) bits thereof; and 

the error correction circuit further comprises: 
a Section for depuncturing the 2-dimensional data 

Series, 
a Section for performing a differential decoding opera 

tion on a first Series of data which is produced 
through a maximum likelihood decoding operation 
on the depunctured Series of data by the maximum 
likelihood decoder; 

a Section for puncturing a Second Series of data which 
is produced through a maximum likelihood decoding 
operation on the depunctured Series of data by the 
maximum likelihood decoder; and 

a Section for demapping the punctured Series of data. 
22. An error correction circuit according to claim 21, 

further comprising a Section for delaying the demapped 
Series of data. 

23. An error correction circuit according to claim 1, 
wherein the maximum likelihood decoder comprises: 

a Section for producing a branch metric, 
a Section for addition, comparison and Selection of branch 

metricS and path metrics: 
a path metric memory for Storing a plurality of path 

metrics: 

a plurality of path memories, and 
a trace back processing Section for Outputting a first Series 

of data which is obtained by decoding a Series of 
encoded data, and a Second Series of data which is 
obtained by decoding a Series of data which contains 
information of a Series of unencoded data. 

24. An error correction circuit according to claim 1, 
wherein the maximum likelihood decoder comprises: 

a Section for producing a branch metric, 
a Section for addition, comparison and Selection of branch 

metricS and path metrics, 
a path metric memory for Storing a plurality of path 

metrics, 

a plurality of path memories, and 
a register exchange Section for outputting a first Series of 

data which is obtained by decoding a Series of encoded 
data, and a Second Series of data which is obtained by 
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decoding a Series of data which contains information of 
a Series of unencoded data. 

25. An error correction circuit, comprising a maximum 
likelihood decoder for performing a maximum likelihood 
decoding operation on a Series of data, wherein the maxi 
mum likelihood decoder comprises: 

a Section for producing a branch metric: 
a Section for addition, comparison and Selection of branch 

metrics and path metrics, 
a path metric memory for Storing a plurality of path 

metrics, 
a plurality of path memories, and 
a trace back processing Section for Outputting a first Series 

of data which is obtained by decoding a Series of 
encoded data, and a Second Series of data which is 
obtained by decoding a Series of data which contains 
information of a Series of unencoded data. 

26. An error correction circuit, comprising a maximum 
likelihood decoder for performing a maximum likelihood 
decoding operation on a Series of data, wherein the maxi 
mum likelihood decoder comprises: 

a Section for producing a branch metric, 
a Section for addition, comparison and Selection of branch 

metrics and path metrics, 
a path metric memory for Storing a plurality of path 

metrics, 

a plurality of path memories, and 
a register exchange Section for Outputting a first Series of 

data which is obtained by decoding a Series of encoded 
data, and a Second Series of data which is obtained by 
decoding a Series of data which contains information of 
a Series of unencoded data. 

27. An error correction method for receiving and decod 
ing a trellis-encoded signal of a Series of data Z, Z-1, . . . 
Z which comprises convolutional-encoded bits and unen 
coded bits, the convolutional-encoded bits being obtained by 
convolutional-encoding lower t bits X, X , . . . .X of an 
input p-bit Series of data X, X. . . . .X (where pe2, qep, 
and p>te 1), and the unencoded bits being obtained by not 
convolutional-encoding upper (p-t) bits thereof, the method 
comprising: 

a maximum likelihood decoding Step of preselecting one 
of m parallel paths of transition from State X at time k 
to State y at time k+1. 

28. An error correction method according to claim 27, 
wherein the maximum likelihood decoding Step comprises: 

a Selection Step of Selecting one of the m parallel paths 
transition from State X at time k to State y at time k+1; 
and 

a calculation Step of obtaining a path metric using a 
branch metric. 

29. An error correction method according to claim 27, 
wherein: 

the error correction method is for receiving and decoding 
data which is produced by mapping the Series of data 
Z, Z-1, . . . .Z onto j points: 
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the series of data Z, Z-1, . . . .Z is obtained by 
performing a trellis encoding operation on a first Series 
of data Y, Y-, ... .Y. (r>te 1) and a second Series 
of data Yi, Y, . . . ,Y, the first Series of data being 
obtained by precoding upper bits of the input Series of 
data X, X. . . . .X. (pe2), and the second series of 
data comprising lower bits of the input Series of data 
X, Xp-1 - - - X1, 

the maximum likelihood decoding Step is operable to 
perform n different maximum likelihood decoding 
methods for maximum-likelihood-decoding the 
received databased on a plurality of States, wherein the 
maximum likelihood decoder Selects one of the n 
maximum likelihood decoding methods So as to maxi 
mum-likelihood-decode the received databased on the 
Selected maximum likelihood decoding method. 

30. An error correction method according to claim 29, 
further comprising a postcoding Step of postcoding or not 
postcoding the decoded data from the maximum likelihood 
decoding Step, wherein whether the decoded data is post 
coded or not depends upon the n maximum likelihood 
decoding methods. 

31. An error correction method according to claim 29, 
wherein the maximum likelihood decoding Step comprises: 

a branch metric production Step of producing first path 
information indicating the Selected path and a branch 
metric according to the n maximum likelihood decod 
ing methods: 

a calculation Step of obtaining a path metric based on the 
branch metric obtained in the branch metric production 
Step and obtaining Second path information based on 
the path metric, 

a path metric memory Step of Storing the path metric 
obtained in the calculation Step; 

a path memory Step of Storing the first path information 
obtained in the Selection Step and the Second path 
information obtained in the calculation Step; and 

a trace back Step of obtaining decoded data based on the 
path metric obtained in the calculation Step and the first 
and Second path information Stored in the path memory 
Step. 

32. An error correction method according to claim 29, 
wherein the maximum likelihood decoding Step comprises: 

a branch metric production Step of producing first path 
information indicating the Selected path and a branch 
metric based on the n maximum likelihood decoding 
methods: 

a calculation Step of obtaining a path metric based on the 
branch metric obtained in the branch metric production 
Step and obtaining Second path information based on 
the path metric, 

a path metric memory Step of Storing the path metric 
obtained in the calculation Step; 

a path memory Step of Storing the first path information 
obtained in the Selection Step and the Second path 
information obtained in the calculation Step; and 

a register eXchange Step of obtaining the decoded data 
based on the path information and the path metric 
obtained in the calculation Step and the candidate for 
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the decoded data comprising the first path information 
and the Second path information Stored in the path 
memory Step. 

33. An error correction method according to claim 30, 
wherein the postcoder comprises a step of Storing upper bits 
of the decoded data from the maximum likelihood decoding 
Step. 

34. An error correction method according to claim 29, 
wherein: 

the maximum likelihood decoding Step comprises a 
branch metric production Step; and 

the branch metric production Step comprises referencing 
contents of a diagram So as to derive first path infor 
mation indicating the Selected path and a branch metric 
from the received data, wherein the contents of the 
diagram are obtained by associating the first Series of 
data Yi, Y., . . . .Y., the Second Series of data Y, 
Y, ... .Y., and the received data, which is produced 
by mapping the Series of data Z, Z-1, . . . .Z, ontoj 
points, with one another. 

35. An error correction method according to claim 29, 
wherein: 

the maximum likelihood decoding Step comprises a 
branch metric production Step; and 

the branch metric production Step comprises referencing 
contents of a diagram So as to derive first path infor 
mation indicating the Selected path and a branch metric 
from data which is obtained by passing the received 
data through a linear filter, wherein the contents of the 
diagram are obtained by associating the Series of data 
X, X-1,...,X and data obtained by passing, through 
the linear filter, data which is produced by mapping the 
Series of data Z, Z-1,...,Z onto jpoints, with each 
other. 
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36. An error correction method according to claim 35, 
wherein the linear filter comprises a comb filter. 

37. An error correction method according to claim 29, 
wherein: 

the maximum likelihood decoding Step comprises a 
branch metric production Step; and 

the branch metric production Step comprises referencing 
contents of a diagram So as to derive a candidate for the 
decoded data and a branch metric from the received 
data, wherein the contents of the diagram are obtained 
by associating the first Series of data Y, Y-, ... .Y., 
the Second series of data Yi, Y, . . . .Y., and the 
received data, which is produced by mapping the Series 
of data Z, Z-1,...,Z onto j points, with one another. 

38. An error correction method according to claim 29, 
wherein: 

the maximum likelihood decoding Step comprises a 
branch metric production Step; and 

the branch metric production Step comprises referencing 
contents of a diagram So as to derive a candidate for the 
decoded data and a branch metric from data obtained 
bypassing the received data through a linear filter, 
wherein the contents of the diagram are obtained by 
asSociating the Series of data X, X-1,...,X and data 
obtained by passing, through the linear filter, data 
which is produced by mapping the series of data Z. 
Z-1, . . . .Z onto j points, with each other. 

39. An error correction method according to claim 38, 
wherein the linear filter comprises a comb filter. 

40. An error correction method according to claim 29, 
wherein the maximum likelihood decoding Step comprises 
performing a decoding operation using a Viterbialgorithm. 

k k k k k 


