
EP 0 278 383 B1 Description This invention relates generally to a method
for performing error correction on digital data using a Reed- Solomon code
and, more particularly, to a method for decoding a Reed-Solomon code
wherein error symbols 5   are corrected during decoding by error vectors
obtained by a series of product sum arithmetic operations. One error
correction code that is typically used in compact audio discs Is the
so-called CIRC correction code. CIRC is an acronym for Cross Interleave
Reed-Solomon Code. In the case of the CIRC correction code, the encoding
process of the (28,24) Reed-Solomon code (C2 code) is performed for
twenty-four data symbols, with each symbol consisting of 8 bits. In such
typical audio applications each audio sample Is 18 bits, which 10  Is
formed of two symbols of 8 bits each. Thus, each 8-bit symbol is either the
upper or lower side of an audio sample of one of the two channels of
stereophonic audio data. These data symbols are in a first state of ar-
rangement and, next, the data is rearranged from the first arrangement
state to a second state of arrangement by an interleave operation. The
encoding process of the (32, 28) Reed-Soiomon code (Cl code) is then exe-
cuted for the twenty-eight symbols that are now In the second arrangement
state. When decoding the CIRC 15 correction code, the C1 decoding Is
performed first, then the deinterleave Is performed and, thereafter, the C2
decoding is performed. There are already known various methods of decoding
the CIRC correction code, and examples of such methods are disclosed in
several U.S. patents, for example, 4,546,474; 4,476,582; and 4,497,058. On
the other hand, there are also known various methods of decoding the
Reed-Solomon code, and examples of such meth- 20 ods are disclosed in U.S.
Patent 4,476,562 assigned to the Assignee hereof. From EP-A-0 155 038 a
fast decoder for Reed-Solomon codes is known which corrects errors in data
by use of non-error location. Syndrome symbols are formed by multiplication
by the parity check matrix. According to the conventional decoding methods
of the CIRC correction code, error processing up to and including
double-error correction is executed In the C1 decoding in the first stage,
and double-error correction 25 is executed in the C2 decoding at the next
stage by referring to pointer Information that is derived from the Cl
decoding. One method of decoding the error correction code that has been
proposed is the so-called erasure cor- rection method, in which the
location of the error symbol is indicated by pointer information and the
necessary correction is performed on this error symbol. In the case of the
above-mentioned C1 and C2 codes, detection 30 and correction up to and
including double errors (two symbols) can be respectively performed,
however, if the error location Is already known, then error correction up
to and Including quadruplex errors (four symbols) can be performed.
Therefore, in order to raise the error correction capability, It has been
preferred to perform the erasure correction method of decoding the error.
Furthermore, the erasure correction method has been found to be
particularly effective in correcting burst errors. On the other hand, In
order to perform the erasure cor- 35 rection operation properly, the error
locations must be preliminarily known from the pointer information and,
moreover, the reliability of that pointer information must be relatively
high. According to the conventional coding method of the CIRC correction
code, error correction up to and in- cluding double errors is executed in
the C1 decoder. In such case, because there is a fear of the occurrence of
triple errors, which of course could not be corrected, the C1 pointer is
sent to the C2 decoder in the next 40 stage, so that error correction is
executed In the C2 decoder using the C1 pointer. More specifically, In the
case of the conventional CIRC correction code, as shown for example in Fig.
6, the series of the C1 code (Cl series) is formed by 32 symbols that are
alternately included in two adjacent frames (one frame: 32 symbols). The
series of the C2 code (C2 series) Is formed by 28 symbols that are in-
cluded in predetermined ones of 108 consecutive frames. Because the
interleave length of the C1 series is 45 shorter than that of the C2
series, when a fast-forward reproduction operation, such as queuing or
review, is performed, a problem occurs in that some frames are dropped and
the continuity of the frames is lost. That Is, the C1 pointer is used to
indicate the presence of errors in the one frame before and after the point
of the 



discontinuity, however, the C1 pointeronly indicates the absence of the
errors in the otherframe. On the other hand, the interleave length of the
C2 series has 108 frames, and these 108 frames will Include the point of 60
discontinuity. Thus, this is also not the correct C2 series. Upon
performing the erasure correction for the In- correct C2 series by use of
the foregoing C1 pointer, the error correction will be incorrect. To solve
this problem of incomplete or incorrect error correction when performing
error correction of the CIRC correction code, wherein the maximum error
correcting capability Is obtained by the erasure correction method, there
has been proposed an error correction method whereby the C1 decoding and C2
decoding are 55 executed twice in a specific order. That order might be,
for example, Cl decoding, followed by C2 decoding, followed by C1 decoding,
and followed by C2 decoding. In the first C2 decoding, erasure correction
is per- formed using the C1 pointer obtained by the C1 decoding at the
front stage and the erroneous correction that may occur at this erasure
correction is prevented by the second C1 decoding and the C2 decoding,
which are 2    EP 0 278 383 BI similar to the conventional method of
decoding the CIRC correction code. In using such an improved error
correction method, it is necessary to perform the erasure correction in a
short time period. In the case of the Reed Solomon code, generally, the
erasure correction is performed by solving the following equation. 5 Isi-,
X.4 Y. 10
..*  (1) where, v - 0 to d-2, n:      the number of erasure symbols, 15  Xj
jth error location, S':     syndrome, YJ:    jth error vector, d:
Hamming distance of the code. For example, when four symbols are included,
the syndromes are as follows. 20 4 S       ~Y 80~~~ 25
MCI     j 304 S            X  Y 40                    4 S2 isXj Yj 46 j- 45
50           S3ok           35 s i-il
*.. (2) The code length of the C(2 code is 28. In the case where the error
vector Y, exists In W, with respect to 05  the received symbols W0 to W27,
then It is seen that WO = WO 



3    EP0273833B1 AWn = Wn I W Wn-  W11.- y A W2 = W27 (3) A When it is
assumed that the one error 1s included in the symbol Wn, and it is further
assumed that (X1 = a) io  then the syndromes can be written as: So = Yi S1=
afl'y1 S2 = 2n Y, Sa = dnY1  (4) 15  where Oi in )j and Yj denotes the
order assigned to the errors in the received data.  A  A  A Similarly, if
it Is assumed that the errors exist In, for example, four symbols, such as
WO, W5, W10, and Wig, among the 28 symbols W. to W27 that arep eceived,
that is: Wo = Wo + Y1 %W8 = W5 + Y2 20
A W10 = W10 + Y3 WS= W18 * Y4  (5) and further assuming that: XI = 0, X2 =
a6, )(a = aiO, X4 = a's then when the errors exist in the four symbols, the
following syndromes are derived. 25                                    So =
Y1 + Y2 + Y3 + Y4 Si = a0Y1 + 4aY2 1 W10Y3 + 4  18Y4 S2 = (YI + a10Y2 +C
a20Y3 + Q3 Y4 S3 = czeY1 + 0"1 Y2 + aI3YS +4 a"Y4 (6) When the error
locations Xi to X4 are known from the pointer information, then the error
vectors Y1 to Y4 30  ar obtained as follows: Y4 = Sa+ (X1 + (2 +Xa)S2 +
(XX2 + X2X +XSXI)SI +XiX2XSSO (X4 + X1)(X4 + X)Xa + X4) Y3 = S3+0(1+
X2+X4)S2+(XX2+X2X4+X4X1)S1+XiX2X4So 0(3 +XIX)X+X2)Xa +X4) 35
= S3+0(X1+ X+X4)82+(X1X(3+X4 + X4X1)S1+XX)XX4SO 0(X2 + X1)(X2 + XaX)(2 +
X4) y1 =S3 + (X2 + Xa + X8S2 + (X2X  + XaX4+X4X2)S1 + X2XaX4So  (7) (Xi +
X2)( + XAYX1 + X,) According to the foregoing erasure correction method,
there are a total of eighty-four calculation operations necessary to obtain
the errorvectors Y1 to Y4, more specifically, the eighty-four calculations
are comprised of addition: 40 times, multiplication: 40 times, and
division: 4 times. When the foregoing processes are repetitively performed
for all of the code series, there are problems that the number of
arithmetic operations increases greatly, and the decoding time is
correspondingly prolonged. 45  One method of solving such problems has been
disclosed in U.S. patent application serial number 787,783. According to
the erasure correction method disclosed therein the number of necessary
arithmetic operation in the erasure correction for the product code can be
effectively reduced, but such method Is not so effective 



for cross interleave codes, such as the foregoing CIRC correction code. 50
OBJECTS AND SUMMARY OF THE INVENTION It Is, therefore, an object of the
present Invention to provide a method of decoding a Reed-Solomon code In
which, even In the case of the cross interleave code, the number of times
an arithmetic operation is per- formed for the erasure correction method
can be reduced, as compared with that of the conventional decoding method,
the decoding time can be reduced, and the necessary hardware can be
simplified. According to the present Invention, this object Is accomplished
by a method of decoding a Reed-Solomon code for correcting errors by use of
known error locations, whereby the errors are connected by: sequentially
performing product sum arithmetic operations of syndromes S, (v= 0 to n-1)
and error lo- 4    EP 0 278 383 B1 cations XJ I=  to n) based on the
following rule and setting the Ith answer to S.,,, thereby obtaining So,"a
More specifically, 5V'1 = S'j. 1Xl + 8v41. - (I1!.  _ in - 1) (8) 5
where, (SV,0 = S, ); and obtaining error vectors Yn by use of the So,, 1
syndrome, as follows: n-1 10           Y~  (S n11  Wr   (X~ + 'X) 10
Y~~~n {O,n-1)               (n      k) k-i
... (9) 16     According to the present Invention, In the arithmetic
operating equation (9) above in order to obtain the errorvectors Y, the
term of the numerator can be simplified compared with the same term In the
conventional method and the number of arithmetic operation times for the
erasure correction can be reduced. In this case, the process for
arithmetically forming the term of the numerator can be executed by
repeating the product sum arithmetic operations, so that the hardware can
be simplified. 20     The number of arithmetic operation times can be even
further reduced by correcting the syndromes from the error vectors and
error locations that are used for the erasure correction and by
sequentially reducing the number of erasure symbols. The above and other
objects and features of the present invention will become apparentfrom the
following detailed description with reference to the accompanying drawings,
in which like numerals represent the same 25 or similar elements. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. I is a block diagram showing a decoding
procedure of a cross-interleave Reed-Solomon code used 30     in explaining
the present Invention; Fig. 2 is a graph comparing the error correcting
capabilities of the present Invention with previous propos- als; Fig. 3 is
a block diagram of an embodiment of a decoder for a Reed-Solomon code
according to the present invention; 3S      Fig. 4 is a block diagram of
one embodiment of the main section of a decoder for a Reed-Solomon code
according to the present invention; Fig. 5 Is a block diagram of another
embodiment of the main section of a decoder for a Reed-Solomon code
according to the present invention; and Fig. 8 is a diagram for explaining
a code series of a cross-nterleave Reed-Solomon code, as known in the 



40      prior art. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS An
embodiment of the present invention is described in detail hereinbelow In
accordance with the following 45  items: A. Fundamental decoding method; B.
Erasure correcting method of a Reed-Solomon code; and C. Decoding apparatus
of a Reed-Solomon code 50  A. Fundamental decoding method: Fig. I Is a
block diagram showing a sequence for decoding a CIRC correction code to
which the present invention can be applied. The reproduced signals from a
compactdiscare EFM demodulated and the 32 symbols forming one frame, 65  16
bits for each of the two channels of audio data, are supplied to a time
delay stage 1, in which only the even numbered symbols are delayed by an
amount equal to one frame. Thus, the delay that was provided by the delay
circuit on the encoder side (not shown) Is effectively cancelled. The 32
symbols output from time delay I are supplied to a C1 decoder2, in which
the actual decoding of the (32,28) Reed-Solomon code is executed. 5    EP 0
278 383 61 The error correction of up to two error symbols in the CI series
is performed in Cl decoder 2. When three or more errors are detected in C1
decoder 2, the Cl pointer indicative of the presence of the errors Is set
for all symbols In the Cl series. The data and error pointers corrected by
C1 decoder 2 are further processed In a deinterleave processing 5   stage
3. Deinterleave processing stage 3 returns the data that was Interleaved on
the encoder side (not shown) to the original data arrangement, and the
output of deinterleave processing stage 3 is supplied to a C2 decoder 4. In
deinterleave stage 3 the Cl pointer of each symbol generated from Cl
decoder 2 is deinterleaved in a manner similar to the deinterleave of the
data. The delay process and deinterleave process could also be per- formed
by the address control when data Is read out of a RAM, In which case the C1
pointer is written Into a 10  memory area in a portion of the RAM and
subjected to the same address control as the data. The erasure correction
up to quadruplex errors (four errors) is executed in C2 decoder 4 by use of
the Cl pointer. Upon completion of the erasure correction in C2 decoder 4,
the Cl pointer is cleared and no pointer Information is transferred to the
second Cl decoding cycle, which will be described below. In this manner,
because the Cl pointer of the first C2 decoding is not transferred, there
is no requirement to use any of the RAM area to store 15  the first C2
pointer. Thus, the required memory size Is reduced by following the present
invention. In the second cycle, the data from C2decoder4 is supplied toan
interleave processing stage 5 that returns the data to the same arrangement
as it was when it was reproduced. The output data of interleave processing
stage 5 is supplied to a second time delay stage 6, wherein a time delay of
one frame (32 symbols) is imparted to the data. Because the data corrected
by Cl decoder 2 and C2 decoder4 is stored in the RAM, the operations 20  In
interleave processing stage 5 and two delay stage 6 can be performed by
controlling the read addresses of this data in the RAM. The data of 32
symbols (one frame) is supplied from time delay stage 6 to a second Cl
decoder 7, wherein the decoding of the (32, 28) Reed-Solomon code is
performed and the error correction up to and including double errors is
executed. In Cl decoder?, the Cl pointer Is set notonly in the case where
three or more errors 25  exist, but is also set in the case where double
errors were corrected. The output data is supplied from Cl decoder 7 to a
deinterleave processing stage 8 where It is deinter- leaved, so that 28
symbols data of are supplied from deinterleave processing stage 8 to a
second C2 decoder 



9, in which the decoding of the (28, 24) Reed-Solomon code Is performed. In
C2 decoder 9, error correction up to and including double errors is
executed by reference to the number and states of the Cl pointers. The 30
output data from C2 decoder 9 is supplied to a descramble processing stage
10 and processed in a manner opposite to the scrambling process performed
on the encoderside (notshown). The decoding operations which are executed
by second Cl decoder 7 and second C2 decoder 9 are carried out In a manner
similar to those in the decoder of the CIRC correction code provided in a
reproducing circuit of the compact disc playback unit. As mentioned, the
quadruplex erasure correction is performed in C2 decoder4 by use of the Cl
pointers 35 generated in Cl decoder 2. Thus, the numberof error symbols
that can be corrected is increased, and the error correcting capability is
improved relative to previously proposed techniques. Any mistaken, that is,
incorrect, error correction which occurred when the erasure correction was
performed is eliminated by the repeated exe- cution of the CI and C2
decodings, and the possibility of such incorrect error correction can be
reduced. Fig. 2 Is a graph representing a comparison of the error
correcting capabilities of the embodiment of the 40  present invention
described above and of the conventional decoder of the CIRC correction
code, which is used In existing compact disc playback equipment, for
example. The abscissa axis In Fig. 2 is the symbol error probability P.
before correction and the ordinate axis is the word error probability P,
before correction. In this embodiment, the probability in the case where
the uncor- rectable state occurs is shown at line 11A, whereas the
probability in the case where the conventional decoder 45  of the CIRC
correction code enters the uncorrectable state is shown at line 11 B. From
a comparison between the probabilities represented by lines 11A and 11 B,
the error correcting capability of the embodiment of the present invention
is seen to be Improved over the known system. On the other hand, the
probability where a wrong correction occurs in this embodiment of the
present invention is shown at line 12A, whereas the prob- ability where a
wrong correction occurs In the conventional decoder Is shown at line 12B.
Thus, a comparison 50  between lines 12A and 12B shows that the probability
that the present inventive will make a wrong error cor- rection Is almost
equal to or slightly better than that of the conventional decoder. B.
Erasure correcting method of a Reed-Solomon code: 5d     In this example It
is assumed that the present invention Is applied to the erasure correction
in C2 decoder 4 and that the Hamming distance of the C2 code is (d=5). The
erasure correction according to this embodiment of the present invention Is
described hereinbelow. The product sum arithmetic operations of the
syndromes S, (v= 0 to n-1) and error locations ) 6=1 to n) 6    EP 0 278
383 B1 are sequentially performed on the basis of the following rule. The
Ih answer is set to Sv,|, more specifically, SN14 = SVI- l1 + Sv.  1,1- 1
(1 SlrIn- 1)  (10) where (S,,O = Sj. s      When obtaining So., I by
repetitively executing the above process, the error vectors Y, are obtained
as follows: n-i Yn    (SO, n-)/  v   (Xn + Xk)' k-10...1 16      As an
example, a decoding method In the case of erasure correcting four error
symbols (n=4) will be ex- plained. First, So       So X1 + S S11 S X1 +S2 



S2e1 S2 X + S3                                                 .(12) 25 are
obtained. Then, 30           So 2    S0 3  X2 + Si,71 S1,2   1S0,1 X2 +
82.j                                     *.. (13) 35 are obtained. Then,
SO,3 = SO,2X3 + SI.2 (14) is sequentially derived by product sum arithmetic
operations. Finally, the error vector K.>                       ~~~~~~~3 Y4
S0,3/   I1  (X4 + Xk) S0,3 45 (X4  + XI)(X4  + X2) X4
*-. (15) is obtained. In this manner, the error vector Y4 can be derived by
performing only a relatively small number of 50  arithmetic operations
compared with previously proposed procedures. According to this Invention,
even In the case of obtaining the other error vectors, the number of
arithmetic operations can be reduced by combining the following processes.
Namely, the original syndromes are corrected to the syndromes at occurrence
of triple errors by use of the error vector Y4, as follows: 55
So + Y4 - SO SI + X4Y47S S2 + )42y4-+ S2  (16) The following calculations
are executed with these corected syndromes, thereby obtaining the error
vector 7    EP 0 278 383 B1 Y3. So       So X1 + 5  ~ 01a1 0x1+s7I 6S  '1
Xi +  s2                                       ... (17) lo are obtained,
then, S,2= S0,1X2 + S1,1  (18) is obtained. Thus, YaS    S+ A2
(19) 15 Is derived. In a manner similar to the above, the error vectors Y2
and Y1 are obtained by correcting the syndromes. So + Y3 -SO Si + XY3 Y eS1
S0.1 = soX1 + Si 20                                    Y2 = S0,1/(X2 + X1)
(20) On the other hand, So + Y2 SO Y1 = So (21) are obtained. 



25      The number of times an arithmetic operation is necessary for the
foregoing decoding method can be re- duced to a total of 42 times; more
specifically, addition: 22 times, multiplication: 17 times, and division: 3
times. Thus, the number of times an arithmetic operation is required to be
performed can be substantially reduced, as compared with the conventional
decoding method. The following theorem b used to obtain the foregoing error
vectors Y,: 30 Theorem: n 35                                   Sq     =
xt  Yj jsl 40 and Y4 are obtained, when Sj are sequentially calculated by
the algorithms of SV 0    Sv         (v  u O to  n-l) 45          S   i
S          X   + S (i - 1 to n-1, v - 0 to n-I-i). n                i 50
SV i ' j :  l Xv "y.   fl(Xk + X;) 65
~~~~~~~~~~~~~~~.. .(22) soi               J        k-2    EP 0 278 383 B1
Proof: when I = 1, 5 the  left side -   SV,1  ' SV, O  X1 + S v+1.O 10
x   Y X + z x    y :31 xi    il Juliji n     v Sal ~X         (1X   + X5)
16                         5i.2   j  yS  {X   * X~) 20~~~~~~~~~~~ 25
...(23) and the right side            I   x    y          lX I   x. y   (X
j.2  Xj  Yj    14XI    j) 35 40      .** (.. 24) Therefore, the left side
equals the right side. Now, assuming that equations (23) and (24) are
correct for (I = 1), then when (i = i +1): 45 50 55 6    



EP 0 278 383 Bi Sv V. i1  'SV, 1Ixi+<e1 + Sv+I j 5
X.+l    J.;l  X; V   |    i          (Xk + X; +      I+1   J        yJ
Olt  (Xk  + Xj J 10                          n   X   vS mXs+1   j
XY   + X               (X  + X v                 I 1S  '2 X;    Y v
CX.    1 X.) + n        v         +1 ji+2   i J        i k sl    k        J
20 25 ... t25) 30 When v =   and i =n-1 are substituted in equation (22)
above, 35  SO,n-l   jn  Xj   Yi Jl  (Xk    Xj) n-l jn      ik (Xk
* X n 40 Therefore, 45                         S O,n-l k  !   I  (X k     n
X ) so 40~~~~~~~~~~~~~~~~~~~~ ... (26) 5S and the error vectors Yn can be
obtaned In thb manner. 10    EP0278383B1 C. Decoding apparatus of a
Reed-Solomon code: An embodiment according to the present Invention of the
decoder of the Reed-Solomon code is shown in Fig. 3, in which an external
RAM 22 is connected to an internal bus 21 through a write register 23 and a
read 5   register 24. An arithmetic operating logic unit (ALU) 25, a
syndrome register 26, and a working RAM 27 are also connected to internal
data bus 21. The decoding data reproduced from a compact disc or the like
is stored in external RAM 22. The decoder of Fig. 3 can be configured as a
microprogrammed (microprocessor) system, and a micro- command is read out
of a microprogram ROM 28 that gives a control signal to each control
section through a 1o  buffer register 29. This control signal affects all
of the functional blocks of the decoder. A program counter 30 is provided
in conjunction with the microprogram ROM 28, and the internal state of each
section or functional block of the decoder is supplied to a deciding
circuit 31. Ajump destination address generator 32 generates a jump
destination address fed to the program counter 30 in response to an output
signal from deciding circuit 31. 15     In the decoder shown in Fig. 3, the
syndromes are calculated by the ALU 25 based on the data read out from
external RAM 22, and these syndromes are stored into syndrome register 26.
ALU 25 can perform not 



only the arithmetic operations required of the syndromes but also the
product-sum arithmetic operations that occur In the erasure correcting
process. On the other hand, the error locations obtained by ALU 25 and the
results (Sv, and the like) of the calculations during the calculating
processes are stored In working RAM 27. 20     Fig. 4 is an embodiment of
an ALU that can perform the erasure correction procedure that is provided
In ALU 25, in the embodiment of Fig. 4. Because the erasure correcting
process of the present Invention is per- formed by product-sum arithmetic
operations, the ALU of Fig. 4 has a multiplying section and an adding
section in cascade connection. In Fig. 4, a log ROM 41 is connected to the
internal data bus 21 and outputs an index i (eight bits) when 25  the
elements a' (eight bit data) on the Galois Field are supplied as an address
input. The output of log ROM 41 is supplied to an adder 42, whose output in
turn is supplied to a register 43. The output of register 43 is supplied to
an inverse log ROM 44 and also is fed back to the other input of adder 42.
Adder 42 executes the addition of the index, namely, the multiplication of
a. When the index I is supplied as the address Inputto inverse log ROM 44,
the output a' Is produced and is stored in a register 47, whose output is
supplied to an exclusive 3o  ORcircuit 48, which functions as a modulo2
adder. An output of exclusive ORcircuit 48 is supplied to a register 49,
whose output in turn is fed back to another Input of exclusive OR circuit
48 and Is also fed onto Internal data bus 21. Addition on the Galols Field
Is performed by exclusive OR circuit 48 in accordance with known
techniques. Fig. 5 is anotherembodiment according to the present invention
of an ALU that can be used for both erasure 35  correction and
forerrordetection/correction. As In the embodimentof Fig. 4, a productsum
arithmetic operating circuit Is formed by a log ROM41, an adder42, a
register43, an inverse log ROM 44, a register47, an exclusive OR circuit
48, and a register 49, however, converting PLA45 is needed to solve the
error location equation in the double error correction of the Reed-Solomon
code. Converting PLA45 is a programmable logic array that converts an input
bit pattern into another corresponding bit pattern. Therefore, inverse log
ROM 44 and con- 40  verting PLA45 are connected to the output of
register43, and outputs of both ROM 44 and PLA45 and supplied to a selector
46. Selector 46 selects the output of inverse log ROM 44 when the product
sum arithmetic oper- ations of the erasure correction or the like are
executed, and selector 46 selects the output of converting PLA 45 in those
predetermined steps when error locations are obtained during the error
correction. The present invention can be also applied to another
Reed-Solomon code having a Hamming distance 45  other than (d=5) in a
manner similar to the above. According to the present Invention, when the
erasure correction is performed, the term of the numerator in the
arithmetic operation used to obtain the error vectors can be obtained by
repetitively executing product sum arithmetic operations. The number of
times the arithmetic operations must be performed can be substan- tially
reduced In relation to the conventional erasure correction method. 60
On the other hand, by sequentially correcting the syndromes using the error
vectors and error locations and by reducing the number of erasure
correcting symbols, the number of times the arithmetic operations are
performed can even be further reduced. Thus, the decoding time can be
reduced and the hardware can be simplified. 55 Claims 1. Error-correction
method especially designed for use in a Reed-Solomon decoder (Fig. 3-5)
correcting er-    EP 0 278 383 BI 1 11111! I1Ii I1i1i I1 11111 C. Decoding
apparatus of a Reed-Solomon code: An embodiment according to the present
invention of the decoder of the Reed-Solomon code is shown in Fig. 3, in
which an external RAM 22 is connected to an internal bus 21 through a write
register 23 and a read 



5   register 24. An arithmetic operating logic unit (ALU) 25, a syndrome
register 26, and a working RAM 27 are also connected to internal data bus
21. The decoding data reproduced from a compact disc or the like is stored
in external RAM 22. The decoder of Fig. 3 can be configured as a
microprogrammed (microprocessor) system, and a micro- command is read out
of a microprogram ROM 28 that gives a control signal to each control
section through a 1o  buffer register 29. This control signal affects all
of the functional blocks of the decoder. A program counter 30 is provided
in conjunction with the microprogram ROM 28, and the internal state of each
section or functional block of the decoder is supplied to a deciding
circuit 31. Ajump destination address generator 32 generates a jump
destination address fed to the program counter 30 In response to an output
signal from deciding circuit 31. 15     In the decoder shown in Fig. 3, the
syndromes are calculated by the ALU 25 based on the data read out from
external RAM 22, and these syndromes are stored into syndrome register 26.
ALU 25 can perform not only the arithmetic operations required of the
syndromes but also the product-sum arithmetic operations that occur in the
erasure correcting process. On the other hand, the error locations obtained
by ALU 25 and the results (Sv,i and the like) of the calculations during
the calculating processes are stored in working RAM 27. 20      Fig. 4 is
an embodiment of an ALU that can perform the erasure correction procedure
that is provided in ALU 25, in the embodiment of Fig. 4. Because the
erasure correcting process of the present invention is per- formed by
product-sum arithmetic operations, the ALU of Fig. 4 has a multiplying
section and an adding section in cascade connection. In Fig. 4, a log ROM
41 is connected to the internal data bus 21 and outputs an index i (eight
bits) when 25  the elements a' (eight bit data) on the Galois Field are
supplied as an address input. The output of log ROM 41 is supplied to an
adder 42, whose output in turn is supplied to a register 43. The output of
register 43 is supplied to an inverse log ROM 44 and also is fed back to
the other input of adder 42. Adder 42 executes the addition of the index,
namely, the multiplication of a. When the index i is supplied as the
address input to inverse log ROM 44, the output a'l Is produced and Is
stored in a register 47, whose output is supplied to an exclusive 9o  OR
circuit 48, which functions as a modulo 2 adder. An output of exclusive OR
circuit 48 is supplied to a register 49, whose output in turn is fed back
to another input of exclusive OR circuit 48 and is also fed onto internal
data bus 21. Addition on the Galois Field is performed by exclusive OR
circuit 48 In accordance with known techniques. Fig. 5 is
anotherembodimentaccording to the presentinvention of an ALU thatcan be
used for both erasure 35  correction and for errordetection/correction. As
in the embodimentof Fig.4, a productsum arithmetic operating circuit is
formed by a log ROM 41, an adder42, a register43, an inverse log ROM 44, a
register47, an exclusive OR circuit 48, and a register 49, however,
converting PLA45 is needed to solve the error location equation in the
double error correction of the Reed-Solomon code. Converting PLA 45 is a
programmable logic array that converts an input bit pattern into another
corresponding bit pattern. Therefore, inverse log ROM 44 and con- 40
verting PLA45 are connected to the outputofregister43, and outputs of both
ROM 44 and PLA45 and supplied to a selector 46. Selector 46 selects the
output of Inverse log ROM 44 when the product sum arithmetic oper- ations
of the erasure correction or the like are executed, and selector 46 selects
the output of converting PLA 45 in those predetermined steps when error
locations are obtained during the error correction. The present invention
can be also applied to another Reed-Solomon code having a Hamming distance
45  other than (d=5) in a manner similar to the above. According to the
present invention, when the erasure correction is performed, the term of
the numerator in the arithmetic operation used to obtain the error vectors
can be obtained by repetitively executing product sum arithmetic
operations. The number of times the arithmetic operations must be performed
can be substan- tially reduced in relation to the conventional erasure
correction method. 50      On the other hand, by sequentially correcting
the syndromes using the error vectors and error locations and by reducing
the number of erasure correcting symbols, the number of times the
arithmetic operations are 



performed can even be further reduced. Thus, the decoding time can be
reduced and the hardware can be simplified. 55 Claims 1. Error-correction
method especially designed for use in a Reed-Solomon decoder (Fig.3-5)
correcting er- 11    EP O 278 383 B1311!1111111111111  'II! rors in data
symbols by use of known error locations, whereby respective erroneous data
symbols are corrected by use of n errorvectors Yn obtained by a series of
steps characterized in that the method com- prises the steps of: (A)
performing product sum arithmetic operations of syndromes S, (v= 0 to n-1)
and error locations XJ, 5         whereby j = 1 to n, on the basis: SVj =
Sy,  I xi + SV +1,1- whereby 1 5 i 5 n-1 and n Is the number of error
symbols and where SB,O = S,; for sequentially obtaining the jfh answer Sq,
and for finally obtaining So,,. 1; (B) obtaining error vectors Y, by
performing the following arithmetic operation by use of said Son I de- 10
rived In the preceding step, O,n-l 15                                n
n-1 Jt   (X n  + Xk) k-i 20        thereby correcting one-symbol errors. 2.
Error-correction method according to claim 1, characterIzed by the
additional steps of: (C) correcting said syndromes SB, whereby v= 0 to n-2,
by use of said error vectors Yn, thereby pro- ducing syndromes in the case
of (n-I)-multiple errors; and 25        (D) thereafter, applying said
equation for SVJ to obtain the next error vector Y 1. Patentansprfche 30
1.  Fehlerkorrekturverfahren, insbesondere far die Verwendung in elnem
Reed-Solomon-Dekoder (Fig. 3- 5), der durch die Verwendung bekannter
Fehlerstellen Fehler in Datensymbolen korriglert, bei dam jewel- lige
fehierhafte Datensymbole durch die Verwendung von n Fehlervektoren Yn
korrigiert werden, die durch eine Folge von Schritten erhalten werden,
dadurch gekennzeichnet, daB das Verfahren die Schritte aufweist: S5
(A) Durchfihrung der Produkt-Summen-Rechenoperationen mit den Syndromen S,
(v= 0 bis n-1) und Fehlerstellen ,q, mit j = 1 bis n, auf der Basis: SyI =
SV - IX+ SV +    1J1- 1 mit i 5 i 5 n-1 und n ist die Zahl der
Fehlersymbole und wobel S,.O = S, ist; um sequentiell die iP Antwort Sv, zu
erhalten und um zum Schlug So,,.  zu erhalten; 40        (B) Erhalten von
Fehlervektoren Y, mittels DurchfUhrung der folgenden Rechenoperation unter
Ver- y>              wendung von So,, , des im vorhergehenden Schritt
erzielt wurde, 45                                 Yn = lX, +X,) k=l 50
wodurch Ein-Symbolfehler korrigbert werden. 2.  Fehlerkorrekturverfahren
nach Anspruch 1, gekennzelchnet durch die zusatziichen Schrittb: 



(C) Korrigleren des Syndroms SB, mit'v = o bmg- 2unterVerwendung des
Fehlervektors Y', wodurch in dem Fall des (n-1)-Fach-Fehlers Syndrome
erzeugt werden, und 55        (D) danach Anwendung der Gleichung auf y,1,
um den nichsatn Fehlervektor Y,1I zu erhalten. 12    IIII 1!11111
HE11111 IIII 11 II11 Revendicatlons 1.  Proc6de do correction d'erreurs
particullirement destinb A etre utilisI dans un decodeur de Reed- Solomon
(figures 3 A 5) pour la correction d'erreurs de symboles de donnees par
utilisation d'emplace- 5       ments connus d'erreurs, dans lequel des
symboles errones respectifs de donnees sont corriges par uti- lisation de n
vecteurs d'enreur Y0 obtenus par une serie d'etapes, caractefise en ce quo
le procedi comprend lea Mtapes suivantes: (A) 'execution d'operations
arithm6tiques produit et somme sur des syndromes S, (v = 0 A n-1) et des
emplacements d'erreurXj, avec j = I A n, sulvant la relation: 10
SI = SJ, 1XA  I S, v 1,J  I avoc 1 5 i 5 n- , n etant le nombre de
symrboles d'erreur et SyO = S, pour l'obtention sequentlelle de la is
reponse Sv.I et pour l'obtention finale de So,, 1, (B) I'obtbntbon de
vecteurs d'erreur Y, par executlon de l'op6ratlon arithm6tique suivante A
l'aide de So,n 1 derive dans I'etape precedente 15 y   s    OS,n-1 Yn   0n-
n- II (Xft + XX) k.1 20 pour la correction des orreurs sur un symbole. 2.
Procede de correction d'erreurs salon la revendication 1, caractbrisb par
les tapes supplbmentaires sui- vantbs: 25         (C) la correction des
syndromes S,, avec v = 0 a n-2, par utilisation des veteours d'erreur Y,
avec pro- duction de syndromes dans le cas d'erreurs A multfplicitb (n-1),
et (B) I'application ulterieure de l'equation de Sy pour Iobtentbon du
vecteur d'erreur suivant Y 1. s0 35 40 45 50 55 13    


