
EP 0178 813 B1 Description BACKGROUND OF THE INVENTION 5  1. Field of the
Invention This invention relates generally to the digital data processing
art and more particularly to a new method and apparatus for encoding binary
digital data which is particularly suitable to be used in digital data
communication systems and digital data storage and retrieval systems. 10 2.
Description of the Prior Art Data storage capacity of digital data storage
and retrieval systems has been gradually increasing, and some improved
methods for encoding binary digital data have contributed to the increase
of storage data 15  capacity to a large extent. Generally, the method for
encoding binary data is required to have the following features: (i) large
value of [err] (ii) small value of [err] and (iii) DC free, 20 where [err]
represent respectively the minimun and maximum distances between encoded
signal transitions. The feature (i) means that high frequency spectra of
the encoded digital signals is reduced. With this feature, the upper limit
of transmission band can be lowered, or storage capacity of the data
storage system cart be increased. The feature (ii) means that self clocking
is possible. With this feature timing shift between the clock and signals
is reduced, so that storage capacity of the data storage system can be 25
increased. As a method which is excellent in the features (i) and (ii),
so-called 3PM" method is already known as disclosed in U.S. Patent
4,323,931. This method separate input binary data into successive data
words each containing 3 data bits and converts each data word to a channel
word containing 6 data bits. The 3PM method has such excellent features of
Tmin = 1.5T and [err] = 6T, but does not have the feature (ii) 30    In the
case of retrieving data from a magnetic storage medium by means of a ring
head in which differential signals can be detected, it is possible to
detect peak levels of the retrieved signals, so that it is not necessary to
be DC free. However, when the retrieved signals contain a large amount of
high frequency noises, the differential signals may preferably be
integrated prior to being wave-shaped. In this case, a DC free encoding
method is desirable. Also, in the case of using a thin-film head showing
the mag- 35  netoresistance effect in which the differential signals are
not retrieved, a DC free encoding method is desired. Moreover, in optical
data storage and retrieval systems which require accurate tracking on data
tracks, encoded digital signals will be added as noises to the tracking
control signal if the encoding method is not DC free. As a method having
all of the above feature (i), (ii) and (iii), so-called "EFM" method is
already known 40 which is applied to the "compact disk" (trademark of
Philips Corp. and Sony Corp.). This method is discussed together with a
number of other methods in an article by Toshi T. Doi in the Journal of the
Audio Engineering Society, vol 31, no. 4, April 1983 pages 224-238 entitled
"Channel Codings for Digital Audio Recordings". This method realizes a very
small value of digital sum variation (DSV, hereafter), where DSV is
generally defined as a value obtained by summing data bits of encoded
binary data assuming bit 'I' as 45  + 1 and bit '0' as -I. The EFM method
separates input binary data into data words each containing 8 data bits,
converts each data word to a channel word containing 14 data bits, Inserts
3 merging bits between two channel words, and converts the obtained data to
NRZI code data. The merging bits are selected, by referring to the previous
DSV and the following channel word, so as to reduce total DSV, thereby to
make the encoded data to be DC free. The merging bit selection also takes
account of the maximum allowed 50  number of consecutive '0' bits and
appropriate merging bits are added which ensure that this maximum number is
not exceeded. In this method, however, a complicated decoding circuit must
be provided for decoding the 14-bit channel words. If the number of data
bits of the channel word would be reduced for simplifying the decoding
circuit, then data storage capacity would decrease due to the overhead of
the 3 merging bits. 55     The present Invention provides an apparatus for
encoding binary data comprising: converting means adapted to convert a
sequence of binary data words each containing N data bits, where N is an
integer larger than 1, to a sequence of respective corresponding binary
channel words each containing M data bits, where M is an integer larger
than N, each channel word having at least one merging 2    EP 0 178 813 B1 



bit at a boundary of the channel word, the value of which may be set to
ensure that the sequence of channel words complies with given run-length
rules and has minimal digital sum variation; output means adapted to output
said sequence of channel words; NRZI modulating means arranged to modulate
said sequence of channel words into NRZI coded 5 channel codes,
characterized in that: a predetermined number of said channel words have at
least one selective bit, in addition to and separated from said at least
one merging bit, which may be either '1' or '0'; and the apparatus
comprises: 10     means adapted to set the value of the at least one
selective bit if present in a channel word to ensure that the sequence of
channel words complies with given run-length rules; means for establishing,
for each channel word, whether the value of the at least one merging bit
and/or the at least one selective bit if present therein may be changed
without contravening the given run-length rules; 15     means for
temporarily storing a signal indicating a channel word in which the value
of a bit may be so changed; means for delaying the output of a first
channel word in which the value of a bit may be so changed for a delay
period, that period being the time until the next channel word in which the
value of a bit may be so changed appears or until a predetermined number of
subsequent consecutive channel words in which the 20 value of no bits may
be so changed appear; and means adapted to set the at least one merging bit
and/or the at least one selective bit in the first channel word at the end
of the delay period, prior to the output of the first channel word, to have
the value which results in a lower absolute value of digital sum variation
(DSV) of the channel codes at the end of the delay period, or a lower
maximum absolute value of DSV of the channel codes during the delay period.
25     An advantage of the present invention is that it provides an
apparatus for encoding binary data using a method for encoding binary data
which has features of DC free and large minimum distance between encoded
signal transitions and does not require a complicated decoding circuit. The
conversion may preferably be performed according to the following rules:
(i) two or more '0' bits exist between two '1' bits in the channel word if
the channel word contain two or 30    more '1' bits; (i) most significant
bit or least significant bit of each channel word is made normally '0' as a
merging bit, and when bits adjacent to said merging bit at both sides
thereof are both '1' the adjacent bits are both made '0' and the merging
bit is made '1'; and (iii) the merging bit is made '0' or '1' so that the
absolute value of DSV reduces when a bit proceeding 35    by three bits to
the merging bit is '1' and the merging bit is followed by two continuous
'0' bits or when two continuous bits just before the merging bit are both
'0' and a bit three bits after the merging bit is '1'. Or, the conversion
may preferably be performed according to the following rules: (i) two or
more '0' bits exist between two '1' bits in the channel word if the channel
word contains two or more '1' bits; 40   (ii) most significant bit or least
significant bit of each channel word is made normally '0' as a merging bit,
and when bits adjacent to the merging bit at both sides thereof are both
'1' the adjacent bits are both made '0' and the merging bit is made '1';
(iii) the merging bit is made '0' or '1' so that the absolute value of DSV
reduces when a bit proceeding by three bit to the merging bit is '1' and
two bits following the merging bit are both '0' or when two bits 45   just
before the merging bit are both '0' and a bit three bits after the merging
bit is '1'; and (iv) the specific data word is converted to one of two
channel words which differ from each other only in one specific data bit so
that the absolute value of DSV reduces. With the above configuration, even
if the number of operations for suppressing DSV is small, DSV can be
effectively suppressed because DVS is looked ahead far enough. Accordingly,
the DC free feature can 50 be obtained without largely sacrificing the
above features (i) and (ii). If the requirement to suppress DC is not so
severe, either of the above features (iii) or (iv) may be omitted. Also,
the above features (i), (ii) and (ii) can be obtained even if the number of
bits of the channel word is small and a conversion rule which requires an
easy inverse-conversion is used. The above and other objects, features and
advantages of the present invention will become apparent 55 from the
following description taken in connection with the accompanying drawings in
which: 3    EP 0 178 813 B1 



BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a block diagram of an
embodiment according to the invention; Fig. 2 is a conversion table for a
4/8 converter used in the Fig. 1 embodiment; 5      Fig. 3 is a block
diagram of another embodiment according to the invention; Fig. 4 is a logic
circuit diagram of an embodiment of a circuit for performing conversion
according to the conversion table in Fig. 2; Fig. 5 is a logic circuit
diagram of an embodiment of a circuit for performing inverse-conversion
according to the conversion table in Fig. 2; 10    Fig. 6 is another
conversion table for a 4/8 converter used In the Fig. 1 or Fig. 2
embodiment; Fig. 7 is a temporary inverse-conversion table for a temporary
inverse-conversion performed as a first step prior to the
inverse-conversion according to the conversion table in Fig. 6; Fig. 8 is a
logic circuit diagram of an embodiment of a circuit for performing
inverse-conversion according to the conversion table in Fig. 6; 15    Fig.
9 is a conversion table for a 2/4 converter used in place of the 4/8
converter in the Fig. 1 or Fig. 3 embodiment; Fig. 10 is a circuit diagram
showing an embodiment of first and second DSV counters used in the Fig. 1
embodiment; Fig. 11 is a timing chart showing the operation of the circuit
in Fig. 10; .20    Fig. 12 is a circuit diagram showing an embodiment of a
comparator used in the Fig. 1 embodiment; Figs. 13-15 are block diagrams
showing other embodiments of converting means used in the Fig. 1 or Fig. 3
embodiment; and Fig. 16 is a circuit diagram showing an example of a
violation checking circuit used in this invention. 25 DESCRIPTION OF THE
PREFERRED EMBODIMENTS Referring to Fig. 1, a 4/8 converter 1 converts a
data word containing 4 input data bits to a channel word containing 8 data
bits according to the following conversion rules: rule 1:   Convert a 4-bit
data word to a 8-bit channel word. 30   rule 2:  If a data word contains a
plurality of '1' bits, more than one '0' bits exist between the '1' bits.
rule 3:   Either of the most and least significant bits of each channel
word is made 'O' as a merging bit. There exist 19 kinds of channel words
which satisfy all of the above three rules. There exist many conversion
tables on which the 19 kinds of channel words correspond to 16 kinds of
data words. One preferred example of such conversion tables is shown in
Fig. 2. Each data word consists of 4 data bits - as, 35 [err] - in the
order from the most significant bit (MSB) to the least significant bit
(LSB), and each channel word consists of 8 data bits - [err] - in the order
from the MSB to the LSB. In this conversion table, each of three kinds of
data words 0000, 0001 and 1100 corresponds to two kinds of channel words.
We call these three kinds of data words "extraordinary data words" and the
other data words "ordinary data words". Each extraordinary data word
correspond to two kinds of channel words: 40 one in which bit [err]
indicated by * is '0' and the other in which bit [err] indicated by * is
'1'. We call this bit [err] "extraordinary bit". Bit [err] is a merging bit
for connecting channel words. The 4/8 converter 1, when converts the
extraordinary data word, temporarily make the extraordinary bit [err] '0'
and sets an extraordinary flag. A violation checking circuit 2 converts
each channel word to a serial data starting from bit bo and tests whether
the number of continuous 'O' bits between two '1' bits is between 45 2 and
11. Since the conversion table in Fig. 2 is made such that at least two '0'
bits exist between two '1' bits in each channel word, the case in which the
number of 'O' bits between two '1' bits becomes one or zero occurs only
when the bits adjacent to the merging bit bo at both sides thereof are both
'1'. In this particular case, the violation checking circuit 2 makes the
merging bit [err] '1' and both of the bits adjacent to the merging bit bo
at both side thereof '0', so that the number of '0' bits between two '1'
bits is always more 50 than one. Since the merging bit bo is always zero
except the above particular case, inverse-conversion of encoded data during
decoding can be performed in such a manner that when the merging bit bo is
'O' the encoded data is Inverse-converted according to the conversion
table, and when the merging bit bo is '1' the merging bit bo is changed to
'O' and the both of the bits adjacent to the merging bit bo at both sides
thereof are changed to '1'. 55     Further, according to the conversion
table in Fig. 2, when all of the extraordinary bits in the extraordinary
data words are '1' the number of continuous '0' bits between two '1' bits
is less than 12 regardless of the connection of channel words. Accordingly,
the violence checking circuit 2 will make the extraordinary bit '1' when
detects 12 or more number of continuous '0' bits between two '1' bits. 4
EP0178813B1 



By performing violation check as described above, features of Tmin = 1.5T
and [err] = 6T can be obtained. The violation checking circuit 2 outputs
from an output terminal 2a first the lower 4 bits and then the upper 4 bits
of each channel word separately each 4-bit data in the serial order from
the LSB to the MSB. When the upper 4 bits [err] are outputted the
extraordinary flag is set with respect to the 5  channel word, and if the
extraordinary bit [err] is '0' an arbitrary flag 2c is set and outputted
from an output terminal 2c. The arbitrary flag indicates that the channel
word is selectable on bit bo or bit [err] When the lower 4 bits bo, [err]
are outputted the arbitrary flag 2c is set when bit [err] of the proceeding
channel word is '1' and bits bi and [err] following the merging bit bo are
both '0' or when bits [err] and [err] of the proceeding channel word are
both '0' and bit [err] following the merging bit bo is '1'. In these cases,
it will 10  never occur that both of bits [err] and [err] at both sides of
the merging bit bo are '1' and that even if the merging bit [err] is made
'1' the number of '0' bits between two '1' bits will never become less than
two. Accordingly, the above cases can be discriminated from the case the
merging bit bo was made '1' by the violation check. As described above, bit
bo or [err] of the channel word outputted from the output terminal 2a is
not fixed 15 but is made temporary 'O' as a pending bit when the arbitrary
flag 2c is set. From an output terminal 2b of the violation checking
circuit 2 is outputted a temporary channel code of NRZI code following the
pending bit. A first DSV counter 3 counts DSV including the temporary
channel code, and a second DSV counter 4 counts DSV including an inverted
temporary channel code which is obtained by inverting the temporary channel
code with an inverter 19. A comparator 12 compares the absolute values of
DSV obtained by the 20 first and second DSV counters 3 and 4. A shift
register 5 converts each of the serial upper 4 bits and lower 4 bits of the
channel word outputted from the output terminal 2a of the violation
checking circuit 2 to a parallel 4-bit data (half word, hereafter). A
controller 6 controls a data selector 7 to apply the half word outputted
from the shift register 5 to a data input port of a channel word storage
memory 8, and at the same time controls an address selector 9 to 25 apply a
write address outputted from a write address counter 10 to an address input
port of the channel word storage memory 8, so that the half word is
written-into the channel word storage memory 8. The write address counter
10 is incremented when the above writing operation is completed. When the
arbitrary flag 2c is set the output address of the write address counter 10
is stored into a pointer register 11 before the write address counter 10 is
incremented. The above operation is repeated thereby to store half words
into 30 the channel word storage memory 8. Among the half words stored in
the channel word storage memory 8 the half word stored in the address
indicated by the address stored in the pointer register 11 is a temporary
half word in which the extraordinary bit N or the merging bit bo is 'O'.
The extraordinary bit [err] or the merging bit bo may be made '1'. The
value of bit [err] or bit bo will be determined later in the following
manner. 35     When the arbitrary flag 2c is set again by the violation
checking circuit 2 the controller 6 refers to the comparison result of the
comparator 12. If the absolute value of DSV outputted from the second DSV
counter 4 is smaller than that outputted from the first DSV counter 3, the
controller 6 controls the data selector 7 and the address selector 9 to
write '1' into bit [err] or bit N of the half word stored in the channel
word storage memory 8 in the address indicated by the address data stored
in the pointer register 11. 40 Oppositely, if the absolute value of DSV
outputted from the first DSV counter 3 is smaller than that from the second
DSV counter 4, bit bo or bit [err] of the half word stored in the channel
word storage memory 8 in the address indicated by the address data stored
in the pointer register 11 remains unchanged or is written with '0' again.
In this manner the value of the temporary half word is established. At this
time, the controller 6 loads the DSV having smaller absolute value from one
of the first and second DSV counters to the other. 45     When a
predetermined number of half words are stored into the channel word storage
memory 8 the controller 6 controls the data selector 7 and the address
selector 9 to read out from the memory 8 the half word stored in the
address indicated by the address data outputted from a read address counter
13. The read-out half words are each converted to a serial data by a shift
register 14. A NRZI modulator 15 modulates each of the serial half words
outputted from the shift register 14 into a NRZI code data as a so finally
obtained channel code. When a temporary half word has been written into the
channel word storage memory 8 and no other temporary half word has been
written after that, or the arbitrary flag 2c has not been set, until the
predetermined number of half words is written into the memory 8, the
temporary half word would be read out as it is without DSV control. In
order to eliminate this problem the controller 6 changes the temporary 55
half word in the memory 8 to a half word having an established content in
accordance with the comparison result of the comparator 12 at this moment
before the half word is read out from the memory 8. Timing signals such as
bit clocks and word clocks necessary for the elements configuring the above
embodiment are produced from a master clock signal by a timing generator
16. In the above embodiment, 5  



EP 0 178 813 B1 4/8 converter 1, violation checking circuit 2, first and
second DSV counters 3 and 4, shift register 5, controller 6, data selector
7, channel word storage memory 8, address selector 9, write and read
address counters 10 and 13, pointer register 11, comparator 12 and timing
generator 16 constitute a converting means 17; and shift register 14 and
NRZI modulator 15 constitute a NRZI modulating means 18. 5    In the above
embodiment each channel word is divided into two half words and the half
words are stored into the channel word storage memory 8. However, each
channel word may be stored as it is into the memory 8 without being
divided. In this case, the address where a temporary channel word is stored
may be stored in the pointer register 11 and an information showing a
pending bit should be stored in a memory. Further, instead of storing the
channel words into the channel word storage memory, the data "words may 10
be stored in a data word storage memory. Furthermore, the first and second
DSV counters 3 and 4 may be substituted by a single DSV counter for
counting DSV of channel words and an accumulator for accumulat- ing the
output values of the DSV counter. Another embodiment modified in this way
is shown in Fig. 3. Referring to Fig. 3, a controller 24 controls the data
selector 7 and the address selector 9 to write data words into a data word
storage memory 20 according to the addresses outputted from the write
address 15 counter 10. If the data word to be written into the memory 20 is
an extraordinary data word the 4/8 converter 1 sets an extraordinary flag.
The violation checking circuit 2 refers to the extraordinary flag and
performs violation check. That is, if the extraordinary bit or the merging
bit is selectable so as to reduce DSV, the violation checking circuit 2
sets the arbitrary flag and outputs it from the output terminal 2c. If both
of the extraordinary bit and the merging bit are selectable, either one of
them may be selected by fixing the 20 other to be '0' or '1'. This is
advantageous in that it is not necessary to provide two kinds of arbitrary
flags corresponding to the extraordinary and merging bits. When the
arbitrary flag is set an accumulator 22 stores the value of DSV at this
moment and a DSV counter 21 is cleared. At the same time, the address in
which the data word corresponding to the arbitrary flag is written Is
stored in the pointer register 11. The violation checking circuit 2 outputs
from the output 25 terminal 2a a temporary channel word containing the
selectable bit which is made temporary '0'. After that, the DSV counter 21
counts DSV of the channel words outputted from the violation checking
circuit 2. A comparator 23 compares the sign of the DSV count output from
the DSV counter 21 with the sign of the DSV stored in the accumulator 22.
Under this condition, when an extraordinary data word, which cannot be
converted in real time, is 30 inputted again the arbitrary flag is set
again. When the arbitrary flag is set again a controller 24, referring to
the comparison result of the comparator 23, will make '1' the extra-bit
contained in the data word stored in the address in the data word storage
memory 20 indicated by the address stored in the pointer register 11 when
the signs of the DSV are equal to each other, and will make '0' the same
extra-bit when the signs are different from each other. Further, the
controller 24 controls the accumulator 22 to subtract the output value 35
of the DSV counter 21 from the value stored in the accumulator 22 when the
comparator 23 shows the signs of the both values are equal to each other,
and to add the output value of the DSV counter 21 to the value stored in
the accumulator 22 when the comparator 23 shows the signs of the both
values are different from each other. Then, the DSV counter 21 is cleared
and the above operation will be repeated. The controller 24 controls the
data selector 7 and the address selector 9 to read out the data words 40
stored in the data word storage memory 20 with a delay time necessary for
the temporary channel word to be established. The read-out data words are
converted to channel words by a secondary 4/8 converter 25. Each channel
word outputted from the secondary 4/8 converter 25 is subjected to
violation check at a secondary violation checking circuit 26. The secondary
4/8 converter 25, when converting an extraordinary data word, makes the
value of the extraordinary bit to be the same as the value of the
extra-bit. The channel 45 words subjected to violation check are then
applied to the NRZI modulating means 18 where they are modulated to be NRZI
coded channel codes. In the above way the absolute value of DSV of the
channel codes are controlled to be small, In this embodiment, controller
24, data and address selectors 7 and 9, secondary 4/8 converter 25 and
secondary violation checking circuit 26 constitute a read-out means. The
conversion table in Fig. 2 used for the conversion at the 4/8 converter 1
in the above two so embodiments will further be described in more detail.
This conversion table is made such that the conversion and
inverse-conversion between the data words and the channel words are easy.
That is, except the data word 0111, there exist fixed relations between the
upper two bits [err] of the data words and the upper three bits (b7, b, bs)
of the channel words and between the lower two bits [err] of the data words
and the lower three bits [err] of the channel words, as follows: 55 6  



EP 0178 813 B1 data  words            channel words This simple re;ation
between the data words and channel words is advantageous in that the
conversion and inverse-conversion between the words can be achieved by a
simple logical circuit configuration. 20     Fig. 4 shows an example of the
4/8 converter for converting the 4-bit data words to the 8-bit channel
words according to the conversion table in Fig. 2. In the configuration of
Fig. 4 bit bo is always '0'. The value of bit bo is determined later by the
violation checking circuit so as to properly connect channel words. Fig. 5
shows an example of a 8/4 converter for inversely converting the 8-bit
channel words to the 4-bit data words according to the conversion table in
Fig. 2 in a decoding system. 25    In addition to the above advantage the
conversion table in Fig. 2 provides a large [err] and DC free feature.
Another 4/8 conversion table is shown in Fig. 6 in which with respect to
each of three data words 0000, 0001 and 1000 are selectable two channel
words: one in which bit [err] indicated by * is '0'; and the other in which
bit be indicated by [err] is '1'. Data words corresponding to channel words
having same bit pattern for 30  bits [err] are so defined to have hamming
distances of one or zero from a specified 4-bit value. This makes the
inverse-conversion easy. The inverse-conversion is performed in such a way
that temporary data words are produced corresponding to the four kinds of
values of sign word consisting of bits [err] and [err] as shown in Fig. 7,
and bits [err] a, and ao of the temporary data words are respectively
inverted when [err] = '1', [err] = '1' and bs = '1' thereby to obtain the
data words according to the conversion table in Fig. 6. 35  Here, data word
0011 is an exception. The above conversion can be easily performed by using
a ROM table. Fig. 8 shows an example of the circuit for performing the
inverse-conversion. The present invention can be effectively applied to any
N/M conversion (N is an integer larger than 1 and M is an integer larger
than N) for converting data words each containing N data bits to channel
words each containing M data bits. 40     Fig. 9 shows an example of 2/4
conversion table, in which each data word consists of two data bits [err]
and [err], and each channel word consists of four data bits bits [err] In
this conversion table, at least one '0' bit always exists between two '1'
bits in every channel word and LSB bo of every channel word is '0'. This
means that in a channel code produced by time-serially connecting the
channel words there always exists at least one 'O' bit between two '1'
bits. 45 Accordingly, the NRZI coded channel code has the feature of [err]
= T. Further, since there are five kinds of channel words arid four kinds
of data words, data word 00, for example, may be made to correspond to two
kinds of channel words in which bit [err] indicated by * Is respectively
'0' and '1' as shown in Fig. 9 thereby enabling the control to reduce the
absolute value of DSV. Furthermore, if the channel words are outputted in
the order from LSB to produce the time-serial channel 50 code and if bit
[err] of a proceeding channel word and bit [err] of the following channel
word are both 'O', then the bit bo therebetween may be either 'O' or '1'.
In this case, the absolute value of DSV can be reduced by controlling the
value of bit bo. An apparatus for encoding binary data according to this
2/4 conversion can be easily configured similarly to the embodiments in
Figs. 1 and 3. Now, the first and second DSV counters 3 and 4 will be
described in more detail with reference to Figs. 55  10 and 11. Fig. 10
shows an example of the circuit configurations of the first and second DSV
counter 3 and 4, and Fig. 11 shows signal waveforms at portions A to G in
Fig. 10. A temporary channel code A outputted from the output terminal 2b
of the violation checking circuit 2 is latched by a D-flip-flop (DFF,
hereafter) 31a operated by a channel bit clock B synchronized with the bit
cell of the temporary channel code A. When an 7    EP 0 178 813 B1 output C
of DFF 31 a has the same state as that of the input A an output D of an
EX-OR gate 33a becomes '0' thereby to enable an up/down counter 34a. If the
states of the output C and the input A of DFF 31a are both '1', an output E
of a NAND gate 32a becomes '1' thereby to make the up/down counter 34a
operate as an up counter. Otherwise the up/down counter 34a operates as a
down counter. Under the above control the 5  up/down counter 34a counts a
clock F which occurs with respect to every two bits of the channel code, so
that a count value G changes as shown in Fig. 11. Since the up/down counter
34a operates at every two bits of the channel code, the operating speed of
the up/down counter 34a can be reduced to half the repetition frequency of
the channel code. DFF 31a, NAND gate 32a, EX-OR gate 33a and up/down
counter 34a constitute the first DSV counter 3. Similarly, the second DSV
counter 4 is constituted by a DFF 31b, a 



10 NAND gate 32b, an EX-OR gate 33b and an up/down counter 34b, and
operates similarly to the first DSV counter 3. However, the second DSV
counter 4 is inputted with the channel code A through the inverter 19.
Accordingly, the count value of the first DSV counter 3 is the value of DSV
when the extraordinary bit, or selectable bit, [err] of the temporary
channel word is temporarily made '0', and the count value of the second DSV
counter 4 is the value of DSV when the above extraordinary bit is
temporarily made '1'. When 15 the value of the above extraordinary bit is
determined according the comparison result of the absolute values of DSV of
the first and second DSV counters, the controller 6 loads the smaller one
of the absolute values of DSV to the DSV counter outputting the larger one.
The second DSV counter 4 may be so configured that the up/down counter 34b
is enabled when the output D of the EX-OR gate 33a is '0' and the up/down
selection of the up/down counter 34b is determined by a signal obtained by
inverting the output E 20 of the NAND gate 32a. By this configuration, DFF
31b, NAND gate 32b and EX-OR gate 33b can be removed. The comparator 12 can
be comprised by two complementing circuits 40a, 40b for respectively
producing the absolute values of DSV from the values of DSV obtained by the
first and second DSV counters 3 and 4, and a magnitude comparator 41 for
comparing the absolute values of DSV as shown in 25 Fig. 12. Since each of
the first and second DSV counters has the up/down counter, negative value
is expressed as 2's complement. Accordingly, each complementing circuit may
produce 2's complement. However, each complementing circuit may be
configured to produce 1's complement as shown in Fig. 12. In this case, if
the two inputs have the same value, the positive DSV may be selected
because the absolute value of the negative DSV decreases by one when
converted to its 1's complement. 30    The operation of the comparator 12
shown in Fig. 12 will now be described. The complementing circuit 40a
produces 1's complement of the count value of the first DSV counter if the
count value is a negative value. The complementing circuit 40b produces 1's
complement of the count value of the second DSV counter if the count value
is a negative value. The magnitude comparator 41 compares the output values
of the complementing circuits 40a and 40b. The magnitude comparator 41 has
two output terminals 41a and 35 41b. If the output value of the
complementing circuit 40b is larger than that of the complementing circuit
40a, only the output terminal 41b becomes '1', and if the output values of
the complementing circuits 40a and 40b are equal to each other, only the
output terminal 41a becomes '1'. A circuit composed of a NAND gate 42 and
NOR gate 43 outputs a signal of '1' or '0' according a combination of the
signals at the output terminals 41a and 41b and the sign bit (MSB) of the
count value of the first DSV counter 3. The output of 40 this circuit
becomes '0' when the absolute value of the count value of the first DSV
counter 3 is smaller than that of the second DSV counter 4, and otherwise
becomes '1'. In other words, the output of the comparator 12 shows which
one of the absolute values of DSV produced by the first and second DSV
counters 3 and 4 is smaller or larger than the other. In the above
described embodiments, the final value of the temporary channel word is
determined so 45 that the value of DSV at that moment decreases. However,
the final value of the temporary channel word may be determined so that the
peak value of DSV by that moment decreases, and an example configured in
such manner is shown in Fig. 13. Referring to Fig. 13, a comparator 51a,
which has the same configuration as the comparator 12, compares the
absolute value of the count value of the first DSV counter 3 with the
absolute value of a value stored in a maximum DSV register 50a. If the
absolute value of the 50 count value of the first DSV counter 3 is larger
than the absolute value of the value stored in the maximum DSV register
50a, the comparator 51a allows the maximum DSV register 50a replace the
stored value by the count value of the first DSV counter 3 at that moment.
Accordingly, the value stored in the maximum DSV register 50a is the value
of DSV having maximum absolute value by that moment. A maximum DSV register
50b and a comparator 51b operate in the same way to store the maximum value
of DSV of the 55 second DSV counter 4 in the maximum DSV register 50b. The
comparator 12 compares the absolute value of the values stored in the
maximum DSV registers 50a and 50b. According to this comparison result the
controller 6 controls to establish the value for the temporary channel
word, or to convert the data word which remains unconverted to an
established channel word, and then maximum DSV registers 50a and 50b 8
EP 0 178 813 B1 are cleared. This method is effective to further improve
the DC component suppressing ability. As described in the foregoing
description, DC component can be suppressed by using the extraordinary data
words. However, it the ordinary data words continuously appear for a long
time, the above described control will not be caused, which means that DC
component cannot be suppressed. This problem can be 5  solved by inserting
an extraordinary data word periodically into the data word train. This
method can be realized by, for example, a circuit as shown in Fig. 14. 



Referring to Fig. 14, a SYNC word generator 60 synchronized with the word
clock from the timing generator 16 outputs a data request. An external
device (not shown) outputs a binary data word in response to the data
request. The binary data word is supplied to a data selector 61 which
usually transfers the 10  binary data word to the 4/8 converter 1. The SYNC
word generator, when received a predetermined number of word clocks,
outputs a specific SYNC word and controls the data selector 61 to transfer
this SYNC word to the 4/8 converter 1. After that the SYNC word generator
restarts counting the number of word clocks from 0. By repeating the above
operation the data inputted to the 4/8 converter 1 periodically include the
SYNC words. The SYNC word is selected to be an extraordinary data word.
Accordingly, the above described 15 control to reduce DSV can be
periodically done to assure the DC free feature. This effect can be
obtained also by a circuit configuration as shown in Fig. 15. Referring to
Fig. 15, SYNC marks are contained periodically in the input binary data. A
random data generator 70 synchronized with the SYNC marks generates a
periodically circulating pseudo-random data sequence. The input binary data
are scrambled with the pseudo-random data sequence by an EX-OR gate 71. The
scrambled binary 20 data will later be scrambled with the same
pseudo-random data sequence by an EX-OR gate to be recovered as the
original binary data. The pseudo-random data generator may be realized by,
for example, configuring a feedback loop comprised by shift registers and
EX-OR gates to obtain maximum length sequence. Fig. 16 shows an example of
the violation checking circuit 2. Each channel word outputted from the 4/8
25 converter 1 is transferred through latches 80 and 81 to a shift register
82 in synchronization with the word clock. The extraordinary flag is
transferred through D-filp-flops 88 and 89 to a D-flip-flop 90. However, if
a channel word containing the extraordinary bit is latched by the latch 81
and more than eleven continuous '0' bits are detected by a Tmax checking
circuit 87, the transfer of the extraordinary flag corresponding to the
channel word is inhibited. In this case, the extraordinary bit is made '1'
by means of an OR gate 91 when 30 the channel word is loaded to the shift
register 82. A Tmin checking circuit 83 tests bit [err] of the channel word
latched by the latch 80 and bit [err] of the channel word latched by the
latch 81, and, when these bits are both '1', makes these bits '0' by means
of AND gates 85 and 86 and also makes '1' bit bo of the channel word
latched by the latch 80 by means of an OR gate 84. If bit bo of the channel
word loaded to the shift register 82 is slectable to be '0' or '1' so as to
control DSV as described before, a merging bit 35 checking circuit 93
output a signal '1' which is then latched by a D-filp-flop 95. A data
selector 94 selects the output signal of the D-flip-flop 95 when data bits
bo, [err] are outputted in serial from the shift register 82, and selects
the output signal of the D- filp-flop 90 when data bits [err]are outputted
in serial from the shif register 82. The signal selected by the data
selector 94 is the arbitrary flag 2c. 40 Claims 1. An apparatus for
encoding binary data, comprising: converting means adapted to convert a
sequence of binary data words each containing N data bits, 45     where N
is an integer larger than 1, to a sequence of respective corresponding
binary channel words each containing M data bits, where M is an integer
larger than N, each channel word having at least one merging bit at a
boundary of the channel word, the value of which may be set to ensure that
the sequence of channel words complies with given run-length rules and has
minimal digital sum variation; output means adapted to output said sequence
of channel words; 50         NRZI modulating means (18) arranged to
modulate said sequence of channel words into NRZI coded channel codes,
characterized in that: a predetermined number of said channel words have at
least one selective bit (b4), in addition to and separated from said at
least one merging bit [err] which selective bit may be either '1' or '0';
and 55        the apparatus comprises: means adapted to set the value of
the at least one selective bit if present in a channel word to ensure that
the sequence of channel words complies with given run-length rules; means
(2) for establishing, for each channel word, whether the value of the at
least one merging bit 9    EP 0 178 813 B1 C   L  M   S are cleared. This
method is effective to further improve the DC component suppressing
ability. As described in the foregoing description, DC component can be
suppressed by using the extraordinary data words. However, if the ordinary
data words continuously appear for a long time, the above described 



control will not be caused, which means that DC component cannot be
suppressed. This problem can be 5  solved by inserting an extraordinary
data word periodically into the data word train. This method can be
realized by, for example, a circuit as shown in Fig. 14. Referring to Fig.
14, a SYNC word generator 60 synchronized with the word clock from the
timing generator 16 outputs a data request. An external device (not shown)
outputs a binary data word In response to the data request. The binary data
word is supplied to a data selector 61 which usually transfers the 10
binary data word to the 4/8 converter 1. The SYNC word generator, when
received a predetermined number of word clocks, outputs a specific SYNC
word and controls the data selector 61 to transfer this SYNC word to the
4/8 converter 1. After that the SYNC word generator restarts counting the
number of word clocks from 0. By repeating the above operation the data
Inputted to the 4/8 converter 1 periodically include the SYNC words. The
SYNC word is selected to be an extraordinary data word. Accordingly, the
above described 15 control to reduce DSV can be periodically done to assure
the DC free feature. This effect can be obtained also by a circuit
configuration as shown in Fig. 15. Referring to Fig. 15, SYNC marks are
contained periodically in the input binary data. A random data generator 70
synchronized with the SYNC marks generates a periodically circulating
pseudo-random data sequence. The input binary data are scrambled with the
pseudo-random data sequence by an EX-OR gate 71. The scrambled binary 20
data will later be scrambled with the same pseudo-random data sequence by
an EX-OR gate to be recovered as the original binary data. The
pseudo-random data generator may be realized by, for example, configuring a
feedback loop comprised by shift registers and EX-OR gates to obtain
maximum length sequence. Fig. 16 shows an example of the violation checking
circuit 2. Each channel word outputted from the 4/8 25 converter 1 is
transferred through latches 80 and 81 to a shift register 82 in
synchronization with the word clock. The extraordinary flag is transferred
through D-filp-flops 88 and 89 to a D-flip-flop 90. However, if a channel
word containing the extraordinary bit is latched by the latch 81 and more
than eleven continuous '0' bits are detected by a Tmax checking circuit 87,
the transfer of the extraordinary flag corresponding to the channel word is
inhibited. In this case, the extraordinary bit is made '1' by means of an
OR gate 91 when 30 the channel word is loaded to the shift register 82. A
Tmin checking circuit 83 tests bit [err] of the channel word latched by the
latch 80 and bit [err] of the channel word latched by the latch 81, and,
when these bits are both '1', makes these bits '0' by means of AND gates 85
and 86 and also makes '1' bit bo of the channel word latched by the latch
80 by means of an OR gate 84. If bit bo of the channel word loaded to the
shift register 82 is slectable to be '0' or '1' so as to control DSV as
described before, a merging bit 36 checking circuit 93 output a signal '1'
which Is then latched by a D-filp-flop 95. A data selector 94 selects the
output signal of the D-flip-flop 95 when data bits bo, [err] are outputted
in serial from the shift register 82, and selects the output signal of the
D- flip-flop 90 when data bits [err] are outputted in serial from the shif
register 82. The signal selected by the data selector 94 is the arbitrary
flag 40 2c. Claims 1. An apparatus for encoding binary data, comprising:
converting means adapted to convert a sequence of binary data words each
containing N data bits, 45     where N is an integer larger than 1, to a
sequence of respective corresponding binary channel words each containing M
data bits, where M is an integer larger than N, each channel word having at
least one merging bit at a boundary of the channel word, the value of which
may be set to ensure that the sequence of channel words complies with given
run-length rules and has minimal digital sum variation; output means
adapted to output said sequence of channel words; 50        NRZI modulating
means (18) arranged to modulate said sequence of channel words into NRZI
coded channel codes, characterized in that: a predetermined number of said
channel words have at least one selective bit (b4), in addition to and
separated from said at least one merging bit (bO), which selective bit may
be either '1' or '0'; and 55        the apparatus comprises: means adapted
to set the value of the at least one selective bit if present in a channel
word to ensure that the sequence of channel words complies with given
run-length rules; means (2) for establishing, for each channel word,
whether the value of the at least one merging bit 9    EP 0 178 813 B1
and/or the at least one selective bit if present therein may be changed
without contravening the given run-length rules; 



means (11) for temporarily storing a signal (2c) indicating a channel word
in which the value of a bit may be so changed; 5         means for delaying
the output of a first channel word in which the value of a bit may be so
changed for a delay period, that period being the time until the next
channel word in which the value of a bit may be so changed appears or until
a predetermined number of subsequent consecutive channel words in which the
value of no bits may be so changed appear; and means (6, 9) adapted to set
the at least one merging bit and/or the at least one selective bit in the
10    first channel word at the end of the delay period, prior to the
output of the first channel word, to have the value which results in a
lower absolute value of digital sum variation (DSV) of the channel codes at
the end of the delay period, or a lower maximum absolute value of DSV of
the channel codes during the delay period. is  2. An apparatus according to
claim 1, wherein each of said predetermined number of channel words has a
single selective bit. 3. An apparatus according to claim 1 or 2, wherein
each of said channel words has a single merging bit. 20  4. An apparatus
according to claim 1, wherein said converting means (17) includes:
pseudo-random data generating means (70) for generating pseudo-random data
which circulates in synchronization with input data words; and scrambling
means (71) for scrambling said input data words with said pseudo- random
data, and wherein said converting means (17) converts output data of said
scrambling means to said channel words. 25 5. An apparatus according to
claim 1 or 2, wherein said converting means (17) performs conversion
according to the following rules: (i) two or more 'O' bits exist between
two '1' bits in a channel word if said channel word contains two or more
'1' bits; 30       (ii) the most significant bit or the least significant
bit of each channel word is made initially '0' as a merging bit, and when
both bits adjacent to said merging bit are '1' both said adjacent bits are
made '0' and said merging bit is made '1'; and (iii) said merging bit is
made '0' or '1' so that the absolute value of DSV reduces when a bit
preceding said merging bit by three bits is '1' and said merging bit is
followed by two consecutive 35       'O' bits or when two consecutive bits
immediately preceding said merging bit are both '0' and the bit three bits
after said merging bit is '1'. 6. An apparatus according to claim 1,
wherein said converting means (17) includes: a converter (1) for converting
said data words to initial channel words; a channel word storage memory (8)
for storing said 40    initial channel words; a pointer register (11) for
storing an address in which an initial channel word in which it has been
established that a bit may be so changed is stored in said memory; and
means (6, 7, 9, 10, 13) for writing a final channel word into said address
stored In said pointer register at the end of said delay period. 45  7. An
apparatus according to claim 1, wherein said converting means (17)
includes: a data word storage memory (20) for storing said data words and
their extra-bits; read-out means (25, 26) for converting said data words
stored in said memory to said channel words with reference to said
extra-bits; a pointer register (11) for storing an address in which a data
word, the channel word for which has a bit which may be so changed, and its
extra-bit are stored in said memory; and means (7, 9, 24) for setting said
50     extra-bit of said data word stored in said memory in said address
stored in said pointer register so that said extra-bit indicates the
established channel word corresponding to said data word. 8.  A method for
encoding binary data, comprising the steps of: converting a sequence of
binary data words each containing N data bits, where N is an integer 55
larger than 1, to a sequence of respective corresponding binary channel
words each containing M data bits, where M is an integer larger than N,
each channel word having at least one merging bit at a boundary of the
channel word, the value of which may be set to ensure that the sequence of
channel words complies with given run-length rules and has minimal digital
sum variation; 10    EP 0 178 813 B1 outputting said sequence of channel
words; modulating said sequence of channel words into NRZI coded channel
codes, characterized in that: a predetermined number of said channel words
have at least one selective bit (b4), in addition to 5      and separated
from said at least one merging bit (bo), which selective bit may be either
'1' or O'; 



said method comprises: setting the value of the at least one selective bit
if present in a channel word to ensure that the sequence of channel words
complies with given run-length rules; establishing for each channel word,
whether the value of the at least one merging bit and/or the at 10    least
one selective bit if present therein may be changed without contravening
the given run-length rules; temporarily storing a signal (2c) indicating a
channel word in which the value of a bit may be so changed; wherein the
output of a first channel word in which the value of a bit may be so
changed is delayed 15    for a delay period, that period being the time
until the next channel word in which the value of a bit may be so changed
appears or until a predetermined number of subsequent consecutive channel
words in which the value of no bit may be so changed appear; and wherein
the at least one merging bit and/or the at least one selective bit in the
first channel word is set at the end of the delay period, prior to the
output of the first channel word, to have the value which 20     results in
a lower absolute value of digital sum variation (DSV) of the channel codes
at the end of the delay period, or a lower maximum absolute value of DSV of
the channel codes during the delay period. 9. A method according to claim
8, wherein each of said predetermined number of channel words has a single
selective bit. 25 10. A method according to claim 8 or 9, wherein each of
said channel words has a single merging bit. 11. A method according to
claim 8 or 9, wherein the conversion of said data words to said channel
words is performed according to the following rules: so       (i) two or
more '0' bits exists between two '1' bits in a channel word if said channel
word contains two or more '1' bits; (ii) the most significant bit or the
least significant bit of each channel word is made initially 'O' as a
merging bit, and when both bits adjacent to said merging bit are '1' both
said adjacent bits are made 'O' and said merging bit is made '1 ; and 35
(iii) said merging bit is made 'O' or '1' so that the absolute value of DSV
reduces when a bit preceding said merging bit by three bits is '1' and said
merging bit is followed by two consecutive 'O' bits or when two consecutive
bits immediately preceding said merging bit are both 'O' and the bit three
bits after said merging bit is '1'. 40  PatentansprUche 1. Vorrichtung zur
Bingrcodierung von Daten, enthalten: elne Wandlereinrichtung zum Umwandeln
einer Folge von bindren Datenwdrtern, die jeweils N Daten- bits enthalten,
wobei N eine ganze Zahl gr6Ber 1 ist, in einer Folge jeweils entsprechender
binarer 45     Kanalw6rter, die jeweils M Datenbits enthalten, wobei M elne
ganze Zahl grdBer N ist, jedes Kanalwort wenigstens ein Bindebit an einem
Ende des Kanalworts hat, dessen Wert so eingestellt sein kann, daBt
sichergestellt ist, daB die Folge von Kanalw8rtem mit gagebenen
LauflAngenregeln vertrAglich ist und elne minimale Digitalsummenschwankung
aufweist; eine Ausgabeeinrichtung zum Ausgeben der Folge von Kanalwdrtern;
50     eine NRZI-Modulationseinrichtung (18) zum Modulieren der Folge von
Kanalwo5rtern in NRZI-codierte Kanalwdrter, dadurch gelkennzelchnet, daB:
eine vorbestimmte Anzahl der Kanalwdrter wenigstens ein selektives Bit (b4)
aufweist, das zusatzlich zu und getrennt von dam wenigstens oinen Bindebit
(bO) vorhanden ist und das entweder "1" oder "O" 55     sein kann; die
Vorrichtung enthdlt: eine Einrichtung zum Setzen des Wertes des wenigstens
einen selektiven Bits, wenn es in einem Kanalwort vorhanden ist, urn
sicherzustellen, daB die Folge von Kanalw6rtern zu gegebenen LauflAn-    *
C   i   M   S * genregeln paft; eine Einrichtung (2) zum Ermitteln fOr
jedes Kanalwort, ob der Wert des wenigstens eonen Bindebits undtoder des
wenigstens eonen selektiven Bits, sofern es darin enthalten ist, geandert
werden kann, ohne mit den gegebenen Lauflangenregeln zu kollidieren; 5
eine Einrichtung (11) zum vorObergehenden Speichern eines Signals (2c), das
ein Kanalwort bezeich- net, in dem der Wert eines Bits so geandert werden
kann; eine Einrichtung zum Verz6gern der Ausgabe von wenigstens einem
Kanalwort, in dem der Wert eines 



Bits so verandert werden kann, um eine Verzogerungsperiode, wobei diese die
Zeit bis zum Auftreten des nachsten Kanalworts ist, in dem der Wert eines
Bits so verandert werden kann, oder bis zum 10     Auftreten einer
vorbestimmten Anzahl nachfolgender aufeinanderfolgender Kanalw6rter, in
denen Wert keines Bits so gedndert werden kann; eine Einrichtung (6.9) zum
Einstellen des wenigstens elnen Bindebits und/oder des wenigstens
selektiven Bits in dem ersten Kanalwort am Ende der Verz6gerungsperiode vor
der Ausgabe des ersten Kanalworts auf den Wert, der zu einem niedrigeren
Absolutwert der Digitalsummenschwankung (DSV) 15     der Kanalcodes am
Ende der Verz6gerungsperlode fOhrt oder zu einem  niedrigeren maximalen
Absolutwert der DSV der Kanalcodes wahrend der Verzogerungsperiode fOhrt.
2. Vorrichtung nach Anspruch 1, bei der jedes der vorbestimmten Anzahl von
Kanalwdrtern ein einzelnes selektives Bit hat. 20 e    3. Vorrichtung nach
Anspruch 1 oder 2, bei der jides der Kanalworter ein einzelnes Bindebit
hat. 4. Vorrichtung nach Anspruch 3, bei der die Umwandlungseinrichtung
(17) enth~lt: eine Pseudo-Zufallsda- tenerzeugungseinrichtung(70) zum
Erzougen von Pseudo-Zufallsdaten, die synchron zu den eingegebe- 25     nen
Datenw6rtern umlaufen; und eine Vermischungseinrichtung (71) zum Vermischen
der eingegebe- non Datenwdrter mit den Pseudo-Zufallsdaten, und wobei die
Umwandlungseinrichtung (17) die ausgegebenen Daten der
Vermischungseinrichtung in die Kanalw6rter umwandelt. 5. Vorrichtung nach
Anspruch 1 oder 2, bei der die Umwandlungseinrichtung in (17) die
Umwandlung 30     nach den folgenden Regein ausflhrt: (i) zwei odor mehr
"0"-Bits sind zwischen zwei "1"-Bits in elnem Kanalwort vorhanden, wenn das
Kanalwort zwei oder mehr "1 "-Bits enthalt; (ii) das h6chstwertige Bit oder
das niedrigstwertige Bit sines jeden Kanalworts wird anfanglich "0" als
Bindebit gemacht, und wenn beide Bits benachbart dem Bindebit gleich "1"
sind, dann werden 35        diese beiden benachbarten Bits zu "O" gemacht
und das Bindebit wird zu "1n gemacht; und (iii) das Bindebit wird zu "O"
oder "1 " gemacht, so daB der Absolutwert der DSV abnimmt, wenn ein dem
Bindebit um drei Bits vorausgehendes Bit gleich "1" ist und dem Bindebit
zwei aufeinanderfol- gende "0"-Bits nachfolgen odor wenn zwei
aufeinanderfolgende Bits, die dem Bindebit unmiftelbar vorausgehen, beide
"O" sind und das drei Bits hinter dem Bindebit liegende Bit gleich "1 "
ist. 4 40 6. Vorrichtung nach Anspruch 1, bei der die
Umwandlungseinrichtung (17) enthalt: einen Wandler (1) zum Umwandeln der
Datenworter in anfangliche Kanalw6rter; einen Kanalwortspeicher (8) zum
Speichern der anflnglichen Kanalw6rter; ein Zeigerregister (11) zum
Speichem  einer Adresse, an der ein anfingliches Kanalwort, in dem
eingerichtet worden ist, dal ein Bit so geAndert werden kann, in dem 45
Speicher gespeichert ist; und eine Einrichtung (6, 7, 9, 10, 13) zum
Einschreiben eines endgUltigen Kanalworts an der Adresse, die in dem
Zeigerregister gespeichert ist, am Ende der Verzogerungszeit. 7.
Vorrichtung nach Anspruch 1, bei der die Umwandlungseinrichtung (17)
enthAlt: eonen Datenwortspei- cher (20) zum speichern der Datenw6rter und
ihrer Extrabits; eine Ausleseeinrichtung (25, 26) zum so     Umwandeln der
in dem  Speicher gespeicherten Datenwdrter in Kanalw8rter mit Bezug auf die
Extrabits; ein Zeigerregister (11) zum Speichern einer Adresse, an der ein
Datenwort, dessen Kanalwort ein Bit hat, das so geAndert soin kann, und
sein Extrabit in dem Speicher gespeichert sind; und eine Einichtung (7, 9,
24) zum Setzen des Extrabits des Datenworts, das in dem Speicher
gespeichert ist, auf die Adresse, die in dem Zeigerregister gespeichert
ist, so daB das Extrabit das eingerichtete 55     Kanalwort angibt, das dem
Datenwort entspricht. 8. Verfahren zurn BinArcodieren von Daten, umfassend
die Schritte: Umwandeln einer Folge von Binlrdatenwortern, die jeweils N
Datenbits enthalten, wobei N eine ganze 12    EP O 178 813 B1
II!11! III 11111 Hil!  11 m Zahl gr6ger 1 ist, in elne Folge jeweils
sntsprechender bindrer Kanalworter, die jeweils M Datenbits enthalten,
wobei M eine ganze Zahl groBer N ist, wobei jedes Kanalwort wenigstens ein
Bindebit an einem Ende des Kanalworts aufweist, dessen wort so gesetzt
werden kann, daB sichergestellt ist, daB die Folge von Kanalwortem zu
gegebonen aufl~ngenregeln paSt und elne minimale Digitalsummen- 5
schwankung aufweist; Ausgeben der Folge von Kanalwortern; Modulieren der
Folge von Kanalwortern in NRZI-codierte Kanalcodes, dadurch gekennzelchnet,
daB: eine vorbestimmte Anzahl der Kanalw6rter wenigstens ein selektives Bit
(b4) zusatzlich zu und getrennt 



10     von dem wenigstens einen Bindebit (bO) aufweist, wolches selektive
Bit entweder "1" oder "O sein kann; wobel das Verfahren umfa~t: Einstellen
des Wertes des wenigstens einen selektiven Bits, wenn es in einem Kanalwort
vorhanden ist, um sicherzustellen, daB die Folge von Kanalwortern zu
gegebenen auflangenregein past; 15     Einrichten fOr jedes Kanalwort, ob
der Wert von dem wenigstons einen Bindebit und/oder des wenigstens einen
selektiven Bits, sofern es darin vorhanden ist, geandert werden kann, ohne
mit den gogebenen Lauflangenregeln zu kollidieren; Zwischenspeichem eines
Signals (2c), das ein Kanalwort bezeichnet, in dem der Wert eines Bits so
geandert werden kann; 20     wobei die Ausgabe eines ersten Kanalworts, bel
dem der Wert eines Bits so geandert sein kann, um eine Verz8gerungsperiode
verzogert wird, wobei diese Periode die Zeit bis zum Auftreten des n~chsten
Kanalworts ist, bei dem der Wert elnes Bits so gedndert sein kann, oder bis
zum Auftreten einer vorbestimmten Anzahl von nachfolgenden
zusammenh~ngenden Kanalw6rtern ist, in denen der Wert keines Bits so
geandert sein kann; und 25     wobel das wenigstens eine Bindebit und/oder
das wenigstens eine selektive Bit in dem ersten Kanalwort am Ende der
Verzogerungsperiode vor der Ausgabe des ersten Kanalworts so eingestellt
wird, daB es den Wert hat, der zu einem niedrigeren Absolutwert der
Digitalsummenschwankung (DSV) der Kanalcodes am Ende der
Verz6gerungsperiode oder zu einem niedrigeren maximalen Absolutwert der DSV
der Kanalcodes wahrend der Verzogerungsperiode flhrt. 30 9. Verfahren nach
Anspruch 8, be! dem jedes der vorbestimmten Anzahl Kanalworter ein einziges
selektives Bit hat. 10. Verfahren nach Anspruch 8 oder 9, bei dem jedes der
Kanalworter sin einziges Bindebit hat. 35 11. Verfahren nach Anspruch 8
oder 9, bei der die Umwandlung der Datenw6rter in die Kanalw6rter gemaB den
folgenden Regein ausgefUhrt wird: (i) zwei odor mehr "O"-Bits sind zwischen
zwei "1"-Bits in einem Kanalwort vorhanden, wenn das Kanalwort zwei oder
mehr "1 "-Bits enthalt; 40       (ii) das h6chstwertige Bit odor das
niedrigetwertige Bit eines jeden Kanalworts wird anffnglich zu "O" als ein
Bindebit gemacht, und wenn beide Bits benachbart dem Bindebit gleich "1"
sind, werden beide benachbarten Bits zu "O" gemacht und das Bindebit wird
zu "1W gemacht, und (iii) das Bindebit wird zu "O" oder "1" gemacht, so daB
der Absolutwert der DSV abnimmt, wenn sin dem Bindebit um drei Bits
vorausgehendes Bit "1'" ist und dem Bindebit zwei aufeinanderfolgende 45
"On-Bits folgen odor wenn zwei dem Bindebit unmittelbar vorausgehende Bits
beide "O" sind und das drei Bits hinter dem Bindebit liegende Bit gleich
"1" ist. Revendicatlons 50  1. Dispositif pour coder des donnees binaires,
comprenant: un moyen convertisseur agenc6 pour convertir une suite de mots
de donn6es binaires contenant chacun N bits de donnees, oD N est un entier
sup~rieur a 1, en une suite de mots de canal binaires correspondants
respectifs contenant chacun M bits de donnees, oO M est un entier supdrieur
A N. chaque mot de canal comportant au moins un bit de fusion & une limite
du mot de canal dont la valeur 55     peut 8tre 6tablie pour garantir quo
la suite de mots de canal est en accord avec des r6gles de longueur de
passage donnees at comporte une variation de somme num~rique minimale; un
moyen de sortie agenc6 pour sortir ladite suite de mots de canal; un moyen
modulateur on codage NRZI (18) agenc6 pour moduler ladite suite de mots de
canal en 13    EP 0 178 813 B1          1ll11Iii 0I Is ll! 1 i!Ill  III ii
li 11-1111 codes de canal on codage NAZI, caracterise en ce que: un nombre
pred6tormine desdits mots de canal comportent au moins un bit sdlectif
(b4), en plus et separd dudit bit de fusion (bO) au moins, ce bit selectif
pouvant ftre a 'I' ou a '0'; et 5         le dispositif comprond: un moyen
agenc4 pour etablir la valeur dudit bit s6lectif au moins s'il est present
dans un mot de canal afin de garantir quo la suite de mots de canal est on
accord avoc des regles de longueur de passage donnoes; 



un moyen (2) pour 4tablir, pour chaque mot de canal, si la valeur du bit de
fusion au moins etlou 10     du bit s6lectif au moins s'll y est prdsent
pout Atre changde sans controvenir aux regles de longueur de passage
donn6es; un moyen (11) pour memoriser temporairoment un signal (2c)
indiquant un mot de canal dans loquel la valeur d'un bit peut ftre ainsi
chang6e; un moyen pour retarder la sortie d'un premier mot de canal dans
lequel la valeur d'un bit pout 8tre t5     ainsi changee pendant une
pdriode de retard, cette pdriode 6tant le temps jusqu'A I'apparition du mot
de canal suivant dans lequel la valour d'un bit pout Atre ainsi changde ou
le temps jusqu'a I'apparition d'un nombre predetermine de mots de canal
consdcutifs suivants dans lesquels la valeur d'aucun bit no peut etre ainsi
changde; et un moyen (6,9) agence pour dtablir le bit de fusion au moins
etou le bit s6lectif au moins dans le 20     premier mot de canal a la fin
de la p6riode de retard, avant la sortie du premier mot de canal, pour
avoir la valeur qui donne une valour absolue inferieure de la variation de
somme numerique (DSV) des codes de canal a la fin de la periode de retard,
ou une valeur absolue maximale inferieure de la variation DSV des codes de
canal pendant la periode de retard. 25  2. Dispositif selon la
revendication 1, dans lequel chacun dudit nombre pr6determine de mots de
canal comporte un soul bit seloctif. 3. Dispositif selon l'une quelconque
des revendications 1 et 2, dans loquel chacun desdits mots do canal
comporte un soul bit de fusion. 30 4. Dispositif selon la revendication
1,dans loquel ledit moyen convertisseur (17) comprend: un moyen gdnerateur
de donndes pseudo-aldatoires (70) pour g6nerer des donndes
pseudo-aldatoires qui circulent en synchonisation avec les mots de donndes
d' entree; et un moyen brouilleur (71) pour brouiller lesdits mots de
donnees d'entr6e avec lesdites donnees pseudo-aldatoires,et dans lequol
ledit 35     moyen convertisseur (17) convertit les donn6es de sortie dudit
moyen brouilleur on lesdits mots de canal. 5. Dispositif selon l'une
quelconque des revendications 1 et 2, dans lequel ledit moyen convertissour
(17) execute une conversion suivant les regles suivantes: t 40     (i) deux
bits & 'O' ou plus sont presents entre deux bits & '1' dans un mot de canal
si ledit mot de canal contient doux bits & '1' ou plus; (ii) le bit de
poids le plus fort ou le bit de poids le plus faible de chaque mot de canal
est mis initialement a 'O' en tant que bit de fusion, et, quand les deux
bits voisins dudit bit de fusion sont tous les deux a '1', lesdits bits
voisins sont mis I 'O' et ledit bit de fusion est mis a '1'; et 45
(iii) ledif bit de fusion est mis A 'O' ou a '1', de telle sorte que la
valeur absolue de la variation DSV est r6duite quand un bit pr~cddent ledit
bit de fusion de trois bits est a '1' et ledit bit de fusion est suivi par
deux bits consdcutifs a 'O' ou quand deux bits cons6cutifs juste avant
ledit bit de fusion sont tous les deux & 'O' et le bit trois bits aprbs
ledit bit de fusion est A '1'. 5o  6. Dispositif selon la revendication 1,
dans lequel ledit moyen convertisseur (17) comprond: un convertis- sour (1)
pour convertir lesdits mots de donn6es on mots de canal initlaux; une
mdmoire de mdmorisa- tion de mots de canal (8) pour m~moriser lesdits mots
de canal initiaux; un registre de pointeur (11) pour memoriser une adresse
oO est memorise dans ladito memoire un mot de canal initial dans loquel il
a ete etabli qu'un bit pout etre ainsi change; et un moyon (6,7,9,10,13)
pour ecrire un dernier mot de 5s     canal & ladite adresse memoris6e dans
ledit registre de pointeur & la fin do ladite pnriode de retard. 7.
Dispositif selon la revendication 1, dans loquel ledit moyen convertisseur
(17) comprend: une memoire de memorisation de mots de donn6es (20) pour
memoriser lesdits mots de donn6es et leurs bits 14    EP 0!78 813 B1
*          i L   M   S suppl6mentaires; un moyen de lecture (25,26) pour
convertir lesdits mots m6morisds dans ladite memoire en lesdits mots de
canal par rapport auxdits bits supplmentaires; un registre de pointeur (11)
pour memoriser une adresse ou sont memorises dans ladite memoire un mot de
donneos, le mot de canal pour lequel il y a un bit qui pout Otre ainsi
change, et son bit supplementaire; et un moyen 5      (7,9,24) pour mettre
ledit bit suppl6mentaire dudit mot de donn6es mmoarise dans ladite memoire
& ladite adresse m6moricse dans lodit registre de pointeur, de telle sorto
que ledit bit supplementaire indique le mot de canal etabli correspondent
audit mot de donnees. 8. Methode pour coder des donn6es binaires,
comprenant les etapes qui consistent a: 10        convertir une suite de
mots de donn~es binaires contenant chacun N bits de donndes, oo N est un
entier superieur a 1, en une suite de mots de canal binaires correspondents
respectifs contonant 



chacun M bits de donnees, ou M est un entier sup6rieur a N, chaque mot de
canal comportant au moins un bit de fusion a une limito du mot de canal
dont la valour pout 8tre etablie pour garantir que la suite de mots de
canal est en accord avec des regles de longueur de passage donndes et
comporte 1s     une variation de somme numdrique minimale; sortir laditb
suite de mots de canal; moduler ladite suite de mots de canal en codes de
canal on codage NRZI, caractdris4 en ce que: un nombre pr~ddtermind desdits
mots de canal comportent au moins un bit selectif (b4), en plus et 20
separe dudit bit de fusion (bO) au moins, co bit s6lectif pouvant 8tre &
'1' ou & '0'; f.'           ladite methode comprenant les etapes qui
consistent h: etablir la valour dudit bit selectif au moins s'il est
present dans un mot de canal afin de garantir quo la suite de mots de canal
est en accord avec des regles de longuour de passage donn6es; 6tablir,pour
chaque mot de canal, si la valeur du bit de fusion au moins et/ou du bit
selectif au 25     moins s'il y est present pout etre chang6e sans
contrevenir aux regles de longuour de passage donnees; memoriser
temporairement un signal (2c) indiquant un mot de canal dans loquel la
valour d'un bit pout 8tre ainsi changee; dans laquelle la sortie d'un
premier mot de canal dans loquel la valeur d'un bit pout Atre ainsi 30
chang6e est retardee pendant une pdriode de retard, cette p~riode dtant le
temps jusqu'a l'apparition du mot de canal suivant dans lequel la valeur
d'un bit pout ftre ainsi changeo ou le temps jusqu'a l'apparition d'un
nombre predetermine de mots de canal consecutifs suivants dans lesquels la
valeur d'aucun bit no pout 8tre ainsi changeo; at dans laquelle le bit de
fusion au moins etlou le bit selectif au moins dans le premier mot de canal
35     est etabli a la fin de la periode de retard, avant la sortie du
premier mot de canal, pour avoir la valeur qui donne une valeur absolue
inferieure de la variation de somme numerique (DSV) des codes de canal a la
fin de la periode de retard, ou une valeur absolue maximale inferieure de
la variation DSV des codes de canal pendant la periode de retard. 40  9.
M6thode selon la revendication 8, dans laquelle chacun dudit nombre
predetermin6 de mots de canal comporte un soul bit selectif. 10. Methode
selon l'une quelconque des revendications 8 et 9, dans laquelle chacun
desdits mots de canal comporte un soul bit de fusion. 45 11. Methode selon
l'une quelconque des revendications 8 et 9, dans laquelle la conversion
dedits mots de donnees en lesdits mots de canal est exdcutde suivant les
regles suivantes: (i) deux bits a 'O' ou plus sont pr6sents entre deux bits
a '1' dans un mot de canal si ledit mot de canal contient deux bits a '1'
ou plus; 50       (ii) le bit de poids le plus fort ou le bit de poids le
plus faible de chaque mot de canal est mis initialement & 'O' en tant quo
bit de fusion, et, quand les deux bits voisins dudit bit de fusion sont
tous les deux & '1', lesdits bits voisins sont mis a 'O' et ledit bit de
fusion est mis & '1'; et (iii) ledit bit de fusion est mis & 'O' ou & '1',
de telle sorte quo la valour absolue de la variation DSV est reduite quand
un bit pr6c~dant ledit bit de fusion de trois bits est & '1T et ledit bit
de fusion est 55       suivi par deux bits cons6cutifs & 'O' ou quand deux
bits consecutifs juste avant ledit bit de fusion sont tous les deux a 'O'
et le bit trois bits apres ledit bit de fusion est & '1'. 15    


