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a channel signal, the digital infomUm'on signal being runlength limited with oncfor more . 
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. ·... . constraiiits, comprising receiving means forreeeiving the chamiet signal. . . 

The invention 8Js0 relates to a metQ,()~ f()r ~roducing ·a 'dlgit81 inf0rmatiort sigil8J 
~ from the channel signal. 

The invention is in the field of channel coding. in particular in runlength limited 

channel coding. As known, usually the length of time, expressed in channel bits, between 

consecutive transitions is called the runlength. A (d,k) sequence is characterised by two 

10 parameters, ad-constraint and a k-constraint. Hence, this (d,k) sequence satisfies the following 

two conditions: due to the d-constraint, two logical "ones" are separated by a run of at least cl . 

consecutive ''zeros"; due to the k-constraint two logical "ones" are separated by a run of at most k 
~ _ _._ . 

consecutive "zeros". The (d,k) sequence is converted (from the (d,k) domain) into a runlength-

limited (Rll.) sequence of the type {d,k) (in the RlL domain) upon preceding in a IT precoder. 

15 This RLL sequence comprises elements with runlengths (either an array of consecutive zeroes or 

an array of consecutive ones) of d+l at minimum· and k+ l at maximum betw~ subsequent 

signal reversals in the information signal. The values of (d+l) and (k+l) indicate the minimum 

and maximum runlengths of the element aJJowed in the sequence. It must be noted that in stead of 

the tenn "an element with a runlength" the tenn "a runJength" is used. It must also be noted that 

20 the term element can be used to indicate both an element of a (d,k) sequence and an element of an 

RIL sequence. An element is consi~ered to be extending over a runlength i_n the RLL domain or 

(d,k) domain. 

In European Patent Application No. 98201515.8 (PHN 16.906), a non-

25 prepul;>lished patent application, an device being capable of generating a digital information 

signal, the digital infonnation signal being runlength limited with a (d+n)-constr;Unt and a (k+n~ 

·.:· ··.:..··· ·;· . constraint is described. 
.. ·.•· 

hi thi~ patent applicatio~. a de\iiee is described that converts an encoded chanii~r 
. . . 

sign8I with a d-cons~aint equal to 2 into another channel signal that has a d-constraint eq~al to 
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1. This conversion can be carried out in the (d,k) domain or in the RIL domain. As a result, all 

runlengths will be shortened by one bitcell, resulting in a converted channel encoded signal. 

Upon channel decoding. the runlengths can be enlarged by adding one bitcell, resulting in a 

replica of the original signal. If this device is reading out an information canier and misses one 

5 element with a certain runlength the following problem occurs. When deconverting the digital 

infonnation signal with ad-constraint equa1 to 1, into a digital information signal with a d­

constraint equal to 2, for each missed e1ement (e.g. while reading out an information carrier 

comprising the digital information signal) two bits should have been inserted. into the d=l 

constrained channel signal as each element results in two transitions. In other words, missing 

10 one element with a certain runlength results in two missing transitions (resulting in a bitslip) in 

the channel code, which error can not be easily overcome with standard Read-Solomon error­

correction measures, like CIRC, the error-correction process used in the Digital Audio 

Compact Disc. The bitslip errors consequently results in errors up to the next sync word in the 

signal. 

15 

The invention has for its object to provide a device for reproducing a digital 

infonnation signal, which mitigates the effect of errors present in a channel signal received by 

the device. 

The device in accordance with the invention is characterised in that the device 

20 further comprises means for comparing a detected rurilength with a predetemiined value 

indicative of a. minimum runlength constraint or a maximum runlength constraint of the 

channel signal and for generating a control signal when the det~ted runlength violates said 

constraint and substitute means for in response to the control signal deleting or inserting an 

element in the channel signal. 

25 The invention is based on the recognition that the runlength of an element of the 

channel signal can indicate that during reproduction at least one element with a certain 

runlength has not been .detected or that an extra element has been inserted. By comparing the 

runlength of the channel signal with a value indicative of a k-constraint of this signal, an 

element of the runlength limited digital information signal can be replaced with another 

30 element. In this way the missing runlength can be jnserted into the information signal. Doi:ng 

so, the number of transitions in the signal is reconstructed correctly. This has as a result that, 

when converting the signal by changing the runlengths by n bitcells, ·the correct number of bits 

are inserted or deleted and no bitslip errors occur. Similarly, by comparing the runlength of the 

channel signal with a value indicative of ad-constraint of this signal an element of the 
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runlength limited digital information signal can be rep] aced with another element. In this way 

an extra inserted runlength can be removed from the inforination signal. This extra insertion 

can for example occur when a large runlength is detected in a noisy channel, causing the 

detection of small runlengths. E.g. in a channel signal with a d-constraint of 3 an J.7 runlength 

5 can erroneously be detected as the runlengths 12-13"'.12. 

Another device according to the invention is characterised in that the 

predetennined value is larger than the maximum runlength in th~·channel signal. 

The presence in the signal of an element with a runlength with a predetermined 

10 value which is larger than the maximum runlength in the correctly detected channel signal is 

an indication that the reproduced information signal contains errors. These errors can be 

caused by a so-called transition-shift but also by a missing runlength. This device therefore has 

as an advantage that a substitution of part of the reproduced digital information signal only 

occurs if a relatively large violation is present in the reproduced signal. If a substitution would 

15 take place on each violation, an unjust substitution could take place, e.g. in case a small k­

violation caused by a transition-shift would occur. In this case (i.e. an error in the reproduced 

signal due to a trarisition-shift) no runlength is missing and therefore no substitution is allowed 

in order to correct the information signal . 

. Another device according to the inv~ntion is characterised in that the channel 

20 signal comprises control elements that exceed the predetermined value and that the predetennined 

val1le is larger than the length of control elements present in the ·channel signal. 

Another device according to the invention is characterised in that the control elements are 

synchronisation marks. 

The channel signal usually comprises control elements, for example 

25 synchronisation marks. These synchronisation marks .are intended.to synchronise receiving the 

information of the channel signal when reading out the carrier. In order to be able to detect 

these control elements in a reliable manner and In order to be able to distinguish these control 

elements from the other, data containing, elements, these control elements have a runlength 

violating the k-constraint in a relatively large manner. E.g. a (2,8)-sequence comprises of 

30 synchronisation marks with a runlength of Ill. This device therefore has as an advantage that 

a substitution of an element of the channel signal only occurs if a k-vio1ation is present in the 

reproduced signal which exceeds a "violation" of this constraint: due to the detection of a 

synchronisation mark. If a substitution would take place on a k-violation due to the detection 

of a synchronisation mark. an unjust substit':ltion would occur; introducing additional errors. 
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. , Another de~ce according to the invention is characterised in that the element 
{t~~;·t;;; .~)~.{l~---~ 

substituted by the substihite means has a nmlength accordingttfthe minimum runlength 

constraint 

Experiments have indicated that, when reading out a record carrier, the small 

5 runlengths have the largest probability of not being detected. This device therefore has as an 

advantage that a substitution of part .of the information signal with an element with a minimum 

allowed runlength, e.g. in a d=2 constrained code this minimum allowed runlength is an 13 

runlength, will have the largest probability that a correct substitution is carried out onto the 

information signal. 

10 A method for reproducing a digital information signal from a channel· signal, the 

digital information signal being runlength limited with one or more constraints, comprises the 

steps of receiving the channel signal, comparing a detected runlength with predetermined value 

indicative of a minimum runlength constraint or a maximum nmlength constraint of the channel 

signal, generating a control signal when the detected runJength violates said constraint, and 

15 substituti~g an element of the channel signal in response to the control signal. 

These and other aspects of the invention will be further described in the figure 

description, in which 

Figure 1 shows an device for.converting a (d,k) sequence into a (d-l,k-1) 

20 sequence, 

25 

Figure 2 shows an device for converting a (d,k) sequence into a (d+l,k+l) 

sequence, 

Figure 3 shows the conversion of a RLL sequence of the type (d,k) into a RLL 

sequence _of the type (d-l,k-1), 

Figure 4 shows an encoding device provided with a channel encoder for 

generating a (d,k) sequence, 

Figure 5 shows an encoding devices provided with a channel encoder for 

generating a RLL sequence of the type ( d,k), 

Figure 6 shows an embodiment of the device for reproducing a digital information 

30 signal from a record carrier according to the invention, 

Figure 7 shows an example of the functioning of the device of Figure 6. 

Figure 1 shows an device 1 that converts a (d,k) sequence into a (d-1,k-1) 

. sequence by_deleting a zero froin the array of zeroes that occur each time between two 
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consecutive ones in the (d,k) sequence. However, the invention .is not limited to a ( d-l,k-1) 

sequence. The invention can equally well be applied to a (2;8}-constrained code, being converted 

from a (1,7)-con~trained code. 

Information on-runlength limited sequences can be found for example in USP 

5 5,477,222 (PHN 14.448) or in §5~1 of Coding Techniques/or Digital Recorders, K.A. 

Schouhamerlmmink, Prentice Hall International, 1991, ISBN 0-13-140047-9. 

A sequence s1 is applied to the input 2 of the device. Figure 1 shows the signal sh 

which has a d constraint equal to 2, this for the reason that the number of zeroes between the 

fourth and the fifth one in the sequence is 2. Upon conversion, the sequence s2 has been obtained. 

10 It follows from figure 1 that the number of zeroes between consecutive ones in the sequence s2 

each time has been decreased by one. As a result, the signal s2 is a (d.;.l,k"'.1) constrained 

sequence~ The signal s2. obtained with the device of figure 1 could, after having carried out a lT 

precoding on the signal s2, be recorded on a record carrier, such as an optical record carrier. 

When viewed on a sufficiently long time 8cale, the two signals St and s2 wilJ, of 

15 course, be substantially equally long. The difference lies in the fact that the bitrate for the signal s2 

is Jower than for the signal St • 

. ·Figure 2 shows a device 10 that convertS a (d,k) sequence into a (d+l,k+l) 

sequence by adding a zero to the array of zeroes that occur each time between two 'Consecutive 

ones in the (d,k) sequence. A sequence s2 is applied to the input 12 of the device. Figure 2 shows 

20 the signal si, which has ad constraint equal to 1, ~s for the reason that the number of zeroes · 

between the fourth and the fifth one in the sequence is 1. Upon conversion, the sequence s1 has 

been obtained It follows from figure 2 that the number of zeroes between consecutive ones in the 

sequence s1 each time has been increased by one. As a result, the signals1 is a (d+l,lc+l) 

constrained sequence, which has the same bitrate as the signal s1 in figure 17 assuming that the 

25 signal s2 in figure 2 is the same signal as the signal S2 in figure 1. 

Figure 3 shows a runlength limited signal s3, with a minimum runlength of 3 .. An 

device, alike the device of figure J, which is capable of changing the ninJengths in the signal s3 

by subtracting one bitcell (or IT) from each runlength occuning in the signal S3, results in the 

signal S4, also shown in figure 3. Conversely, an device, alike the device of figure 2, which is 

30 capable of changing the runlengths in the signal 84. by adding one bitce11 (or lT) to each 

runlength occuning in the signal s"' results in the signal SJ. 

Here again, when viewed on a sufficiently Jong time scale, the two signals s3· and 

84 will, of course, be substantially equally long. The difference lies in the fact that the bitrate for 

the signal 84 is lower· than for the signal s3• 

., 
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Figure 4 shows an ·embodiment of the encoding device~ where the conversion unit 
~-~l~~~~~:! .. ~;J~~;i~ 

1 of figure 1 is used, tdgether with a channel encoder 20, an·~itf.'precoder~ more specifically a 1 T 

precoder 22 and a detector 24. ,A source signal is supplied to the input 26, which is converted into 

the (d,k) sequence s1• The channel encoder 20 can be any channel encoder, such as the EFM+ . . 

5 coder introduced earlier that channel encodes the input signal into the (d,k) sequence. After 

conversion in the converter unit 1, the converted signal is encoded in the 1 T precoder, Well 

known in the art, resulting in an output signal which is available at the output 28. The channel 

encoder encodes its input signal into the (d,k) sequence in response to a control signal supplied by 

the detector 24. The control signal may, as an example, lead to the output signal of the lT 

10 precoder being DC free, or any other requirement to be imposed on the precoder output signal. 

The channel coder 20 is preferably adapted to generate such a (d,k) sequence in 

response to the source signal, that the number of 'ones' per bit is substantial1y constant. In the 

earlier mentioned USP 5,477,222, single 2-bit source words were converted into single 3-bit 

converted words, or two subsequent 2-bit source words were converted into two subsequent 3-bit 

15 converted words, or three subsequent 2-bit source words were converted into three subsequent 3-

bit converted words. One coul~ imagine that the conversion of single 2-bit source words leads to 

converted words that include orlly one 'l' bit, that the conversion of two subsequent 2-bit source 

words leads to two subsequent ~·-bit converted words including two 'l' bits and that the 

conversion of three 8ubsequent ~-bit source wordS leads to three subsequent 3-bit converted 

20 words including three • 1 • bits. As a resuJt, the output signal of the channel encoder 20 includes 

113 '1' bits per .bit. 

A possible embodiment of a channel coder that is capable of realising a constant 

number of 'ones' per bit, is as follows. Let us assume that the d constraint equals 1 and that a 

7/12-conversion code is aimed at. 233 channel words of length 12 exist that satisfy the d=l 

25 constraint and start with at least one 'zero•, so that they can be concatenated freely. Of those 233 

channel words, 11 channel words comprise only one 'one', 45 channel words comprise two 

'ones', 84 channel word$ comprise three 'ones', 70 channel words comprise four 'ones', 21 

channel words comprise five 'ones' and one channel word comprises six 'ones'. 

The channel coder can now be realised by allocating the 84 channel words ,. 

30 comprising three 'ones' each to a corresponding one of 84 7-bit source words. Further, choose 

45 pairs of channel words comprising two or four 'ones'. Allocate each pair to one of 45 7-bit 

source words. As the sum of 45 and 84equals129, which is larger than 128, it is possible to 

realise the 7/12-channel code. ·Encoding is now realised as follows. Encoding of the 84 source 

words into the 84 channel words comprising three 'ones' is straightforward. As soon as a 
.. 
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s.ource word appears th.at corresponds to a pair of channel words, alternately the channel word 

. comprising two.'ones' .anc,i the channel word comprising four 'ones' is chosen. As a 

consequence, a channel code conversion is carried out resultin~ in a channel signal comprising 

.one 'one' per three bits .. · 

S Figure S sbows another embodiment of the enC()ding device, in which the 

conversion as explained with reference to figure 3 is employed. A.part from the encoding unit la, 

which changes the nmlengths in the way described above with reference to figure 3, the 

embodiment comprises, again, a channel encoder 20, an aT precoder, more specifically a 1 T . . . . . . . 

precoder 22 and a detector 24. The converter la is now located at another position, namely at the 

10. output of the lT precoder, so that the converter la can convert the Ril... sequence generated by 

the 1Tprecoder22. 

A source signal is supplied to the input 26, whk:h is converted into the (d,k) 

sequence s1• The channel encoder 20 can be any channel encoder, such as the EFM+ coder · 

introduced earlier that channel encodes the input signal into the (d,k) sequence. The (d,k) 

15 sequence is encoded in th~ lT precoder, well known in the art, resulting in the RU. sequence at 

its output. The converter 1 a subsequently converts the Rl.l. sequence, in the way described 

above, into the output signal, which is available at the output 28. The chan~el encoder.encodes its 
. . . . . 

input signal into the (d,k) sequence in rc:sponse to a control signal supplied by the. <ifet.ector 24. 

The control signal may, as an example, lead to the output .signal of the 1 T precoder being DC 

· . 20 free, or any other requirement to be imposed on the .precoder output si~al.. • ' ·· 

25 

The channel coder 20 is preferably adapted to generate such a (d,k) sequence in 

response to the source signa1, that the number of signal transitions per bit in the RIL sequence at 

the output of the precocler 22 is substantially constant. This could be realised by using a channel 

coder 20 as described above. 

Figure 6 shows an embodiment of the device for reproducing a digital information 
. . 

signal from a record carrier according to the invention. Functioning of this device is explained on 

the basis of the example shown in Figure 7. In Figure 7 a (d,k) sequence 40 is indicated This 

sequence 40 is (d,k) constrained with d=2 and k=8. In step 42 thi$ sequence 40 is converted into a 

(d-l,k-1)-constrained sequence 43. This conversion can be pexfonned with the encoding device 

30 shown in Figure 4. This conversion is further elucidated in Figure 1. After preceding this 

sequence in the 1T-precoder44 the precoded sequence 45 is stored on a record carrier 30. In 

Figure 6 the stored .sequence 31 is obtained by reading out the record carrier 30. In block 32 the 

sequence 31 in the RU. domain is converted into the sequence 33 in the (d,k) domain. In this 

example, this sequence 33 is (d-l,k-1)-constrained. 
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In the left part of Figure 7 is indicated the situation in which the correct sequence 
~··.j.:~~jl~ . .~ ... ~4·;·~·'"~ 

is obtained from the ree6id.'banier. In the right part of Figute'~7fis indicated the situation in which 

an incorrect sequence is obtained from the record canier. 

The device shown in Figure 6 also comprises constraint-detecting means 34 for 

5 detecting the runlength of an element of the sequence 33, comparator means 35 for comparing the 

runlength constraint with a predetennined value and substitute means 37 for substituting part of 

the sequence 33. The constraint detecting means 34 sends the runlength to the comparator means 

35. The comparator means 35 generates a control signal 41 if the detected mnlength exceeds the 

predetennined value present in the comparator means and sends this control signal to substitute 

10 means 37 for substituting part of the sequenc~ 33 in response to the occurrence of this control 

signa141. 

In case a correct sequence 33 is obtained from the record carrier 30 (indicated in 

the left part of Figure 7), the comparator means 35 do not generate a control signal 41 and after 

passing the substitute means 37 the unchanged sequence 38 is converted into the original (d,k)-

15 constrained sequence 40 in the converting device 39. In the left part of Figure 7, this conversion is 

perfonned in step 46. 

In case an incorrect sequence 33 is obtained from the record carrier 30 (indicated 

in the rightpart ()f Figure 7), in particular in c&Se short runlengths are not detected, the 

comparator means 35 generates a control signal 41 and in response to the occurrence of the 

20 control signal 41 an element of the sequence 33 is substituted in the substitute means. In Figure 7, 

this substitution is performed in step 47. The corrected sequence 38 is converted into the original 

(d,k)-constrained sequence 40 in the converting device 39. In the right part of Figure 7. this 

conversion is performed in step 46. After substituting an element of the sequence, it is possible 

that this element is not inserted into the sequence at exactly the right position, in other words, the 

25 substitution can cause a transition-shift. However, with the common Read-Solomon error­

correction measures, like CIRC, known for example fro~ US 4,413,340 (PHQ 80.009), this 
. . 

transition-shift can be easily overcome. 

Whilst the invention has been described with reference to preferred embodiments 

30 therefor, it is to be understood that these are not limitative examples. Thus, yarious modifications 

may become apparent to those skilled in the art, without departing from the scope of the 

invention, as defined by the claims. 

It must be noted that the error-correction process as described in Figure 6 and 

Figure 7 is d:irected to (d,k)-coristrained information signals. The device according to the 
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invention however is not limited to this example as it is obvious that the device can also be 

applied to signals in the RIL domain (i.e. the error-correction process is performed before block 

32 in Figure 6). The device can also be applied to deconverted infonnation signals (i.e. the error­

correction process is performed after the converting device 39 in Figure 6). 

Further. the invention lies in each. and every novel feature or combination of 

features. 
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CLAIMS: 

I If lllll /1111111111 11111111111 
C l M S * 

1. Device for reproducing a digital information signal from a channel signal, the 

digital information signal being runlength limited with one or more constraints. comprising 

receiving means for receiving the channel signal (31 ), characterised in that the device further 

comprises means (34,35) for comparing a detected runlength (34) with a predetermined value 

5 (35) indicative of a minimum runlength constraint or a maximum runlength constraint of th~ 

channel signal and for generating a control signal when the detected runlength violates said 

constraint and substitute means (37) for in response to the control signal deleting or inserting an 

element in the channel signal. 

10 2. Device as claimed in claim 1 or 2, wherein the device further comprises 

conversion means (39) for converting a channel signal of a type (d+n,k+n) into a digital 

information signal of a type (d,k) by changing the runlengths in the runlength limited 

information signal by n bitcells of the runlength limited information signal, where n is a 

constant value. 

15 

3. Device as claimed in claim 1 or 2, wherein the receiving means further comprise 

reading means·forreading the channel signal from a track on a record carrier (30). 

4. Device as claimed in claim 1, 2 or3, wherein the means (34,35) are adapted for 

20 comparing a detected runlength (34) with a predetennined value (35) indicative of a maximum 

runlength constraint of the channel signal and for generating a control signal when the detected 

runlength exceeds said constraint and wherein the substitute means (37) are adapted to insert an 

element in the channel signal in response to the control signal. 

25 5. Device as claimed in claim 4. characterised in that the predetermined value is 

larger than the maximum runlength in the channel signal. 
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6. Device as claimed in claim l, characterised in that the channel signal comprises 

control elements that exceed the predetennined value and that the predetennined value is larger 
than the length of control elements present in the channel signal. 

5 1. Device as claimed in claim 6, characterised in that the control elements are 
synchronisation marks. 

· 8. Device as claimed in claim 1 or 2, characterised in that the element substituted by 
the substitute means· (37) has a runlength according to the minimum runlength constraint. 

10 

9. Device as claim~d in claim 1 or 2, char.tcterised in that the digital infonnation 
signal is runlength limited with ad-constraint of 1 and a k-constraint of 7. 

10. Device as claimed in claim 1 or 2, characterised in that the digital information 
15 signal is runlength limi'.ted with ad-constraint of 2 and a k-constraint of 8. 

11. Method for reproducing a digital infoimation signal from a channel signal, the 
digital infonnation signal being runlength limited with one or more constraints, the method 

·comprising the steps of receiving the channel signal (31), comparing a det~ed runlength (34) 

20 with predetemlined value (35) indicative of a minimum runlength constraint or a·maximum 

runlength constraint of the channel signal, generating a control signal when the detected runlength 
violates said constraint, and substituting an element of the channel ·signal in response to the 
control signal. 


