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Infonnation carrier, device for encodin~ method for encoding, device for decoding and 

method for decoding. 

The invention relates to an information carrier comprising runlength limited 

marks in a track. the runlengths of the marks representing niain channel bits and variations of 

a further parameter of the marks representing secondary channel bits. 

The invention further relates to a device for encoding, a method for encoding, 

5 a device for decoding and a method for decoding. 

The invention is applicable to record carriers with different kinds of channel 

codes. In a channel code source bits are encoded to channel bits according to a predetermined 

scheme. Information may be stored on record carriers channel coded, for example, in 

accordance with a runlength-limited (RLL) code. A RLL code is characterized by two 

l () parameters, (d+ 1) and (k+ 1 ), which stipulate the minimum and maximum runlengths, 

respectively, that may occur in the code. The length of time usually expressed in channel bits 

between consecutive transitions from type of mark is known as the runlength. Such a 

transition can for example be a transition from a pit-mark to a land-mark. e.g. in CD~DA, 

CD-R, or a transition from an amorphous domain to a crystalline domain, e.g. in CD-RW. 

15 

An information carrier mentioned in the foregoing is known from European 

Patent Application EP 0 866 454 A2. This document discloses an optical recording medium 

in which a run length limited channel code is recorded in the fonn of a mark. The information 

20 encoded in this channel code comprises main data and encryption data, encryption data being 

represented by a width of the mark. During read-out different levels of the read signal have to 

be detected. This encryption data can not be detected in a very reliable manner. 

25 The invention has for an object to create a more reliable secondary channel, 

the secondary channel being related to a main channel. 

The infonnation carrier in accordance with the invention is characterized 

namely in that only marks of at least a predetermined runlength have said variations. In this 
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invention, the secondary channel is made reliable in the manner on which the secondary 

channel is related to the main channel. 

The invention is based on the recognition that the reliability of a secondary 

channel is not equal for all nmlengths for-which this secondary channel is added to the main 

5 channel using multi-level coding. 

Multi-level coding can be achieved in different ways. With multi-level coding 

is meant the coding which uses the different levels of the read-out signal, obtained when 

reading out a record canier, to decode data stored on the record carrier. These different levels 

of the read-out signal can for example be accomplished by changing tlie geometry of a pit or 
I 

I 0 mark to be read out from the record carrier. This change in geometry can be of different 

kinds, variation of the width, depth, the num~er of width or ~pth variations etc. A physical 

parameter of the secondary channel can be used for multi-level coding, e.g. a so-called 

''peanut"-structure can be made, or the depth and/or width of the pits and marks can be 

varied. The main channel is a binary channel where pits _and n.On-pits (lands) are related to 

15 two possible signal levels (below and above a threshold level). 

The parameter Dmin, which indicates this minimal runlength for which the 

secondary channel is created, is chosen to be such that normal timing recoveryJn the, Imlin 

channel is not affected. The secondary channel.is hierarchically dependent on ~e main. 

channel, since secondary channel bits can only be accommodated at those locfi~ons in the 

20 channel bit stream, where the main channel coding uses longer runlengths. This secondary 

channel is therefore called to be realized via limited multi-level (LML) coding. The limitation 

consists of the choice that multi-level coding is only applied for a predetermined minimum 

runlength. 

Using this LML coding technique constitutes advantages. In general, writing 

25 short runlengths is more difficult. Experiments have shown that the jitter in the main channel 

due to pit-land modulation, e.g. modulating the width of a pit, increases for shorter 

runlengths. Due to this increase in jitter, the read-out reliability of the main channel 

decreases. As the read-out signal is situated closer to the normal slicer level, the chance of 

misdetecting such a short runlength is increased. As said before, for short runlengths the 

30 equalized eye-pattern is not saturated. In order to be able to detect and reconstruct the 

secondary channel bit from short runleilgths it is therefore necessary to use more slicer levels 

than when only long· runlengths are used for storing the secondary channel bits. These 

difficulties are overcome if multi-level coding is only applied for a predetermined minimum 

runlength. 
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By creating the secondary channel extra capacity can be generated on top of 

the capacity of the ~Jchannel. When reading out a r~ab ... carrier comprising a secondary 

·channel a traditional player can only see the information stored in the main channel, while a 

'enhanced player, equipped with means for reading out and decoding the secondary channel, 

5 ·t;an, also see the infonnation stored in the secondary channel. 

IO 

An additional advantage is that the data capacity of a record carrier can be 

increased by creating the secondary channel. 

Another infonnation carrier in accordance with the invention is characterized 

in that the parameter is the width of the mark or space. 

Another information canier in accordance with the invention is characterized 

in that the runlength limited data obeys constraints d==2, k=lO, and in that the predetennined 

minimum runlength is 6. 

As said before, the minimal runlength for which the secondary channel is 

created is chosen to be such that normal timing recovery in the main channel is not affected. 

15 For example, for DVD, a reasonable value for llmin is 6, since the equalized eye-pattern under 

DVD-conditions reaches saturation (i.e. maximum amplitude level for land-marks and 

minimum amplitude for pit-marks) already for 16.:runleiigths. 

io 

Another infonnation carrier in accordance with the invention is characterized 

in that the secondary channel of data also comprises error-correction data. 

Another information carrier in accordance with the invention is characterized 

in that the marks are pits and lands, the pits having a reduced depth, the lands having a pit of 

small depth. 

As said before> multi-level coding can be performed in different ways. For 

example, the pits and lands can be mastered in a so-called "peanut"-structure which is 

25 realized by turning off the laser at a predetennined place and for a predetermined time in the 

case of a pit and by turning on the laser at a predetermined place and for a predetermined 

time in the case of a land. In this way, the pits will have a reduced depth and the lands will 

have a pit of a smal] depth. 

The device for encoding in accordance with the invention comprises 

30 converting means for converting a binary source signal into a channel signal, the channel 

signal comprising a main channel signal representing main channel bits and a secondary 

channel signal representing secondary channel bits, the converting means being further 

arranged for detecting the runlengths of the main channel bits and the converting means 
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further comprising inserting means for generating the secondary channel signal only upon 

detecting a runlength of a predetennined minimum runlength. 

The method for encoding in accordance with the invention comprises the step 

of converting a binary source signal into a channel signal, the channel signal comprising a 
5 main channel signal representing main channel bits and a secondary channel signal 

representing secondary channel bits, the method further comptising the step of detecting the 

ruolengths of the main channel bits and the method further comprising the step of generating 

the secondary channel signal only upon detecting a ruolength of a predetennined minimum 

ruolength. 

l 0 The device for decoding in accordance with the invention comprises decoding 

means for decoding a channel signal into a binary source signal, the channel signal 

comprising a main channel signal comprising main channel bits and a secondary channel 

signal comprising secondary channel bits, the device further comprising detecting means for 

detecting the nmlengths of the main channel bits, the decoding means being :further arranged 

15 for detecting the secon~ary channel only upon detecting a runlength of a predetermined 

minimum runlength. 

The method for decoding in accordance with the invention comprises the step 

of decoding a channel signal into a binary source signal,, the chanriel signal comprising, a .. 

main channel signal comprising main channel bits and a secondary channel signal comprising 

20 secondary channel bits, the method further comprising·the step of detecting th~ runlengths of 

the main channel bits and the method further comprising the step of detecting the secondary 

channel only upon detecting a runlength of a predetermined minimum runlength. 

25 

which 

30 

invention, 

invention. 

The invention will be further described in the following Figure description in 

Figure 1 shows an embodiment of an encoding method, 

Figure 2 shows the presence and origin of bit slips in the secondary channel, 

Figure 3 shows an embodiment of the detection of the secondary channel, 

Figure 4 shows an embodiment of a decoding method according to the 

Figure S shows an embodiment of a decoding device according to the 

.... · ... ·;...~ 
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Figuf6'118hows an embodiment of an emtodihg method. User ~ta 1 is 

partitioned between the main channel 2, comprising main user bits 3_, and the secondary 

channel 4, comprising secondary user bits 5. ln step 6, error correction is applied on the main 

5 user bits 3, yielding main source bits 7. These main source bits 7 comprise user data and 

parities generated in step 6. In step 8, encoding of the main source bits 7 yields the main 

channel bits 9 without the amplitude information. The encoding in step 8 can be 

accompliShed, for example, via a standard RLL channel code, e.g. BM, well known to a 

-person skilled in the art 

l 0 In step 10, error correction is applied on the secondary user bits 5, yielding 

secondary source bits 11. These secondary source bits 11 comprise user data and parities 

generated in step 10. The secondary source bits 11 are further split into a secondary pit 

·channel 12, With secondary pit bits and a secondary land channel 13, with secondary land 

bits. In step 14, a d=O DC-free channel code is used for encoding both channels to generate 

IS secondary pit channel bits IS and secondary land channel bits 16. An example of such a d=O 

channel code is the 8-to-9 d:=O code as can be found in United States Patent 5,642,113 (PHN 

14789). The DC-free property of the code used for encoding is needed in order to retrieve 

(during the secondary channel detection) the slicer level from the measured waveform for 

detection of the secondary channel bits. 

20 

25 

The secondary channel bits yield the amplitude information to be incorporated 

in the wavefonn that is to be-generated from the secondary channel bitstream. In step 17, the 

main channel bits 9, the secondary pit channel bits 15 and the secondary land channel bits 16 

are combined to the assembled channel bits 18. These assembled channel bits 18 are then 

written on a record carrier 19. 

When writing the assembled channel bits on the record carrier, the multi-level 

coding is only applied for ruiilengths lDmin or greater. in which Inmin is a predetermined value. 

This multi.;Jevel coding can be performed in different ways. For example, the pits and lands 

can be mastered in a so-called "peanut"-structure which is realized by turning off the laser at 

a predeter.rilined place and for a predetennined time in the case of a pit and by twning on the 

30 laser at a predetennined place and for a predetermined time in the case of a land. Also a 

narrower pit stroc1w-e can be used for multi-level coding. The method according to the 

invention is not !united to multi-level coding of a particular kind. In the present embodiment, 

limited multi-level coding is used, but the method according to the invention is not limited to 

this so-called limited-level coding. More infonnation about multi-level coding can be found 
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in European Patent Application EP 0 866 454 A2 and International Publication WO 

97/3S304. 

The secon~ channel 2 is dependent on the main channel 4 due to the linking 

of the secondary amplitude effect with the longer rwilengths. The detection problem caused 

S by the hierarchy between inain and secondary channels will b~ explained for the case IDmin = 

6. Suppose, for instance, that a channel error occurred in th~~ channel (a simple 

transition shift) which turned an IS into an 16. The first run do~ not carry an additional bit, 

whereas the second one does. Therefore, straightforward detection of the secondary channel 

yields a bit insertion. A bit deletion takes place when an 16.is turned into an 15 during RLL 

10 detection. In fact. simple transition shifts in the RLL channel Gan lead to bit slips (bit 

insertions and bit deletions) in the LML channel. This is furth~ explained with reference to 

Figure2. 

Figure 2 shows the presence and origin of bit slips in the secondary channel. In 

Figure 2a, an original RLL sequence 47 is shown with rwilengths 4T, ST, 6T, ST, 3T, 7T, 4T, 

15 9T and 6T, as is indicated in this Figure above the sequence 47. The dashed line 48 indicates 

·the normal slicer level use~ for detection of the main channel, LML=O and LML= 1 under the 

. sequence 47 indicate what sort of secondary/LMi.-source bit is present in the indicated 

rwilength. The meaning ofLML=O and LML=l is explained ~ing Figure 3.. ; .. 

Figure 3 shows an embodiment of the detection pf the secondary channel. 

20 Secondary channel detection is perfonned on the basis of the signal waveform _and checks, 

via a slicer operating on the amplitude e.g. in the middle of the run, if runs have the 

secondary channel amplitude effect or not. One stores the infonnation of the secondary 

channel effect on all runs on a symbol-by-symbol basis (for symbols of a length equal to n 

channel bits). One could also decide just to store this infonnati9n for all runs ranging from an 

25 I(nmin-1) and larger, if single-bit transition shifts are the main error source in the main 

channel. The storage on a symbol-by•symbol basis is needed in order to avoid problems with 

missing runs in the main channel, i.e. short runlengths of which the signal waveform does not 

reach beyond the slicer level of the main channel, which can occur with low probability. 

For runlengths 6T and 7T it is indicated how the secondary/LML bits are 

30 detected. The dashed line 49 indicates the LML-land slicer lev~l used for detecting the 

secondary/LML-land bits. The dashed line SO indicates the LML-pit slicer level used for 

detecting the secondary/LML-pit bits. Depending on the detection with these slicer levels 49 

and 50, the character of the LML-bit is indicated by LML=O or LML=l. The slicer levels 49 

and 50 are used to decide whether runs have the secondary channel amplitude effect or not. 
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Figur~ ~b shows the principle of LML-bit insertion and LML-bit deletion. 

Arrow 51 indicatesb~esence of LML-bit insertion •thi original nmlength ST from 

Figure 2a is detected as a 6T nmlength. In this case, a bit insertion takes place when an 15 is 

tumed into an 16 during RLL detection if for the parameter Drain is llmin = 6. Arrow 52 

S indicates the presence of LML-bit deletion as the original runlength 6T from Figure 2a is 

detected as a ST nmlength. In this case, a bit deletion takes place when an 16 is turned into an 

15 during RLL detection if for the parameter nmin is Dmin = 6. 

The solution to the above problem of bitslips is described in Figure 4. It shows 

an embodiment of a decoding method according to the invention. The main channel bits are 

10 detected from the signal wavefonn 20. The method of decoding the main channel bits into the 

main user bits is just the standard one, well known to a person skilled in the art: in step 22, 

the main channel bits 21 are decoded into the main source bits 23, in step 24, the error­

correction is applied on the main source bits 23, which yields the corrected main source bits 

25. These corrected main source bits 25 comprise user data plus parities. 

15 In this embodiment of a decoding method according to the invention, the 

detection of the secondary channel requires the following: In step 26, secondary channel 

detection is accomplished. During the detection ot the main channel, channel errors may lead 

to erroneous runlengths in the main channel bitstream, i.e. detected runlengths may be 

different from encoded runlengths. Therefore it is first assumed that each runlength carries a 

20 potential secondary channel bit, and secondary channel detection is perfonned on each 

runlength. Note that an actual secondary channel bit is detected only if the encoded runlength 

is not smaller than Inmin· In step 26, secondary channel detection is perfonned on the basis of 

the signal waveform and checks, via a slicer operating on the amplitude in the middle of the 

run, if runs have the secondary channel amplitude effect or not (i.e. if a potential LML bit has 

25 value I or 0). One stores the information of the secondary channel effect on all runs on a 

symbol-by-symbol basis in block 30. One could also decide just to store this hlfonnation for 

all runs ranging from an l(nmin· 1) and larger if single-bit transition shifts are the main error 

source in the main channel. The storage on a symbol-by-symbol basis is needed in order to 

avoid problems with missing r1111S, i.e. short runlengths of which the signal waveform does 

30 not reach beyond the slicer level of the main channel. 

After error correction of the main channel in step 24, the corrected main 

source bits 2S are re:..encoded in step 27, yielding the exact main channel bitstream 28. In step 

29, this exact.main channel bitstream 28 is used to yield the correct position of all runs in the 

main channel bit stream and is shown in block 31. In step 32, this exact knowledge of the 
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occurrence of the long runlengths, stored in block 3 l, is combined with the secondary 

channel info about potential secondary channel bits, stored in block 30, which yields the 

detected secondary channel bits 33. In step 34, decoding of~ secondary channel yields the 

secondary channel user bits 35. In step 36, traditional error_ cor,rection of the secondary 

5 channel finally yields the corrected secondary channel user bi~_37. In step 39, the secondary 

channel user data 37 are combined with the user data of the main channel 25 (i.e. the 

corrected main source bits), to reassemble the complete us~ data 40. Also in this step 39, the 

parities are removed. 

The embodiment as described above is to be. considered 8s one example to 

10 which the decoding method according to the invention is applic;able. The error correction of 

the secondary channel (step 36) can be improved via info~on generated during the error 

correction of the main channel (step 24). This is indicated by the dashed line 38. E.g. 

information about burst errors generated from the main channel error correction can be used 

as erasure information for the error correction of the secondary channel. 

15 As an example, some characteristics of applying this method according to the 
. . 

invention are given. For a maxentropic d==2, k=l 0 RLL sequenee, the extra capacity a_vailable 

in the secondary/LML channel for lnmin = 6 amoUn.ts to 11.5 % on average. For sufficiently 

long data sequences, the distribution of the extra capacity in the secondary/LML channel 

becomes very narrow. For a complete sector of 64 kb, a capacity of 11.3 % can practically 

20 always be guaranteed (probability Of 1-10"15
), i.e. the probability that it Cannot be guaranteed 

is smaller than the miscortection probability of the error correction coding (ECC) (probability 

of 10"12) to be discussed. If the same overhead for ECC applies to both main/RLL and 

secondary/LML channels, then only the overhead for the channel coding of the 

secondary/LML-source bits is to be taken into account. 

25 The LML-channel code is essentially a DC-free d=O code which allows 

enabling slicer control on the additional amplitude levels in pit~ and lands. Even for the low­

rate 8-to-9 d=O code (with an overhead of 12.5 %; see Uni~d States Patent 5,642, 113 (PHN 

14789)) a final capacity increase of about 10.0 % is achievable on top of the capacity of the 

RLL channel. 

30 In addition to this, scramblers may be used for accommodating a balance 

between short and long runlengths which may be useful for a steady sensitivity of the 

tracking servos (radial push-pull). Besides, to achieve full capacity, a scrambler may be used 

to guarantee the capacity of the secondary/LML channel. 
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Figure 5 shows an embodiment of a decoding device 46 according to the 

invention. The devi4!td}nprises reading means 41 for re)lditig a record cmier 42, e.g. a 

DVD-ROM. These reading means 41 comprise an optical system for generating a focused 

light spot on the record carrier 42 and a detector for detecting the reflected light spot. The 

5 reading means 41 produce a stream of channel bits of a signal relating to a binary channel 43. 

This stream of channel bits of a signal relating to a binary channel 43 is decoded in a decoder 

44 into a stream of source bits of a signal relating to a binary source 45. The decoder 44 

comprises standard means for decoding a RLL channel code, e.g. (E~·l and means for 

error correction, e.g. CIRC-correction, both well known to a person skilled in the art. The 

10 decoder 44 further comprises means for decoding a secondary channel in accordance with the 

method according to the invention. Decoding this secondary channel is performed upon 

detecting the runlengths of the binary channel signal 43. The stream of source bits of a signa] 

relating to a binary source 45 is outputted by the device 46 and can be further processed, e.g. 

for playing audio information, or for screening video information. 

15 While the invention has been described with reference to preferred 

embodiments thereof, it is to be understood that these are not limitative examples. Thus, 

variou8 modifications may become apparent to those sldIJed in the art, without departing 

from the scope of the invention, as defined in the claims. 

Furthermore, the invention lies in each and every novel feature or combination 

20 of features. 
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CLAIMS: 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ . 
* C L M S * 

1. An inform,ation carrier comprising runlen$1h ~United marks in a track, the 

runlengtbs of the marks representing main channel bits ~d ·~ariations of a further parameter 
. . . 

of the marks representing .secondary channel bi~ charactenmt in that only marks of at least 

a predetermined nmlength have said variations. 

5 

2. An information carrier as claimed in ctaim· t, ~haracterized in that the 

parameter is the width of the mark or space. 

3. An info~on carrier as claimed in claim 1 or 2, characterized in that the 

.10 runlength limited data obeys constraints d=2, k=l 0, and in that the predetermined minimum 

runlength is 6. 

4. An information carrier as claimed in claim· 1, characterized in that the 

secondary channel of da~ also comprises error-correction data. 

15 

5. An information carrier as claimed in claim l, characterized in ·that the marks 

are pits and lands, the pits having a reduced depth, the lands having a pit of small depth. 

6. A device for encoding comprising converting means for converting a binary 

20 sow-ce signal into a channel signal, the channel signal comprising a main channel signal 

representing main channe~ bits and a secondary channel sign.al representing secondary 

channel bits, the converting means being further arranged for detecting the runlengths of the 

main channel bits and the converting means further comprising inserting means for 

generating the secondary channel signal only upon detecting a runlength of a predetermined 

25 minimum runlength. 

7. A device as claimed in claim 6, wherein the device further comprises writing 

means for Writing the channel signal on a record carrier. 
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8. A method for encoding comprising the step of converting a binary source 

signal into a channeltigilal, the channel signal comprisfug a· main channel signal representing 

main channel bits and a secondary channel signal representing secondary channel bits, the 

method further comprising the step of detecting the runlengths of the main channel bits and 

5 the method further comprising the step of geherating the secondary channel signal only upon 

detecting a .runlength of a predetennined minimum runlength. 

10 

9. A method as claimed in claim 8, wherein the method further comprises the 

step of writing the channel signal on a record carrier. 

10. A device for decoding comprising decoding means for decoding a channel 

signal into a binary source signal, the channel signal comprising a main channel signal 

comprising main channel bits and a secondary channel signal comprising secondary channel 

bits, the device further comprising detecting means for detecting the runlengths of the main 

15 channel bits, the decoding means being further arranged for detecting the secondary channel 

only upon detecting a runlength of a predetermined minimum nmlength. 

20 

11. A device as claimed in claim 10, wherein the device further comprises reading 

means for reading out the channel signal from a record carrier. 

12. A method for decoding comprising the step of decoding a channel signal into a 

binary source signal, the channel signal comprising a main channel signal comprising main 

channel bits and a secondary channel signal comprising secondary channel bits, the method 

further comprising the step of detecting the runlengths of the main channel bits and the 

25 method further comprising the step of detecting the secondary channel only upon detecting a 

runlength of a predetermined minimum runlength. 

13. A method as claimed in claim 12, wherein the method further comprises the 

step of reading the channel signal from a record carrier. 


