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Reproduction of a digital infonnation signal in a trick play reproduction mode. 

The invention relates to an apparatus for reproducing a digital infonnation 

signal recorded in slant tracks on a longitudinal record carrier in a trick play reproduction 

mode, the record carrier being transported in said trick play reproduction mode with a speed 

which equals n times a nominal reproduction speed, n being a constant larger than 1. Such an 

5 apparatus is known from USP 5,579,183, document Dl in the list of related documents, and 

WO 95/28061, document 02 in the list. 

In order to scan the trick play segments as correctly as possible, a 

10 tracking control is present for controlling the record carrier transport speed in such a way 

tba.t the scanning traces of the heads that scan the record carrier during successive 

revolutions of the head drum cross the trick play segments as accurately as possible. 

15 The invention aims at providing an improved tracking control during a 

trick play reproduction mode. The apparatus in accordance with the invention, for 

reprod.Ucbig a first digital information signal recorded in slant tracks on a longitudinal record 

catrier in a trick play reproduction mode, the record carrier being transported in: said trick 

play reproduction mode with a speed which equals n times a nominal reproduction speed, n 

20 befug a constant whose magnitude is larger than 1, said tracks comprising a main signal 

recording portion in which sync blocks of information are recorded , the main signal 

reeording portion oomprising sync blocks having a portion of information of the said first 

digt1al 'infotmation signal stored in them and comprising sync blocks having a portion of a 

second··dfgital infonnation signal stored in them, said second digital information signal being 

25 a signal for reproduction in another reproduction mode, such as a _reproduction mode with 

said nominal reproduction speed, 

said sync blocks of information further comprising 

- track identification information, identifying the tracks in subsequent groups of a fixed 

number of subsequent tracks, 
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- sync block identification information, identifying the sync block in the sequence of sync 

blocks in said main signal recording portion of a track, · 

said sync blocks comprising a portion of information of the first digital information signal 

being recorded in trick play segments located at various locations in said main signal 

5 recording portions in said tracks, 

the apparatus comprising 

- read means for reading information from said record carrier, said read means comprising at 

least a first and a second read head having mutually different azimuth angles located on a 

rotatable head drum, 

10 - transport means for transporting the record carrier with a specified speed, 

- tracking control means for carrying out a tracking control during reproductioµ. in said trick 

play reproduction mode in response to a tracking control signal, so as to enable reading of 

information from said trick play segments, the tracking control means comprising means for 

generating a tracking error signal from said track identification information and said sync 

15 block identification information, and means for deriving said tracking control signal from 

said tracking error signal, whereby the tracking control means is adapted to control the speed 

of the record carrier in such a way that the path that a head follows across the record carrier 

during one revolution of the head drum is controlled towards a reference path for said trick 

play reproduction mode across said record carrier, said reference path enabling optimal 

20 reproduction of information from said trick play segments for said trick play reproduction 

mode. 

The invention is based on the recognition that tracking in a trick play 

reproduction mode should be realized on the basis of the track identification information and 

the sync block identification information comprised in the sync blocks present in the tracks. 

25 Those sync blocks need not necessarily be the sync blocks present in the trick play segments 

corresponding to the said trick play reproduction mode, but can be all the sync blocks 

present in the tracks. As a result, a very short lock-in time period is required to correctly 

track the heads on the trick play segments, this time period being defined as the time period 

between the time instant of switching the apparatus in the trick play reproduction mode and 

30 the instant that a picture is present on a TV screen. 

These and other aspects of the invention will be apparent from and 

elucidated with reference to the embodiments hereafter in the figure description, in which 

" 
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figure 1 the track format in a group of 48 tracks, and the paths across the 

record carrier that two reproduction heads follow during a first trick play reproduction mode, 

where the record carrier speed is +4 times nominal, 

figure la the trick play segments for the +4 times nominal reprodU:Ction 

5 mode only, in the group of 48 tracks, 

10 

figure 2 the contents of a track on the record carrier' 

figure 3 the same format as figure 1, with the paths across the record 

·carrier that the two reproduction heads follow during a second trick play reproduction mode, 

where the record carrier speed is -4 times nominal, 

figure 3a the trick play segments for the -4 times nominal reproduction 

mode only, in the group of 48 tracks, 

figure 4 the same format as figure 1, with the paths across the record 

carrier that the two reproduction heads follow during a third trick play reproduction mode, 

where the record carrier speed is + 12 times nominal, 

15 figure 4a the trick play segments for the + 12 times nominal reproduction 

mode only, in the group of 48 tracks, 

figure 5 the same format as figure 1, with the paths across the record 

carrier that the two reproduction heads follow during a fourth trick play reproduction mode, 

where the record carrier speed is -12 times nominal, 

20 figure 5a the trick play segments for the -12 times nominal reproduction 

mode only. in the group of 48 tracks, 

figure 6 the same fonnat as figure l, with the paths across the record 

carrier that the two reproduction heads follow during a fifth trick play reproduction mode, 

where the record carrier speed is + 24 times nominal, 

25 figure 6a the trick play segments for the + 24 times nominal reproduction 

mode only, in the group of 48 tracks, 

figure 7 the same fonnat as figure I. with the paths across the record 

carrier that the two reproduction heads follow during a sixth trick play reproduction mode, 

where the record carrier speed is -24 times nominal, 

30 figure 7a the trick play segments for the -24 ~es nominal reproduction 

mode only, in the group of 48 tracks, 

figure 8 the format of a sync block, 

figure 9 the format of the ID portion in the sync block of figure 8. 

figure 10 an embodiment of a reproduction apparatus. 
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figure 11 the position of a head with reference to the transverse direction 

of the tracks and the signal level of the signal read by the said head, 

figure 12 the reference trace across the record carrier and the signal level 

of the signal· read by the head during this scanning trace, 

5 figure 12a a definition of the constant s, 

figure 13 the error signal obtained when reproducing information with the •. 

first head during a + 12 x trick play reproduction mode, 

figure 14 shows the error signal ·obtained when reproducing information 

with the second head during a + 12 x trick play reproduction mode, 

10 figure 15 shows the error signals obtained when reproducing information 

with the first head during a - 12 x trick play reproduction mode, 

figure 16 shows the error signals obtained, when reproducing information 

with the second head during a - 12 x trick play reproduction mode, 

figure 17 shows the error signals obtained when reproducing the record 

15 carrier in a + 12 x trick play reproduction mode, 

figure 18 shows the behaviour of the error signal at the edges of the main 

area portion of a track, and 

figure 19 shows an embodiment of the unit for deriving the tracking 

control .signal from the track identification information and the sync block identification 

20 information. 

Figure 1 shows the track format of the tracks recorded on the record 

carrier I. The tracks are recorded at a slant angle with reference to the longitudinal direction 

25 of the record carrier. In figure l, however, the.tracks are shown, for clarity reasons, at an 

angle transverse to the longitudinal direction of the record carrier 1. Groups of p successive 

tracks can be identified on the record carrier 1. One such group of p successive tracks is 

shown in figure 1, where p is in the present example equal to 48. During 

recording/reproduction in the forward direction, the tracks are written/read in a direction 

30 from the bottom to the top of figure 1 and from left to right in th~ figure. In the backwards 

direction, the tracks are read from the right to the left in the figure. 

Having subsequent groups of 48 tracks, the following dividends are 

possible as trick play speeds: 2x, 3x, 4x, 6x, 8x, 12x and 24x. The lowest two trick play 

speeds require a large amount of trick play data. Further, it is preferred to select trick play 
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speeds that are integer multiples of each other. That results in either th~ trick play speeds 4x, 

12x and 24x, or 6x, 12 and 24x. In the following, the set of trick play speeds 4x, 12x and 

24x, and their reverse speeds will be further discussed. 

Figure 2 shows the format of one track. The track is recorded and read in 

· 5 a direction from left to right in the figure. In the present example, the lengths of the various 

-: track ponions in figure 2 are expressed in number of main sync blocks, where a main sync 

block has a length of 112 bytes of 8 bits each. 

First, a clock run-in portion 2, denoted 'margin', is recorded, which in 

the present example is 2 main sync blocks long. Next, follows a preamble.portion 3, which 

10 is 3 main sync blocks long. A subcode signal recording portion 4 follows the preamble 

portion 3 and is 4 main sync blocks long. The subcode signal recording portio:Q. 4 is meant to 

record a subcode signal in. The subcode signal can comprise, amongst others, absolute 

and/or relative time information and a table of contents. 

Next, follows a postamble portion 5, which is 3 main sync blocks long, 

15 an edit gap 6, denoted 'IBG', which is 3 main sync blocks long and a preamble portion 7, 

which is in the present example I main sync block long. Next, follows an auxiliary signal 

recording portion 8, denoted 'AUX', which is 23 main sync blocks long. The aux signal 

recording portion 8 is meant for recording an auxiliary signal, such as text data, as an 

example. This aux signal recording portion 8 is followed by a postamble portion 9, which is 

20 2 main sync blocks long, an edit gap 10, denoted 'IBG', which is 3 main sync blocks long 

and a preamble portion 11, which is 1 main sync block long. Next follows an information 

signal recording portion 12, denoted 'main data area', which is 307 main sync blocks long. 

The information signal recording portion 12 is meant to record the digital infonnation signals 

in. One digital information signal can be a digital video signal and/or a digital audio signal, 

25 which may have been encoded into an MPEG information signal. Further, trick play data can 

be included in the information signal recording portion 12. The infonnation signal recording 

portion 12 is fictively divided into two parts, a first part 12a which is 277 main sync blocks 

·tong and a second -part 12b, which is 30 main sync blocks long. The second part 12b 

·cmnprise outer ECC parity information. 

30 The information signal recording portion 12 is followed by a postamble 

ponion 13, which is 2 main sync blocks long and another 'margin' portion 14, the length of 

which is not relevant, but can be assumed to be 2 main sync blocks long, for the present 

example. In total, the track thus comprises 356 main sync blocks. 

It should be noted here, that the auxiliary signal recording portion 8 may 
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be optional, in the sense that in another recording mode, no auxiliary signal is recorded in 

the tracks and the recording portion 8, including the portions 9, 10 and 11 are added to the 

information signal recording portion 12 and are filled with main information. In this other 

mode, however, no trick play data will be recorded in the portion of the track otherwise 

5 occupied by the portions 8, 9, 10 and 11. 

Coming back to figure l, the contents of the first part 12a of the 

information signal recording portion 12 will be further described. Figure 1 shows tracks that 

have been recorded using at least a first and a second write head. The first head has a gap 

with a first azimuth angle and the second head has a gap with a second azimuth angle, which 

10 is different from the first azimuth angle. The tracks recorded by the first write .head having 

the first azimuth angle are indicated by the slant line running from the bottom .left comer of 

the figure to the top right comer of the figure and the tracks recorded by the second write 

head having the second azimuth angle are indicated by the slant line running from the bottom 

right comer of the figure to the top left comer of the figure, see the circle in figure 1 having 

15 the reference numeral 20. 

A first information signal, which may comprise packets of information of 

an MPEG transport stream, is recorded in the tracks, more specifically, in the information 

signal recording portion 12 of the tracks. In an embodiment of the recording apparatus, 

which is in the form of a digital videorecorder of the helical scan type, the first information 

20 signal could be 'normal play' data recorded in the tracks for reproduction in a reproducing 

apparatus at a record carrier speed which is the same as the record carrier speed during 

recording. This speed is defined as the nominal record carrier speed. The first information 

signal is accommodated in the inain sync blocks, defmed above. 

Further, a second information signal has been recorded in specific 

25 segments in the tracks. Those segments are indicated in figure 1 by reference numerals 

22.i( +4), where i runs from 1 to 12. This second information signal is meant for a 

reproduction in a reproduction apparatus at a reproduction speed which is 4 times the 

nominal reproduction speed in the forward direction. This second information signal could be 

an information signal which has no relationship whatsoever with the first information signal 

30 introduced above. The second information signal could have a relationship with the first 

information signal, in the sense that the second information signal is a trick play signal 

(defined from now on as the first trick play signal) for the 4 times nominal reproduction 

speed, in order to obtain a reproduced (video) signal, which is a replica of the reproduced 

first (video) signal, but reproduced at four times the nominal speed in the forward direction. 
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Figure la shows the same group of 48 tracks as figure l, however, only 

the 12 segments 22.i( +4) are shown in figure la. Assuming the track number of the first 

track in' the gro~p of 48 tracks to be track no. 0 and the track number of the last track in the 

group to be ttac.k: number 47, the segments are recorded in the tracks with track number 

5 2+n.8 and 5+n.8, where n is an integer running from 0 to 5 inclusive. 

Figure 1 further shows two scanning lines 24 and 26. The double arrowed 

scanning line 24 shows the path that the one head, having the first azimuth angle, follows 

across the record carrier in the four times nominal reproduction mode, during one revolution 

of the head drum. The single arrowed scanning line 26 shows the path that the other head, 

10 having the second azimuth angle, follows across the record carrier in the four times nominal 

reproduction mode during the said one revolution of the head drum. As can b~ seen in figure 

t the one head reads the trick play segments 22.i( +4), where i is odd, and the other head 

thus reads the trick play segments 22.i( +4), where i is even. 

The trick play segments 22.i( +4) each have a length of 56 main sync 

15 blocks, in the present example. From the 56 main sync blocks in one segment, 51 sync 

blocks have information contents as regards the trick play information stored in those sync 

blocks. The other five sync blocks in a segment comprise parity information, obtained from 

an ECC encoding step carried out on the trick play information. Thus, during each revolution 

of the head drum, during a four times nominal reproduction mode, 112 sync blocks of 

20 information of the first trick play signal, which include 10 sync blocks comprising parity 

infonnation are read from the record carrier. The parity sync blocks in a trick play segment 

are preferably stored last in a trick play segment 

When numbering the main sync bloc.ks in a track, starting from 0, which 

is the first sync block in the a':lX recording area 8 in the track, until 305, which is the last 

25 sync block in the area 12a of the track, the sync blocks in the segments 22.i( +4), where i is 

even, are the sync blocks numbered 82 to 137 inclusive in a track, where the sync blocks 

numbered 133 to 137 inclusive are the sync blocks comprising the parity information. 

Further, the sync blocks in the segments 22.i( +4). where i is odd, are the sync blocks 

numbered 200 to 255 inclusive in a track, where, again, the sync blocks numbered 251 to 

30 255 inclusive are the sync blocks comprising the parity information. 

Figure la further shows portions, numbered 22.13( +4) to 22.18( +4), 

located at the lower edge of some of the tracks in the group of 48 tracks. Those locations are 

locations that can be read in the +4 times nominal reproduction mode by one of the two 

heads, in the present case, the head having the first azimuth. As the locations shown include 
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the subcode signal recording portion, it is possible to read the information in the subcode 

signal recording portion, also in the +4 times nominal reproduction mode. 

Figure 3 shows a third information signal (from now on called: the second 

trick play signal) being recorded ·in specific··segments in the tracks. Those segments are 

5 indicated in figure 3 by reference numerals 28.i(-4), where i runs from 1 to 24. This second 

trick play signal is meant for a reproduction in a reproduction apparatus at a reproduction 

speed which is 4 times the nominal reproduction speed in the backwards direction. This 

second trick play signal could be an infonnation signal which has no relationship whatsoever 

with the signals introduced above. The second trick play signal could have a relationship 

10 with the first information signal, in the sense that the second trick play signal is a trick play 

signal for the minus 4 times nominal reproduction speed, in order to obtain a i:eproduced 

(video) signal, which is a replica of the reproduced first (video) signal, but reproduced at 

minus four times the nominal speed (in the backwards direction). 

Figure 3a shows the same group of 48 tracks as figure 3, however, only 

15 the 24 segments 28.i(-4) are shown in figure 3a. Assuming the track number of the first track 

in the group of 48 tracks to be track no. 0 and the track number of the last track in the group 

to be track number 47, the segments are recorded in the tracks with track number 1 +n.8, 

3+n.8, 4+n.8 and 6+n.8, where n is an integer running from 0 to 5 inclusive. 

Figure 3 further shows two scanning lines 30 and 32. The double arrowed 

20 scannilig line 30 shows the path that the one head, having the first azimuth angle, follows 

across the record carrier in the minus four times nominal reproduction mode, during one 

revolution of the head drum. The single arrowed scanning line 32 shows the path that the 

other head, having the second azimuth angle, follows across the record carrier in the minus 

four times nominal reproduction mode during the said one revolution of the head drum. As 

25 can be seen in figure 3, the one head reads the trick play segments 28.i(-4), where i equals 

3, 4, 7, 8, 11, 12, 15, 16, 19, 20, 23 and 24, and the other head thus reads the trick play 

segments 28.j(-4), where j equals 1, 2, 5, 6, 9, 10, 13, 14, 17, 18, 21 and 22. 

The trick play segments 28.i(-4) each have a length of 28 main sync 

blocks, in the present example. A trick play segment for the minus four times trick play 

30 speed comprise either 26 sync blocks having information contents _as regards the trick play 

information stored in those sync blocks, and two sync blocks of parity information, or 25 

sync blocks having each information contents as regards the trick play information stored in 

those sync blocks, and three sync blocks of parity information. Again, the parity information 

stored in the sync blocks comprising the parity information is obtained from an ECC 
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encoding step carried out on the trick play signal. The parity sync blocks in a trick play 

segment are preferably stored last in a trick play segment. 

The trick play segments for the minus 4 times nominal reproduction speed 

can be realized as explained in the following example. When numbering the main sync 

5 blocks, starting from 0, which is the first sync block in the aux recording area 8 in a track, 

; until 305, which is the last sync block in the area 12a in the track, the sync blocks in the 

segments 28.i(-4), where i equals 1, 5, 9, 13, 17 and 21, are the sync blocks numbered 119 

to 146 inclusive in a track, where the sync blocks numbered 145 and 146 are the sync blocks 

comprising the parity information. Further, the sync blocks in the segments 28.j(-4), where j 

10 equals 2, 6, 10, 14, 18, and 22, are the sync blocks numbered 262 to 289 inclusive in a 

track, ·where the sync blocks numbered 287, 288 and 289 are the sync blocks ~mprising the 

parity information. The sync blocks in the segments 28.k(-4), where k equals 3, 7, 11, 15, 

19 and 23, are the sync blocks numbered 48 to 75 inclusive in a track, where the sync blocks 

numbered 74 and 75 are the sync blocks comprising the parity information. Further, the sync 

15 blocks in the segments 28.1(-4), where 1equals4, 8. 12, 16, 20, and 24, are the sync blocks 

nl1mbered 191 to 218 inclusive in a track, where the sync blocks numbered 216, 217 and 218 

are the sync blocks comprising the parity infonnation. 

Thus, during each revolution of the head drum, during a minus four times 

nominal reproduction mode, 112 sync blocks of infonnation of the third infonnation signal, 2 

20 x ·(26+2) + 2 x (25+3}, are read from the record carrier, amongst which are 10 parity sync 

blocks. This is the same number of trick play sync blocks as for the 4 times reproduction 

mode. 

Figure 3a further shows portions, numbered 28.25(-4) to 28.30(-4), 

located at the lower edge of some of the tracks in the group of 48 tracks. Those locations are 

25 locations that can be read in the -4 times nominal reproduction mode by one of the two 

heads, in the present case, the head having the first azimuth. As the locations shown include 

the subcode signal recording portion, it is possible to read the information in the subcode 

signal recording portion, also in the -4 times nominal reproduction mode. 

Figure 4 shows a fourth information signal, which will be called the third 

30 trick play signal hereafter, being recorded in specific segments in _the tracks. Those segments 

are indicated in figure 4 by reference numerals 34.i( + 12), where i runs from 1 to 16. This 

thitd uick play signal is meant for a reproduction in a reproduction apparatus at a 

reproduction speed which is 12 times the nominal reproduction speed in the forward 

direction. This third trick play signal could be an information signal which has no 
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relationship whatsoever with the signals introduced above. The third trick play signal could 

have a relationship with the first information signal, in the sense that the third trick play 

signal is a trick play signal ·for the 12 times nominal reproduction speed in the forward 

direction, in order to obtain a reproduced·.(video) signal, which is a replica of the reproduced 

5 first (video) signal, but reproduCed at· 12 times the nominal speed (in the forward direction). 

Figure 4a shows the same group of 48 tracks as figure 4, however, only 

the 16 segments 34.i( + 12) are shown in figure 4a. Assuming the track number of the first 

track in the group of 48 tracks to be track no. 0 and the track number of the last ·track in the 

group to be track number 47, the segments are recorded in the tracks with. track number 

10 2+n.2, 15+n.2, 26+n.2 and 39+n.2, where n is an integer running from 0 to 3 inclusive. 

Figure 4 further shows two scailning lines 36 and 37. The double arrowed 

scanning line 36 shows the path that the one head, having the first azimuth angle, follow 

across the record carrier in the + 12 times nominal reproduction mode, during one revolution 

of.the head drum. The single arrowed scanning line 37 shows the path that the other head, 

15 having the second azimuth angle, follows across the record carrier in the + 12 times nominal 

reproduction mode during the said one revolution of the head drum. As can be seen in figure 

4, the one head reads the trick play segments 34.i( + 12), where i equals 1 to 4 inclusive and 

9 to 12 inclusive, and the other head thus reads the trick play segments 34.j( + 12), where j 

equals 5. to 8 inclusive and 13 to 16 inclusive. 

20 The trick play segments 34.i( + 12) have a length of 28 main sync blocks, 

in the present example. Each trick play segment comprises 14 trick play sync blocks and 

repetitions of those 14 trick play sync blocks, resulting in the 28 sync blocks in each trick 

play segment. 

In a group of 8 trick play segments read during one revolution of the head 

25 drum, six of them comprise two parity sync blocks per segment and the other two segments 

. comprise 4 sync blocks per segment. Those six segments thus each comprise 13 trick play 

sync blocks comprising information of the third trick play signal, 13 repetitions of those 13 

trick play sync blocks, one parity sync block and one repetition of this parity sync block. 

Those two remaining segments thus each comprise 12 trick play sync blocks comprising 

30 information of the third trick play signal, 12 repetitions of those 1~ trick play sync blocks, 

two parity sync blocks and repetitions of those parity sync blocks. 

The trick play segments for the + 12 times nominal reproduction speed 

can be realized as explained in the following example. When, again. numbering the ~ 

sync blocks. starting from 0, which is the first sync block in the aux recording area 8 in a 
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track, until 305, which is the last sync block in the area 12a in the track, the trick play sync 

blocks in the segments 34.1( + 12) and 34.9( + 12) are the sync blocks numbered 41 to 68 

inclusive in a track, where the sync ·blocks numbered 55 to 68 inclusive are repetitions of the 

sync blocks numbered 41 to 54 inclusive. Further, the trick play sync blocks in the segments 

5 34.1(+12) and 34.9(+12) numbered 54 and 68 are the parity sync blocks. The trick play 

sync blocks in the segments 34.2( + 12) and 34.10( + 12) are the sync blocks numbered 106 to 

133 inclusive. where the sync blocks numbered 120 to 133 inclusive are repetitions of the 

sync blocks numbered 106 to 119 inclusive. The trick play sync blocks numbered 119 and 

133 are the parity sync blocks in the segments. The trick play sync blocks. in the segments 

IO 34.3(+12) and 34.11(+12) are the sync blocks numbered 171to198 inclusive in a frack, 

where the sync blocks numbered 185 to 198 inclusive are repetitions of the sy:oc blocks 

numbered 171 to 184 inclusive. The trick play sync blocks numbered 184 and 198 are the 

parity sync blocks. 

Further, the trick play sync blocks in the segments 34.4( + 12) and 

15 34~12( + 12) are the sync blocks numbered 236 to 263 inclusive in a track. where the sync 

blocb numbered 250 to 263 inclusive are repetitions of the sync blocks numbered 236 to 249 

inclusive. The trick play sync blocks numbered 248, 249, 262 and 263 are the parity sync 

blocks. 

The trick play sync blocks in the segments 34.5( + 12) and 34.13( + 12) are 

20 the sync blocks numbered 74 to 101 inclusive in a track, where the sync blocks numbered 88 

to 101 inclusive are repetitions of the sync blocks numbered 74 to 87 inclusive. The trick 

play sync blocks numbered 87 and 101 are the parity sync blocks. Further, the trick play 

sync blocks in the segments 34.6( + 12) and 34.14( + 12) are the sync blocks numbered 139 to 

166 inclusive in a track, where the sync blocks numbered 153 to 166 inclusive are repetitions 

25 of the sync blocks numbered 139 to 152 inclusive. The trick play sync blocks numbered 152 

and 166 are the parity sync blocks. The trick play sync blocks in the segments 34. 7( + 12) 

and 34.15(+12) are the sync blocks numbered 204 to 231 inclusive in a track, where the 

sync blocks numbered 218 to 231 inclusive are repetitions of the sync blocks numbered 204 

to 217 inclusive. The trick play sync blocks numbered 217 and 231 are the parity sync 

30 blocks. Further, the trick play sync blocks in the segments 34.8( ~ 12) and 34.16( + 12) are 

the sync blocks numbered 269 to 296 inclusive in a track, where the sync blocks numbered 

283 to 296 inclusive are repetitions of the sync blocks numbered 269 to 282 inclusive. The 

trick play sync blocks numbered 281, 282, 295 and 296 are the parity sync blocks in th~ 

segments. 
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Thus, during each revolution of the head drum, during a + 12 times . 

nominal reproduction mode, 224 sync blocks (8 x 28) of the third trick play signal are read 

from the record carrier. 

Figure 4a further shows portions, numbered 34.17(+12) and 34.18(+12), 

5 located at the lower edge of some of the tracks in the group of 48 tracks. Those locations are 

locations that can be read in the + 12 times nominal reproduction mode by one of the two 

heads, in the present case, the head having the first azimuth. As the locations shown include 

10 

the subcode signal recording portion, it is possible to read the information in the subcode 

signal recording portion, also in the + 12 times nominal reproduction mode. 

Figure 5 shows a fifth information signal being recorded in specific 

segments in the tracks. This information signal will be called the fourth trick play signal 

from now on. The segments are indicated in figure 5 by reference numerals 40.i(-12), where 

i runs from 1 to 16. This fourth trick play signal is meant for a reproduction in a 

reproduction apparatus at a reproduction speed which is minus 12 times the nominal 

15 reproduction speed (that is: in the backwards direction). This fourth trick play signal could 

be an information signal which has no relationship whatsoever with the signals introduced 

above. The fourth information· signal could have a relationship with the first information 

signal, in the sense that the fourth trick play signal is a trick play signal· for the minus 12 

times nominal reproduction speed, in order to obtain a reproduced (video) signal, which is a 

20 replica of the reproduced first (video) signal, but reproduced at minus 12 times the nominal 

speed (in the backwards direction). 

Figure 5a shows the same group of 48 tracks as figure 5, however, only 

the 16 segments 40.i(-12) are shown in figure 5a. Assuming the track number of the first 

track in the group of 48 tracks to be track no. 0 and the track number of the last track in the 

25 group to be track number 47, the segments are recorded in the tracks with track number 

3 +n.2 and 27 +n.2, where n is an integer running from 0 to 3 and in tracks with track 

numbers 14+n.2 and 38+n.2, where n is an integer running from 0 to 3 inclusive. 

Figure 5 further shows two scanning lines 42 and 44. The double arrowed 

scanning line 42 shows the path that the one head, having the first azimuth angle, follow 

30 across the record carrier in the -12 times nominal reproduction m~de, during one revolution 

of the head drum. The single arrowed scanning line 44 ·shows the path that the other head, 

having the second azimuth angle, follow across the record carrier in the -12 times nominal 

reproduction mode during the said one revolution of the head drum. As can be seen in figure 

5, the one head reads the trick play segments 40.i(-12), where i equals 1 to 4 inclusive (and 
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also 9 to 12 inclusive), and the other head thus reads the tri& play segments 40.j(-12), 

where j equals 5 to 8 inclusive and 13 to 16 inclusive. 

The trick play segments 40.i(-12) each have a length of 28 main sync 

blocks. As in the + 12x trick play situation, in a group of 8 trick play segments read during 

5 one revolution of the head drum, six of them comprise two parity sync blocks per segment 

and _the other two segments comprise 4 sync blocks per segment. Those six segments thus 

each comprise 13 trick play sync blocks comprising infonnation of the third trick play signal, 

13 repetitions of those 13 trick play sync blocks, one parity sync block and one repetition of 

this parity sync block. Those two remaining segments thus each comprise .12 trick play sync 

10 blocks comprising information of the third trick play signal, 12 repetitions of those 12 trick 

play sync blocks, two parity sync blocks and repetitions of those parity sync bJocks. 

The trick play segments for the -12 times nominal reproduction speed can 

be realized as explained in the following example. When, again, numbering the main sync 

blocks, starting from 0, which is the first sync block in the aux recording area 8 in a track, 

15 until 305, which is the last sync block in the area 12a in the track, the sync blocks in the 

segments 40.1(-12) and 40.9(-12) are the sync blocks numbered 86 to 113 inclusive in a 

trackt where the sync blocks numbered 100 to 113 inclusive are repetitions of the sync 

blocks numbered 86 to 99 inclusive. The trick play sync block numbers in the segments 

nuttlbered 99 and 113 are the parity sync blocks. Further, the sync blocks in the segments 

20 40.2(-12) and 40.10(-12) are the sync blocks numbered 141 to 168 inclusive in a track, 

where the sync blocks numbered 155 to 168 inclusive are repetitions of the sync blocks 

munbered 141 to 154 inclusive. The sync blocks numbered 154 and 168 are the parity sync 

bk>ck:s in the segments. The sync blocks in the segments 40.3(-12) and 40.11(-12) are the 

sync blocks in a track numb~ed 196 to 223 inclusive, where the sync blocks numbered 210 

25 to 223 inclusive are repetitions of the sync blocks numbered 196 to 209 inclusive. The sync 

blocks numbered 209 and 223 are the parity sync blocks in the segments. Further, the sync 

blocks in the segments 40.4(-12) and 40.12(-12) are the sync blocks in a track numbered 251 

to 278 inclusive, where the sync blocks numbered 265 to 278 inclusive are repetitions of the 

sync blocks numbered 251to264 inclusive. The sync blocks numbered 263, 264, 277 and 

30 278 are the parity sync blocks in the segments. 

The sync blocks in the segments 40.5(-12) and 40.13(-12) are the sync 

blocks in a track numbered 59 to 86 inclusive, where the sync blocks numbered 73 to 86 

inclusive are repetitions of the sync blocks numbered 59 to 72 inclusive. The sync blocks 

numbered 72 and 86 are the parity sync blocks. Further, the sync blocks in the segments 
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40.6(-12) and 40.14(-12) are the sync blocks in a track numbered 114 to 141 inclusive, 

where the sync blocks numbered 128 to 141 inclusive are repetitions of the sync blocks 

numbered 114 to 127 inclusive. The sync blocks numbered 127 and 141 are the parity sync 

blocks. The sync blocks in the segments 40.7(..;12) and 40.15(-12) are the sync blocks in a 

5 tracknumbered 169 to 196 inclusive, where the sync blocks numbered 183 to 196 inclusive 

are repetitions of the sync blocks numbered 169 to 182 inclusive. The sync blocks numbered . 

182 and 196 are the parity sync blocks. Further, the sync blocks in the segments 40.8(-12) 

and 40.16(-12) are the sync blocks in a track numbered 224 to 251 inclusive, where the sync 

blocks numbered 238 to 251 inclusive are repetitions of the sync blocks numbered 224 to 237 

10 inclusive. The sync blocks numbered 236, 237, 250 and 251 are the parity sync blocks in the 

segments. 

Thus, during each revolution of the head drum, during a -12 times 

nominal reproduction mode, 224 sync blocks (8 x 28 sync blocks) of information of the 

fourth trick play signal are read from the record carrier, which is the same number of sync 

15 blocks as for the + 12x reproduction mode. 

Figure 5a further shows portions, numbered 40.17(-12) and 40.18(-12), 

located at the lower edge of some of the tracks in the group of 48 tracks. Those locations are 

locations that can be read in the ._ 12 times nominal reproduction mode by one of the two 

heads, in the present case, the head having the first azimuth. As the locations shown include 

20 the subcode signal recording portion, it is possible to read the information in the subcode 

signal recording portion, also in the -12 times nominal reproduction mode. 

Figure 6 shows a sixth information signal being recorded in specific· 

segments in the tracks. This signal will be defmed as the fifth trick play signal hereafter. The 

segments are indicated in figure 6 by reference numerals 48.i( +24), where i runs from 1 to 

25 14. This fifth trick play signal is meant for a reproduction in a reproduction apparatus at a 

reproduction speed which is + 24 times the nominal reproduction speed (that is: in the 

forward direction). This fifth trick play signal could be an information signal which has no 

relationship whatsoever with the signals introduced earlier. The fifth trick play signal could 

have a relationship with the first information signal, in the sense that ~e fifth trick play 

30 signal is a trick play signal for the + 24 times nominal reproducti~n speed, in order to obtain 

a reproduced (video) signal, which is a replica of the reproduced first (video) signal, but 

reproduced at + 24 times the nominal speed. 

Figure 6a shows the same group of 48 tracks as figure 6, however, only 

the 14 segments 48.i( +24) are shown in figure 6a. Assuming the track number of the first 
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track in the group of 48 tracks to be track no. 0 and the track number of the last track in the 

group to be track number 47, the segments are recorded in the tracks with track number 

6+n.2 and 29+n.2, where n is an integer running from 0 to 6 inclusive. 

Figure 6 further shows two scanning lines 50 and 51. The double arrowed 

5 scanning line 50 shows the path that the one head, having the first azimuth angle, follows 

across the record carrier in the +24 times nominal reproduction mode, during one revolution 

of the head drum. The single arrowed scanning line 51 shows the path that the other head, 

having the second azimuth angle, follows across the record carrier in the + 24 times nominal 

reproduction mode during the said one revolution of the head drum. As can be seen in figure 

10 6, the one head reads the trick play segments 48.i( +24), where i equals 1to7 inclusive, and 

the other head thus reads the trick play segments 48.j( +24), where j equals 8 to 14 

inclusive. 

The trick play segments 48.i( +24) each have a length of 16 main sync 

blocks, in the present example. In the group of 14 trick play segments, four of them each 

15 comprise 8 trick play sync blocks of information of the fifth trick play signal and repetitions 

of those 8 sync blocks. The remaining 10 trick play sync blocks in the ·group comprise 7 

trick play sync blocks of information of the fifth trick play signal, 1 parity sync block and 

one repetition of both the 7 trick play sync blocks and the parity sync block. 

The trick play segments for the +24 times nominal reproduction speed 

20 can be realized as explained in the following example. When, again, numbering the main 

sync bloc.ks, starting from 0, which is the first sync block in the aux recording area 8 in a 

track, until 305, which is the last sync block in the area 12a in the track, the sync blocks in 

the segment 48.1( +24) are the sync blocks in a track numbered 76 to 91 inclusive, where 

the sync blocks numbered 84 to 91 inclusive are repetitions of the sync blocks 76 to 83 

25 inclusive. No parity sync blocks are present in this segment. The sync blocks in the segment 

48~2( +24) are the sync blocks in a track numbered 107 to 122 inclusive, where the sync 

blocks numbered 115 to 122 inclusive are repetitions of the sync blocks numbered 107 to 114 

inclusive. The sync blocks numbered 114 and 122 are the parity sync blocks in the segment. 

The sync blocks in the segment 48.3( +24) are the sync blocks in a track numbered 138 to 

30 153 inclusive, where the sync blocks numbered 146 to 153 inclusiye are repetitions of the 

sync blocks 138 to 145 inclusive. The sync blocks numbered 145 and 153 are the parity sync 

blocks in the segment. The sync blocks in the segment 48.4( +24) are the sync blocks in a 

track numbered 169 to 184 inclusive, where the sync blocks numbered 177 to 184 inclusive 

are repetitions of the sync blocks numbered 169 to 176 inclusive. The sync blocks numbered 
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176 and 184 are the parity sync blocks in the segment. The sync blocks in the segment 

48.5( +24) are the sync blocks in a track numbered 200 to 215 inclusive, where the sync 

blocks numbered 208 to 215 inclusive are repetitions of the sync blocks 200 to 207 inclusive. 

The sync blocks numbered 207 and 215 are the parity sync blocks in the segment. The sync 

5 blocks in the segment 48.6( +24) are the sync blocks in a track numbered 231 to 246 

inclusive, where the sync blocks numbered 239. to 246 inclusive are repetitions of the sync 

blocks numbered 231to238 inclusive. The sync blocks numbered 238 and 246 are the parity 

sync blocks in the segment. Further, the sync blocks in the segment 48. 7( +24) are the sync 

blocks in a track numbered 262 to 277 inclusive, where the sync blocks numbered 270 to 

· 10 277 inclusive are repetitions of the sync blocks 262 to 269 inclusive. No parity sync blocks 

are present in the segment. 

The sync blocks in the segment 48.8( +24) are the sync blocks in a track 

numbered 60 to 75 inclusive, where the sync blocks numbered 68 to 75 inclusive are 

repetitions of the sync blocks numbered 60 to 67 inclusive. No parity sync blocks are present 

15 in the segment. The sync blocks in the segment 48.9( +24) are the sync blocks in a track 

numbered 91 to 106 inclusive, where the sync blocks numbered 99 to 106 inclusive are 

repetitions of the sync blocks numbered 91 to 98 inclusive. The sync blocks numbered 98 

and 106 are the parity sync blocks in the segment. The sync blocks in the segment 

48.10(-:t-24) are the sync blocks in a track numbered 122 to 137 inclusive, where the sync 

20 blocks numbered 130 to 137 inclusive are repetitions of the sync blocks numbered 122 to 129 

inclusive. The sync blocks numbered 129 and 137 are the parity sync blocks in the segment. 

The sync blocks in the segment 48.11( +24) are the sync blocks in a track numbered 153 to 

168 inclusive, where the sync blocks numbered 161 to 168 inclusive are repetitions of the 

sync blocks numbered 153 to 160 inclusive. The sync blocksnumbered 160 and 168 are the 

25 parity sync blocks in the segment. The sync blocks in the segment 48.12( +24) are the sync 

blocks in a track numbered 184 to 199 inclusive, where the sync blocks numbered 192 to 

199 inclusive are repetitions of the sync blocks numbered 184 to 191 inclusive. The sync 

blocks numbered 191 and 199 are the parity sync blocks in the segment. The sync blocks in 

the segment 48.13(+24) are the sync blocks in a track numbered 215 to 230 inclusive, where 

30 the sync blocks numbered 223 to 230 inclusive are repetitions of ~e sync blocks numbered 

215 to 222 inclusive. The sync blocks numbered 222 and 230 are the parity sync blocks in 

the segment. The sync blocks in the segment 48.14( +24) are the sync blocks in a track 

numbered 246 to 261 inclusive, where the sync blocks numbered 254 to 261 are repetitions 

of the sync blocks numbered 246 to 253 inclusive. No parity sync blocks are present in the 
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segment. 

Thus, during each revolution of the head dmm, during a + 24 times 

nominal reproduction mode, 224 sync blocks (14 x 16 sync blocks) of infonnation of the 

fifth trick play signal are read from the record carrier. 

Figure 6a further shows a portion, numbered 48.15( +24), located at the 

lower edge of one of the tracks in the group of 48 tracks. This location is a location that can 

be read in the +24 times nominal reproduction mode by one of the two heads, in the present 

case, the head having the first azimuth. As the location shown includes the subcode signal 

recording portion, it is possible to read the infonnation in the subcode signal recording 

· 10 portion, also in the +24 times nominal reproduction mode. 

Figure 7 shows a seventh information signal being recorded, in specific 

segments in the tracks. This information signal will be called the sixth trick play signal from 

now on. The segments are indicated in figure 7 by reference numerals 54.i(-24), where i 

runs from 1 to 14. This sixth trick play signal is meant for a reproduction in a reproduction 

15 apparatus at a reproduction speed which is -24 times the nominal reproduction speed (that is: 

in the backwards direction). This sixth trick play signal could be an information signal which 

has no relationship whatsoever with the signals introduced earlier. The sixth trick play signal 

could have a relationship with the first infonnation signal, in the sense that the sixth trick 

play signal is a trick play signal for the -24 times nominal reproduction speed, in order to 

20 obtain a reproduced (video) signal, which is a replica of the reproduced first (video) signal, 

but reproduced at -24 times the nominal speed (that is: in the backwards direction). 

Figure ?a shows the same group of 48 tracks as figure 7. however, only 

the 14 segments 54.i(-24) are shown in figure 7a. Assuming the track number of the first 

track in the group of 48 tracks to be track no. 0 and the track number of the last track in the 

25 group to be track number 47, the segments are recorded in the tracks with track number 3, 

5, 7, 11, 13, 15, 17, 30, 32, 34, 36, 40, 42 and 44. 

Figure 7 further shows two scanning lines 56 and 58. The double arrowed 

scanning line 56 shows the path that the one head, having the first azimuth angle, follow 

across the record carrier in the -24 times nominal reproduction mode, during one revolution 

30 of the head drum. The single arrowed scanning line 58 shows the path that the other head, 

having the second azimuth angle, follow across the record carrier in the -24 times nominal 

reproduction mode during the said one revolution of the head drum. As can be seen in figure 

7. the one head reads the trick play segments 54.i(-24). where i equals 1 to 7 inclusive, and 

the other head thus reads the trick play segments 54.j(-24). where j equals 8 to 14 inclusive. 
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The trick play segments 54.i(-24) each have a length of 16 main sync 

blocks, in the present example. In the group of 14 trick play segments, four of them each 

comprise 8 trick play sync blocks of information of the fifth trick play signal and repetitions 

of those 8 sync blocks. The remaining 10 trick play sync blocks in the group comprise 7 

S trick play sync blocks of information of the fifth trick play sigruil, 1 parity sync block and 

one repetition of both the 7 trick play sync blocks and the parity sync block. 

The trick play segments for the -24 times nominal reproduction speed can 

be realized as explained in the following example. When, again, numbering the main sync 

blockS, starting from 0, which is the first sync block in the aux recording .area 8 in a track, 

10 until 305, which is the last sync block in the area 12a in the track, the sync blocks in the 

segment 54.1(-24) are the sync blocks in a track numbered 40 to SS inclusive,. where the 

sync blocks numbered 48 to 55 inclusive are repetitions of the sync blocks 40 to 47 

indusive. No parity sync blocks are present in the segment. The sync blocks in the segment 

54.2(-24) are the sync blocks in a track numbered 68 to 83 inclusive, where the sync blocks 

15 numbered 76 to 83 are repetitions of the sync blocks numbered 68 to 75 inclusive. The sync 

blocks numbered 75 and 83 are the parity sync blocks. The sync blocks in the segment 54.3(­

·24) are the sync blocks in a track numbered 97 to 112 inclusive, where the sync blocks ' 

numbered 105 to 112 inclusive are repetitions of the sync blocks 97 to 104. The sync blocks 

numbered 104 and 112 are the parity sync blocks in the segment. The sync blocks in the 

20 segment 54.4(-24) are the sync blocks in a track numbered 154 to 169 inclusive, where the 

sync blocks numbered 162 to 169 inclusive are repetitions of the sync blocks numbered 154 

to 161 inclusive. The sync blocks numbered 161 and 169 are the parity sync blocks in the 

segment. The sync blocks in the segment 54.5(-24) are the sync blocks in a track numbered 

182 to 197 inclusive, where the sync blocks numbered 190 to 197 inclusive are repetitions of 

25 the sync blocks 182 to 189 inclusive. The sync blocks numbered 189 and 197 are the parity 

sync blocks in the segment. The sync blocks in the segment 54.6(-24) are the sync blocks in 

a track numbered 211 to 226 inclusive, where the sync blocks numbered 219 to 226 inclusive 

are repetitions of the sync blocks numbered 211 to 218 inclusive. The sync blocks numbered 

218 and 226 are the parity sync blocks in the segment. Further, the sync blocks in the 

30 segment 54. 7(-24) are the sync blocks in a track numbered 239 to_ 254 inclusive, where the . 

sync blocks numbered 24 7 to 254 inclusive are repetitions of the sync blocks 239 to 246 

inclusive. No parity sync blocks are present in the segment. The sync blocks in the segment 

54.8(-24) are the sync blocks in a track numbered 83 to 98 inclusive, where the sync bl~cks 
numbered 91 to 98 inclusive are repetitions of the sync blocks numbered 83 to 90 inclusive. 
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No parity sync blocks are present in the segment. 

The sync blocks in the segment 54.9(-24) are the sync blocks in a track 

numbered 111_to126 inclusive, where the sync blocks numbered 119 to 126 inclusive are 

repetitions of the sync blocks numbered 111 to 118 inclusive. The sync blocks numbered 118 

5 ·and 126 are the parity sync blocks in the segment. The sync blocks in the segment 54.10(-

24) ~the sync blocks in a track numbered 140 to 155 inclusive, where the sync blocks 

numbered 148 to 155 are repetitions of the sync blocks numbered 140 to 147 inclusive. The 

sync blocks numbered 147 and 155 are the parity sync blocks in the segment. The sync 

blocks in the segment 54.11(-24) are the sync blocks in a track numbered.168 to 183 

10 inclusive, where the sync blocks numbered 176 to 183 inclusive are repetitions of the sync 

blocks numbered 168 to 175 inclusive. The sync blocks numbered 175 and 18~ are the parity 

sync blocks in the segment. The sync blocks in the segment 54.12(-24) are the sync blocks in 

a track numbered 225 to 240 inclusive, where the sync blocks numbered 233 to 240 inclusive 

are repetitions of the sync blocks numbered 225 to 232 inclusive. The sync blocks numbered 

15 232 and 240 are the parity sync blocks in the segment. The sync blocks in the segment 

54.13(-24) are the sync blocks in a track numbered 254 to 269 inclusive, where the sync 

blocks numbered 262 to 269 inclusive are repetitions of the sync blocks numbered 254 to 261 

inclusive. The sync blocks numbered 261 and 269 are the parity sync blocks in the segment. 

The sync blocks in the segment 54.14(-24) are the sync blocks in a track numbered 282 to 

20 297 inclusive, where the sync blocks numbered 290 to 297 inclusive are repetitions of the 

sync blocks numbered 282 to 289 inclusive. No parity sync blocks are present in the 

segment. 

Thus, during each revolution of the head drum, during a -24 times 

nominal reproduction mode, ~24 sync blocks (14 x 16 sync blocks) of information of the 

25 sixth trick play signal are read from the record carrier, which is the same number of sync 

blocks as in the +24x reproduction mode. 

Figure 7a further shows a portion, numbered 54.15(-24), located at the 

lower edge of one of the tracks in the group of 48 tracks. This location is a location that can 

be read in the -24 times nominal reproduction mode by one of the two heads, in the present 

30 case, the head having the first azimuth. As the location shown inc~udes the subcode signal 

recording portion, it is possible to read the information in the subcode signal recording 

portion, also in the -24 times nominal reproduction mode. 

Next, the format of the sync blocks will be discussed with reference to 

figure 8. A sync block in a trick play segment has the same length as the other sync blocks 
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in the main data area 12 of figure l, in which the first digital information signal is stored. A 

sync block is 112 bytes long and comprise a sync word of 2 bytes long, an identification 

portion 60, denoted ID, a header portion 61, denoted 'main header', an aux byte 62, denoted 

'data-aux' and a data area 64, which· is 104 bytes long. The data area 64 has room for 

5 storage of 96 bytes of data of an information signal (one ·of the second to seventh information 

signals) and 8 parity bytes. 

Figure 9 shows the first two bytes 70 and 72 of the identification portion 

60 of figure 8. The last byte in the identification portion 60 is a parity byte, obtained from 

the two bytes 70 and 72. The bits b4 to b, of the byte 70 form a 4-bit sequence number 

10 SEQn. The bits b1 to b3 of the byte 70 form a 3-bit track pair nw:nber TP n· The bit b0 and 

the eight bits of the byte 72 form a 9-bit sync block number SBn. The most left bits in figure 

9 of the three numbers defined above is the most significant bit. The sequence number SEQn 

runs (expressed in decimal values) from 0 to 15 and indicates subsequent groups of 6 

subsequent tracks (or: 3 subsequent track pairs, each track pair formed by two subsequent 

15 tracks with the first and the second azimuth). The information in such groups of 6 tracks 

form a unit, in the sense that an ECC block of information is stored in a group of 6 

subsequent tracks. The track pair number runs (expressed in decimal values) from 0 to 2, to 

indicate the three track pairs in a group of 6 tracks that form an ECC block. The sync block 

number SBn counts up for every sync block from 000000000 to 101001111 (0 to 335 

20 decimal). The sync block number 000000000 is assigned to the first sync block in the aux 

area 8, see figure 2. In the absence of an aux area, the first sync block in the main area 12, 

which then extends to the preamble 7 in figure 2, will be given the sync block number 

000000000. This corresponds exactly to the sync block numbers 0 to 335 given in figure 1. 

Figure 10 shows schematically an embodiment of a reproduction apparatus 

25 for reproducing information from the record carrier 140. The reproduction apparatus comprises 

a reading unit 250, having at least two reading heads 252 and 254, for reading information from 

the slant tracks on the record carrier 140. The one read head has a gap with an azimuth angle 

which equals the first azimuth angle, see the azimuth angle from bottom left to top right in the 

circle 20 of figure 1, and the other read head has a gap with an azimuth angle which equals the 

30 second azimuth angle, see the azimuth angle from bottom right t~ top left in the circle 20 of 

figure 1. An output of the reading unit 250 is coupled to an input of a channel decoding unit 

254. The channel decoding unit may be adapted to carry out a 25-to-24 decoding on the signal 

read out, so as to convert 25-bit words in the incoming datastream into 24-bit words, such as 

disclosed in document D4. Next, an error correction is carried out in the error correction unit 
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258. 

The error correction unit 258 is used for carrying out an (inner) error 

correction step on the information read from the record carrier in the 'normal play' as well as 

in a 'trick play' reproduction mode, ~n the basis of the inner parity information stored in the 

S portions 64b of the sync blocks, see figure 8. 

The output of the error correction unit 258 is coupled to an input 259 of a 

'normal play' processing unit 260. Further. a 'tri~k play' processing unit 262 is provided having 

an input 261 also coupled to the output of the error correction unit 258. Outputs 264 and 265 

of the 'normal play' processing unit 260 and the 'trick play' processing unit 262 respectively. 

10 are coupled to corresponding tenninals a and b respectively of a switch 266, a c-terminal of 

which is coupled to an output terminal 268. 

The processing unit 260 comprises a circuit part capable of carrying out an 

outer error correction step on the information supplied by the error correction unit 258 in the 

normal play reproduction mode, using the outer parity infonnation comprised in the track 

15 portion 12b, see figure 2. The processing unit 262 comprises a circuit part capable of carrying 

out an error correction step on the information supplied by the error correction unit 258 in the 

trick play reproduction mode, using the trick play sync blocks comprising parity information, 

as well as the repetitions of the sync blocks in the trick play segments. The error correction step 

in the processing units 260 and 262 using the parity information is the same for both modes: the 

20 normal play reproduction mode as well a$ a trick play reproduction mode. Therefore, the 

processing units 260 and 262 can share the error correction circuit for carrying out this error 

correction step. 

If the reproducing apparatus is switched into a 'normal play'· reproduction 

mode, this means that the record carrier 140 is transported at a nominal speed, that the 'normal 

25 play' processing unit 260 is enabled and the switch 266 is switched into the position a-c. If the 

reproducing apparatus is switched into a 'trick play' reproduction mode, also called 'feature 

mode', this means that the record carrier 140 is transported at a speed other than the nominal 

speed, that the 'trick play' processing unit 262 is enabled and the switch 266 is switched into 

the position b-c. 

30 For enabling a 'trick play' reproduction mode, ~e reproducing apparatus is 

further provided with a tape tracking servo control means 270 which generates a control signal 

for controlling the speed of the record carrier 140. More specifically, the control means 270 

generates a control signal during the 'trick play' reproduction mode for transporting the i:ecord 

carrier 140 such that, in the first trick play mode with the record carrier speed being +4 times 
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the nominal reproduction speed, in accordance with figure 1, the head 252 crosses the tracks in 

accordance with the line 24 and the head 254 crosses the tracks in accordance with the line 26 

in figure 1. 

;; 

In the second· trick play reproduction mode, with the record carrier speed 

5 being 4 times the nominal reproduction speed, the control means 270 generates a control signal 

such that, in accordance with figure 3, the head 252 crosses the tracks in accordance with the . 

line 30 and the head 254 crosses the tracks in· accordance with the line 32 in figure 3. 

In the third trick play reproduction mode, with the record carrier speed being 

+ 12 times the nominal reproduction speed, tlie control means 270 generates a control signal 

10 such that, in accordance with figure 4, the head 252 ·crosses the tracks in accordance with the 

line 36 and the head 254 crosses the tracks in.accordance with the lines 37 in figure 4. 

In the fourth trick play reproduction mode, with the record carrier speed 

being -12 times the nominal reproduction speed, the control means 270 generates a control signal 

such that, in accordance with figure 5, the head 252 crosses the tracks in accordance with the 

15 line 42 and the head 254 crosses the tracks in accordance with the line 44 in figure 5. 

In the fifth trick play reproduction mode, with the record carrier speed being 

+ 24 times the nominal reproduction speed, the control means 270 generates a control signal 

such that~ in accordance with figure 6, the head 252 crosses the tracks in accordance with the 

line 50 _and the head 254 crosses the tracks in accordance with the line 51 in figure 6. · 

20 In the sixth trick play reproduction mode, with the record carrier speed being 

-24 times the nominal reproduction speed, the control means 270 generates a control signal such 

that, in accordance with figure 7, the head 252 crosses the tracks in accordance with the line 56 

and the head 254 crosses the tracks in accordance with the line 58 in figure 7. · 

The record carrier transport control realized in the way explained above is 

25 named: track select transport control, in the sense that specific paths across the record carrier 

are selected for reproduction in a trick play reproduction mode, said paths beginning at specific 

tracks on the record carrier. Further. those paths are chosen such that at least one of the two 

read heads is capable of reading the subcode information recorded in the recording portions 4 

of the tracks. In figure 1, this is the head following the path 24. The head following the path 

30 26 is not capable of reading the subcode recording portions 4, as it _scans the subcode recording 

portions of tracks having the wrong azimuth. In figure 3, this is the head following the path 30. 

The head following the path 32 is not capable of reading the subcode recording portions 4, as 

it scans the subcode recording portions of tracks having the wrong azimuth. In figure ~· ~is is 

the head following the path 36. The head following the path 37 is not capable of reading the 
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subcode recording portions 4, as it scans the subcode recording portions of tracks having the 

wrong azimuth. In figure 5, this is the head following the path 42. The head following the path 

44 is not capable of reading the subcode recording portions 4, as it scans the subcode recording 

portions of tracks having the wrong azimuth. In figure 6. this is the head following the path 50. 

S The head following the path 51 is not capable of reading the subcode recording portions 4, as 

it scans the subcode recording portions of tracks having the wrong azimuth. In figure 7, this is 

the head following the path 56. The head following the path 58 is not capable of reading the 

subcode recording portions 4, as it scans the subcode recording portions of tracks having the 

wrong azimuth. 

10 The tracking control that will be further described hereafter, is based on 

deriving the identification information ID from the third and fourth byte in a ~ync blockJ see 

figure 8. This infonnation can be derived from the information stream at the output of the 

channel decoder unit 254 J this for the reason that the ID information is protected from errors 

by its own parity byteJ which is the fifth byte in the sync block. One could, as an alternative, 

15 derive the ID infonnation from the output of the ECCl unit 258. When the ECCl and the ID 

information are related, this has the advantage that, if the ID information appears to be 

incorrect, the ECCl unit generates an error flag, so that it can be decided not to use the ID 

information of the sync block just read for generating the tracking control signal. On the other 

hand, in this alternative, the ECCl unit 258 generates an additional processing delay in the 

20 tracking control loop. Further, too many bit errors may also lead to an error flag, resulting in 

a possible rejection of correct ID information. 

The reproduction in a trick play reproduction mode will now be explained 

in more detail. During trick play reproduction, tracking control is carried out so as to scan the 

trick play segments as correctly as possible, as well as the subcode portion stored in the most 

25 left track in figure 1. Figure 11 shows the signal level of the signal read from the record carrier 

when scanning the tracks in a trick play reproduction mode. Figure 11 shows the position of one 

of the heads H1 having a positive azimuth angle, that is: one of the two azimuth angles shown. 

in figure 1, in a direction transverse to the longitudinal direction of the tracks. In a position P1, 

when the head H1 is positioned on the track Ti, the level of the signal read from the record 

30 carrier is L1. When moving the head to the right in figure 11, to~ards position P2, which is a 

position where the head is partly positioned on the track Ti and partly on the track Ti+l• which 

has the incorrectly azimuth, the level decreases towards 1...:2· Further moving the head towards 

the right in figure 11 leads to a further decrease of the signal level, which is for the po~itions 

P3, P4 and P5 (when the head is fully positioned on the wrong track, equal to~. L4 and L5• 
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respectively. 

Figure 12 shows the same behaviour; where the output level of the signal • 

read by the head H 1 is shown as a function of the position of the head in the longitudinal 

position of the track. ·Only when· the signal level of the signal read by the head is sufficiently 

5 large, the signal can be used for reproduction. The trick play segments should thus lie at and 

around the position where the signal level is maximum. Figure 12 show examples of three of . 

such trick play segments, indicated by the hatched portions TSPi-l• TPSi and TSPi+l in the . 

tracks Ti_2, Ti and Ti+2, respectively. Tracking is now carried out, by controlling the transport 

speed of the record carrier as well as carrying out a track select 'phase control', and thereby 

10 controlling the scanning trace I across the record carrier, such that the maximum signal output 

level is read out at the moments that the head is located above the middle .of a trick play 

segment, belonging to the trick play speed selected. 

From the previous description of the track format, the ideal positions in the 

tracks of the trick play segments for a trick play speed are known. It is thus also known which 

15 trick play sync blocks are read during one rotation of the head drum, and at what time instant 

during the said rotation of the head drum. So, by detecting the real position of a sync block with 

'aD expected position of the sync block, it is possible to control the record carrier speed in order 

to control the distance between those two positions to zero. More specifically, the tracking 

control controls the record carrier speed and phase such that the maximum signal output level 

20 is obtained when the head is located more or less exactly in the middle of a trick play segment. 

The derivation of an error signal· for controlling the read out of data from the 

trick play segments in a trick play reproduction mode will now be further explained with 

reference to specific example of a reproduction in a + 12x trick play reproduction mode, as 

shown in figure 13. Figure 13 shows in figure 13d the track:pattem with the trick play segments 

25 for the + 12 x trick play reproduction mode. Only that portion of the record carrier, with the 

trick play segments 34.1( + 12) to 34.12( + 12), are shown, as well as the subcode area 

34.17( + 12) read in this reproduction mode. Figure 13a shows the signal level of the signal read_ 

from the first head during the first half of the revolution of the head drum, in which the trick 

play segments 34.1( + 12) to 34.4( + 12), as well as the subcode portion 34.17( + 12) are read, 

30 assuming the head follows the ideal scanning trace across the rec~rd carrier. From figure 13a 

it is clear that the maxima lie substantially half way the subcode area portion (maximum m1) and 

half way the trick play segments. When using the sync block numbers of the example given 

above with reference to figure 4a, those maxima lie exactly at the boundaries the sync blocks 

numbered 54 and 55 (maximum m2), 119 and 120 (maximum m3), 184 and 185 (maximum m.i). 
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249 and 250 (maximum m5). Further, a maximum (maximum fil6) is present between the sync 

blocks numbered 314 and 315, which is a position lying in the parity area l2b. 

It is assumed that a tracking error signal is derived using the following 

formula: 

E = Tn' • ( SBn + ~) I s,(Eq. 1) 

where Tn' is the 'trick play track number' of the track in which a sync block read from the 

record carrier is located, SBu is the sync block number of the sync block read from the record 

10 carrier. The trick play track numbers are shown to the left of the track pattern in figure 13d. 

Preferably, Tn' = Tn mod (2 * n}, where Tn is a track number that can run. through larger 

cycles than between 0 to 2n-l, and could be identified as the track numbers for normal play. In 

a definition given later, Tn will run from 0 to 95, where in the present trick play mode, for 

n= 12, Tn' runs from 0 to 23. For the other trick play speeds of 4 x and 24 x the nominal record 

15 carrier speed in either the forward and backwards direction, the trick play track numbers thus 

run from 0 to 7 inclusive and 0 to 47 inclusive, respectively. As can easily be seen, the cycle 

of track numbers for the normal play situation {which is 96 tracks long) is thus a multiple of a 

cycle of trick play track numbers for a trick play situation. 

s is a constant for each trick play speed, but s differs for different trick play speeds The 

20 definition of s is explained with reference to the figures 12 and 12a. Figure 12a shows distances 

d1 and d2, defmed as the distance between a reference point for all the tracks, which could be 

the start position of the tracks, and the location in two subsequent tracks, where the head when 

scanning the tracks, is located precisely above the tracks. s is defined as the difference dz - d1• 

This means that in figure 12~ the distance between two subsequent maxima is 2 * s. 

25 The tenn C3 accounts for the fact that the maximum m1 lies a certain distance from the sync 

block in the aux area 8 having the sync block number 0, which sync block is the first sync block 

in the aux area 8. For the further explanation of the invention, it will be assumed that <; equals 

9, for the reason that the maximum m1 lies nine sync blocks to the left of the start position of 

the sync block in the aux area having the sync block number 0. Actually, however, c; will be 

30 chosen equal to 9.5, as the maximum lies 9.5 sync blocks to the l~ft of the middle position of 

the sync block numbered 0. 

Using equation l, the error signal at the location of the maximum mi equals 0, as 

E = 2 - (2 • s - 9 + 9) I s = 2 - 2 • s I s = 0. 



.;;.. .~ ... 

....... : 

W099/41906 26 PCT/IB99/00158 

The error signal at the location of the maximum m3 equals 0 as well, as 

E ·= 4 - 2 * (2. s - 9 + 9) I s = 0. 

5 It will be clear that for all the maxima, the error signal E will be zero. 

For locations to the left of the maxima, eq. 1 gives a positive error value, the error value . 

increasing for positions further away from the maxima. For locations to the right of the maxima, 

eq. 1 gives a negative error value, the absolute error value increasing for positions further away 

from the maxima. Figure 13b shows the error signal, derived from the sync blocks using the 

10 equation given above, for the first half revolution of the head drum. 

The error signal is only present in the regions around the JruQC.inµl in the read 

out signal, and thus absent outside those regions. This for the reason that only for sufficiently 

large output levels in the read out signal an accurate detection of the information. in the sync 

blocks can be realized. It should further be noted that, in an ideal situation, an error signal 

15 portion in the region around a maximum is 'symmetric' around this maximum, in the sense that 

the error signal in the error signal· portion is a straight line through the position along the track 

where the maximum occurs. Further,· the positive part of the error signal portion at the right 

hand side of the position of the. maximum in the read out signal level is as long as the negative 

part of the error signal level portion at the left hand side of the position of the maximum in the 

20 read out signal level. 

Suppose now that a mistracking over two tracks downwards in figure 13d 

takes place. 

At the location of the maximum Illi· the error signal E now equals 2, for the 

reason that Tn' in eq. 1 equals 4. For the other maxima, the error signal E also equals 2. The 

25 mistracking in downwards direction thus leads to a shift in positive direction of the error signals 

shown in figure 13b. This results in the error signals shown in figure 13c. The shift in positive 

direction is higher forlarger mistrackings in the downwards direction. Positive error signals thus 

must lead to a control of the record carrier speed so as to slow down the speed until the optimal 

trace has been reached. 

30 But, using eq. 1 for deriving the error signal, ~esults, even in the case of a 

mistracking over more than 12 tracks in the downwards direction, in a control to bring the 

scanning trace back to the scanning trace shown in figure 13d, although it seems more practical 

to control the scanning trace to scan the trick play segments 34.9{ + 12) to 34.12( :- 1~), by 

speeding up the record carrier speed a little bit. Therefore, the following equation for the error 
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signal is more appropriate: 

E =· {Tn, - ( SBn +~)Is +a} mod (2 * n) - a(Eq. 2) 

5 where a is preferably equal ton, in order to obtain a symmetrical error signal. 

The mod (2 * n) operation in this respect is defined as an operation to add or subtract as many 

times the value 2 * n, which equals 24, from the value on which the operation is to be carried 

out until the value obtained lies within the range of 0 to 24, exclusive. 

Carrying out the same calculations as given above, and using the equation 2, results in the same 

10 error signals for the scanning trace shown in figure 13d, as well as the same error signals for 

mistrackings up to n exclusivet more specifically 12, tracks in the downwards direction in figure 

13d. A mistracking in the downwards direction over n or more than n ( = 12) and less than 
• 

2n( =24) tracks, such as 22 tracks, is now the same as a mistracking of 2 tracks of the ideal 

trace in the upwards direction in figure 13d. This results in a shift in negative direction of the 

15 error signals shown in figure 13b. Such error signals now result in a speeding up of the record 

carrier speed, so that for mistrackings of plus 12 tracks and minus 12 tracks at maximum from 

the ideal scanning trace, the tracking control controls the scanning towards the same ideal 

scanning trace shown in figure 13d. It should be noted that this ideal scanning trace could, of 

course, be a scanning trace ideally scanning the trick play segments 34.9( + 12) to 34.12( + 12). 

20 Eq. 2. ex.pressed in track numbers Tn that run from 0 to 95, as will be made 

clear later, more generally from 0 to a value larger than 2n-l, leads to the following equation: 

E = {Tn mod (2 "' n) - (SBn + C~ I s + a} mod (2 * n) - a(Eq. 4) 

25 Twice carrying out the mod (2 * n) operation on Tn, doesn't make very sense, so that eq 4 can 

be simplified into 

E = {Tn - (SBn + C3) Is + a} mod (2 * n) - a(Eq. 5) 

30 which shows a large resemblance with eq. 2, and can thus be ~ed irrespective of whether 

having trick play track numbers or track numbers. 

Now, the scanning of the second head will be discussed. The second head 

should scan the trick play segments 34.5(+12) to 34.8(+12) and 34.13(+12) to 34.16{+12). 

Figure 14a shows the signal level of the signal read from the second head 
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during the second half of the revolution of the head drum, in which the trick play segments 

38.5( + 12) to 38.8( + 12) are read, assuming the head follows the ideal scanning trace across the~ 

record carrier, as shown in figure 14d. From figure 14a it is also clear that the maxima lie 

exactly half way the trick play segments. When, again, using the sync block numbers of the 

5 example given above, those maxima lie at the boundaries between the sync blocks numbered 87 

and 88 (maximum ms), 152 and 153 (maximum~, 217 and 218 (maximumm10) and 282 and. 

283 (maximum m11). Further, a maximum (maximum m7) exists at the boundary between the_ 

sync blocks numbered 22 and 23, which is outside the main area 12a. 

The equations 2, 3 and 4 should be modified so as to generate an error signal 

10 such that, in the ideal situation, the error signal is zero at the· position in the track corresponding 

with a maximum in the signal level of the read· out signal. The following equations satisfy this 

. requirement: 

E = {Tn' - b - (S8n + C3) Is +a} mod (2 * n) - a(Eq. 5) 

15 

E = {T n' mod (2 * n) - b - (S8n + C3) I s + a} mod (2 * n) - a(Eq. 6) 

E = {Tn - b - (SBn + C3) Is + a} mod (2 * n) - a(Eq. 7) 

20 The parameter b has a relation with the scanner configuration and equals n for the scanner 

shown in figure 10. The parameter b will be further discussed later. 

For the trick play segment 34.5( + 12) on the ideal scanning trace shown in figure 14d, the extra 

term b in the various equations equals 12, so that at the location of the maximum m8 (and thus 

also at the location of the other maxima); the error signal E equals 0. A further study of the 

25 equations shows that for increasing distances at the left hand side of a maximum, the error signal 

E is increasingly positive and for increasing distances at the right hand side of a maximum, the 

error signal Eis increasingly negative. This results in the error signals shown in figure 14b .. 

Further, a mistracking in downwards direction in figure 14d leads to a shift of the error signals 

into the positive direction, resulting in the error signals shown in figure 14c. In response to the 

30 error signals shown in figure 14c, the tracking control realizes a sl~wing down of the speed so 

as to bring the actual scanning trace of the second head back towards the ideal scanning trace 

shown in figure 14d. A mistracking in upwards direction in figure 14d leads to a shift of the 

error signals into the negative direction. In response to such error signals, the tracking control 

realizes a speeding up of the speed so as to bring the actual scanning trace of the second head 
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back towards the ideal scanning trace shown in figure l 4d. 

In the foregoing, it has been assumed that the subcode area 34.17( + 12) lies 

on the track with tra~ number 0. When the subcode area does not lie on a track with track 

number 0, the above equations ·should be modified by replacing Tn (or Tn') in the above 

5 equations by T n - C0 (Tn' • Co), where Co is the track number of the track comprising the 

subcode area 34.17(+12). 

The equations for each of the two heads can now be combined into general. 

equations, 'Yhich are actually the equations 5, 6 and 7. Those equations can be used for deriving 

the error signal during scanning of the trick play segments by both heads, namely by making 

10 b equal to zero for the first head and making b equal to n for the second head. 

For other scanner configurations, the behaviour of b is as follows. For a scann~r configuration 

with one head pair with two heads positioned next to each other on the head drum, b = 0 for 

the one head and b = 1 for the other head, for the reason that both heads scan neighbouring 

tracks. For a scanner configuration with four heads positioned on the head drum, b = 0 for the 

15 first head, b = h1 for the second head, b = b2 for the third head and b = ~for the fourth 

head. In the case of four heads positioned at angles of 90 ° around the circumference of the head 

drum, b1 == n, ~ = 2n and ~ = 3n. For two head pairs located at 180 ° around the 

circumference of the head drum, b1 = 1, b2 = 2n and ~ 2n + 1, when the four heads have 

each different azimuth angles. When having only two azimuth angles, b1 = ~ = 1 and b2 = 
20 o. 

Next, the tracking for a trick play reproduction mode in the reverse direction 

will be explained. It should be noted in this respect that, for trick play speeds in the reverse 

direction, n is defined as a negative number. 

The derivation of an error signal for controlling the read out of data from the 

25 trick play segments in a - 12x trick play reproduction mode will now be further explained with 

reference to figure 15. Figure 15 shows in figure 15a the track pattern with the trick play 

segments for the - 12 x trick play reproduction mode. Figure 15b shows the signal level of the 

signal read from the record carrier by the first head during the first half of the revolution of the 

bead drum, in which the trick play segments 40.1(-12) to 40.4(·12), as well as the subcode 

30 portion 40.17 (-12} are read, assuming the head follows the ideal sc~g trace across the record 

carrier. From figure 15b it is clear that the maxima lie exactly half way the subcode area portion 

(maximum m1) and half way the trick play segments. 

When using the sync block numbers of the example given abov~ with 

reference to figure 5a, those maxima lie exactly at the boundaries the sync blocks numbered 99 
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and 100 (maximum m3), 154and155 (maximumro.i), 209 and 210 (maximum ms), 264 and 265 

(maximum m6). Further, other maxima (the maxima m1, mi and m,) are present. 

The assumption that will be. made is to express T n' in trick play traCk 

numbers that run from 0 to 2 * n - l, inclusive (that is in the present example, from 0 to 23, 
5 inclusive) in the reverse direction, instead of using the original trick play track numbers, defined 

above, that ran in the forward direction. 

10 

With this assumption, the following formula will be used for deriving the 

error signal: 

E = {Tn' - (SBn + C3) Is +a} mod (2 * lnl) - a,(Eq. 8) 

where a now preferably equals lnl, and where Tn' is the trick play track number of the track 

in which a sync block read from the record carrier is located, and is defined by the equation: 

T n' = - Tn mod (2 * In I) and T n has the same meaning as given above. 

15 The trick play track numbers are shown to the left of the track pattern in 

20 

figure 15a. The tracks comprising the subcode areas 40.17(-12) and 40.18(-12) have the trick 

play track number 0. In between those two tracks, the trick play track numbers increase for 

tracks lying further upwards in figure 15a, as shown. 

Using equation 8, the error signal at the location of the maximum m2 equals 0, as 

E = {2 - (2 * s - 9 + 9) I s + 12} mod 24 - 12 = {12} mod 24 -12 = 0. 

The mod (2 * I n I ) operation in this respect is defined as an operation to add or subtract as many 
times the value 2 * In I from the value on which the operation is carried out until the value 

25 obtained lies within the range of 0 to 24, exclusive. 

The error signal at the location of the maximum m3 equals 0 as well, as 

E = {4 - (4 * s - 9 + 9) I s + 12} mod 24 - 12 = (12) mod 24 - 12 = 0. 

30 It will be clear that for all the maxima, the error signal E will be ~ro. 

For locations to the left of the maxima, eq. 8 gives a positive error value, 

the error value increasing for positions further away from the maxima. For locations to the right 

of the maxima, eq. 8 gives a negative error value, the absolute error value incre~i~g for 
positions further away from the maxima. Figure 15b shows the error signal, derived from the 
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sync blocks using the equation given above, for the first half revolution of the head drum. 

Suppose now that a mistracking over two tracks downwards in figure 15a 

takes place. 

At the location of the maximum m2, the error signal E now equals -2, for the 

S reason that Tn' in eq. 8 equals 0. For the other maxima, the error signal E also equals -2. The 

misµ-acking in downwards direction thus leads to a shift in negative direction of the error signals 

shown in figure 15c. This results in the error signals shown in figure 15d. The shift in negative 

direction is higher for larger mistrackings in the downwards direction. From the discussion with 

reference to the + 12x reproduction mode, it follows that negative error signals lead to a control 

10 of the record carrier speed so as to speed up the record carrier speed. This is correct, as such 

speeding up indeed brings the actual scanning trace back to its ideal scanning trace, as shown 

in figure 15a. 

In an equivalent reasoning, a mistracking upwards in figure 15a, results in 

a shift in positive direction of the error signals shown in figure 15c. The shift in positive 

15 direction is higher for larger mistrackings in the upwards direction in figure 15a. From the 

discussion with reference to the + 12x reproduction mode, it also follows that positive error 

signals lead to a control of the record carrier speed so as to slow down the record carrier speed. 

This is correct, as such slowing down indeed brings the actual scanning trace back to its ideal 

scanning trace. as shown in figure 15a. 

20 Now. the scanning of the trick play segments 40.9(-12) to 40.12(-12) will be 

described with reference to figure 16. Figure 16 shows in figure 16a the track pattern with the 

trick play segments for the - 12 x trick play reproduction mode read by the second head. Those 

are the segments 40.5(-12) to 40.8(-12), also shown in figure 5a. Figure 16b shows the signal 

level of the signal read by ~e second head during the second half of the revolution of the head 

25 drum, in which the trick play segments 40.5(-12) to 40.8(-12} are read, assuming the head 

follows the ideal scanning trace across the record carrier. From figure 16b it is clear that the 

maxima lie half way the trick play segments. 

Equation 8 is, again, modified for generating the error signal for this read 

head, by again, adding the extra term -b, so that the following equation is used for deriving the 

30 error .signal: 

E = {Tn' - b - (SBn + C3) Is +a} mod (2 • In!) - a.(Eq. 9) 

The error signal at the location of the maximum ~ now equals: 
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E = {15 - 12 -(3 * s - 9 + 9) I s + 12} mod (24) - 12 = 12 mod 24 - 12 = 0, 

see the error signal shown in figure 16c. 

Suppose now that a mistracldng over two tracks downwards in figure 16a 
5 takes place. 

Using equation 9, this results in the error signals shown in figure 16d. The . 
mistracking in downwards direction thus leads to a shift in negative direction of the error signals 
shown in figure 16c. The shift in negative direction is higher for larger mistrackings in the 
downwards direction. From the discussion with reference to the + 12x reproduction mode, it 

10 follows that negative error signals lead to a control of the record carrier speed so as to speed 
up the record carrier speed. This is correct, as such speeding up indeed brings the actual 
scanning trace back to its ideal scanning trace, as shown in figure 16a. 

In an equivalent reasoning, a mistracking upwards in figure 16a, results in a shift in positive 
direction of the error signals shown in figure 16c. The shift in positive direction is higher for 

15 larger mistrackings in the upwards direction in figure 16a. From the discussion with reference 
to the · + 12x reproduction mode~ it also follows that positive error signals lead to a control of 
the record carrier·speed so as to slow down the record carrier speed. This is correct, as such 
slowing down indeed brings the actual scanning trace back to its ideal scanning trace, as shown 
in figure l 6a. 

20 

25 

The error signal is, again, only present in the regions around the maxima in 
the read out signal, and thus absent outside those regions, as explained earlier. Further, in the 
ideal situation, the error signal portions in the region around a maximum are (again) 'symmetric' 
around this maximum, as explained earlier. Therefore, integrating such error signal portions 
leads to a zero value. 

Eq. 9 can thus generally be used for deriving the error signal for the forward 
and the backwards trick play speeds, where b has a relationship with the scanner configuration, 
as explained above, a preferably equals n for the positive trick play speeds and equals I n I for 
the negative trick play speeds, Tn'equals Tn mod(2 ... n) for the positive trick play speeds and 
equals -T n mod(2 •In I) for the negative trick play speeds. Or, more generally, Tn' equals sgn(n) 

30 Tn mod(2 ,..jnl). 

Various embodiments of the tracking control are possible. In one 
embodiment, only those sync blocks are used for the tracking control that are located in a trick 
play segment (and in an alternative also those directly around that trick play segment) .. That 
means, for the ideal scanning trace in the example of figure 13d, that all sync blocks in the trick 
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play segments in the tracks numbered (Tn =} 2, 4, 6 and 8 that can be read by the head H1 are 

used for the tracking control. As a result, the tracking control controls the record carrier speed 

such that the head follows the ideal scanning trace as closely as possiblet so that the maximum 

signal levels will be i>btained when the head is in the middle of the trick play segments shown 

5 in figure 13d. 

Suppose now that. in this example, the track format was such that no trick 

play segment was present in the track Tit such a~ is the case for the maximum that occurs when 

the head is located on the track numbered 10. In accordance with this embodiment, this would 

mean that sync blocks in the track Ti will not be used in the tracking control. This is 

10 advantageous in the sense that the tracking control indeed controls the scanning line of the head 

across the record carrier such that its position is optimized with respect tQ the trick play 

segments only. This embodiment may result in a low 'sample rate' for the error signal for low 

trick play speeds. 

In a second embodiment, all the sync blocks correctly read will be used in 

15 the tracking control. In the above sketched situation where no trick play segment is present in 

the track Ti, this means that the tracking control also controls the scanning line across the record 

carrier such that the maximum signal level is also optimized at a specific position along the track 

Ti• as if the said track Ti included a trick play segment. Especially in situations where the tracks 

are not strictly linear. this leads to a control of the scanning line towards a specific position on 

20 the track Ti, where no trick play segment is located. Moreover, this influences the correct 

positioning towards the tracks Ti_2 and Ti+2 in a negative way. On the other hand, the second 

embodiment has the advantage that the sync blocks in each track with the correct azimuth can 

be used to derive the control signal for the tracking control from. 

Next, it will be described how the track numbers, or the trick play track 

25 numbers, can be derived from the first two bytes in the ID information. 

30 

More specifically, the tracking servo control unit 270 in figure 10 comprises 

a unit for retrieving the earlier defmed parameters SEQn, TPn and SBn from the first two ID 

bytes in the three byte ID area 60 of figure 8. A calculation unit is present in the unit 270 that 

calculates a track number Tn in accordance with the following fonnula from SE<4i and TPn: 

Groups of six subsequent tracks can be identified in the track pattern of figure I. The sync 

blocks in first group of six tracks, counted from the left in figure 1, have a sequence number 
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SEQD that equals 0 or 8. The sync blocks in the next group of 6 tracks have SE~ = 1 or 9 
(decimal). With a 4-bit SEQ number, 16 groups of six tracks can be identified, that is: in total. 

96 tracks. In each group of 6 tracks, the sync blocks in the first track pair have the track pair 

number TP D that equals 0. The sync blocks in the second track pair have the track pair number 

5 TP D = 1 and sync blocks in the third track pair have TP n = 2 (decimal). 

With the above formula for TD it can be explained that the formula converts . 

the SEQ numbers and TP numbers into a track number running from 0 to 95, identifying the 96. 

tracks in the 16 groups of six tracks. 

It should namely be noted that, when the h~ having the first azimuth scans 
10 the record carrier, C1 = 0 and when the head having the seco~d azimuth scans the record 

carrier, C1 = 1. So, when the first head scans the most left track in figure 1, Tn = 2 * (3 * 0 

+ 0) + 0 = 0. When the second head scans the second track from the left in figure 1, Tn = 
2 * (3 * 0 + 0) + 1 = 1. When the first head scans the third track from the left, TD = 2 * (3 

* 0 + 1) + 0 = 2. When the second head scans the fourth track from the left in figure 1, TD = 
15 2 * (3 * 0 + 1) + 1 = 3. When the first head scans the fifth track from the left, TD = 2 • (3 

* 0 +2) + 0 = 4. When the second head scans the sixth track from the left in figure 1, TD= 
2 * (3 * 0 + 2) + 1 = 5. When the first head scans the seventh track from the left, TD = 2 * 
(3 * 1 +O) + 0 = 6, and so on. 

The relationship between the track numbers T n and the trick play track 
20 numbers T0 'has been described extensively above. 

25 

A most general formula used in calculating the error signal is the following 
formula: 

{C4 *(TD' - Co) - b - ~ * (SB0 + C3) + a} mod (2 * In!> - a(Eq. 11) 

By comparing eq. 11 with the equation discussed above, one can easily see what values the 
various parameters in eq. 11 can have fu order to convert the general eq 11 into one of th~ 
equations discussed and explained above. The parameter C3 requires an additional discussion . 
In the above explanation, it has been said that C3 equals 9, but that actually the value 9.5 has 

30 been chosen for C3. 

In the above discussion, it was explained that at the location of a the 
maximum in the read out signal, the error signal was zero. The maximum, however, lies at the 
boundary between two neighbouring (trick play) sync blocks. When looking at figure_ l~, this 
figure shows the error signal around the location where a maximum in the read out signal 
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occurs. This maximum occurs at the boundary between the sync blocks numbered 22 and 23, 

and the error signal is zero at that same location. The error signal can, however, be calculated 

using the sync block numbers 22 and 23 of the respective sync blocks and one could argue that 

the error signal thus obtained is the error for a position half way a sync block. The error signal 

5 for the sync block 22 is thus a small (positive) value and the error signal for the sync block 22 

is thus the same value, but of negative sign. Actually, the zero error signal value cannot be 

calculated, as the location of the zero error signal value lies half way between the positions. 

where the calculated error signals for the sync blocks 22 and 23 occur. By this discussion, it has 

been made plausible that the parameter C3 should have the value 9.5, instead of 9. 

10 

15 

20 

25 

It should further be noted that even other values for C3 could have been 

chosen, as there is also a dependency with the choice for the value of s. 

C2 preferably equals 1 / s. The values for scan be calculated using the following formula: 

s = I k * L I (n - 1) I 

where Lis the total number of sync blocks in a track, in the present example 356, and where 

k has a relation to the head drum configuration, and equals 1 in the present example. This 

results in the following values for s for the various trick play speeds: 

Trick play reproduction mode: n = ... 

+4 

+ 12 

+ 24 

-4 

- 12 

-24 

value for s 

118,67 

32.37 

15.48 

71.2 

27.39 

14.24 

The values s given in the above table have, of course, some relationship with the distance 

between the central positions of two subsequent trick play segments read by the same head from 

30 two subsequent tracks with the same azimuth. 

One could use the values for s given in the above table in the calculation using the formula given 

above. In another elaboration. one could use rounded values for s so as to simplify the 

calculations. Those rounding could be towards integer values or towards .5, .25 or .125. 

It has been said previously that only the sync blocks present in the main area will 
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be used for realizmg the tracking control. If the further objective exists to correctly read the 

subcode infonnation, one could argue that also the sync blocks in the subcode area 4, see figure 

1 and 2, should be used for deriving an error signal for the tracking control. There are 

arguments to conclude that this is not.necessary. One of the reasons is that the length of the 

5 subcode area, is relatively small compared to the length that a head scans. a track in a trick play 

mode, during which length the head can read data with sufficient signal level and sufficient .. 

· accuracy. Further, the distance between the subcode area 4 and the nearest boundary of the main. 

area 12 is about 38 sync blocks, which is roughly one ninth of the total length of the main area 

12. Therefore, even a tracking control based on the sync blocks in the main area only suffice 

10 for an accurate reading of the subcode area 4. Further, the portion 12b in the main area 

comprising parity sync blocks only and no trick play data, is of no interest for tracking purposes 

in a trick play reproduction mode. It is therefore appropriate not to use the sync blocks in the 

area 12b for deriving the tracking error signal therefrom, as this would mean a deterioration of 

the trackiiig control in order to correctly track on the trick play segments in the area 12a of the 

15 main area. When using only the sync blocks in the main area 12a for deriving the error signal 

therefrom, this means that only the sync blocks numbered 29 to 305 will potentially be used for 

deriving the tracking control signal. 

Figure 17 shows in figure 17e again the track pattern with the trick play segments 

for the + 12 x trick play reproduction mode. Only that portion of the record carrier, with the 

20 trick play segments read during one revolution of the head drum by the two heads are shown. 

Those are the segments 34.1( + 12) to 34.8( + 12), also shown in figure 4a, as well as the 

subcode area 34.17( + 12) read in this reproduction mode. Figure 17a shows the signal level of 

the signal read from the first head during the first half of the revolution of the head drum, in 

which the trick play segments 38.1( + 12) to 38.4( + 12), as well as the subcode portion 

25 34.17 { + 12) are read, assuming the head follows the ideal scanning trace across the record 

carrier. 

Figure 17c shows the signal level of the signal read from the second head during_ 

the second half of the revolution of the head drum, in which the trick play segments 38.5( + 12) 

to 38.8( + 12) are read, assuming the head follows the ideal scanning trace across the record 

30 carrier. 

Figure l 7b shows the error signal, derived from the sync blocks using one of the 

equations given above, for the first half revolution of the head drum. Figure l 7d shows the error 

signal, derived from the sync blocks using one of the equations given above, for the second half 

revolution of the head drum. The error signals shown in figure 17b and 17d are the same as 
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those shown in figure 13b and 14b, respectively. 

In the above disdussion, it was said that only the sync blocks in the main area 12a, 

those are the ~ync blocks numbered 29 to 305, were used in the tracking control. 

· The tracking control comprises an integrating element (not shown) that integrates 

5 the error signal at least during one complete revolution of the head drum. Integrating the error 

sig~ portions in the regions around the maxima m2 to ms and m8 to m11 result in a zero 

integrated value, for the reason that those regions fall completely within the main area 12a. and 

the error signal curve around each maximum is 'mirror symmetric4, The contributions of the 

regions around the maxima mo and m7 will now be further discussed. Those regions fall only 

10 partly in the main area 12a. Figure 18a shows the situation of the error signal portion that occurs 

around the maximum m7 and figure 1 Sb shows the situation of the error sigJ;Jal portion that 

occurs around the maximum Ill(;, both on an enlarged scale compared to figure 17. The error 

signal portion in figure 18a has its zero value between the sync blocks numbered 22 and 23. The 

main area 12a starts with the sync block numbered 29, as shown in figure l8a. The error signal 

15 portion in figure 18b has its zero value lying at the boundary between the sync blocks 314 and 

315. Further, the main area ends with the sync block numbered 305. The negative values of the 

error signal portion in figure l Sa corresponding to the sync blocks numbered 29 and higher 

could thus be used for the tracking control, as well as the positive values of the error signal 

portion in figure 18b corresponding to the sync blocks numbered 305 and lower. Suppose that 

20 the error signal portions extend over 13 sync blocks around their zero value position. This means 

that the error signal corresponding to the sync blocks numbered 29 to 35 and the sync blocks 

302 to 305 contribute to the tracking control. This leads to an inaccuracy in the tracking control, 

for the reason that the negative contribution from the sync blocks 29 to 35 is larger than the 

positive contribution from ~e sync blocks 302 to 305. In order for both contributions to 

25 compensate each other, in order to obtain a zero value for the error signal, integrated over one 

revolution of the head drum, only the sync blocks numbered 32 and higher should be used. This 

limits the sync blocks used for deriving the error signal therefrom to the sync blocks numbered 

32 to 305 in the main area 12a. The portion of the tracks formed by the sync blocks numbered 

32 to 305 is therefore called the tracking control area in figure 18. 

30 Figure 19 shows schematically an embodiment of the. tracking control unit 270 in 

figure 10. The tracking control unit 270 comprises a retrieval unit 290 for retrieving the 

variables SEQn, TP n and SBn from the ID information in the sync blocks supplied to the input 

272 of the unit 270, and supplies the variables obtained to a calculation unit 292 which calculates 

an error signal E, as explained above, from the variables SEQn and TP n• as well as the other 
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values and constants in the equations given above. More specifically, an input value for b, 
identifying which head is in scanning relationship with the record carrier is inputted from a 
microprocessor 296, as well as information identifying the trick play speed and direction. The 
error signal E obtained is supplied to an integrating element 294. An output of the integrating 

5 element is coupled to the output 274 of the unit 270. 

Whilst the invention has been described with reference to preferred embodiments thereof, it is . 
to be understood that these are not !imitative examples. Thus, various modifications may become_ 
apparent to those skilled in the art, without departing from ~e scope of the invention, as defined 
by the claims. The first information signal thus ·may be another type of signal than a digital 

10 video signaland/or an audio signal, such as a data signal. Further, the trick play signal recorded 
in the trick play segments could be an information signal which has no relatioll$hip whatsoever 
with the first digital information signal. In such an embodiment, the record carrier is a recording 
medium on which a multiplicity of transmission channels are available for transmitting 
independent information signals. Further, the invention has been described with reference to a 

15 track pattern as shown in the figures 1, la, 3, 3a, ..... , 7 and 7a. It should however be noted 
the derivation of the error signal is not restricted to this track pattern. The same calculation is 
equally well useable for other track patterns .. 
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CLAIMS 

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

1. Apparatus for reproducing a first digital information signal recorded in slant tracks . 

on a longitudinal record carrier in a trick play reproduction mode, the record carrier being. 

transported in said trick play reproduction mode with a speed which equals n times a nominal 

reproduction speed, n being a constant whose magnitude is larger than 1, said tracks comprising 
5 a main signal recording portion in which sync blocks of information are recorded , the main 

signal recording portion comprising sync blocks having a portion of infonnation. of the said first 

digital information signal stored in them and comprising sync blocks having a portion of a 

second digital information signal stored in them, said second digital information signal being a 
signal for reproduction in another reproduction mode, such as a reproduction mode with said 

10 nominal reproduction speed, 

said sync blocks of information further comprising 

- track identification information, identifying the tracks in subsequent groups of a fixed number 
of subsequent tracks, 

- sync }?lock identification information, identifying the sync block in the sequence of sync blocks 

15 in said main signal recording portion of a track, 

said sync blocks comprising a portion of information of the first digital information signal being 
recorded in trick play segments located at various locations in said main signal recording 

portions in said tracks, 

the apparatus comprising 

20 - read means for reading information from said record carrier, said read means comprising at 
least a first and a second read head having mutually different azimuth angles located on a 

rotatable head drum, 

- transport means for transporting the record carrier with a specified speed, 

- tracking control means for carrying out a tracking control during reproduction in said trick play 
25 reproduction mode in response to a tracking control signal, s~ as to enable reading of 

information from said trick play segments, the tracking control means comprising means for . 
generating a tracking error signal from said track identification infonnation and said sync block 

identification information, and means for deriving said tracking control signal from said tl'a:cking 
error signal, whereby the tracking control means is adapted to control the speed of the record 
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carrier in such a way that the path that a head follows across the record. carrier during one 

revolution of the head d,rqm is controlled towards a reference path for said trick play 

reproduction mode across said record carrier, said reference path enabling optimal reproduction 

of infonnation from said trick play segments for said trick play reproduction mode. 

5 2. Apparatus as claimed in claim l, whereby the tracking control means is adapted 

to control the speed of the record carrier in such a way that the error signal is controlled to a 

value substantially equal to zero for a location in the middle of said trick play segments for said 

trick play reproduction mode. 

3. Apparatus as claimed in claim 1 or 2, wherein said generating means is adapted 

10 to derive said error signal from said track identification infonnation and said sync identification 

information by means of a calculation that is equivalent to the following formW.a: 

15 where T n' is a value that equals a track identification number derived from said track 

identification information in a sync block read by a head, SBn is a value that equals a sync 

block identification number derived from said sync block identification infonnation of the 

said sync block, C0 and C3 are constants and b is a parameter that has a relationship with the 

configuration of the head drum, and a relationship with the specific head that is in 

20 operational conta~ with the record carrier. 

25 

30 

4. Apparatus as claimed in claim 3. wherein said generating means is adapted to 

derive said error signal by means of a calculation that is equivalent to the following formula 

where mis a constant, which is preferably equal to 2. 

5. Apparatus as claimed in claim 4. wherein said generating means is adapted to 

derive said error signal by means of a calculation equivalent to the following formula 

where a is a constant. 

6. 

7. 

Apparatus as claimed in claim 3, 4 or 5, wherein c0 = 0. 

Apparatus as claimed claim 3, 4, 5 or 6, wherein Ci = 1 Is, wheres is a 

11111111 tllll llltl lllll ll llll 
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constant that equals the difference between a first and a second distance, viewed in the 

direction of a track and expressed in numbers of sync blocks, the first distance being the 

distance in a first track from a reference position in said first track to a position where a 

head, when following the reference path, is positioned onto said track, the second distance 

5 being the distance in the next track, from the reference position in said next track to a 

position where the same head, when following the reference path, is positioned onto said 

next track. 

8. 

9. 

Apparatus as claimed in anyone of the .claims 3 to 7, wherein Ci = 1. 

Apparatus as claimed in claim 5, wherein. a equals lnl. 

10 10. Apparatus as claimed in anyone of the claims 3to 9, wherein Tn' = sgn(n) Tn 

mod(2 * lnD, where Tn mod(2 *lnD is a trick play sync block number that cyclically runs 

from 0 to 2 In I - 1 and Tn is a track number derived from said track identification 

information and runs from 0 to a value larger than 2 In I - 1, preferably, from 0 to p * {21 n I 
- 1), and p is a positive integer. 

15 11. Apparatus as claimed in anyone of the claims 3 to 10, wherein the head drum 

comprises a first and a second read head located at 180 · 0 around the circumference of the 

head drum, that b =O when the first head is in operational contact with the record carrier and 

b equals In I when- the second head is in operational contact with the record carrier. 

12. Apparatus as claimed in anyone of the claims 3 to 10, wherein the head drum 

20 comprises a head pair of a first and a second head located next to each other at the 

circumference of the head drum, that b=O for the error signal generated from the 

information read by the first head and b = 1 for the error signal generated from the 

information read by the second head. 

13. Apparatus as claimed in anyone of the claims 3 to 10, wherein the head drum 

25 comprises first, second, third and fourth read heads located at 90 ° around the circumference 

of the head drum, that b=O for the first head in operational contact with the record carrier, 

that b = I n I for the second head in operational contact with the record carrier, that b =2 * 

lnl for the third head in operational contact with the record carrier, and that b=4 * lnl for 

the fourth head in operational contact with the record carrier. 

30 14. Apparatus as claimed in anyone of the claims 3 to ~O, wherein the head drum 

comprises a first head pair of a first and a second head located next to each other at the 

circumference of the head drum and a second head pair of a third and a fourth read head 

located next to each other at the circumference of the head drum, the head pairs being 

located at 1800 ° around the circumference of the head drum, that b=O for the first head in 

111111111111111111111111111111 
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operational contact with the record carrier, that b= 1 for the second head in operational 

contact with the record carrier; that b=2 * In! for the third head in operational contact with 

the record carr~er, and that b=2 * In! + l for the fourth head in operational contact with 

the record carrier. 

5 15. Apparatus as claimed in anyone of the claims 3 to 10, wherein the head drum 

com~ises a first head pair of a first and a second head located next to each other at the 

circumference of the head drum and a second head pair of a third and a fourth read head 

located next to each other at the circumference of the head drum, the head pairs being 

located at 1800 ° around the circumference of the head drum, that b=O for the first and the 

10 third head in operational contact with the record carrier, that b= 1 for the second and the 

fourth head in operational contact with the record carrier. 

16. Apparatus as claimed in claim 7, wherein n = + 4 ands is substantially equal 

to 119. 

17. Apparatus as claimed in claim7, wherein n = + 12 ands is substantially equal 

15 to 32. 

18. Apparatus as claimed in claim 7, wherein n = 24 and s is equal to 

substantially 15. 

19. Apparatus as claimed in claim 7, wherein n = - 4 ands is substantially equal 

to 71. 

20 20. Apparatus as claimed in claim 7, wherein n = - 12 ands is substantially equal 

to 27. 

21. Apparatus as claimed in claim 7, wherein n = -24 and s is substantially equal 

to 14. 
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