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TRACK CROSSING DISCRIMINATING CIRCUIT

The invention relates to an apparatus for driving a record carrier, which
apparatus comprises a transducer for generating a read signal in response to patterns recorded
at the record carrier and displacement means for displacing the transducer and the record
carrier with respect to each other,. .

which apparatus comprises auxiliary signal generating means for deriving an
auxiliary signal from the read signal, which auxiliary signal has a relatively low frequency
content as compared to the read signal,

. binary signal generating means for generating a binary signal out of the
auxiliary signal including first hold means for generating a first hold signal, second hold
means for generating a second hold signal, signal combination means for generating a slicing
signal out of the first hold signal and the second hold signal, and comparing means for
comparing the auxiliary signal with the slicing signal and outputting a binary output signal,

which first hold means are adapted for temporarily maintaining the first hold
signal at a value substantially corresponding to a top value of the auxiliary signal, which
second hold means are adapted for temporarily maintaining the second hold signal -

substantially at a value corresponding to a bottom value of the auxiliary signal.

An apparatus as disclosed in the opening paragraph ié. known from European
Patent Application EP 814 462. The read signal comprises relatively high-frequency
components which represent information stored at the record carrier and comprises relatively
low-frequency components which are used for control of the displacement means. The
amplitude of the read signal may vary due to several causes, such as fingerprints on the disk.
As a result the auxiliary signal varies around a center value which itself is variable. In the
known apparatus the signal combination means, formed by an adder and a multiplier, receive a
first hold signal from a top hold detector and a second hold signal from a bottom hold detector.
The value of the first hold signal gradually diminishes during intervals where said output value
is higher than the auxiliary signal at the input of the top hold detector. The combination of top
hold detector, bottom hold detector and output means enables the apparatus to adapt the slicing
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level to relatively slow changes in the center value, so that despite such slow changes a
reliable binary output signal is obtained. In addition the apparatus has a defect signal detécting
unit for liolding at least one of the top hold detector and the bottom hold detector if no reliable
auxiliary signal is available. It is a disadvantage of the known apparatus that the binary signal

gener'atihg means cannot follow fast changes in the center value of the auxiliary signal.

It is a purpose of the invention to provide an apparatus according to the
introductory paragraph in which this disadvantage is avoided. For this purpose the apparatus
according to the invention is characterized in that the first hold means are further adapted for
temporarily maintaining the value of the first hold signal at a value substantially corresponding
to a bottom value of the auxiliary signal augménted by an addition value and in that the second
hold means are further adaptéd for temporarily maintaining the value of the second hold signal
at a value corresponding to a top value of the auxiliary signal diminished by a subtraction
value. '

In the circumstam.:es that the auxiliary signal varies around a constant center
value or a slowly variating center level, the value of the first hold signal remains less than the
auxiliary signal augmented by an addition value. Likewise the value of the second hold signal
remains higher than the value of the auxiliary signal diminished by a subtraction value. Hence
in those circumstances the slicing level is based on the top hold value and the bottom hold
value of the auxiliary signal. If however the value of the auxiliary signal augmented with the
addition value (augmented value) decreases until a value lower than the present top value, then
the output of the first hold means is determined by the augmented value. Likewise if the value
of the auxiliary signal diminished with the subtraction value (diminished value) increases until
a value higher than the present bottom value then the output of the second hold means is
determined by the diminished value. This allows the binary signal generation means to rapidly
adapt to variations in properties of the auxiliary signal. _

._ It is remarked that USP 5 412 692 discloses a data which has binary signal
generating means comprising a maximum value detector, a minimum value detector, a voltage
shift-down circuit and a voltage shift up circuit. The slicing level is determined by the average
value of the signals generated by the voltage shift-down circuit and the voltage shift-up circuit.
This average value generally has an error which is proportional to the difference between the
values generated by the shift-up circuit and that by the shift-down circuit. The influence of

said error on the accuracy of the binary output signal increases however during intervals
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wherein the first auxiliary signal has a small amplitude. In the apparatus of the invention the
slicing signal is computed from the top hold value and the botto  hold value in those

circumstances. Hence the dlﬁ‘erence between the top value and the bottom value, and

therewith the error in the slicing signal is also small.

These and other aspects of the apparatus of the invention are described in more
detail with reference to a drawing. Therein |

Figure 1 shows an embodiment of the apparatus according to the invention,

Figure 2A and 2B show in more detail parts of the binary signal generating
means of the apparatus of Figure 1,

Figures 3 and 4 show signals occurring in the apparatus of Figures 1,2A and
2B,

Figures 5A and 5B show parts of the bmary signal generating means in another

embodiment of the apparatus according to the invention.

Figure 1 shows an apparatus for driving a record carrier 1. The apparatus
comprises a transducer 2 for generating a read signal Sr in response to patterns recorded at the
record carrier. In the embodiment shown the record carrier 1 is formed by an optical disc,
however it may have another type of recording medium, e.g. magnetic, or be in another form
e.g. in the form of a tape or a card. The transducer 2 may be displaced with respect to the
optical disc by means of a slide 3, which is driven by a slide motor 4. Furthermore, the record
carrier is rotated by a spindle motor 5. Both the slide motor 4 and the spindle motor 5 are
controlled by a micro-processor 6.

The apparatus comprises auxiliary signal generating means 7 formed by a low-
pass filter for deriving an auxiliary signal Sa from the read signal Sr. The auxiliary signal Sa
has a relatively low frequency content as compared to the read signal Sr. In the present

embodiment the signal Sa is the low-pass filtered central aperture signal, but the signal Sa may

‘be another low-frequency signal, such as a focus error signal.

The auxiliary signal Sa is received by first hold means 8 for generating a first
hold signal H1 and by second hold means 9 for generating a second hold signal H2 out of the
auxiliary signal Sa. The first hold signal H1 and the second hold signal H are added by adder
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10. Divider 11 divides the output signal by 2 so as to generate a slicing signal St. The adder 10
and divider 11 fdrm signal combination means.
‘The first hold means 8 are adapted for temporarily maintaining the first hold
signal H1 at a value substanﬁally cdrre_sponding to a top value of the auxiliary signal Sa.

The second hold means 9 are adapted for temporarily maintaining the second
hold signal H2 at a value substantially corresponding to a bottom value of the auxiliary signal
Sa. . . ) . . .

The apparatus further has comparing means 12 for comparing the auxiliary
signal Sa with the slicing signal St and outputting a binary signal Sb.

The first hbld_ means 8, the second hold means 9, the signal combination means
10, 11 and the comparing means 12 together form binary signal generating means for
generating a binary signal Sb out of the auxiliary signal Sa.

The first hold means 8 are further adapted for temporarily maintaining the value
of the first hold signal H1 at a value substantially corresponding to a bottom value of the
auxiliary signal augmented by an addition value. The second hold means 9 are further adapted
for temporarily maintaining the value of the second hold signal at a value corresponding to a
top value of the auxiliary signal diminished by a subtraction value.

The first hold means 8 in a first embodiment of the apparatus of the invention
are shown in more detail in Figure 2A. The first hold means 8 comprise an adder 81 for
augmenting the auxiliary signal Sa with addition value A. A minimum detector 82 generates a
signal corresponding to the minimum of the signél so obtained and an intermediate signal, i.c.
the first hold signal H1. The output of the minimum detector 82 is coupled to a first input 83a
of a switching element 83. A second input 83b of the switching element 83 is coupled to a
preset signal source (not shown) generating a signal H10. A control input 83¢ of the switch 83
is coupled to the microprocessor 6. Via the switching element 83 the preset value H10 may be
loaded in a delay element 84. The preset value H10 is equal to the value of the auxiliary signal
Sa, here the low pass filtered central aperture signal, during track following mode of the
apparatus augmented with the addition value A.

The first hold means 8 Eshown further comprise a maximum detector 85 for
generating a signal H1 substantially corresponding to the maximum of the auxiliary signal Sa
and an intermediate signal. The intermediate signal is received from the delay element 84. The
maximum detector 85 comprises a sWitching element 86 having a first input 86a for receiving
the auxiliary signal Sa. A second input 86b is coupled via an input 87a of a subtraction
element 87 to the delay element. A further input 87b of the subtraction element 87 receives a
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decay signal y. The switching element 86 is controlled by the output signal of comparator 88.
The comparator has a first mput 88a for receiving the auxﬂxary 31gna1 Sa and a second input
88b for receiving the output signal of the delay element 84. The comparator 88 generates an’
output signal indicating whether the value of the auxiliary signal Sa is higher than the value of
the intermediate signal received from the delay element 84.

The first hold means operate as follows. By means of a preset control signal Pc
the switching element 83 is brought m a preset mode in which it accepts the preset value H10
at its second input 83b. This value H10 is loaded in the delay element 84. After the delay
element 84 has received the preset value H10, the polarity of the preset control signal Pc is
reversed so as to bring the switching element 83 in a normal operation mode, as shown in the
drawing, in which it accepts input from the minimum detector 82. The output of the delay
element 84 is compared with the auxiliary signal Sa. If the value of the auxiliary signal Sa is
higher than that of the output of the delay element 84 or equal thereto, the switching element
86 assumes a first state in which it selects the auxiliary input signal Sa from its ﬁrst.input 86a.
If the value of the auxiliary signal Sa is lower than that of the output of the delay element 84,
the switching element assumes a second state, wherein it selects the output of the subtraction
element 87. The value at the output of the minimum detector 82 is either the value of the first
hold signal H1 or the value of the auxiliary signal augmented by the addition value Sa+A,
whichever is lower.

In a track following mode of the apparatus, the central aperture signal Sahasa
constant value which substantially corresponds to the bottom value in the track jumping mode.
The second hold signal H2 therefore can be reliably based on the signal Sa. However the top
value of the signal Sa can only be measured during the track jumping mode. This would have
the disadvantage that the slicing level St and therewith the binary signal Sb is unreliable when
the track jumping mode is entered, which may result in erroneous track counting. In the
embodiment shown the first hold signal is initialized with the value H10, being equal to the
value of the signal Sa measured during track following mode augmented with the addition
value A. The value H10 is an estimation of the top value of the auxiliary signal Sa. This
enables the apparatus to generate a reliable binary signal Sb immediately after entering track
jumping mode.

The second hold means, shown in Figure 2B are analogue to the first hold
means but differs in the following respects. Instead of addition element 81, minimum detector
82, and subtraction element 87 the second hold means 9 comprise a subtraction element 91, a

maximum detector 92 and addition element 97. Instead of the comparator 88 as shown in
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Figure 2, the second hold means 9 comprise a comparator 98 which determines whether the
value of the auxiliary signal is less than that of the delay element. Other elements in Figure 2B
are equivalent to elements in Figure 2A having a reference number which is 10 lower.

The operation of the apparatus shown in Figures 1, 2A and 2B is illustrated
with reference to F igures 3 and 4. Figure 3 indicates the auxiliary signal Sa, the auxiliary
signal augmented by the addition value Sa+A and the auxiliary signal diminished by the
subtraction value Sa-A by solid lines. Figure 3 further indicates the first hold signal H1 and the
second hold signal H2 by broken lines. At time to the value of the first hold signal is preset by
loading the value H10 via switching element 83 into the delay element 84. In the time interval

from to until t1 the value of the auxiliary signal Sa is less than the value of the signal output by

the delay element 84. In this time interval the switching element 86 selects the signal at its
second input 86b. This has the effect that the first hold signal H1 is equal to the output of the
delay element 84 reduced by decay value 7. In this time interval the value of the first hold
signal H1 is less than the value of the signal Sa+A. Hence the output signal of the rﬁinimum
detector 82 delivered via the sWitching element 83 to the delay element 84 equals the value of
the first hold signal H1. Asa coﬁseﬁueﬁc':e the value of the first hold signal H1 is step-wise
reduced in the time interval from t0 to t1. In the time interval from t1 to t2 the value of the
output signal of the delay element 84 is lower than the value of the auxiliary signal Sa. The
switching element 86 now selects the auxiliary signal Sa offered at_its'ﬁrst input 86a so that
the first hold signal H1 is equal to the auxiliary signal Sa. In the time interval t1-t2 the value of
the first hold signal H1 is still lower than the value of the auxiliary signal augmented by the
addition value Sa+A. Hence the value of the first Hold signal H1 is loaded via the minimum
detector 82 and the switching element 83 in the delay element 84. After time t2 the first hold

. means 8 temporarily maintain the value of the first hold signal at a value substantially

corresponding to a top value of the auxiliary signal Sa detected at t2. Substantially
corresponding is defined here as differing not more than 10% of the peak to peak value of the
auxiliary signal. The duration of which the value of H1 substantially corresponds to said top
value depends on the decay factor y and the speed with which the a new value of the first hold
signal is computed. During the time interval t4-t5 the operation of the first hold means 8 is
identical to the operation in the time interval ©2-t3. In the time interval t3-t4 the operation is
identical to the operation t1-t2. In the time interval from t5 to t6 the value of the auxiliary
signal Sa+A augmented by the addition value is less than the value of the first hold signal H1.
The output of the minimum detector 82 is now equal to the value of the signal Sa+A, so that
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this value is loaded into the delay element 84 via the switching element 83. The comparator 88
now detects that the value of the output signal of the delay element 84 is higher than the value
of the auxiliary signal Sa, so that the switching element 86 selects the output signal of the
subtraction means 87 at its second input 86b as the first hold signal H1. This has the effect that
the first hold signal substantially follows the signal Sa+A in the time interval t5-t6.
Subsequently the first hold means 8 temporarily maintain the first hold signal H1 at a value
corresponding to a bottom value ef the signal Sa+A.

In the time interval from t7 until t8 the value of the auxiliary signal Sa is less
than the value at the output of delay element 94. Consequently the switching element 96
selects the auxiliary signal Sa as the second hold signal H2. This value now is higher than the
value of the auxiliary signal diminished by the subtraction value Sa-A, so that the value of the
second hold signal H2 is loaded via the maximum detector 92 in the delay element 94. In the
succeeding time interval t8-t9 the value of the auxiliary signal is higher than the output value
of the delay element, so that the switching element selects the output signal of the aﬁdition
element as the second hold signal. The value of the second hold signal still is higher than the
value of the signal Sa-A, so that the delay element receives the second hold signal. In this time
interval the second hold means 9 temporarily maintain the second hold signal H2 substantially -
at a value corresponding to the bottom value of the auxiliary signal Sa detected at t8.

In the time interval t9-t10 the value of Sa-A is higher than the value of the -
second hold signal H2, so that the delay element 94 receives the former signal Sa-A via the
maximum detector 92. The value of the output signal of the delay element 94 is less than the
value of the auxiliary signal Sa. Hence the switching element 96 selects the output signal of
the addition element as the second hold signal H2. The second hold signal H2 now
substantially follows the signal Sa-A until t10. At t10 the auxiliary signal diminished by the
subtraction value Sa-A attains a top value. After t10 the second hold means temporarily -
maintain the value of the second hold signal H2 at a value substantially corresponding to a top
value of Sa-A. '

Figure 4 again shows the auxiliary signal Sa and the first and the second hold
signal H1, H2. In addition Figure 4 shows the slicing signal St and the binary signal Sb. From
Figure 4 it is clear that in the apparatus according to the invention the slicing signal St is

adapted to the auxiliary signal so that a reliable binary signal Sb is obtained despite variations
in the average value of the auxiliary signal.
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In the above embodiment the addition value is equal to the subtraction value.
Both values are equal to a fraction of the normal amplitude of the auxiliary signal, i.e. befween
0.6 and 1.0 of the amplitude. Iﬁ this case the values equal a fraction 0.75 of the normal
amplitude. In the above embodiment both the first hold means 8 and the second hold means 9
compﬁsé decay means 87, 97 respectively. The decay means allow the binary signal
generating means not only to adapt to a changing center value but also to a changing
amplitude of the auxiliary signal.

Figure SA shows the first hold means in a second embodiment of the apparatus
according to the invention. In this embodiment the first hold signal H1 is generated by an
up/down counter 100. A signal UP for counting up is generated by a first comparator 101 .
which compares the value of the first hold signal H1 with the value of the auxiliary signal Sa.
A signal DOWN for counting down is generated by a second comparator 102 which compares
the value of the first hold sigxial H1 with the value of the signal Sa+A. In the time interval t3-t4
indicated in Figure 3, the value of the signal Sa is higher than the value of the first hold signal
H1. The signal UP attains logical value TRUE. Consequently the counter 100 increases the
value of the first hold signal H1 so that it follows the auxiliary signal Sa. At time t4 the
auxiliary signal Sa attains a top value. In the time interval from t4 until t5 the value of the first
hold signal Sa is higher than that of the auxiliary signal, but less than that of the auxiliary
signal augmented with the addition value Sa+A. In this time interval neither the UP nor the
DOWN signal is active, so that the value of the first hold signal is maintained at the detected
top value of the auxiliary signal. In the interval t5-t6 the value of the signal Sa+A is lower than
the value of the first hold signal H1. Now the DOWN signal is true, so that the output value of
the counter 100 follows the signal Sa+A. At t6 the signal Sa+A has attained a bottom value. In
the interval immediately following t6 again neither the UP nor the DOWN signal is active, so
that the value of the first hold signal H1 is maintained at the bottom value of the signal Sa+A.

Figure 5B shows second hold means (110-113) in the other embodiment. The
operation of the second hold means shown is analogous to that of the first hold means shown
in Figure 5A.

It is remarked that the scope of protection of the invéntion is not restricted to
the embodiments described herein. Neither is the scope of protection restricted by the
reference numerals included in the claims. The word 'comprising' does not exclude other parts
than those mentioned in a claim. The word 'a(n) ' preceding an element does not exclude-a
plurality of those elements.
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1. ' Apparatus for driving a record carrier (1), which apparatus comprises a
transducer (2) for generating a read signal (Sr) in response to patterns recorded at the record
carrier an& displacement means (3.,4,5) for displacing the transducer (2) and the record carrier
(1) with respect to each other, '

which apparatus comprises auxiliary signal generating means (7) for deriving
an auxiliary signal (Sa) from the read signal (Sr), which auxiliary signal has a relatively low
frequency content as compared to the read signal,

the apparatus further comprising binary signal generating means (8,9,10,11,12)
for generating a binary signal (Sb) out of the auxiliary signal (Sa) including first hold means
(8) for generating a first hold signal (H1), second hold means (9) for generating a second hold
signal (H2), signal combination means (10,11) for generating a slicing signal (St) out of the
first hold signal (H1) and the second hold signal (H2), and comparing means (12) for
comparing the auxiliary signal (Sa) with the slicing signal (St) and outputting a binary output
signal (Sb), | ' -

which first hold means (8) are adapted for temporarily maintaining the first hold
signal (H1) at a value substantially corresponding to a top value of the auxiliary signal (Sa),
which second hold means (9) are adapted for temporarily maintaining the second hold signal

(H2) substantially at a value corresponding to a bottom value of the auxiliary signal (Sa),
characterized in that,

the first hold means (8) are further adapted for temporarily maintaining the value of the first

hold signal (H1) at a value substantially corresponding to a bottom value of the auxiliary
signal augmented by an addition value (Sa+A), and in that

the second hold means (9) are further adapted for temporarily maintaining the value of the
second hold signal (H2) at a value corresponding to a top value of the auxiliary signal
diminished by a subtraction value (Sa-A).

2. Apparatus according to claim 1, characterized in that, the first hold means (8)
comprise a maximum detector (85) for generating a signal (H1) at least substantially

corresponding to the maximum of the auxiliary signal (Sa) and an intermediate signal, and a
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minimum detector (82) for generating a signal corresponding to the minimum of the auxiliary

signal augmented by the addition value (Sa+A) and an intermediate signal.

3. Apparatus according to claim 1 or 2, characterized in that, the second hold
means (9) comprises a minimum detector (95) for g:_nera_ting a signal (H2) corresponding to
the minimum of the auxiliary signal (Sa) and an _int:rn\_ediaté signal, and a maximum detector
(92) for generating a signal corresponding to the _n,__laximum Qf the auxiliary signal diminished

by the subtraction value (Sa-A) and an intermediate signal.

4. - Apparatus according to claim 1, characterized__in that, the first hold means
comprises counter means (100) for generating the first hold s1gnal (H1), first comparator
means (101) for generating a first control signal (UP) to the é_bunter means which indicates
whether the value of the auxiliary signal (Sa) is higher than the value of the first hold signal
(H1), and second comparator means (102) for generating a second cdntrol signal (DOWN) to

the counter means (100) which indicates whether the value of the first hold signal (H1) is

higher than the value of the auxiliary signal augmented by the addition value (Sa+A).

5. - Apparatus according to claim 1 or 4, characterized in that, the second hold
means comprises second counter means (110) for generating the second hold signal.(H2), third
comparator means (112) for generating a third control signal (DOWN) to the counter means.
which indicates whether the value of the auxiliary signal (Sa) is lower than the value of the
second hold signal (H2), and fourth comparator (111) means for generating a fourth control
signal to the second counter means (110) which indicates whether the value of the second hold
signal (H2) is lower than the value of the auxiliary signal diminished by the subtraction value

(Sa-A) .

6. Apparatus according to one of the claims 1 to 5, characterized in that, the first
hold means (8) have leaking means (87) for gradually reducing the value of the first hold
signal (H1).

7. Apparatus according tb_one of the claims 1 to 5, characterized in that, the
second hold means (9) bave leaking means (97) for gradually increasing the value of the.
second hold signal (H2).

* € L M 5§ *x
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8. Apparatus according to one of the previous claims, characterized in that, the
first and/or the second hold means are provided with presettmg means (83) for initializing the

_
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