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The mvenuon reIates to an arrangement for reproducing n digital signals
from n adjacent tracks on a record carrier, which arrangement comprises
- read means comprising n read heads, each having an output, for reading n information
signals from the n tracks and supplying said information signals to the outputs, |
5 - n detection means having inputs coupled to the outputs of the n read heads, for
deriving n digital signals from the n information signals read from tracks and supplying
said digital signals to outputs,
- n phase-locked loops having inputs coupled to the n outputs of the read heads,
each phase-locked loop comprising a phase comparator having a first input coupled to
10 the input of the phase-locked loop, having a second input and having an output, a
voltage-controlled oscillator having an input coupled to the output of the phase
comparator and having an output for supplying a clock signal of a given frequency,
which output is coupled to the second input of the phase comparator. Such arrangements
are known, for example, in the form of magnetic-tape recorders of the SDAT type or
15 the DCC type.
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These recorders are capable of reading magnetic tapes on which digital
audio has been recorded in a plurality of longitudinal tracks. This enables music
reproduction of substantially CD quality to be achieved. The magnetic-tape recorder of

20 the DCC type has come onto the market recently and is intended as a new digital
cassette recorder standard to supersede the current Compact Cassette standard.

] For the consumer market it has also been envisaged to provide such an

apparatus for portable use and for use ir car radios. This imposes additional

requirements on the immunity of such apparatus to mechanical vibrations and shocks, in

order to guarantee audio reproduction of substantially CD quality.

It is an object of the invention to provide an arrangement having an

improved immunity to vibrations and shocks.
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a control signal which is a measure of the deviation of the relative speed of transport of
the record carrier with respect to the read means from the nominal relative speed of

5 transport of the record carrier with respect to the read means, and for supplying said
control signal to an output, and the arrangement further comprises means for applying
the control signal to the inputs of the n voltage-controlled oscillators.

The invention is based on the recognition of the following fact. For the
clock extraction during readout of an information signal from a track on the record

10 carrier a phase-locked loop is used. Mechanical vibrations and shocks result in
variations of the relative speed of a read head with respect to the track. The phase-
locked loop should have a bandwidth narrow enough to be immune to the noise present
in the input signal applied to the loop and, conversely, the bandwidth should be so large
that the loop is still capable of following the speed variations of the tape. In practice, an

15 optimum bandwidth for the loop is determined for which the loop operates correctly.
Nevertheless, it is found that the loop frequently comes out of lock in the case of
shocks. However, a more limited bandwidth of the phase-locked loop again means that
it is more difficult to track the normal speed variations of the tape. In order to extend
the lock-in range of a phase-locked loop it is then known per se to add a frequency

20 control loop.

In accordance with the present invention the output signal of the phase
comparator, for each of the n tracks, is now applied to a common frequency control
loop. Further, it is assumed that the speed variations are the same for all the tracks.
Averaging the summed n phase errors yields a control signal which is a measure of the

25 variation of the relative speed of transport of the record carrier with respect top the read
means. The control signal, which may be regarded as a frequency control signal, is
subsequently applied to the voltage-controlled oscillators of all the phase-locked loops.
Since the information from all the n tracks is used it is possible to derive such a control
signal that the loop responds more rapidly to speed variations, The frequency control

30 proposed here differs from the above-mentioned frequency controls known from the
literature in that it is a common frequency control,

For deriving the control signal the arrangement may be characterized

further in that the control signal generator comprises a signal combination unit having n

n
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recorfed in Ia afutther embodiment the arrangement may be characterized in that the control signal
generator further comprises detection means having an input coupled to the output of

5 the integrating element and having an output coupled to a control signal input of a

controllable amplifier device, which controllable amplifier device is coupled between the
output of the signal combination unit and the input of the integrating element.
By comparing in the detector the output signal of the detector with a threshold value
and, when this threshold value is exceeded, applying to the controllable amplifier device

10 a control signal to increase the gain the bandwidth of the frequency control loop is

i extended and a faster control is achieved.

Some embodiments of the invention will now be described in more. detail,
by way of example, with reference to the drawings. In the drawings
15 Figure 1 shows an embodiment of the arrangement, and
Figure 2 shows a modification of the control signal generator used in the

embodiment shown in Figure 1.

Figure 1 shows an arrangement intended for reading a digital signal from
20 ntracks T, 1 to T, , which extend adjacent one another in the longitudinal direction of
a magnetic record carrier 20 in the form of a tape. Only one half of the record carrier
is shown. The arrangement has read means comprising n read heads 14.1 to 14.n which
derive an analog signal from the n tracks. The n analog signals are applied to an n-
channel bit detector 11. The analog signals are sampled and converted into a binary

25 signal under the influence of a clock signal of a clock frequency m.f;, applied to the bit
detector 11 by a fixed oscillator 12.
A clock frequency to be used for bit detection is derived from each of the
n digital signals. To this end the resulting digital signals are applied to a phase-locked
loop, n such loops 13.1 to 13.n being provided. For each channel ch i of the channels
30 ch 1 to ch n the corresponding digital signal is applied to a first input of the phase
comparator. The output of the phase comparator 17.i is coupled to the control signal
input of a voltage-controlled oscillator 21.i, if required via a loop filter 18.i. The

oscillator 21.i may be constructed as a discrete time oscillator.
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The output of the oscillator 21.i is coupled to 2 second input of the phase

comparator 17.i.
In accordance with the invention there is also provided a control signal

generator 22. The control signal generator 22 is adapted to derive from the n output

5 signals of the phase comparators 17.1 to 17.n and to supply to an output 24 a control
signal which is measure of the deviation of the relative transport spéed of the record
carrier 20 with respect to the read means 14.1 to 14.n from the nominal relative
transport speed of the record carrier 20 with respect to the read means. The
arrangement further comprises means for applying the control signal to the input of the

10 n voltage-controlled oscillators 21.1 to 21.n. For this purpose these means comprise
signal combination units 19.1 to 19.n. The signal combination units may be cdnstructed
as adders and have a first input coupled to the output 24 of the control signal generator
22, a second input coupled to the output of a loop filter 18.i, and an output coupled to
the control signal input of the oscillator 21.i.

15 The control signal generator 22 comprises a signal combination unit 25
and an integrating element 26. The signal combination unit 25 has n inputs coupled to
the outputs of the phase comparators 17.1 to 17.n. The output of the signal combination
unit 25 is coupled to the input of the integrating element 26, which has an output
coupled to the output of the control signal generator 22.

20 Figure 2 shows a modification 22’ of the control signal generator 22. The
control signal generator 22’ in addition comprises a detector 30 and a controllable
amplifier 31. The controllable amplifier 31 is arranged in the connection between the
output of the signal combination unit 25 and the input of the integrating element 26.
The detector 30 has an input coupled to the output of the integrating element 26. The

25 output of the detector 30 is coupled to a control signal input of the controllable
amplifier 31 to control the gain factor of the amplifier 31 under the influence of the
control signal. The detector 30 is adapted to detect whether the output signal of the
integrating element 26 exceeds a given threshold value. If this value is exceeded this
means that there is a certain frequency deviation which is to be eliminated more rapidly.

30 This is achieved by additionally amplifying the output signal of the signal combination
unit 25, so that a frequency control signal of larger amplitude can be applied to the
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2 ! For the consuner market it has al so been envis- aged to provide such
an apparatus for portable use and for use in car radios. This inposes
additfonal require- ments on the inmunity of such apparatus to nechani cal
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an arypange- ment havi gg 3 ¢ iBh Rus the advantage thaf the bandwidth of The phaseiocked
loops 13.i can be comparatively small because speed variations of the record carrier are
handled by the additional control system, which may be regarded as a frequency control
system.
5 Moreover, since the generator 22 uses n times as many signal transitions
to determine the control signal, the signal-to-noise ratio of the control signal is higher.
The detector 30 preferably has a hysteresis in the threshold value such
that, after the threshold value has been exceeded and the gain factor of the amplifier 31
has been increased, the threshold value is set to a lower level. This prevents the output
10 signal of the integrating element 26 from oscillating, which would lead to an oscillation
of the gain factor of the amplifier 31, the gain factor each time varying from a high to a
low value.
The detector 30 preferably also has a delay such that, if the output signal
of the integrating element 26 decreases below the threshold value, the gain factor of the
15 amplifier 31 is reduced with a delay. Changing over to the higher value upon detection
that the output signal of the integrating element 26 exceeds the threshold value is
effected more or less instantaneously.
It is obvious that various implementations of the arrangements described
herein are possible. In this respect it is to be noted that not all the elements as indicated
20 in the circuits shown in Figure 1 or 2 should be provided n times {or 2n times). The
functions which can be time-multiplexed for the n channels then in principle require one
element, which then operates in time multiplex.
It is to be noted also that the control signal supplied to the output 24 of
the frequency detector 22 can be used as a control signal for the direct control of the
25 tape-transport speed control system. This enables a rapidly operating transport-speed
control to be realized.
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1. An arrangement for reproducing n digital signals from n adjacent tracks
on a record carrier, which arrangement comprises
- read means comprising n read heads, each having an output, for reading n information
signals from the n tracks and supplying said information signals to the outputs,
5 - n detection means having inputs coupled to the outputs of the n read heads, for
deriving n digital signals from the n information signals read from tracks and supplying .
said digital signals to outputs,
- n phase-locked loops having inputs coupled to the n outputs of the read heads,
each phase-locked loop comprising a phase comparator having a first input coupled to
10 the input of the phase-locked loop, having a second input and having an output, a
voltage-controlled oscillator having an input coupled to the output of the phase
comparator and having an output for supplying a clock signal of a given frequency,
which output is coupled to the second input of the phase comparator, characterized in
that the arrangement comprises a control signal generator for deriving from the n output
15 signals of the phase comparators a control signal which is a measure of the deviation of
the relative speed of transport of the record carrier with respect to the read means from
the nominal relative speed of transport of the record carrier with respect to the read
means, and for supplying said control signal to an output, and the arrangement further
comprises means for applying the control signal to the inputs of the n voltage-controlled
20 - oscillators.
2. An arrangement as claimed in Claim 1, characterized in that the control
signal generator comprises a signal combination unit having n inputs for receiving the n
output signals of the n phase comparators, and having an output coupled to the output of
the control signal generator via an integrating element.
25 3. An arrangement as claimed in Claim 2, characterized in that the control
signal generator further comprises detection means having an input coupled to the
output of the integrating element and having an output coupled to a control signal input

of a controllable amplifier device, which controllable amplifier device is coupled



puts ffor receiving the n output signals of the n phase conparators, and
havi g an out put coupled to the out- put of the control signal generator
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3 *The invention is based on the recognition of the fol- |ow ng fact. .?i
For -ffthe cl ock extraction during readout of an information signal froma !
tracf on the record carrier

PHN 14.442 8 28.06.1993

Abstract:
Arrangement for reproducing n digital signals from n adjacent tracks on a record

carrier.

For the clock extraction from n digital signals read from each of n tracks
(T, 1 to T, ) there are provided n phase-locked loops (13.1 to 13.n). In order to
compensate for speed variations in the speed of transport of the record carrier (20) there
is provided an additional frequency control system (22, 19.1 to 19.n). This system
5 derives a control signal which is a measure of the speed variations, which control signal
is applied to the voltage-controlled oscillators (21.1 to 21.n) of all the phase-locked

loops as a common control signal.
(Fig. 1)
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The invention relates to an arrangement for reproducmg n Iﬂgnal """ M

from n adjacent tracks on a Tecord carrier, which arrangement comprises

- read means comprising n read heads, each having an output, for reading n informatiop
signals from the n tracks and supplying said information signals to the outputs,

- n detection means having inputs coupled to the outputs of the n read heads, for
deriving n digital signals from the n information signals read from tracks and supplying
said digital signals to outputs,

- n phase-locked loops having inputs coupled to the n outputs of the read heads,

each phase-locked loop comprising a phase comparator having a first input coupled to
the input of the phase-locked loop, having a second input and having an output, a
voltage-controlled oscillator having an input coupled to the output of the phase
comparator and having an output for supplying a clock signal of a given frequency,
which output is coupled to the second input of the phase comparator. Such arrémgements
are known, for example, in the form of magnetic-tape recorders of the SDAT type or
the DCC type.

These recorders are capable of reading magnetic tapes on which digital
audio has been recorded in a plurality of longitudinal tracks. This enables music
reproduction of substantially CD quality to be achieved. The magnetic-tape recorder of
the DCC type has come onto the market recently and is intended as a new digital
cassette recorder standard to supersede the current Compact Cassette standard.

For the consumer market it has also been envisaged to provide such an
apparatus for portable use and for use in car radios. This imposes additional
requirements on the immunity of such apparatus to mechanical vibrations and shocks, in

order to guarantee audio reproduction of substantially CD quality.

It is an object of the invention to provide an arrangement having an
improved immunity to vibrations and shocks.
| This is the replacement sheet
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The arrangement is characterized in that the arrangement comprises a
control signal generator for deriving from the n output signals of the phase comparators
a control signal which is a measure of the deviation of the relative speed of transport of
the record carrier with respect to the read means from the nominal relative speed of
transport of the record carrier with respect to the read means, and for supplying said
control signal to an output, and the arrangement further comprises means for applying
the control signal to the inputs of the n voltage-controlled oscillators.

The invention is based on the recognition of the following fact. For the
clock extraction during readout of an information signal from a track on the record
carrier a phase-locked loop is used. Mechanical vibrations and shocks result in
variations of the relative speed of a read head with respect to the track. The phase-
locked loop should have a bandwidth narrow enough to be immune to the noise present
in the input signal applied to the loop and, conversely, the bandwidth should be so large
that the loop is still capable of following the speed variations of the tape. In practice, an
optimum bandwidth for the loop is determined for which the loop operates correctly.
Nevertheless, it is found that the loop frequently comes out of lock in the case of
shocks. However, a more limited bandwidth of the phase-locked loop again means that
it is more difficult to track the normal speed variations of the tape. In order to extend
the lock-in range of a phase-locked loop it is then known per se to add a frequency
control loop.

In accordance with the present invention the output signal of the phase
comparator, for each of the n tracks, is now applied to a common frequency control
loop. Further, it is assumed that the speed 'va.riations are the same for all the tracks.
Averaging the summed n phase errors yields a control signal which is a measure of the
variation of the relative speed of transport of the record carrier with respect top the read
means. The control signal, which may be regarded as a frequency control signal, is
subsequently applied to the voltage-controlled oscillators of all the phase-locked loops.
Since the information from all the n tracks is used it is possible to derive such a control
signal that the loop responds more rapidly to speed variations. The frequency control
proposed here differs from the above-mentioned frequency controls known fro£n the
literature in that it is a common frequency control.

For deriving the control signal the arrangement may be characterized

further in that the control signal generator comprises a signal combination unit having n
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when this threshold value is exceeded, applying to

t he cont fler device a control signal to increase the gain the
bandw dt h of the trequency control loop is extended and a faster control is
achi eved. * An enbodi nent of the inventidn will now be de- scribed in
nore detail, by way of exanple, in the figure. The figure shows an
arrangenent inpute fefet¢céiving the n output signals of the n phasé comparators, and having an

output coupled to the output of the control signal generator via an integrating element.
In a further embodiment the arrangement may be characterized in that the control signal

4 Recihe detector the output signal of the detector with
a‘thresh ‘ E

generator further comprises detection means having an input coupled to the output of
the integrating element and having an output coupled to a control signal input of a
controllable amplifier device, which controllable amplifier device is coupled between the
output of the signal combination unit am._i the input of the integrating' element.

By comparing in the detector the output signal of the detector with a threshold value
and, when this threshold value is exceeded, applying to the controllable amplifier device
a control signal to increase the gain the bandwidth of the frequency control loop is
extended and a faster control is achieved.

Some embodiments of the invention will now be described in more. detail,
by way of example, with reference to the drawings. In the drawings

Figure 1 shows an embodiment of the arrangement, and

Figure 2 shows a modification of the control signal generator used in the

embodiment shown in Fxgure 1.

Figure 1 shows an arrangement intended for reading a digital signal from
n tracks T, j to T, ; which extend adjacent one another in the longitudinal direction of
a magnetic record carrier 20 in the form of a tape. Only one half of the record carrier
is shown. The arrangement has read means comprising n read heads 14.1 to 14.n which
derive an analog signal from the n tracks. ﬁe n analog signals are applied to an n-
channel bit detector 11. The analog signals are sampled and converted into a binary
signal under the influence of a clock signal of a clock frequency m.f;, applied to the bit
detector 11 by a fixed oscillator 12.

A clock frequency to be used for bit detection is derived from each of the
n digital signals. To this end the resulting digital signals are applied to a phase-locked
loop, n such loops 13.1 to 13.n being provided. For each channel ch i of the channels
ch 1 to ch n the corresponding digital signal is applied to a first input of the phase
comparator. The output of the phase comparator 17.i is coupled to the control signal
input of a voltage-controlled oscillator 21.i, if required via a loop filter 18.i. The
oscillator 21.i may be constructed as'a discrete time oscillator.
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osci |l l at or A clock frequency to be used for bit detection is de-

In accordance with the invention there is also provided a control signal
generator 22, The control signal generator 22 is adapted to derive from the n output
signals of the phase comparators 17.1 to 17.n and to supply to an output 24 a control
signal which is measure of the deviation of the relative transport speed of the record
carrier 20 with respect to the read means 14.1 to 14.n from the nominal relative
transport speed of the record carrier 20 with respect to the read means. The
arrangement further comprises means for applying the control signal to the input of the
n voltage-controlled oscillators 21.1 to 21.n. For this purpose these means comprise
signal combination units 19.1 to 19.n. The signal combination units may be constructed
as adders and have a first input coupled to the output 24 of the control signal generator
22, a second input coupled to the output of a loop filter 18.i, and an output coupled to
the control signal input of the oscillator 21.i.

The control signal generator 22 comprises a signal combination unit 25

and an integrating element 26. The signal combination unit 25 has n inputs coupled to
the outputs of the phase comparators 17.1 to 17.n. The output of the signal combination
unit 25 is coupled to the input of the integrating element 26, which has an output
coupled to the output of the control signal generator 22.

Figure 2 shows a modification 22’ of the control signal generator 22. The
control signal generator 22’ in addition comprises a detector 30 and a controllable
amplifier 31. The controllable amplifier 31 is arranged in the connection between the
output of the signal combination unit 25 and the input of the integrating element 26.
The detector 30 has an input coupled to the output of the integrating element 26. The
output of the detector 30 is coupled to a control signal input of the controllable
amplifier 31 to control the gain factor of the amplifier 31 under the influence of the
control signal. The detector 30 is adapted to detect whether the output signal of the
integrating element 26 exceeds a given threshold value. If this value is exceeded this
means that there is a certain frequency deviation which is to be eliminated more rapidly.
This is achieved by additionally amplifying the output signal of the signal combination
unit 25, so that a frequency control signal of larger amplitude can be applied to the
voltage-controlled oscillators.
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Moreover, since the generator 22 uses n times as many signal transitions
to determine the control signal, the signal-to-noise ratio of the control signal is higher.

The detector 30 preferably has a hysteresis in the threshold value such
that, after the threshold value has been exceeded and the gain factor of the amplifier 31
has been increased, the threshold value is set to a lower level. This prevents the output
signal of the integrating element 26 from oscillating, which would lead to an oscillation
of the gain factor of the amplifier 31, the gain factor each time varying from a high to a
low value.

The detector 30 preferably also has a delay such that, if the output signal
of the integrating element 26 decreases below the threshold value, the gain factor of the
amplifier 31 is reduced with a delay. Changing over to the higher value upon detection
that the output signal of the integrating element 26 exceeds the threshold value is
effected more or less instantaneously. )

It is obvious that various implementations of the arrangements described
herein are possible. In this respect it is to be noted that not all the elements as indicated
in the circuits shown in Figure 1 or 2 should be provided n times (or 2n times). The
functions which can be time-multiplexed for the n channels then in principle require one
element, which then operates in time multiplex.

It is to be noted also that the control signal supphed to the output 24 of
the frequency detector 22 can be used as a control signal for the direct control of the
tape-transport speed control system. This enables a rapidly operating transport-speed
control to be realized.
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LN accepdanasiaviicl rE i nvention there is also pro- vided a control signal

gener at J rol signal 5
gener at qal ' d to derive fromthe n output sig- nals of the phase
conpar at i b .n and to supply

' 6
Claims:

1. An arrangement for reproducing n digital signals from n adjacent tracks
on a record carrier, which arrangement comprises
- read means comprising n read heads, each having an output, for reading n information
signals from the n tracks and supplying said information signals to the outputs,
- n detection means having inputs coupled to the outputs of the n read heads, for
deriving n digital signals from the n information signals read from tracks and supplying
said digital signals to outputs,
- n phase-locked loops having inputs coupled to the n outputs of the read heads,
each phase-locked loop comprising a phase comparator having a first input coupled to
the input of the phase-locked loop, having a second input and having an output, a
voltage-controlled oscillator having an input coupled to the output of the phase
comparator and having an output for supplying a clock signal of a given frequency,
which output is coupled to the second input of the phase comparator, characterized in
that the arrangement comprises a control signal generator for deriving from the n output
signals of the phase comparators a control signal which is a measure of the deviation of
the relative speed of transport of the record carrier with respect to the read means from
the nominal relative speed of transport of the record carrier with respect to the read
means, and for supplying said control signal to an output, and the arrangement further
comprises means for applying the control signal to the inputs of the n voltage-controlled
- oscillators.
2. An arrangement as claimed in Claim 1, characterized in that the control
signal generator comprises a signal combination unit having n inputs for receiving the n
output signals of the n phase comparators, and having an output coupled to the output of
the control signal generator via an integrating element.
3. An arrangement as claimed in Claim 2, characterized in that the control
signal generator further comprises detection means having an input coupled to the
output of the integrating element and having an output coupled to a control signal input

of a controllable amplifier device, which controllable amplifier device is coupled
—_ AT

A
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tg an otfsaeet Has Been Roplaced, gnal which is nmeasure of the deviation of the
r Iativel I ed of the record carrier 20 with respect to the read
means 14l omthe nomnal relative transport speed of the record

carrier 20 with respect to the read neans. 'Ehe arrange- ment further
conprises neans for applying the control signal to the input of the n

- vol t age- cont rdtivesh @ed nrlf : ro ks . se.nmeans
conpri se signal conbi ngttétgtr??lﬁel g‘én%é:to%b%@g‘ﬁﬂ %@hgil%%ﬁg%m%rﬁﬁqq on
units may be @ementructed as adders and have a first input coupled to the
output 24 of the control signal generator 22, a second input coupled to the

out put of a

*mlcl I“llLl II!!' Ims' " I!ll This is the replacement sheet
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loop filter 1 8.i, and an output coupled to the control sig- nal input of
the oscillator 21.i. The control signal generator 22 conprises a signa
conbination unit 25, an integrating elenent 26, a detec- tor 30 and a
controllable anplifier 31. The signal com_bination unit 25 has n inputs
coupled to the outputs of the phase conpar%lors 17.1 to 17.n. The output of
the signal conbination unit 25 is coupled to the input of the integrating
el enent 26, he controllable anplifier 31. The output of the

qenerat or 357 g 16r SrGRHEY Afet SEopK il o fent RO BRHSH 90T (e

de- carrier.

For the clock extraction from n digital signals read from each of n tracks
(T,.1 to T, 5 there are provided n phase-locked loops (13.1 to 13.n). In order to
compensate for speed variations in the speed of transport of the record carrier (20) there
is provided an additional frequency control system (22, 19.1 to 19.n). This system
derives a control signal which is a measure of the speed variations, which control signal
is applied to the voltage-controlled oscillators (21.1 to 21.n) of ail the phase-locked
loops as a common control signal.
(Fig. 1)

This Sheet Has Been Replaced

AL G

This is the replacement sheet

Date: 03 MAR 1997



-

Eector 30 is coupled to a control

anplifier 31 to cont

i nfl uence of the control
whet her the output sig-

t hreshol d val ue.

conbi nati on unit

r ol
si gnal .
nal

si gnal

i nput of the con- trollable

the gain factor of the am plifier 31 under the
The detector 30 is adapted to detect

of the integrating element 26 exceeds a given
If this value is exceeded this neans that there is a
certain frequency deviation which is to be elim

I nated nore rapidly. This
is achieved by additionally am plifying the output signal

of the signal

1
. {
IS~~~ .1 ihL
Y R AN %.2 n chgnnel ch2
D S S __gﬁ"ﬁ bit ch3
T' 1 __S'léﬂ_ detector ch n-1
SN Tehn
R e e “ﬁﬁ*_* —
4 ~m. fp
a4
12— x-tal
LA 18 & 191 (211
tht ——f © LF + 0SC
131
72~ 133 192\ _ 22
Lol P LF + 0C
132 [
1n 18 18 : Zin
chn ? LF * i
.
—— —— — =~ -
r 25 £l\22
I~ % I
| T JE |
" -—— Fig
[ -22'
I lr |
ey ailang
}
} % 30~ det 62
I T
This Sheet Has Bee B F .

LT

This is the replacement sheet

03 MAR 1997

Date:



e b —a— e e —— . '{w

BEDE e T T

6:25 so that a frequency control signal of l.ar ger ! v i tilde can’ bé'tappl i edG

to the vol tage-controlled oscillators. The i nvenyion has™tHe: advant dgeed z..
that the bandwi dth of the phase-locked |oops 13.i cgp be conparati‘vely’ raerd 1.
smal | because speed variations of the record carrieraré hand| & Byt he 1=
addi tional control system which may lge regarded as “a frtequency:confrot pazed =,
system : .-

ARRANGEMENT FOR REPRODUCING N DIGITAL SIGNAES FROM N-ABJACENT 1 erosn

TRACKS ON A RECORD CARRIER

The invention relates to an arrangement for repro-
ducing n digital signals from n adjacent tracks on a
record carrier, which arrangement comgprises

- read means comprising n read heads, each having
an output, for reading n information signals from the
n tracks and supplying said information signals to
the outputs,

-. ndetection means haying inputs coupledto the out-
puts of the n read heads, for deriving n digital sig-
nals from the n information signals read from tracks
and supplying said digital signals to outputs,

- n phase-locked loops having inputs coupled to the
n outputs of the read heads,

each phase-iocked lcop comprising a phase compara-
tor having a first input coupled to the input of the phase-
locked loop, having a second input and having an out-
put, a voltage-controlied oscillator having an input cou-
pled to the output of the phase comparator and having
an output for supplying a clock signal of a given frequen-
cy, which output is coupled to the second input of the
phase comparator. Such arrangements are known, for
example, in the form of magnetictape recorders of the
SDAT type or the DCC type.

These recorders are capable of reading magnetic
tapes on which digital audio has been recorded in a plu-
rality of longitudinal tracks. This enables music repro-
duction of substantially CD quality to be achieved. The
magnetic-tape recorder of the DCC type has come onto
the market recently and is intended as a new digital cas-
sette recorder standard to supersede the current Com-

pact Cassette standard. This is the replacement sheet
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Mor eover, since the generator 22 uses n tines as many signal transitions to
determine the control signal, the signal-to-noise ratio of the contro
signal is higher. The detector 30 preferably has a hysteresis in the

t hreshol d val ue such that, after the threshold val ue has been exceeded and
the gain factor of the anplifier 31 has,been increased, the threshold val ue
Is set to a lower level. This prevents the output signal of the integrating
el enent 26 fromoscillating, which would lead to an os- cillation of the

o 1oL o oy B WhS SridurlF riakRal 9 1o0s 3960 bl wiryista, 1o 2,
aged to provide such an apparatus for portable use and
for use in car radios. This imposes additional require-
ments on the immunity of such apparatus to mechanical
vibrations and shocks, in order to guarantee audio re-
production of substantially CD quality.

It is an object of the invention to provide an arrange-
ment having an imgroved immunity to vibrations and
shocks.

An arrangement as defined in the opening para-
graph, further comprising a control signal generator for
deriving from the n output signals of the phase compa-
rators a control signal which is a measure of the devia-
tion of the relative speed of transport of the record carrier
with respect to the read means from the nominal relative
speed of transport of the record carrier with respect to
the read means, and for supplying said control signal to
an output, and the arrangement further comprising
means for applying the control signal to the inputs of the
n voltage-controlled oscillators, the control signal gen-
erator comprising a signal combination unit having n in-
puts for receiving the n output signals of the n phase
comparators, and having an output coupled to the out-

put of the control signal generator via an integrating. el-
ement, is disclosed in US-A 5,206,769.

The arrangement in accordance with the invention
is characterized in that the control signal generator fur-
ther comprises detection means having an input cou-
pled to the output of the integrating element and having
an output coupled to a control signal input of a control-
lable ampilifier device, which controllable amplifier de-
vice is coupled between the output of the signal combi-
nation unit and the input of the integrating element.
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that, if the output signal of the integrating elenent 26 decreases bel ow
the threshold value, the gain factor of the anplifier 31 is reduced with a
del ay. Changi ng over to the higher value upon detection that the out put
signal of the integrating el ement 26 exceeds the threshold val- ue is
effected nore or |ess instantaneously. It is obvious that various

I npl enment ati ons of the ar- ran genent described herein are possible. I n
this respect it is to be noted that not all the elenments as indicated in

e Functi ons o ToSTPVANioR Sl ace Ipeasaffioaer kg, | Teo)

principle requi mg fact or the clock extracnon during readout of
an information signal from a track on the record carrier
a phase-locked loop is used. Mechanical vibrations and
shocks result in variations of the relative speed ofaread -
head with respect to the track. The phase-locked loop
should have a bandwidth narrow enough to be immune
to the noise present in the input signal applied to the
loop and, conversely, the bandwidth should be so large
that the loop is still capable of following the speed vari-
ations of the tape. In practice, an optimum bandwidth
for the loop is determined for which the lcop operates
correctly. Nevertheless, it is found that the loop frequent-
ly comes out of lock in the case of shocks. However, a
more limited bandwidth of the phase-locked loop again
means that it is more difficult to track the normal speed
variations of the tape. In order to extend the lock-in
range of a phase-locked loop it is then known per seto
add a frequency control loop.

In accordance with the present invention the output
signal of the phase comparator, for each of the n tracks,
is now applied to a common frequency control loop. Fur-
ther, it is assumed that the speed variations are the
same for all the tracks. Averaging the summed n phase
errors yields a control signal which is a measure of the
variation of the relative speed of transport of the record
carrier with respect top the read means. The control sig-
nal, which may be regarded as a frequency control sig-
nal, is subsequently applied to the voltage-controlied os-
cillators of all the phase-locked loops. Since the infor-
mation from all the n tracks is used it is possible to derive
such a control signal that the lcop responds more rapidly
to speed variations.
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el ement, which then operates in tinme nultiplex. It is to be noted al so
that the control signal supplied to the output 24 of the frequency
detector 22 can be 7

4

By comparing in the detector the output signal of
the detector with a threshold value and, when this
threshold value is exceeded, applying to the controllable
amplifier device a control signal to increase the gain the
bandwidth of the frequency control loop is extended and
a faster control is achieved.

An embodiment of the invention will now be de-
scribed in more detail, by way of example, in the figure.

The figure shows an arrangement intended for
reading a digital signal from n tracks T, ; to T, , which
extend adjacent one another in the longitudinal direction
of a magnetic record carrier 20 in the form of a tape.
Only one half of the record carrier is shown. The ar-
rangement has read means comprising n read heads
14.1 to 14.n which derive an analog signal from the n

tracks. The n analog signals are applied to an n-channael -
bit detector 11. The analog signais are sampled and

converted into a binary signal under the influence of a

clock signal of a clock frequency m.f, applied to the bit

-detector 11 by a fixed oscillator 12. -

A clock frequency to be used for bit detection is de-
rived from each of the n digital signals. To this end the
resuiting digital signals are applied to a phase-locked
loop, n suchloops 13.1 to 13.n being provided. For each
channel chiof the channeis ch 1 to ch n the correspond-
ing digital signal is applied to a first input of the phase
comparator. The output of the phase comparator 17.iis
coupled to the control signal input of a voitage-controlled
oscillator 21.1, if required via a loogp filter 18.i. The oscil-
lator 21.i may be constructed as a discrete time oscilla-
tor.

The output of the oscillator 21.1 is coupled to a sec-
ond input of the phase comparator 17.i.

In accordance with the invention there is also pro-
vided a control signal generator 22. The control signal
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used as a control signal for the direct control of the tape- transport

‘'speed control system This enables a rapidly operating transport-speed
control to be realized.

5

generator 22 is adapted to derive from the n output sig-
nals of the phase comparators 17.1to0 17.n andto supply
to an output 24 a control signal which is measure of the
deviation of the relative transport speed of the record
carrier 20 with respect to the read means 14.1 to 14.n
from the nominal relative transport speed of the record
carrier 20 with respect to the read means. The arrange-
ment further comprises means for applying the control
signal to the input of the n voltage-controlled oscillators
21.1 to 21.n. For this purpose these means comprise
signal combination units 19.1 to 18.n. The signal com-
bination units may be constructed as adders and have
a first input coupled to the output 24 of the control signal
generator 22, a second input coupled to the output of a
loop filter 18.i, and an output coupled to the control sig-
nal input of the oscillator 21.i.

The control signal generator 22 comprises a signal
combination unit 25, an integrating element 26, a detec-
tor 30 and a controllable amplifier 31. The signal com-
bination unit 25 has n inputs coupled to the outputs of
the phase comparators 17.1 to 17.n. The output of the
signal combination unit 25 is coupled to the input of the
integrating element 26, via the controllable amplifier 31.
The output of the integrating element 26 is coupled to
the output 24 of the control signal generator 22, as weill
as to the input of the detector 30. The output of the de-
tector 30 is coupled to a control signal input of the con-
troliable amplifier 31 to control the gain factor of the am-
plifier 31 under the influence of the control signal. The
detector 30 is adapted to detect whether the output sig-
nal of the integrating element 26 exceeds a given
threshold value. lf this value is exceeded this means that
there is a certain frequency deviation which is to be elim-
inated more rapidly. This is achieved by additionally am-
plitying the output signal of the signal combination unit
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Clains An arrangenent for reproducing n digital signals fromn adjacent
tracks on a record carrier, which ar- rangenent conprises

conpri si ng
readi ng

read means

n read heads (14.1-14.n), each having an output, for

n information signals fromthe n tracks and sup-
6

25, so that a frequency control signal of larger amplitude
can be applied to the voltage-controlled oscillators.
The invention has the advantage that the bandwidth
of the phass-locked loops 13.i can be comparatively
small because speed variations of the record carrier are
handled by the additional control system, which may be
regarded as a frequency control system.

Moreover, since the generator 22 uses n times as
many signal transitions to determine the contral signal,
the signal-to-noise ratio of the control signal is higher.

The detector 30 preferably has a hysteresis in the
threshold value such that, after the threshold value has
been exceeded and the gain factor of the amplifier 31
has been increased, the threshold value is setto a lower
level. This prevents the output signal of the integrating
element 26 from oscillating, which woulid lead to an os-
cillation of the gain factor of the amplifier 31, the gain
factor each time varying from a high to a low vaiue.

The detector 30 preferably also has a delay such
that, if the output signal of the integrating element 256
decreases below the threshaold value, the gain factor of
the amplifier 31 is reduced with a delay. Changing over
to the higher vaiue upon detection that the output signal
of the integrating element 26 exceeds the threshold val-
ue is effected more or less instantaneously. - -

It is obvious that various implementations of the ar-
rangement described herein are possible. Inthis respect
it is to be noted that not all the elements as indicated in
the circuit shown in the figure should be provided n times
(or 2n times). The functions which can be time-multi-

plexed for the n channels then in principie require one

element, which then operates in time muitiplex.
It is to be noted also that the contrel signal supplied

to'the output 24 of the frequency detector 22 can be
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pl ying said informati on signals to the outputs, n detection neans (11)

havi ng i nputs coupl ed to the outputs of the n read heads, for deriving
n digital signals fromthe n information signals read fromtracks and
supplying said digital sig- nal's to outputs, n phase-| ocked | oops
(13.1-13.n) having inputs coupled to the n outputs of the read heads,

each phase-locked loop (1 3.i) conprising 3 phase conparator (17.i) having
a first input coupled to the input of the phase-|ocked | oop, having a
second i n-

used as a control signal for the direct control of the tape-
transpgrt speed control system. This enables a rapidly
Operaling transport-speed control to be realized.
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put andMg%ﬂroli_ﬁgL&Ua vol tage-controlled os-"cillator (21.i) having
an input couple 0 t put of the phase conparator and having an out put
for supﬁMM’m ipgnal of a given frequency, which output is coupled

to the

he phase conparator, the arrangenment further

conpri sing a donfir of st gnal germerator (22) for deriving fromthe n output

signals of the phase conparators a control

signal which is a neasure of the

deviation of the relative speed of trangport of the record carrier with

respect to the read neans fromthe nom nal

rel ati ve speed of transport of

the record carrier with respect

1.

Claims

An arrangement for reproducing n digital signals
from n adjacent tracks on a record carrier, which ar-
rangement comprises

- read means comprising n read heads
(14.1-14.n), each having an output, for reading
n information signals from the n tracks and sup-
plying said information signals to the outputs,

- ndetection means (11) having inputs coupled
to the outputs of the n read heads, for deriving
n digital signals from the n information signals
read from tracks and supplying said digital sig-
nals to outputs,

- nphase-lockedloops (13.1-13.n) having inputs
coupled to the n cutputs of the read heads,

each phase-locked loop (13.i) comprising a phase
comparator (17.i) having a first input coupled to the
input of the phase-locked loop, having a second in-
put and having an output, a voitage-controlled os-
cillator (21.i) having an input coupled to the output
of the phase comparator and having an output for
supplying a clock signal of a given frequency, which
output is coupled to the second input of the phase
comparator, the arrangement further comprising a
control signal generator (22) for deriving from the n
output signais of the phase comparators a control
signal which is a measure of the deviation of the
relative speed of transport of the record carrier with
respect to the read means from the nominal relative
speed of transport of the record carrier with respect
to the read means, and for supplying said control
signal te an output, and the arrangement further
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to the read neans, and for supplying said control signal to an output, and
't he arrangenent further 9

B

comprising means (19.1-18.n) for applying the con-
trol signal to the inputs of the n voltage-controlled
oscillators, the control signal generator comprising
a signal combination unit (25) having n inputs for
receiving the n output signais of the n phase com-
parators, and having an output coupled to the out-
put of the control signal generator via an integrating
etement (26), characterized in that the control signal
generator further comprises detection means (30)
having an input coupled to the output of the inte-
grating element (26) and having an output coupled
to a control signal input of a controllable amplifier
device (31), which controllable amplifier device is
coupled between the output of the signal combina-

tion unit (25) and the input of the integrating element
(28). |
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conprising means (19.1-1 9.n) for applying the con- trol signal to the

I nputs of the n voltage-controlled oscillators, the control signal

generator conprising a signal conbination unit (25) having n inputs for
receiving the n output signals of the n phase com parators, and having an
out put coupled to the out- put of the control signal generator via an

I ntegrating elenent (26), characterized in that the control signal

generator further conprises detection neans (30) having an input coupled to

the output of the inte- 10
ABSTRACT
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grating elenment (26) and having an output coupled to a control signal input
of a controllable anplifier device (31), which controllable anplifier
device is coupled between the output of the signal conmbina- tion unit (25)
and the input of the integrating el enent (26). -
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