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reproduction end.

Data compression and data expansion are ZIrequentlv used in tre
oroadcasting field in order tc increase =he capacity of the
transmissicon channels for example, or tc increase the storage
capacity of the recording media. For example, the items of data
on the so-called mini-disc, a devélopment of the compact disc,

are recorded in compressed form.

During the data compression process, the items of data which are
to be stored or transmitted are compressed by means of a
suitable algorithm. Expressed in other words, this means that
the quantity of data which is to be stored or transmitted is
reduced in order to increase the transmission capacity of the
transmission channel or the storage capacity of the recording

medium.

At the reproduction or receiving end, an expander generates the
original items of data from the reduced quantity of data by

means of the inverse algorithm.

As already explained, the aim of the data compression is to
reduce the quantity of data as much as possible without
producing any loss of data in order to be able to use the
transmission capacity of a transmission channel or the storage

capacity of a recording medium to better effect.

When making a data recordihg, it is known to read the items of
data which are to be recorded into a buffer store before the

recording process. It is likewise known, when reproducing the

aloprilo 5fes
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Tigure 4 the sacend smkbediment in the case oI the reprcauciicn

items of data Zrom a disc shaped reccrding medium.

"he method in acccrdance wisn The inventicn in the case c¢i the

recording of items of data will now be explained with the aid of

-

cne £irst embodiment shown in Figure 1.

A data recording device A, which serves as a source of digital
iztems of data, delivers the items of data which are to be
recorded in digital form in a predetermined pattern of time

slots to a compressor K which compresses the items of data in

[V}

accordance with a given algorithm. The compressed items of data
are recorded on a recording medium. A magneto-optical disc CD,
which is rotated by a motor M, is shown in Figure 1 as an
example for the recording medium. The items of data are recorded
on the disc CD by means of a light beam L which a recording and
reproduction head AW produces, this generally being called a
pick-up in the case of CD players. A control output of the
compressor K is connected to the input of a regulator Rl which

controls the rotational speed of the motor M.

In the case of a CD player, the items of data are recorded and
reproduced with a constant track speed. Consequently, one speaks
of a Constant-Limear-Velocity-System - abbreviated to CLV-System
- in contrast to a Constant-Angular-Velocity-System, abbreviated
to CAV-System, in which the items of data are recorded and
reproduced at a constant angular speed. Now, as already
mentioned, data losses can occur when the buffer store

overflows.
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The reqgulator R1 contrcls the rotaticnal speed of the disc CD in
. derendence on the momentary degree of compression of the

; ccmpressor K. It is sensible for example, to control the
roctational speed of the disc CD to be inversely proporticnal to
the degree of compression. By virtue of the method in accordance
w1ih the invention, it is not absolutely necessary to use a

P

suifer store in order to avoid data losses.

In the second embodiment of the invention, which is shown in
Tigures 3 and 4, a buffer store and alsc a second and a third

regulator are provided in addition to the first regulator.

Juring the recording of the items of data, which is illustrated
in Figure 3, the data recording device A delivers digital items
of data to a buffer store Zl1 which passes them on to the
cempressor K for the compression process following the process
of buffer storage. The compressed items of data are recorded on
the disc CD by means of the light beam L produced by the
recording and reproduction head AW. A control output of the
compressor K is connected to the input of a first regulator Rl
which, together with a second regulator R2 and a third regulator
R3, controls the rotational speed of the motor M that is
rotating the disc CD.

The second regulator R2 is connected to the first control output
of the buffer store Zl. The first requlator Rl controls the
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If the buffer stor

1

21 1s Zull cor wirtually £ull, then the
rctaticnal speed of the Zisc CD increased in corder ¢ preavent
i

s
any overflow 0Z the buifer stcre 2 i£, ¢cn the other nand, the
ouffer stcre 1s empty or almest empty, then the rctaticnal sgeed
of the disc CD is icwerecd in order to fill up che buffer stcre

with irtems of cata.

A third control variable for controlling the rotational speed of
the disc CD is produced from the difference between the inflow
of data DZ and the ocutflow of data DA at the tuffer store Zl by
means of the third regulator R3. IZ the difference DZ - DA is
positive, then the rotational speed of the disc CD 1s increased
in order to prevent any overflow of the buffer store Z1l, while
in the case of a negative difference DZ - DA, the rotational

speed is lowered in order to refill the buffer store with items
of data

Now it is possible to provide only one of the three regulators
R1, R2 and R3, or only 2, or all 3 regulators for controlling
the rotational speed of the disc CD. Every combination - 7

altogether - is possible.

The second embodiment for the case of the reproduction of the
data is depicted in Fiqure 4.

The items of data are read from the disc CD by means of the
light beam L from the recording and reproduction head AW and
passed to the expander E which guides them on to a buffer store
Z2. From the buffer store Z2, the items of data reach a data
reproduction device W e.g. a loudspeaker.
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We exXpander =, controls the rctational speed cf the disc CD in
Bependence on the degree of ccmpressicn. For a high degrée of
P-ompressicn, the rctaticnal speed is racduced from the normal

rotaticn, but, Ty contrast, is again raised tc the

filled. When the level is nigh, it cause
rctaticnal speed in crder o prevent an cverflow of the buffer
store Z2 whilst it increases the rotational speed in the case of
a iow level in order tc avoid the buffer store 22 from running

empty.

The third regulator R3 evaluates the difference DZ - CA between
the inflow of data DZ and the outflow of data DA. If there is
more data flowing into the buffer store Z2 than there is flowing
onto the reproduction device W, then DZ - DA is positive and the
rotational speed is reduced so that the buffer store Z2 does not
overflow. By contrast, if the buffer store Z2 is receiving less
data from the recording and reproduction head AW than it is
emitting to the data reproduction device W, then the regulator
R3 increases the rotational speed in order to once more fill up
the buffer store Z2 with items of data. It is also possible, in
the case of the reproduction of data, to employ only one, two or
all three of the regulators. Every conceivable combination is

possible.

The invention is not however limited in any way to disc-shaped
recording media. In addition to CD players, magneto-optical
recording and reproduction equipment which work with discs as
the storage medium, tape equipments can also be taken into
consideration for the invention. A drum is also suitable as a

recording medium for example.
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K& for lossless reprcducticn from the reaccrding medium (C
whereln a ccmpressicn of the items of data using dillferen
 degrees <I compression is undertaken at the reccrdin

g
axpansicn process is sfifacted at the reproduction end,
di

characterised in that, the speed ¢ the recording medium {CD) is
ccntrelled during the recording of the data and Jduring the
regroducticn of the data in dependence on the degree of

2. Methed in accordance with Claim 1, characterised in that, the
speed of the recording medium (CD) is selected to be smaller in
the case oI a high degree of compression of the items cf data

zhan for a lower degree of compression.

3. Method in accordance with Claim 1 or 2, characterised in
that, the items of data that are to be recorded are stored in a
first buffer store (Z1l) before the recording process and that
the items of data read from the recording medium (CD) are stored
in a second buffer store (Z2) prior to the reproduction process.
4. Method in accordance with Claim 3, characterised in that, the
speed of the recording medium (CD) is controlled in dependence
cn the level to which the two buffer stores (Z1, Z2) are filled.

5. Method in accordance with Claim 4, characterised in that,
during the recording of the data, the speed of the recording
medium (CD) is increased when the level to which the first
buffer store (Z1) is filled is high whilst it is decreased when
the level to which it is filled is low, that during the
reproduction of the data, the speed of the recording medium (CD)
is decreased when the level to which the second buffer store
(Z2) is filled is high whilst it is increased when the level to

which it is filled is lower.
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RIZATOORSIRF24076= DRAW NGS FIG 1 shows a first enbodinent~
the invention with the recordi ng of data onto a disk-type
g medi um FIG 2 shows the first enbodi nent exanple with the
i.on of data from a di sk-type recordi ng medi um FIG 3 shows a
t:exanple of the invention with the recording of data onto

skvsype record- ing nedium FIG 4 shows the second enbodi nent
¥ Wi th the reproduction of data froma disk-type recordi ng nedi um

1. Methcd ¢ recording and reprcducing ccmpressed items of data.
2.1 In crder tCc De abla s make mocre complete use ci the

storage capacity oI a moving rsccrding medium {(CD), the items of

2.3 1In order to increase the storage capacity of the reccrding
medium (C3) still more, the speed of the recording medium (CD)
is controlled in dependence cn the degree of ccmpression. A
lower speed of the reccrding medium (CD) is selected in the case
cf a high degree of compression than for a lower degree of

compression.

3. Figure 1.
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS  The net hod
according to the invention will now be explained for the recording of d
on the basis of the first enbodi-nent exanple shown in FIG 1. A data
recording facility A which serves as a sgurce of digital data supplies/the

data to be recorded in digital formin affixed time frane to a conpregsor, K
whi ch conpresses the data in accordance With a predeterm nable algorit
The conpressed data are recorded on a re¢Qrd|ng medium FIG 1 shows a
magnet o-opti cal disk CD, rotated by a nmotor M as an exanple for the

recordi ng Qfdlun1The;%ata ar?- - C:[)
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recorded on the disk CD by neans of a light beamL which is generated by a
recording and reproducing head AW in CD
-3 - .

2/
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R3
S P>
R1

FIG. 4

This Sheet Has Been R

MO



players usual Iy referred to .as pick-up. A control
Kis coupled with the input of a regulator R1 whic

rotational speed of Thé otor M In aTﬁD p}ayer ed ar
reproduced at cpps Lo erefore
to as a coa§fan 8I%ﬁ£%ﬁgég?og ?y gh &EREbPEY Pt &Sposed

to a consbgnbrengmareyebductyogyplrenesa{oguéev;?bez@vr@&yels;gﬁt ?mff‘gs}err?gr?:r{égned

above. | 0sSo St Y aPELORP SHLEE Y o AR Ee RosRnenich: et by repaRing

Now, the pnw©©§$omn®r@hedesephaduthagvehecdhyaofIhhérder to keep these
losses of data very small, the most significant bits are
generated first by means of the algorithm and then stored during
the recording of the items of data so that the less significant
bits, which do not contribute very much to the regeneration of
the original data signal, are stored last, or even get lost, if
there is an overflow of the buffer store. In this latter case, a

lossfree recording of the items of data is no longer possible.

Similarly, when reading out the items of data, the most
significant bits are read out first and those bits which do not
provide any essential contribution to the regeneration of the .
original data signal are read out last. Here too, there are data
losses if there is an overflow of the buffer store because the

less significant bits are lost due to the overflow.

In order to avoid data losses due to overflow of the buffer
store, buffer stores having a sufficiently large storage

capacity are required.

Now the object of the invention is to organise a method for the
lossfree recording and reproduction of compressed items of data
such that the storage capacity of the recording medium is used

up more effectively than was the case in the state of the art.

The invention achieves this object in that the speed of the
recording medium is controlled in dependence on the degree of

compression both during the data recordlng process: as: well as.

o S IR 7Y 4 P S
during the process of reoroducinag the data. f(_ J”;'“” L e
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Figure 1 a first embodiment or the i1nvention in the case of the

recording of items of data on a disc shaped recording medium



recordi ng nmedi um CD be regul ated as a function of the degree of .. Proe,
conpression. In case of a high degree of com pression the-velocity of the
disk is'reduced for the recording as well as for the reproduction of the
data V\’h',%h% 'ttyﬁies IR & fc?lit_ae 'éM?irtld&Q;P.eel@fméﬁ@é?séké’&:plghﬁe”?ﬁ ure
of reducing the velocity of the recording nmediumby way of deviation from
the starddl® @&itéciity Ghe e ¢If & Hijh raedb? TRGEpPecERDa datkefrom
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advi sablgnde@hed with compressed items of data which were or are being

stored on a recording medium which is moving such as e.g. a

rotating disc or a linearly moving tape.
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ymeboddpﬁgretor@en@aamd neproducsnghdahain FIG 3, the data
facility A supplies digital data to an |nterned|a1e nennrxw;;

whi ch forwards them follow ng

The invention relates to a method of recording items of data on
a moving recording medium and for the lossless reproduction of -
the data from the recording medium, wherein a compression of the
data using different degrees of compression is undertaken at the
recording end and a data expansion process is effected at the
reproduction end.

Data compression and data expansion are frequently used in the
broadcasting field in order to increase the capacity of the
transmission channels for example, or to increase the storage
capacity of the recording media. For example, the items of data
on the so-called mini-disc, a development of the compact disc,

are recorded in compressed form.

During the data compression process, the items of data which are
to be stored or transmitted are compressed by means of a
suitable algorithm. Expressed in other words, this means that
the quantity of data which.is to be stored or transmitted is
reduced in order to increase the transmission capacity of the
transmission channel or the storage capacity of the recording

medium.

At the reproduction or receiving end, an expander generates the
original items of data from the reduced quantity of data by

means of the inverse algorithm.

As already explained, the aim of the data compression is to
reduce the quantity of data as much as possible without

producing any loss of data in order to be able to use the
capacity of a recording medium to better effect.

When making a data recording, it is known to read the items of .
data which are to be recorded into a buffer store before the

recording process. It is likewise known, when reproducing the
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data are recorde A control output of fhe conpr essor ifs
coupled with the input of a first regulater Rl which, fogerter—wth—a
second regulator 12 and a third regulator R3, regul atef thedrot ational A
speed of the notor M whi rotates the disk CD. The second_ regulaf'or K
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rotational s CD as a function of the, 6 degree of conpression

of the conﬁ?gggéhéﬁsgﬁﬁQQLZ%ﬁﬁﬁ dGpér fata loss both adrihg the recording

process and when reproducing the data. In order to keep these

losses of data very small, the most significant bits are
generated first by means of the algorithm and then stored during
the recording of the items of data so that the less significant
bits, which do not contribute very much to the regeneration of
the original data signal, are stored last, or even get lost, if
there is an overflow of the buffer store. In this latter case, a

lossfree recording of the items of data is no longer possible.

Similarly, when reading out the items of data, the most
significant bits are read out first and those bits which do not
provide any essential contribution to the regeneration of the.
original data signal are read out last. Here too, there are data
losses if there is an overflow of the buffer store because the

less significant bits are lost due to the overflow.

In order to avoid data losses due to overflow of the buffer
store, buffer stores having a sufficiently large storage

capacity are required.

Now the object of the invention is to organise a method for the
lossfree recording and reproduction of compressed items of data
such that the storage capacity of the recording medium is used

up more effectively than was the case in the state of the art.

The invention achieves this object in that the speed of the
recording medium is controlled in dependence on the degree of
compression both during the data recording process as well as

during the process of reproducing the data.
There is shown in

Figure 1 a first embodiment of the invention in the case of the

recording of items of data on a disc shaped recording medium
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of items of data from a disc shaped recording medium

Figure 3 a second embodiment of the invention in the case of the

recording of items of data on a disc shaped recording medium

Figure 4 the second embodiment in the case of the reproduction

of items of data from a disc shaped recording medium.

The method in accordance with the invention in the case of the
recording of items of data will now be explained with the aid of

the first embodiment shown in Figure 1.

A data recording device A, which serves as a source of digital.
items of data, delivers the items of data which are to be
recorded in digital form in a predetermined pattern of time
slots to a compressor K which compresses the items of data in
accordance with a given algorithm. The compressed items of data
are recorded on a recording medium. A magneto-optical disc CD,
which is rotated by a motor M, is shown in Figure 1 as an
example for the recording medium. The items of data are recorded
on the disc CD by means of a light beam L which a recording and
reproduction head AW produces, this generally being called a
pick-up in the case of CD players. A control output of the
compressor K is connected to the input of a reguiator R1 which

controls the rotational speed of the motor M.

In the case of a CD player, the items of data are recorded and
reproduced with a constant track speed. Consequently, one speaks
of a Constant-Linear-Velocity-System -~ abbreviated to CLV-System
- in contrast to a Constant-Angular-Velocity-System, abbreviated
to CAV-System, in which the items of data are recorded and
reproduced at a constant angular speed. Now, as already
mentioned, data losses can occur when the buffer store

overflows.
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Spee speed of the disc is reduced both during the recording as well

as during the reproduction of the items of data, whilst it is
increased in the case of a lower degree of compression. Due to
the measure, of deviating from the normal speed by reducing the
speed of the recording medium in the case of a high degree of
compression, the storage capacity of the recording medium is

considerably increased.

The regulator Rl controls the rotational speed of the disc CD in
dependence on the momentary degree of compression of the
compressor K. It is sensible for example, to control the
rotational speed of the disc CD to be inversely proportional to.
the degree of compression. By virtue of the method in accordance
with the invention, it is not absolutely necessary to use a

buffer store in order to avoid data losses.

In the second embodiment of the invention, which is shown in
Figures 3 and 4, a buffer store and also a second and a third

regulator are provided in addition to the first regulator.

During the recording of the items of data, which is illustrated
in Figure 3, the data recording device A delivers digital items
of data to a buffer store Zl1 which passes them on to the
compressor K for the compression process following the process
of buffer storage. The compressed items of data are recorded on
the disc CD by means of the light beam L produced by the
recording and reproduction head AW. A control output of the
compressor K is connected to the input of a first regulator Rl
which, together with a second regulator R2 and a'third regulator
R3, controls the rotational speed of the motor M that is
rotating the disc CD.

The second regulator R2 is connected to the first control output

of the buffer store Zl1. The first requlator Rl controls the
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embodiment. The superimposed, second control loop including the
regulator R2 controls the rotational speed of the disc CD in
dependence on the level to which the buffer store Z1 is filled.
If the buffer store Z1 is full or virtually full, then the

rotational speed of the disc CD is increased in order to prevent

any overflow of the buffer store Zl; if, on the other hand, the
buffer store is empty or almost empty, then the rotational speed
of the disc CD is lowered in order to fill up the buffer store

with items of data.

A third control variable for controlling the rotational speed of
the disc CD is produced from the difference between the inflow
of data DZ and the outflow of data DA at the buffer store Zl by
means of the third regulator R3. If the difference DZ - DA is
positive, then the rotational speed of the disc CD is increased
in order to prevent any overflow of the buffer store Z1, while
in the case of a negative difference DZ - DA, the rotational
speed is lowered in order to refill the buffer store with items
of data.

Now it is possible to provide only one of the three regulators
R1, R2 and R3, or only 2, or all 3 regulators for controlling
the rotational speed of the disc CD. Every combination - 7

altogether - is possible.

The second embodiment for the case of the reproduction of the

data is depicted in Figure 4.

The items of data are read from the disc CD by means of the
light beam L from the recording and reproduction head AW and
passed to the expander E which guides them on to a buffer store
Z2. From the buffer store Z2, the items of data reach a data

reproduction device W e.g. a loudspeaker.
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speed of rotation, but, by contrast, is again raised to the

normal speed of rotation when it is low.

The second regulator R2 controls the rotational speed of the
disc CD in dependence on the level to which the buffer store Z2
is filled. When the level is high, it causes a reduction of the
rotational speed in order to prevent an overflow of the buffer
store Z2 whilst it increases the rotational speed in the case of
a low level in order to avoid the buffer store 22 from running

empty.

The third regulator R3 evaluates the difference DZ - DA between
the inflow of data DZ and the outflow of data DA. If there is
more data flowing into the buffer store Z2 than there is flowing
onto the reproduction device W, then DZ - DA is positive and the
rotational speed is reduced so that the buffer store Z2 does not
overflow. By contrast, if the buffer store Z2 is receiving less
data from the recording and reproduction head AW than it is
emitting to the data reproduction device W, then the regulator
R3 increases the rotational speed in order to once more fill up
the buffer store 22 with items of data. It is also possible, in
the case of the reproduction of data, to employ only one, two or
all three of the requlators. Every conceivable combination is

possible.

The invention is not however limited in any way to disc-shaped
recording media. In addition to CD players, magneto-optical
recording and reproduction equipment which work with discs as
the storage medium, tape equipments can also be taken into
consideration for the invention. A drum is also suitable as a

recording medium for example.
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a video disc player or the items of data in an electronic data

processing arrangement. The decisive thing is merely that one is
concerned with compressed items of data which were or are being
stored on a recording medium which is moving such as e.g. a

rotating disc or a linearly moving tape.
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1. Method of recording items of data on a recording medium (Cﬁ)
and for lossless reproduction from the recording medium (CD)
wherein a compression of the items of data using different
degrees of compression is undertaken at the recording end and an
expansion process is effected at the reproduction end,
characterised in that, the speed of the recording medium (CD) is
controlled during the recording of the data and during the
reproduction of the data in dependence on the degree of

compression.

2. Method in accordance with Claim 1, characterised in that, the
speed of the recording medium (CD) is selected to be smaller in
the case of a high degree of compression of the items of data.

than for a lower degree of compression.

3. Method in accordance with Claim 1 or 2, characterised in
that, the items of data that are to be recorded are stored in a
first buffer store (Z1l) before the recording process and that
the items of data read from the recording medium (CD) are stored

in a second buffer store (Z22) prior to the reproduction process.

4., Method in accordance with Claim 3, characterised in that, the
speed of the recording medium (CD) is controlled in dependence
on the level to which the two buffer stores (Z1, Z2) are filled.

5. Method in accordance with Claim 4, characterised in that,
during the recording of the data, the speed of the recording
medium (CD) is increased when the level to which the first
buffer store (Z1) is filled is high whilst it is decreased when
the level to which it is filled is low, that during the
reproduction of the data, the speed of the recording medium (CD)
is decreased when the level to which the second buffer store
(2z2) is filled is high whilst it is increased when the level to

which it is filled is lower.
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DZ and the outflow of data DA.

7. Method in accordance with Claim 3, 4, 5 or 6, characterised
in that, during the recording of the data, the speed of the
recording medium (CD) is increased when the inflow of data DZ at
the first buffer store (Zl) is greater than the outflow of data
DA, whilst the speed of the recording medium (CD) is lowered
when the inflow of data DZ at the first buffer store (Z1) 1is
lower than the outflow of data DA, that during the reproductiocon
of the data, the speed of the recording medium (CD) is increased
when the inflow of data DZ at the second buffer store (Z22) is
greater than the outflow of data DA, whilst the rotational speed
is decreased when the inflow of data DZ to the second buffer
store (Z2) is smaller than the outflow of data DA.
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METHOD OF RECORDING AND REPRODUCING DATA
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ABSTRACT ' T

In order to be able to make more complete use of the
storage capacity of a moving recording medium (CD), the items of
data are compressed by means of a compressor (K) before the
recording process. They are expanded by an expander (E) before
the reproduction process in order to recover the original data

signal without loss insofar as possible.

In order to increase the storage capacity of the recording
medium (CD) still more, the speed of the recording médium (CD)
is controlled in dependence on the degree of compression. A
lower speed of the recording medium (CD) is selected in the case
of a high degree of compression than for a lower degree oﬁ

compression.

Figure 1.
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BACKGROUND OF THE INVENTION

The invention relates to a method for the recording of data
onto a moving recording medium and for the reproduction of
the data free of loss from the recording medium whereby on
the recording side a data compression with differing degrees
of compression and on the reproduction side a data expan-
sion is carried out.

Data compression and data expansion are frequently used
in the transmission of information in order to, for example,
increase the capacity of transmission channels or the storage
capacity of recording media. For example, on the so-called
Mini-Disk, a further development of the compact disk, the
data are recorded in compressed form.

In data compression the data to be stored or to be
transmitted are compressed using a suitable algorithm. This
means, in other words, that the amount of data to be
transmitted or stored respectively is reduced in order to
increase the transmission capacity of the transmission chan-
nel or, respectively, the storage capacity of the recording
medium. -

On the reproduction or receiving side respectively an
expander generates the original data from the reduced
amount of data using the inverse algorithm.

The aim of data compression is, as mentioned above, to
reduce the amount of data as much as possible without
creating loss of data in order to better utilize the transmission
capacity of a transmission channel or the storage capacity of
a recording medium.

It is known, with the recording of data, to read the data to
be recorded into an intermediate memory prior to the
recording. Likewise, it is known, with the reproducing of
data, to first read the data to be reproduced into an inter-
mediate memory prior to the reproduction. However, if the
intermediate memory overflows loss of data occurs not only
with the recording but also with the data reproduction. In
order to keep such loss of data as small as possible, upon
recording the data, the most important bits are first generated
by means of the algorithm and stored so that less important
bits which do not materially contribute to the regeneration of
the original data signal are stored last or, respectively, get
lost upon overflow of the intermediate memory. In the latter
case a recording of the data free of loss is no longer possible,
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intermediate memory as the less important bits get lost

through the overflow.

To avoid loss of data through overflow of the intermediate
meqiory intermediate memories with sufficiently large stor-
age capacity are required.

SUMMARY OF THE INVENTION

Naow, it is the object of the invention to design a method
for the recording and reproduction of compressed data free
of loss in such a way that the storage capacity of the
recording medium is exploited more effectively than in the

. state of the art.

The invention solves this task in that the velocity of the
recording medium is regulated during data recording as well
as during data reproduction as a function of the degree of
COmpression.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first embodiment example of the invention
with the recording of data onto a disk-type recording
medium;

FIG. 2 shows the first embodiment example with the
reproduction of data from a disk-type recording medium;

FIG. 3 shows a second embodiment example of the
invention with the recording of data onto a disk-type record-
ing medivm;

FIG. 4 shows the second embodiment example with the
reproduction of data from a disk-type recording medium.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The method according to the invention will now be
explained for the recording of data on the basis of the first
embodiment example shown in FIG. 1.

A data recording facility A which serves as a source of
digital data supplies the data to be recorded in digital form
in a fixed time frame to a compressor K which compresses
the data in accordance with a predeterminable algorithm.
The compressed data are recorded on a recording medium,
FIG. 1 shows a magneto-optical disk CD, rotated by a motor
M, as an example for the recording medium. The data are -
recorded on the disk CD by means of a light beam L which
is generated by a recording and reproducing head AW, in CD
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players usually referred to as pick-up. A control output of the
compressor K is coupled with the input of a regulator R1
which regulates the rotational speed of the motor M.

In a CD player the data are recorded and reproduced at
constant track velocity. Therefore, this is usually referred to
as a constant licear velocity system abbreviated CLV sys-
tem—as opposed to a constant angular velocity system,
abbreviated CAV system, where the data are recorded and
reproduced at constant angular velocity. As mentioned
above, loss of data can now occur if the intermediate
memory overflows.

Now, the invention provides that the velocity of the
recording medium CD be regulated as a function of the
degree of compression. In case of a high degree of com-
pression the velocity of the disk is reduced for the recording
as well as for the reproduction of the data while it is
increased for a lower degree of compression. The measure of
reducing the velocity of the recording medium by way of
deviation from the standard velocity in case of a high degree
of compression markedly increases the storage capacity of
the recording medium.

The regulator R1 regulates the rotational speed of the disk
CD as a function of the respectively current degree of
compression of the compressor K. It is advisable, for
example, to regulate the rotational speed of the disk CD
inversely proportional to the degree of compression. With
the method according to the invention an intermediate
memory is not absolutely necessary in order to avoid loss of
data.

In the second embodiment example of the imvention,
which is shown in FIGS. 3 and 4, an intermediate memory
as well as, besides the first regulator, an additional second
and third regulator are provided.

During the recording of the data, which is shown in FIG.
3, the data recording facility A supplies digital data to an
intermediate memory Z1 which forwards them, following
intermediate storing, to the compressor K for compression.
Using the light beam L generated by the recording and
reproducing head AW the compressed data are recorded on
the disk CD. A control output of the compressor K is coupled
with the input of a first regulator R1 which, together with a
second regulator R2 and a third regulator R3, rcgulates the
rotational speed of the motor M which rotates the disk CD.

The second regulator R2 is coupled with the first control
input of the intermediate memory Z1. Like in the first
embodiment example, the first regulator R1 regulates the
rotational speed of the disk CD as a function of the degree
of compression of the compressor K. The second superim-
posed regulatory loop comprising the regulator R2 regulates
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of the intcrmediate memory Z1. If the intermediate memory

Z1 is full or nearly full then the rotational speed of the disk

CD is increased in order to prevent overflow of the inter-

mediate memory Z1; if, however, the intermediate memory

is empty or nearly empty then the rotational speed of the disk

CD is reduced in order to fill up the intermediate memory

with data.

Using the third regulator R3 a third regulating variable for
the regulation of the rotational speed of the disk CD is
generated from the difference of data influx DZ and data
discharge DA at the intermediate memory Z1. If the differ-
ence DZ - DA is positive then the rotational speed of the disk
CD is increased in order to prevent overflow of the inter-
mediate memory Z1, while in the case of the difference
DZ—DA being negative the rotational speed is reduced in
order to fill up the intermediate memory Z1 with data again.

Now, it is possible to provide only one of the three
regulators R1, R2 and R3 or only 2 or all three regulators for
the regulation of the rotational speed of the disk CD. All
combinations—altogether 7—are possible.

FIG. 4 depicts the second embodiment example for the
case of data reproduction.

Using the light beam L from the recording and reproduc-
ing head AW the data are read from the disk CD and
transmitted to the expander E which forwards them to an
intermediate memory Z2. From the intermediate memory Z2
the data are sent to a data reproducing facility W, for
example, a loudspeaker.

The regulator R1 which is coupled with the control output
of the expander E regulates the rotational speed of the disk
CD as a function of the degree of compression. In case of a
high degree of compression the rotational speed is reduced
from the standard rotational speed, in case of a low one it is
increased again up to the standard rotational speed.

The second regulator R2 regulates the rotational speed of
the disk CD as a function of the level of the intermediate
memory Z2. In case of a high level it causes a reduction of
the rotational speed in order to prevent overflow of the
intermediate memory Z2, while in the case of a low level it
increases the rotational speed in order to avoid emptying of
the intermediate memory Z2.

The third regulator R3 evaluates the difference DZ - DA
between data influx DZ and data discharge DA. If more data
flow into the intermediate memory Z2 than are discharged
again to the reproducing facility W, in this case DZ - DA is
positive, then the rotational speed is reduced so that the
intermediate memory Z2 does not overflow. If, on the other
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increases the rotational speed in order to fill up the inter-

mediate memory Z2 with data again. With the data repro-

duction too, it is passible to use only one or two or all three

regulators. Every conceivable combination is possible.

However, the invention is in no way limited to disk-type
recording media. Besides CD players, magneto-optical
recording and playback apparatus operating with disks as
storage media, the invention may also be applied with tape
devices. Also, a cylinder, for example, would be a suitable
recording medium.

Any type of data may be used. These may be, for example,
the audio data with a CD player, the audio and video data of
-a video disk player or the data in an electronic data pro-
cessing system. The only decisive factor is that it must be
compressed data which have been or are stored on a record-
ing medium which moves like, for example, a rotating disk
or a linearly moved tape.
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recormng side of said recording medium; expanding the data
on a reproduction side of said recording medium during a
reproducing step, said recording medium having a velocity;
and regulating said velocity during said recording ard said
reproducing steps as a function of the degree of compres-
sion; said velocity of said recording medium being selected
smaller for a high degree of compression than for a low
degree of compression; storing the data to be recorded in a
first intermediate memory higher to said recording step;
storing the data reproduced from the recording medium in a
second intermediate memory prior to said reproducing step;
said velocity of said recording medium being regulated as a
function of alevel of said first intermediate memory and said
second intermediate memory; increasing the velocity of said
recording medium during said recording step when said
intermediate memory is at a high level and reducing the
velocity at a low level of said first intermediate memory, the
velocity of said recording medium being reduced at a high
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level of said second intermediate memory and being

increased at a low level of said second intermediate memory
during said reproducing step; the velocity of said recording
medium being regulated as a functon of a difference of a
data influx and a data discharge; during said recording step

the velocity of said recording medium being increased when
said data influx at said first intermediate memory is larger

than said data discharge, the velocity of said recordmcr
medium being reduced when said data influx at said first
intermediate memory is smaller than said data discharge;
during said reproducing step the velocity of said recording
medium being increased when said data influx at said second
intermediate memory is larger than said data discharge, the
velocity being reduced when said data influx of said second
intermediate memory is smaller than said data discharge.

2. A method for recording data onto a recording medium
and for reproducing free of loss from said recording
medium, comprising the steps of: recording a compression
of the data with differing degrees of compression on a
recording side of said recording medium; expanding the data
on a reproduction side of said recording medium during a
reproducing step, said recording medium having a velocity;
and regulating said velocity during said recording and said
reproducing steps as a function of the degree of compres-
sion, the velocity of said recording medium being selected
smaller for a high degree of compression than for a low
degree of compression,



5. A et jned in claim3, including the ,LMEMQNL&BEJthe
vemmiﬁmi\gﬂﬁa‘ﬁﬂmcor di ng nmedium during said recqgrding step when|said
fi s menory is at a high |evel and rlequciirrgSEpeaeyel pcity at a
| ow | evel of said first internmediate nenory, the yellocity of said]rgcording
medi um bei ng reduced at a high | evel of said seconpd | nternediate ry and
being increased at a |l ow | evel of said?second int diate nenory dpuring
sai d reproduci ng step. '
3. A method for recording data onto a recording medium
and for reproducing free of loss from said recording
medium, comprising the steps of: recording a compression
of the data with differing degrees of compression on a
recording sidc of said recording medium; cxpanding the data
on a reproduction side of said recording medium during a
reproducing step, said recording medium having a velocity;
and regulating said velocity during said recording and said
reproduciag steps as a function of the degree of compres-
sion; storing the data to be recorded in a first intermediate
memory prior to said recording step; and storing the data
reproduced from said recording medium in 2 second inter-
mediate memory prior to said reproducing step, the velocity
of said recording medium being regulated as a function of a
level of said first intermediate memory and said second
intermediate memory.
4. A method for recording data onto a recording medium
and for reproducing free of loss from said recording
medium, comprising the steps of: recording a compression
of the data with differing degrees of compression on a
recording side of said recording medium; expanding the data
on a reproduction side of said recording medium during a
reproducing step, said recording medium having a velocity;
and regulating said velocity during said recording and said
reproducing steps as .a function of the degree of compres-
sion; storing the data to be recorded in a first intermediate
memory with a first storage capacity prior to said recording
step; and storing the data reproduced from said recording
“medium in a second intermediate memory with a second
storage capdcity prior to said reproducing step, the velocity
of said recording medium being regulated as a function of a
difference of a data influx and a data discharge for changing
said first storage capacity and said second storage capacity.
5. A method as defined in claim 3, including the step of
increasing the velocity of said recording medium during said
recording step when said first intermediate memory is at a
high level and reducing the velocity at a low level of said
first intermediate memory, the velocity of said recording
medium being reduced at a high level of said second
intermediate memory and being increased at a low level of
said second intermediate memory during said reproducing
step.
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6. A method as defined in claim 4, wherein-during said
recording step the velocity of said recording medium is
increased when said data influx at said first intermediate
memory is larger than said data discharge, the velocity of
said recording medium being reduced when said influx at
said first intermediate memory is smaller than said data
discharge; during said reproducing step the velocity of said
recording medium being increased when said data influx at
said second intermediate memory is larger than said data
discharge, said velocity being reduced when said data influx
of said second intermediate memory is smaller than said data

discharge.
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METHOD FOR THE RECORDING AND
REPRODUCING OF DATA
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ABSTRACT

A method for recording and reproducing compressed data to
improve the utilization of the storage capacity of a moving
recording ‘medium. The data are compressed prior to a
recording step. Prior to reproduction the data are expanded
to retrieve the original data signal. To increase the storage
capacity of the recording medium even further, the velocity
of the recording medium is regulated as a function of the
degree of compression. With a high degree of compression,
a smaller velocity of the recording medium is selected, than
with a low degree of compression.
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