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[57] ABSTRACT

An apparatus for reading data stored on a data storage
medium. The apparatus includes a data readout device
for reproducing data stored on the data storage me-
dium, an error detecter coupled to the data readout
device for detecting an error rate at which errors occur
in the data reproduced by the data readout device, a
readout controller for operating the data readout device
at a selected data readout rate and a system controller
coupled to the error detecter and the readout controller
for comparing the error rate to a predetermined system
maximum error rate and for establishing the selected
data readout rate such that the error rate is below the
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1
RECORDED DATA READING SYSTEM

FIELD OF THE INVENTION

The present invention relates generally to a recorded
data reading system, and more particularly, to a re-
corded data reading system suitable for reading data at
as high a speed as possible.

BACKGROUND OF THE INVENTION

In recent years, magnetic discs such as floppy discs
and optical discs such as CD-ROMS have been used as
external data record media of computers and data pro-
cessors. These external data record media store infor-
mation in the form of digital data.

The digital data recorded on these external data re-
cord media are read by prescribed data readers such as
magnetic disc driver and CD-ROM driver. Then the
data read from the media are applied to the computers
or the data processors.

In the conventional recorded data reading system,
the data are read at a rated speed defined by each of the
record media or the data readers. This is done so that
the data can be read at or below a predetermined error
rate.

The rated data reading speeds are determined by
reflecting an irregularity of data reading accuracy of
respective data readers, caused, for example, by a fluc-
tuation of temperature and/or a deterioration of the
record media over time.

Thus, in the conventional data reading systems, there
is a drawback that the data can not be read at a speed
higher than the rated speed provided for the respective
system, even when an individual system has a high
reading accuracy. Furthermore, there is a serious draw-
back that the data can not be read accurately at the
rated speed if the individual system is seriously deterio-
rated.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
recorded data reading system in which an individual
system is able to read data from record media at a speed
specified in response to a data reading accuracy estab-
lished in the individual system.

Another object of the present invention is to provide
a recorded data reading system in which an individual
system is able to read data from record media at a speed
higher than a rated speed provided for the system, when
the individual system has a high reading accuracy.

A further object of the present invention is to provide
a recorded data reading system in which an individual
system is able to read data from record media at a speed
lower than a rated speed provided for the system, when
the individual system has a low reading accuracy.

In order to achieve the above object, a data readout
apparatus includes a data readout device for reproduc-
ing data stored on the data storage medium, an error
detecter coupled to the data readout device for detect-
ing an error rate at which errors occur in the data repro-
duced by the data readout device, a readout controller
for operating the data readout device at a selected data
readout rate and a system controller coupled to the
error detecter and the readout controller for comparing
the error rate to a predetermined system maximum
error rate and for establishing the selected data readout

2
rate such that the error rate is below the predetermined
system maximum error rate.
Additional objects and advantages of the present
invention will be apparent to persons skilled in the art

5 from a study of the following description and the ac-
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companying drawings, which are hereby incorporated
in and constitute a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present inven-
tion and many of the attendant advantages thereof will
be readily obtained as the same becomes better under-
stood by reference to the following detailed description
when considered in connection with the accompanying
drawings, wherein:

FIG. 1 is a block diagram showing a recorded data
reader, which constitutes a first embodiment of the
present invention;

FIG. 2 is a block diagram showing a recorded data
reader, which constitutes a second embodiment of the
present invention;

FIG. 3 is a detailed block diagram of a reference
signal generator 24 shown in FIGS. 1 and 2; and

FIG. 4 is a flowchart showing the operation carried
out by the recorded data reading system which consti-
tutes a preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described in detail with
reference to the FIGS. 1 through 4. Throughout the
drawings, like or equivalent reference numerals or let-
ters will be used to designate like or equivalent elements
for simplicity of explanation.

In the following description, the recorded data read-
ing system according to the present invention is embod-
ied in CD-ROM readers.

Referring now to FIG. 1, a first embodiment of the
present invention will be described in detail.

In FIG. 1, a disc drive motor 10 is provided for rotat-
ing a CD-ROM 12. When the disc drive motor 10 ro-
tates the CD-ROM 12, an optical pickup 14 reads data
recorded on CD-ROM 12. At the beginning of the data
reading operation, a data reading speed is set to a rated
data reading speed defined by general specifications of
the system. During the data reading operation at the
rated speed, the data read by the optical pickup 14 is
applied to a sync signal detector 16. The sync signal
detector 16 detects a sync signal from the read data. The
sync signal is supplied to a motor controller 18. The
motor controller 18 includes a phase comparator 20 and
a frequency comparator 22. The phase comparator 20
compares the phase of the sync signal with the phase of
a reference signal supplied from a reference signal gen-
erator 24. The frequency comparator 22 compares the
frequency of the sync signal with the frequency of the
reference signal.

The frequency of the reference signal is set at a fre-
quency corresponding to the rated data reading speed
of CD-ROM 12. Phase difference and frequency differ-
ence of the sync signal compared with this reference
signal are given to the control terminals of a motor
driving circuit 28 by opening the mixer 26. As a result,
rotation of the disc drive motor 10 is servo controlled so
that phase and frequency of the sync signal extracted
from the regenerated signal of CD-ROM 12 agree with
those of the reference signal.
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Data read at the rated data reading speed at the begin-
ning stage are supplied to the error detector 30 through
the optical pickup 14. The error detector 30 performs
the error detection using a reference signal given from
the reference signal generator 24 as a master clock sig-
nal. Errors or an error rate detected by the error detec-
tor 30 are given to the system controller 32 consisting
of, for instance, a microcomputer. In the system con-
troller 32, the maximum error rate allowable to this
system has been set and is compared with the error rate
detected by the error detector 30.

If the detected error rate is smaller than the maximum
error value, the system controller 32 controis the refer-
ence signal generator 24 and increases frequency of the
reference signal. As a result, the rotating speed of the
disc drive motor 10 is increased and the data reading
speed of CD-ROM is also increased.

Errors in the data read at this new data reading speed
are checked by the error detector 30 in the same manner
as described above. The error rate thus detected is com-
pared with the maximum error rate that is set in the
system controller 32.

As described above, if the detected error rate is
smaller than the maximum error rate, frequency of the
reference signal is made accordingly higher, such that
the data reading speed of CD-ROM is increased. Simi-
larly, when the detected error values become equal to
or greater than the maximum error rate or more, the
system controller 32 controls the reference signal gener-
ator 24 to lower the frequency of the reference signal by
a fixed value, and keeps that lower frequency.

If the error rate of data read at the rated data reading
speed at the beginning of the operation is larger than the
maximum error rate, the system controller 32 lowers
frequency of the reference signal. As a result of this
lowering of the reference signal frequency, the reading
speed of CD-ROM 12 is lowered and the error rate of
data read by the optical pickup 14 is lowered. When the
error rate becomes almost equal to the maximum error
rate, the system controller 32 controls the reference
signal generator 24 to further lower the reference signal
frequency by a fixed value and keeps that frequency
state as described above.

Thus, the learning operation to set up a data reading
speed as high as possible to secure an error rate less than
the maximum error rate is completed. Thereafter, the
recorded data reading operation of CD-ROM is carried
out at the reading rate that has been set up in the learn-
ing operation.

The invention thus includes data readout means for
reproducing data stored on the data storage medium,
error detection means coupled to the data readout
means for detecting an error rate at which errors occur
in the data reproduced by the data readout means, read-
out control means for operating the data readout means
at a selected data readout rate and system control means
coupled to the error detection means and the readout
control means for comparing the error rate to a prede-
termined system maximum error rate and for establish-
ing the selected data readout rate such that the error
rate is below the predetermined system maximum error
rate. As embodied herein, the data readout means com-
prises the optical pickup 14. The error detection means
comprises the error detector 30. The readout control
means comprises the sync signal detector 16, the motor
controller 18, the motor driver 28 and the disc drive
motor 10. The system control means comprises the
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4
system controller 32 and the reference signal generator
24,

FIG. 2 is a block diagram showing a second embodi-
ment of the present invention. The second embodiment
also consists of a CD-ROM reader.

The second embodiment, as shown in FIG. 2, differs
from the first embodiment, as shown in FIG. 1, in the
error detection system, however, the data reading speed
control system in the two embodiments is the same.
Therefore, only the different portion, i.e., the error
detection system of the second embodiment, will be
explained hereinafter. The common portion, i.e., the
data reading speed control system, will be omitted from
the following description.

The second embodiment, as shown in FIG. 2, is appli-
cable to a system in which sync signals are not directly
recorded on the record medium, while the first embodi-
ment, as shown in FIG. 1, is generally applicable to a
system in which sync signals are directly recorded on a
recording medium together with data.

In the system in which sync signals are not directly
recorded on the record medium, the sync signals are
recorded through a modulation of data, such as an EFM
(Eight-to-Fourteen Modulation) modulation. The sync
signals present a specific bit pattern of the EFM data at
a prescribed period. Thus, the sync signal is obtained by
detecting the specific bit pattern of the EFM data.

In FIG. 2, an optical pickup 14 reads data, e.g., an
EFM data from a CD-ROM 12. A bit clock generator
34 generates a bit clock by processing the EFM data
from the optical pickup 14 in the manner of PLL (Phase
Locked Loop) operation. A bit pattern detector 16
detects a specific bit pattern of the EFM data under the
control of the bit clock supplied form the bit clock
generator 34.

A data decoder 36 decodes the recorded data from
the EFM data read by the optical pickup 14 under the
control of the bit clock supplied from the bit clock
generator 34. Thereafter, errors are detected by the
error detector 30 in the same manner as in the first
embodiment, shown in FIG. 1.

As the phase lock range of the bit clock generator 34
varies in response to variation of the data reading speed,
a signal for changing the lock range is supplied from a
lock range controller 38 to the bit clock generator 34.
Further, the lock range control signal is controlled by
the system controller 32 to follow the reference signal
frequency.

The invention thus includes data readout means for
reproducing data stored on the data storage medium,
error detection means coupled to the data readout
means for detecting an error rate at which errors occur
in the data reproduced by the data readout means, read-
out control means for operating the data readout means
at a selected data readout rate and system control means
coupled to the error detection means and the readout
control means for comparing the error rate to a prede-
termined system maximum error rate and for establish-
ing the selected data readout rate such that the error
rate is below the predetermined system maximum error
rate. As embodied herein, the data readout means com-
prises the optical pickup 14. The error detection means
comprises the error detector 30. The readout control
means comprises the bit clock generator 34 and the bit
pattern detector 16, the motor controller 18, the motor
driver 28 and the disc drive motor 10. The system con-
trol means comprises the system controller 32 and the
reference signal generator 24.
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FIG. 3 is a detailed block diagram of the reference
signal generator 24, shown in FIGS. 1 and 2.

In FIG. 3, a frequency dividing ratio N that deter-
mines the frequency division ration 1/N for a program-
mable frequency divider 40 is set by the system control-
ler 32. A divided frequency signal with a frequency fd
which is output from the programmable frequency di-
vider 40 is applied to the first input terminal 424 of a
phase comparator 42. A reference signal with a fre-
quency fs generated from a crystal oscillator 44 is ap-
plied to the second input terminal 425 of the phase
comparator 42. Thus, the phase comparator 42 outputs
a signal corresponding to the phase difference between
the divided frequency signal and the reference signal.
The phase difference signal output from the phase com-
parator 42 is applied to a VCO (Voltage Controlled
Oscillator) 46 for controlling the frequency fc of a refer-
ence signal output from the VCO 46. This reference
signal is supplied to the phase comparator 20 and the
frequency comparator 22 (See FIGS. 1 and 2) in the
motor controller 18. The reference signal also supplied
to the programmable frequency divider 40. In the PLL
48 constituted by the programmable frequency divider
40, the phase comparator 42 and the VCO 46, the fre-
quency fc of the reference signal is set up and stabilized
by the system controller 32.

Assuming that, for instance, the frequency fs of the
reference signal applied to the phase comparator 42 of
the PLL 48 from the crystal oscillator 44 is 100 MHz
and the frequency dividing ratio N is 100, the frequency
fc of the reference signal will become 10 MHz.

FIG. 4 is a flowchart showing the operation of the
system of the present invention. The operation is car-
ried out in the CD-ROM reader, as shown in FIGS. 1
and 2.

In FIG. 4, when the operation starts and advances
from the step S1 to the step S2, it is judged whether a
CD-ROM is loaded in the reader. If any CD-ROM is
not loaded, the operation advances to the final step and
the operation ends. If a CD-ROM is loaded in the
reader, the operation advances to the next step S2.

In the step S2, the frequency dividing ratio N of the
programmable frequency divider 40 is set at 50. As the
result, the frequency fc of the reference signal is set at 5
MHz and the operation is then shifted to the step S3. In
the step S3, the system controller 32 inputs an error rate
detected by the error detector 30 and judges whether
the detected error value is less than the maximum error
rate.

If the detected error rate is less than the maximum
error value, the operation advances to the step S4. In
the step S4, the frequency dividing ratio N is increased
by 1 (N =N+1). As the result, the data reading speed
of the CD-ROM 12 is increased. Here, the operation is
shifted back to the step S3 from the step S4. If it is
judged that the detected error rate is equal to the maxi-
mum error rate or more as the result of the judgement
in the step S3, the operation shifts to the step S5.

In the S8, the frequency dividing ratio N is reduced,
for instance, by 2 (N=N—2). As the result, a data read-
ing speed having a two level margin against a reading
speed at which the errors corresponding to the maxi-
mum error rate are generated is set up. After the step
S5, the operation shifts to the final step and the learning
operation ends.

The recorded data reading system of the present
invention is not limited to the embodiments shown, but
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6
is variable in various ways. Examples are described
below.

a. According to a difference between a detected error
rate and the maximum error rate, a reference signal of
frequency having a fixed margin per operation is set up.

b. When no command for the data reading operation
is given to a data processor, the learning operation is-
carried out at intervals of a fixed time.

c. If problems are detected in the data reading opera-
tion, the learning operation is commenced and a reading
speed enabling the normal data reading is established.

Further, data record media to which the recorded
data reading system of the present invention is applica-
ble are not limited to disc type media such as CD-ROM,
magnetic disc, etc., tape media such as magnetic tape,
etc., and kinetic type record media to read recorded
data by a relative motion between such reading ele-
ments as pickup, magnetic head, etc. Stationary type
record media such as solid electronic memory, etc. may
also use the present invention.

According to the present invention, the error rate in
the data read in the individual system is determined and
a data reading speed is established within a range in
which the error rate of the read data does not exceed a
fixed value.

Therefore, if the individual system has a high reading
accuracy, it is possible to read data at a speed higher
than a rated data reading speed so that an efficient data
reading operation is assured. On the other hand, if the
data reading accuracy of the system is lower than the
rated data reading speed, the data reading speed is low-
ered to make sure the data reading operation is accu-
rate.

The recorded data reading system to be provided by
the present invention detects errors or an error rate of
individual data read by a system, establishes a reading
speed as fast as possible within a range where this de-
tected error rate does not exceed a maximum error rate
defined in the system, causes the system to perform the
reading operation.

As described above, the present invention can pro-
vide an extremely preferable recorded data reading
system.

While there have been illustrated and described what
are at present considered to be preferred embodiments
of the present invention, it will be understood by those
skilled in the art that various changes and modifications
may be made, and equivalents may be substituted for
elements thereof without departing from the true scope
of the present invention. In addition, many modifica-
tions may be made to adapt a particular situation or
material to the teaching of the present invention with-
out departing from the central scope thereof. There-
fore, it is intended that the present invention not be
limited to the particular embodiment disclosed as the
best mode contemplated for carrying out the present
invention, but that the present invention include all
embodiments falling within the scope of the appended
claims.

What is claimed is:

1. An apparatus for reading data stored on a data
storage medium, comprising:

data readout means for reproducing data stored on

the data storage medium,;

error detection means, coupied to the data readout

means, for detecting an error rate at which errors
occur in the data reproduced by the data readout
means;
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readout control means for operating the data readout

means at a selected data readout rate; and

system control means, coupled to the error detection

means and the readout control means, for compar-
ing the error rate to a predetermined system maxi-
mum error rate and for increasing the selected data
readout rate when the error rate is below the pre-
determined system maximum error rate.

2. Apparatus as recited in claim 1, wherein the system
control means increases the selected readout rate such
that the error rate is below the predetermined system
maximum error rate by a fixed value.

3. Apparatus as recited in claim 1, comprising refer-
ence signal means, coupled to the system control means,
for generating a reference signal establishing the se-
lected data readout rate; and wherein the system con-
trol means controls the reference signal means to gener-
ate a reference signal establishing a higher selected data
readout rate when the error rate is below the predeter-
mined system maximum error rate.

4. Apparatus as recited in claim 3, wherein the data
readout means reads the data by a mechanical move-
ment between the data readout means and the data
storage medium.

5. Apparatus as recited in claim 4, wherein the data
stored in the data storage medium includes a data signal
and a synchronous signal for the control of the relative
movement between the data readout means and the data
storage medium, and wherein the readout control
means comprises first detection means for detecting the
synchronous signal from the data reproduced by the
data readout means.

6. Apparatus as recited in claim 5, comprising gener-
ating means for generating an error signal between the
reference signal generated by the reference signal gen-
erating means and the synchronous signal detected by
the first detection means.

7. Apparatus as recited in claim 6, the readout control
means includes a drive means for the relative movement
between the data readout means and the data storage
medium so that the data readout means operates at the
selected data readout rate.

8. Apparatus as recited in claim 7, wherein the data
storage medium is a data storage disc, and wherein the
drive means includes a drive motor for rotating the data
storage disc.

9. Apparatus as recited in claim 4, wherein the data
stored in the data storage medium has a predetermined
bit pattern for the control of the mechanical movement
between the data readout means and the data storage
medium, and wherein the readout control means com-
prises second detection means for detecting the bit pat-
tern of the data reproduced by the data readout means
and for generating a bit pattern signal responsive to the
bit pattern.

10. Apparatus as recited in claim 9, comprising gener-
ating means for generating an error signal between the
reference signal generated by the reference signal
means and the bit pattern signal detected by the second
detection means.

11. Apparatus as recited in claim 10, the readout
control means includes a drive means for the relative
movement between the data readout means and the data
storage medium so that the data readout means operates
at the selected data readout rate.

12. Apparatus as recited in claim 11, wherein the data
storage medium is a data storage disc, and wherein the
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8

drive means includes a drive motor for rotating the data
storage disc.

13. A method for reproducing data stored on a data
storage medium, comprising the steps of:

reading data from the data storage medium at a se-

lected data readout rate;

determining an error rate of data read from the data

storage medium;

comparing the error rate to a predetermined system

maximum error rate;

increasing the selected data readout rate when the

error rate is below the predetermined system maxi-
mum error rate.

14. A method for reproducing data stored on a data
storage medium, comprising the steps of:

reading data from the data storage medium at a se-

lected data readout rate;

determining an error rate of data read from the data

storage medium;

comparing the error rate to a predetermined system

maximum error rate;

decreasing the selected data readout rate when the

error rate is above the system maximum error rate.

15. An apparatus for reading data stored on a data
storage medium, comprising:

data readout means for reproducing data stored on

the data storage medium;

error detection means, coupled to the data readout

means, for detecting an error rate at which errors
occur in the data reproduced by the data readout
means;

readout control means for operating the data readout

means at a selected data readout rate; and

system control means, coupled to the error detection

means and the readout control means, for compar-
ing the error rate to a predetermined system maxi-
mum error rate and for decreasing the selected data
readout rate when the error rate is greater than the
system maximum error rate.

16. Apparatus as recited in claim 15, wherein the
system control means decreases the selected readout
rate such that the error rate is below the predetermined
system maximum error rate by a fixed value.

17. Apparatus as recited in claim 15, comprising ref-
erence signal means, coupled to the system control
means, for generating a reference signal establishing the
selected data readout rate; and wherein the system con-
trol means controls the reference signal means to gener-
ate a reference signal establishing a lower selected data
readout rate when the error rate is above the predeter-
mined system maximum error rate.

18. Apparatus as recited in claim 17, wherein the data
readout means reads the data by a mechanical move-
ment between the data readout means and the data
storage medium.

19. Apparatus as recited in claim 18, wherein the data
stored in the data storage medium includes a data signal
and a synchronous signal for the control of the mechan-
ical movement between the data readout means and the
data storage medium, and wherein the readout control
means comprises first detection means for detecting the
synchronous signal from the data reproduced by the
data readout means.

20. Apparatus as recited in claim 19, comprising gen-
erating means for generating an error signal between
the reference signal generated by the reference signal
means and the synchronous signal detected by the first
detection means.
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21. Apparatus as recited in ciaim 20, wherein the
readout control means includes a drive means for the
mechanical movement between the data readout means
and the data storage medium so that the data readout
means operates at the selected data readout rate.

22. Apparatus as recited in claim 21, wherein the data
storage medium is a data storage disk, and wherein the
drive means includes a drive motor for rotating the data
storage disc.

23. Apparatus as recited in claim 18, wherein the data
stored in the data storage medium has a predetermined
bit pattern for the control of the mechanical movement
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between the data readout means and the data storage
medium, and wherein the readout control means com-
prises second detection means for detecting the bit pat-
tern of the data reproduced by the data readout means
and for generating a bit pattern signal responsive to the
bit pattern. v

24. Apparatus as recited in claim 23, comprising gen-
erating means for generating an error signal between
the reference signal generated by the reference signal
means and the bit pattern signal detected by the second

detection means.
L 3 » 3 * .



