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TECHNICAL FIELD

The present invention relates to an optical disk recording/reproducing apparatus and
a method for determining optimal power thereof, and more particularly, to an optical disc
recording/reproducing apparatus and a method for determining power optimal for the
characteristics of an optical disk in order for data to be recorded in an optimal state when the

data is recorded on the optical disk.

BACKGROUND ART

In general, optical disks are classified into reproduction-dedicated disks such as
compact disk-ROM (CD-ROM), Digital Versatile disk-ROM (DVD-ROM), and the like,
write-once recordable disks such as CD-Recordable (CD-R), DVD-R, and the like, and
rewritable disks such as CD-Rewritable (CD-RW), DVD-RAM, and the like, depending upon
data record capability.

An optical disk recording/reproducing apparatus can drive a laser diode (LD)
provided on an optical pickup to record information onto an optical disk or reproduce
recorded information from the optical disk. In order to record information onto the optical
disk, the optical disk recording/reproducing apparatus drives the laser diode (LD) to irradiate
a laser beam of relatively high power since the physical characteristics of an information

recording layer existing on the optical disk have to be changed, and, in order to reproduce
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information recorded on the optical disk, the optical disk recording/reproducing apparatus
drives the laser diode (LD) to irradiate a laser beam of relatively low power since the physical
characteristics of the information recording layer do not have to be changed.

However, the optimal recording power changes depending upon the characteristics
of each optical disk such as optical disk kind, optical disk maker, chemical properties of
recording layers of optical disks, and so on.  Accordingly, most optical disk
recording/reproducing apparatuses are designed to perform a process for determining an
optimal recording power at the initial stage.

In general, the optimal power is determined by performing recording tests on a
certain area of an optical disk. However, the number of parameters to be determined to
obtain the optimal power is increasing together with the recent commercialization of optical
disk recording/reproducing apparatuses that can record and reproduce information onto and
from diverse kinds of optical disks. Accordingly, it takes lots of time to perform recording
tests for all possible combinations of the parameter values, so a method is required to solve

such a problem.

DISCLOSURE OF INVENTION

Accordingly, it is an aspect of the present invention to provide an optical disk
recording/reproducing apparatus and a method for determining an optimal power in which
recording tests are performed the predetermined number of times in use of combination tables

each formed in combination of pre-selected parameter values and the parameter values are
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determined for an the optimal power from a result of the tests.

In order to achieve the above aspect, the present invention performs recording tests
the predetermined number of times in use of combination tables each formed in combination
of pre-selected parameter values, and determines parameters for optimal power from a result
of the tests.

The combination table includes a limited number of combinations. The present
invention performs recording tests as to each combination, and computes an optimal value for
each parameter in consideration of interrelations with the other parameters from test results.
That is, the combinations of values in the combination table are pre-selected values for the
recording tests, and any one of the combinations is not determined as an optimal combination,
but optimal parameter values are inferred and determined from the results of the recording
tests. By doing so, the present invention can find out optimal parameter values in a short
time period in consideration of mutual influences among parameters with the recording tests
performed as many as the predetermined number of times.

Preferably, each combination table is an orthogonal array table formed with a few
values pre-selected with respect to all the parameters required for optimal power
determination. The orthogonal array table has been one of experiment methods for finding
out an optimal condition with minimum cases in consideration of influences among elements.

Preferably, at least one combination table is prepared and stored by optical disk kind.
Therefore, an optical disk recording/reproducing apparatus determines the kind of a disk
when the disk is loaded therein, reads out a corresponding combination table of the pre-stored

combination tables depending upon the disk kinds, and performs recording tests to determine
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an optical power.

The parameters to be determined can be easily understood by those skilled in the art
to which the present invention pertains, and values of the parameters for performing the
recording tests can be easily set through experiences and experiments by those skilled in the
art, on which detailed descriptions will be omitted.

Further, the present invention relates to a method for determining optimal power for
recording/reproducing optical disks, so the present invention can be applied to all apparatuses

for recording/reproducing optical disks such as CD, DVD, BD, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic block diagram for showing an optical disk
recording/reproducing apparatus according to a preferred embodiment of the present
invention;

Fig. 2 is a flow chart for explaining an optimal power determination method for the
optical disk recording/reproducing apparatus of Fig. 1;

Fig. 3 is a view for illustrating a combination table for recording tests.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention will be described in detail with reference to the
accompanying drawings.

Fig. 1 is a schematic block diagram for showing an optical disk

recording/reproducing apparatus according to a preferred embodiment of the present
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invention.

Referring to Fig. 1, the optical disk recording/reproducing apparatus 100 according
to the present invention has a pickup unit 110, an RF unit 120, a recording/reproducing unit
130, a servo unit 140, a driving unit 150, a spindle motor 160, a memory unit 170, and a
control unit 180. Fig. 1 is a view for showing only units (shown in blocks) related to the
optimal power determination from the optical disk recording/reproducing apparatus 100
according to the present invention, and the other blocks are not shown for the sake of
explanations.

The pickup unit 110 irradiates a laser beam onto an optical disk 100a to record data,
and reads out and reproduces the data recorded on the optical disk 100a. To do this, the
pickup unit 110 includes a laser diode (LD) for irradiating a laser beam of certain power onto
the optical disk 100a, an object lens for focusing the beam irradiated from the LD onto the
surface of the optical disk 100a, a photo diode (PD) which is a sensor for detecting a beam
reflected from the surface of the optical disk 100a, a focusing actuator for driving the object
lens upwards and downwards to precisely focus the beam irradiated from the LD onto the
surface of the optical disk 100a, a tracking actuator for driving the object lens to the left and
right in order for the pickup unit 110 to precisely trace the tracks formed on the optical disk
100a, and so on.

The RF unit 120 amplifies and rectifies an RF signal outputted from the pickup unit
110 into a modulated signal such as an Eight to Fourteen modulation (EFM) signal, and
provides the EFM signal to the recording/reproducing unit 130. Further, the RF unit 120

detects a focusing error (FE) and a tracking error (TE) from the RF signal, and applies an FE
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signal and a TE signal corresponding to the detected errors to the control unit 180 and the
servo unit 140.

The recording/reproducing unit 130 records on the optical disk 100a a recording
signal externally inputted according to a recording command signal sent from the control unit
180 which will be later described, and reads out and reproduces data recorded on the optical
disk 100a according to a reproducing command signal. That is, if the recording command
signal is inputted from the control unit 180, the recording/reproducing unit 130 converts a
recording signal or a test recording signal for setting a recording power, which is inputted in
accordance with the recording command signal, into a format of data for an output that can be
recorded on the optical disk 100a. Further, if the reproducing command signal is received
from the control unit 180, the recording/reproducing unit 130 reads out the data recorded on
the optical disk 100a, and decodes and reproduces the read-out data.

The servo unit 140 controls a focusing se?vo and a tracking servo based on the TE
signal and FE signal that are outputted from the RF unit 120. Further, the servo unit 140
controls a motor driving unit 154 for controlling the spindle motor 160, which is a driving
motor for the optical disk 100a, to be driven at a constant linear velocity(hereinafter, referred
to as “CLV”), and an LD driving unit 152 for driving the laser diode to emit a laser beam
corresponding to a recording power and a reproducing power.

The driving unit 150 has the LD driving unit 152 and the motor driving unit 154.

The LD driving unit 152 drives the laser diode based on the controls of the servo unit
140. For example, the LD driving unit 152 drives the laser diode to output a laser beam

corresponding to a recording power and a reproducing power necessary for recording certain
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data on the optical disk 100a and reproducing the recorded data on the optical disk 100a.

The motor driving unit 154 supplies to the spindle motor 160 a driving voltage for
driving the spindle motor 160 according to a rdtation speed control signal for the spindle
motor 160 that is outputted from the servo unit 140. That is, the motor driving unit 154
drives the spindle motor 160 to rotate the optical disk 100a at a constant linear velocity. In
here, the spindle motor 160 is a DC motor for rotating the optical disk 100a, and rotates
forwards and reversely depending upon a driving voltage supplied from the motor driving
unit 154.

The memory unit 170 consists of a ROM for storing control programs for controlling
various operations of the optical disk recording/reproducing apparatus 100 and a RAM for
temporarily storing various data occurring during the various operations. Further, the
memory unit 170 according to the present embodiment stores combination tables each formed
with combinations of pre-selected values with respect to respective parameters for
determining an optimal power for a laser beam emitted from the pickup unit 110. It is
preferable that at least one combination table is prepared and stored by optical disk kind.
Each combination table is formed in an orthogonal array of values pre-selected for
parameters required for optimal power determination. In here, the parameters for
determining an optimal power may include power-related parameters such as Write Power,
Erase Power, Bias Power, Peak Power, and the like, time-related parameters such as Delay
Pulse, Write Pulse, Last Pulse, Off Pulse, and so on, but not limited to the above parameters.

The control unit 180 controls overall operations of the optical disk

recording/reproducing apparatus 100 according to the various control programs stored in the
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memory unit 170. The control unit 180 operates the optical disk recording/reproducing
apparatus 100 in a record mode for recording to-be-recorded data (hereinafter, referred to as
record data) on a loaded optical disk 100a or in a reproducing mode for reproducing data
recorded on the optical disk 100a according té an operation mode.

If the optical disk 100a is loaded, the control unit 180 determines the kind of an
optical disk 100a based on a signal outputted from the RF unit 120 in correspondence with
the loaded optical disk 100a. For example, the control unit 180 determines the kind of an
optical disk 100a based on the level of an FE signal outputted from the RF unit 120, but not
limited to this fashion. The optical disk is classified into any one of CD-ROM, CD-R, CD-
RW, DVD-ROM, DVD-R, DVD-RW, and DVD-RAM depending upon the level of the FE
signal.

If the optical disk 100a loaded in the above manner is determined as a recordable
disk such as R, RW, or RAM, the control unit 180 performs an optimal record power control
(OPC) process for determining power optimal for the loaded optical disk 100a. The OPC
process can be implemented to be immediately carried out if the optical disk 100a is
determined as a recordable disk, and, in another way, the OPC process can be implemented to
be carried out before a recording job is performed with a recording request signal externally
received. The recording request signal can be received through a key operation unit(not
shown) provided on the main body of the optical disk recording/reproducing apparatus 100 or
a remote controller(not shown).

The control unit 180 reads out of the memory unit 170 a combination table

corresponding to the kind of the loaded optical disk 100a, performs recording tests with
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combinations listed on the read-out combination table, and determines an optimal power
based on a result of the performance.

For descriptions in more detail, the control unit 180 temporarily stores in the
memory unit 170 a first jitter value which is a first recording state information value obtained
from the recording tests done with the combinations listed on the combination table.
Further, the control unit 180 predicts a result value as to a combination of parameter values
not included on the combination table based on the jitter value stored in the memory unit 170,
and calculates a second jitter value which is a second recording state information value. The
control unit 180 decides as an optimal combination a combination having the minimum jitter
value out of the first recording state information value and the second recording state
information value. Detailed descriptions on a method for deciding the optimal combination
will later made in detail.

The control unit 180 stores in the memory unit 170 values of the parameters
corresponding to the decided optimal combination. Thereafter, if the recording request
signal is received through the key operation unit, the control unit 180 processes a recording
job with optimallparameter values stored in the memory unit 170.

Hereinafter, descriptions are made on an optimal power determination method
according to a preferred embodiment of the present invention with reference to Fig. 1 to Fig.
3.

Referring to Fig. 1 to Fig. 3, if the optical disk 100a is decided to be loaded in the
optical disk recording/reproducing apparatus 100 (S200), the control unit 180 recognizes the

kind of the loaded optical disk 100a (S210). If the loaded optical disk 100a is recognized to
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be a recordable disk, the control unit 180 reads out of the memory unit 170 a combination
table corresponding to the loaded optical disk 100a (S220).

Fig. 3 is a view for illustrating a combination table for recording tests.

Fig. 3 illustrates a combination table corresponding to a disk requiring four
parameters such as Peak Power Pp, Bias Power Pg, Cooling Pulse T¢, and Last Pulse Ty, in
order to determine an optimal power. Each parameter has three different pre-selected
parameter values. That is, there are 15SmW, 16mW, and 17mW selected for the Pp value,
6mW, 7mW, and 8mW selected for the Pg value. Further, there are Sns, 6ns, and 7ns
selected for the Tc value, and 4ns, 5ns, and 6ns selected for the Ty value. However, the
present invention is not limited to parameters and values, but can have more parameters such
as Write Power, Erase Power, Write Pulse, Off Pulse, and the like, in addition to the above
parameters according to the characteristics of a loaded optical disk.

The control unit 180 records test data onto the optical disk 100a in use of parameter
values set in each of the certain combinations (nine combinations as shown in Fig. 3) listed
on the read-out combination table, and reproduces the recorded test data to perform the
recording tests calculating jitter values (S230). At this time, the test data is recorded in a
Power Calibration Area (PCA) which is a test area for determining an optimal power.

Further, the control unit 180 predicts a result value with respect to the other
combinations for which the recording tests are not carried out, based on the jitter value
obtained from a recording test performance, and calculates a second recording state
information value (S240). For example, as in Fig. 3, 81 combinations can be made in use of

four parameters required for optima power determination and three values predetermined for

10
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each of the parameters. The present embodiment can determine parameter values for an
optimal power without carrying out the recording tests as to the 81 combinations. That is,
the present invention performs the recording tests as to only 9 combinations listed on a
combination table, and predicts parameter values as to the other combinations not included on
the combination table based on jitter values obtained from the recording test performances.

The control unit 180 calculates jitter values predicted as to the other combinations
for which the recording tests are not performed in use of Equation 1 as follows:

[Equation 1]

SNR; = 10*log(1/MSDy)
MSD; = (y12 + y2* + y3% + ...+ yn?)

In here, the MSD; denotes a jitter value obtained through a recording test as to the
combination 1, and SNR; denotes a signal-to-noise ratio for the MSD;. Further, y1 to yn
denote the number of times the record tests are carried out as to the combination 1. The
SNRs can be calculated with respect to the remaining combinations, that is, combination 2 to
combination 9, in use of Equation 1.

If the SNR is calculated with respect to each combination according to the above
method, it can be seen how parameter values corresponding to the elements Pp, Pg, T¢, and
Ty affect SNRs in use of the calculated SNR. For example, if an average value over SNRj,
SNR;, and SNRj; calculated for combinations 1, 2, and 3 is calculated, it can be seen what an
SNR would be in case that the first parameter value (15mW) of Pg is selected, and, if an
average value over SNRj;, SNRy4, and SNR; calculated for combinations 1, 4, and 7 is

calculated, it can be seen what an SNR would be in case that the first parameter (6mW) of Py

11
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is selected. In the above method, the SNR can be calculated when the respective parameters
are selected with respect to the remaining elements. In this case, a combination of
parameter values having the largest SNR with respect to the respective elements can be
predicted as an optimal combination.

The control unit 180 extracts an optimal combination having a minimum jitter value
from a jitter value obtained from recording test performances and a jitter value predicted
based on the jitter value (S250). For example, the control unit 180 extracts the
predetermined number of combinations out of the 81 combinations, for example, three
combinations, in ascending order of combination jitter values, that is, the least jitter value, the
second least jitter value, and the third least jitter value, and the recording tests are performed
with respect to the predetermined number of extracted combinations. If the recording tests
as to the predetermined number of the extracted combinations are completed, the control unit
180 calculates a jitter value for the predetermined number of combinations as to which the
recording tests are performed, and determines as an optimal combination the combination
having the minimum jitter value of the calculated jitter values. At this time, the recording
tests are not necessary for the combinations out of the predetermined number of extracted
combinations as to which the recording tests have been carried out.

In another way, the control unit 180 predicts jitter values for the other combinations,
that is, 72 combinations, based on the jitter value obtained through the recording tests, and
extracts the predetermined number of combinations out of the other combinations, for
example, three combinations, in ascending order of combination jitter values. Further, the

control unit 180 carries out the recording tests for the predetermined number of extracted

12
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combinations. The control unit 180 compares the jitter values obtained through the
recording test performance with respect to the three combinations to the jitter values obtained
through the recording test performance with respect to the combinations listed on the
combination table, and determines as an optimal combination the combination having a
minimum jitter value as a result of the comparison.

The parameter values that the optimal combination determined in the above method
has become the optimal parameter values for determining an optimal power. The control
unit 180 stores the determined optimal parameter values in the memory unit 170. Thereafter,
if a recording request signal is received for record data through a key operation unit, the
control unit 180 processes a recording job with optimal parameter values stored in the
memory unit 170 (S260).

As described so far, the present invention can carry out recording tests in use of
combination tables each formed with combinations of parameter values required for optimal
power determination, predict a result for combinations not included on the combination tables
based on jitter values obtained through the recording tests, and determine optimal parameter
values having an optimal power. That is, the present invention can determine optimal
parameter values for an optimal power with the recording tests carried out only the
predetermined number of times, to thereby reduce time required for the optimal power
determination.

Although the preferred embodiments of the present invention have been described, it
will be understood by those skilled in the art that the present invention should not be limited

to the described preferred embodiments, but various changes and modifications can be made

13
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within the spirit and scope of the present invention as defined by the appended claims.
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WHAT IS CLAIMED IS:

1. An optimal power determination method for recording/reproducing information
onto and out of an optical disk, comprising steps of:

performing, in use of combination tables each formed with combinations of pre-
selected values for parameters for optimal power determination, recording tests with respect
to each combination; and

determining optimal values for the parameters from a result of the recording test

performance to determine the optimal power.

2. The optimal power determination method as claimed in claim 1, wherein each
combination table is formed in an orthogonal array of the values of the parameters for the

optimal power determination.

3. The optimal power determination method as claimed in claim 2, wherein the step
for determining the optimal values determines a combination of the optimal parameter values
based on first recording state information values obtained as a result of the recording tests
and second recording state information values calculated from predictions of results for
combinations of values of parameters not included on the combination tables from the first

recording state information values.

4. The optimal power determination method as claimed in claim 3, further

comprising a step for deciding a kind of a loaded optical disk and reading out a combination

15
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table corresponding to the decided kind of the loaded optical disk before performing the
recording tests, wherein the combination tables are prepared and stored by optical disk kind

in advance.

5. The optical power determination method as claimed in claim 4, wherein the
recording tests are performed by recording test data onto the optical disk and measuring a

jitter value calculated from a reproduction signal for the recorded test data.

6. The optical power determination method as claimed in claim 5, wherein the step
for determining the optimal values extracts the predetermined number of combinations
predicted to have the least jitter value out of the second recording state values, obtains third
recording state information values by performing the recording tests for the extracted
combinations, and determines as an optimal combination a combination having the least jitter
value out of the first recording state information values and the third recording state

information values.

7. An optical disk recording/reproducing apparatus for recording/reproducing
information onto and out of an optical disk, comprising:

a pickup unit for irradiating a beam onto the optical disk and recording/reproducing
information,;

a memory unit for storing combination tables each formed with combinations of pre-

selected values for parameters for determining an optimal power of the beam irradiated from

16
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the pickup unit; and
a control unit for performing recording tests for each combination in use of the
combination tables and determining an optimal power from a result of the recording test

performances.

8. The optical disk recording/reproducing apparatus as claimed in claim 7, wherein
the combination tables are each formed in an orthogonal array of values for parameters for

determining the optical power.

9. The optical disk recording/reproducing apparatus as claimed in claim 8, wherein
the control unit determines a combination of the optimal parameter values based on first
recording state information values obtained as a result of the recording tests and second
recording state information values calculated from predictions of results for combinations of
values of parameters not included on the combination tables from the first recording state

information values.

10. The optimal power determination method as claimed in claim 9, wherein the
combination tables are prepared and stored in the memory unit by optical disk kind, and the
control unit decides a kind of a loaded optical disk and reading out a combination table
corresponding to the decided kind of the loaded optical disk before performing the recording

tests, and performing the recording tests for determining the optimal power.

17
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11. The optical disk recording/reproducing apparatus as claimed in claim 10,
wherein the optimal power is determined by extracting the predetermined number of
combinations predicted to have the least jitter value out of the second recording state values,
obtaining third recording state information values through recording test performances for the
extracted combinations, and selecting a combination having the least jitter value out of the

first recording state information values and the third recording state information values.

18
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