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Method and apparatus for determining an optimum power level 

 

 

 

 

 The present invention relates generally to recordable optical storage systems, 

and more specifically to a method of and an apparatus for determination of an optimal laser 

power for use with recordable optical storage systems and optical storage discs. 

 

 As is well known, CD-R (Compact Disc-Recordable) discs and the like are 5 

made up of an optical stack.  The stack commonly consists of polycarbonate substrate, a 

sensitive dye layer, a gold or silver alloy reflector and a protective lacquer coating.  Data is 

written to a disc by focusing a high power laser onto the dye layer so as to heat an area such 

that the reflectivity of the area is altered.  The areas form a spiral track of variable length 

marks (low reflective areas), and lands (highly reflective areas between the marks).  The 10 

resulting pattern of the marks and lands encodes the data to be stored on the disc.  Each 

transition between a mark area and a land area corresponds to the physical encoding of a data 

“1” value.  The lands are typically 3 to 11 clock cycles in length (3T to 11T where ‘T’ 

represents the data clock period). 

 Precise mark length is critical if data is to be represented accurately.  For 15 

example, if an optical reader reads a disc with a number of 3T marks or lands that are too 

long, these could be misinterpreted as 4T features.  This misinterpretation may result in 

incorrect data retrieval, and, in extreme cases, read-failure. 

 For this reason, it is essential that optical recorders are able to monitor and 

maintain the quality of disc writing in order to ensure the accuracy of all the mark and land 20 

lengths over the particular disc being written. 

 In order to achieve accurate mark/land lengths, there will be an optimum laser 

recording power for the disc/recorder combination being used.  The optimum laser recording 

power that should be used when recording a disc (e.g. CD-R, CD-RW (Compact Disc-

ReWritable), DVD±R (DVD Recordable), DVD±RW (DVD ReWritable), DVD-RAM etc.) 25 

is therefore dependent upon the actual disc, the recorder being used and also the speed at 

which the recording is taking place. 

 The optimum laser recording power should be determined for each 

recorder/disc combination at the actual recording speed.  Such determination is called an 

1  Method and apparatus for determining an optimum power level The
present invention relates generally to recordable optical storage systems,
and more specifically to a method of and an apparatus for determination of
an optimal laser  power for use with recordable optical storage systems and
optical storage discs. 5 As is well known, CD-R (Compact Disc-Recordable)
discs and the like are  made up of an optical stack. The stack commonly
consists of polycarbonate substrate, a  sensitive dye layer, a gold or silver
alloy reflector and a protective lacquer coating. Data is  written to a disc by
focusing a high power laser onto the dye layer so as to heat an area such
that the reflectivity of the area is altered. The areas form a spiral track of
variable length 10 marks (low reflective areas), and lands (highly reflective
areas between the marks). The  resulting pattern of the marks and lands
encodes the data to be stored on the disc. Each  transition between a mark
area and a land area corresponds to the physical encoding of a data  "1"
value. The lands are typically 3 to 11 clock cycles in length (3T to 11T where
`T'  represents the data clock period). 15 Precise mark length is critical if data
is to be represented accurately. For  example, if an optical reader reads a
disc with a number of 3T marks or lands that are too  long, these could be
misinterpreted as 4T features. This misinterpretation may result in  incorrect
data retrieval, and, in extreme cases, read-failure. For this reason, it is
essential that optical recorders are able to monitor and  20 maintain the
quality of disc writing in order to ensure the accuracy of all the mark and land
lengths over the particular disc being written. In order to achieve accurate
mark/land lengths, there will be an optimum laser  recording power for the
disc/recorder combination being used. The optimum laser recording  power
that should be used when recording a disc (e.g. CD-R, CD-RW (Compact
Disc 25 ReWritable), DVD+R (DVD Recordable), DVD+RW (DVD
ReWritable), DVD-RAM etc.)  is therefore dependent upon the actual disc,
the recorder being used and also the speed at  which the recording is taking
place. The optimum laser recording power should be determined for each  
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Optimum Power Control (OPC) procedure.  The optimum laser recording power will allow 

the recorder to produce the correct mark/land lengths for a given disc at a given recording 

speed. 

 Two different OPC procedures are currently in use for Recordable (R), and 

ReWriteable (RW) optical storage discs.  For R-discs ‘beta’ and ‘jitter’ (or ‘sigma’) OPC 5 

methods are generally used, whilst for RW-discs a ‘gamma’ method is used as the OPC 

procedure.  The jitter/sigma OPC procedure is one of the most commonly used methods.  

Jitter is a statistical measurement of the variation in mark or land length around a mean value 

for each run length, and is a general measure of timing errors which occur when a 

player/recorder reads data. 10 

 

 These presently used OPC methods are based upon information being used 

which is pre-stored on the disc (see for example DVD+R, Basic Format Specification, 

System Description, or Recordable Compact Disc Systems, Part II: CD-R, System 

Description). Information may be pre-stored onto a disc which provides a recorder for 15 

example with an indicative power level with which to begin an OPC procedure.  This 

information may not, however, always be correct, and can result in OPC failure.   

 A further disadvantage of presently used jitter/sigma OPC procedures is the 

requirement for large amounts of disc area for recording test patterns in order to average out 

variations (such as disc eccentricity for example) along the circumference of the disc.  The 20 

large test areas which are needed detract from the space available for data storage, and the 

tests also take a long time to perform. 

  

 There is therefore a need for a fast, space efficient sigma (σ) OPC method 

which is also independent of information stored on a disc. 25 

 

 According to the present invention there is provided a fast σ-OPC procedure 

which may be executed at inner and/or outer test zones of a disc, and which overcomes the 

problems associated with conventional jitter OPC procedures.   

 According to a first aspect of the present invention there is provided a method 30 

of determining an optimum power level for a laser device for writing to an optical storage 

medium, the method comprising defining a test region of the optical storage medium, using a 

laser device having an operating output power level, writing a predetermined data pattern to 

the test region, measuring jitter values for the predetermined data pattern, and selecting an 

recorder/disc combination at the actual recording speed. Such determination
is called an 2  Optimum Power Control (OPC) procedure. The optimum laser
recording power will allow  the recorder to produce the correct mark/land
lengths for a given disc at a given recording  speed. Two different OPC
procedures are currently in use for Recordable (R), and  5 ReWriteable (RW)
optical storage discs. For R-discs `beta' and 'jitter' (or `sigma') OPC  methods
are generally used, whilst for RW-discs a `gamma' method is used as the
OPC  procedure. The jitter/sigma OPC procedure is one of the most
commonly used methods.  Jitter is a statistical measurement of the variation
in mark or land length around a mean value  for each run length, and is a
general measure of timing errors which occur when a 10 player/recorder
reads data. These presently used OPC methods are based upon information
being used  which is pre-stored on the disc (see for example DVD+R, Basic
Format Specification,  System Description, or Recordable Compact Disc
Systems, Part II: CD-R, System 15 Description). Information may be
pre-stored onto a disc which provides a recorder for  example with an
indicative power level with which to begin an OPC procedure. This
information may not, however, always be correct, and can result in OPC
failure. A further disadvantage of presently used jitter/sigma OPC procedures
is the  requirement for large amounts of disc area for recording test patterns
in order to average out  20 variations (such as disc eccentricity for example)
along the circumference of the disc. The large test areas which are needed
detract from the space available for data storage, and the  tests also take a
long time to perform. There is therefore a need for a fast, space efficient
sigma (6) OPC method  25 which is also independent of information stored
on a disc. According to the present invention there is provided a fast 6-OPC
procedure  which may be executed at inner and/or outer test zones of a disc,
and which overcomes the  problems associated with conventional jitter OPC
procedures. 30 According to a first aspect of the present invention there is
provided a method  
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optimum operating output power level of the laser device for writing data to the optical 

storage medium in dependence upon the measured jitter values, the optimum power level 

minimising the jitter value for the optical storage medium, characterised in that, during 

writing of the predetermined data pattern to the test region in a first scan of the medium, the 

operating output power level of the laser device is varied according to a first predetermined 5 

profile, and, during writing of the predetermined data pattern to the test region in a second 

scan of the medium, the operating output power level of the laser device is varied according 

to a second predetermined profile, different to the first predetermined profile. 

 According to a second aspect of the present invention there is provided 

apparatus for determining an optimum power level for a laser device for writing to an optical 10 

storage medium, the apparatus comprising, means for defining a test region of the optical 

storage medium, a laser device having an operating output power level, operable to write a 

predetermined data pattern to the test region, means for measuring jitter values for the 

predetermined data pattern, and means selecting an optimum operating output power level of 

the laser device for writing data to the optical storage medium in dependence upon the 15 

measured jitter values, the optimum power level minimising the jitter value for the optical 

storage medium, characterised by power adjustment means operable, during writing of the 

predetermined data pattern to the test region in a first scan of the medium, to vary the 

operating output power level of the laser device according to a first predetermined profile, 

and, during writing of the predetermined data pattern to the test region in a second scan of the 20 

medium, to vary the operating output power level of the laser device according to a second 

predetermined profile, different to the first predetermined profile. 

 Laser write power is stepped every ADIP/ATIP (Address in Pre-

groove/Absolute Time in Pre-groove) frame, and at each power step jitter is measured a 

number times (after writing is finished) in order to obtain an average for that ADIP/ATIP 25 

frame (and hence power level).   

 According to the present invention, the laser write power may also be stepped 

a number of times per ADIP/ATIP frame. 

 The method of the present invention provides significant advantages over 

presently used OPC procedures in terms of speed, disc space usage, and due to the fact that it 30 

may be used for all recordable optical storage disc media independently of the information 

pre-stored thereon (e.g. CD-R, CD-RW, DVD±R, DVD±RW, DVD±R_DL (DL = Double 

Layer), DVD±RW_DL, DVD-RAM, Blu-ray Disc, etc.). 

of determining an optimum power level for a laser device for writing to an
optical storage  medium, the method comprising defining a test region of the
optical storage medium, using a  laser device having an operating output
power level, writing a predetermined data pattern to  the test region,
measuring jitter values for the predetermined data pattern, and selecting an 3
optimum operating output power level of the laser device for writing data to
the optical  storage medium in dependence upon the measured jitter values,
the optimum power level  minimising the jitter value for the optical storage
medium, characterised in that, during  writing of the predetermined data
pattern to the test region in a first scan of the medium, the 5 operating output
power level of the laser device is varied according to a first predetermined
profile, and, during writing of the predetermined data pattern to the test region
in a second  scan of the medium, the operating output power level of the
laser device is varied according  to a second predetermined profile, different
to the first predetermined profile. According to a second aspect of the present
invention there is provided 10 apparatus for determining an optimum power
level for a laser device for writing to an optical  storage medium, the
apparatus comprising, means for defining a test region of the optical  storage
medium, a laser device having an operating output power level, operable to
write a  predetermined data pattern to the test region, means for measuring
jitter values for the  predetermined data pattern, and means selecting an
optimum operating output power level of 15 the laser device for writing data
to the optical storage medium in dependence upon the  measured jitter
values, the optimum power level minimising the jitter value for the optical
storage medium, characterised by power adjustment means operable, during
writing of the  predetermined data pattern to the test region in a first scan of
the medium, to vary the  operating output power level of the laser device
according to a first predetermined profile, 20 and, during writing of the
predetermined data pattern to the test region in a second scan of the
medium, to vary the operating output power level of the laser device
according to a second  predetermined profile, different to the first
predetermined profile. Laser write power is stepped every ADIP/ATIP
(Address in Pre- groove/Absolute Time in Pre-groove) frame, and at each
power step jitter is measured a  
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 In an exemplary embodiment of the present invention, a two track jitter OPC 

procedure is provided. 

 

 These and other objects, features and advantages of the invention will be 

apparent from the following more particular descriptions of embodiments of the invention as 5 

illustrated in the accompanying drawings, where 

 Figure 1 represents a side view of typical CD-RW disc; 

 Figure 2 represents a two-track OPC procedure in accordance with the present 

invention; 

 Figure 3 is a graph representing adjustments made to laser power levels in 10 

accordance with the present invention; 

 Figure 4 is a flow chart of the method of the present invention; 

 Figure 5 depicts arrays of power and jitter values according to an exemplary 

embodiment of the present invention; 

 Figure 6 depicts arrays of average power and jitter values according to an 15 

exemplary embodiment of the present invention; 

 Figure 7 further depicts arrays of power and jitter values according to an 

exemplary embodiment of the present invention; 

 Figure 8 further depicts arrays of average power and jitter values according to 

an exemplary embodiment of the present invention; 20 

 Figure 9 depicts an array of average power values according to an exemplary 

embodiment of the present invention; 

 Figure 10 depicts an array of average jitter values according to an exemplary 

embodiment of the present invention; 

 Figure 11 is a graph of average jitter measurement versus average power level 25 

in accordance with an exemplary embodiment of the present invention; and 

 Figure 12 is a further graph of average jitter measurement versus average 

power level in accordance with an exemplary embodiment of the present invention. 

 

 The σ-OPC procedure of the present invention is executed using the test zones 30 

of a disc. In order to provide fast and space efficient OPC, an embodiment of the present 

invention provides an σ-OPC procedure using only two revolutions of the disc. 

 Although the present invention will be described primarily with reference to 

CD-R(W) and DVD-R(W) discs, it will be appreciated that the present invention is applicable 

25 number times (after writing is finished) in order to obtain an average for
that ADIP/ATIP  frame (and hence power level). According to the present
invention, the laser write power may also be stepped  a number of times per
ADIP/ATIP frame. The method of the present invention provides significant
advantages over 30 presently used OPC procedures in terms of speed, disc
space usage, and due to the fact that it  may be used for all recordable
optical storage disc media independently of the information  pre-stored
thereon (e.g. CD-R, CD-RW, DVD+R, DVDfRW, DVD+R DL (DL = Double
Layer), DVDfRW DL, DVD-RAM, Blu-ray Disc, etc.). 4  In an exemplary
embodiment of the present invention, a two track jitter OPC  procedure is
provided. These and other objects, features and advantages of the invention
will be 5 apparent from the following more particular descriptions of
embodiments of the invention as  illustrated in the accompanying drawings,
where Figure 1 represents a side view of typical CD-RW disc; Figure 2
represents a two-track OPC procedure in accordance with the present
invention; 10 Figure 3 is a graph representing adjustments made to laser
power levels in  accordance with the present invention; Figure 4 is a flow
chart of the method of the present invention; Figure 5 depicts arrays of power
and jitter values according to an exemplary  embodiment of the present
invention; 15 Figure 6 depicts arrays of average power and jitter values
according to an  exemplary embodiment of the present invention; Figure 7
further depicts arrays of power and jitter values according to an  exemplary
embodiment of the present invention; Figure 8 further depicts arrays of
average power and jitter values according to  20 an exemplary embodiment
of the present invention; 
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to any optical recording medium where an optimum laser power is desired for writing 

information to the medium.  For example the present invention is also applicable, but not 

limited, to DVD-R_DL, DVD-RW_DL, and Blu-ray Disc, etc. 

 Figure 1 shows a side view of a standard CD-RW disc. A ‘power-calibration 

area’ (PCA) 1 is defined as a test zone for the disc, and any OPC procedure is generally 5 

carried out in this region of the disc. A program memory area (PMA) 3, lead-in and lead-out 

areas 5,9 and program area 7 are provided on the disc, but are not relevant to the present 

invention, and will not therefore be discussed.  The areas 3, 5, 7, and 9 are merely included 

for completeness, and to emphasise that the present invention is applicable to all standard 

disc types.   10 

 The present invention utilises so-called ‘ADIP’ (ADdress in Pre-Groove) and 

‘ATIP’ (Absolute Time In Pre-Groove) frames present on optical recording media.   

 All discs have a pre-cut spiral groove that oscillates slightly. The groove keeps 

the write head tracking properly, and the oscillation (sinusoidal with a frequency of 

22.05KHz at nominal speed for CD-R(W) discs) provides timing information to the recorder.  15 

 The oscillation is frequency-modulated with a +/-1KHz signal, which creates 

an absolute time clocking signal, known as the Absolute Time In Pregroove (ATIP).  The 

oscillation can therefore be thought of as providing a timing signal.  For DVD+R(W) discs 

the oscillation has a frequency of 817kHz at nominal speed. For DVD-R(W) discs the 

frequency of oscillation at nominal speed is 140.6kHz.  Timing information comes from this 20 

modulated signal. 

 When information is read from the disc the oscillation can be demodulated to 

form the timing signal from which time information may be derived.  Thus the position on 

the disc during writing/reading can be determined by this ATIP (Absolute Time In Pre-

groove) information.   25 

 For DVD+R(W) discs there is a phase modulated time signal. In the same 

fashion to CD-R(W) discs, time information may be derived from the phase oscillation in 

order to give the position of the disc during reading/writing.  This information is called ADIP 

(ADdress In Pre-groove) for DVD-R(W) discs. 

 There are certain number of ADIP/ATIP frames per disc revolution.  30 

According to the present invention, the OPC procedure is carried out on a small area of a 

disc, so that a constant number of ATIP/ADIP frames per revolution are used.  Specifically, 

according to an exemplary embodiment of the present invention, 9 ATIPs frames are used for 

Figure 9 depicts an array of average power values according to an exemplary
embodiment of the present invention; Figure 10 depicts an array of average
jitter values according to an exemplary  embodiment of the present invention;
25 Figure 11 is a graph of average jitter measurement versus average power
level  in accordance with an exemplary embodiment of the present invention;
and Figure 12 is a further graph of average jitter measurement versus
average  power level in accordance with an exemplary embodiment of the
present invention. 30 The o-OPC procedure of the present invention is
executed using the test zones  of a disc. In order to provide fast and space
efficient OPC, an embodiment of the present  invention provides an o-OPC
procedure using only two revolutions of the disc. Although the present
invention will be described primarily with reference to  CD-R(W) and
DVD-R(W) discs, it will be appreciated that the present invention is applicable
5  to any optical recording medium where an optimum laser power is desired
for writing  information to the medium. For example the present invention is
also applicable, but not  limited, to DVD-R DL, DVD-RW DL, and Blu-ray
Disc, etc. Figure 1 shows a side view of a standard CD-RW disc. A
`power-calibration  5 area' (PCA) 1 is defined as a test zone for the disc, and
any OPC procedure is generally  carried out in this region of the disc. A
program memory area (PMA) 3, lead-in and lead-out  areas 5,9 and program
area 7 are provided on the disc, but are not relevant to the present  invention,
and will not therefore be discussed. The areas 3, 5, 7, and 9 are merely
included  for completeness, and to emphasise that the present invention is
applicable to all standard 10 disc types. The present invention utilises
so-called `ADIP' (ADdress in Pre-Groove) and  `ATIP' (Absolute Time In
Pre-Groove) frames present on optical recording media. All discs have a
pre-cut spiral groove that oscillates slightly. The groove keeps  the write head
tracking properly, and the oscillation (sinusoidal with a frequency of 15
22.05KHz at nominal speed for CD-R(W) discs) provides timing information
to the recorder.  
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CD-R(W) discs, and 7 ADIP frames are used for DVD-R(W) discs per revolution (at the 

inside of the optical disc). 

 Figure 2 shows a two-track σ-OPC procedure in accordance with the present 

invention, and figure 3 illustrates power level changes during that procedure. 

 According to the embodiment exemplified by figures 2 and 3, the laser power 5 

level is changed for each ADIP/ATIP frame, θ. The power level is determined by dividing 

the difference between the minimum and maximum laser write powers available for a given 

recorder/disc combination and the number of steps required.  The minimum and maximum 

laser write powers may, for example be pre-programmed parameters of the recorder. 

 Alternatively, a standard start power could be used which is then stepped by a 10 

predetermined amount every time a new power level is required. 

 During a first revolution, test data is written to a disc at a particular laser 

power level in an ADIP/ATIP frame.  The laser power level is then adjusted as shown in 

figure 3 and the test data is written to the next ADIP/ATIP frame at this new power level.  

The procedure continues for the first revolution of the disc until the desired number of power 15 

levels have been sampled.  The same procedure is then followed for a second revolution with 

the power levels changed as shown in figure 3. 

 As shown in figure 2, the power level changes during the second revolution 11 

are different in sequence to those used during the first revolution 13.  This shift ensures that 

ADIP/ATIP frames written with a given power level during the first and second revolutions 20 

will not coincide on the disc. 

 According to the exemplary embodiment of the present invention as shown in 

figures 2 and 3, at the start of writing the next track 11 the sequence of power levels 103 are 

changed as shown in figure 3.  In this way, any possible problems associated with non-

homogeneities of the disc along its circumference are averaged out.   25 

 Specifically, adjacent ATIP/ADIP frames in concentric tracks do not contain 

information written at the same laser power level.  As a result, a non-homogeneity along the 

circumference of the disc will not cause an anomalous reading at a particular laser power. 

 After writing according to the sequence as depicted in figure 3, jitter is 

measured a number of times at every ADIP/ATIP frame, and is averaged.  Jitter may be 30 

measured using conventional techniques.  For example, a timing measurement circuit in the 

recorder/player in question may be used in order to provide jitter measurements in relation to 

a clock signal for example. 

The oscillation is frequency-modulated with a +/-1KHz signal, which creates
an absolute time clocking signal, known as the Absolute Time In Pregroove
(ATIP). The  oscillation can therefore be thought of as providing a timing
signal. For DVD+R(W) discs  the oscillation has a frequency of 817kHz at
nominal speed. For DVD-R(W) discs the 20 frequency of oscillation at
nominal speed is 140.6kHz. Timing information comes from this  modulated
signal. When information is read from the disc the oscillation can be
demodulated to  form the timing signal from which time information may be
derived. Thus the position on  the disc during writing/reading can be
determined by this ATIP (Absolute Time In Pre 25 groove) information. For
DVD+R(W) discs there is a phase modulated time signal. In the same
fashion to CD-R(W) discs, time information may be derived from the phase
oscillation in  order to give the position of the disc during reading/writing. This
information is called ADIP  (ADdress In Pre-groove) for DVD-R(W) discs. 30
There are certain number of ADIP/ATIP frames per disc revolution.
According to the present invention, the OPC procedure is carried out on a
small area of a  disc, so that a constant number of ATIP/ADIP frames per
revolution are used. Specifically,  according to an exemplary embodiment of
the present invention, 9 ATIPs frames are used for 6  CD-R(W) discs, and 7
ADIP frames are used for DVD-R(W) discs per revolution (at the  inside of the
optical disc). Figure 2 shows a two-track o-OPC procedure in accordance
with the present  invention, and figure 3 illustrates power level changes
during that procedure. 5 According to the embodiment exemplified by figures
2 and 3, the laser power  level is changed for each ADIP/ATIP frame, 0. The
power level is determined by dividing  the difference between the minimum
and maximum laser write powers available for a given  recorder/disc
combination and the number of steps required. The minimum and maximum
laser write powers may, for example be pre-programmed parameters of the
recorder. 10 Alternatively, a standard start power could be used which is then
stepped by a  
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 The method of the present invention as exemplified by figures 2 and 3 is 

depicted diagrammatically in figure 4 which shows a flow chart in accordance with the 

method of the present invention. 

 At step 1001, a power level is selected by the recorder.  At step 1003, test 

information is written to an ADIP/ATIP frame using the power level selected at step 1001.  5 

At step 1005, the recorder determines whether the procedure is complete for a particular 

revolution, i.e. if all necessary power levels have been sampled.  If yes, then it is determined 

at step 1007 whether further revolutions for the OPC procedure are required.   

 If further measurements are deemed necessary at step 1005, a new power level 

is selected at step 1001, and the OPC procedure continues.   10 

 If further revolutions are necessary at step 1007, a new laser write power is 

selected for the new revolution at step 1001.  Alternatively, if no further revolutions are 

required, jitter is measured for the revolutions at step 1009. 

 Therefore, the method as outlined in figure 4 is repeated for each revolution of 

the disc.  Jitter measurements start after the writing has been completed for each revolution. 15 

 It will be appreciated that the laser power levels need not necessarily be 

adjusted as depicted in figure 3, but may be adjusted in any manner provided that adjacent 

ADIP/ATIP frames in concentric tracks are not written with the same power level for the 

reasons outlined above. 

 When using an inner disc test zone, for example, 7 ADIP frames (for 20 

DVD+R(W)) are used per revolution, or 9 ATIP frames (for CD-R(W)) are used per 

revolution.   

 After writing with the different powers on ADIP/ATIP frame positions, jitter 

is measured.  Once jitter has been measured at each ADIP/ATIP frame, enough information 

is available to average out the variations along the circumference of the disc.  This will be 25 

explained in more detail below. 

 A table is shown below, which shows the jitter measurements for the power 

levels used during the test revolutions.  In the table, n is the number of ADIP/ATIP frames 

that are written per revolution during the OPC procedure.  

30 

predetermined amount every time a new power level is required. During a
first revolution, test data is written to a disc at a particular laser  power level in
an ADIP/ATIP frame. The laser power level is then adjusted as shown in
figure 3 and the test data is written to the next ADIP/ATIP frame at this new
power level. 15 The procedure continues for the first revolution of the disc
until the desired number of power  levels have been sampled. The same
procedure is then followed for a second revolution with  the power levels
changed as shown in figure 3. As shown in figure 2, the power level changes
during the second revolution 11  are different in sequence to those used
during the first revolution 13. This shift ensures that  20 ADIP/ATIP frames
written with a given power level during the first and second revolutions  will
not coincide on the disc. According to the exemplary embodiment of the
present invention as shown in  figures 2 and 3, at the start of writing the next
track 11 the sequence of power levels 103 are  changed as shown in figure 3.
In this way, any possible problems associated with non 25 homogeneities of
the disc along its circumference are averaged out. Specifically, adjacent
ATIP/ADIP frames in concentric tracks do not contain  information written at
the same laser power level. As a result, a non-homogeneity along the
circumference of the disc will not cause an anomalous reading at a particular
laser power. After writing according to the sequence as depicted in figure 3,
jitter is  30 measured a number of times at every ADIP/ATIP frame, and is
averaged. Jitter may be  measured using conventional techniques. For
example, a timing measurement circuit in the  recorder/player in question
may be used in order to provide jitter measurements in relation to  a clock
signal for example. 7  The method of the present invention as exemplified by
figures 2 and 3 is depicted diagrammatically in figure 4 which shows a flow
chart in accordance with the  method of the present invention. At step 1001, a
power level is selected by the recorder. At step 1003, test 5 information is
written to an ADIP/ATIP frame using the power level selected at step 1001.  
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Power Level Jitter Measurement 

(1st revolution) 

Jitter Measurement 

(2nd revolution) 

P0 σ0.1 σ0.2 

… … … 

Pn-1 σ(n-1).1 σ(n-1).2 

 

 

 Figure 5 is a diagrammatic representation of two arrays obtained for power 

and jitter measurements using seven laser power levels per revolution for two revolutions.  5 

Jitter is measured at each power level for each revolution.  For example, during a first 

revolution at a power level 0P , a jitter value 1.0σ  is obtained.  Here, the subscript 0.1 

indicates that it is the first (1) jitter measurement obtained from the first (zero-th) power level 

(0).  Similarly, the seventh (6) jitter measurement (i.e. at the seventh power level) during the 

second (2) revolution is .2.6σ  The results are arranged in power level order 0P  to 6P , even 10 

though the power levels are applied in different orders for the different revolutions. 

 Figure 6 depicts how, in an exemplary embodiment, the results from the 

measurements of figure 5 are averaged, the results of which are placed into two new arrays 

for power and jitter respectively.   

 In figure 6, two consecutive power and jitter values for both a first and a 15 

second revolution are averaged to provide the values of the new array.  So, for example, the 

first two power levels for each revolution are 0P  and 1P , and the corresponding jitter 

measurements for the first and second revolutions are 1.11.0 ,σσ  and 2.12.0 ,σσ  respectively.  

The two power levels are averaged to give the value 0Po  according to equation (1) below, 

and the four jitter measurements for the two revolutions at the two power levels are averaged 20 

to give 01rσ  according to equation (2) below.   

 Therefore, averaging two consecutive power and jitter values (as described 

above) is performed using the following equations: 

 

( ) 20:    2 /   10 −≤≤∈∀+= + npNpPPP ppp     (1) 25 

 

( ) 20:    4 / 1 2).1(1).1(2.1. −≤≤∈∀+++= ++ npNpr ppppp σσσσσ                (2) 

At step 1005, the recorder determines whether the procedure is complete for
a particular  revolution, i.e. if all necessary power levels have been sampled.
If yes, then it is determined  at step 1007 whether further revolutions for the
OPC procedure are required. If further measurements are deemed necessary
at step 1005, a new power level  10 is selected at step 1001, and the OPC
procedure continues. If further revolutions are necessary at step 1007, a new
laser write power is  selected for the new revolution at step 1001.
Alternatively, if no further revolutions are  required, jitter is measured for the
revolutions at step 1009. Therefore, the method as outlined in figure 4 is
repeated for each revolution of  15 the disc. Jitter measurements start after
the writing has been completed for each revolution.  It will be appreciated that
the laser power levels need not necessarily be adjusted as depicted in figure
3, but may be adjusted in any manner provided that adjacent  ADIP/ATIP
frames in concentric tracks are not written with the same power level for the
reasons outlined above. 20 When using an inner disc test zone, for example,
7 ADIP frames (for  DVD+R(W)) are used per revolution, or 9 ATIP frames
(for CD-R(W)) are used per  revolution. After writing with the different powers
on ADIP/ATIP frame positions, jitter  is measured. Once jitter has been
measured at each ADIP/ATIP frame, enough information  25 is available to
average out the variations along the circumference of the disc. This will be
explained in more detail below. A table is shown below, which shows the jitter
measurements for the power  levels used during the test revolutions. In the
table, n is the number of ADIP/ATIP frames  that are written per revolution
during the OPC procedure. 30 8  Power Level Jitter Measurement Jitter
Measurement (lst revolution) (2nd revolution)  PO 60.1 60.2  
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Similarly, figures 7 and 8 show how three consecutive power and jitter values are averaged 

and placed into two further new arrays according to equations (3) and (4) below. Therefore, 

averaging of three consecutive power and jitter values of the above table is performed using 5 

the following equations: 

 

( ) 30:    3 / 210 −≤≤∈∀++= ++ nqNqPPPP qqqq     (3) 

 

( )
30:

6/2 2).2(1).2(2).1(1).1(2.1.

−≤≤∈∀

+++++= ++++

nqNqfor
r qqqqqqq σσσσσσσ

   (4) 10 

 

The values from the four new arrays are now placed into two arrays as shown in figures 9 and 

10. 

 

 The four power/jitter arrays defined by equations (1) to (4) may now be stored 15 

into the two separate arrays given below:  

 

pp PoPs =2  pp rs 12 σσ =  20: −≤≤∈∀ npNp             (5) 

qq PoPs =+1.2  qq rs 21.2 σσ =+   30: −≤≤∈∀ nqNq             (6) 

 

This has the advantage of providing more samples which will enable a more accurate fit to be 

obtained when the average jitter is plotted against the average power. 20 

 It has been observed that the relationship between the averaged power levels 

sP , and the averaged jitter values sσ  is quadratic in nature as depicted in figure 11.  The “+” 

marks 20 represent two averaged power and jitter values, and the “x” marks 22 represent 

three averaged power and jitter values. 

 In order to determine the power level that represents the minimum level of 25 

jitter, the minimum of the function relating sσ  and sP  ( sσ =f( sP )) should be found 

(ideally by second order curve fitting).  Given that the new function is observed to be 

quadratic, by finding solutions to the equation (in which a, b and c are constants): 

 

PI-1 6(n-1).1 6(n-1).2  Figure 5 is a diagrammatic representation of two
arrays obtained for power 5 and jitter measurements using seven laser power
levels per revolution for two revolutions.  Jitter is measured at each power
level for each revolution. For example, during a first  revolution at a power
level P0, a jitter value 601 is obtained. Here, the subscript 0.1  indicates that
it is the first (1) jitter measurement obtained from the first (zero-th) power
level  (0). Similarly, the seventh (6) jitter measurement (i.e. at the seventh
power level) during the 10 second (2) revolution is 662. The results are
arranged in power level order Po to P6, even  though the power levels are
applied in different orders for the different revolutions. Figure 6 depicts how,
in an exemplary embodiment, the results from the  measurements of figure 5
are averaged, the results of which are placed into two new arrays  for power
and jitter respectively. 15 In figure 6, two consecutive power and jitter values
for both a first and a  second revolution are averaged to provide the values of
the new array. So, for example, the  first two power levels for each revolution
are P. and P1, and the corresponding jitter  measurements for the first and
second revolutions are a0.1, 61.1 and a02, U1 2 respectively.  The two power
levels are averaged to give the value Poo according to equation (1) below, 20
and the four jitter measurements for the two revolutions at the two power
levels are averaged  to give cr10 according to equation (2) below. Therefore,
averaging two consecutive power and jitter values (as described  above) is
performed using the following equations: 25 Pop=(P+P+112 VpeN:0<p<n-2
(1)  cr1p =(6p.1+6p.2+6(p+t).1+6(p+1).2)14 VpeN:0< p < n - 2 (2) 9
Similarly, figures 7 and 8 show how three consecutive power and jitter values
are averaged  and placed into two further new arrays according to equations
(3) and (4) below. Therefore, 5 averaging of three consecutive power and
jitter values of the above table is performed using  the following equations:
Poq=(P+P+i+P+z)l3 VgeN:0<q<n-3 (3)  
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cbPaP sss ++= 2σ         (7) 

 

when 0/ =ss dPdσ , we can calculate σws PP = , where σwP  is the optimal power.   

 Figure 12 shows a typical plot of sσ  vs. sP .  When 0/ =ss dPdσ , we have: 

 5 

02 =+ baPwσ          (8) 

 

and so 

 

( )abPw 2/ −=σ         (9) 10 

 

where a and b are coefficients obtained from the polynomial regression.  The new optimal 

power σwP  corresponds to a minimal jitter value of the fitted curve. 

 Therefore, σwP  is the optimum laser write power, i.e. the laser power that 

produces the minimum jitter value of the fitted curve, which is symmetrical about this 15 

minimum for a given disc/recorder combination at a given write speed. 

 It will be appreciated that in the exemplary embodiment given above, averages 

of two and three power and jitter values were used in order to calculate the optimum laser 

power.  Averages over a larger or smaller number of power levels and associated jitter values 

are also possible however, and the above is only to illustrate the present invention.  For 20 

example, if even greater accuracy of σwP  is required, an average over 2, 3, 4 and 5 power 

levels and associated jitter values could be used to obtain the curve of figure 12. 

 

10 cr2q = (cq.1 +6q.z +6(q+1).1 +6(q+1)2 +6(q+2).1 +(7(q+2)2)/ 6 4
forvgeN:0<q<n-3 ()  The values from the four new arrays are now placed into
two arrays as shown in figures 9 and  10. 15 The four power/jitter arrays
defined by equations (1) to (4) may now be stored  into the two separate
arrays given below: Pszp=Pop aszp=crlp VpeN:O<p<n-2 (5)  Pszq+l=Pog
(7szq+i=0T2q VgeN:0<q<_n-3 (6) This has the advantage of providing more
samples which will enable a more accurate fit to be  20 obtained when the
average jitter is plotted against the average power. It has been observed that
the relationship between the averaged power levels  P , and the averaged
jitter values 6s is quadratic in nature as depicted in figure 11. The "+"  marks
20 represent two averaged power and jitter values, and the "x" marks 22
represent  three averaged power and jitter values. 25 In order to determine
the power level that represents the minimum level of  jitter, the minimum of
the function relating 6s and P (o-, -f( P )) should be found  (ideally by second
order curve fitting). Given that the new function is observed to be  quadratic,
by finding solutions to the equation (in which a, b and c are constants): 10  6s
= aP 2 +bP + c (7)  when do-, / dP = 0, we can calculate P = Pa , where Pa is
the optimal power. Figure 12 shows a typical plot of 6s vs. P . When do-, / dP
= 0, we have:  5 2aPQ+b=0 (8)  and so 10 PQ =-bl(2a) (9) where a and b are
coefficients obtained from the polynomial regression. The new optimal  power
Pa corresponds to a minimal jitter value of the fitted curve. Therefore, Pa is
the optimum laser write power, i.e. the laser power that  
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CLAIMS: 

1. A method of determining an optimum power level for a laser device for 

writing to an optical storage medium, the method comprising: 

 defining a test region of the optical storage medium; 

 writing a predetermined data pattern to the test region using a laser device 

having an operating output power level; 5 

 measuring  jitter values for the predetermined data pattern; and 

 selecting an optimum operating output power level of the laser device for 

writing data to the optical storage medium in dependence upon the measured  jitter values, 

the optimum  power level minimising the jitter value for the optical storage medium, 

 characterised in that, 10 

 during writing of the predetermined data pattern to the test region in a first 

scan of the medium, the operating output power level of the laser device is varied according 

to a first predetermined profile, and, during writing of the predetermined data pattern to the 

test region in a second scan of the medium, the operating output power level of the laser 

device is varied according to a second predetermined profile, 15 

said  predetermined profiles comprising a plurality of operating output power level steps, and 

said  second predetermined profile being different from  said first predetermined profile such 

that that the operating output power level (P1,1 … Pn,1) for writing the predetermined data 

pattern to a specific angular area (θ1…  θn) on the optical storage medium in the first scan of 

the medium is different from the operating output power level (P1,2 … Pn,2) for writing the 20 

predetermined data pattern to said specific angular area (θ1…  θn) on the optical storage 

medium in the second scan of the medium. 

 

2. A method as claimed in claim 1, wherein at least one jitter value is measured 

for each of the operating output power level steps of the first and second predetermined 25 

profiles. 

 

3. A method as claimed in claim 2, wherein the step of selecting the optimum 

power level comprises: 

15 produces the minimum jitter value of the fitted curve, which is symmetrical
about this  minimum for a given disc/recorder combination at a given write
speed. It will be appreciated that in the exemplary embodiment given above,
averages  of two and three power and jitter values were used in order to
calculate the optimum laser  power. Averages over a larger or smaller
number of power levels and associated jitter values 20 are also possible
however, and the above is only to illustrate the present invention. For
example, if even greater accuracy of P a is required, an average over 2, 3, 4
and 5 power  levels and associated jitter values could be used to obtain the
curve of figure 12. 11  CLAIMS: 1. A method of determining an optimum
power level for a laser device for  writing to an optical storage medium, the
method comprising: defining a test region of the optical storage medium;
writing a predetermined data pattern to the test region using a laser device  5
having an operating output power level; measuring jitter values for the
predetermined data pattern; and selecting an optimum operating output
power level of the laser device for  writing data to the optical storage medium
in dependence upon the measured jitter values,  the optimum power level
minimising the jitter value for the optical storage medium, 10 characterised in
that, during writing of the predetermined data pattern to the test region in a
first  scan of the medium, the operating output power level of the laser device
is varied according  to a first predetermined profile, and, during writing of the
predetermined data pattern to the  test region in a second scan of the
medium, the operating output power level of the laser 15 device is varied
according to a second predetermined profile, said predetermined profiles
comprising a plurality of operating output power level steps, and  said second
predetermined profile being different from said first predetermined profile
such  that that the operating output power level (P1,1 ... P,,,i) for writing the
predetermined data  pattern to a specific angular area (01... On) on the
optical storage medium in the first scan of 
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 determining a function which relates jitter value to power level, over the range 

of operating output power levels in the first and second predetermined profiles; 

 determining from said function an optimum power level that minimises the 

jitter value. 

 5 

4. A method as claimed in claim 3, wherein the step of determining the function 

relating jitter value to power level comprises: 

 for respective pairs of consecutive operating output power levels, obtaining 

respective average power levels and respective average jitter values from the jitter values 

corresponding to those consecutive operating output power levels; and 10 

 determining a function which relates the average jitter values to the average 

power levels. 

 

5. A method as claimed in claim 3, wherein the step of determining the function 

relating jitter value to power level comprises: 15 

 for respective triads of consecutive operating output power levels, obtaining 

respective average power levels and respective average jitter values from the jitter values 

corresponding to those consecutive operating output power levels; and 

 determining a function which relates the average jitter values to the average 

power levels. 20 

 

6. A method as claimed in claim 3, wherein the step of determining the function 

relating jitter value to power level comprises: 

 for respective pairs of consecutive operating output power levels, obtaining 

respective average power levels and respective average jitter values from the jitter values 25 

corresponding to those consecutive operating output power levels; 

 for respective triads of consecutive operating output power levels, obtaining 

respective average power levels and respective average jitter values from the jitter values 

corresponding to those consecutive operating output power levels; and 

 determining a function which relates the average jitter values to the average 30 

power levels. 

 

7. A method as claimed in any one of claims 4, 5 or 6, wherein the function is a 

quadratic function of the form σ = aP2+bP+C, where σ represents jitter value, P represents 

20 the medium is different from the operating output power level (P1,2 ...
P,,,2) for writing the  predetermined data pattern to said specific angular area
(01 ... On) on the optical storage  medium in the second scan of the medium.
2. A method as claimed in claim 1, wherein at least one jitter value is
measured  25 for each of the operating output power level steps of the first
and second predetermined  profiles. 3. A method as claimed in claim 2,
wherein the step of selecting the optimum  power level comprises: 12
determining a function which relates jitter value to power level, over the range
of operating output power levels in the first and second predetermined
profiles;  determining from said function an optimum power level that
minimises the  jitter value. 5 4. A method as claimed in claim 3, wherein the
step of determining the function  relating jitter value to power level comprises:
for respective pairs of consecutive operating output power levels, obtaining
respective average power levels and respective average jitter values from the
jitter values  10 corresponding to those consecutive operating output power
levels; and determining a function which relates the average jitter values to
the average  power levels. 5. A method as claimed in claim 3, wherein the
step of determining the function  15 relating jitter value to power level
comprises: for respective triads of consecutive operating output power levels,
obtaining  respective average power levels and respective average jitter
values from the jitter values  corresponding to those consecutive operating
output power levels; and determining a function which relates the average
jitter values to the average  20 power levels. 6. A method as claimed in claim
3, wherein the step of determining the function  
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power level and a, b and c are constants, and the optimum power level is determined by 

setting the differential of the function to zero (dσ/dP=0, Poptimum=-b/2a). 

 

8. A method as claimed in any one of claims 1 to 7, wherein the optical storage 

medium is a disc having address in pre-groove frames (ADIP) defined therein, and wherein 5 

the operating output power level is varied for each ADIP frame of the disc.  

 

9. A method as claimed in any one of claims 1 to 7, wherein the optical storage 

medium is a disc having absolute time in pre-groove frames (ATIP) defined therein, and 

wherein the laser power level is varied for each ATIP frame of the disc. 10 

 

. 

 

10. Apparatus for determining an optimum power level for a laser device for 

writing to an optical storage medium, the apparatus comprising: 15 

 means for defining a test region of the optical storage medium; 

 a laser device having an operating output power level, operable to write a 

predetermined data pattern to the test region; 

 means for measuring jitter values for the predetermined data pattern; and 

 means selecting an optimum operating output power level of the laser device 20 

for writing data to the optical storage medium in dependence upon the measured jitter values, 

the optimum power level minimising the jitter value for the optical storage medium, 

 characterised by power adjustment means operable, during writing of the 

predetermined data pattern to the test region in a first scan of the medium, to vary the 

operating output power level of the laser device according to a first predetermined profile, 25 

and, during writing of the predetermined data pattern to the test region in a second scan of the 

medium, to vary the operating output power level of the laser device according to a second 

predetermined profile, 

said  predetermined profiles comprising a plurality of operating output power level steps, and 

said  second predetermined profile being different from said first predetermined profile such 30 

that that the operating output power level (P1,1 … Pn,1) for writing the predetermined data 

pattern to a specific angular area (θ1…  θn) on the optical storage medium in the first scan of 

the medium is different from the operating output power level (P1,2 … Pn,2) for writing the 

relating jitter value to power level comprises: for respective pairs of
consecutive operating output power levels, obtaining  25 respective average
power levels and respective average jitter values from the jitter values
corresponding to those consecutive operating output power levels; for
respective triads of consecutive operating output power levels, obtaining
respective average power levels and respective average jitter values from the
jitter values  corresponding to those consecutive operating output power
levels; and 30 determining a function which relates the average jitter values
to the average  power levels. 7. A method as claimed in any one of claims 4,
5 or 6, wherein the function is a  quadratic function of the form 6 =
aP2+bP+C, where 6 represents jitter value, P represents 13  power level and
a, b and c are constants, and the optimum power level is determined by
setting the differential of the function to zero (d6/dP=O, PO n b/2a). 8. A
method as claimed in any one of claims 1 to 7, wherein the optical storage  5
medium is a disc having address in pre-groove frames (ADIP) defined
therein, and wherein  the operating output power level is varied for each
ADIP frame of the disc. 9. A method as claimed in any one of claims 1 to 7,
wherein the optical storage  medium is a disc having absolute time in
pre-groove frames (ATIP) defined therein, and 10 wherein the laser power
level is varied for each ATIP frame of the disc. 10. Apparatus for determining
an optimum power level for a laser device for  15 writing to an optical storage
medium, the apparatus comprising: means for defining a test region of the
optical storage medium; a laser device having an operating output power
level, operable to write a  predetermined data pattern to the test region;
means for measuring jitter values for the predetermined data pattern; and 20
means selecting an optimum operating output power level of the laser device
for writing data to the optical storage medium in dependence upon the
measured jitter values,  the optimum power level minimising the jitter value
for the optical storage medium, 
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predetermined data pattern to said specific angular area (θ1…  θn) on the optical storage 

medium in the second scan of the medium. 

 

11. Apparatus as claimed in claim 10, wherein said means for selecting the 

optimum power level comprises: 5 

 means for determining a function which relates jitter value to power level, 

over the range of operating output power levels in the first and second predetermined 

profiles; 

 means for determining from said function an optimum power level that 

minimises the jitter value. 10 

 

12. Apparatus as claimed in claim 11, wherein said means for determining the 

function relating jitter value to power level comprises: 

 means for obtaining, for respective pairs of consecutive operating output 

power levels, respective average power levels and respective average jitter values from the 15 

jitter values corresponding to those consecutive operating output power levels; and 

 means for determining a function which relates the average jitter values to the 

average power levels. 

 

13. Apparatus as claimed in claim 11, wherein said means for determining the 20 

function relating jitter value to power level comprises: 

 means for obtaining, for respective triads of consecutive operating output 

power levels, respective average power levels and respective average jitter values from the 

jitter values corresponding to those consecutive operating output power levels; and 

 means for determining a function which relates the average jitter values to the 25 

average power levels. 

 

14. Apparatus as claimed in claim 11, wherein said means for determining the 

function relating jitter value to power level comprises: 

 means for obtaining, for respective pairs of consecutive operating output 30 

power levels, respective average power levels and respective average jitter values from the 

jitter values corresponding to those consecutive operating output power levels; 

characterised by power adjustment means operable, during writing of the
predetermined data pattern to the test region in a first scan of the medium, to
vary the 25 operating output power level of the laser device according to a
first predetermined profile,  and, during writing of the predetermined data
pattern to the test region in a second scan of the  medium, to vary the
operating output power level of the laser device according to a second
predetermined profile, said predetermined profiles comprising a plurality of
operating output power level steps, and  30 said second predetermined
profile being different from said first predetermined profile such  that that the
operating output power level (Pi,i ... P,,,1) for writing the predetermined data
pattern to a specific angular area (01... On) on the optical storage medium in
the first scan of  the medium is different from the operating output power level
(P1,2 ... P,,,2) for writing the 14  predetermined data pattern to said specific
angular area (Oi ... On) on the optical storage  medium in the second scan of
the medium. 11. Apparatus as claimed in claim 10, wherein said means for
selecting the  5 optimum power level comprises: means for determining a
function which relates jitter value to power level,  over the range of operating
output power levels in the first and second predetermined  profiles; means for
determining from said function an optimum power level that  10 minimises the
jitter value. 12. Apparatus as claimed in claim 11, wherein said means for
determining the  function relating jitter value to power level comprises: means
for obtaining, for respective pairs of consecutive operating output 15 power
levels, respective average power levels and respective average jitter values
from the  jitter values corresponding to those consecutive operating output
power levels; and means for determining a function which relates the average
jitter values to the  average power levels. 20 13. Apparatus as claimed in
claim 11, wherein said means for determining the  
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 means for obtaining, for respective triads of consecutive operating output 

power levels, respective average power levels and respective average jitter values from the 

jitter values corresponding to those consecutive operating output power levels; and 

 means for determining a function which relates the average jitter values to the 

average power levels. 5 

 

15. Apparatus as claimed in any one of claims 10 to 14, for use with an optical 

storage medium being a disc having address in pre-groove frames (ADIP) defined therein, 

charcaterized in that  the power adjustment means is operable to vary the operating output 

power level for each ADIP frame of the disc.  10 

 

16. Apparatus as claimed in any one of claims 10 to 14, for use with an optical 

storage medium being a disc having absolute time in pre-groove frames (ATIP) defined 

therein, characterized in that the power adjustment means is operable to vary the operating 

output power level for each ATIP frame of the disc. 15 

 

 

17. Recording apparatus for recording data to a disc, comprising an apparatus for 

determining an optimum power level according to any of the claims 10 to 16. 

function relating jitter value to power level comprises: means for obtaining, for
respective triads of consecutive operating output  power levels, respective
average power levels and respective average jitter values from the  jitter
values corresponding to those consecutive operating output power levels;
and 25 means for determining a function which relates the average jitter
values to the  average power levels. 14. Apparatus as claimed in claim 11,
wherein said means for determining the  function relating jitter value to power
level comprises: 30 means for obtaining, for respective pairs of consecutive
operating output  power levels, respective average power levels and
respective average jitter values from the  jitter values corresponding to those
consecutive operating output power levels; 15  means for obtaining, for
respective triads of consecutive operating output power levels, respective
average power levels and respective average jitter values from the  jitter
values corresponding to those consecutive operating output power levels;
and means for determining a function which relates the average jitter values
to the  5 average power levels. 15. Apparatus as claimed in any one of claims
10 to 14, for use with an optical  storage medium being a disc having address
in pre-groove frames (ADIP) defined therein,  charcaterized in that the power
adjustment means is operable to vary the operating output  10 power level for
each ADIP frame of the disc. 16. Apparatus as claimed in any one of claims
10 to 14, for use with an optical  storage medium being a disc having
absolute time in pre-groove frames (ATIP) defined  therein, characterized in
that the power adjustment means is operable to vary the operating  15 output
power level for each ATIP frame of the disc. 17. Recording apparatus for
recording data to a disc, comprising an apparatus for  determining an
optimum power level according to any of the claims 10 to 16. 




