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(57) ABSTRACT 

A method is designed for forming a visual image having a 
speci?ed shape on a surface of an optical disk by using an 
optical Writing process of irradiating a laser beam onto the 
surface of the optical disk to form pits. The optical disk is 
normally capable of recording information on the surface 
thereof by the optical Writing process. The method is Carried 
out by the steps of acquiring image formation information 
associated to a visual image to be formed, forming the visual 
image on the surface of the optical disk based on the 
acquired image formation information by using the optical 
Writing process, and recording the image formation infor 
mation together With the formed visual image on the surface 
of the same optical disk. The image formation information 
contains start address information specifying a position of 
the surface of the optical disk to start the optical Writing 
process for forming the visual image, stop address informa 
tion specifying another position to stop the optical Writing 
process, and pattern information specifying a pattern of 
irradiating the laser beam during the optical Writing process. 
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METHOD OF FORMING VISUAL IMAGE ON 
OPTICAL DISK BY LASER BEAM 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention relates to an optical disk 
recording method, an optical disk recording program, and an 
optical disk recording apparatus for forming, adding, and 
duplicating a visual image on a data recording surface of a 
recordable optical disk. 

[0003] 2. Prior Art 

[0004] A recordable optical disk can optically record data 
through irradiation of a laser beam. These recordable optical 
disks include Write-once-read-rnany optical disks such as 
CD-R and DVD-R capable of recording data only once, and 
reWritable optical disks such as CD-RW, DVD-RW, DVD+ 
RW and DVD-RAM capable of reWriting data. 

[0005] When a laser beam is irradiated to an organic dye 
layer (recording layer) of a Write-once-read-rnany optical 
disk, the laser beam melts the organic dye layer to form a pit. 
Using this characteristic, the Write-once-read-rnany optical 
disk records data. When a laser beam is irradiated to a 
recording layer of a reWritable optical disk, the laser beam 
changes the recording layer betWeen an amorphous (non 
crystalline) state and a crystalline state corresponding to a 
pit and a land. Using this characteristic, the reWritable 
optical disk records data. 

[0006] In this manner, the recordable optical disk forms a 
pit Where the laser beam is irradiated to record data. A 
location Where data is recorded and a location Where no data 
is recorded cause different light re?ectance, and therefore 
cause dark and bright coloring on the recording surface. 
Using this characteristic, it is possible to draW characters, 
syrnbols, pictures, and photos as a visually recogniZable 
irnage (hereafter referred to as a visual image) by irradiating 
a laser beam onto a data recording surface of the recordable 
optical disk. For example, if title information of recorded 
data is indicated as a visual image on the data recording 
surface of the recordable optical disk, it becomes unneces 
sary to handWrite or print the title information of recorded 
data on the optical disk’s label surface. In addition, it is 
possible to easily identify the recording contents of the 
optical disk by the formed visual image. 

[0007] A conventional optical disk recording apparatus 
forrns visual images on a recordable optical disk in the 
folloWing procedure. 
[0008] 1. When an optical disk is mounted, the optical disk 
recording apparatus ?rst checks Whether or not data can be 
recorded physically. That is to say, it is determined Whether 
the mounted optical disk is a read-only optical disk such as 
CD-DA and CD-ROM or is a recordable optical disk such as 
CD-R and CD-RW. 

[0009] 2. When the read-only optical disk is mounted, the 
optical disk recording apparatus stops a visual image for 
rnation process. When the recordable optical disk is 
mounted, the optical disk recording apparatus accesses TOC 
(Table Of Contents) information or temporary TOC infor 
rnation in a PMA (Program Memory Area) to obtain the end 
position of a data area. If a blank disk is mounted, i.e., an 
optical disk having neither the TOC information nor tern 
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porary TOC information, the optical disk recording appara 
tus stops a visual image formation process. 

[0010] 3. If the optical disk is capable of forming visual 
images, the optical disk recording apparatus edits or con 
verts an image to be formed as a visual image automatically 
or in accordance With a user instruction. 

[0011] 4. When a user issues an instruction to form a visual 
image on the optical disk, the optical disk recording appa 
ratus forms the visual image on an unused area after the end 
of the area Where data is recorded. At this time, the optical 
disk recording apparatus forms the visual image as a visibly 
recogniZable image, not as data capable of being read later 
such as an RF signal rnodulated on the basis of EFM (Eight 
to Fourteen Modulation). 

[0012] 5. When another visual image is to be formed on 
another recordable optical disk, the optical disk recording 
apparatus performs the above-mentioned processes 1 to 4 
Without saving data (original data or Write data) concerning 
the visual image most recently formed on the optical disk. 

[0013] There have been the following problems on the 
conventional optical disk recording apparatus that forms a 
visual image on the recordable optical disk according to the 
above-mentioned procedure. 

[0014] (1) The conventional optical disk recording appa 
ratus can form a visual image on only a recordable optical 
disk accessible for adding data, i.e., a recordable optical disk 
not in the disk-close state. Further, the optical disk that 
forms a visual image does not record information about a 
range of visual image formation. When a visual image is 
formed and another data is added to an optical disk that is not 
in the disk-close state, another data may be overWritten to 
the already forrned visual image. Since the optical disk does 
not record the information about a range of visual image 
formation as mentioned above, the optical disk recording 
apparatus cannot recogniZe the range of visual image for 
rnation. Data may be recorded to an area Where the visual 
image is formed depending on the amount of recorded data 
or a position of the formed visual image. In this case, the 
visual image overlaps With the recorded data, making it 
impossible to read an overlapped portion of the recorded 
data. 

[0015] (2) The conventional optical disk recording appa 
ratus cannot form a visual image on a blank disk Where no 
TOC information or temporary TOC information is 
recorded. In order to form a visual image on a blank disk, a 
user needs to record any data before forming the visual 
image in order to make the disk accessible. 

[0016] (3) The conventional optical disk recording appa 
ratus creates data for visual images each time a visual image 
is created Without saving original data or Write data for the 
visual image. The same visual image cannot be formed on 
another optical disk eXactly. 

[0017] (4) The conventional optical disk recording appa 
ratus records a visual image as an EFM-rnodulated RF signal 
such as music data and computer data. It has been impos 
sible to read the visual image formed on the optical disk. 
Since the visual image is not recogniZed as data, the visual 
image cannot be duplicated from one optical disk to another. 

[0018] (5) When a visual image is formed on the optical 
disk, the conventional optical disk recording apparatus does 
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not record information about a range of visual image for 
mation. Once the visual image is formed, it may be impos 
sible to reliably add another visual image Without overlap 
With the already formed visual image, even if there remains 
an unused area on the optical disk Where the visual image is 
formed. Normally, the conventional optical disk recording 
apparatus can form a visual image on the optical disk just 
only once. 

SUMMARY OF THE INVENTION 

[0019] The present invention has been made in order to 
solve these problems. It is therefore an object of the present 
invention to provide an optical disk recording method, an 
optical disk recording program, and an optical disk record 
ing apparatus that can form, add, and duplicate one or more 
visual images on any recordable optical disk having an area 
capable of forming a visual image. 

[0020] The present invention provides the folloWing con 
?gurations as means for solving the above-mentioned prob 
lems. 

[0021] (1) The present invention provides a method of 
forming a visual image having a speci?ed shape on a surface 
of an optical disk by using an optical Writing process of 
irradiating a laser beam onto the surface of the optical disk 
to form pits. The optical disk is capable of recording 
information on the surface thereof by the optical Writing 
process. The method comprises the steps of checking a 
recording state of an optical disk to con?rm that the optical 
disk is left unrecorded or is capable of additionally recording 
information, placing the optical disk in a recording end state 
While an available area is left on the surface of the optical 
disk, so that the optical disk is made unable to additionally 
record information on the available area any more, and 
forming the visual image in the available area of the optical 
disk by using the optical Writing process. 

[0022] In this con?guration, the optical disk is alloWed to 
be completed for recording and disabled for additional 
Writing, and then a visual image is formed in an unused area 
of the optical disk. After the visual image is recorded, further 
music data or computer data cannot be recorded. The visual 
image here refers to a visually recogniZable image having 
any speci?ed shape such as characters, symbols, pictures, 
and photos formed on a recordable optical disk according to 
the folloWing characteristic. When a laser beam is irradiated 
onto the recordable optical disk to form a pit, a location 
Where the pit is formed and a location Where no pit is formed 
cause different light re?ectance, and therefore cause dark 
and bright coloring. 

[0023] Accordingly, it is possible to prevent another data 
from being inadvertently overWritten to the visual image. 
When the visual image is to be formed on a blank optical 
disk, it becomes possible to automatically record a dummy 
session, close the disk, and then form the visual image. 

[0024] (2) The present invention provides a method of 
forming a visual image having a speci?ed shape on a surface 
of an optical disk by using an optical Writing process of 
irradiating a laser beam onto the surface of the optical disk 
to form pits. The optical disk is capable of recording 
information on the surface thereof by the optical Writing 
process. The method comprises the steps of acquiring image 
formation information associated to a visual image to be 
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formed, forming the visual image on the surface of the 
optical disk based on the acquired image formation infor 
mation by using the optical Writing process, and recording 
the image formation information together With the formed 
visual image on the surface of the same optical disk by using 
the optical Writing process. 

[0025] In this con?guration, the data recording surface of 
the optical disk is formed With a visual image and visual 
image formation information (to be described in more detail 
in paragraphs (5) to (7) beloW) used for forming the visual 
image on the data recording surface of the optical disk. Since 
the visual image formed on the optical disk is not recorded 
in an EFM signal, it is dif?cult to duplicate the visual image 
as is on another optical disk. When the visual image is 
formed on the optical disk, hoWever, the visual image 
formation information is recorded simultaneously. Accord 
ingly, it is possible to duplicate the visual image onto 
another optical disk based on the visual image formation 
information that is recorded on the original optical disk. 

[0026] (3) The inventive method further comprises the 
step of placing the optical disk in a recording end state after 
the image formation information is recorded so that the 
optical disk is made unable to additionally record informa 
tion any more. 

[0027] When a visual image is formed on the optical disk 
according to this con?guration, the visual image formation 
information is also recorded, and then the optical disk is 
alloWed to be completed for recording and disabled for 
additional Writing. Accordingly, the visual image formation 
information can be recorded and read as ordinary data. 

[0028] (4) The inventive method further comprises the 
step of placing the optical disk in a recording end state While 
leaving a reserved area on the surface of the optical disk so 
that the optical disk is made unable to additionally record 
information eXcept for the reserved area, Wherein the step of 
recording records the image formation information in the 
reserved area after the optical disk is placed in the recording 
end state. 

[0029] When a visual image is formed on the optical disk 
according to this con?guration, the optical disk is alloWed to 
be completed for recording and disabled for additional 
Writing, and then the visual image formation information is 
recorded in a reserved area of the optical disk. Accordingly, 
the visual image formation information cannot be read by an 
ordinary optical disk recording and reproducing apparatus 
and can be used as hidden information. In addition, only a 
special optical disk recording apparatus accessible to the 
hidden area can read the visual image formation information 
recorded on the optical disk for reproducing a visual image. 

[0030] (5) In the inventive method, the step of recording 
records the image formation information containing start 
address information specifying a position of the surface of 
the optical disk to start the optical Writing process for 
forming the visual image, stop address information speci 
fying another position to stop the optical Writing process for 
forming the visual image, and pattern information specify 
ing a pattern of irradiating the laser beam during the optical 
Writing process for forming the visual image. 

[0031] According to this con?guration, the optical disk 
records information about a position to start forming the 
visual image, information about a position to stop forming 
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the visual image, and laser beam irradiation pattern infor 
mation for visual image formation as the visual image 
formation information. This makes clear a range of visual 
image formation from the formation start position to the 
formation end position. A plurality of visual images can be 
formed Without overlap. After the visual image is formed on 
an optical disk that is not in the recording end state, further 
data may be recorded on this disk. In such case, it is possible 
to con?rm a range of visual image formation. The additional 
data can be recorded Without overlap With the already 
formed visual image. Further, there is provided the laser 
beam irradiation pattern for visual image formation. It is 
possible to readily form the visual image Without converting 
original image data for the visual image. 

[0032] (6) In the inventive method, the step of recording 
records the image formation information containing image 
data Which represents the visual image and Which is 
recorded in a format readily readable from the optical disk 
for reproduction of the visual image on a display. 

[0033] According to this con?guration, image data for the 
visual image is recorded in a ?le format appropriate for 
display on the screen. The optical disk records that image 
data as the visual image formation information. When image 
data is saved in a ?le format appropriate for display on the 
screen, that ?le format is used for saving image data 
according to the orthogonal coordinate system or the vector 
system that is appropriate for display on the screen of a 
personal computer’s display apparatus, and the like. For 
example, available ?le formats for image data include bmp, 
gif, jpg, tif, pct, and dxf. Accordingly, the visual image 
information can be readily displayed on an optical disk 
recording apparatus. 

[0034] (7) In the inventive method, the step of recording 
is capable of consecutively recording a plurality of image 
formation information corresponding to a plurality of visual 
images, such that each image formation information con 
tains address information Which speci?es a start address of 
next image formation information or speci?es a reserved 
area for next image formation information. 

[0035] According to this con?guration, the optical disk 
records, as the visual image formation information, the start 
position information about the next visual image formation 
information or the position information able to start record 
ing the next visual image formation information. Accord 
ingly, the visual image formation information can be 
recorded Without overlap. When the optical disk records a 
plurality of visual image formation information, each visual 
image formation information can be read sequentially. 

[0036] (8) In the inventive method, the step of recording 
is capable of recording a plurality of image formation 
information corresponding to a plurality of visual images, so 
that the step of forming can successively form the plurality 
of the visual images on the surface of the optical disk 
Without overlapping With each other based on the plurality 
of the recorded image formation information. 

[0037] According to this con?guration, the visual image is 
formed on the basis of the visual image formation informa 
tion that is created so as not to cause an overlap in the range 
of visual image formation from the formation start position 
to the formation end position. Consequently, a plurality of 
visual images can be formed Without overlap on the optical 
disk. 
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[0038] (9) The present invention provides a method appli 
cable When duplicating an original optical disk for forming 
a visual image on a surface of a duplicate optical disk by 
using an optical Writing process of irradiating a laser beam 
onto the surface of the duplicate optical disk to form pits. 
The method comprises the steps of acquiring image forma 
tion information useable for forming a visual image, embed 
ding the acquired image formation information on a surface 
of the original optical disk, copying the image formation 
information embedded in the origin optical disk to the 
duplicate optical disk by using the optical Writing process; 
and reproducing the visual image on the surface of the 
duplicate optical disk by using the optical Writing process 
based on the copied image formation information. 

[0039] According to this con?guration, after the visual 
image formation information is duplicated to a duplication 
destination optical disk, the visual image is formed on the 
duplication destination optical disk based on the visual 
image formation information. Therefore, it is possible to 
form almost the same visual image on the duplication 
destination optical disk as the visual image formed on the 
duplication origin optical disk. Even if only the visual image 
formation information is recorded on the duplication origin 
optical disk, a visual image can be formed on a duplication 
destination optical disk by reading the visual image forma 
tion information. This makes it possible to easily check if 
any optical disk is original or duplicated. The optical disk 
can be used for advertisement and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a block diagram shoWing a con?guration 
of the optical disk recording apparatus according to an 
embodiment of the present invention. 

[0041] FIG. 2 is a sectional vieW shoWing an area con 
?guration of optical disk. 

[0042] FIGS. 3(A) and 3(B) shoW con?gurations of data 
recorded on an optical disk. 

[0043] FIG. 4 is a ?oWchart for explaining operations of 
the optical disk recording apparatus for forming a visual 
image. 

[0044] FIGS. 5(A) and 5(B) shoW an image in the orthogo 
nal coordinate system and an image in the polar coordinate 
system for a visual image. 

[0045] FIGS. 6(A), 6(B) and 6(C) shoW con?gurations of 
data recorded on an optical disk. 

[0046] FIG. 7 is a ?oWchart for explaining operations of 
the optical disk recording apparatus for forming visual 
image formation information and a visual image. 

[0047] FIG. 8 is a ?oWchart for explaining operations of 
the optical disk recording apparatus for forming visual 
image formation information and a visual image. 

[0048] FIG. 9 is a ?oWchart for explaining a speci?c 
procedure of the optical disk recording apparatus for deter 
mining a visual image formed on an optical disk. 

[0049] FIGS. 10(A), 10(B), 10(C) and 10(D) are a display 
example of a visual image creation program. 

[0050] FIGS. 11(A), 11(B) and 11(C) shoW a data con 
?guration When a plurality of visual images are formed. 
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[0051] FIG. 12 is a ?owchart for explaining operations of 
the optical disk recording apparatus for forming and adding 
a visual image. 

[0052] FIG. 13 is a ?owchart for eXplaining operations of 
the optical disk recording apparatus according to the present 
invention for duplicating an optical disk. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0053] The folloWing describes an optical disk recording 
apparatus according to an embodiment of the present inven 
tion. FIG. 1 is a block diagram shoWing a con?guration of 
the optical disk recording apparatus according to the 
embodiment of the present invention. As shoWn in FIG. 1, 
an optical disk recording apparatus 1 according to the 
embodiment of the present invention is con?gured to com 
prise an optical disk drive 2 connected to a host computer 3. 
The optical disk drive 2 comprises a feed motor 8, a guide 
rail 9, an optical pickup 10, a spindle motor 11, an RF 
ampli?er 12, a servo circuit 13, an address detection circuit 
14, a decoder 15, a control section, an encoder 17, a strategy 
circuit 18, a laser driver 19, a laser poWer control circuit 20, 
a frequency generator 21, an envelope detection circuit 22, 
a [3 detection circuit 24, and a storage section 25. The host 
computer 3 comprises a display section 4, an input section 
5, a main storage section 6, and a main control section 7. 

[0054] The feed motor 8 supplies a driving force for 
moving the optical pickup 10 in the radial direction of 
optical disk D. 

[0055] The guide rail 9 supports the optical pickup 10 so 
that the optical pickup 10 moves in the radial direction of the 
optical disk D. 

[0056] The spindle motor 11 rotatively drives the optical 
disk D Where data should be recorded. There is provided an 
optical disk chucking mechanism (not shoWn) comprising a 
turntable and the like for chucking the optical disk D at the 
tip of a rotating shaft of the spindle motor 11. 

[0057] The optical pickup 10 comprises an optical system 
such as a laser diode, a lens, and a mirror, a return light 
(re?ected light) receiving element, and a focus servo mecha 
nism. During a recording or reproduction operation, a laser 
beam is irradiated to the optical disk D. The return light from 
the optical disk D is received to generate a light receiving 
signal, i.e., an EFM-modulated RF signal Which is then 
output to the RF ampli?er 12. The focus servo mechanism 
is used to maintain a constant distance betWeen the lens of 
the optical pickup 10 and a data recording surface on the 
optical disk D. The optical pickup 10 has a monitor diode. 
The return light from the optical disk D generates a current 
in the monitor diode. This current is supplied to the laser 
poWer control circuit 20. 

[0058] The frequency generator 21 detects a relative posi 
tion signal for the optical disk D output from the spindle 
motor 11 and outputs signals for detecting an angle of 
rotation and the number of revolutions to the servo circuit 
13. 

[0059] The RF ampli?er 12 ampli?es the EFM-modulated 
RF signal supplied from the optical pickup 10 and outputs 
the ampli?ed RF signal to the servo circuit 13, the address 
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detection circuit 14, the envelope detection circuit 22, the 
detection circuit 24, and the decoder 15. 

[0060] During reproduction, the decoder 15 EFM-de 
modulates the EFM-modulated RF signal supplied from the 
RF ampli?er 12 to generate reproduction data and outputs 
this data to a data storage circuit 25. When recording data, 
the decoder 15 EFM-demodulates the RF signal supplied 
from the RF ampli?er 12 for reproduction of areas recorded 
by test recording. 

[0061] The address detection circuit 14 extracts Wobble 
signal components from the EFM signal supplied from the 
RF ampli?er 12. The Wobble signal components include 
time information (address information) about each position, 
identi?cation information (disk ID) for identifying the opti 
cal disk D, and information indicating disk types such as 
pigments of the optical disk D. The address detection circuit 
14 decodes these pieces of information and outputs a result 
to the control section 16. The time information (address 
information) about each position, the identi?cation informa 
tion (disk ID) for identifying the optical disk D, and the 
information indicating disk types such as pigments of the 
optical disk D included in the Wobble signal components are 
also referred to as ATIP (Absolute time in pregroove) 
information. 

[0062] When a test recording area is reproduced from the 
optical disk D, the [3 detection circuit 24 calculates [3 
(asymmetry) as a parameter concerning the reproduction 
signal quality from the RF signal supplied from the RF 
ampli?er 12 and outputs a calculation result to the control 
section 16. Here, [3 can be found as [3=(a+b)/(a—b), Where a 
is a peak level (With the plus sign) of the EFM-modulated 
signal Waveform and b is a bottom level (With the minus 
sign) thereof. 

[0063] Before the test recording is performed on the 
optical disk D, the envelope detection circuit 22 detects an 
envelope of the EFM signal in a count area 112b on the 
above-mentioned optical disk D in order to detect from 
Which part of the test area on the optical disk D the test 
recording should start. 

[0064] The servo circuit 13 is responsible for rotation 
control of the spindle motor 11, focus control and tracking 
control of the optical pickup 10, and feed control of the 
optical pickup 10 by means of the feed motor 8. Here, the 
optical disk recording apparatus 1 according to the embodi 
ment can select the CAV (Constant Angular Velocity) system 
or the CLV (Constant Linear Velocity) system. The CAV 
system drives the optical disk D at a constant angular 
velocity during recording. The CLV system drives the opti 
cal disk D at a constant linear velocity. Accordingly, the 
servo circuit 13 selects the CAV system or the CLV system 
in accordance With a control signal supplied from the control 
section 16. When the CAV control is selected, the servo 
circuit 13 controls the spindle motor 11 so that the revolution 
speed of the spindle motor 11 detected by the frequency 
generator 21 matches a speci?ed revolution speed. When the 
CLV control is selected, the servo circuit 13 controls the 
spindle motor 11 so that the Wobble signal component in a 
signal supplied from the RF ampli?er 12 becomes equiva 
lent to a speci?ed linear velocity ratio. 

[0065] The encoder 17 EFM-modulates recorded data 
output from the main control section 7 and outputs the data 
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to the strategy circuit 18. The strategy circuit 18 applies time 
aXis correction and the like to the EFM signal from the 
encoder 17 and outputs the signal to the laser driver 19. The 
laser driver 19 drives the laser diode of the optical pickup 10 
based on a signal modulated in accordance With recorded 
data supplied from the strategy circuit 18 and a control 
signal from the laser poWer control circuit 20. 

[0066] The laser poWer control circuit 20 controls poWer 
of a laser beam irradiated from the laser diode of the optical 
pickup 10. More speci?cally, the laser poWer control circuit 
20 controls the laser driver 19 so that the optical pickup 10 
can irradiate a laser beam With an optimum laser poWer 
based on an electric current value output from the monitor 
diode of the optical pickup 10 and information indicative of 
a target value for the optimum laser poWer transmitted from 
the control section 16. 

[0067] The control section comprises a CPU, ROM, 
RAM, and the like, and controls each part of the optical disk 
recording apparatus 1 according to a program stored in the 
ROM. Prior to ?nal recording of data as mentioned above, 
the control section 16 controls each part of the apparatus so 
that test recording is performed for a PCA (to be described) 
on the optical disk D mounted on the optical disk recording 
apparatus 1. From a signal obtained by reproducing the 
PCA, the control section 16 ?nds a recording speed capable 
of performing satisfactory recording free of recording errors 
on the optical disk D for Which the optical disk recording 
apparatus 1 performed test recording based on the signal 
quality such as a [3 value detected by the [3 detection circuit 

[0068] The storage section 25 stores data predetermined 
by conducting experiments, ?rmWare for the optical disk 
recording apparatus 1, and the like. 
[0069] The display section 4 of the host computer 3 
displays the signal quality of data recorded on the optical 
disk D, information transmitted to a user from the optical 
disk recording apparatus 1, and the like. Auser uses the input 
section 5 to manipulate various controls and operations for 
the optical disk recording apparatus 1. The main storage 
section 6 stores visual image formation information and the 
like. The visual image formation information is used for 
forming a visual image formed by the optical disk drive 2 on 
the optical disk D and a data processing program related to 
the visual image on a data recording surface of the optical 
disk. The main control section 7 controls each part of the 
optical disk recording apparatus. 
[0070] With reference to FIG. 2, an area con?guration of 
the optical disk D Will noW be described. FIG. 2 is a 
sectional vieW shoWing the area con?guration of the optical 
disk D. The optical disk D has an outside diameter of 120 
mm. A region betWeen 40 and 50 mm in diameter on the 
optical disk D is provided as a lead-in area 114. Outside the 
lead-in area 114, there are provided a program area 118 for 
recording data and a lead-out area 120. Inside the lead-in 
area 114, there are provided a PCA (PoWer Calibration Area) 
112 as an area for calibrating the poWer and a PMA 
(Program Memory Area) 113 as an area for storing pro 
grams. The PCA 112 to the inside periphery contains a test 
area 112a and a count area 112b. As mentioned above, test 
recording is performed on the test area 112a prior to ?nal 
recording. 
[0071] The test area 112a is provided as an area capable of 
performing a plurality of test recording operations. The 
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count area 112b records an EFM signal indicating to Which 
part of the test area 112a the recording has progressed at the 
end of the test recording. When the test recording is per 
formed neXt time on the optical disk D, reading the EFM 
signal from the count area 112b makes it clear that from 
Which position of the test area 112a the test recording should 
start. 

[0072] The PMA 113 temporarily stores track information 
(temporary TOC information) for data being recorded. 
When a session is closed ?nally, these pieces of information 
are recorded in the TOC of the lead-in area. 

[0073] The optical disk recording apparatus 1 according to 
the present invention revolves an optical disk to form a 
visual image on the basis of the CAV system. The optical 
disk recording apparatus 1 can form a visual image having 
a high level of visibility by using an aZo, loW-speed record 
able optical disk. 

[0074] The folloWing description uses CD-R as a record 
able optical disk. In order for the optical disk recording 
apparatus 1 to perform operations to be described beloW, the 
main control section 7 reads programs stored in the main 
storage section 6. Further, the control section 16 reads 
programs stored in the storage section 25. 

[0075] [First Embodiment] 
[0076] First described is an operation of forming a visual 
image on the recordable optical disk in the optical disk 
recording apparatus 1. FIG. 3 shoWs a con?guration of data 
recorded on the optical disk. When forming a visual image, 
the optical disk recording apparatus 1 ?rst closes the optical 
disk, namely, disables Writing as a recording end state to 
prevent additional user data from being Written to the optical 
disk. Then, the optical disk recording apparatus 1 forms a 
visual image 34 (indicated as “visual image” in FIG. 3) in 
an unused area of the optical disk. More speci?cally, When 
the optical disk records data 31 and is not closed as shoWn 
in FIG. 3(A), the optical disk recording apparatus 1 records 
lead-in 32 and lead-out 33 for the recorded data, closes a 
session, and enables a recording end state to disable Writing. 
Based on the visual image formation information stored in 
the main storage section 6, the optical disk recording appa 
ratus 1 forms the visual image 34 in the unused area outside 
the lead-out 33. When the optical disk is blank as shoWn in 
FIG. 3(B), the optical disk recording apparatus 1 records a 
dummy session 35 and then enables the recording end state 
to disable Writing. Based on the visual image formation 
information temporarily stored in the main storage section 6, 
the optical disk recording apparatus 1 forms the visual image 
36 in the unused area outside the dummy session 35. In this 
case, the data 31 recorded on the optical disk may be user 
data or the visual image formation information (to be 
described in more detail), i.e., information for forming 
visual images on the data recording surface of the optical 
disk. The dummy session 35 may record dummy data or the 
visual image formation information. The visual image can 
be formed at any position. 

[0077] In this manner, the optical disk recording apparatus 
1 according to the present invention closes the optical disk 
and then forms a visual image. After the visual image is 
formed, different music data or computer data cannot be 
recorded. Accordingly, this makes it possible to prevent 
different data from being inadvertently overWritten to the 
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visual image. When the visual image is formed on a blank 
optical disk as mentioned above, the optical disk recording 
apparatus according to the present invention can record a 
dummy session, close the disk, and then form the visual 
image. 

[0078] More speci?cally, the optical disk recording appa 
ratus 1 forms the visual image according to the folloWing 
procedure. FIG. 4 is a ?oWchart for explaining hoW the 
optical disk recording apparatus forms the visual image. 
Here, it is assumed that a recordable optical disk is mounted 
on the optical disk recording apparatus 1. The description 
about a process to determine optical disk types is omitted. 

[0079] The main control section 7 of the optical disk 
recording apparatus 1 alloWs the control section 16 to 
determine Whether or not the mounted optical disk is blank 
(s1). The control section 16 determines Whether or not the 
optical disk is blank by controlling each part of the optical 
disk drive 2. When the mounted optical disk is blank, the 
control section 16 outputs a signal notifying this to the main 
control section 7. Based on this signal, the main control 
section 7 uses the display section 4 to provide an indication 
prompting a user to select Whether or not to record a dummy 
session (s6). When the input section 5 supplies an instruction 
not to record a dummy session, the main control section 7 
terminates the visual image forming process. When the input 
section 5 supplies an instruction to record a dummy session 
at s6, the main control section 7 outputs a signal for 
notifying this to the control section 16. When receiving this 
signal, the control section 16 controls each part of the optical 
disk drive 2, records the dummy session on the optical disk, 
and enables the disk-close state (s7). Via the main control 
section 7, the control section 16 obtains the visual image 
formation information stored in the main storage section 6. 
Based on this information, the control section 16 forms the 
visual image in the unused area of the optical disk and 
terminates the visual image forming process. 

[0080] When the mounted optical disk is not blank at s1, 
the main control section 7 determines Whether or not the 
optical disk is closed (s2). When the optical disk is closed, 
the main control section 7 performs the process at s5 and 
terminates the visual image forming process. When the 
optical disk is not closed at s2, the main control section 7 
uses the display section 4 to provide an indication prompting 
to select Whether or not to close the optical disk (s3). When 
the main control section 7 receives an instruction not to close 
the optical disk from the input section 5, the control section 
16 terminates the visual image forming process. When the 
main control section 7 receives an instruction to close the 
optical disk from the input section 5, the main control 
section 7 outputs a signal instructing the control section 16 
to enable the disk-close state. When receiving this signal, the 
control section 16 performs the process at s4 and later. 

[0081] [Second Embodiment] 
[0082] The folloWing describes an operation When the 
optical disk recording apparatus 1 is con?gured to record or 
form the visual image formation information that is used for 
forming a visual image on the data recording surface of the 
optical disk. 

[0083] Here, the optical disk recording apparatus 1 forms 
the visual image by rotating the optical disk and irradiating 
a laser beam. A laser beam irradiation pattern for the visual 
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image formed on the optical disk is created on the basis of 
an image in the polar coordinate system. On the other hand, 
the host computer 3 generally processes images belonging to 
the orthogonal coordinate system. Accordingly, the optical 
disk recording apparatus 1 converts image data in the 
orthogonal coordinate system into image data in the polar 
coordinate system. Then, the optical disk recording appara 
tus 1 creates the visual image formation information based 
on the image data in the polar coordinate system and records 
the visual image on the optical disk based on the visual 
image formation information. 

[0084] When forming the visual image, the optical disk 
recording apparatus 1 according to the present invention can 
be con?gured to record the visual image along With the 
visual image formation information, i.e., the information for 
forming the visual image on the data recording surface of the 
optical disk. More speci?cally, the optical disk recording 
apparatus 1 according to the present invention can record the 
folloWing information as the visual image formation infor 
mation on an optical disk: image data of the visual image, 
information about a position to start forming the visual 
image, information about a position to stop forming the 
visual image, an address able to start recording the neXt 
visual image formation information, and the other informa 
tion. 

[0085] FIG. 5 shoWs an original image for the visual 
image represented in the orthogonal coordinate system and 
in the polar coordinate system. As shoWn in FIG. 5(A), the 
optical disk recording apparatus 1 records the image data in 
the orthogonal coordinate system as the original image for 
the visual image on the optical disk in the bmp format, i.e., 
an eXample of ?le formats suitable for display on a screen. 
The optical disk recording apparatus 1 uses this image data 
in the orthogonal coordinate system so that a user can 
display an image on the display section 4 for selecting or 
processing that image to be formed as the visual image. 
Since image data for the orthogonal coordinate system is 
recorded in the bmp format, the optical disk recording 
apparatus 1 can quickly display the visual image on the 
display section 4. A speci?ed data compression technology 
is used to compress bmp format image data in the orthogonal 
coordinate system for recording. 

[0086] Further, the optical disk recording apparatus 1 
records laser beam irradiation pattern information on the 
optical disk. This information is used as data for recording 
visual images on the optical disk. The laser beam irradiation 
pattern is obtained by converting the image data in the 
orthogonal coordinate system as shoWn in FIG. 5(A) into 
the image data in the polar coordinate system as shoWn in 
FIG. 5(B), and then converting the image data in the polar 
coordinate system into the laser beam irradiation pattern 
information. By recording the laser beam irradiation pattern 
information, the optical disk recording apparatus 1 can 
quickly form a visual image based on this information When 
duplicating the visual image onto another optical disk. A 
speci?ed data compression technology is used to compress 
the laser beam irradiation pattern information for recording. 

[0087] Only either the above-mentioned bmp format 
image data or the laser beam irradiation pattern information 
may be recorded as the visual image formation information. 
HoWever, recording both can save time for converting data 


















