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DESCRIPTION 

DISC PLAYBACK SYSTEM 

Technical Field 

The present invention relates to a disc playback system 

to be used in CD-ROM playback apparatus or the like and, more 

particularly, to a disc playback system for controlling the disc 

rotation velocity. 

Background Art 

As common methods for controlling the disc rpm in 

conventional disc playback systems, there are CAV (Constant 

Angular Velocity) control under which the angular velocity is 

constant, CLV (Constant Linear Velocity) control under which 

the linear velocity is constant, and further PCAV control in 

which the CAV control and the CLV control are combined. Since 

the CLV control among these requires frequent acceleration or 

deceleration of the spindle motor at a time of accessing, there 

are various problems, such as delay of the access time, 

increases in the consumed power, and heat generation. 

Accordingly, with the recent speeding-up of the CD-ROM 

apparatus, the CAV control or the PCAV control has been commonly 

used at the time of playback of discs on which data are recorded 

by the CLV method. 
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Under the CAV control, for example in the case of CD, the 

error of approximately 1. 2 - 1. 4 m/s is tolerated in the linear 

velocity, but the value of the linear velocity is not recorded 

on the medium. Thus, some methods for measuring the linear 

velocity of an information disc containing data recorded by the 

CLV method, at the time of loading 0£ the disc are suggested. 

For example, in a disc playback apparatus disclosed in 

Japanese Examined Patent Application No.Hei.5-50074, the 

linear velocity of the medium is obtained by forcefully 

transporting the pickup from the program start position of the 

information disc toward the inner radius by one Lrack and 

counting the playback frame synchronization siqnal until the 

program start position is detected again. under the C'l\.V control, 

several percentages of the rotation velocity due to the error 

in the linear velocity is finely adjusted and the control of 

the rotation velocity of the disc is performed at a constant 

velocity. When the rpm is constant ( CAV) at this time, because 

the linear velocity is higher at the outer radium of the disc, 

the playback velocity of data becomes higher. However, the 

maximum playback velocity conforming to the performance of the 

data playback circuitry has already been determined and thus 

the rotation velocity of the disc should be set so as not to 

exceed this maximum playback velocity, while the quantity of 

data recorded on the disc varies with discs. Therefore, 

following control means are suggested to solve this problem. 
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In the disc playback system disclosed in Japanese 

Published patent Application No. Hei.7-312011, a method for 

calculatinq the outermost circumference position of a disc from 

TOC (Table of contents) information of a CD-ROM and controlling 

the rotation velocity of the disc so as to obtain the maximum 

velocity in the system at the outermost circumference position 

containing recorded data is suggested. 

In another disc playback system, a method for storing the 

outermost circumference position which has already been 

accessed, and controlling the rotation velocity of the disc so 

as to obtain the maximum velocity in the system at the stored 

address is also suggested in view of the fact that there are 

few cases where all data on the disc are used. 

As described above, to calculate the maximum velocity, 

in the case of CD, the standards tolerate the error of 

approximately 1.2-1.4 m/s int.he linear veloclty.. In addition 

to this, as for the space between tracks (hereinafter referred 

to as track pitch), its standard value is 1.6 µm while the 

standards accept the error in the range of 1.5-1.7 µm. For 

re:fercnce purposes, in the case of CD-ROM, the standard value 

of the track pitch is 1. 6 µm. Therefore, by using this value, 

the outermost circumference radius for obtaining the maximum 

velocity in the system is calculated from the address 

information and linear velocity of the disc. 

However, in this conventional disc playback system, in 
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the case of a disc having a smaller track pitch than the standard 

value, the actual playback velocity at a radius of the outermost 

circumference position is lower than the maximum velocity in 

the system. on the other hand, in the case of a disc having 

a lar9er track pitch than the standard value, the. actual 

playback velocity at a radius of the outermost circumference 

position is higher than the maximum velocity of the system. 

Thus, in the normal disc playback system, the playback velocity 

at the outermost circumference position should be decided using 

the permissible maximum track pitch, but when a disc having a 

smaller track pitch than the permissible maximum value is played 

back in this case, the maximum playback velocity of the system 

cannot be realized. 

To be more specific, the track pitch of a CD-ROM has a 

range of 1.5-1.1 µm according to the standards. However, 

because there are discs out of the standards in prac~ice, the 

target reading velocity cannot be realized or the reading 

velocity exceeding the processing capability of the system is 

obtained in the case of a disc having a value which is quite 

different from the standard track pitch (l.6 µm). 

The present invention is made to solve the above­

mentioned problems, and has its object to provide a disc 

playback system in which the maximum playback velocity of the 

system can be obtained even in the case of the disc having a 

different track pitch. 
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Disclosure of the Invention 

To solve these problems, a disc playback system of Claim 

1 ot the present invention comprises: a pickup for reading f ii·s L 

information data recorded on an information disc on which data 

are recorded at a constant linear velocity, from the information 

disc; a disc motor for rotating the information disc; a digital 

signal processing circuit for digiti2ing the first inform<:ltion 

data according to a playback format of the information disc; 

an interface control circuit for transmitting second 

information data which are the data diglti~ed by the digital 

signal processing circuit, to an external device; a buffer 

memory for temporarily containing the second information data 

which are requested by the external device via the interface 

control circuit; ~ linear velocity detection means for 

detecting a linear velocity of the information disc; and a track 

pitch detection means for detecting a track pitch of the 

information disc, and this disc playback system decides a 

reference value for controlling a velocity of the disc motor, 

on the basis of the linear velocity detected by the linear 

velocity detection means, the track pitch detected by the track 

pitch detection means, and a value of a maximum radius of a record 

area of data which are recorded on the information disc. 

Therefore, the accurate values of the linear velocity and track 

pitch can be obtained. for each disc. Accordingly, the accurate 
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rotation velocity of the disc motor can be calculated from the 

values of the linear velocity and track pitch and the address 

value of the maximum radius of the record area of data which 

are recorded on the information disc, whereby the high-speed 

search or high-speed reading can be performed adaptively 

according to the outermost circumference radius of the data 

record areaa 

According to a disc playback system of Claim 2 of the 

present invention, in the disc playback system. of Claim 1, the 

track pitch detection means comprises a motion distance 

detection means for detecting a motion distance of the pickup, 

and when the information disc is loaded, the motion distance 

detection means calculates the number of tracks which have been 

passed by the pickup while the pickup is movin9 on the data record 

area on the information disc for a prescribed time period or 

by a prescribed distance, thereby detecting the track pitch of 

the information disc. Therefore, the accurate value of the 

track pitch can be obtained for each disc. In addition, the 

accurate rotation velocity of the disc motor can be calculated 

from the value of the track pitch, the value of the linear 

velocity, and the address value of the maximum radius of the 

record area of data which are recorded on the information disc, 

whereby the high-speed search or high-speed reading can be 

performed adaptively according to the outermost circumference 

radius of the data record area. 
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A disc playback system according to Claim 3 of the present 

invention comprises: a pickup for reading first information 

data recorded on an information disc on which data are recorded 

at a constant linear velocity, from the information disc; a disc 

motor for rotating the information disc; a digital signal 

processing circuit for digitizing the first information data 

according to a playback format of the information disc; an 

interface control circuit for transinittinq second information 

data as data which have been digitized by the digital signal 

processing circuit, to an external device; a buffer memory for 

temporarily containing the second information data which are 

requested by the external device via the inter£ace control 

circuit; a linear velocity detection means for detecting a 

linear velocity of the information disc; and a playback velocity 

detection means for detecting a playback velocity of the 

information disc during playback of the information,. and this 

disc playback system previously decides an initial value of a 

reference value for controlling a velocity of the disc motor 

on the basis of the linear velocity detected by the linear 

velocity detection means, a standard maximum value of a track 

pitch of the information disc, and a value of the maximum radius 

of a record area of data which a:re recorded on the information 

disc, when data are read from the information disc, sets again 

the reference value for controlling the velocity of the disc 

motor adaptively on the basis of the playback velocity of the 
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information disc during playback, which is detected by the 

playback velocity detection means, the linear velocity detected 

by the linear velocity detection means, and a value of an address 

at which the playback is being performed, and decides the 

reference value for controlling the velocity of the disc motor. 

Therefore, no specific means for detecting the track pitch is 

required, and the value of the maximum radius of a record area 

of data which are recorded on the information disc can be 
calculated less expensively and more accurately, regardless of 

the values of the linear velocity and track pitch of the 

information disc. In addition, even when the previously 

measured linear velocity of the information disc has an error, 

the high-speed search or high-speed reading can be performed 

adaptively according to the outermost circumference radius of 

the data record area. 

According to a disc playback system of Claim 4 of the 

present invention, in the disc playback system of Claim 3, the 

reference value for controlling the velocity of the disc motor 

is obtained when the reference value for the velocity control 

is set again, by making a compensation by multiplying the 

initial value of the motor velocity control reference value, 

by a compensation coefficient corresponding to a ratio between 

a radius position at which the information disc is being played 

back or an address value thereof, and the value of the maximum 

radius of the data record area or an address value thereof. 
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Therefore, the maximum radius of the data record area on the 

information disc can be calculated more accurately, by making 

a compensation by mqltiplying a compensation coefficient 

corresponding to the radius position where the playback is being 

performed or its address value, regardless of the radius 

position where the information disc is being played back or its 

address value, or the values of the linear velocity and track 

pitch of the disc, as well as even when the previously measured 

linear velocity of the disc has an error, the high-speed search 

or high-speed reading can be performed adaptively according to 

the outermost circumference radius of the data record area. 

According to a disc playback system of Claim 5 of the 

present invention, the disc playback system of any of Claims 

1, 3 and 4 extracts address information concerning the 

information disc which is stored in a disc start position, from 

the first information data, and uses a value of a radius in a 

maximum circumference position obtained by the address 

information, as the value of the maximum radius of the record 

area of data which are recorded on the information disc. 

Therefore, the maximum radius of the data record area on the 

information disc can be calculated more accurately, regardless 

of the values of the linear velocity and track pitch of the 

information disc, whereby the high-speed search or high-speed 

reading can be performed adaptively according to the data 

storage capacity of the disc. 
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According to a disc playback system of Claim 6 of the 

present invention, the disc playback system of any of Claims 

1, 3 and 4 comprises a storage means for containing address 

information of the outermost ciJ:"cumftn·ence among already read 

address information on the information disc, and uses a radius 

of an address position of the outermost circumference, read from 

the storage means, as the value of the maximum radius of the 

record area of data which are recorded on the information disc. 

Therefore, the outermost circumference radius of the addresses 

which have ever been accessed on the information disc can be 

calculated more accurately, regardless of the values of the 

linear velocity and track pitch of the information disc, whereby 

the high-speed search or high-speed reading can be performed 

adaptively according to the address of the outermost 

circumference radius whjch has ever been accessed on the 

information disc. 

According to a disc playback system of Claim 7 of the 

present invention, in the disc playback system of any of Claims 

1 to 6, the disc motor comprises: a CAV {Constant Angular 

Velocity) control circuit for rotating the information disc at 

a constant angular velocity. Therefore, the maximum radius of 

the data record area on the disc can be calculated more 

accurately, regardless of the values of the linear velocity and 

track pitch of the disc, whereby the high-speed search or 

high-speed reading can be performed adaptively according to the 
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outermost circumference radius of the data record area. 

According to a disc playback system of Claim 8 of the 

present invention, in the disc playback system of any of Claims 

l to 6, the disc motor comprises: a CLV (Constant Linear 

velocity) control circuit for rotating the information disc at 

a constant linear velocity, and a variable clock generation 

circuit which can vary a comparison clock supplied to the CLV 

control circuit on the basis of the reference value for 

controlling the velocity of the disc motor. Therefore, the 

maximum radius of the data record area on the information disc 

can be calculated more accurately, regardless of the value of 

the track pitch, whereby the hi9h-speed search or high-speed 

reading can be perfo.rmed adaptively according to the ou.termost 

circumference radius of the data record area. 

According to a disc playback system of Claim 9 of the 

present invention, in the disc playback system of any of Claims 

1 to 6, the disc motor comprises: a first rotation control means 

tor rot.a ting the information disc at a constant angular velocity, 

a second rotation control means for rotating the information 

disc at a constant linear velocity, and a switch circuit for 

switching the first rotation control means and the second 

rotation control means. Therefore, the maximum radius of the 

data record area on the information disc can be calculated more 

accurately, regardless of the value of the track pitch, whereby 

the high-speed search or high-speed reading can be performed 
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adaptively according to the outermost circumference radius of 

the data record area. 

Brief Description of the Drawings 

Figure 1 is a block diagram illustrating a CAV playback 

system according to a first embodiment of the present invention. 

Figure 2 is a block diagram illustrating a disc playback 

system which is applied to a CAV playback system for CD-ROM 

according to second and fourth embodiments of the present 

invention. 

Best Mode for Carrying out the Invention 

[Embodiment l] 

Hereinafter, the first embodiment of the present 

invention corresponding to Claims 1 and 2 will be described with 

reference to figure 1. 

Figure l is a block diagram illustrating a CAV playback 

system according to the first embodiment. 

Reference numeral 2 denotes an information disc on which 

data are recorded at a constant linear velocity. The 

information disc 2 has prescribed ranges of tolerances as to 

the linear velocity, the track pitch, and the innermost radius 

of the data record area in which data are recorded on the 

information disc 2. Numeral 1 denotes a pickup for reading 

information from the information disc 2, such as an optical 
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pickup and a magnetic head. Numeral 3 denotes an amplifier 

circuit, which amplifies a signal read by the pickup 1 so as 

to have an appropriate amplitude. Numeral 16 denotes a disc 

motor, which rotates the informa'tion disc 2 at a predetermined 

velocity. Numeral 4 denotes a servo control circuit, which 

controls the pickup l to be in an appropriate position on a target 

track. Numeral 5 denotes an A/D converter circuit, which 

binarizes the signal transmitted from the amplifier circuit 3 

and generates a PLL (Phase Locked Loop) clock which is 

synchronized with the binarized signal. N~meral 7 denotes a 

digital signal processing circuit, which processes a supplied 

digital signal in accordance with a playback format of data, 

in synchronization with the PLL clock. Numeral 18 denotes a 

buffer memory, which temporarily contains the signal processed 

by the di9'ital signal processing circuit 7. Numeral 19 denotes 

an interface control circuit, which transmits the data stored 

in the bQffer memory 18 to an external device. Numeral 20 

denotes a disc motor control circuit, which rotates the disc 

motor 16 at a suitable velocity in accordance with an 

instruction from a maximum velocity definition circuit 22. 

Numeral 6 denotes a system controller, which controls the servo 

control circuit 4 and the interface control circuit 19. 

The operation in the so-constructed disc playback system 

for controlling the rotation velocity of the information disc 

2 is described with reference to figure 1. 
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When the information disc 2 is loaded into the disc 

playback system, the disc motor 16 rotates the information disc 

2 at a prescribed velocity in the disc playback system. In order 

to control the rotation velocity of the disc motor 16, it is 

required to obtain values of the linear velocity and track pitch 

of the information disc 2. 

Initially, the value of the linear velocity of the 

information disc 2 is measured for e~ample hy the following 

method. In cases where the pickup l has a means for detecting 

the range of motion of the information disc 2, when the 

information disc 2 is loaded into the apparatus, the pickup 1 

is transported from the program start position of the 

information disc 2 toward the inner radius of the track. Then, 

the pickup 1 counts a playback clock for the signal processing 

until it detects the program start position again, whereby the 

linear velocity can be measur~d. 

Next, the servo control circuit 4 detects the range of 

motion of the pickup l to obtain the value of the tL'ack pitch. 

For example, in cases where an encoder system or the like is 

included as a means for detecting the track pitch, when the 

information disc 2 is loaded, the information disc 2 is moved 

by a prescribed range or for a prescribed time period and the 

pickup 1 measures the number of tracks which have been passed 

during that time, whereby the track pitch can be measured. 

Therefore, the rotation velocity of the disc motor 16 can 
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he obtained from the measured valu·es of the linear velocity and 

track pitch, and the address value of the maximum radius of the 

data record area in which the data are recorded on the 

information disc 2. 

As described above, according to the disc playback system 

of the first embodiment, since the means for detecting the 

linear velocity and the track pitch of the information disc 2 

are provided, the correct values of the linear velocity and the 

track pitch can be obtained for each disc. Therefore, the 

accurate rotation velocity of the disc motor 16 can be 

calculated from the values of the linear velocity and track 

pitch, and the address value of the maximum radius of the data 

reco.rd area in which data are recorded on the information disc 

2, whereby the high-speed search or high-speed reading can be 

adaptively performed, according to the outermost circumference 

radius of the data record area. 

[Embodiment 2] 

Hereinafter, the second embodiment of the present 

invention corresponding to Claims 3 and 4 will be described with 

reference to figure 2. 

Figure 2 is a block diagram illustrating a disc playback 

system which is applied to a CAV playback system for CD-ROM 

according to the second embodiment. When the pickup has no 

means for detecting the range of motion of the information disc, 

the rotation velocity of the disc motor can be obtained by the 
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following method. The same reference numerals as those in the 

first embodiment denote the same elements, and the descriptions 

thereof are not given here. 

In figure 2, numeral 21 denotes an optical pick~p for 

reading data recorded on the information disc 2. Numeral 23 

denotes a RF amplifier for supplying a RF (Radio Frequency) 

signal read from the optical pickup 21. Numeral 24 denotes a 

focus-tracking control circuit/feed motor control circuit for 

supplying a focus error signal or tracking error signal 

extracted by the RF amplifier 23. Numeral 25 denotes a level 

slice-PLL circuit for supplying the RF signal amplified by the 

RF amplifier 23. Numeral 26 denotes a CD signal processing 

circuit for supplying an EFM signal which is obtained by 

binarizing the RF signal from the level slice-PLL circuit 25. 

Numeral 11 denotes a CLV motor control circuit for supplying 

a synchronization signal of a CD and a correction frame 

synchronization signal which are detected by the CD signal 

processing circuit. 26. Numeral 9 denotes a RAM. Numeral 13 

denotes an interpolation circuit for supplying an audio signal. 

Numeral 15 denotes a D/A converter for supplying output data 

from the interpolation circuit 13. Numeral 15a denotes a LPF 

(low-pass filter) for outputting a playback audio signal from 

the D/A converter 15 to outside. 

Further, numeral 14 denotes a CD-ROM signal processing 

circuit for supplying CD-ROM data. Numeral 1 O denotes a clock 
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generator for outputting a X'TAL (crystal) clock. Numeral 27 

denotes a CAV control circuit for generating a drive signal for 

rotating the disc motor 16 at a prescribed rotation. Numerals 

8, 12 and 17 denote selectors. 

The operation of the so-constructed disc playback system 

for controlling the rotation velocity of the information disc 

2 is described with reference to figure 2. 

In this figure, the RF signal (Radio Frequency) signal 

read from the information disc 2 by the optical pickup 21 is 

supplied to the RF amplifier 23. The RF amplifier 23 extracts 

a focus error signal or tracking error signal from the output 

of the optical pickup 21, then supplies the extracted signal 

to the focus-tracking control circuit/teed motor control 

circuit 24 as well as supplies an amplified RF signal to the 

level slice-PLL circuit 25. 

The level slice-PLL circuit 25 can obtain an EFM {Eight 

to Fourteen Modulation) signal which is obtained by binarizing 

the RF si9na1, and simultaneously generates a PLL (Phase Locked 

Loop) clock which is synchronized with the EFM siqnal to read 

this EFM signal. 

The EFM signal obtained by binarizing the RF signal by 

the level slice-PLL circuit 25 is supplied to the CD signal 

processing circuit 26. In addition, the PLL clock is supplied 

to the CD si9nal processing circuit 26 and the selector 8. 

The CD signal processing circuit 26 detects the 
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synchronization signal of the CD using the PLL clock, and 

performs separation or EFM demodulation of the data. Then, it 

extracts only sub code data from the demodulated data and 

supplies the sub code data to the system controller 6. The 

synchronization signal of the CD and the correction frame 

synchronization signal which are detected by the CD signal 

processing circuit 26 are supplied to the CLV motor control 

circuit 11- Further, data are written in the RAM 9 using the 

PLL clock as other main data. 

The data correction process is carried out by reading data 

from the RAM 9 with reference to the clock supplied by the 

selector 8. At this time, in the case of playback under CAV 

control, the correction process is carried out using a playback 

PLL clock output by the level slice-PLL circuit 25, and in the 

case of playback under CLV control, the correction process is 

carried out using the X'TAL (crystal) clock output by the clock 

generator 10. Then, the data which have been subjected to the 

correction process are supplied to the interpolation circuit 

13 or the CD-ROM signal processing circuit 14 via the selector 

12. 

The switching between CAV and CLV is performed in 

accordance with an audio/ROM switching instruction signal 

output by the system controller 6. In the case of audio, the 

CLV playback is carried out, and in the case of CD-ROM, the CAV 

playback is carried out. 
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The switching of the selector 8 is performed in accordance 

with the audio/ROM switching instruction signal output .by the 

system controller 6. The selector 8 selects the X'TAL clock 

output by the clock generator 10 when the instruction signal 

indicates audio, and selects the playback PLL clock output by 

the level slice-PLL circuit 25 when the instruction signal 

indicates a CD-ROM, to be supplied to the co siqnal processing 

circuit 26. 

The switching of the selector 12 is performed in 

accordance with the audio/ROM switching instruction signal 

output by the system controller 6. The selector 12 supplies 

data to the interpolation circuit 13 when the instruction si9nal 

indicates audio, and supplies data to the CD-ROM signal 

processing circuit 14 when the signal indicates a CD-ROM. 

Only when an error flag is included in the data, the 

interpolation circuit 13 performs the interpolation of the data, 

and supplies the output to the D/A converter 15. The D/A 

converter 15 converts the data from digital into analog, and 

outputs a playback audio signal through the LPF (low-pass 

filter) lSa. 

The CLV motor control circuit 11 compares the frequencies 

and phases of the synchronization signal of the CD and the 

correction frame synchronization signal, extracts error 

components, and generates a drive signal of the disc motor 16 

to be supplied to the selector 17. To be more specific, the 
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CLV motor control circuit 11 compares the frequencies and the 

phases of the 7.35-KHz CD synchronization signal and the 

7.35-KHz correction frame synchronization signal. 

The CD-ROM signal processing circuit 14 performs 

detection of CD-ROM synchronization from CD-ROM data and data 

descrambling, and executes a correction process for CD-ROM data 

and control on writing or reading of data into the buffer memory 

18. The CD-ROM synchronization signal detection and the CD-ROM 

data descrambling are carried out using the clock supplied by 

the selector 8. Further, the data correction process and the 

control on the reading or writing of data into the k>uffer memory 

18 are executed using the clock supplied by the clock generator 

10. Then, the data read from the buffer memory 19 are 

transferred to a host computer as an external device through 

the interface control circuit 19. At this time, the writable 

area in the buffer memory 18 is detected and supplied to the 

system controller 6. 

The interface control circuit 19 executes a communication 

control relating to interface such as transmission/receipt of 

an operation command and transmission/receipt of data to/from 

the host computer. The operation command is 

transmitted/received between the system controller 6 and the 

host computer via the interface control circuit 19. 

Next, the CAV control circuit 27 generates a drive signal 

for rotating the disc motor 16 at a prescribed rotation 
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conforming to tbe velocity reference value, from a rpm detection 

pulse obtained from the disc motor 16 and the velocity reference 

value supplied by the maximum velocity definition circuit 22. 

The generated drive signal is supplied to the selector 17. 

Further, the CAV control circuit 27 stores the outermost 

circumference radius address on the information disc 2 which 

has ever been accessed, then in cases where a method for setting 

this address as the maximum velocity of the system is adopted, 

compares the rpm detection pulse obtained from the disc motor 

16, with the velocity reference value supplied by the maximum 

velocity definition circuit 22 when the outermost circumference 

address value is changed, and supplies a read inhibition signal 

to the system controller 6 until the disc has a velocity which 

is equal to or lower than the target velocity. 

The switching of the selector 17 is performed in 

accordance with the audio/ROM switching instruction signal 

output by the system controller 6. The selector 17 selects the 

output of the CLV mo Lor control circuit 11 when the instruetion 

signal indicates audio, and selects the output of the CAV 

control circuit 27 when the signal indicates a CD-ROM, to be 

supplied to the disc motor 16. 

The system controller 6 executes a search or operation 

control of the whole CD-ROM such as ON/OFF control of the 

operation of each circuit. Further, the system controller 6 

generates the audio/ROM switching instruction signal from sub 
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code data which have been demodulated by the CD signal 

pro~essing circuit 26, and supplies t:he instruction signal to 

the level slice-PLL circuit 25 and the selectors 0, 12 and 17. 

The search inst.ruction signal is supplied to the focus- tracking 

control circuit/feed motor control circuit 24. 

A method for obtaining the linear velocity and track pitch 

of the information disc in the so-constructed CAV playback 

system for CP-ROM is described with reference to figure 2. 

Initially, when the information disc 2 is loaded into the 

disc playback system, the optical pickup 21 is forcefully 

transported from the program start position of the information 

disc 2 toward the inner radius by one track. The optical pickup 

21 counts the playback frame synchronization signal until it 

detects the program start position again, whereby the linear 

velocity of the information disc 2 can be obtained. There are 

various methods other than this for obtaining the linear 

velocity of the information disc. 

Next, to obtain the track pitch of the information disc 

2, a method for compensating the track pitch with respect to 

the standard maximum value ( 1- 7 µin) with actually playi nq back 

clata is adopted in this second embodiment. To be more specific, 

for example the disc rotation velocity calculated from the 

linear velocity of the information disc 2 when the information 

disc 2 is rotated at a prescribed rpm, the innermost radius of 

the disc and the standard maximum value of the track pitch ( 1. 7 
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µm) is used as the initial value of the disc rotation velocity. 

Then, the playback velocity at a certain address can be 

calculated from the initial value of the rotation velocity and 

the value of the track pitch. More specifically, the accurate 

track pitch can be obtained by measuring the data reading 

velocity when the data are actually read, then comparing the 

data reading velocity with the calculated playback velocity, 

and compensating the track pitch by the addition or subtraction 

on the basis of the difference of these velocities. The data 

reading velocity can be easily obtained, for example, by 

counting the playback PLL clock which is output by the level 

slice-PLL circuit 25, without using special hardware. 

The rotation velocity of the information disc 2 is decided 

using the linear velocity and track pitch calculated as 

described above, and a control reference value of the rotation 

velocity of the information disc 2 is set in the maximum velocity 

definition circuit 22. 

Next, the method for calculating the rotation velocity 

of the disc is described in detail. 

Initially, the radius position ( r,,. .. ,.) of the information 

disc 2 at the time of the maximum velocity in the disc playback 

system is calculated using the following equation: 

Equation (1) 
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In the above equation, R0 is an innermost radius of the 

record area in the information disc 2 (which is already known 

from the standards and 0.0249±0.002m in the case of CD-ROM), 

TP is a track pitch, ADunit is an address value included in a unit 

time ( 75 in the case of CD), ADanc1 is an address value of the 

information disc 2 at the time of the maximum velocity, and V1 

is the linear velocity of the information disc 2. 

For setting the address value ADend on the information disc 

2 at the time of the maximum velocity in the disc playback system, 

there are following methods. For example, a method of using 

the standard maximum recording time, a method of using the 

maximum time in the data record area read from Toe information, 

or a method of storing the outermost circumference address on 

the information disc 2 which has ever been accessed and using 

the stored address as the maximum velocity in the system can 

be used. 

Then, the maximum playback velocity rate (DR,,,ax) in the 

system is obtained from the calculated rw .. x using the following 

equation, and further the rotation velocity vrpm of the 

information disc 2 is obtained from values of rm!lx and o~ .. ic· 

Equation (2) 

= 2 'Jt ~:it vl:pm 

v1 60 
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Here, the value of Vrpm is set so as not exceed the upper 

limit of t.he value which is normally restricted in the 

mechanism. 

Next, an example of the practical calculation of the 

rotation velocity of the information disc 2 is described. 

For example, when the address value at the maximum 

velocity is assumed that ADend = 60:00:00(= 3600s}, the linear 

velocity of the information disc 2 is assumed that V1 = 1. 3 m/s, 

the maximum velocity of the system is assumed that DR.max = 32x 

velocity, the rotation velocity is calculated in this way. 

Initially, the radius position r 1114x at 60:00:00 is 

calculated using the value of 1. 6 µmas the standard track pitch 

in accordance with the Equation (1): 

Then, when the obtained value of rm...,.. is substituted into 

Equation { 2), the rotation veloc.ity of the information disc 2 

is: 

v rpll\ = ( 6 o x 3 2 x 1 • 3 ) I ( 2 7r x o • o 5 4 a ) = 7 2 4 9 rpm 

When the actual track pitch is 1.5 µm as the standard 

minimum value, the radius position rmax is obtained in accordance 

with Equation {l). 

When the obtained value of r 1110.:r.: is substituted into 



FROM ~~ll\ 2001~ 4~258(*)21:40/il~21:33/~~3803823032 p 29 

-26-

Equation (2), the rotation velocity of the information disc 2 

is: 

V :rpm. = ( 6 0 x 3 2 x 1 • 3 ) I ( 2 it x 0 • 0 5 3 4 ) = 7 4 3 9 rpm 

Further, when the actual track pitch is 1.7 µmas the 

standard maximum value, the radium position r,....,. is obtained in 

accordance with Equation (1). 

rmax = (0.0249 2+1.7xlO-"xl.3x3600/7t) 112 = 0.0561 m 

Then, the obtained value of rmax is substituted into 

Equation (2), the rotation velocity of the information disc 2 

is: 

vl:pm. = ( 60x32x 1. 3} I ( 2 7!'xO. 0561) = 7081 rpm 

In this embodiment, since the value of the track pitch 

is unknown at first, it is required to set the maximum velocity 

by using the standard maximum value of the track pitch, i.e., 

1.7 µm, so as not to exceed the capability of the system. 

Furth~r, from the above calculation example, in a case where 

the track pitch is set at 1.7 µm and the rotation velocity is 

set at 7081 rpm, the playback velocit.y at 60:00:00 is 31.2Sx 

(3la25 times faster) velocity when the actual track pitch is 

1. 6 µm, and 30. 46x velocity when the actual track pitch is 1. 5 

µm, whereby the maximum playback velocity is reduced about 5% 

at the maximum. 

Next, the information disc is played back, and when the 

halfway address is AD0 nd = 20:00:00 (=1200s) and the track pitch 

is 1.7 µ.m, the radius position rm .. ~ at this address is 0.0383m 
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in accordance with Equation ( l), and the rotation velocity of 

the disc is 7081 rpm in accordance with Equation (2). Then, 

the playback velocity at this time is obtained from the 

following Equation which is obtained by deforming Equation ( 2). 

Equation (3) 

When the above numeric values are substituted into 

Equation (3), the calculative playback velocity is: 

D~ax = 27C'x0.0393x7081/(60xl.3) = 21.Sx velocity 

When the actual playback velocity is, for example, 21.lx 

velocity, the actual track pitch can be calculated as follows. 

Initially, the actual radius position is o.btained in accordance 

with the following equation which is obtained by deforming 

Equation ( 2). 

Equation (4) 

From this equation, 

rm .. x;;: (60x21.lxl.3)/(2n:x7081) = 0.0370 m 

Then, the track pitch is obtained in accordance with the 

following equation which is obtained by deforming Equation ( 1). 

Equation (5) 



FROM·~- 2001~ 4~25B(*l21:40/ifl21 :33/X!i~3803823032 P 31 

-28-

When using Equation (5), 

Tp =7t"(0.0370z-o.0249 2 )/(l.3x1200) == 1.51 J.lm 

However, when the readout address is near the position 

of the. inner radius, there is a possibility that the calculated 

value of the track pitch has a large error. Therefore, when 

the reference value of the velocity control of the disc motor 

16 is decided on the basis of this track pitch value, there is 

a risk that the rotation velocity o! the information disc 2 

exceeds the maximum velocity in the system when reading data 

in the position of the outermost circumference radius. Thus, 

it is preferable to obtain the value of the rotation velocity 

of the information disc 2 with making a compensation by using 

a value obtained by multiplying the difference between the 

theoretically calculated track pitch anct the 'track pitch of the 

information disc 2 which is being played back now by a 

predetermined compensation coefficient, as a compensation 

value for the actual track pitch. To be more specific, for 

example, when tne track pitch obtained at the first access is 

1.51 µm and the track pitch used for setting the rotation 

velocity of the disc motor 16 is 1. 7 1Jm, the rotation velocity 

of the information disc 2 is re-decided using a value which is 

obtained by making compensation with half of the difference 

between these track pitches, i.e., Tp = 1.605 µm .. That is, from 

Equations (1) and (2), the rotation velocity is: 

r,,,ax ~ (0.0249 2+l.6Q5Xl0-6xl .. 3X3600/1t) 112
"'"' 0.0549 m 
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v rp:m = ( 6 0 x 3 2 x 1 • 3 ) I ( 2 1r.:' )( O • 0 5 4 9 ) = 7 2 3 6 rpm 

-Hereinafter, by making compensation with half of the 

difference between the track pitches at each access, the 

obtained value is gradually converging to the true value of the 

track pitch .. 

Or, another method is adopted for making compensation by 

weighting a compensation coefficient according to a distance 

from the address at which the maximum velocity is obtained, in 

view of the fact that the maximum playback velocity can be set 

more accurately at a position on the information disc 2 nearer 

to the address at which the set maximum velocity is obtained. 

To be more specific, for example, the compensation coefficient 

at the address where the maximum velocity is obtained is set 

at l 00%, the compensation coefficient is set at 0-100% according 

to the address position, and then the compensation is made by 

multiplying the compensation value of the calculated track 

pitch~ by the compensation coefficient. In the above­

mentioned embodiment, since the address at which the maximum 

velocity is obtained is 60:00:00 and the address at which the 

reading of data hu.s been performed is 20: 00 t 00, the compensation 

is made with 33.33% of the difference between the track pitch 

values at that time, i.e., 1.7 µm and 1.51 µm. 

Tp = 1.7+(1.51-l.7)x0.3333 = 1.637 µm 

Then,- by using the value of Tp, the rotation velocity of the 

information disc 2 is compensated using Equations ( 1) and ( 2) . 
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r me.x = ( 0 • 0 2 4 9 2 + I • 6 3 7 x 1 0 • 6 x 1 • 3 x 3 6 0 0 I 7r ) 112 
:-. 0 • 0 5 3 5 3 m 

v rpm = ( 6 O x 3 2 x 1 • 3 ) I { 2 7t x O • o 6 6 3 ) = 7 18 4 rpm 

Also in this method, when the compensation is made at every 

access, the value is gradually converging to the true track 

value and further when the access is made to a position nearer 

the address of the rnaxlmum velocity in the system which is 

supposed to be more accurate, the maximum playback velocity of 

the system can be attained earlier. 

There are various track pitch compensation methods other 

than these, while when the compensation is made so that the data 

playback velocity at the address of the maximum velocity of the 

system on the information disc 2 becomes closer to the maximum 

velocity of the system, the same effects are obtained. 

on the other hand, the prescribed amount of error is 

permitted also in the innermost radius of the information disc 

2. When comparing the playback velocities at the address of 

60:00:00, for example, in a case where the minimum radius is 

o. 0247m and in a case where the maximum radius is O. 0251m, the 

radius position when the rpm of the information disc 2 is 7081 

rpm and the track pitch is 1.7 µm in the case of the minimum 

radius is obtained from Equation (1). 

rmax ... (0.0249 2+1.7x10·6 xl.3x3600/7() 112 = 0.05605 m 

Then, from Equation (3), 

D~ax = (27t"x0.05605x7081)/(60xl.3) = 31.97x velocity 

In the case of the maximum radius, from Equation (l}, 
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r_i.. = (0.0251 2+1.7xl0-6 Xl.3x3600/7r) 112
::: 0.05624 m 

Then, tram Equation (3), 

· DP-mu= (27rx0.05624x7081)/(60xl.3) = 32.08x velocity 

The difference of the playback velocities is approximately 

0.35% at the maximum and it is a negligible range of error. 

Even if the initially measured ljnear velocity or 

innermost radius of the information disc 2 has an error, because 

the actual data reading velocity is measured, the rotation 

velocity of the information disc 2 can finally be the maximum 

velocity of the system at the outermost circumference position 

in the data area. 

In this second embodiment, the value of the track pitch 

is compensated. However, the same effects are obtained when 

the compensation is made by calculating the required rotation 

velocity of the disc directly from the address and playback 

velocity at which the playback is now being performed. In 

addition, also when the above value is multiplied by the 

compensation coefficient, the same effects are obtained. 

When the accurate track pitch can be measured by the track 

pitch measuring means shown j,n the first embodiment at the 

loading of the information disc 2, the rotation velocity of the 

information disc 2 can be set by using the measured track pitch 

from the beginning. In addition, in order to set the rotation 

velocity of the disc more accurately, the above-mentioned 

method for compensa.tin9 the rotation velocity of the disc on 
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the basis of the address value and playback velocity at which 

the playback is being performed can be combined. 

·As described above, the disc playback system according 

to the second embodiment comprises the linear velocity 

detection means for detecting the linear velocity of the 

information disc 2 and the playback velocity detection means 

for detecting the current playback velocity of the information 

disc 2, and previously decides an initial value of the playback 

velocity on the basis of the detected linear velocity value, 

the standard maximum value of the track pitch and the value of 

the maximum radius of the data storage area in which data are 

recorded on the information disc, measures the playback 

velocity of data each time when the data. on the information disc 

2 are read out, and decides the reference value of the velocity 

control of the disc motor 16 on the basis of the current rotation 

velocity, linear velocity and innermost radius in the data 

record area on the information disc 2, the address value at the 

maximum playback velocity in the system and the address value 

on the information disc at the maximum velocity. Therefore, 

no special means for detecting the track pitch is required, and 

the value of the maximum radius of the data record area in which 

data are recorded on the information disc 2 can be calculated 

more inexpensively and more accurately, regardless of the 

values of the linear velocity and the track pitch of the 

information disc 2. In addltion, even when the previously 
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measured linear velocity of the information disc 2 has an error, 

the high-speed search and high-speed reading can be adaptively 

performed according to the outermost circumference radius of 

the data record area. 

'Further, since the compensation is made by multiplying 

the compensation coefficient correspondinq to the ratio between 

the ad.dress for obtaining the maximum velocity of the system, 

and the address at which the playback is beinq performed, when 

the track pitch value is compensated by multiplying the track 

pitch value by the compensation coefficient corresponding to 

the radius position at which the playback is being performed 

or its address value, the address value of the maximum radius 

of the data record area in which data are recorrled on the 

information disc can be calculated more accurately, regardless 

of the radius posi.tion at which the playback is being performed 

or its address value, or the values of the linear velocity or 

track pitch of the disc. Therefore, even when the previously 

measured linear velocity of the disc has an error, the 

high-speed search and high-speed reading can be adaptively 

performed according to the outermost circumference radius of 

the data record area. 

[Embodiment 3) 

Hereinafter, the third embodiment of the present 

invention corresponding to Claims 5 and 6 will be described. 

Initially, the maximum radius value of the data record 
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area described in the first or second embodiment can be obtained 

by following methods. 

For example, there is a method for extracting address 

information recorded on the information disc by means of a 

pickup, and using the radius at the outermost circumference 

position obtained from tha extracted address information as the 

maximum radius of the data storage area. 

In addition, there is a method for providing a storage 

means for storing the address information at. the outermost 

circumference read at each time when the information disc is 

played back on the information disc:, and using the data record 

area at the outermost circumference from the storage means as 

the maximum radius. 

Further, there is a method for using the standard maximum 

record time as the maximum radius of the data record area, and 

a method for reading the maximum time in the data record area 

in which data are recorded on the information disc and Qsing 

t:.he same as tile maximum radius of the data record area, and the 

like. 

As described above, in the disc playback system according 

to the third embodiment, the outermost circumference position 

of the informatjon disc or the radius at the outermost 

circumference address position read from the storage means is 

used as the maximum radius of the data storage area. Therefore, 

the outermost circumference radius of the addresses which have 
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ever been accessed on the information disc can be calculated 

more accurately regardless of the values of the linear velocity 

or track pitch of the information disc, and the high-speed 

search and the high-speed reading can be adaptively carried out 

according to the address value of the outermost circumference 

radius on the information disc which has ever been accessed. 

[Embodiment 4] 

Hereinafter, the fourth embodiment of the present 

invention corresponding to Claims 7 to 9 will be described with 

reference to figure 2. 

Figure 2 is a block diagram illustrating a disc playback 

system which is applied to a CAV playback system for CD-ROM, 

according to the fourth embodiment. The same reference 

numerals as those in the second embodiment denote the same or 

corresponding elements or operations, and descriptions thereof 

are not given here. 

In this figure, the information disc 2 on which data are 

recorded at constant linear velocity (CLV) is played back by 

rotating the disc motor 16 by the CAV method or CLV method. At 

this ·time, the switching between the CAV method and the CLV 

method is performed in accordance with the audio/ROM switching 

instruction s iqna 1 which is output from the system controller 

6. In the case of audio, the information disc 2 is played back 

by the CLV method and in the case of CD-ROM, the information 

disc 2 is played back by the CAV method. In addition, when the 
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playb~ck is performed by the CLV method, a variable clock 

generation circuit which can vary the reference value of the 

velocity control of the disc motor 16 is provided. 

As described above, according to the disc playback system 

of the fourth embodiment, the information disc 2 is played back 

by the CAV method. Therefore, the loads on the disc motor 16 

can be reduced, thereby reducing the costs and downsizing, and 

further the high-speed search can be performed. 

In addition, the information disc 2 is played back by a 

wide-range CLV method having a playback velocity which is equal 

to that of the CAV method. Therefore, the loads to the disc 

motor'16 can be reduced, thereby reducing the costs and 

downsizing, and further the high-speed search can be performed. 

Further, the CLV method and the CAV method are provided 

as the means for playing hack the information disc 2, and the 

circuit for switching the methods is further included. 

Therefore, regardless of the value of the track pitch, the 

maxim~m radius of the data s t.orage area in the information disc 

2 can :be calculated more accurately, and the high-speed search 

and high-speed reading can be performed adaptively according 

to the maximum radius of the data storage area. 

Industrial Availability 

As described above, the disc playback system according 

to the present invention relates to a disc playback system for 
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controlling the disc rotation velocity and can obtain the 

maximum playback velocity in the system even in the-case of a 

disc having a different track pitch. Therefore, it is extremely 

useful as the one for realizing an efficient disc playback 

system. 
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CLAIMS 111111111111111111111111111111 
* C L M S * 

1- ~ disc playback system comprising: 

a pickup for reading first information data recorded on 

an information disc on which data are recorded at a constant 

linear velocity, from the information disc; 

a disc motor for rotating the information disc; 

a digital signal processing circuit for digitizing the 

first information data according to a playback format of the 

information disc; 

an interface control circuit for transmitting second 

information data which are the data digitized by the digital 

signal processing circuit, to an external device; 

a buffer memory for temporarily containing the second 

information data which are requested by the external device via 

the interface control circuit; 

a linear velocity detection means for detecting a linear 

velocity of the information disc; and 

a track pitch detection means for detecting a track pitch 

of the information disc, 

said disc playback system deciding a reference value for 

controlling a velocity of the disc motor, on the basis of the 

linear velocity detected by the linear velocity detect.ion means, 

the track pitch detected by the track pitch detection means, 

and a value of a maximum radius of a record area of data which 
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* C L M S * 

are recorded on the information disc. 

2. The disc playback system of Claim 1 wherein 

~he track pitch detection means comprises a motion 

distance detection means for detecting a motion distance of the 

picku:E>, and 

when the information disc is loaded, the motion distance 

detection means calculates the number of tracks which have been 

passed by the pickup while the pickup is moving on the data record 

area on the information disc for a prescribed time period or 

by a prescribed distance, thereby detecting the track pitch of 

the information disc. 

3. A disc playback system comprising: 

a pickup for reading first information data recorded on 

an information disc on which data are recorded aL a constant 

linear velocity, from the information disc; 

a disc motor for rotating the information disc; 

a digital signal processing circuit for digitizing the 

first information data according to a playback format of the 

information disc; 

~n interface control circuit for transmitting second 

information data as data which have been digitized by the 

digital signal processing circuit, to an external device; 

a buffer memory for te1nporarily containing the seoond 
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information data which are requested by the external device via 

the interface control circuit; 

a linear velocity detection means for detecting a linear 

velocity of the information disc; and 

a playback velocity detection means for detecting a 

playback velocity of the information disc during playback of 

the information, 

said disc playback system 

previously deciding an initial value of a reference value 

for controlling a velocity of the disc motor on the basis Of 

the linear velocity detected by the linear velocity detection 

means, a standard maximum value of a track pitch of the 

information disc, and a value of the maximum radius of a record 

area of data which are recorded on the information disc, 

when data. are read from the information disc, setting again 

the reference value for controlling the velocity of the disc 

moto~ adaptively on the basis of the playback velocity of the 

informa~ion disc during playback, which is detected by the 

playback velocity detection means, the linear velocity detected 

by the linear velocity detection means, and a value of an address 

at which the playback is being performed, and 

deciding the reference value for controlling the velocity 

of the disc motor. 

4. The disc playback system of Claim 3 wherein 
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the reference value for controlling the velocity of the 

disc motor is obtained, 

when the reference value for the velocity control is set 

again, by making a compensation by multiplying the initial value 

o'f the motor velocity control reference value, by a compensation 

coeff ,;cient corresponding- to a ratio between a radius position 

at whi~h the information disc is being played back or an address 

value thereof, and the value of the maximum radius of the data 

record area or an address value thereof. 

s. The disc playback system of any of Claims l, 3 and 4 

extra¢ting address information concerning the information disc 

which is stored in a disc start position, from tha first 

information data, and using a value of a radius in a maximum 

circumference position obtained by the address information, as 

the value of the maximum radius of the record area of data which 

are recorded on the information disc. 

6. The disc playback system of any of Claims 1, 3 and 4 

comprising a storage means for containing address information 

of the outermost circumference among already read address 

information on the information disc, and 

using a radius of an address position of the outermost 

circumference, read from the storage means, as the value of the 

maximum radius of the record area of data which are recorded 
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111111111111111111111111111111 
on the information disc. * C L M S * 

7. The disc playback system of any of Claims 1 to 6 wherein 

the disc motor comprises: 

a CAV (Constant Angular Velocity} control circuit for 

rotating the information disc at a constant angular velocity. 

8. The disc playback system of any of Claims 1 to 6 wherein 

the disc motor comprises: 

a CLV (Constant Linear Velocity) control circuit for 

rotating the information disc at a constant linear velocity, 

and a variable clock generation circuit which can vary a 

comparison clock supplied to the CLV control circuit on the 

basis of the reference value for controlling the velocity of 

the disc motor. 

9. The disc playback system of any of Claims 1 to 6 wherein 

the disc motor comprises; 

a first rotation control means !or rotating the 

inforination disc at a constant angular velocity, a second 

rotation control means for rotating the information disc at a 

constant linear velocity, and a switch circuit for switching 

the first rotation control means and the second rotation control 

means. 


