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(57) ABSTRACT 

When a deviated gravity disc is reproduced at a higher rate 
With the disc reproducing apparatus, an excessive vibration 
is generated and this vibration gives adverse effect on the 
disc reproducing apparatus and peripheral components/ap 
paratuses, and/or may represent an annoyance to a user. A 
vibration information detector for detecting vibration of the 
disc reproducing apparatus or a deviated gravity information 
detector for detecting amount of gravity deviation of disc is 
provided, and as a result of such detection of an imbalance 
(i.e., excessive vibration or mass eccentricity), and a repro 
ducing rate switching control controls sets and limits the 
reproducing rate of the disc reproducing apparatus to a 
substitute speed Which is loWer or higher than a normal 
reproducing speed. 
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DISK REPRODUCING SPEED CONTROL 
METHOD AND A DISK REPRODUCING 
APPARATUS USING THIS METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a disc 
reproducing method and apparatus Which utiliZe a disc 
motor for rotating a disc and an optical pickup to realiZe high 
speed reproduction, and more particularly relates to a disc 
reproducing method and apparatus Which are suitable for 
prevention of eXcessive oscillation and/or vibration in a 
radial direction of a disc during high speed rotation resulting 
from an imbalance (e.g., disc eccentricity imbalance, mass 
imbalance, etc.). 
[0003] 2. Description of Related Art 

[0004] Use of a so-called compact disc—read only 
memory (CD-ROM) apparatus (utiliZing CD-ROM’s as 
recording/reproduction medium) as a peripheral device of a 
personal computer has gained in popularity and frequency in 
recent years. Since introduction, Whereupon the CD-ROM 
apparatus Was standardiZed to operate at a predetermined 1>< 
speed or rate, technology has advanced tremendously, lead 
ing to ever increasing operating speeds for the CD-ROM 
apparatus, i.e., for realiZation of higher speed data transfer 
rates. Recently, an 8x speed (i.e., 8 times the original 
standardiZed 1>< speed) is commonplace, and it is noW 
estimated that high speed data transfer of a 12x speed or 
higher Will become commonplace in the near future. 

[0005] For background discussion, FIG. 7 shoWs a sche 
matic basic block diagram of a servo system used for disc 
motor control of a disc reproducing apparatus. More par 
ticularly, the FIG. 7 arrangement may be dedicated to 
reproduce only CD-ROMs on Which the information of a 
computer (hereinafter called CD-ROM information) is 
recorded, or may also be able to reproduce CDs on Which 
audio information is recorded. If the disc 1 is a CD, the 
rotational speed is uniquely de?ned, hoWever, if the disc 1 
is a CD-ROM, for eXample, it can be reproduced at a 
multiplicity of different speeds, e.g, X times as high as a 
standardiZed rotational speed of 1.2 m/sec. More particu 
larly, as described above, recently reproduction at an 8x or 
12>< rate is mainstream. 

[0006] Within FIG. 7, the information reader 4 (i.e., head 
arrangement including a laser, lenses, sliders, actuators, etc.) 
converts information recorded on a disc 1 into an electrical 
signal and then inputs the signal to a demodulating circuit 6. 
The demodulating circuit 6 demodulates the electrical signal 
and a signal processing circuit 7 generates a clock signal 
from the demodulated signal. A disc motor servo circuit 8 
controls the rotating speed of a disc motor 2 via the disc 
motor driving circuit 3 so that the clock signal becomes 
equal to a reference clock signal generated by a reference 
clock generating circuit 9. 

[0007] FIG. 8 shoWs relationship betWeen a disc repro 
ducing rate multiplication ratio according to a reproducing 
position and a disc rotating speed. The recording/reproduc 
ing system of this exemplary CD-ROM is a constant linear 
velocity (CLV) system in Which linear speed is set to a 
constant value. In this system, a rotating speed of the disc 
changes depending on a current reproducing position of the 
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head on the disc. In such discussed CLV system, since a 
reference rotating speed is 1.2 m/sec in a standard repro 
ducing rate (i.e., in a 1x original standard speed) and a signal 
recording area of a disc is Within a disc region from 25 mm 
to 58 mm in a radius direction from a center of the disc, for 
a 4x (i.e., 4-fold) reproducing operation, the rotating speed 
(frequency) at an innermost position of the 25 mm radius is 
about 32 HZ as can be seen from the characteristic curve 30 

in FIG. 8. Similarly, in an 8x (i.e., 8-fold) reproducing 
operation, the maXimum rotating speed is about 64 HZ as can 
be seen from the characteristic curve 31, and in the 12x (i.e., 
12-fold) reproducing operation, the maXimum rotating speed 
is about 96 HZ as can be seen from the characteristic curve 
32. 

[0008] Turning discussion noW to FIG. 9, at times, a 
certain disc 1 Which is loaded into and attempted to be 
reproduced (i.e., read) by a disc reproducing apparatus may 
have a center of rotation 33 (Which is the center of disc 1) 
Which is deviated from a center of gravity or center of mass 
point 34. Such disc situation is hereinafter called a deviated 
gravity disc. Such deviated gravity disc may be generated 
during manufacturing, for eXample, because a disc material 
pressure is uneven, an unbalanced paint distribution is 
applied to a surface of the disc, or by reason that an indeX 
label is attached on the disc surface after manufacturing 
thereby to imbalance the disc. When this deviated gravity 
disc 1 is rotated around the center 33, a force indicated by 
a force vector 35 is generated at the point 33, in a direction 
of the point 34. Therefore, When this deviated gravity disc 1 
is reproduced by the disc reproducing apparatus, the force 35 
Works on the disc, disc clamp/mount and disc motor during 
rotation to ?ing the disc side to side, and vibration may be 
generated in a direction matching a major plane of the disc 
reproducing apparatus. Such situation is called a mass 
eccentric disc. 

[0009] The above-mentioned force 35 increases in propor 
tion to a square of the disc rotating speed. Namely, during a 
reproducing operation in the 8x reproducing rate, a force 
equal to 4 times that in the 4x reproducing rate is generated, 
and during a reproducing operation in the 12x reproducing 
rate, a force equal to 9 times that of the 4x reproducing rate 
is generated. Therefore, With improvement in a disc repro 
ducing rate (i.e., rotating speed) of the disc reproducing 
apparatus, vibration generated When a deviated gravity disc 
is reproduced becomes large. Such vibration can result in a 
failure of operation (e.g., burn out, mis-reading, etc.) of the 
disc reproducing apparatus, can have an adverse effect on 
components installed in close proximity to the vibrating 
disc, a noise generated therefrom can be an annoyance to a 
user, and/or vibration can cause the disc reproducing appa 
ratus to move across a surface on Which it is placed. 

[0010] The above-discussed vibration phenomenon is due 
to a mass eccentricity imbalance of the disc, causable (i.e., 
presently causing or capable of causing) of at least one of a 
radial oscillation and radial vibration above a predetermined 
rotational speed, i.e., oscillation/vibration directed along a 
radial direction (i.e., in a major plane) of the disc so as to 
cause a disc to ?ing side-to-side as the disc is rotated. Such 
mass eccentricity imbalance is the imbalance of most inter 
est in the present invention. Another imbalance of interest to 
a smaller degree is a centering eccentricity imbalance, i.e., 
a centering eccentricity imbalance of the disc, causable of at 
least one of a radial oscillation and radial vibration above a 
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predetermined rotational speed, i.e., oscillation/vibration 
directed along a radial direction (i.e., in a major plane) of the 
disc so as to cause a disc to ?ing side-to-side as the disc is 
rotated. Centering eccentricity imbalance results, for 
example, When a disc is loaded With its disc center mis 
aligned to a center of a rotator arrangement. (i.e., rotating 
motor, disc mount/clamp, etc.). Misalignment may be due to 
sloppy loading of the disc to the mount/clamp, excessively 
siZed central mounting hole in the disc, excessively small or 
Worn mount/clamp, etc. Centering eccentricity imbalance 
affects oscillation/vibration and operation of the disc repro 
ducing apparatus to a lesser degree than that of mass 
eccentricity imbalance. HoWever, the principles and 
arrangements of the present invention are equally applicable 
to centering eccentricity imbalance as mass eccentricity 
imbalance. 

[0011] Continuing in discussion, FIG. 14 is a block dia 
gram shoWing another CD/CD-ROM disc reproducer 
arrangement, and in greater detail. More particularly, a 
reference number 1 denotes a disc, T denotes a track or 
tracks, L denotes a beam (e.g., laser beam), 2 denotes a disc 
motor, 3 denotes a disc motor driver or control circuit, 4 
denotes a head arrangement or information reader, 40 
denotes a preampli?er circuit, 5 denotes a tracking driver or 
control circuit, 7 denotes a signal processing circuit, 50 
denotes a CPU, 10 denotes an audio circuit, 11 denotes an 
audio signal output terminal, 12 denotes a CD-ROM 
decoder and 13 denotes a CD-ROM signal output terminal. 
More particularly, the FIG. 14 arrangement can be used to 
reproduce both CDs and CD-ROMs as Was discussed above 
With respect to the arrangement of FIG. 7. CPU 50 receives 
a request along an input line I from an external device such 
as a host computer, issues an instruction A for rotational 
speed to a disc motor control circuit 3 in response to this 
request, and sets the rotational speed of the disc 1 to a speed 
requested from the external device. 

[0012] Helical or concentric tracks T Where information is 
recorded are formed on the disc 1, and an information reader 
4 reads audio information or CD-ROM information from 
any selected track T by radiating a beam L (e.g., a laser 
beam) on this track T and outputs re?ected read information 
as a read signal. After this read signal is ampli?ed and the 
Waveform is shaped by a preampli?er circuit 40, the signal 
is supplied to a signal processing circuit 7, and predeter 
mined processing is applied to the signal. More particularly, 
if the read signal is an audio information signal, the signal 
is further processed in an audio circuit 10, or if the read 
signal is a CD-ROM information signal, it is processed in a 
CD ROM decoder 12, and output from output terminals 11 
and 13, respectively. 

[0013] The head arrangement or information reader 4 may 
be constituted by laser, lenses, a pickup, a main actuator/ 
slider for coarsely moving the pickup for major distances 
(i.e., across tracks) in the radial direction of the disc 1, a 
minor actuator/slider for ?nely moving the pickup for minor 
distances (i.e., precisely aligning to a particular track) in the 
radial direction of the disc 1, a focusing actuator/slider for 
focusing the laser beam L onto a track surface of the disc, 
and may have additional components. A beam L from the 
pickup can sequentially radiate a series of tracks T oWing to 
movement of the actuators/sliders as the disc 1 is rotated. 
The disc reproducer is further provided With a tracking 
control circuit 5 for controlling a position of this condenser 
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in the direction of the Width of the track T so as to let a beam 
L folloW the track T, and other components. Apart of a read 
signal ampli?ed by the preampli?er circuit 40 is supplied to 
a tracking driver or control circuit 5. This tracking control 
circuit 5 detects a state in Which a beam L is folloWing the 
track T based upon the supplied read signal and generates a 
tracking control signal B according to the result of detection. 
The tracking control of the pickup of the information reader 
4 is controlled by this tracking control signal B so that a 
beam L alWays precisely folloWs the track T. 

[0014] To access a desired track T, CPU 50 outputs an 
inhibiting signal C to stop the operation of the tracking 
control circuit 5 so that a tracking control signal B is 
prevented from being output and moves the pickup of the 
information reader 4 in the radial direction of the disc 1 at 
high speed by the slider so that a beam L is radiated upon this 
desired track T. This alloWs a beam L to cross plural tracks 
causing a read signal outputted from the information reader 
4 to be a pulse signal having an amplitude Which ?uctuates 
or pulses every time the beam L crosses a track, Which pulse 
signal is called a track crossing pulse hereafter. The track 
crossing pulse D is detected by and supplied from the 
preampli?er circuit 40 to CPU 50. CPU 50 recogniZes the 
number of tracks Which the beam L crosses by counting a 
number of track crossing pulses D and determines Whether 
a beam L has reached a desired track or not. 

[0015] When the tracking control circuit 5 supplies a 
tracking control signal B to the information reader 4, the 
tracking control arrangement is controlled and a beam L 
folloWs the track T With the pickup theoretically stopped 
opposing a desired track in this information reader 4. HoW 
ever, in practice stopping the pickup opposed to a desired 
track may not be practical because a track location may 
oscillate (due to eccentricity as described above and beloW) 
and because there is a limit in the quantity of displacement 
(?ne adjustment) of a beam L by the tracking arrangement. 
Accordingly, in a practical situation, the pickup is typically 
adjustingly moved in the radial direction of the disc by the 
actuators/sliders and tracking arrangement periodically, i.e., 
the pickup is intermittently moved in the radial direction of 
the disc 1. 

[0016] If such a mass eccentric disc is rotated at a loW 
rotational speed, for example, a 1x speed, oscillation may 
hardly occur because rotational speed is sloW. HoWever, 
When rotational speed is increased to a high rotational speed, 
for example 8x or 12x (in order to accomplish high speed 
reproduction), the disc reproducer may experience oscilla 
tion/vibration and track eccentricity in a direction parallel to 
a major plane of the disc. More particularly, oscillation/ 
vibration and track eccentricity may be only experienced or 
increased as rotational speed is increased. For track eccen 
tricity beloW a predetermined value, tracking control and 
track folloWing can still be accomplished, but if above the 
predetermined value, tracking control and track folloWing 
cannot be accomplished. Though it varies depending upon 
the quantity of mass eccentricity, according to experiments, 
When reproduction is executed at approximately a 6x rate or 
more, oscillation/vibration, track eccentricity and noise 
occurs. Therefore, in the case of reproduction of a mass 
eccentric disc at an 8x rate Which is the recent mainstream, 
a large oscillation/vibration, track eccentricity and noise are 
generated by the disc reproducer, undesirable oscillation 
may be applied to components installed in close proximity 
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to the disc, and such oscillation may have a detrimental 
effect upon components of and Work around this disc repro 
ducer. 

[0017] As an example of a detrimental effect on a particu 
lar component, in a pickup, a condenser is normally held by 
an elastic member and the position of this condenser is 
controlled according to a tracking control signal supplied to 
tracking arrangement so that a beam folloWs (that is, tracks) 
a track. HoWever, When this tracking control is stopped, the 
condenser held by the elastic member is oscillated by and in 
synchroniZation With the disc imbalance vibration. When a 
disc reproducer is oscillated by the rotation of a mass 
eccentric disc at loW rotational speeds, the free condenser is 
oscillated slightly at the same phase as this disc reproducer 
because the disc oscillation is small. HoWever, When the 
rotational speed of the disc is increased, the amplitude/ 
frequency of oscillation generated in the disc reproducer is 
increased, and the condenser is oscillated at a frequency 
according to the transfer function proper to the elastic 
member holding the condenser. 

SUMMARY OF THE INVENTION 

[0018] This invention is directed toWard satisfying the 
aforementioned imbalance and oscillation/vibration prob 
lems in reproduction of a disc. More particularly, it is an 
object of the present invention to provide a disc reproducing 
method and apparatus Which assure higher reliability and 
safety in operation by preventing an excessive oscillation/ 
vibration generated during rotation of an imbalanced disc. 

[0019] As explained above, When an imbalanced disc is 
rotated/reproduced at high reproduction rates (e. g., 8x, 12x), 
vibration becomes large. In order to combat such problem, 
When an imbalance vibration is generated and encountered 
during high speed reproduction at a predetermined rotational 
speed, vibration can be loWered by reducing and/or increas 
ing the rotational speed (i.e., reproduction rate). More par 
ticularly, a loWering of rotational speed substantially loWers 
an imbalance force (vector 35; FIG. 9), thereby to eliminate 
the generation of vibration. In contrast, a raising of rota 
tional speed Will eventually reach a situation Where a mass 
of the disc, disc/clamp, motor shaft, etc. is too great to move 
fast enough to folloW the high rotational frequency of the 
imbalance force (vector 35; FIG. 9), thereby avoiding 
vibration. 

[0020] Moreover, in order to attain the objects explained 
above, according to the disc reproducing method of the 
present invention, information indicating an imbalance (e.g., 
deviated gravity, eccentricity) of the disc is detected and 
When smaller than a predetermined value, a disc reproducing 
operation is performed at a ?rst reproducing rate, and When 
larger, the disc reproducing operation is performed at a 
second reproducing rate Which is loWer than the ?rst repro 
ducing rate. 

[0021] Therefore, in vieW of achieving the objects 
explained above, according to one disc reproducing method 
and apparatus of the present invention, information about 
vibration of the disc reproducing apparatus is detected, and 
When such information indicates a level of vibration smaller 
than a predetermined value, disc reproducing operation is 
performed at a normal reproducing rate, and When such 
information indicates vibration larger than the predeter 
mined value, a disc reproducing operation is performed at a 
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substitute reproducing rate Which is different (i.e., loWered 
or raised) from the normal reproducing rate. 

[0022] In addition, the disc reproducing apparatus of the 
present invention comprises, in vieW of achieving the object 
explained above, a sWitching controller for controlling the 
sWitching of the disc reproducing rate to the ?rst reproduc 
ing rate or the second reproducing rate (i.e., higher or loWer 
second reproducing rate), so as to control the disc repro 
ducing rate to the ?rst reproducing rate When a detected 
signal from the vibration information detector is smaller 
than the predetermined value, and to the second reproducing 
rate When the detected signal is larger than the predeter 
mined value. 

[0023] Moreover, the disc reproducing apparatus of the 
present invention further can comprise, in order to achieve 
the object explained above, a deviated gravity information 
detector for detecting information about a deviated gravity 
of a disc, and a sWitching controller for controlling sWitch 
ing of the disc reproducing rate to the ?rst reproducing rate 
or to second reproducing rate Which is loWer than the ?rst 
reproducing rate, i.e., to set the disc reproducing rate to the 
?rst reproducing rate When the detected signal from the 
deviated gravity information detector is smaller than the 
predetermined value and to the second reproducing rate 
When the detected signal is larger than the predetermined 
value. 

[0024] In addition, the present invention also comprises a 
display so that a user can con?rm a present state of the 

arrangement, i.e., as to Whether or not an imbalanced 
condition has been detected, and/or as to Whether or not the 
disc reproducing rate is sWitched to the second reproducing 
rate from the ?rst reproducing rate. 

[0025] Construction according to the present invention 
enables high speed reproduction, for example, of a 12x (i.e., 
12-fold) rate When gravity deviation of disc is judged to be 
small or When vibration is suf?ciently small so as not to 
represent any problem even under a high reproduction rate, 
and also enables automatic sWitching of the disc reproducing 
rate to an appropriate changed rate depending on a degree of 
gravity deviation or vibration. More particularly, automatic 
sWitching can be provided to sWitch from a normal desirable 
12>< speed to a differing (i.e., loWer or higher) speed, for 
example, an 8x speed or 4>< speed under control by the 
sWitching controller When gravity deviation of disc is judged 
to be large or When vibration is generated under a present 
reproduction rate. 

[0026] Alternative to dynamic detection, a static detection 
arrangement can be used Wherein the quantity of mass 
eccentricity of a disc Which is equivalent to the quantity of 
displacement betWeen the center of gravity of the disc and 
the center point of the disc is detected beforehand to 
automatically Warn or inhibit reproduction of the mass 
eccentric disc at high speed. 

[0027] In accomplishing the above objects, hoWever, pro 
vision of required detectors for detecting the oscillation of a 
disc reproducer, for detecting the quantity of mass eccen 
tricity of a disc and others do not have to be provided by 
additional components added to a disc reproducer, i.e., the 
number of parts, scale and cost of circuits/arrangements of 
a disc reproducer do not have to be increased as the present 
invention can be implemented With components already 
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present in disc reproducing apparatus. More particularly, 
another speci?c object of the present invention is to provide 
a mass eccentric disc detecting method Which enables 
detecting the quantity of mass eccentricity of a disc precisely 
Without or only minimally adding equipment to a disc 
reproducer arrangement. 

[0028] A further object is to provide a disc reproducer 
Which can provide automatic control so that if the disc is a 
mass eccentric disc, the rotational speed of the disc is made 
optimum according to a quantity of mass eccentricity. 

[0029] To achieve the above object, according to the 
present invention, a disc is rotated at ?rst rotational speed 
and at second rotational speed Which is faster than the ?rst 
rotational speed With tracking control stopped, a track cross 
ing signal Which is a pulse every time a beam crosses a track 
on a disc is obtained at differing rotational speeds and the 
information of the quantity of mass eccentricity of a disc is 
detected based upon a comparison of track crossing counts 
at ?rst and second rotational speeds. 

[0030] As force generating oscillation due to the rotation 
of a mass eccentric disc is in proportion to the square of the 
rotational speed of this disc and the quantity of mass 
eccentricity of the disc, the oscillation of a disc reproducer 
is increased in proportion to the rotational speed of the disc, 
and if the above ?rst rotational speed is sloW rotational speed 
to the eXtent that the disc reproducer is hardly oscillated and 
the above second rotational speed is high rotational speed at 
Which the disc reproducer is oscillated When a mass eccen 
tric disc is rotated at the rate, in the case of the former the 
scanning trace of a beam on the disc forms substantially 
circular trace 90 shoWn by a dotted line in FIG. 15, hoWever, 
in the case of the latter, When the condenser is oscillated at 
the frequency proper to the elastic member holding the 
condenser, for eXample the scanning trace forms oval trace 
92 shoWn by a broken line in FIG. 15 because tracking 
control is not executed and the condenser is free. 

[0031] If the circular trace 90 and the oval trace 92 are 
compared, in the case of the former the trace 90 is substan 
tially along a track T because the track T is helical or circular 
and in the case of the latter, more tracks are crossed, a read 
signal obtained from a pickup is a pulse signal the frequency 
of Which is high or the shortest cycle of Which is short. 
Therefore, information shoWing the degree of the mass 
eccentricity of a disc can be obtained based upon the 
difference betWeen both described above. 

[0032] For a concrete method of detecting the information 
of the quantity of mass eccentricity of a disc according to the 
present invention, the number of the above pulse signals, 
that is, track crossing signals at the predetermined number of 
revolutions is counted or the cycle of this track crossing 
signal is detected and the above number of pulses, the ratio 
or the difference of a cycle at the above ?rst and second 
rotational speed are obtained. The ratio or difference shoWs 
the degree of mass eccentricity of a disc. 

[0033] According to the present invention, it is determined 
Whether the disc is a mass eccentric disc or not based upon 
the quantity of mass eccentricity detected as described above 
and the alloWable maXimum rotational speed of a disc is 
limited according to the detected quantity of mass eccen 
tricity. Hereby, in a disc reproducer, oscillation can be 
prevented from being caused. 
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[0034] Further, according to the present invention, the 
information of the detected quantity of mass eccentricity is 
displayed on display to let the outside knoW Whether an 
installed disc is a mass eccentric disc or not. 

[0035] The foregoing and other objects, advantages, man 
ner of operation, novel features and a better understanding 
of the present invention Will become apparent from the 
folloWing detailed description of the preferred embodiments 
and claims When read in connection With the accompanying 
draWings, all forming a part of the disclosure hereof this 
invention. While the foregoing and folloWing Written and 
illustrated disclosure focuses on disclosing embodiments of 
the invention Which are considered preferred embodiments 
at the time the patent application Was ?led in order to teach 
one skilled in the art to make and use the invention, it should 
be clearly understood that the same is by Way of illustration 
and eXample only and is not to be taken by Way of limitation, 
the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

[0036] The folloWing represents brief descriptions of the 
draWings, Wherein: 

[0037] FIG. 1 is a block diagram of an eXemplary disc 
reproducing apparatus of a ?rst embodiment of the present 
invention. 

[0038] FIG. 2 is a block diagram shoWing an eXemplary 
structure of a vibration detector arrangement of the present 
invention. 

[0039] FIG. 3 is a block diagram of an eXemplary disc 
reproducing apparatus of a second embodiment of the 
present invention. 

[0040] FIG. 4 is a block diagram shoWing an eXemplary 
structure of a deviated gravity detector arrangement of the 
present invention. 

[0041] FIG. 5 is a diagram shoWing an exemplary layout 
pattern/positioning of Weight detectors in an embodiment of 
the present invention. 

[0042] FIG. 6 is a block diagram shoWing another eXem 
plary structure of a deviated gravity detector arrangement of 
the present invention. 

[0043] FIG. 7 is a schematic basic block diagram of a 
background servo system of a disc motor control of the disc 
reproducing apparatus, for background discussion. 

[0044] FIG. 8 is a diagram shoWing a background rela 
tionship betWeen a disc reproducing rate multiplication ratio 
and a disc rotating speed, again for background discussion. 

[0045] FIG. 9 is a diagram shoWing a force generated 
during rotation of a deviated gravity disc, further for back 
ground discussion. 

[0046] FIG. 10 is a block diagram shoWing a ?rst embodi 
ment of a mass eccentric disc detecting method and a disc 
reproducer according to the present invention. 

[0047] FIG. 11 shoWs a graph shoWing the characteristics 
of the number of track crossing pulses per rotation of a disc 
for the rotational speed of the disc. 
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[0048] FIG. 12 is a block diagram showing a second 
embodiment of the mass eccentric disc detecting method and 
the disc reproducer according to the present invention. 

[0049] FIG. 13 shoWs a Waveform Which example of a 
track crossing pulse. 

[0050] FIG. 14 is a block diagram shoWing an example of 
a conventional type disc reproducer. 

[0051] FIG. 15 shoWs the scanning trace disc according to 
the quantity of mass eccentricity or a disc When tracking 
control is not eXecuted. 

[0052] FIG. 16 illustrates an ideal actuator driving current 
of a disc Without and With imbalance. 

[0053] FIG. 17 shoWing ideal actuator temperature of a 
disc Without and With imbalance. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0054] Before beginning a detailed description of the 
subject invention, mention of the folloWing is in order: 

[0055] When appropriate, like reference numerals and 
characters are used to designate identical, corresponding or 
similar components in differing ?gure draWings. 

[0056] In the description of the preferred embodiments, 
numeric values are concretely shoWn; hoWever, such 
numeric values are only for convenience of description and 
the present invention is not limited thereto. 

[0057] Turning noW to detailed description of the inven 
tion, FIG. 1 is a block diagram of a disc reproducing 
apparatus according to a ?rst embodiment of the present 
invention. More particularly, in FIG. 1: reference numeral 1 
designates a disc; 2, a disc motor; 3, a disc motor driving 
circuit; 4, an information reader (i.e., head assembly) com 
prising a transfer arrangement; 5, a transfer driving circuit 
for controlling and driving the transfer arrangement of the 
information reader 4; 6, a demodulating circuit for demodu 
lating signals from the information reader 4; 7, a signal 
processing circuit; 8, a disc motor servo circuit; 9, a refer 
ence clock generating circuit; 10, an audio circuit; 11, an 
audio output terminal; 12, a CD-ROM decoder, 13, a CD 
ROM signal output terminal; 14, a vibration detector for 
detecting vibration of the disc reproducing apparatus; 15, a 
vibration identi?er; 16, a reproducing rate sWitching con 
troller comprising a frequency dividing circuit for dividing 
the frequency of the reference clock signal outputted from 
the reference clock generating circuit 9, and a control circuit 
for controlling the dividing ratio of the frequency dividing 
circuit. In this FIG. 1, an audio circuit and CD-ROM 
decoder, etc. are also shoWn, although these are not directly 
related to the subject matter of the present invention. 

[0058] When a deviated gravity disc having a gravity 
(mass) point deviated from the center of the disc is repro 
duced by the disc reproducing apparatus at the higher rate 
such as a 12x rate, vibration is generated in the disc 
reproducing apparatus. Vibration gives in?uence to the 
information reader 4, but When this in?uence is Within an 
acceptable range Which can be compensated/controlled by 
the transfer control circuit 5 and disc motor control circuit 8, 
the information reader 4 converts the information of disc 1 
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into an electrical signal. This electrical signal is further 
processed by the demodulating circuit 6, signal processing 
circuit 7, audio circuit 10 or CD-ROM decoder 12 and the 
signal is ?nally outputted from the audio output terminal 11 
or CD-ROM signal output terminal 13. HoWever, if vibra 
tion is large, operation of the disc reproducing apparatus 
may be adversely affected (e.g., operate erroneously), and/or 
be an annoyance to a user. 

[0059] The vibration detector 14 detects vibration of the 
disc reproducing apparatus and outputs a signal depending 
on an amplitude of vibration. This vibration detector 14 is 
constructed, for eXample, using an impact voltage convert 
ing element, centrifugal force detector, etc. The vibration 
identi?er 15 identi?es an output signal of the vibration 
detector 14, judges Whether or not the vibration of the disc 
reproducing apparatus is sufficiently large to eXceed the 
predetermined value, and if suf?ciently large, outputs a 
control signal to the reproducing rate sWitching control 16 to 
reduce the reproducing rate. Responsive to such control 
signal, the reproducing rate sWitching control 16 generates 
a frequency-divided clock signal by dividing the reference 
clock signal outputted from the reference crock generating 
circuit 9 With a dividing ratio Which depends on the control 
signal from the vibration identi?er 15, and then outputs this 
frequency-divided clock signal to the disc motor servo 
circuit 8. The disc motor servo circuit 8 controls the rotating 
speed of the disc motor 2 via the disc motor driving circuit 
3 so that the frequency-divided clock signal matches the 
clock signal outputted from the signal processing circuit 7. 
Therefore, the rotating speed of the disc motor 2 is reduced 
depending on the control signal outputted from the vibration 
identi?er 15. 

[0060] As mentioned above, a force generated during 
rotation of the deviated gravity disc Which causes vibration 
of the disc reproducing apparatus is proportional to square of 
the rotating speed. Therefore, When the reproducing rate of 
the deviated gravity disc is loWered to a 4x rate, for eXample, 
from a 12x rate, the rotating speed is reduced to 1/3 of the 12x 
rate and thereby the force available for causing vibration is 
reduced to 1/9. Accordingly the vibration of the disc repro 
ducing apparatus can be reduced. 

[0061] Turning neXt to FIG. 2, disclosed is an embodi 
ment of a detector arrangement for detecting information 
about vibration of the disc reproducing apparatus using a 
control signal outputted from the transfer/tracking driving 
arrangement (in place of the vibration detector 4). In FIG. 
2, reference numeral 17 designates a reference signal gen 
erator Which outputs a reference signal Which is equal to the 
control signal outputted from the transfer/tracking driving 
arrangement When an ideal disc not including any deviated 
gravity is reproduced. Reference numeral 18 indicates a 
comparator. When vibration is generated in the disc repro 
ducing apparatus by reproduction of the deviated gravity 
disc at a higher rate (e.g., 12x), a disturbance is generated in 
a control signal outputted from the transfer/tracking driving 
arrangement, a degree of such disturbance depending on an 
amplitude of vibration. The reference signal generator 17 
outputs the reference signal Which is identical to an ideal 
control signal, namely a control signal not including any 
disturbance, i.e., similar or identical to a signal Which Would 
be outputted by the transfer/tracking driving arrangement 
When an ideal disc not including any deviated gravity is 
reproduced at such higher rate. The control signal outputted 
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from the transfer/tracking driving arrangement can be either 
of a driving current or driving voltage of any actuator 
arrangement Within the information reader (i.e., continued 
oscillatory tracking by an actuator Will cause abnormal 
current or voltage ?uctuations), for example, FIG. 16 illus 
trates an ideal driving current 100 of a disc Without imbal 
ance, and an irregular driving current 102 of a disc With 
imbalance. A measured actuator temperature parameter can 
also be used (i.e., continued oscillatory tracking by an 
actuator Will generate additional heat as the actuator is 
having to Work harder), With FIG. 17 shoWing ideal tem 
perature 100 of a disc Without imbalance, and an irregular 
temperature 112 of a disc With imbalance. 

[0062] Continuing With the description, the reference con 
trol signal and the actual control signal (Which includes the 
disturbance due to vibration) are compared With each other 
in the comparator 18 to detect a level of disturbance of the 
control signal. Accordingly, such description/illustration 
shoWs that it is possible to detect information about vibra 
tion of the disc reproducing apparatus using the control 
signal outputted from the transfer driving circuit 5 (i.e., 
Without the addition of separate detector components). As 
another arrangement Which can detect imbalance Without the 
addition of separate detectors, since disturbance of a control 
signal due to vibration is also generated in the control signal 
outputted from the disc motor servo circuit 8 of FIG. 1, it is 
also possible to detect information about vibration of the 
disc reproducing apparatus from the control signal outputted 
from the disc motor servo circuit 8. More particularly, 
detection of an irregularity in a spindle motor current, 
voltage and temperature of motor 2 can also be used. 

[0063] In a dynamic testing approach With the ?rst 
embodiment explained above, a disc can be initially 
attempted to be reproduced, for example, at a high rate (e.g., 
12x), and upon detection of excessive vibration due to a 
deviated gravity disc, a reproducing rate of disc can be 
automatically loWered to reduce the vibration. HoWever, 
initially assuming a balance condition and initially operating 
at a high rate (e.g., 12x) may be dangerous/damaging to 
users and device components. Accordingly, it may be pref 
erable for safety considerations to detect deviated gravity of 
disc before operating at the high rate, i.e., to initially check 
for an imbalance condition, and then only authoriZe activa 
tion of a high speed When an imbalance condition is not 
initially indicated. 

[0064] FIG. 3 shoWs a second embodiment of the present 
invention considering the above initial loW speed approach. 
More particularly, in FIG. 3, the reference numeral 19 
designates a deviated gravity detector for detecting deviation 
of gravity of disc 1 and outputting a signal depending on 
such amount of gravity deviation, and 20 designates a 
deviated gravity identi?er for identifying an output signal 
from the deviated gravity detector 19. Other portions des 
ignated by like reference numerals to those in FIG. 1 
indicate like components. 

[0065] The deviated gravity identi?er 20 judges, When the 
output signal from the deviated gravity detecting 19 exceeds 
a predetermined value, that a deviation of gravity of disc 1 
is large and outputs a control signal to limit a reproducing 
rate to a loWer rate. The reproducing rate sWitching control 
16 limits the dividing ratio of the reference clock signal 
outputted from the reference clock generating circuit 9 
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depending on the control signal from the deviated gravity 
identi?er 20. Therefore, the disc reproducing apparatus of 
the second embodiment does not perform the reproducing 
operation at a higher rate for the disc 1 When the deviated 
gravity detector 20 identi?es a large deviation of gravity of 
disc 1. That is, When deviation of gravity of disc 1 is large, 
the reproducing rate is thus set and limited to a loWer rate, 
and thereby the deviated gravity disc. 1 is never reproduced 
at the rate as high as 12-fold rate and generation of vibration 
can be prevented. 

[0066] The deviated gravity identi?er 19 is realiZed, for 
example, by the structure of FIG. 4. In FIG. 4: 21 to 24 
represent Weight detectors for converting Weight to a volt 
age; 25, 26, a subtractors; 27, an adder. Again, portions 
designated by like reference numerals to those in FIG. 3 
indicate like components. As shoWn in FIG. 5, the Weight 
detectors 21 to 24 are respectively allocated at equal dis 
tances from the center of disc 1 on linear axes crossing at a 
right angle at a center of disc 1. When the disc 1 is placed 
on the Weight detectors 21 to 24, a Weight of the disc 1 is 
distributed on the Weight detectors 21 to 24 and these Weighs 
detectors 21 to 24 output voltages corresponding to the 
Weight applied thereto. Pairs of such output voltages are 
input to the subtractors 25, 26. Since the Weight detectors 21 
to 24 are allocated at the positions shoWn in FIG. 5, When 
gravity deviation of disc 1 is almost Zero, an equal Weight is 
applied to the Weight detectors 21 to 24. In contrast, When 
the disc 1 has a certain deviation of gravity, differences are 
generated in the Weights applied to the Weight detector 21 to 
24. It is noted that the Weight detectors 21 to 24 can be used 
to detect Weight imbalance during static testing (i.e., With the 
disc being stopped) or dynamic testing (i.e., With the disc 
being rotated). 
[0067] The subtractor 25 detects a voltage difference out 
putted from the Weight detectors 21, 23, While the subtractor 
26 detects a voltage difference outputted from the Weight 
detectors 22, 24. Namely, the subtractor 25 detects amount 
of gravity deviation of disc 1 in the linear direction (i.e., 
axis) upon Which the Weight detectors 21, 23 are allocated, 
While the subtractor 26 detects amount of gravity deviation 
of disc 1 in the linear direction (i.e., axis) upon Which the 
Weight detectors 22, 24 are allocated. The adder 27 adds the 
output voltages of the subtractors 25, 26 and outputs a result 
to the deviated gravity identi?er 20. Therefore, the voltage 
outputted from the adder 27 corresponds to an amount of 
gravity deviation of the disc 1, and the amount of gravity 
deviation of disc 1 can be detected With the structure shoWn 
in FIG. 4. While in the structure of FIG. 4, four Weight 
detectors are used, differing arrangements such as three or 
more Weight detectors can be used, and With such alternative 
arrangements, an amount of gravity deviation of disc 1 can 
also be detected With the same operation principle. 

[0068] Continuing further in discussion, FIG. 6 illustrates 
an embodiment for detecting information about a deviated 
gravity of disc 1 using a comparison of parameters measured 
at least tWo differing reproduction speeds. More particularly, 
in FIG. 6, reference numerals 28, 29 designate control 
amount stores (i.e., memories or storage arrangements) for 
storing an amount of control of the transfer arrangement of 
the information reader 4. As described in the ?rst embodi 
ment, When a deviated gravity disc 1 is reproduced at a 
higher reproduction rate (e. g., 12x), vibration is generated in 
the disc reproducing apparatus and the transfer driving 
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circuit 5 controls the transfer arrangement of the information 
reader 4 depending on the vibration. Accordingly, being 
directly related to the vibration, an amount of control 
changes depending on a square of the reproducing rate of the 
deviated gravity disc 1 and an amount of gravity deviation 
of disc 1. The control amount store 28 stores an amount of 
control of the transfer arrangement of the information reader 
4 When the disc is reproduced at a loWer rate, for example, 
at a 1x rate, and a control amount store 29 stores an amount 

of control When the disc 1 is reproduced at a higher rate, for 
example, a 4x rate. Here, When the disc 1 almost does not 
have any deviation of gravity, the control amount of the 
control amount stores 28, 29 is equal, but if the disc 1 has 
a certain amount of gravity deviation, an amount of control 
during the 4x reproduction as stored in the control amount 
store 29 becomes larger than the control amount during the 
1x reproduction as stored in the control amount store 28. 
Therefore, an amount of gravity deviation of the disc 1 can 
be detected by comparing the control amounts stored in the 
control amount stores 28, 29 using the comparator 18. 
Again, as Was discussed above With respect to the FIG. 2 
arrangement, since a difference of a control amount due to 
the reproducing rate is also generated in the control signal 
outputted from the disc motor servo circuit 8, information 
about a deviated gravity of disc 1 can also be detected by 
comparing the control signal outputted from the disc motor 
servo circuit 8 at tWo (or more) different speeds. 

[0069] As described above, according to the present 
invention, a vibration of a disc reproducing apparatus or an 
amount of gravity deviation of a disc can be automatically 
detected and the reproducing rate can be automatically 
controlled depending on the result of such detection. 
Namely, When the deviated gravity disc 1 is reproduced at a 
high rate such as 12x and excessive vibration is generated, 
the reproducing rate is automatically sWitched from the high 
12x rate to, for example, a loWer 8x or 6>< rate Which do not 
result in any vibration problem. In addition, When amount of 
gravity deviation is judged large in comparison to a previ 
ously detected amount of gravity deviation of the disc, a disc 
reproducing operation (i.e., data reading) is started only after 
the reproducing rate has been automatically sWitched from 
the 12x rate to the 8x or 6>< rate depending on the amount 
of gravity deviation. Therefore, operation failure of the disc 
reproducing apparatus and adverse effects on other appara 
tus installed in the vicinity thereof, resulting from vibration 
generated during reproduction of a gravity deviated disc at 
a higher reproducing rate, can be prevented. 

[0070] FIG. 10 is a block diagram shoWing another 
embodiment of a mass eccentric disc detecting method and 
a disc reproducer according to the present invention. Within 
FIGS. 10-13, like reference numerals are used to designate 
like components from previously discussed Figs. A refer 
ence number 60 denotes a counter, 62 and 64 denote storage 
cells, 66 denotes a comparing circuit. As shoWn in FIG. 10, 
the counter 60, the storage cells 62 and 64 and the comparing 
circuit 66 are neWly added to the previously discussed FIG. 
14 disc reproducer, so as to detect the information of the 
quantity of mass eccentricity of a disc 1 using a track 
crossing pulse D from a preampli?er circuit 40. Operation of 
such arrangement is noW described. 

[0071] More particularly, before reproduction of the infor 
mation signal is attempted at a high speed, for example, 8x 
or 12x, CPU 50 issues an inhibiting signal C to stop the 
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operation of a tracking control circuit 5, and instructs a disc 
motor control circuit 3 to initially set the rotational speed of 
the disc 1 to a loW speed of approximately a 1x or 2>< rate, 
i.e., by issuing an appropriate instruction A. This ?rst 
rotational speed is not limited to a 1x or 2>< speed, but 
instead any speed Which does not cause oscillation/vibration 
of the disc reproducer even if the disc 1 is a mass eccentric 
disc, can be used. 

[0072] When the disc 1 is rotated at the ?rst rotational 
speed, that is, at sloW speed, a signal (e.g., re?ected laser 
beam) is reproduced from the disc 1 by the information 
reader 4 and a regenerative signal therefrom is ampli?ed by 
the preampli?er circuit 40 to be Waveform shaped. At least 
part of the regenerative signal is supplied to the CPU 50 and 
counter 60 as a track crossing pulse D. The CPU 50 uses the 
track crossing pulse D to control access to a desired track T 
on the disc 1. 

[0073] In the meantime, the counter 60 counts edges of 
this track crossing pulse D and is reset by a reset pulse E 
supplied from the disc motor control circuit 3 at every 
rotation of the disc 1. Therefore, the counter 60 can obtain 
a number N1 of pulses of a track crossing pulse D for each 
rotation of the disc 1, and such count value N1 can be stored 
in the storage cell 62. 

[0074] Next, CPU 50 issues an instruction A to rotate the 
disc 1 at high speed to the disc motor control circuit 3. The 
rotational speed in this case is the one (hereinafter called 
second rotational speed) Which necessarily oscillates the 
disc reproducer if this disc 1 is a mass eccentric disc, for 
example, can be an 8x or 12x rate. When the disc is rotated 
at the second rotational speed, that is, at high speed, as 
described above, a regenerative signal output from the 
information reader 4 and ampli?ed/shaped by the preampli 
?er circuit 40 is again supplied to the counter 60 as a track 
crossing pulse D. The counter 60 again counts edges of this 
track crossing pulse D and is reset by a reset pulse E supplied 
from the disc motor control circuit 3 every rotation of the 
disc 1. Therefore, While rotation is conducted at the higher 
speed, the counter 60 can obtain a number N2 of pulses of 
a track crossing pulse D and the count value N2 can be 
stored in the storage cell 64. 

[0075] As described above, When the number N1 of track 
crossing pulses When the disc 1 is rotated at sloW speed is 
stored in the storage cell 62 and the number N2 of track 
crossing pulses When the disc 1 is rotated at high speed is 
stored in the storage cell 64, the numbers N1 and N2 of these 
pulses can be compared by the comparing circuit 66, and the 
ratio or difference of these can be obtained. The result F of 
such comparison is sent to CPU 50. 

[0076] If the disc 1 is a mass eccentric disc, as described 
in relation to FIG. 15, a scanning trace of a beam L as the 
disc 1 rotates at loW speed forms a substantially circular 
trace 90, and therefore, no or a very small number of track 
crossings occur so that a small track crossing count N1 is 
stored in the storage cell 62. When a mass eccentric disc 1 
is rotated at the second rotational speed, the scanning trace 
of a beam L forms a substantially oval trace 92, and 
therefore, a large number of track crossings occur so that a 
large track crossing count N2 is stored in the storage cell 64. 
Therefore, the number N2 of track crossing pulses per 
rotation of the disc 1 stored in the storage cell 64 is larger 
than the number N1 of track crossing pulses per rotation of 
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the disc 1 stored in the storage cell 62. Therefore, the ratio 
N2/N1 (Which is the result F of comparison by the compar 
ing circuit 66) is larger than 1 or the difference (N2-N1) is 
positive, and When these values are larger than a preset 
threshold value, the disc is decided to be a mass eccentric 
disc. 

[0077] FIG. 11 graphically shoWs a change of the number 
of track crossing pulses per rotation, for various rotational 
speeds of the disc 1. More particularly, characteristic curve 
80 shoW those of a disc having a quantity of eccentricity and 
quantity of mass eccentricity Which are both small, i.e., such 
characteristic curve 80 shoWs that a number of track cross 
ing pulses per rotation of the disc is small and remains at a 
substantially small ?xed value independent of a change of 
rotational speed. Characteristic curve 82 shoWs those of a 
disc having a quantity of eccentricity Which is large and a 
quantity of mass eccentricity Which is small, i.e., such 
characteristic curve 82 shoWs that a number of track cross 
ing pulses per rotation of the disc 1 is large, and again, the 
number of track crossing pulses is substantially ?xed inde 
pendent of the change of rotational speed. 

[0078] Characteristic curve 84 shoWs those of a disc 
having a quantity of eccentricity of Which is small and a 
quantity of mass eccentricity Which is large, i.e., such 
characteristic curve 84 shoWs the number of track crossing 
pulses per rotation of the disc is varied as rotational speed is 
changed. As described above, the number of track crossing 
pulses is increased as the rotational speed of the disc is 
gradually increased and an oscillation frequency generated 
in the disc reproducer approaches the natural frequency of 
the transfer function of an elastic member holding the 
pickup. It is interesting to note that, after rising and reaching 
a maximum, the number of track crossing pulses then 
actually decreases as the rotational speed of the disc is 
further increased. Such decreasing oscillation/vibration 
occurs because a frequency generated in the disc reproducer 
moves aWay from a natural frequency of the transfer func 
tion of rotator arrangement and/or the elastic member hold 
ing the pickup, i.e., a mass of the rotator arrangement and/or 
the pickup is too great to folloW the rotational frequency of 
the imbalance (eccentricity). 

[0079] Continuing in discussion, as shoWn in FIG. 11, fl 
is a ?rst rotational speed Wherein mass eccentricity does not 
cause vibration or increased disc eccentricity along any of 
the curves 80, 82, 84, and f2 is a second rotational speed 
Wherein it does. As shoWn in FIG. 11, it can be determined 
Whether the disc 1 is a mass eccentric disc or not by 
comparing the number N1 of track crossing pulses stored in 
the storage cell 62 and corresponding to the ?rst rotational 
speed f1 and the number N2 of track crossing pulses stored 
in the storage cell 64 and corresponding to the second 
rotational speed f2. More particularly, if a result F of 
comparison is larger than a preset threshold value, such 
result F functions as information shoWing the degree of mass 
eccentricity, Which the CPU 50 can use to recogniZe the 
same. 

[0080] More speci?cally, CPU 50 determines Whether the 
currently installed disc 1 is a mass eccentric disc or not 
based upon the result F of comparison by the comparing 
circuit 66, and instructs operation at an appropriate repro 
duction speed. That is, When an result F indicates that a 
presently installed disc 1 is not a mass eccentric disc, the 
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disc 1 is rotated at a normal rotational speed (e.g., 8x or 12x) 
according to a request from an external device. HoWever, if 
the result indicates that the disc 1 is a mass eccentric disc, 
a maximum rotational speed of the disc 1 is limited accord 
ing to the result F, independent or regardless of a request 
from an external device. For example, even if the disc 1 is 
a CD-ROM and high speed reproduction of 8x is requested, 
the rotational speed of the disc is limited to high speed 
reproduction at a 6x speed or less. 

[0081] As described above, it can be readily and securely 
determined Whether the disc 1 is a mass eccentric disc or not 
Without providing oscillation detector separately, and With 
such arrangement, information shoWing the degree of the 
mass eccentricity of the disc 1 can be detected, and the 
maximum rotational speed can be limited according to the 
quantity of mass eccentricity and the disc reproducer can be 
prevented from being oscillated. 

[0082] FIG. 12 is a block diagram shoWing a second 
embodiment of a mass eccentric disc detecting method and 
a disc reproducer according to the present invention. In 
discussing neW components Within such Fig., a reference 
number 70 denotes a shortest cycle detecting circuit. In this 
embodiment, the shortest cycle detecting circuit 70 is used 
in place of the counter 60 shoWn in FIG. 10. Atrack crossing 
pulse D is a signal With a compression Waveform as shoWn 
in FIG. 13 and a shortest cycle t is determined by the 
number of track crossing pulses per rotation of a disc and the 
rotational speed of the disc. Therefore, When the rotational 
speed of the disc 1 is doubled, this shortest cycle t is 1/2 if the 
number of track crossing pulses per rotation of the disc is not 
changed and if the disc reproducer is oscillated and the 
number of track crossing pulses per rotation of the disc 1 is 
increased, the shortest cycle t is decreased to even smaller 
than 1/2. 

[0083] In the second embodiment shoWn in FIG. 12, the 
shortest cycles t1 and t2 of a track crossing pulse D for one 
rotation of the disc 1 are detected at the respective ?rst 
rotational speed f1 and the second rotational speed f2 by the 
shortest cycle detecting circuit 70, and such values are stored 
in storage cells 62 and 64, respectively. In a comparing 
circuit 66, the ratio t1/t2 or difference (t1-t2) betWeen these 
shortest cycles t1 and t2 are obtained. CPU determines 
Whether the disc 1 is a mass eccentric disc or not based upon 
the result F of such comparison, detects the degree of mass 
eccentricity and sets the alloWable maximum rotational 
speed of the disc 1 accordingly. 

[0084] More particularly, if the second rotational speed fl 
is ‘n’ times as fast as the ?rst rotational speed f1, the ratio 
t1/t2 is approximately ‘n’ in a case Where the disc 1 is not 
a mass eccentric disc. The difference (t1—t2) is approxi 
mately t1 (n—1)/n, hoWever, if the disc 1 is a mass eccentric 
disc. If a ratio or difference value exceeds a preset threshold 
value, it can be determined that the disc is a mass eccentric 
disc and the degree of mass eccentricity can be knoWn from 
the degree of the ratio or difference. 

[0085] The shortest cycle detecting circuit 70 detects each 
cycle as a count value by counting clock pulses of a ?xed 
cycle Which occur during, for example a track crossing pulse 
D. A ?rst count value Which is a temporary shortest cycle 
and a second count value are compared, and the smaller 
count value is set as a neW temporary shortest cycle. Every 
time a count value is obtained, this count value and a count 
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value set as a temporary shortest cycle are compared, and a 
smaller count value of the tWo is selected and held as a neW 
temporary shortest cycle. Such operation is performed for 
one rotation of the disc 1, and the count value of a ?nally 
obtained temporary shortest cycle is stored in the storage 
cell 62 or 64 as the count value of a true shortest cycle. 

[0086] As described above, in this second embodiment, 
the similar effect as in the above ?rst embodiment can be 
also obtained. 

[0087] It should also be apparent that in the embodiment 
shoWn in FIG. 10, CPU may be provided With the function 
of a circuit consisting of the counter 60, the storage cells 62 
and 64 and the comparing circuit 66, and in the second 
embodiment shoWn in FIG. 12, CPU may be also provided 
With the function of a circuit consisting of the shortest cycle 
detecting circuit 70, the storage cells 62 and 64 and the 
comparing circuit 66. With such arrangement, circuit con 
?guration is further simpli?ed and device cost is reduced. 

[0088] In addition to the above discussions, a display 68 
(FIG. 12) for displaying the result of eccentricity determi 
nation and/or operational speed can be provided, i.e., so as 
to let a user knoW the result of detection and/or adjustment. 
For eXample, for such display 68, a graphical display for 
displaying information shoWing Whether the disc 1 is a mass 
eccentric disc or not, and information shoWing alloWable 
maXimum rate reproduction (6x, 4x, 1x) set for the disc 1 
can be used. Alternatively, the display can be a simple light 
emitting diode (LED) indicating When it is determined that 
the disc is a mass eccentric disc. Other types of indication 
may also or alternatively be provided, for example, an 
audible indicator. 

[0089] As described above, according to the present 
invention, the information of the quantity of mass eccen 
tricity of a disc is detected based upon the result of com 
parison by rotating the disc With a tracking control disabled, 
and comparing a number of track crossing pulses generated 
by reading the disc at different rotational speeds. A mass 
eccentric disc is detected Without adding neW components 
such as oscillation detector, and therefore, such detection 
can be precisely performed Without enlarging the disc repro 
ducer and increasing the cost. As the alloWable maXimum 
rotational speed of a mass eccentric disc is controlled 
according to the detected quantity of mass eccentricity, the 
disc reproducer can be effectively prevented from being 
oscillated due to a mass eccentric disc. 

[0090] This concludes the description of the preferred 
embodiments. Although the present invention has been 
described With reference to a number of illustrative embodi 
ments thereof, it should be understood that numerous other 
modi?cations and embodiments can be devised by those 
skilled in the art that Will fall Within the spirit and scope of 
the principles of this invention. More particularly, reason 
able variations and modi?cations are possible in the com 
ponent parts and/or arrangements of the subject 

[0091] combination arrangement Within the scope of 
the foregoing disclosure, the draWings and the 
appended claims Without departing from the spirit of 
the invention, e.g., the folloWing represents a non 
eXhaustive list of modi?cations Which might readily 
be apparent to one skilled in the art to Which the 
present invention is directed: 
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[0092] More particularly, the present invention is equally 
applicable to constant angular velocity (CAV) arrangements 
as Well as the above described constant linear velocity 
(CLV) arrangements. Further, While the above description 
focused mainly on CD and CD-ROM reproducing arrange 
ments, the present invention may be applicable to other 
types of arrangements (e.g., CD, CD-ROMs, mini-discs, 
DVD, etc., including any other optical disc types Which may 
be introduced in the future), and may also be applicable to 
magnetic disc rotating arrangements. 

What is claimed is: 
1. A disc reproducer for rotating a disc, comprising: 

a detector detecting a condition re?ecting an imbalance in 
a radial direction of said disc; and 

a rotator for rotating said disc in accordance With a result 
of said detecting. 

2. A reproducer as claimed in claim 1, Wherein said 
imbalance is more speci?cally a mass eccentricity imbalance 
of said disc, causable of at least one of a radial oscillation 
and radial vibration. 

3. A reproducer as claimed in claim 1, Wherein said 
imbalance is more speci?cally a centering eccentricity 
imbalance of said disc, causable of at least one of a radial 
oscillation and radial vibration. 

4. A reproducer as claimed in claim 1, Wherein: 

said rotator is more speci?cally capable of rotating said 
disc at a normal speed and at least one substitute speed, 
said at least one substitute speed being different than 
said normal speed; and 

said rotator operating at said at least one substitute speed 
When said imbalance signal is indicative of a rotational 
irregularity condition of said disc. 

5. A reproducer as claimed in claim 4, Wherein said at 
least one substitute speed is loWer than said normal speed. 

6. A reproducer as claimed in claim 4, Wherein said at 
least one substitute speed is higher than said normal speed. 

7. A reproducer as claimed in claim 4, Wherein said 
detector detecting a condition re?ecting an imbalance using 
at least one of: at least one Weight sensor; at least one 
vibration sensor; at lest one centrifugal force sensor; a track 
crossing counter; at least one of a spindle motor current, 
voltage and temperature irregularity detector; and, at least 
one of an information reader actuator current, voltage and 
temperature irregularity detector. 

8. Areproducer as claimed in claim 4, Wherein said rotator 
more speci?cally operating at said at least one substitute 
speed When said imbalance signal is indicative of a rota 
tional irregularity condition outside of a predetermined 
acceptable range. 

9. A reproducer as claimed in claim 4, Wherein said 
reproducer is more speci?cally for reproducing at least one 
of a compact disc (CD), a CD read only memory (CD 
ROM), a digital video disc (DVD) and a mini-disc. 

10. Areproducer as claimed in claim 4, further comprising 
a display for displaying indication of at least one of a 
detected irregularity condition and a present rotational 
speed. 

11. A reproducer as claimed in claim 4, Wherein said 
detector is more speci?cally a dynamic detector detecting 
said condition re?ecting an imbalance While said disc is 
rotated. 
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12. A reproducer as claimed in claim 11, wherein: 

said rotator is more speci?cally capable of rotating said 
disc at a normal speed and at least one substitute speed, 
said at least one substitute speed being different than 
said normal speed; 

said detector detecting said condition re?ecting an imbal 
ance While said disc is initially operated at said at least 
one substitute speed; and 

said rotator limiting rotating at said at least one substitute 
speed When said imbalance signal is indicative of a 
rotational irregularity condition of said disc. 

13. A reproducer as claimed in claim 12, Wherein said 
detector detecting a condition re?ecting an imbalance using 
at least one of: at least one Weight sensor; at least one 
vibration sensor; at lest one centrifugal force sensor; a track 
crossing counter; at least one of a spindle motor current, 
voltage and temperature irregularity detector; and, at least 
one of an information reader actuator current, voltage and 
temperature irregularity detector. 

14. A reproducer as claimed in claim 12, Wherein said 
rotator more speci?cally operating at said at least one 
substitute speed When said imbalance signal is indicative of 
a rotational irregularity condition outside of a predetermined 
acceptable range. 

15. A reproducer as claimed in claim 12, Wherein said 
reproducer is more speci?cally for reproducing at least one 
of a compact disc (CD), a CD read only memory (CD 
ROM), a digital video disc (DVD) and a mini-disc. 

16. A reproducer as claimed in claim 11, Wherein: 

said rotator is more speci?cally capable of rotating said 
disc at a plurality of different substitute speeds, and 
stepping rotating of said disc through said plurality of 
different substitute speeds starting from a loW substitute 
speed and progressing toWard a high substitute speed; 

said detector detecting for occurrence of a radial imbal 
ance While said disc is operated at each speed of at least 
a subset of said plurality of substitute speeds; and 

said rotator, When radial imbalance does occur, limiting 
rotating to a highest substitute speed at Which radial 
imbalance does not occur. 

17. A reproducer as claimed in claim 16, Wherein said 
detector detecting a condition re?ecting an imbalance using 
at least one of at least one Weight sensor; at least one 
vibration sensor; at lest one centrifugal force sensor; a track 
crossing counter; at least one of a spindle motor current, 
voltage and temperature irregularity detector; and, at least 
one of an information reader actuator current, voltage and 
temperature irregularity detector. 

18. A reproducer as claimed in claim 16, Wherein said 
rotator more speci?cally operating at said highest speed 
When said imbalance signal is indicative of a rotational 
irregularity condition outside of a predetermined acceptable 
range. 

19. A reproducer as claimed in claim 16, Wherein said 
reproducer is more speci?cally for reproducing at least one 
of a compact disc (CD), a CD read only memory (CD 
ROM), a digital video disc (DVD) and a mini-disc. 

20. A reproducer as claimed in claim 11, Wherein: 

said rotator is more speci?cally capable of rotating said 
disc at a normal speed and at least one substitute speed, 
said at least one substitute speed being different than 
said normal speed; 
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said detector detecting said condition re?ecting an imbal 
ance While said disc is initially operated at said normal 
speed; and 

said rotator limiting rotating at said at least one substitute 
speed When said imbalance signal is indicative of a 
rotational irregularity condition of said disc. 

21. A reproducer as claimed in claim 20, Wherein said 
detector detecting a condition re?ecting an imbalance using 
at least one of: at least one Weight sensor; at least one 
vibration sensor; at lest one centrifugal force sensor; a track 
crossing counter; at least one of a spindle motor current, 
voltage and temperature irregularity detector; and, at least 
one of an information reader actuator current, voltage and 
temperature irregularity detector. 

22. A reproducer as claimed in claim 20, Wherein said 
rotator more speci?cally operating at said at least one 
substitute speed When said imbalance signal is indicative of 
a rotational irregularity condition outside of a predetermined 
acceptable range. 

23. A reproducer as claimed in claim 20, Wherein said 
reproducer is more speci?cally for reproducing at least one 
of a compact disc (CD), a CD read only memory (CD 
ROM), a digital video disc (DVD) and a mini-disc. 

24. A reproducer as claimed in claim 11, Wherein: 

said rotator is more speci?cally capable of rotating said 
disc at a plurality of different speeds, and stepping 
rotating of said disc through said plurality of different 
speeds starting from a high speed and progressing 
toWard a loW speed; 

said detector detecting for occurrence of a radial imbal 
ance While said disc is operated at each speed of at least 
a subset of said plurality of speeds; and 

said rotator, When radial imbalance above a predeter 
mined level does occur, limiting rotating to a highest 
speed at Which said predetermined level of radial 
imbalance does not occur. 

25. A reproducer as claimed in claim 24, Wherein said 
detector detecting a condition re?ecting an imbalance using 
at least one of: at least one Weight sensor; at least one 
vibration sensor; at lest one centrifugal force sensor; a track 
crossing counter; at least one of a spindle motor current, 
voltage and temperature irregularity detector; and, at least 
one of an information reader actuator current, voltage and 
temperature irregularity detector. 

26. A reproducer as claimed in claim 24, Wherein said 
rotator more speci?cally operating at said highest speed 
When said imbalance signal is indicative of a rotational 
irregularity condition outside of a predetermined acceptable 
range. 

27. A reproducer as claimed in claim 24, Wherein said 
reproducer is more speci?cally for reproducing at least one 
of a compact disc (CD), a CD read only memory (CD 
ROM), a digital video disc (DVD) and a mini-disc. 

28. A reproducer as claimed in claim 11, Wherein: 

said rotator is more speci?cally capable of rotating said 
disc at a plurality of different speeds, including a 
normal speed and a substitute speed Which is different 
from said normal speed; 

said detector measuring a parameter of said disc repro 
ducer While said disc is operated at each of a ?rst speed 
and a second speed, said detector detecting said con 
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dition re?ecting an imbalance by comparing the param 
eters obtained as said ?rst and second speeds; and 

said rotator limiting rotating at said substitute speed When 
said imbalance signal is indicative of a rotational 
irregularity condition of said disc. 

29. A reproducer as claimed in claim 28, Wherein said 
detector detecting said parameter using at least one of: at 
least one Weight sensor; at least one vibration sensor; at lest 
one centrifugal force sensor; a track crossing counter; at 
least one of a spindle motor current, voltage and temperature 
irregularity detector; and, at least one of an information 
reader actuator current, voltage and temperature irregularity 
detector. 

30. A reproducer as claimed in claim 28, Wherein said 
rotator more speci?cally operating at said substitute speed 
When said imbalance is indicative of a rotational irregularity 
condition outside of a predetermined acceptable range. 

31. A reproducer as claimed in claim 28, Wherein said 
reproducer is more speci?cally for reproducing at least one 
of a compact disc (CD), a CD read only memory (CD 
ROM), a digital video disc (DVD) and a mini-disc. 

32. A reproducer as claimed in claim 4, Wherein said 
detector is more speci?cally a static tester detecting said 
condition re?ecting an imbalance While said disc is not 
rotated. 

33. A reproducer as claimed in claim 32, Wherein said 
detector more speci?cally comprises at least one Weight 
detector arranged in a radial direction of said disc, said at 
least one Weight detector detecting an imbalanced Weight 
distribution condition of said disc Which Would cause at least 
one of irregular oscillation and vibration in a radial direction 
of said disc. 

34. A reproducer as claimed in claim 33, Wherein said 
rotator more speci?cally operating at said substitute speed 
When said imbalance is indicative of a irregularity condition 
outside of a predetermined acceptable range. 

35. A reproducer as claimed in claim 33, Wherein said 
reproducer is more speci?cally for reproducing at least one 
of a compact disc (CD), a CD read only memory (CD 
ROM), a digital video disc (DVD) and a mini-disc. 

36. A disc reproducing method for rotating a disc, com 
prising the steps of: 

detecting a condition re?ecting an imbalance in a radial 
direction of said disc; and 

rotating said disc With a rotator in accordance With a result 
of said detecting. 

37. A method as claimed in claim 36, Wherein said 
imbalance is more speci?cally a mass eccentricity imbalance 
of said disc, causable of at least one of a radial oscillation 
and radial vibration. 

38. A method as claimed in claim 36, Wherein said 
imbalance is more speci?cally a centering eccentricity 
imbalance of said disc, causable of at least one of a radial 
oscillation and radial vibration. 

39. A method as claimed in claim 36, Wherein: 

said rotator is more speci?cally capable of rotating said 
disc at a normal speed and at least one substitute speed, 
said at least one substitute speed being different than 
said normal speed; and 

said rotating step more speci?cally rotating at said at least 
one substitute speed When said imbalance signal is 
indicative of a rotational irregularity condition of said 
disc. 
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40. Amethod as claimed in claim 39, Wherein said at least 
one substitute speed is loWer than said normal speed. 

41. Amethod as claimed in claim 39, Wherein said at least 
one substitute speed is higher than said normal speed. 

42. A method as claimed in claim 39, Wherein said 
detecting step detecting a condition re?ecting an imbalance 
is more speci?cally conducted using at least one of: at least 
one Weight sensor; at least one vibration sensor; at lest one 
centrifugal force sensor; a track crossing counter; at least 
one of a spindle motor current, voltage and temperature 
irregularity detector; and, at least one of an information 
reader actuator current, voltage and temperature irregularity 
detector. 

43. A method as claimed in claim 39, Wherein said 
rotating step more speci?cally rotating at said at least one 
substitute speed When said imbalance signal is indicative of 
a rotational irregularity condition outside of a predetermined 
acceptable range. 

44. Amethod as claimed in claim 39, Wherein said method 
is more speci?cally for reproducing at least one of a compact 
disc (CD), a CD read only memory (CD-ROM), a digital 
video disc (DVD) and a mini-disc. 

45. A method as claimed in claim 39, comprising a further 
step of displaying indication of at least one of a detected 
irregularity condition and a present rotational speed. 

46. A method as claimed in claim 39, Wherein said 
detecting step is more speci?cally a dynamic detecting step 
detecting said condition re?ecting an imbalance While said 
disc is rotated. 

47. A method as claimed in claim 46, Wherein: 

said rotator is more speci?cally capable of rotating said 
disc at a normal speed and at least one substitute speed, 
said at least one substitute speed being different than 
said normal speed; 

said detecting step more speci?cally detecting said con 
dition re?ecting an imbalance While said disc is initially 
operated at said at least one substitute speed; and 

said rotating step more speci?cally limiting rotating at 
said at least one substitute speed When said imbalance 
signal is indicative of a rotational irregularity condition 
of said disc. 

48. A method as claimed in claim 47, Wherein said 
detecting step more speci?cally detecting a condition 
re?ecting an imbalance using at least one of: at least one 
Weight sensor; at least one vibration sensor; at lest one 
centrifugal force sensor; a track crossing counter; at least 
one of a spindle motor current, voltage and temperature 
irregularity detector; and, at least one of an information 
reader actuator current, voltage and temperature irregularity 
detector. 

49. A method as claimed in claim 47, Wherein said 
rotating step more speci?cally rotating at said at least one 
substitute speed When said imbalance signal is indicative of 
a rotational irregularity condition outside of a predetermined 
acceptable range. 

50. Amethod as claimed in claim 47, Wherein said method 
is more speci?cally for reproducing at least one of a compact 
disc (CD), a CD read only memory (CD-ROM), a digital 
video disc (DVD) and a mini-disc. 

51. A method as claimed in claim 47, Wherein: 

said rotator is more speci?cally capable of rotating said 
disc at a plurality of different substitute speeds, and 






