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CONTROL METHOD AND CONTROL DEVICE 
FOR A DISK STORAGE DEVICE 

FIELD OF THE INVENTION 

[0001] This invention relates to a control method and 
control device for controlling an actuator to move a head to 

a target position in a disk storage device, that reads or 
reads/Writes information from a disk storage medium by the 
head. 

BACKGROUND OF THE INVENTION 

[0002] Disk storage devices such as magnetic disk drives 
or optical disk drives are Widely used as storage devices for 

computers and the like. In these kinds of disk storage 
devices, eccentricity of the disk medium occurs. This eccen 
tricity occurs When the center of rotation of the disk medium 
that Was recorded the position information shifts When that 
of Writing the position information. 

[0003] In the sector servo method, the position informa 
tion (servo information) for detecting the actuator position is 
recorded on each disk surface. This position information is 
formed on concentric circles. When the center of rotation of 

the disk matches With the center of rotation of the disk When 

the position information Was Written, then ideally no eccen 
tricity Will occur. 

[0004] HoWever, in actuality, the centers of rotation do not 
match and eccentricity occurs. The reason for this is prob 
ably due to thermal deformation of the disk medium and a 

spindle shaft, or shifting of the disk due to external impact. 
When there is eccentricity, it can be seen from the actuator’s 

point of vieW that sinusoidal disturbance on the order of 
integral multiples of the rotation frequency is applied. 
Therefore, a technique for correcting this eccentricity is 
necessary. 

[0005] Control using an eccentricity estimation observer 
(estimator) has been knoWn as a technique for correcting this 
eccentricity. In the control by this eccentricity estimation 
observer, steady position control by the estimated values is 
required. 

[0006] FIG. 12 is a con?guration draWing of this prior art, 
and FIG. 13 is a draWing for explaining this prior art. 

[0007] Position control of a magnetic head by the use of an 
eccentricity estimation observer is described in detail in 
Japanese Unexamined Published patent No. 7-50075 (US. 
Pat. No. 5,404,235). Therefore, the eccentricity estimation 
observer Will only be simply explained here. 

[0008] First, an ideal actuator model that does not include 
resonance Will be considered. Here, When ‘x1’ is taken to be 

the position, ‘x2’ the velocity, ‘y’ the observed position 
(detected position), ‘u’ the control current and ‘s’ the 
Laplace operator, then the state equations are given by 
equations (1) and (2) beloW. 
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[0009] Here, ‘Kp’ is the acceleration constant When rotat 
ing type actuator of the model is considered to be an 
equivalent linear type actuator. 

[0010] When considering the current feedback, the steady 
state current (bias current) state ‘x3’ is added to the state 
equations, and thus the state equations are given by equa 
tions (3) and (4) beloW. 

[0011] Furthermore, the eccentricity disturbance state is 
added to these state equations. When ‘x4’ and ‘x5’ are taken 
to be the state variable of the eccentricity, and ‘000’ is taken 
to be the eccentric angular velocity, then the state equations 
are given by equations (5) and (6) beloW. 
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X5=sX5=uu0~X4. Therefore, the state equations (5) and (6) are 
given by equations (7) and (8) below. 

[0013] In equation (5) the eccentricity is estimated by the 
sinusoidal transfer function (1/(S2+u)02)). As shoWn in FIG. 
13, equation (7) shoWs the movement in rectangular coor 
dinates (X4,X5) of a point on the circle With radius (X4"2+ 
XSAZ) that is rotating at constant velocity. 

[0014] The observer is designed to transfer the state equa 
tions (7) and (8) to a discrete form. The equations are 
transferred into a discrete form by estimating the Zero 
dimension hold. In other Words, it performs Z conversion. 
By considering the time lag from When the position is 
detected until current is output to the actuator, state equa 
tions become 6 dimensional. Even When not considered, the 
state equations are given by equations (9) and (10) beloW. 
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[0015] Here, T is the sample period. As shoWn in equation 
(11), the coefficients in equations (9) and (10) are A, B and 
C. 

[0016] Here, the observer is expressed by the equations 
(12), (13) and (14) beloW. 
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-continued 

(13) 

(14) 

[0017] Here, pX1 is the state variable for position (esti 
mated position), pX2 is the state variable for velocity (esti 
mated velocity), pX3 is the state variable for the bias current 
(estimated bias current), pX4 and pXS are state variable for 
the eccentricity (estimated eccentricity), ‘u’ is the control 
current, ‘y’ is the observed position (detected position) and 
‘py’ is the estimated position. 

[0018] Moreover, L1 to L5 are the estimation gains of the 
observer, Where L1 is the position estimation gain, L2 is the 
velocity estimation gain, L3 is the bias estimation gain, and 
L4 and L5 are the eccentricity estimation gains. Further 
more, F1 to F5 are the state feedback matrix. 

[0019] When this is shoWn in a block diagram, a diagram 
as shoWn in FIG. 12 is obtained. In other Words, a plant 90 
shoWs the portion that performs real positioning of the head 
of a magnetic disk drive, and includes an actuator, AMP and 
magnetic heads. The observer (estimator) 91 estimates the 
position, velocity, bias and eccentricity from the current 
state, and outputs control current. 

[0020] The position signal (servo signal) y[k] that is read 
by the magnetic head is output from the plant 90. The 
observer 91 calculates the error (y[k]—pX1[k]) betWeen the 
position signal y[k] and the estimated position py[k] (=pX1 

The error is input to the fourth gain multiplier 96. The 
gain multiplier 96 multiplies the error by the estimation gain 
L (L2 to L5) (see equation (12)). L1 to L3 is the estimated 
operating gain of the actuator, and L4 and L5 are the 
eccentricity estimation gain. 
[0021] The second gain multiplier 94 multiplies the con 
trol current u[k] by the coefficient B (see equation (12)). The 
third gain multiplier 95 multiplies the state signal pX[k] at 
the time of this sample by coefficient A (see equation (12)). 
An adder 98 adds the outputs from the three adders 94 to 96. 
From this the state signal pX[k+1] for the neXt sample of 
equation (12) is output. 
[0022] This state signal pX[k+1] for the neXt sample is 
delayed one sample by an delay circuit 99 to obtain the state 
signal pX[k] for this sample. This state signal pX[k] is then 
multiplied by a feedback coefficient ‘C’ by a ?fth multiplier 
97. From this, the estimated position py[k] for this sample, 
as given by Equation (13), is obtained. 
[0023] Furthermore, the state signal pX[k] is multiplied by 
the feedback coef?cient ‘F’ by a ?rst multiplier 93. From 
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this, the control current u[k] for this time, as given by 
Equation (14), is obtained. This control current u[k] is 
supplied to the plant 90. 

[0024] In this Way, the observer 91 is comprised by an 
eccentricity estimation observer including the actuator 
model and eccentric model, and it predicts the neXt state 
from the error betWeen the detected position and estimated 
position, the control current and the state variables, and 
creates a control current from the state. In this Way, the 
eccentricity is corrected in real time making it possible to 
quickly correct. In this prior art, a control signal Was created 
by a similar con?guration during seek control time as Well. 

[0025] HoWever, this prior art had the folloWing problems. 

[0026] First, during seeking, the actuator moves at high 
speed so it may move more than 50 tracks per sample. When 
it moves at high speed like this, it is not possible to 
accurately detect the position for each sample. Therefore, 
the eccentricity estimation observer estimates the amount of 
eccentricity from the position error and thus error occurs in 
the estimated amount of eccentricity. It is a long time that the 
eccentricity state converges if there is the error, because 
convergence is sloW at about 90 HertZ. This becomes a 
problem in that convergence at the end of seeking becomes 
sloW. 

[0027] Second, When seeking over a long distance, the 
output current of the current amp becomes saturated. The 
maXimum current during saturation differs depending on the 
poWer-supply voltage or the actuator resistance, and it is 
greatly affected by variations in differences in the environ 
ment and equipment. Therefore, since the eccentricity esti 
mation observer does not predict the saturation of the output 
current of the current amp, errors occur in the amount of 
eccentricity that is estimated from the position error. There 
fore, there Was the problem the convergence becomes sloW 
after seeking. 

DISCLOSURE OF THE INVENTION 

[0028] The objective of this invention is to provide a 
control method and control device for a disk storage device 
that prevent a sloW convergence When seek end. 

[0029] Another objective of this invention is to provide a 
control method and control device for a disk storage device 
that prevent a sloW convergence When seek end even When 
eccentricity correction is performed. 

[0030] A further objective of this invention is to provide a 
control method and control device for a disk storage device 
that prevent a position error from affecting the estimated 
value for the eccentricity. 

[0031] The disk storage device of this invention com 
prises: a disk storage medium, a head for reading informa 
tion on the disk storage medium, an actuator for moving the 
head, and a control circuit, that uses eccentricity estimation 
observer control that includes an actuator model and eccen 
tric model, for calculating a control signal for driving the 
actuator based on a position signal that is read from the disk 
storage medium by the head. 

[0032] In addition, the control method and device of this 
invention comprises: a step of selecting a ?rst eccentricity 
estimation gain during seek control, and for selecting a 
second eccentricity estimation gain during folloWing con 
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trol; and a step of calculating a state signal, Which includes 
the estimated position, estimated velocity, estimated bias 
signal and estimated eccentricity signal, and Which is based 
on the estimated actuator gain, that estimates the actuator 
operation, and the selected eccentricity estimation gain, and 
of calculating the control signal from the state signal. 

[0033] In this invention, the amount of eccentricity is not 
estimated from the position error during seeking since large 
errors occur on the amount of eccentricity When estimating 
it from the position error during seeking. HoWever, in order 
for a steady seek operation, it is necessary to correct the 
eccentricity. Therefore, this invention minimizes the eccen 
tricity estimation gains L4, L5 of the eccentricity estimation 
observer during seek more than during folloWing, to prevent 
the position error from affecting the estimated amount of 
eccentricity. 

[0034] For eXample, during seeking, the eccentricity esti 
mation gains L4, L5 are taken to be ‘0’. By doing this, the 
state equation (12) becomes equation (15) beloW. 

[0035] In this equation (15), by calculating the state vari 
ables X4 and X5 for eccentricity, the equation (16) beloW is 
obtained. 

eccentricity become unrelated to the observed position y and 
estimated position X1. In other Words, state variables X4 and 
X5 that are not affected by the position error (y[k] - X1[k]) 
are obtained. In equation (16), 000T is the phase for one 
sample. In addition, equation (16) shoWs that the current 
state variables have a phase shift of only one sample. In 
other Words, equation (16) is a sinusoidal recursive equation. 

[0037] Therefore, it is possible to prevent the position 
error from affecting the estimated eccentricity value When 
seeking. Moreover, it is possible to quicken the convergence 
operation after seeking. Also, as shoWn in equation (16), 
since the eccentricity is corrected during seeking, there is no 
loss of stability during seeking. The eccentricity estimation 
gain during seek, does not need to be ‘0’, but can be a value 
near ‘0’. 

[0038] Moreover, another form of the invention further 
comprises a step of detecting the position error betWeen the 
target position and the current position, and a step of 
determining that control is the aforementioned folloWing 
control When the position error is Within a speci?ed range, 
and of determining that control is the aforementioned seek 
control When the position error exceeds the speci?ed value 
by comparing the position error and the speci?ed values. 
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[0039] Furthermore, in another form of the invention, the 
calculation step comprises: a ?rst calculation step of calcu 
lating the estimated position signal, estimated velocity sig 
nal and estimated eccentricity signal for the neXt sample 
from the estimated position signal, estimated velocity signal, 
estimated eccentricity signal, estimated actuator gain and 
eccentricity estimation gain of the current sample; and a 
second calculation step of calculating the control current 
from estimated position signal, estimated velocity signal and 
estimated eccentricity signal of the current sample. In other 
Words, the eccentricity estimation observer is a prediction 
observer. 

[0040] In yet another form of the invention, the aforemen 
tioned ?rst calculation step comprises: a third calculation 
step of calculating the estimated position signal and esti 
mated velocity signal for the neXt sample from the estimated 
position signal, estimated velocity signal and estimated 
actuator gain of the current sample; and a fourth calculation 
step of calculating the estimated eccentricity signal for the 
neXt sample from the estimated eccentricity signal and from 
the eccentricity estimation gain of the current sample. 

[0041] In this form of the invention, the calculation of 
estimating the actuator operation is separate from the cal 
culation of estimating the amount of eccentricity, so the 
amount of calculation is reduced. Therefore it is possible to 
quickly calculate the estimated amount. 

[0042] In even yet another form of the invention, the 
calculation step comprises: a ?fth calculation step of calcu 
lating the corrected state signal based on the error, the 
previously calculated state signal, estimated actuator gain 
and eccentricity estimation gain; a siXth calculation step of 
calculating the control signal from the corrected state signal; 
and a seventh calculation step of calculating the neXt state 
signal from the control signal and corrected state signal. 

[0043] In this form of the invention, the eccentricity 
estimation observer is a current observer. Therefore it is 
suitable for processor processes. 

[0044] Furthermore, in yet another form of the invention, 
the aforementioned ?fth calculation step comprises: an 
eighth calculation step of calculating the corrected estimated 
position signal and estimated velocity schedule from the 
error, and estimated position signal and estimated velocity 
signal from the previous sample, and the estimated actuator 
gain; and a ninth calculation step of calculating the esti 
mated eccentricity signal for the neXt sample from the 
aforementioned error, and the estimated eccentricity signal 
from the previous sample and the estimated eccentricity 
gain. 

[0045] In the current observer of this form of the inven 
tion, the calculation for estimating the actuator operation 
and the calculation for estimating the amount of eccentricity 
are separate, so the amount of calculations is reduced. 
Therefore, it is possible to calculate the estimations quickly. 

[0046] In another form of the invention, the calculation 
step comprises: a tenth calculation step of calculating the 
corrected estimated position signal and estimated velocity 
signal from the error, the previous estimated position signal 
and estimated velocity signal and the estimated actuator 
gain; an eleventh calculation step of calculating the control 
signal based on the corrected estimated position signal and 
previous estimated eccentricity signal; and a tWelfth calcu 
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lation step of calculating the estimated position signal, 
estimated velocity signal and estimated eccentricity signal 
for the next time, based on the corrected estimated position 
signal, corrected estimated velocity signal and previous 
estimated eccentricity signal. 

[0047] In this form of the invention, since the calculation 
of the estimated eccentricity signal for the next time is 
performed after the calculation of the control signal, the time 
from When the position signal is sample until the control 
signal is output is shortened. Therefore, it is possible to 
quickly output the control signal. 

[0048] Furthermore, another form of the invention com 
prises: a saving step of saving the estimated eccentricity 
signal for the head before changing When there is an 
instruction to change the head; and a step of reading the 
estimated eccentricity signal for the changed head and 
executing the aforementioned calculation steps With the read 
estimated eccentricity signal as the initial value. 

[0049] In this form of the invention, since the amount of 
eccentricity varies for each head, or in other Words for each 
surface of the disk medium, it is necessary to change the 
state variable for the eccentricity for each head. When doing 
this, the state variable for eccentricity is saved for each head, 
and by changing the state variable When changing heads, it 
is possible to initialiZe the eccentricity estimation observer 
With a state variable that matches that head. 

[0050] In another form of the invention, the saving step 
comprises a saving step of saving the conversion value after 
the estimated eccentricity signal has been converted to an 
estimated eccentricity signal for the reference sector, and the 
execution step comprises a step of correcting the saved 
estimated eccentricity signal to an estimated eccentricity 
signal of the current sector. 

[0051] In this form of the invention, When saving the 
initial value of the eccentricity estimation observer for each 
head, only tWo state variables need to be saved. Therefore, 
it is possible to reduce the amount of memory required for 
saving the state variable for eccentricity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1 is a con?guration diagram of an embodi 
ment of this invention. 

[0053] FIG. 2 is a block diagram of the servo control in 
FIG. 1. 

[0054] FIG. 3 is a ?oWchart of the servo control in FIG. 
1. 

[0055] FIG. 4 is a diagram that explains FIG. 3. 

[0056] FIG. 5 is a ?oWchart of the calculation process in 
FIG. 3. 

[0057] FIG. 6 is a block diagram of the servo controller of 
another embodiment of this invention. 

[0058] FIG. 7 is a ?oWchart of the calculation process in 
FIG. 6. 

[0059] FIG. 8 is a ?oWchart of another calculation process 
of the invention. 

[0060] 
FIG. 1. 

FIG. 9 is a ?oWchart of the head-change process in 
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[0061] FIG. 10 is a diagram that explains the state vari 
ables in FIG. 9. 

[0062] FIG. 11 is a diagram that explains the head-change 
process in FIG. 9. 

[0063] 
[0064] 

FIG. 12 is a con?guration diagram of the prior art. 

FIG. 13 is a diagram that explains the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0065] FIG. 1 is a con?guration diagram of an embodi 
ment of this invention, FIG. 2 is a block diagram of the 
prediction observer in FIG. 1, FIG. 3 is a ?oWchart of the 
servo control process and FIG. 4 is a diagram that explains 
an embodiment of the invention. 

[0066] As shoWn in FIG. 1, a magnetic disk drive 1 
comprises a magnetic disk 2 and magnetic heads 3. The 
magnetic disk 2 comprises data surfaces that are embedded 
the servo signal on the data tracks. The magnetic head 3 
reads information from or Writes information to the mag 
netic disk 2. The magnetic disk 2 is rotated by a spindle 
motor 4. 

[0067] A voice coil motor (VCM) 5 moves the magnetic 
heat 3 in a direction that crosses the tracks on the magnetic 
disk 2. A poWer amp 6 drives the VCM 5. A spindle-drive 
circuit 7 drives the spindle motor 4. A control circuit 8 
comprises a microprocessor, an analog/digital converter, a 
digital/analog converter and RAM. 

[0068] The control circuit (called the processor beloW) 8 
reads the position signal from the magnetic head 3 to detect 
the current position y[k] of the magnetic head, and then 
creates a control value (control current value) u[k] that 
corresponds to the distance betWeen that position and the 
position being sought. 
[0069] A read/Write circuit 9 control reading and Writing 
of the magnetic head 3 according to instructions from the 
processor 8. Aposition detection circuit 10 demodulates the 
servo signal from the magnetic head 3, and outputs the 
position signal to the processor 8. A ROM 11 stores the data 
and program required for processing of the processor 8. 

[0070] Ahard disk controller 12 performs interface control 
With the host computer. There is RAM 13 in this hard disk 
controller 12. The RAM 13 stores data from the host 
computer and data to be sent to the host computer. 

[0071] FIG. 2 is a block diagram of the servo process that 
is executed by the processor in FIG. 1. In FIG. 2, the plant 
20 shoWs the part that performs physical positioning of the 
head in the magnetic disk device, and it comprises an 
actuator 5, amp 6 and the magnetic head 3. A prediction 
observer (estimator) 21 estimates the next position, velocity, 
bias and eccentricity states from the current states, and 
outputs a control current. 

[0072] The position signal (servo signal) y[k] that is read 
by the magnetic head 3 is output from the plant 20. In the 
observer 21, an error computing unit 22 calculates the error 
(y[k]—px1[k]) betWeen the position signal y[k] and the 
estimated position py[k] (=px1[k]). This error is then input 
to a fourth gain multiplier 26. The gain multiplier 26 
multiplier multiplies this error by the estimation gain L (L1 
to L5) (see equation (12)). 
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[0073] A second gain multiplier 24 multiplies the control 
current u[k] by a coefficient B (see equation (12)). A third 
multiplier 25 multiplies the state signal px[k] of the current 
sample by a coefficient A (see equation(12)). And adder 28 
adds the outputs of the three adders 24 to 26. By doing this, 
the state signal px[k+1] for the next sample of equation (12) 
is output. 

[0074] This state signal px[k+1] for the next sample is 
delayed one sample by the delay circuit 29, to obtain the 
state signal px[k] of the current sample. This state signal 
px[k] is multiplied by a feedback coef?cient C by a ?fth 
multiplier 27. By doing this, the estimated position py[k] of 
the current sample given by equation (13) is obtained. 

[0075] Furthermore, the state signal px[k] is multiplied by 
a feedback coef?cient F by a ?rst multiplier 23. By doing 
this, the current control current u[k] given by equation (14) 
is obtained. This control current u[k] is supplied to the plant 
20. 

[0076] An error calculator 30 calculates the position error 
Ax betWeen the current position y[k] and the target position 
r. The current position y[k] is given from the plant 20. A 
target velocity generator 31 generates the target velocity v0 
from the position error Ax. A velocity calculator 32 calcu 
lates difference in velocity betWeen the target velocity v0 
and the estimated velocity px2[k] from the observer 21. 

[0077] A gain multiplier 33 multiplies the velocity differ 
ence by a velocity gain CO. A compensator 34 adds the 
velocity difference, the estimated bias current px3[k] from 
the prediction observer 21 and the estimated amount of 
eccentricity px4[k] from the prediction observer 21, inverts 
it and outputs it as the control current u[k]. The control 
output u[k] during seeking is given by equation (17) beloW. 

u[k]=-Co (Vo-PX2[k])—PX3[k]—PX4[k] . . . (17) 

[0078] A sWitch 35 selects the output of the compensator 
34 during seeking, and selects the output of the prediction 
observer 21 during folloWing. These blocks 21 to 35 are 
realiZed by the programs of the processor 8. 

[0079] The servo interrupt process is explained by FIG. 3 
and FIG. 4. 

[0080] (S1) When a servo interrupt (servo gate sig 
nal) is given to the processor 8, the processor 8 reads 
the position signal y[k] from the position detection 
circuit 10. 

[0081] (S2) The processor 8 calculates the difference 
betWeen the target position r and the current position 
(position signal) y[k]. 

[0082] (S3) The processor 8 determines Whether the 
absolute value abs[y—r] is less than four tracks. Here, 
the judgment criteria for seeking and folloWing is 
four tracks. When the absolute value abs[y—r] is four 
tracks or less then it is determined that folloWing is 
in progress, and operation advances to step S4. When 
the absolute value abs[y—r] is more than 4 tracks, 
then it is determined that seeking is in progress, and 
operation advances to step S6. 

[0083] (S4) When determined to be folloWing, the 
processor 8 replaces the eccentricity estimation gain 
L4, L5 of block 26 of the prediction observer 21 With 
the design value. This eccentricity estimation gain 
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L4, L5 is designed such that the error (y[k]—px1[k]) 
converges to Zero during folloWing. Also, the pro 
cessor 8 connects the sWitch 35 to the ‘b’ sWitch. 

[0084] (S5) The processor 8 calculates the state by 
the prediction observer. In other Words using the 
aforementioned equation (12), it uses the prediction 
state px[k] from the previous sample and error 
(y[k]—px1[k]) to calculate the prediction state px[k+ 
1] (px1[k+1] to px5[k+1]) for the next sample. 

[0085] Next, using equation (14), it uses the prediction 
state px[k] of the previous sample to calculate the next 
control current u[k]. In addition, it outputs the control 
current u[k] to the plant 20 (amp 6). Also, it ends this servo 
interrupt. 

[0086] (S6) When determined to be seeking, the 
processor 8 replaces the eccentricity estimation gain 
L4, L5 of block 26 of the prediction observer 21 With 
‘0’. Also, the processor 8 connects the sWitch to the 
‘a’ side. The state equation that is calculated in step 
S8 becomes equation (15). 

[0087] (S7) The absolute value abs [y-r] mentioned 
above, indicates the number of remaining tracks. 
Also, depending on the siZe of the absolute value 
abs[y—r], determines Whether it is an acceleration, 
constant velocity or deceleration interval. When it is 
an acceleration interval, the target velocity for the 
acceleration interval is generated by the velocity 
generator 31. Moreover, When it is a constant veloc 
ity interval, the target velocity for the constant veloc 
ity interval is generated by the velocity generator 31. 
Furthermore, When it is a deceleration interval, the 
target velocity for the deceleration interval is gener 
ated by the velocity generator 31. 

[0088] (S8) The processor 8 performs state calcula 
tion With the prediction observer. In other Words, 
using equation (15), it uses the prediction state px[k] 
of the previous sample and the error (y[k]—px1[k]) to 
calculate the prediction state px[k+1] (px1[k+1] to 
px5[k+1]) for the next sample. When doing this, as 
shoWn in equation (15), the eccentricity estimation 
gain L4, L5 is Zero. 

[0089] Next, using equation (14), it uses the prediction 
state px[k] for the previous sample to calculate the control 
current u[k] as a state variable. When seeking, this control 
current is saved as a state variable, and is not used as output. 
Furthermore, using equation (17), it uses the velocity error 
and the prediction state px[k] of the previous sample to 
calculated the control current u[k]. When seeking, the con 
trol current u[k] that is calculated using equation (17) is 
output to the plant 20. 

[0090] In this Way, as shoWn in FIG. 4, When seeing, the 
estimated eccentricity gain L4. L5 of the observer 21 is 
made smaller than the eccentricity estimation gain during 
folloWing so it is possible to calculate an estimated eccen 
tricity signal that is not affected by the error betWeen the 
detected position and the estimated position. Therefore, it is 
possible to correct the eccentricity during seeking Without 
being affected by the error. 

[0091] It is preferable for the eccentricity estimation gains 
L4 and L5 of the observer 21 during seeking to set Zero, 
hoWever the gains can be a value near Zero. 














