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METHOD AND APPARATUS FOR DETERMINING HIGH ORDER 
POLYNOMIALS FOR LINEARIZATION OF posmoN SIGNALS 

FIELD OF THE INVENTION 

5 The present· invention relates to servo systems in data storage devices. 

10 

In particular, the present invention relates to the linearization of position 

error signals. 

BACK.GROUND OF THE INVENTION 

In data storage devices with movable heads, the heads are often 

positioned based on servo information stored on the storage medium. This 

servo information is converted into a position signal that indicates the relative 

position of the head on the disc. Ideally, the position signal is a linear 

function of the head's position on the medium. 

15 However, it is well known that MR and GMR heads have non-

20 

linearity problems and as head sizes have decreased, it has become more and 

more difficult to generate a linear position signal. Because of this, a number 

of compensation techniques have been developed in the art to linearize the 

position signal. 

One group of techniques combines different position signals to form a 

normalized position signal. In particular, such systems rely on a normal 

position signal and a quadrature position signal that· are 90 degrees out of 

phase with each other. By arithmetically combining the normal and 

quadrature position signals, the compensation techniques generate a 

2 5 normalized position signal that is more linear than either the normal position · 

signal or the quadrature position signal. Unfortunately, as heads have gotten 

smaller, such normalization techniques have been unable to provide a fully 

linear normalized position signal. 
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Additional linearization techniques include identifying a polynomial 

that describes the relationship between the non-linear position signal and the 

head's position. This polynomial description is then used to identify the 

actual position of the head from the position signal. 

5 One problem with fitting a polynomial to a position signal is that the 

coefficients of the polynomial must be determined within the disc drive itself 

and the disc drive has limited computing and memory resources for 

identifymg these coefficients. In addition, since the polynomial is determined 

within the disc drive, the actual position of the head is unknown during the 

10 fitting process. This makes it difficul~ to identify the relationship between the 

position signal and the actual position of the head. 

SUMMARY OF THE INYENTION 

A method and storage device are provided for initializing a polynomial 

15 linearizer in the storage device. The linearizer is initialized by identifying the 

coefficients of the lineariz~r polynomial. To reduce the computational 

intensity of this process, orthogonal-type coefficients for at least two 

orthogonal polynomials are identified, where the linearizer polynomial is 

formed as the sum of the orthogonal polynomials. The orthogonal-type 

2 O coefficients are then combined to identify linearizer coefficients for the 

linearizer polynomial; 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric view ofa disc drive in which the present 

invention may be practiced. 

25 FIG. 2 is a block diagram of a servo loop. 

FIG. 3 is ~ graph of position signal as a function of head location for an 

ideal and an actual position signal. 
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FIG. 4 is a flow diagram for an iterative process under one 

embodiment of the present invention to identify coefficients for a 

polynomial. 

FIG. 5 is a block diagram of elements used to perform the method of 

s FIG. 4~ 

FIG. 6 is a graph of gain points determined between adjacent zones. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODWENTS 

FIG. 1 is an isometric view of a disc drive 100 in which the present 

1 O invention is useful. Disc drive 100 includes a housing with a base 102 and a top 

cover (not shown). Disc drive 100 further includes a disc pack 106, which is 

mounted on a spindle motor (not shown) by a disc clamp 108. Disc pack 106 

includes a plurality of individual discs, which are mounted for co-rotation about 

central axis 109. Each disc surface has an associated disc head slider 110 which is 

15 mounted to disc drive 100 for communication with the disc surface. In the 

example shown in FIG. 1, ~ders 110 are supported by suspensions 112 which 

are in tum attached to track accessing arms 114 of an actuator 116. The actuator 

shown in FIG. 1 is of the type known as a rotary moving coil actuator and 

includes a voice coil motor (VCM), shown generally at 118. Voice coil motor 

20 118 rotates actuator 116 with its attached heads 110 about a pivot shaft 120 to 

position heads 110 over a desired data track along an arcuate path 122 between a 

disc inner ·diameter 124 and a disc outer diameter 126. Voice coil motor 118 is 

driven by servo electronics 130 based on signals generated by heads 110 and a 

host computer (not shown). 

2 5 In the disc drive of FIG. 1, the heads are positioned using a servo loop 

~qch as servo loop 200 of FIG. 2. In servo loop 200, a reference signal 202 is 

provided by a host processor {not shown). The reference signal indicates a 
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desired location for the head. This reference.signal is passed to a controller 204 

which generates a current to drive a voice coil motor 206. The voice coil motor 

moves a head 208 based on the size of the current provided by controller 204. 

When it reaches its new location, head 208 generates one or more 

5 position signals from one or more se.rvo fields that are provided to a 

commutation and normalization unit 210. This unit generates a normalized 

position signal and identifies which zone of the servo field the head is over. The 

normalized position signal generated by unit 210 is formed by performing one 

or more normalization techn.iques such as NPQ, seamless, and/ or NPQ + 

1 O seamless. Although not specifically mentioned, other normalization techniques 

may be used within the scope of the present invention. 

FIG. 3 provides a graph of a normalized position signal produced by 

commutation and normalization unit 210. In FIG. 3, the position of the head 

relative to a track center 300 is shown along horizontal axis 302. The value of 

15 the normalized position signal is shown along vertical axis 304. In FIG. 3, an 

ideal position signal is sho-vrn as a line 306 and the actual normalized position 

signal is shown as a curve 308. 

The graph of FIG. 3 extends across an entire track, which is divided into 

four zones 312, 314, 316 and 318 that each occupy a quarter track. Zones 312, 

20 314, 316 and 318 are referred to as zone 1, zone 2, zone 3 and zone 4, 

respectively, in the discussion below. The value of the normalized position 

signal determined by commutation and normalization unit 210 is output to one 

· .... of two polynomial linearizers 212 and 214. If the normalized position signal 

shows that the head is in zone 1 or zone 3 of FIG. 3, the normalized position 

25 signal is provided to polynomial linearizer 212. However, if the normalized 

p9sition sigrial indicates that head is in zone 2 or zone 4, the normalized position 

signal is provided to polynomial linearizer 214. 
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Note that although position signal 308 of FIG. ·3 has different shapes in 

each of the different zones, the shape of the curve in zone 1 is similar to the , 

shape of the curve in zone 3 ·and the shape of the cw:ve in zone 2 is similar to the 

shape of the curve in zone_4. Thus, in.stead of using a separate polynomial for 

5 each, the embodiment of FIG. 2 simplifies the process of.identifying 

polynomials by using a single polynomial to describe the shape of the curve in 

zones 1 and 3 and a different polynomial to describe the shape of the curve in 

zones 2 and 4. 

Polynomial linearizers 212 and 214 provide a position value that 

1 O indicates the actual position of the head based on the normalized position signal 

and the polynomial that describes the relationship between the normalized 

position signal and the actual position .. A multiplexer 215, which is under the 

control of commutation and normalization unit 210, selects the output of the 

linearizer that received the normalized position signal. Thus, the output of 

15 linearizer 212 is selected when the head is in zone 1or3, while the output of 

linearizer 214 is selected when the head is in zone 2 or zone 4. 

The output of multiplexer 215 is a position value that is returned to a 

node 216 where it is combined with reference value 202. Node 216 subtracts the 

actual· position of the head from the reference signal 202 to generate a position 

2 O error signal that is indicative of the distance between the head and the desired 

position for the head. Thus, through the feedback loop, the servo loop 

continues to position head 208 until the position value provided by multiplexer 

215 is equal to the reference value provided by the host system. 

As noted in the background, one problem with using polynomial 

2 5 linearizers is that a large amount of computational resources are needed in the 

d!sc drive in order to calculate the coefficients for the polynomials in the factory 

process. The present invention overcomes these difficulties by providing a 
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means for determiningthe polynomial coefficients in a less computationally 

intensive manner •. A method ~d apparatus used in one embodiment of the 

present invention for determining the coefficients of the polynomials is shown 

in the flow diagram of FIG. 4 and the block diagram of FIG. 5. 

In the method shown in FIG. 4, the polynomial description of the 

relationship between the linearized position signal and the normalized position 

of the head is expressed as: 

m 

PS(x) = Lc;xi EQ.1 
i=l 

where x is the normalized position of the head, Ci are the coefficients of the 

1 O polynomial, ,m is the. order of the polynomial, and PS(x) is the position signal 

which comes from head linearization. 

15 

The goal of the method of FIG. 4 is to select the coefficients Ci so that . 

polynomial linearizers 212 and 214 determine a proper actual position given a 

position signal value. The conversion from a position signal to a compensation 

gain function oflinearizer~ 212 and 214 can be expressed as: 

G;. ( ) dPS(x) ~ . H 
c X = = L.JlC;X 

dx i=l . 
EQ.2 

where Ge (x) is a calculated compensation gain. 

Under the present invention, the coefficients are determined using a least 

mean square errors calculation that takes the sum of the squared differences 

2 O between a measured compensation gain at selected positions and the calculated 

compensation gain determined from the polynomial. This is expressed as: 

J = 'f(ac(xi)-fic;x~-')
2 

j=O i=l . 

EQ.3 
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The best fit polynomial is then determined by "minimizing] with respect to each 

Ci • This can be achieved by taking the partial derivative ·of J with respect to each 

Ci and setting each derivative to zero. This forms the equation:· 

EQ.4 

5 which can be solved for Ci. 

The difficulty with performing the calculations ofEQ. 3 andEQ. 4 is 

that Gc(Xi) can not be measured directly and the partial derivative of EQ. 4 is 

computationally intensive. As discussed further below, the present invention 

overcomes these problems by estimating Gc(xi) from the open loop gain of the 

1 O servo system and determining the partial derivative by replacing the polynomial 

· with a set of orthogonal polynomials that provide certain computational 

advantages. 

The proeess of FIG. 4 starts at step 400 where coefficient c1 is set to 1 and 

c0efficients C2 to Cm are set to 0. At step 402, the gain of the servo loop is 

15 determined at n locations across each zone. 

To determine the gain of the servo loop, an excitation signal, typically a 

sine wave, is in~oduced into the servo loop using a sine wave table 220 of FIG. 

2. The frequency of the excitation signal can be any desired frequency with the 

caveat that a frequency that is too low may cause gain calculation overflow due 

2 O to high gain. Similarly, a frequency that is too high will create a small gain value 

with an equally small signal-to-noise ratio that will degrade the accuracy of the 

gain measurement. The frequency of the excitation signal should also be chosen 

to avoid frequencies at which the spindle or voice coil motor resonate. 

The gain of servo loop 200 is then determined by a gain calculator 500 of 

2 5 F!G. 5 by taking the ratio ofthe average peak-to-peak value in the servo loop at 

a point before the introduction of the excitation signal and the average peak-to-
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peak value in the servo loop at a point after the introduction of the.excitation 

signal. Under one embodiment, the values are ~and pass filtered before taking 

the ratio by passing them through band pass filters 222 and 224 to produce band 

pass filter output BPF2 and band pass filter output BPFl, respectively. Thus, 

5 the gain of the servo loop is calculated as: 

EQ. 

5 

To ensure that there is a smooth transition between. zones, the gain is 

measured at points that overlap neighboring zones. This can be seen in FIG. 6 

1 O which provides a graph of gain points determined at two neighboring zones. In 

FIG. 6, head position is shown along horizontal axis ~and the measured servo 

loop gain is shown aj.ong vertical axis 602. Data points 604, 606, 608, 610, 612, 

614, 616, 618, 620 and 622 are collected for one zone while data points 624, 626, 

628, 630, 632, 634, 636, 638, 640 and 642 are collected for a second zone. Note 

15 that data points 6~, 606 and 608 overlap data points 638, 640 and 642, 

respectively. This overlap helps to smooth the compensation gain calculated 

under the present invention. 

At step 404, the gain measurements for the various zones are averaged by 

a gain averaging unit 502. This averaging is done to remove non-repeatable gain 

2 O variations from the collected data. To remove these variations, one .embodiment 

of the present invention utilizes the fact that the gain in zones 1 and 3 should be 
similar and the gain in zones 2 and 4 should be similar. Thus, at corresponding 

points in zones 2 and 4, the gain shotild be substantially the same and similarly, 

at corresponding points in zones 1 and 3, the gain should be substantially the 

2 5 same. Under one embodiment, eight gain values are determined in each zone at 
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1/32 track offset from each other. The average gain values for zones 2 and 4 are 

then calculated as: 

G (x. 8)+G (x. 24 ) 
G (. ·) - m J+ m J+ U - Q 1 7} 

.4.llG.MXj - z. · , - , ... EQ . 

6 

5 where GAvG.M(Xi) are average gain values that are used both for zone 2 and zone 4 

and j is an index. Note that under the present invention, only one set of gain 

values is needed since the polynomial coefficients calculated for one zone are 

applied to the other zone. 

10 

15 

Similarly~ the average gain values for zones 1 and 3 are calculated as: 

G (x )+G (x ) 
G ( ) = m j-8 m f+B ( • -8 9 15} 

.4.YG.M Xi. 2 , } - , ... EQ. 

7 

Note that although equation 7 shows the gain averaged across a single 

track, in other embodiments the averaging is extended to more than one track 

.and thus to more than two zones. 

At step 406 of FIG. 4, a gain compensation calculator 504 of FIG. 5 uses 

the average gains from equations 6 and 7 to determine a compensation gain. In 

particular, the compensation gain is determined for each of the index points at 

which the average servo loop gain was determined. Because the compensation 

gain can not be measured directly, a simplifying assumption is made that the 

2 O compensation gain is simply the inverse of the averaged gain of the entire servo 

loop. In terms of an equation: 

EQ. 

8 
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. The error introduced by this simplifying assumption is corrected by · 

calculating a scaling factor, as described further below. 

Once the gain compensation has been calculated for each of the index 

positions, j, the coefficient of the polynomial is calculated at steps 408 and 410 

5 · by a coefficient .calculator 506 of FIG. 5. In particular, coefficient calculator 506 

uses equations 3 and 4 above to determine the coefficients. Under the present 

invention, the calculations needed to evaluate equations 3 and 4 are simplified by 

converting the polynomial into a sum of orthogonal polynomials. Orthogonal . 

polynomials have the following properties: 

n 

10 LPiU)* Pk(j) = 0,(/ :t:k) EQ. 
J=O 

9 

n n 

2:PiU)* Pk(j) = L~2(j) * 0, (/ = k) EQ.10 
J=O J=O 

where P1 and Pk are orthogonal polynomials of order 1 and k respectively, j is an 

15 equally spaced index with j = 0, 1. .. n, and n + 1 is the number of points at which 

the polynomials are evaluated. An example of an orthogonal polynomial is: 

• m ( );(mXm + i) (j)(i) Pm(J)=L-1 .. ()(11' EQ.11 
i=O l l n 

where: 

(7)= (m:~h1 EQ.12 

2 o and mis the order of the polynomial, m e [o, n]. 
A polynomial of order m can be expressed as a linear combination of 

o~ogonal polynomials. Thus, the polynomial for the compensation gain can 

be described as a linear combination of orthogonal polynomials. In order to 



-11-

express equation 3 above in terms of a linear combination of polynomials, the 

relatio~ship between the head position and the index j must be determined. 

Refer to Figure 6 for example, data point 604 corresponds to-1/32 track, data 

·point 606 corresponds to track center, data point 608 corresponds to 1/32 track, 

5 etc. That relationship is given as: 

or 

}=32xi +1 

j-1 
xi=32 

EQ.13 

EQ.14 

Using the relationships of equations 2, 13 and 14, the gain compensation 

1 O polynomial can be rewritten as: 

15 

20 

EQ.15 

Using the relationship between the linear combinations of polynomials 

and the gain compensation· polynomial; equation 3 can then be rewritten as: 

J= L Ge -1 - - :La;i~;u> n ( ( • -1) . m-1 )

2 

j=O 32 i=O 
EQ.16 

The partial derivative of J is then taken relative to each of the 

polynomial coefficient ai and the minimum is found by setting the derivative 

equal to 0. Because of the properties of orth~gonal polynomials, many of the 

terms in the derivative drop out because they are equal to 0. This results in the 

following equation for each ru: 

EQ.17 
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n 

where P; U) and L P;2 U) are constants that are independent of the gain of the 
j=O 

servo loop, and therefor, can be calculated before the servo loop gain is 

measured. 

Once the polynomial coeffici~ts, ru, have been found, the corresponding 

5 coefficients Ci of the compensation polynomial can be found through a linear 

transformation that relates ru to a using equation 15. 

Note that the calculation shown in equation 17 is much simpler than 

calculations used in the prior art for identifying polynomial coefficients. 

Because of this, the present invention does not require as many computing 

1 o resources in order to determine the coefficients of the gain compensation 

polynomial. 

Once the polynomial coefficients have been determined at step 410, they 

must be scaled at step 412 by a scaling unit 508 to account for the fact that the 

compensation gain was determined based on the simplifying assumption that the 

15 gain describing the change _in the position signal for a change in the position of 

the head was equal to the gain of the entire servo loop. This assumption is 

shown in the following equation: 

Gm= PS(x1)-PS(x2 ) 

(X1 -X2) 
EQ.18 

where PS(x1) and PS(x2 ) are the position signals generated for the head at 

2 O posit:ions x1 and X2 with equation 1 and Gm is the gain of the servo loop. 

In reality, the gain of the servo loop includes a gain component for head 

208, normalization unit 210 and linearizers 212 and 214, which can be referred 

to as a head/linearizer gain GH + L and some other gain component, g, that forms 

tl!e rest of the servo loop gain, g. Thus, equation 18 can be rewritten as: 



-13-

EQ.19 

Under the present invention, the actual values of the head and linearizer 

gain, GH + L, and the other gain component, g, of the servo loop are not 

measured. Instead, a desired value for the head and linearizer gain is selected and 

5 then the value of g is calculated. Thus, g can be calculated as: 

PS(x1 )- PS(x2 ) 
g= . 

(Xi ...,. X2)GH+L 
EQ.20 

Under most embodiments, the head and linearizer gain, GH + L, is selected 

to be unity and the value of the other gain components are calculated using 

nominal head positions located at plus and minus a quarter track from track 

10 center. 

Using equations 19 and 20, it can be seen that the polynomial coefficients 

calculated in steps 408 and 410 are too large by a factor of g. To correct this, 

each of the coefficients is multiplied by a scaling factor kc which is defined as : 

1 
k =-c 

g 
EQ.21 

15 The scaling factors are calculated by a scaling factor calculator 510 in 

FIG. 5 and are applied to the polynomial coefficients by the scaling unit 508 as: 

EQ.22 

for i=l...n.· 

After the polynomial coefficients have been scaled at step 412, they are 

2 O applied to the polynomial linearizers 212 and 214 at step 414. At step 416, the 

gain ratio of maximum Ge over minim.um Ge across a track is determined and is 

compared to past gain ratios to determine if the coefficients have converged. 

~ote that this gain ratio will approach unity when there is perfect linearization. 

H the coefficients have not converged, the process returns to step 402 to measure 
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a new gain for the servo loop. This iterative process is used because the 

measured head position, x, during the first iteration is not the actual position of 

the head. With each iteration, the measured position moves closer to the actual 

position, thereby providing better accuracy. Anothe!" advantage of the iterative 

5 process is that it reduces the measurement error, thus filtering out noise. Note 

that because the coefficients have changed in the linearizers, the gain of the servo 

loop will change with each iteration. Steps 402, 406, 408, 410, 412 and 414 are 

then repeated. · 

During the repetition of step 408, an equation different than EQ. 8 above 

1 O is used to determine the compensation gain to be applied by the linearizers. In 

particular, because the linearizers have ~n updated to provide a gain 

compensation, the new gain of the s_ervo loop will.have a value of: 

Gk-1 
Gk =-m-

m Gk-1 
c 

EQ.23 

where G! is the gain of the servo loop during the next iteration, G!-1 is the 

· 15 gain of the servo loop on the.previous iteration, and G!-1 is the compensation 

gain applied by the polynomial linearizer as determined by the previous 

iteration. Thus, to determine compensation gain to be applied during the next 

iteration, the following equation is used: 

k 1 Gk-1 
G =-=-c-

c Gk Gk-I 
m m 

EQ.24 

2 O where G! is the compensation gain for the next iteration k. 

The iterative process of FIG. 4 continues until the polynomial 

coefficients converge and the process ends at step 418. 

In summary, a method of initializing a polynomial linearizer 212, 214 

is-provided. The method includes identifying orthogonal-type coefficients for 
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at lea8t two orthogonal polynomials. The orthogonal.,type coefficients are 

combined to identify linearizer coefficients for a polynomial formed from the 

sum of the at least two orthogonal polynomials. The linearizer coefficients 

are applied to the polynomial linearizer 212, 214 to initialize the polynomial 

5 linearizer. 

A data storage device is also provided that includes a head 110 that 

produces a position signal. A polynomial linearizer 212, 214 converts the 

position signal into a position based on a linearizer polynomial having 

linearizer coefficients, which are determined by a coefficient calculator 506. 

10 In particular; coefficient calculator ~06 identifies the linearizer coefficients by 

identifying orthogonal-type coefficients for orthogonal polynomials and 

converting the orthogonal-type coefficients into the linearizer coefficients. 

It is to be understood that even though numerous characteristics and 

advantages of various embodiments of the invention have been set forth in the 

15 foregoing description, together with details of the structure and function of 

various embodiments of tJ:te invention, this disclosure is illustrative only, and 

changes may be made in detail, especially in matters of structure and 

arrangement of parts within the principles of the present invention to the full 

extent indicated by the broad general meaning of the terms in which the 

2 O appended claims are expressed. For example, the particular elements may 

vary depending on the particular application for the polynomial linearizer 

while maintaining substantially the same functionality without departing 

from the scope and spirit of the present invention. In addition, although the 

preferred embodiment described herein is directed to a polynomial linearizer 

2 5 for a disc drive data storage device system, it will be appreciated by those 

s~lled in the art _that the teachings of the present invention can be applied to 



-16-

other systems, like tape drives or optical drive systems, without departing 

from the scope and spirit of the present invention. 
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WHAT IS CLAIM:ED IS: 

1. A method of initializing a polynomial linearizer in a storage device, 

the method comprising steps of: 

· (a) identifying orthogonal-type coefficients for at least two orthogonal 

polynomials; 

(b) combining the orthogonal-type coefficients to identify linearizer 

coefficients for a polynomial formed from the sum of the at 

least two orthogonal polynomials; and 

(c) applying the linearizer coefficients to the polynomial linearizer to 

initialize the polynomial linearizer. 

2. The method of claim 1 wherein identifying step {a) comprises: 

(a) (i) determining servo loop gain at several locations across a track on 

a medium; 

(a)(ti) determining a compensation gain based on the servo loop gain; 

and 

(a)(ii~ identifying the orthogonal-type coefficients from the 

compensation gain. 

3. The method of claim 2 wherein step (a)(i) of determining· a servo loop 

gain comprises passing two signals through two respective band pass filters to 

produce two filtered signals and taking the ratio of some aspect of the two 

filtered signals to generate a servo loop gain value. 

4. The method of claim 2 wherein step (a)(i) of determining a servo loop 

g~n comprises determining the gain at only one frequency. 



I If llll/ l/llll lllll I/Ill /I Ill/ 
C L M S * 

-18-

5. The method of claim 2 wherein step (a)(i) of determining a servo loop 

gain comprises determining the servo loop gain at at least two locations and 

averaging the gain at the at least two locations to form an average servo loop 

gam. 

6. The method of claim 5 wherein step (a)(ii) of determining a 

compensation gain comprises determining a compensation gain from an 

average servo loop gain. 

7. The method of claim 2 wherein identifying step (a) comprises 

identifying different sets of orthogonal-type coefficients for different zones on 

a track on a medium. 

8. The method of claim 7 wherein step (a)(ii) of determining a 

compensation gain comprises determining a compensation gain at a point on 

the medium and using the_ compensation gain when identifying a first set of 

orthogonal-type coefficients and when identifying a second set of orthogonal­

type coefficients. 

9. The.method of claim 1 further comprising a step (d) after identifying 

the linearizer coefficients of identifying a scaling value based on a position 

signal determined at two respective positions on the medium. 

10. The. method of claim 9 further comprising a step (e) after the step of 

identifying the scaling value that comprises multiplying the linearizer 

c~efficients by the scaling value. 
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11. The m~thod of claim 1 further comprising repeating identifying step 

(a), combining step (b) and applying step (c) while using the linearized 

coefficients applied to the polynomial linearizer. 

12. The method of claim 1 wherein combining step (b) comprises 

identifying linearizer coefficients for a polynomial that has an order that is 

larger than three. 

13. A data storage device for retrieving information from a stora~e 

medium, the data storage device comprising: 

a head that produces a position signal; 

a polynomial linearizer that converts the position signal into a position 

based on a linearizer polynomial having linearizer coefficients; 

and 

a coefficient calculator that identifies the linearizer coefficients of the 

linearizer p~lynomial by identifymg orthogonal~type 

coefficients for orthogonal polynomials and converting the 

orthogonal-type coefficients into the linearizer coefficients. 

14. The data storage device of claim 13 further comprising a compensation 

gain calculator that determines a compensation gain wherein the coefficient 

calculator identifies the orthogonal-type coefficients based in part on the 

compensation gain. 

15. The data storage device of claim 14 further comprising a servo loop 

g~n calculator that determines a servo loop gain wherein the compensation 
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gain calculator determines the compensation gain based on the servo loop . 
gain. 

16. The data storage device of claim 15 further comprising a servo loop 

gain averaging unit that averages servo loop gains determined at at least two 

different pcisitio:115 on the storage medium to form an average servo loop gain 

and wherein the compensation gain calculator determines the compensation 

gain based on the average servo loop gain. 

17. The data storage device of claim·15 wherein the servo loop gain 

calculator determines the servo loop gain at multiple zones on the medium. 

18. The data storage device of claim 15 further comprising a scaling factor 

calculator that determines a scaling factor based on position signals 

determined at two positions on the medium and a scaling unit that multiplies 

the linearizer coefficients by the scaling factor to form scaled linearizer 

coefficients. 

19. A disc drive storage device for retrieving information from a storage 

medium, the disc drive storage device comprising: 

an actuator and head assembly that moves a head over the storage 

medium and generates a position signal from the storage 

medium; and 

position signal linearizer means that form a linearizer polynomial by 

identifying coefficients for orthogonal polynomials and 

converting the coefficients for the orthogonal polynomials into 

coefficients for the linearizer polynomial and that use the 

. , 
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linearizer polynomial to identify a head position from the 

position signal. 


