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Peak Interpolation Method For Optical or Magnetic Disk Drive Pickups

ABSTRACT

Presented is a digital signal processing method for accurate detection of position and
amplitude of digitized analog signals coming out of optical or magnetic pickup heads The
least-square parametric fit of a second-or fourth-degree polynomial curve to 4 or more
data points at a time, and minimization of the sum of square residuals allow for precise
determination of peak top position and amplitude for the purpose of recording quality
diagnostics. The method has been proven very reliable and noise-resistant.
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Peak Interpolation Method For Optical or Magnetic Disk Drive Pickups

DESCRIPTION OF THE INVENTION

1. Introduction.

This invention has been designed to improve the accuracy of peak timing and amplitude
detection of digitized signals in such applications as testing and diagnostics of the quality
of optical & magnetic data recording, and many others. The improvement 1s such that
the accuracy beyond digitization quantization limit is possible in both amplitude and
timing.  The method described in this invention has been tested and implemented 1n
certain commercial magnetic and optical media testers, and has been proven superior to
such standard analog techniques as filtering, differentiating and zero-cross detection.
This technique is not limited to optical or magnetic recording signal processing, but may
also be useful in other digital signal processing applications whenever determination of
accurate peak position or amphitude 1s required.

2. Embodiment of the invention.

General Idea.

The main idea of the method is that we seek to fit a certain well defined theoretical curve
of parabolic-like shape to the digitized signal waveform near the position of the supposed
peak. The more the theoretical curve shape resembles the actually sampled waveform
and the closer we are to the actual peak, the better the fit then becomes. The measure
of how good the fit is, is calculated as the sum of square resididuals. The "residual” 1s
defined as a difference between the theoretical curve and the actual data for all data
points along the curve.

The algorithm works like this:

a) Take a buffer full of data samples (1=0,1,2,3,...N ) .
b) Scan the buffer taking a sub-set of M (M>=4, and M<<N) consecutive data points
centered around the index 1 .
¢) Fit a second or higher polynomial (degree K, K>=2) or other parametrized theoretical
function, to the above sub-set, using a standard least square method (see ref 1) or other
technique.
d) Calculate the square-residual sum SRJi] over the current sub-set centered around index
1.
e) Check if the SR has had a minimum in the previous cycle

( that is if SR[i-2]>SR[i-1]<=SR[i] ) and if it is lower than certain pre-defined limit
SRLIM ( SR[i1-1]<=SRLIM ) .

- if yes then assume that there is a peak near or at the the data index (i-1)
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- if no then move on (1=1+1) and repeat steps b-¢

The above algorithm allows one to find the most viable peaks (both positive and
negative), conforming to certain criteria determined mostly by the choice of the
theoretical parametrized function (eq. polynomial versus trigonometric or exponential
series etc.) as well as by the value of SRLIM parameter. The smaller SRLIM, the
better the fit ought to be in order for the algorithm to recognize a given peak as valid.

For every found valid peak location (1), one can now easily calculate the peak top
amplitude and the accurate peak top position from the best-fit parameters of the
theoretical curve at that point. Since these quantities are obtained through the least-
square fit, they are generally very immune to noise, and their accuracy can easily exceed
digital quantization limits in both amplitude domain or in time domain (index 1).

Note that for the algorithm to work best it is important to chose the data sampling rate
high enough and the width of the data sub-set window M small enough such that the
typical duration of peaks (at %2 height) is equal or longer than M. This method 1s also

somewhat sensitive to the actual shape of the waveform - which should determine the
best choice for the theoretical prametric curve.

Example of an algorithmic implementation (in C language).

Function solve_lsgfit listed below may be used to scan almost entire data bufter ( y[1} ,
i=2,3,....N-2). If at any point (i) the the function returns 1 - it means that a vald peak
was found . One should also test the residual sum of squares returned by the sixth
argument to make sure it lower than the limit SRLIM. Peak parameters are returned by
the pointer arguments 3-5, such as: peak top amplitude level = *a0, peak polarity 1s
determined by *a2 (negative = maximum, positive=minimum), and the precise timing of
the peak extremum is t = i*T - d*T (where T=sampling period). Example of a call:

float a0, a2, d, r=-1.0;

int y[4] ={1,3,4,2};
if( solve l1lsqgfit(y, 2, &al0, &a2, &d, &r) )
printf ("Extremum found in y[0..3] at 1i=2");

//********************************************************************

// ca solve lsgfit - Solves four-point least-square quadratic fit.

// Calculates coefficients a0, a2, and d of guadratic polynomial:
// v(i+k) = £(k) = a0 + a2*(k+d)” 2 k=-2,-1,0,1.

// Input: Yy - ptr to array of digitized waveform.

// i - array subscript at which an extremum condition is
// being tested. Note: yl[i-2],yl[1-1],"

// v{i] and y[i+1l] must all be valid data

// *res sum sqrs - less than zero value enables

// calculation of the residual sum of squares, after
// fitting. Value >0.0 disables calculations of

// residual sum of squares.
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// Output: *a0 - Calculated polynomial coefficient. If valid extremum

// is found (returns 1l)then *a0 is equal to the true
// interpolated peak amplitude.
95 // *32 - Calculated polynomial coefficient. If valid extremum
// is found (returns 1)then the sign of *a2 indicates
// whether this is a maximum (*a2 < 0.0 ) or a minimum
// ( *a2 > 0.0 )
// *d - offset parameter. If valid extremum 1is
100 // found (returns 1) then *d is equal to the negative
// offset between the index i and the true interpolated
// position of the peak extremum ( 0 <= *d <= 1 )
// For example: if *d==0.0 then extremum is at 1,
// if *d==1.0 then extremum is at i-1,
105  // *res sum sqrs - residual sum of squares calculated
// (if enabled) after the least square fitting.
// If disabled - then no change.
// Returned wvalue:
// 0 - No extremum found between data position (i-1) and 1
110 // 1 - Extremum was found between, or at (i-1) and 1

//********************************************************************

int solve lsgfit(int *y, int 1, float *a0, float *a2, float *d,
float *res sum sqrs)
{

115 unsigned char calc_resid sumsqrs;
const float det = 80.0;
long p3, P2, pl;
int ul0, ul, u3, u2;
long a, b, ¢;
120 float p, q:
calc_resid sumsqgrs = (*res sum sqrs < 0.0);
u0 = yf{i-2};
ul = yli-1};
uz = ylr ];
125 uld = yli+l1];
p3 = 4L*(long)ul0 + (long)ul + (long)u3 ;
p2 = -2L*(long)ul - (long)ul + {(long)u3;
pl = (long)u0 + (longjul + (long)u2 + (long)u3ld ;
a = 20L*(p3 + P2 - pl);
130 b = 20L*p3 + 36L*p2 - 12L*pl;
c = -20L*p3 - 12L*p2 + 44L*pl;
if (a==0L) // Special case (1)
{ // the best fit is a straight line
*a0 = (ul + u2)/2.0;
135 *a2 = 0.0;
*d = 0.5;
if (fabs (b)<le-5) // the slope is horizontal --> all equal

{

if (calc resid sumsqrs)
140 *res sum SQrs =
calc resid sum(y,i, (float)a/det, (float)b/det, (float)c/det);
return( 1 );
}
else // the slope is inclined
145 {
return( 0 );

}
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p = (-0.5*(float)b/(float)a);
q = ((float)c - (float)a*p*p)/det;
if( p<-1.0 || 0.0<p ) // Special case (2)
{ // extremum is not within (i-1) and i
*a0 = (a<0L ? max{(ul,u2) : min{ul,u2));
*Q2 = (float)a/det;
*xd = (p>0.0 ? 0.0 : 1.0);

if (calc resid sumsqgrs) *res_sum sqrs = 1e30;
return( 0 );

}

// Normal return - extremum is found between (i-1) and 1

*a0 = q; // peak value

* g2 = (float)a/det; // coeff. of curvature
*d = -P; // position of the peak
if (calc resid sumsqgrs) // calculate residual sum of sqguares

*Yes sum Sgrs =
calc resid sum(y,1i, (float)a/det, (float)b/det, (float)c/det) ;
return{ 1 };

//********************************************************
// calc resid sum - calculate residual sum of squares

// of polynomial f(k)=a*k™2+b*k+c to data points
// y[ik], %k = i-2, i-1, i, i+1

//********************************************************

static float calc resid sum(int *y, int i, float a, float b, float c)

{

float d,e,f,qg;

d = (fleocat)y([1-2] - 4.0*%a + 2.0*b - cC;
e = (float)yl[1-1] - a + b - ¢;
f = (float)yl1 | - C;
g = (float)yl[i+1l] - a - b - ¢;

return( d*d + e*e + f£*f + g*g );

Reference.

1. "Numerical Recipes in C", W.H.Press, W.T.Vetterling, S.A.Teukolsky,
B.R.Flannery, 2-nd ed., Cambridge Univ. Press, 1992 (p.671)
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Peak Interpolation Method For Optical or Magnetic Disk Drive Pickups

CLAIMS

.

Specific to this invention is the fitting of a parametric theoretical peak-resembling
curve to the digitized signal wavetorm.

Specific to this invention is the usage of the least-square technique for fitting a
theoretical curve to the digitized signal.

Specific to this invention is the peak searching method by performing a repeated least-
square fitting of a parametric theoretical curve to the consecutive intervals of the
digitized signal and testing for the minimum value of the residual sum of squares.

Specific to this invention is the extraction of the accurate peak parameters such as
amplitude and position out of the parametric theoretical curve fitted to the digitized
signal.
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