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void MeasureMotionVector(unsigned char *Fields, long *SkewX, long *SkewY)

{
unsigned long Data[33][33] = {0);
intx, y, NextX, NextY;
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unsigned long Center, t, I, b, r;
double Szy2, Szy, Sz, A, B, DeltaYy;

NextX = 0; 1/ kick start value!
x =1, // kick start value!'
NextY =y =0;

while((x I= NextX) || (y != NextY))

{
x = NextX;
y = NextY,;

Center = Convolution(Data, Fields, x, y);
t = Convolution(Data, Fields, x, y-1);

I = Convolution(Data, Fields, x-1, y);

b = Convolution(Data, Fields, x, y+1);

r = Convolution(Data, Fields, x+1, y);

if(Center > t)
{
NextX = x;
NextY = y-1;
Center = t;

}

if(Center > I
{
NextX = x-1;
NextY =vy;
Center = |;

}

if(Center > b)
{
NextX = x;
NextY = y+1;
Center = b;

if(Center > r)
{
NextX = x+1;
NextY =y;

Center = Convolution(Data, Fields, x, y);
if(x == 15) break;

if(x == -15) break;

if(y == 15) break;

if(y == -15) break;

if('Center && !t && 1b)

{
*SkewX = 0;
*SkewY = 0;
return;
}

}

/1 using least squares, interpolate Y from t(op), Center, and b(ottorn)
/I note: Center is at zero pixels offset, t is -2 and bottom is 2

/1 using notation: z is a function of y... and the 2nd order poly coefficients a, b, ¢

oooooao
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/I where z = ay*2 + by + ¢

/I f(a, b, c) = Sigma(((ay*2 + by + C) - 2)*2);

/I minimize f(a,b,c)

// take partial derivatives:

/t df/da = 2 Sigma yy((ayy + by + c)-2)

// 1a) df/da = 2 Sigma (ay*4 + by*3 + cy*2 - zy*2)

/1 df/db = 2 Sigma y((ayy + by + ¢) - z)
/1 2a) df/db = 2 Sigma (ay*3 + by*2 + cy - zy)

// 3a) df/dc = 2 Sigma (ay*2 + by + ¢ - z) 10

/1 setting the partials 1o zero to find the minima...

/1 1b) Sigma 2y"2 = aSigma y*4 + bSigma y*3 + cSigma yA2
// 2b) Sigma zy = aSigma y*3 + bSigma y*2 + cSigma y

/1 3b) Sigma zz = aSigma y*2 + bSigma y* + nc (note n=3)

// compute the matrix coefficients:

Szy2=t"4.0+ Center*0.0+b*4.0;

Szy=1*-2.0+Center*0.0+b*2.0;

Sz = (double)t + (doubie)Center + (double)b;

// Sy4=32=16.0+ 0.0+ 16.0;

//Sy3=0=-80+0.0+8.0:

//Sy2=8=40+0.0+4.0;

/1 Sy=0=-20+00+20; 20

/f the matrix is:

// 1c) Szy2 = a*32.0 + b"0.0 + ¢*8.0
/! 2c) Szy = a*0.0 + b*8.0 + ¢*0.0

/1 3c) Sz =a"8.0+ b*0.0 +c*3.0

/f To find the y location of the

/! parabolic vertex: minimize dz/dy = 2aDeltaY + b

// so DeltaY = -b/2a, therefore we only need to solve the matrix for a and b.
/I from egn 2c:

B = Szy/8.0;

/1 now with two eqns in 2 unknowns:

f/ 1d) 8zy2 = a*32.0 + ¢*8.0 30
/1 3d) Sz = a*8.0 + ¢*3.0

// normalize ¢

// 1e) Szy2/8.0 = a*32.0/8.0 + ¢

// 3e) 82/3.0 = a*8.0/3.0 + ¢

// rearrange

// 1) Szy2/8.0 - a*32.0/8.0=¢c

/1 3f) S2/3.0-a*8.0/3.0=¢

// solve for a:

// $zy2/8.0 - a*32.0/8.0 = Sz/3.0 - 2a*8.0/3.0

// Szy2/8.0 - S2/3.0 - a*32.0/8.0 = - a*8.0/3.0

/1 Szy2/8.0 - Sz/3.0 = 3*32.0/8.0 - a*8.0/3.0

// Szy2/8.0 - Sz/3.0 = a*(32.0/8.0 - 8.0/3.0)

/1 (Szy2/8.0 - S2/3.0)/(32.0/8.0 - 8.0/3.0) = a

A = (Szy2/8.0 - S2/3.0)/(32.0/8.0 - 8.0/3.0); 40

/1 so finally:
DeltaY = -B/(2.0* A);

/! report the results to the calling function

gogoooaad
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*SkewX = -x;
*SkewY = -y*2 - DeltaY*2;
}

// round instead if truncate

unsigned long Convolution(unsigned iong Data{33][33],
unsigned char *Fields, long x, long y)
{

// already computed?
if(Data[y+16][x+186))
return Data[y+16][x+16];
Data[y+16][x+16] = ConvolveAt(Fields+640*3"240, Fields, x, )
return Datafy+186][x+16];
}

unsigned long ConvolveAt(unsigned char *Odd, unsigned char *Even, long x, long
y)

{

long i, j, Sigma = 0;

X += 16;
y += 16;

Odd +=16*640*3 + 16 * 3;
Even+=y*640*3 +x*3;

for(i=0; i<240-33; i++)

{

j = (640-33)*3;

while(j--)
{
Sigma += (*Odd - “Even) * (*Odd - *Even);
Odd++;
Even++;

}
Odd += 33*3;
Even += 33*3;
}

return Sigma;

}
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void ShiftEvenAndJoinOddField(unsigned char *Fields, long X, long y, unsigned
char *Rawimage)

{

unsigned char *Odd, *Even, *Workinglmage;

long i, n, Lines, Skip, Shift, Width;

/1 blindly fill both rasters with odd 10
Workinglmage = Rawlmage:;
Even = Odd = Fields + 640*3 * 240:
for(i=0; i<240; i++)

{

n = 6403,

while(n--)

*Workinglmage++ = *Even++;
n = 640*3;
while(n--)
*Workinglmage++ = *Odd++;
}
20

// compute refill values...
if(y>0)

{

Lines = 240-y/2;

Even = Fields;

Workinglmage = Rawimage + 2*640*3*(y/2);

}
else

{
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if(y%2)

if(x>0)

else
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Lines = 240+(y-1)/2;
Even = Fields + 640*3*(-(y-1)/2)
Workinglmage = Rawlmage;

)

{
Workinglmage += 640*3:

}

.
T

// exchange

{

Skip = (640+x)*3;

Shift = x*3;

Width = (640-x)*3;
Workingimage += Shift;

}

{

Skip = (640-x)*3;
Shift = -x*3;

Width = (640+x)*3;
Even += Shift;

}

// now join the rasters...
for(i=0; i<lLines; i++)

e

{
n = Width;
while(n--)

*Workinglmage++ = *Even++:
Workinglmage += Skip;
Even += Shift;
}
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int absdif(int x, int y)
{

int z;

Z=Xx-Y,
retunz<0?-z:2

}

// color raster is 640x480x3 Diff is 640x240x1

void LocateArtifacts(unsigned char *ColorRaster, unsigned char *Diff)
{

unsigned char *Top, *Center, *Bottom;

inty, x, ¢

unsigned int Avg, DTB;

int Delta;

for(y=0; y<480; y += 2)

Top = ColorRaster + y * 640*3;
Center = Top + 640*3;
Bottom = Center + 640*3;

x=640;

while(x--)
{
Delta=0;

c=3;
while(c--)
{
DTB = absdif(*Top, *Bottom);
Avg = "Top++;
Avg += *Bottom++;
Avg /= 2;
Delta += absdif(Avg,*Center++);
Delta-=DTB/ 2;

}
Deita -= 15;
if(Delta < 0) Delta = 0:
Delta *= Delta;
*Diff++ = Delta < 256 ? Delta : 255;
}
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void Decimate(unsigned char *Map)

{

int Total, Count = 640 * (240- 2) - 2;
unsigned char *Previous, *Current, *Next;
unsigned char Threshold = 80;

Previous = Map;

Current = Previous + 640;

Next = Current + 640;

while(Count--)
{
Total = 0;
Total += Previous[-1] < Threshold ? 0 : 1;
Total += Previous|[0] < Threshold ? 0 : 1;
Total += Previous[1] < Threshold ? 0 : 1;
Total += Current[-1] < Threshold ? 0 : 1;
Total += Current[1] < Threshold ? 0: 1;
Total += Next[-1] < Threshold 7 0 : 1;
Total += Next[0] < Threshold ? 0 : 1;
Total += Next[1] < Threshold ? 0 : 1;

*Current = Tolal < 3?7 0 *Current; // leave alone
Previous++;

Current++;

Next++;

}

()
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void Dialate(unsigned char *Map)

{

int Total, Count = 640 * (240 - 2) - 2;
unsigned char *Previous, *Current, *Next;
unsigned char Threshold = 80;

Previous = Map;

Current = Previous + 640;

Next = Current + 640;

while(Count-)
{
Total = 0;
Total += Previous[-1] < Threshold 7 0 : 1;
Total += Previous[0] < Threshold ? 0 : 1;
Total += Previous[1] < Threshold 2 0 : 1;
Total += Current[-1] < Threshold ? 0 : 1;
Total += Current[1] < Threshold ? 0 : 1;
Total += Next[-1] < Threshold ? 0 : 1;
Total += Next[0] < Threshold ? 0 : 1;
Total += Next[1] < Threshold ? 0 : 1;

*Current = Total > 4 ? 255 : *Current;  // leave alone
Previous++;

Current++;

Next++;

}
)
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// color raster is 640x480x3 Map is 640x240x1
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void InterpalateMap(unsigned char *ColorRaster, unsigned char *Map)

{

unsigned char *Top, *Center, *Bottom:
inty, x, c

unsigned int Avg, DTB;

int Delta;

Top = ColorRaster:;
Center = Top + 640*3;
Bottom = Center + 640*3;

y = 240;
while(y—)
{
X = 640;
while(x-)
{
if(*Map++ > 128)

Avg = *Top++:

Avg += *Bottom++;
*Center++ = Avg >> 1;
Avg = "Top++;

Avg += "Bottom++;
*Center++ = Avg >> 1;
Avg = *Top++;

Avg += "Bottom++;
*Center++ = Avg >> 1;

}

{

Top +=3;
Center += 3;
Bottom += 3:

}

else

}
Top += 640 * 3;
Center += 640 * 3;
Bottom += 640 * 3;
}
}
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