Stuart Golodetz

Computer Graphics

Exercises 1
1. Modifying the midpoint line scan-conversion algorithm given in Fig. 3.8 of CGPP:

void MidpointLine(int x0, int y0, int x1, int y1, int value)

{


int dx = x1 - x0;


int dy = y1 - y0;


// NEW


double slope = dy/dx;


// Slope varies from 0 to 1, arctan(slope) from 0 to PI/4, intensityModifier from 1 to 1/sqrt(2)



double intensityModifier = cos(arctan(slope));


value *= intensityModifier;


// END NEW


int d = 2 * dy - dx;


// Initial value of d


int incrE = 2 * dy;


// Increment used for move to E


int incrNE = 2 * (dy - dx);

// Increment used for move to NE


int x = x0;


int y = y0;


WritePixel(x, y, value);

// The start pixel


while(x < x1)


{



if(d <= 0)


// Choose E



{




d += incrE;




x++;



}



else



// Choose NE



{




d += incrNE;




x++;




y++;



}



WritePixel(x, y, value);
// The selected pixel closest to the line


}

}

2.

A 1024x768 monitor has 768 scan lines.

To refresh it 72 times per second with no vertical retrace would require a scan rate of 768 * 72 = 55296 Hz.

This is 96% of the actual scan rate needed, so the actual rate is: 55296 / 0.96 = 57600 Hz, or 57.6 kHz

3.

I'm assuming that it's 1-bit per pixel (as per my understanding of CGPP p.166).

byte = base + floor(y*(xmax+1)/8 + x/8) (= base + floor((y*(xmax+1)+x)/8), when we're actually calculating it, because it's more efficient)

Example:

Suppose xmax = 319

Then (319,0) -> base + floor(0*320/8 + 319/8) = base + 39, which is correct because there are 40 bytes in a 320-bit line of pixels, and this is in the one at the very right, which has index 39.

Also (159,2) -> base + floor(2*320/8 + 159/8) = base + 99, which is correct because we've seen two lines of 40 bytes each, and then it's in the 20th byte on the third line.

bit = (y*(xmax+1)+x) mod 8

Suppose xmax + 1 is a power of 2. Then instead of multiplying by it, we can shift left by log2(xmax + 1).
4.

	n
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	f(n)
	0
	171
	288
	357
	384
	375
	336
	273
	192
	99
	0
	-99
	-192
	-273
	-336
	-375
	-384
	-357
	-288
	-171
	0

	∆f(n)
	171
	117
	69
	27
	-9
	-39
	-63
	-81
	-93
	-99
	-99
	-93
	-81
	-63
	-39
	-9
	27
	69
	117
	171
	231

	∆2f(n)
	-54
	-48
	-42
	-36
	-30
	-24
	-18
	-12
	-6
	0
	6
	12
	18
	24
	30
	36
	42
	48
	54
	60
	66

	∆3f(n)
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6


5.

H = Hue

S = Saturation

V = Value

A corresponds to V

B corresponds to H

C corresponds to S

E = White

F = Yellow

I = Red

J = Magenta

K = Black

To convert from RGB to HSV, we use the following:

max=largest RGB component

min=smallest RGB component

H=60*(G-B)/(max-min) if red is largest

180*(B-R)/(max-min) if green is largest

300*(R-G)/(max-min) if blue is largest

S=(max-min)/max

V=max

Well:

H = 60*0/(50-25) = 0

S = (50-25)/50 = 0.5

V = 50

6.

(a)

We have a line with gradient m s.t. 0 <= m <= 1 (other lines can be obtained by reflection, etc.) and endpoints (x1,y1) and (x2,y2).

Note that we don't actually have the gradient at the start, but that it can be calculated from (y2-y1)/(x2-x1)

Since the gradient is <= 1, x increases at least as fast as y.

So in theory, we want to increment x, find the theoretical y coordinate (yt), and decide whether the pixel above or below the line is nearer to

the true line. We draw the nearer of the two.

In practice, calculating the theoretical y coordinate each time is inefficient, so we prefer an incremental algorithm. To check which pixel to

draw of (x,y) and (x,y+1), we need to know whether (x,y+1/2) is above or below the line. If it's above, the line is nearer to the lower pixel;

if it's below, the line is nearer to the higher pixel. We denote yt - (y+1/2) as D(x,y), where once again yt denotes the theoretical y

coordinate at x. Initially, then, we have D(x1,y1) = -1/2, since yt at x1 is y1, and y1 - (y1+1/2) = -1/2. What's useful is to know how D(x,y)

changes:

D(x+1,y) = D(x,y) + m

(since m(x+1) + c - (mx + c) = mx + m + c - mx - c = m)

D(x+1,y+1) = D(x+1,y) - 1
(since it's one pixel higher)

We'd rather work with integers, so we multiply through by 2(x2-x1), to get rid of both the fraction m, and the initial -1/2.

d(x,y) = 2(x2-x1)D(x,y)

d(x+1,y) = d(x,y) + 2(y2-y1)

d(x+1,y+1) = d(x+1,y) - 2(x2-x1)

We now derive the full algorithm as follows:

void Line(int x1, int y1, int x2, int y2, int value)

{


int dx = x2-x1;


int dy = y2-y1;


int d = -dx;

// d(x1,y1) = 2*(x2-x1)*D(x1,y1) = 2*dx*-1/2 = -dx


int incrE = 2*dy;


int incrNE = -2*dx;


int y = y1;


for(int x=x1; x<=x2; ++x)


{



if(d <= 0)



{




d += incrE;



}



else



{




++y;




d += incrNE;



}



WritePixel(x,y,value);


}

}

(i)

Replace WritePixel(x,y,value); with, for example, writing a square paintbrush centred on (x,y)

(ii)

Drawing coloured lines is simply a matter of storing colour information at each pixel.

To draw dashed or dotted lines, you have a bit pattern for the type, and then either draw the pixel or not depending on the position in the

bit pattern:

void Line(int x1, int y1, int x2, int y2, int value, boolean[] bitPattern)

{


int dx = x2-x1;


int dy = y2-y1;


int d = -dx;

// d(x1,y1) = 2*(x2-x1)*D(x1,y1) = 2*dx*-1/2 = -dx


int incrE = 2*dy;


int incrNE = -2*dx;


int y = y1, patternPos = 0;


for(int x=x1; x<=x2; ++x)


{



if(d <= 0)



{




d += incrE;



}



else



{




++y;




d += incrNE;



}



if(bitPattern[patternPos] == true) WritePixel(x,y,value);



++patternPos;



patternPos %= bitPattern.length;


}

}

(b)

See rough working for development of algorithm (I’ll bring the full working along to the tute, here’s a brief summary).

d/dx((x-a)^2 – 2by) = 2(x-a) – 2b.dy/dx = 0 -> dy/dx = (x-a)/b

We need to change what we’re doing when we get to dy/dx = 1, or x = a + b.

F(u,v) = (u – a)^2 – 2bv

Consider F(a,-1) = -2b(-1) = 2b >= 0 since b is a positive integer

This tells us that points inside the parabola have F less than 0

The thing we check is F(x,y+½)

F(x+1,y+½) = F(x,y+½) + 2(x – a) + 1

F(x+1,y+3/2) = F(x,y+½) + 2(x – a – b) + 1

To get an integer version:

Define D(x,y) = F(x,y+½)

D(a,0) = F(a,½) = -2b(½) = -b, which is integral

Then the algorithm proceeds as we would expect. When we get to the gradient changeover, things get more interesting. We’re now interested in F(x – ½, y). To start us off, we need F(a + b – ½, y), but we don’t have it. What we do have, however, is F(a + b, y + ½). Using this, we calculate:

F(u,v) = (u – a)^2 – 2bv

F(u – ½, v – ½) = F(u,v) – u + a + ¼ + b

F(a + b – ½, y) = F(a + b, y + ½) + ¼

Let E(x,y) = 4F(x – ½, y)

Thus E(a + b, y) = 4F(a + b – ½, y) = 4F(a + b, y + ½) + 1 = 4D(a + b, y) + 1

E(x,y+1) = E(x,y) – 8b
E(x+1,y+1) = E(x,y) + 8(x – a – b)

This gives us all we need to write the remaining part of the algorithm. Note that we first move north-east rather than east, because we’re always moving in the direction that would take us outside the parabola if we moved too far.
void Parabola(int a, int b, int c, int value)

{


int x = a;


int y = 0;


int D = -b;

// D(a,0) = F(a,1/2) = (a-a)^2 - 2b(1/2) = -b


for(int end=min(a+b,a+c); x<=end; ++x)


{



if(D < 0)
// (x,y+1/2) inside parabola



{




int delta = x-a;




delta <<= 1;




++delta;




// Now delta = 2(x-a) + 1, as required




D += delta;



}



else



{




++y;




int delta = x-a-b;




delta <<= 1;




++delta;




// Now delta = 2(x-a-b) + 1, as required




D += delta;



}



WritePixel(x, y, value);



// We have x = a + z, for some z, we want to write a - z, or a - (x - a) = 2a - x



WritePixel((a<<1) - x, y, value);


}


// E(a+b,y) = 4D(a+b,y)+1


int E = (D << 2) + 1;


while(x <= a+c)


{



if(E < 0)
// (x-1/2,y) inside parabola



{




int delta = x-a-b;




delta <<= 3;




// Now delta = 8(x-a-b), as required




E += delta;



}



else



{




--x;




int delta = -b;




delta <<= 3;




// Now delta = -8b, as required




E += delta;



}



WritePixel(x, y, value);



// And again reflect it through x = a



WritePixel((a << 1) - x, y, value);



++x;



++y;


}

}
