Compute the coordinates and the error e for the line y = 3x for x in the interval [0, 6] following the line drawing algorithm by Bresenham.

Solution by Hao Huy Tran:

Bresenham algorithm only works with slope |m| ( 1.  Lines at other slopes can be handled by reversing the line function y = ax to x = 1/a(y) before applying the Bresenham algorithm on the new line function:

Thus, the line y = 3x can be expressed as x = 1/3(y) in the interval [0, 18]

Now, we formulate the function that calculates the value of error e:

Let d be the distance from pixel P (yp, xp) to the line x = ay.

d = a(yp) – xp = ayp – xp 
· If ayp – xp ( ½ then P is selected.

Thus, e’ = 2ayp – 2xp –1 ( 0

· If not, pixel (yp, xp +1) is selected.

We want get ride of the fraction in a (1/3) to make the calculation of e easier

Substitute a = 1/3 in e’:


e’ = 2ayp – 2xp –1 = (2/3)yp – 2xp –1 ( 0

Now we have e = 2yp – 6xp –3  ( 0
Update for the next pixel:

If drawing stays horizontal

enew = 2(yp + 1) – 6(xp ) – 3 = (2yp – 6xp –3) +2 = eold + 2 

e += 2; y += 1 .

If drawing move up

enew = 2(yp + 1) – 6(xp + 1) – 3 = (2yp – 6xp –3) – 4 = eold – 4 

e –= 4; y += 1, x += 1.

At the origin (0,0), e0 = 0

Error ei

Pixel’s coordinates (y, x)
e0  =  -3
(0,   0)

O

e1  =  –1
(1,   0)

H

e2  =    1
(2,   1)

U

e3  =  –3
(3,   1)

H

e4  =  –1
(4,   1)

H

e5  =    1
(5,   2)

U


e6  =  –3
(6,   2)

H

e7  =  –1
(7,   2)

H

e8  =    1
(8,   3)

U


e9  =  –3
(9,   3)

H

e10=  –1
(10, 3)

H

e11 =   1
(11, 4)

U

e12 = –3
(12, 4)

H

e13 = –1
(13, 4)

H

e14 =   1
(14, 5)

U


e15 = –3
(15, 5)

H

e16 = –1
(16, 5)

H

e17 =   1
(17, 6)

U


e18 = –3
(18, 6)

H



   y = 3x or x =1/3(y)























y = (1/3)x
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