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Solution

Question 1:

1. Any vector can be represented as a substruction of two points: V =P -Q
However: V'=P'—-Q'=(AP+T -AQ-T)=A(P-Q)=AV Q.E.D

2. Let’s take two pointson L; : Pand Q, and define V=P-Q
The vector V is parallel to L . Since L is parallel to Ly, V is also parallel to L.
Following item a. above we have that V’=AV is parallel to L’; and L’,, therefore L’; and L’; are
parallel. Q.E.D.

3. Any line in 2D has 2 degrees of freedom (for example, its orientation, and its distance from the
origin). Therefore, the mapping L1 onto L’1 defines 2 constraints. The mapping Q onto Q’
defines additional 2 constraints. Therefore, we have a total of 4 constraints. However, an affine
transformation has 6 degrees of freedom, therefore we have 6 unknowns with 4 equations, which
yield infinite solutions. In order to find a single solution we can add arbitrary constraints: for
example, P is mapped onto P’ which gives another 2 constraints. If the affine transformation is
represented by a 2x2 matrix M and a 2x1 vector T, the equations are:

a b e
MV =V'" ; MP+T=P" ; and MQ+T =Q" where M:[C d} and Tz{f}

Opening the matrix equation and collecting all the unknowns in a vector column we get:

'V, V, 0 0 0 0fa) (V/
0 0 V, V, 00[b| |V
PP 0 0 L Of|c||P
0 0 P P O Llld| |P
Q Q 0 0 1 Ofel| |Q
0 0 Q Q 0 1[f) |Q
N J

=<
L
1

Solving for the unknown vectora: a=H b Q.E.D.

More transformations can be found by replacing the equation MP +T =P" by MP+T =P'+aV’ for
any arbitrary «.

Question 2:

1. Define S=(ab,c)" , thenormal to Myis: N, =S/|9|

2. Define V =(x,y,z)" , the plane equationis: (Vv —Q)eN =0

3. L is perpendicular to N; and N, and therefore is parallel to U: U =N, x N, , The parametric
equation of L is: L(t)=Q +tU
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Question 3:

A

#1

Question 4.

1.

d(x,y)=x*+y?-R?*=0
The first pixel is located at (R,0). The value of d(x,y) is zero at this location.

We have to decide whether we paint the South pixel or the SouthWest pixel.

We check the value of dsri=d(x-0.5,y-1)=d(R-0.5,0-1)=5/4-R. If dswar>0 wWe choose to paint the
South West pixel. Otherwise we paint the South pixel.

If we moved South, we have to check next d(x-0.5,y-2)=d(x-0.5,y-1)+ [d(x-0.5,y-2)- d(x-0.5,y-
1)]=doig*+3-2y

If we moved SouthWest, we have to check next d(x-1.5,y-2)= d(x-0.5,y-1)+ [d(x-1.5,y-2)- d(x-
0.5,y-1)]=doig+5-2(X+y)

Yes. We start from ds,+=1-R and continue as described.
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