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Solution

Questionl

a. We define the location of a word coordinate system at the center of the sphere, and
where the camera is located at the Z axis and the (X,Y) axes are parallel to the image
(x,y) plane. Using this world coordinate system, the translation from image coordinates
(x,y) to world coordinates (X,Y) is applied as follows:

69(9_4%‘ qxg
gYB y- qu

The world Z coordinate can be deduced from (X,Y) and the sphere equation:
Z=4R?- X*-Y? where R=80

b. Since we deal with a sphere, the normal equals to the radius vector, thus, the normal N at
point p is:

2592:4?‘*2 and P,=yR?- PZ- P? and N =
Py & T ”P”

The specular component is proportional to (R¥) , thus, the maximum (highlight) is located at

a point where R=V. Since N is known, we can calculate L:

L=(RN)N- (R- (RXN)N)
where V=(0 0 1)

(VNN - (V- (VNN ) =2(V 5NN - v

c. When the light becomes closer, the angle between N and L becomes larger (N’ in the
figure) , thus the highlight position will drift towards the circumference.

d. When the camera becomes closer, the angle V 4+ R=V
will remain the same because we deal with parallel projection, V=Z N
thus, the highlight position will remain the same.
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Question2

a. The optical axis crosses the plane at Q=(0,0,-102). Thus, we have a point Q and a vector
V, for which the plane is defined as:

(S-Q)w =0 where S=(X Y 2Z)

b. From the projection point p=(p,,p,) we can construct two equations :

px :_ E)PX P pxPz+2Px =0

z

- 2P
p, = 5 - b p,P,+2P, =0

z

where we have 3 unknowns P=(P,,P,,P,)
We can add an additional equation using the plane equation:

(P-Q)W =0p PV =QW

Collecting the equations we have:

& 0 pePo «e0 0

I E S

QO 2 py—:(;Py——(; 0 —

gvx Vy Vz gpzﬂ 8Q>V5
M P = b

and the solution is: P= Mb
c. The bug’s locationis  S(t) =P + h(t)\/ where P was calculated before.

Hence its location in image plane is:

e 25(t), /s(t),
=€ 2s), /st)

N
(SERINeX
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Question 3

a. Denote the 3 points R;, R,, and R; . We set R,=P;

We now find a plane M that passes through P, whose normal is V. The implicit
representation of M is:

(S- P)w =0 where S=(X Y ZJ
We now represent the second line using a parametric representation:
L,(t)=P, +tv
We find a parameter t, that describes a point R, on L, which is also on M
(we assume |V|=1) :
(Lz(to)' P1)>V :(Pz +t0V - P1)>V =0
P t,=(R-R)V P R=L[)=P+(R-R)V)

Similarly, we find a parameter t, that defines point R; on L,

R,=R+((R-PR)VN

b. M(a,b)=b(aR +({1- a)R,)+(1- &)R, where a, b1 [0.1]

c. We maps each P, towards Q,, k=1..3, using 3D affine transformation.
We choose another pointon L,, e.g. P,=P;+V

and map it towards Q,=Q,+W .

Therefore, for each point we have a transformation equation:

8@ b co &0
cd e fiB+¢t,+=Q k=14
& h iy &g
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Using a vector notation for the unknowns we compose for each point 3 equations:

@ PP PP 0 0 0 0 0 0 10 09,
0 0 RR R B 0 0 0 01 0:X=Q, for k=14
0 0 0 0 0 R PR R 00 1

Where X is a parameter vector describing the transformation T:
\IT_ -
X"=@a b cdefghittt)

Collecting such equations for the 4 points defined above, we have 12 equations for 12

unknowns and we can solve for the parameter vector X by inverting the composed matrix.

The transformation is NOT unique since we can append a translation along W which will be

a legitimate transformation as well.

Comments: Denoting L,, L,, L, as the first 3 lines (direction V), L';, L’,, L'; the second
group of lines (direction W), and T(L,), T(L,), T(Ls), the mapped lines:

* T(L,) is a line because affine transformation preserves lines.
» The direction of T(L,) is W, because Q,-Q, is parallel to W.
* T(L,)=L’; because both are parallel to W and both passes Q,

» The direction of T(L,) and T(L;) is W because affine transformation preserves
parallelism.

* T(L,)=L’, because both are parallel to W and both passes Q,
T(L;)= L' because both are parallel to W and both passes Q,



Question 4

a.

t=0; s=0; % free parameter initializations
Inc_t=1/100 ; inc_s=2*pi/100 ;

double V[100,100]=NULL;

for t=1:100
X1=0x(t*inc_t) ; % the x axis of the object at t
Y1=0y(t*inc_t) ; % the y axis of the object at t
Z1=0;

for s=1:100 {
Vx=(X1-10)*cos(s) + Z1*sin(s) +10;
Vy=Y1,
Vz=-(X1-10)*sin(s) + Z1*cos(s) ;
V[t,s]=vertex(Vx,Vy,Vz)

k=1;
for t=1:99
for s=1:99
F[k]=face(VI[t,s],V[t+1,s],V[t+1,s+1],V[t,s+1]) ;
k=k+1;

% close the loop

s=100;

for t=1:100
Flk]=face(V[t,s],V[t+1,s],V[t+1,1],V[t,1]) ;
k=k+1;

b. Replace the command
F[K]=face(V[t,s],V[t+1,s],V[t+1,s+1],V[t,s+1]) ;
by

F[K]=face(V[t,s],V[t+1,s],V[t+1,5+1]) ;
F[k+1]=face(V[t+1,s+1],V[t,s+1],V[t,S]) ;
k=k+2 ;
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The Rotation we apply:

(ts)o acos(s) 0 sin(s)cea®(t), 6 22060 220
j(t,s)izg 0o 1 o0 ggo(t)y:-goig;goz
&z(t,5)g & sin(s) O cos(s)gk 0 5 %04 &0




