Midterm Exam: Solutions
CSE 167, Winter 2003
Date: 2/14/2003

Questions:

1. Given thefollowing code, find the current M odelview matrix as a set of
matrix multiplications. (You don’t haveto actually multiply the matrices)

gIMatrixMode(GL_MODEL_VIEW);
glL oadl dentity();

glTrandate(5, 2, 1);

glRotatef( 1.0f, 0.0, 0.0, 1.0f );

écos(p /180) - sin(p/180) 0 5i
Ssin(p/180) cos(p/180) 0 2
e 0 0 1 10
§ 0 0 0 1f



m: D> M> D> D> P~

2. Supposeatrianglein object coordinatesisrepresented by the following three
points ( each point hastheformat: (x,y,z)):
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PO: (1,5, 10)
P1: (3,21, 10)
P2: (5,-5,10)

Find a combination of transformationsthat will represent thetriangle by the
following pointsin world coordinates:

PO’ : (-1, 6,13)
P1': (3,14, 13)
P2: (7, 1,13)

Write the transformation as a series of matrix multiplicationsin the correct
order. (You don’t haveto actually do the multiplication)

Recognize that the problem isasking:
Find the matrix such that the following istrue
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Step 1:Thelast transformation is a z-translation by 3. Remove z-translation
by subtracting the constant difference between z-values from PO’ ,P1’ ,P2’
Now the problem is as follows.
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Step 2: Graph out thetwo triangles (after removing tranglation), note that
thisisnow a 2-D problem because both triangles are on the same z-plane.
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Note,
1. It can now beeither rotation or non-uniform scaling (or combination). | f

you recall, | mentioned (it'sin thelecture notes) that rotation preserves
angles, so there hasto be a non-uniform scaling. If you didn't remember
this, you could still try scaling sincethat's easier than a rotation.

2. Sincethemidpoints of these triangles (calculate mean over each
coor dinate) coincide, rotation/scaling hasto be around the midpoint.

3. Calculate midpoint: [3 7 10]

4. Translate midpoint to origin. The pointsafter thistranslation will be:

¢l 6 0 0 0Kl 0 0 3ia b c 0)l 0 0 -306ly
Bal @ & 08 & 08 U
£60_0 1 0 00 1 0 75e f g 00 1 0 -7485¢
€30 & 0 1 30 0 1 106 j k OKD O 1 - 100800
810 & 0 0 15D 0 0 130 0 0 140 0 0 1 {&ly
é30 6 0 0 Ol 0 0 3ia b c 0¥l 0 0 -3u630
60 & & 0 & 8,0
314,:30100&3010 7ie fog 00 1 0 -7p210
&30 & 0 1 30 0 1 1006 j k OO O 1 - 1008100
810 & 0 0 150 0 0 10D 0 0 150 0 0 1 galy
670 61 0 0 0L 0 O 3da b c 0l 0 0 -30654
e, u ue ue u
Sla 0 L 0 0G0 10 78 f g Op0 1 0 -74%5;
@30 & 0 1 3080 0 1 106 j k OKD O 1 - 1008100
§1f @ 00 10 0 0 170 0 0 1o 0 0 1 E1{
PO: (2,-2,0)

P1: (0, 14,0)

P2: (2,-12,0)

PO : (-4,1,0)

P1:(0,7,0)

P2 (4,-6,0)

5. Now you should be ableto seethat the x values are multiplied by 2 and the
y-values are multiplied by .5. So thefinal transfor mation isa non-uniform

scaling.



\U,U,U,U,UAU

- 0 9

oK Mm,ﬂ, P

® ™~ 3
! 1

O O € O

O 4 O O
TLRTdD
o O O «
o O € O

o mo o
w%w,m, @
™~

O O € O

o

LRI @

o O « O

o

o 1 O O

D o B D
Il

P P fen K Ben Yo

© 09 «

W @@ T

\u \IO\N ru /uAu

3 ,%_w ,m

i
o O 1 O

o+ o o
LB TdL
Shre]

O O « O

DSFwBdD ¢

jg== R R R | ,UAU
™M N~

1 10

o o o

o

%y Go 5

o O « O

o

O 1 O O

@ o B D

1
jgen Rn e e B [t

mn -
0 @ T

]
wA @ @D D:w
/S5 Nv, P
™~ g -
1 1 .
o O «+H O
O 1 O O
N -]
QIR T
O O O -

@ 0 B

g R R Rius R [W5)
™

N~ —
O @ @ T Dw



3. a. Orthogonal projection of PO:(-1,6,13), P1:(3,14,13), P2(7,1,13):
(-1,6,-3), (3,24,-3), (7,1,-3)

b. Per spective projection w/ COP at (1,1,-4)
Use diagrams below, but need to first trandlate such that COP isat (0,0,-4), calculate
projected coordinates, and then translate back.
Answers:
(15/17, 22/17,-3)
(19/17,30/17,-3)
(23/17,0,-3)

(x, 2)
(v, 2)

(Xp, Zp=-3) (Yp, Zp=-3)




4. Relevant equation relating control pointsto tangents at endpoint of Bezier curve
are

3(P1-PO)=dP/du at u=0

3(P3-P2)=dP/du at u=1

Solve for each x,y,& z value:

3(P1 x—-5)=1 =>P1 x=16/3
3(PL y-2)=2=>P1 y=8/3
3(P1 z-3)=5=>P1 z=14/3

3(6-P2 x)=-1=>P2 x=19/3
3(-1-P2_y)=1=> P2_y=-4/3
3(10-P2_z)=0=>P2 z=10

5. Suppose you have a Bezier surface defined by the following control points

Find the control pointsin thelast column which will bethe 2" column of control
pointson another Bezier surface C* continuousto the original one.

Answers: For C1 continuity, each control point hasto be along thelinejoining
thelast two original control pointsalong each row. The distance to the new
control point isthe same as the distance between the last two control points
along therespective row of theinitial surface.

The control pointsfrom top down are:
(120,0,75)

(110,-10,90)

(100,-30,27)

(90,0,13)



