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Z} mjo|x|otct o] Eat sHHE 7|YE A.
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(True/False =X|) Mesh ¥ WA F separate triangle 42 indexed triangle set 22| 0f|
= O
2=

HisH Hi=22| S2F SHoAM O 28X0|0t.

=

(True/False =X|) Phong illumination modelO| M= cos() &2l nE52 O|EdAM =X H

O| highlightS HEHIC}

()% 2 AoZ EIIEE 2XE B2 Mo HEQ Yoz EHH OfF
2 xF WHOZ 2Hff, y= WHFOZ 1.5HY scahng0|' x 2 transformation Y 2= 2 A
Qb (Het2 HEZ[Q| =A(Equation)?| 52 AMESHA| 1 it HIAE=Z 3G 7.
EHHE (new line)2 & | HE= EOIHIDJ ALHSIH F)

R2 4 x 4 rotation matrix, T= 4 x 4 translation matrix2f1 & [, 2|9 & pE global
frame 7| =22 REIFE 2T Ot TRHE EHO|s oF E p2 OfEA #AE = U
=7}

Otz FEO| (a)F=0A2| OpenGL current transformation matrix= A 2172

def render():
global M1, M2; // 4x4 transformation matrices (numpy n-dim array)
glClear (GL_COLOR BUFFER BIT)
glLoadIdentity ()
glPushMatrix ()
glMultMatrixf (M1.T)
glPushMatrix ()
glMultMatrixf (M2.T)
drawSomething ()
glPopMatrix()
// (a)
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tH. 0| &:
Polygon LHE2| & LfX[e] MyUS Z7FS7| S Phong shading® _ (a) =

interpolateStO| AH|AHOf| Af-g-'é'fﬂ, Gourad shading  (b) & interpolateS}0 AFESHCL,
HIZtS XA K.

yaw-pitch-roll convention ZYX Euler anglesO| S otH, yaw7} z=, pitch?} y=, rollO| x
=0l chet 2|T2tE Z+2ZE O|O|BHCE Ry(0), Ry(0), RA0)7H 22 x,y, 2= 0l THoH 6 rad2HE
2| MSt= rotation matrixE 2[O|otCt g [ff 2|9 yaw, pitch, roll ZfE=7F Z82ZF 0.2,
0.5, 1.0 ad2 2 FO|Tl 4L O] 2|2 LIEILf= rotation matrixS O] XAl AtESH

1 s 7|=2=S 0183t HSHA K.

modeling, viewing, projection, viewport transformation matrix S ZtZ
210 SHAL object space &2 Bt DEC| K| p, £ screen space &2 3H%F3FE §7§9|

fIK ps 2 BESHE $FAZ MM Q.

=
B
=
g
?

O (@2t (b) &O[ Oz RE=0| S0i2ts W ofefet €2 O[O|X[E TS0 &7t

52D Trans — O X
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glVertex2fv (M
glVertex2fv (M
glVertex2fv (M
glEnd ()

def main():

#

#
M

u

def render (M, u):

glLoadIdentity ()

glColor3ub (255,

render (M, u)

glClear (GL_COLOR BUFFER_BIT)

glBegin (GL TRIANGLES)

255, 255)

np.array([0.0,0.5]) + u)
np.array([0.0,0.0]) + u)
np.array([0.5,0.0]) + u)

while not glfw.window should close(window) :

np.array(__(a)__)

np.array(__(b)_)

1)
1) (a) 2) (a) 3) (a)
[[.5,0] [[2,0] [[4,0]
[0,4]] [0,2]] [0,.51]
(b) (o) (b)
[.5,.1] [.5,.1] [.1,.5]
4) (a) 5) (a)
[[4,0] [[4,1]
[0,.5]] [0,.5]]
(b) (b)
[.5,.5] [.1,.5]

10. O @EHHMEO|| global frameOf CHSH OF2Het Z2 =ME HEt

mjo
ikl
o
Ot
k1
H>
mjo
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1

. 0| &:
1) AHME translated by (1,0,2)
2) FHWZ scaled by (-2, 2, 4)
3) MBIMZ rotated T/2 about y axis

glLoadldentity() &1t REMEE 2| IE MO0 S0{E = Us YH2

AE ZZES RS 12ML (REY 0|0] import numpy as npZt =[O0 UYCED THE).

1) glTranslatef (1, 0, 2)
glScalef (-2, 2, 4)

glRotatef (np.pi/2, 0, 1, 0)

2) glRotatef (90, 0, 1, 0)
glScalef (-2, 2, 4)

glTranslatef (1, 0, 2)

3) glTranslatef (1, 0, 2)
glScalef (-2, 2, 4)

glRotatef (90, 1, 0, 0)

4) glRotatef (np.pi/2, 0, 1, 0)
glScalef (-2, 2, 4)

glTranslatef (1, 0, 2)

5) glRotatef (90, 0, 1, 0)
glScalef (-2, 2, 4)
T = np.identity (4)
T(:3,3] = [1, 0, 2]

glMultiMatrixf (T.T)

11. 8™ A= 2™ box object?] DEE= S OSFLIO|LCE Box object2| local frameO| CHSH E

Zl A9 {X[(A®) 7} (1,1,1)" O|{ modeling transformation matrix7t CHS1f ZCt &
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1

tH. 0|§:

ir'F

[[1,0,0,17,
[0,1,0,27,
[0,0,1,3]1,
[0,0,0,1711

B A2 global frameOf| CHDE || (ABHE A LA oM K.

wf—3 L]

Object space World space

12. O™ object 22| vertex v2| fIX|E p2td St} object2| local frameO| global frameO| 2
K|St 27| MEJO|MEE A[ZSHY, objectO| OF2H2| =AM E object local frameOf| CHH
transformations M-E2SHCHH, Of2f transformation=0| 2F& $THE =T vertex A2l K|

= global frameOf| CHSH O{EAH HHE|=7
KT 2, transformed by 4x4 matrix A,
FHM 2, transformed by 4x4 matrix B,

MR 2 transformed by 4x4 matrix C

13. Of2f O &2 O™ articulated body model2| hierarchical structureS LFEFHCE Of 7| A Jn2
joint transformation (pure rotation)= LIEFLHD{ Ln link transformation (pure translation)=

LIEFCHEE Of I joint 32| 9|X[E global frame0f| CHSH HEDSH= A4S MM, I8

T =2
O EA|Z! transformationg 1t ¥ & (origin point) O= O|2sHAM EHotZ ZET Z. (joint 3
O| joint transformationO| J3 O|M, joint 3= J3 frame2| |FO| {|X[BFCtD 7HIBICH
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1

tH. 0| &:

14. Of2f ZEO|A box4E A Uf HEE[= transformation matrixe FALIR? (&

a
Ot2Ho| glTranslate(T)2} glRotate(R) &€= AQ| &t TE HA2 MA| pyopengle| &

o
ot CtEX[8E -2 7O SHES= translation matrixS ZHS O] current transformation matrix
Ol RLEZ0| &5t= A, RO SHESI= rotation matrixS ZHSO current transformation
matrix2| @EZ0 Sdl= ZAS Q|O|sCtD 7HY)
glLoadIdentity ()
glPushMatrix ()

glTranslate (T1)
Draw boxl
glPushMatrix ()
glRotate (R1)
Draw box2
glPushMatrix ()
glRotate (R2)
Draw box3
glPopMatrix ()
glPopMatrix ()
glPushMatrix ()
glRotate (R3)
Draw box4
glPopMatrix ()

glPopMatrix ()




HIE T A 7| X1

= B)

FOAL 20213 18H7] (RIEAEC R

tH. 0|

= 80 ZM=z M8E + H

—
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16. X3 = (degrees of freedom)Oi| CHSF CFZ Yl ZH2 XM
1) StLtel HH 2[0MQ translation2 _ (a)  AFRE 2&0[CH
2) 3Xt@ ZZHIA Q| rotation  (b)  AtRE 2&O|C|
3) 3K SZHOAQ| rigid motione  (c)  AtFE 2=O|CH
2+

17. Ot2f &2 Phong illumination model 2|
X|2 LIEHH ZAO|Ct. (a), (b), ()0l SOIE
2 HeMa.

ZF component?t 0|2 2&F

Phong illumination model 2|

18. 3712 data point x(0)=1, x(1)=-2, and x(2)=32 X|LI= 7}& %2 X0
2.

2t
<]
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Euler angles2| =

2ot ZIHE o|o|

component2| O]

Phong Reflection

[:l-'c'>'|-

o

1=
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19. Of2{+ triangle mesh2 HEP =l cube object®| Zt vertex indexS HA|SH 121t O object
£ glDrawElements&+=2 12|7| |8l index arrayE 8/d5t= TEO|C} index arrayS
57| 25| otz BIZt (a), H)E MM (“¥H»Z LIEIL= vertex winding order2
2= “AAEt{gES ALY A).

iarr = np.array([
(0,2,1),
(0,3,2),
(4,5,06),
(41617) 4
(0,1,5),
__(a__,
(3,6,2),
(3,7,06),
(1,2,06),
(1,6,5),
(0,7,3),
_ _(b)y__ .,
1)

20. 0<t<1Q! parameter toﬂ CHSH & 7H2| rotation matrix R1ZF R2AFO|E MY O 2 H7I5H=
slerp(R1, R2, H&r=S R1, R2, t2 0|28 ETSIH L (expt log S5 | A2l
).

21. Ot2ff B2 de Casteljau’s AlgorithmO| O] 2 A Bezier curveES RtE=X| AEHSH=
O, t ALl curve?2] 2t H T2F P, Q ALO|2] ZHA|ZF 7|=E[0] UL SHY & T2 A,
B,C ALO|e] A E 7|=5ts A2 MM 8.
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22.

23.

tH. 0|§:

Affine transformation2| H0f U0 WH2O| MEEZ|= =A7l FLSICLH & &, Of
M ZHE rotate®t 2 translate?t A
O|& JHMO| YESt=X| O O|fE =5 dYHSIM R (2 E: affine transformationO| H

dAkl= A0 Cio d3i= A).

0

Ot2flO| render() &+ FHESHA lightingO| == HCEHE ZE THECL LightingOl
Hoi2 Z2{™ otzf REO|AM OfF RZ0| 7t é% HEE[0{OF St=X| HoMK.
drawFrame(), drawCube_glDrawArray() &+ 25 G&6HAH FAEJAD, npE EJAL|E
numpy module 2=2| AR O[L} global variable2) *f% gluLookAt() 2| AF&O|= 25
M7t 2, render() &= 2[0f CrE XO|M gi*() S+E AtE5St= X2 Slbt2 718
gLt

Hn

0



HEE T A 7|ZDAL 20213 187] (HHAEoZ T Page 10 / 19
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. 0|5:

def render () :
global gCamAng, gCamHeight
glClear (GL_COLOR BUFFER BIT|GL DEPTH BUFFER BIT)

glEnable (GL_DEPTH TEST)

glMatrixMode (GL PROJECTION)
glLoadIdentity ()
gluPerspective (45, 1, 1,10)

glMatrixMode (GL MODELVIEW)

glLoadIdentity ()

gluLookAt (5*np.sin (gCamAng) ,gCamHeight, 5*np.cos (gCamAng), 0,0,0,
0,1,0)

drawFrame ()

glEnable (GL LIGHTING)
glEnable (GL LIGHTO)

glPushMatrix ()

lightPos = (3.,4.,5.,1.)
glLightfv (GL LIGHTO, GL POSITION, lightPos)
glPopMatrix ()

lightColor = (1.,1.,1.,1.)
ambientLightColor = (.1,.1,.1,1.)

glLightfv (GL LIGHTO, GL DIFFUSE, lightColor)
glLightfv (GL LIGHTO, GL SPECULAR, lightColor)
glLightfv (GL LIGHTO, GL AMBIENT, ambientLightColor)

objectColor = (1.,0.,0.,1.)

specularObjectColor = (1.,1.,1.,1.)

glMaterialfv (GL_FRONT, GL AMBIENT AND DIFFUSE, objectColor)
glMaterialfv(GL_FRONT, GL_SHININESS, 10)
glMaterialfv (GL _FRONT, GL SPECULAR, specularObjectColor)

glPushMatrix ()
glScalef(.2,.2,.2)
drawCube glDrawArray ()
glPopMatrix ()

glDisable (GL LIGHTING)

24. Otz bvh LtYUO| BEHS= B UMY =2 A0A “link1” 2HE2| global frameOf|
CHS EAHEl R[X|Z T(v) for translation (v is a vector), Rx(0), Ry(0), Rz(0) for rotation (0 in
degrees) =1t ¥ & (origin point) 0= O| 3l HEISIM L.
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s JE
HIERARCHY
ROOT linkO

{

OFFSET 0 0 O

CHANNELS 6 Xposition Yposition Zposition Xrotation Yrotation
Zrotation

JOINT link1
{
OFFSET 1 0 O
CHANNELS 3 Zrotation Xrotation Yrotation
JOINT link2
{
OFFSET 0 1 O
CHANNELS 3 Zrotation Xrotation Yrotation
End Site
{
OFFSET 0 0 1
i
MOTION
Frames: 1
Frame Time: 0.033333

321302010405060000

Page 11 / 19
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25. po,p1 = HE KLt HAMS 1%} OO R BHSH AL SHCE

1) coefficients & variable2 HE2|El, =7} m2t0|E O CHSH 1X} CHYAIC 2 HAHSHA|
2.

2) basis functions & points2 2| El, F7F L2t0|Ef t0f CHSE 1X} CHRAIQ 2 HHSHA|
2.

3) 2)HO| THOHOIA po, pr ZH HOl CHS basis function bo(t), bi(t)7F 242 FAQUX| HO
Ne.

26. 2t 7H9| quad polygons HE T 37| fleh of2fel 2 27 (@), (b), (05 A &

C=
— =
ASHMl 2. Bt ==Xi(scalar)2 Z/J8[0F StH, python H+3F S python expression &
A

Aol Het2 EXE[ EL o
varr = np.array([
( 0, 0), # vO
(.5, 0), # vl
( .5, .5), # v2
( 0, .5), # v3
1, '"float32")
iarr = np.array([

(0,1,2,3),
1)
glVertexPointer((a), GL FLOAT, (b), varr)

glDrawElements (GL_QUADS, (c), GL UNSIGNED INT, iarr)

27. LEZ J2loZ B E 2H2to| 72X}l B3| S St= transformation matrixS 21Z 0|

M e Ma. etz HIZE (1), (2),3), 4), (90 diZdst= Bt =Mz HE A

A
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ShH: 0| &:

1 0 0 1
a) 0 -1 0
0 0 1 ()
200
b) [0 2 0
00 1 (2)
1 2 (3)
c) [0 1 2 a2
00 1
0.5 -0.866 0 (4)
d) (0866 05 0
0 0 1
| (5)
120
e) (010
00 1

28. Camera frameO| M| 7H2| orthonormal basis vector u, v, w 2F @ 7H2| point Pey Ol
O|x|0{ UL (of2f A& FX). E7F vertex| world space
space

unit vector= u = (ux, uy, uz), v = (Vx, vy, vz), w = (wx, wy, wx)= HF).

(geh2 7|2l =4(Equation)’|sS AMESHA| T it HAE=Z Y
H(new line)= Sl HH2| HEHE HO|A Tt LHSIH =)

v w
o Y/
pace) ) |V|V . Pw eye
e [T
—— — T

World space

olsl 3§
SOMe 2K p. &

HOMol K| p, 2 BSHSH= viewing transformation matrix My & MM Q. (&

camera

. EHt
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29. ofell &2 47tX| BF2| curvell Z curves

30.

,

H O|FE H2MAa. Ot2io A control pointZt X U= = SISLICH @7HX| 25

- O

of

ol =
_— =

b

4742| control pointE AlE).

I\
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control points/polygon=

“moving camera”2} “moving world’= 2EH2E F YTt operationO|Ct. Of2f &S

£ HO| glRotatef() &+ =1t ot HO| glTranslatef()

o
=
£ Z/dSHM R (square root2| AAtO| HLEHH np.sqrt()

Sl Af, OF2fl render Bf2t ST 20tE HO|=F Of2f render &2

[= I

(=13

S A

| gluLookAt

SEZ A
85tH EICH.

—

2 =

=
=
O =Lt O] ZUAM Bezier curve?t Ot AEE 25 11210 Z2HZH0| Bezier curve’t Of

oot o>t

Of

P

def render():

glClear (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT)
glEnable (GL_DEPTH TEST)

glPolygonMode ( GL_FRONT AND BACK, GL LINE )
glLoadIdentity()

gluPerspective (45, 1, 1,10)

glulLookAt(3,3,3, 0,0,0, 0,1,0)

drawFrame ()

glColor3ub (255, 255, 255)
drawCubeArray ()
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31. Ol'EH :LE:IIJ_—'I- #A—l% AI'j—ll--‘::-é4 %Qll (Xl, yl) ~ (Xh, yh) L|-|.'?.9| '6I;|- I|:'|| ( Pss py)% EI.% A|_7_||.-63

Y (v~ (wn ) WS B (po,p)2 2 BBt IPYS LIEID AL
HIZ a~(DE MY 42 ehdsiMa.

(b, p)
" G

Cep yp)

translate (e = X1, Yo = Y1)

X

y / o
scale 5 S
(. .p,)

(X )
&) =X Y0 =) o
translate l CY)
X
p’ 1 0 (a 0] 1 0 (@](p,
P =101 (b) ol [0 1®|]py

00 1/[1
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32. Of2l &2 3D point (x, y, z)= projection plane &2| 2D point (x’, y)2LE2 HES=
perspective projection 2F’HS 12 1E T =AJ0[C} Otz =A0|A EIZt (a) ~ (99 %
M.

o

projection
plane

2

! _@_ | [ (@0 0 0
yi=1 _w_ | ~l@|l=10_6H_0 0
1 1 —z 0 0 @ 0

N e s

o
1L

33. 4 x 49| shape2 7}X[£ 2XHR numpy.ndarray X2 EHEl affine transformation matrix
MO| UEt FH- (0,1,0), (0,0,0), (1,0,0022 T8 AAFES Of affine transformation
matrix M2 HSY O2[= Oof2fe| & 7tX| T Q| render() E+E YIZt (a)~ (92
YN SABHL. 5 T render) 25 ME THIO|EHZ W&LTH Numpy 252

‘ap’2tE 0§22 FIoto A8 =+ US).
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def render (M) : # implementation 1
glClear (GL COLOR BUFFER BIT)
glLoadIdentity ()

glMultMatrixf( (a) )
glBegin (GL TRIANGLES)
glVertex3fv( (b) )
glVertex3fv( (c) )
glVertex3fv( (d) )
glEnd ()

def render (M) : # implementation 2
glClear (GL_COLOR BUFFER BIT)
glLoadIdentity ()

glBegin (GL TRIANGLES)
glVertex3fv( (e) )
glVertex3fv( (£f) )

glvertex3fv(_(g) )
glEnd()

34, Ofg HIAE = 6709 jointE 7HA|= O bvh Lt 9| hierarchy MM LHEO|Ct 2HY
T-pose &FEHOIIA Z} joint2| global frameOll CHSH ESE {X[7} Of2f E|O|Snt ZCHH,
HIZF (a), (b), (c), (d), ()0l E0{& LHES MM L.

joint | global position
JO (0.0, 0.0, 0.0)

J1 (0.5,0.5,0.0)

J2 (0.75, 1.0, 0.0)
I3 (0.25, 1.0, 0.0)
J4 (-0.5, 0.5, 0.0)
J5 (-0.5, 1.0, 0.0)




HEE T A 7|ZDAL 20213 187] (HHAEoZ T Page 18 / 18
ShH: 0| &:

HIERARCHY

ROOT JO

{
OFFSET 0.00 0.00 0.00

End Site
{

OFFSET 0.00 0
}

.50

CHANNELS 6 Xposition Yposition Zposition Zrotation Xrotation

Yrotation
JOINT J1
{
OFFSET (a)
CHANNELS 3 Zrotation Xrotation Yrotation
JOINT J2
{
OFFSET (b)
CHANNELS 3 Zrotation Xrotation Yrotation
End Site
{
OFFSET 0.00 0.50
}
}
JOINT J3
{
OFFSET (c)
CHANNELS 3 Zrotation Xrotation Yrotation
End Site
{
OFFSET 0.00 0.50
}
}
}
JOINT J4
{
OFFSET (d)
CHANNELS 3 Zrotation Xrotation Yrotation
JOINT J5
{
OFFSET (e)

CHANNELS 3 Zrotation Xrotation Yrotation




