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Sprite-based graphics Basics of Isometric Games  mpy 6
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= Top down (e.g. Ol 2 7 %) 2k X1 KT (x y) 20 UKD A
= Front facing (eg. platform games) 7 2= Bao| et X2 LE (2) U 2242 £0|2 7
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Sprites

o o3 oM RE(sprite)ME &

= S
5|K| e A

233 ol & Elojof ¥
0|TIx|0f AFSEIX| Ot0F B
Ao| gX| g 1
Sl QutE oz Yo 20)

IZIO|E (sprite) 2t B2 &=

| |
|> rlob >

|2 (isometric games)2 EY (tiles)q|

|o AT

YO CHO|OHZENE B0l A2

o o MEAT

4
Nrpn
ogt m

(perspectiveZt QIO0{A) ZE Z10[0f C} Z2 D™E 37| (fixed
size)E 73

=
o
("]

Tiles
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s Age of Wonder (2003),
a dimetric hexagonal tile-based game
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Structures on the Surface

o X|HHo| DAE ZHE - L2, gl £

A=

T 2 Or o

Collision Detection

O EXSE 3XY A AS TSt E S

O

w 2XHS K| THOA] DRE XK= O 9 K|S o
« £Z 12|E (grid)2 HiX| N O ﬁiEPOIEt SEO| 7tse (EXM= 58O otE)
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= OfL|HO|MO| & & QS m B2 OF7IO| CH2FAN Ol S ALt DX HHE B2 S xAtst
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Collision Detection Hidden Surface Removal
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Hidden Surface Removal

o L}, 27| =M7t 2 &5 =
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= E07t B75tE =M 2 E2Y
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HHZRE 7tse)
= 20| ES 2A5HA 17| ?lof 2t BHALICE €0l -y=
X8t

0l

13

Path Finding

o AYMAS Aol HE (an array of cells)2 X &gt
o =8 (& =M €5 Zotn ALH gX|& 22

0 A YOM Atz 240|= ZEE7| (path finding problem)d|
7t gE8XO0|1 =t ¢ng|EQl A* algorithm=

Atge

3D Graphic Games

3D Graphics

o Frame buffer and Double buffering
o Visibility and Depth buffer

o Alpha blending, Stencil buffer

o Coordinate Systems

o Triangle, Vertex, Index, Polygon, Mesh
O Transformations

o Camera

O Lightings, Shading, Materials

O Textures

o Billboarding

O

Normal mapping, Bump mapping, Displacement mapping
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Frame Buffer

0 H2 902 =g Hi= otFHO| EAIg 2 AH
O|O| X| (raster image) 220t OtL|2t O 2ot O|0|X|E
Adst=0 2ot oy RRO HEE NHYHF=
ZEA ono| dejuA ME HEEE X

o A H 1§ (color buffer)

HE K1 (double buffer) — front buffer & back buffer

AH|2 2 HI§ (stereo buffer) — kOF A|X} O]O| X|

1t I (alpha buffer) - EmE

Z710| HIH (depth buffer) - 2MH K| A

AHA HI§ (stencil buffer) — 2X}°J O|EI|X|9} %E_l =

o0 =X 1§ (accumulation buffer) — BIE 2 =& 3
m EEOI O|0|X| &2 =2¢ &l O|0|X| =2 {HS|=

=
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HErr

ootoA
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o ZM HIH (pixel buffer)

Double Buffering

L O|0|X| 7t = HHIH (back buffer)of|
s Sor MM |:|'|J.L‘| (front buffer)=
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Che 20| & otHEZ =™ HI{of 0|2
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/ < (swapping buffer) 3}= g
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£=X Zui 7|7 SO O|ZO{ &
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Visibility and Depth Buffer

o M I (color buffer)?t & st S| AL

O Z0| HI{ (z-buffer, depth buffer)= 12| 1X} =
LMk 710l & (depth value)E 7}HA

O Z-buffer algorithm2 MZ 2 ZAlg 2 ujorct,
MZ2 20| B2 E Z0| HI{ (z-buffer) 2t0f U=
Z10|(depth) YE e} H[WSIA, & T Z40| Z0| HIHO
MNEE

o CH2f# (polygons) OfEgH SEtOINE 12{E %
Qo wkiat =& U
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Color buffe Z’buﬂuy
(depth buffer)

Depth Sorting of Polygons

o PS1& Z-Buffering SFX| &S
[C}2} A, polygon2 Mok A <
(back-to-front order)2 M &
(depth sorting of polygons) S A

Jeqof g

O Z Buffer= 25 ~ 16- 57010 [uu— 10
32bits/pixel. ZMEL ZI0| HEE 4[10 | 10 SBENENNEN 10
-III-Z‘)_"i H'IH-'I 310 4

O Z-buffer algorithm2 &4 2[10| 4
_<|3_|§ O'Ii _u.IA-Ilol El’% ZdEEf v 1104
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Alpha Buffer

O RGBA - alphas 48 Moz EE
Co|or) XI‘IO." AI-_Q.OF

OE

= (opacity of

» =5 Y (opacity)= HOkLE B2 YOl HE 2SSt
x-|50|

m EQLT (transparency)= 1 — alphaZ O3

= Alpha=10- &+83| 2E3

m Alpha=05 - BtEH

= Alpha=00 - &% 3| EF

0 YT SAUY - SHQ A4S SHEA LEEFLEA B
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Blending and Drawing Order
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12 #x) 12Xt g 2H 9 o|F o) 2T
E,;! Jd2l= &= XM( drawmg orden 7} =%t

2l &k4=0| source color(B X 12| DX} 8H= SH 2| A}
ination color (0|0] 1247l T QO )2 =t Et
Fdot =Xt =58 SME €0 22|k}

B, ZEYRE UN 12 20| SH 42 12 A
Depth-buffer7t S8 Y Mo MM =& B

o2 o] RHot =M E &£0| A2|0Xt ototH, e
(back-to-front ordenzZ 18 A

=M= FHH 2ol /X(of 2shM EHEtE &= US
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Blending and Drawing Order

1 2 3

Drawing order

Viewpoint Viewpoint
—_— —
Alpha
blending

occurs

Stencil Buffer

a

a

Eot S |t off-screen buffer

Back buffer, depth buffer@} = st ofj Az

Stencil buffer& AF23}0] back buffere| & HE£0]
A2l g X| Y2 & - AHIA AXTF (reference
value)ot OfA 3 (mask H 1 ( comparlson)oroil £3
oMol e BEE AN

OrAZ (masking) EE= Z 2l (culling)0f| =2 AtE
[fEX o 2= € (mirror), 12 XH(shadow) T1340]| AL
OlE =0f, 8EH0| A20| A= 8% t—”.Eé X elstn
H20] A= G| CHSH M B BEALE|= S X[ 2| drawingS
+UsiES 8

O
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Coordinate Systems

Q4 XE QEE FtEA
Left-handed Right-handed
Coordinate System

(DirectX) (OpenGL)

Y Y
Z

N—X !

Coordinate System

Vertex

o GHE (vertex)2 A K|
o B 4
s HEHO| M HIE (surface normal)
= M (color)
m HIAK] Z}E (texture coordinate)
= 11 20 HlojH MolE =20l Zast YES.
o ot M2t (triangle)2 M| 7H2| & (vertices)E A&
= Q™o tHZtd (adjacent triangle)of| Ciet HE2 SF&
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Triangle

o 3XHY EX|o| 7|2 M Q4 (fundamental primitive)

= Mot AZEIO|EQH HQP B2 § ZE =M=
HZg(Triangle) 22 HS01H = RS
= OSSO, UYL & o] HZHoR BHY & US
oAl OB o BWOZ Yyt
O A2 WH2 BIAK] (textures)2f A (colors) M EQ} ¢ Z
v3 v2 v3 v2
trianglel
triangleO
vO vl vO vl
Vertex rect[6] = { vO, v1, v2, // triangle 0

v0, v2, v3 };// triangle 1
= Vertex| L} #=A{(winding ordenE & X|#0f &

O

1 E|

= O

index list7t ALESHX| G5 32, LT B2 ZH(vertices)O|

g J|'|I_J
I'ﬂ o 5

MAES £0|7| I8l vertex liste} index listE A%t
Vertex list= 2= vertexs

Index list= vertex EstEQI index”c triangles
v3 V. v3 v2
v0 vl v0 vl
Vertex vertexList[4] = { vO, v1, v2, v3}; // vertex list
int indexLIST[6] = {0, 1, 2, // index list

0,23}
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Polygons, Meshes

Transformations

y V1
-
\\\ Raster
S, Scan line
N
\\\
V3
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0| = (Translate) A7|Hzt (Scale)

o Hale TEAH o

Transformation Order Matters

Box centered at Rotate about Z 45; Translate along X 1;
origin Translate along X 1 Rotate about Z 45

Hierarchy of Coordinate Systems

cene graph - Group
Parent and child entities - Body
—-[7) Group

' Turet

=
O %Ol TE?EII
m S
[ |

Canaon
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Camera - Parallel vs. Perspective
Projection

mHsH E
o o

& (Parallel Projection)

o

2 EH (Perspective Projection)

Camera - Perspective Projection

Near Clipping
Plane

Far Clipping

Projection Plane Plane

View Volume
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Camera Movement

o 191 A|™ 7t 2t (First person camera)
AolMZt ZtH2tE & H ok GHEIEH o 2|t Zi0] OfH)
XHo2REH 20|= YEE o= A|AHIO| 2|50 O|F 0|
Twiste YEIH O 2 AIEE|X| &S (Descent HYAS N Qst)
View vqumeS A2EHY ST
2L Fef AolHe| fIX|of sl FdekE &S
zoom-in EE = zoom-out2 EXIAHAZ L
TI°‘|¢E‘|E
o 3Q1& A|™ ZtH| 2t (Third person camera)
m H%‘ HE £ 283t AHz[of f/X[g
= A Q0= 2frtel |a90I 101 0F o
m F!ci F 2 OJE'LOIXI 71Lf 71I0IEH7F Hojg met 3|Fo|

o
= o

» 7t 2F2| up-vector (£, twist) Off =AE A
= XOJZ20| QS Al = x)klol- oA

H B BN
i}

AN

0['
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Lighting

o 22l (lighting source)Of| A =&
o =M EHO|A X§ & (material)0j| Hef
m S (absorption)
m HEA} (reflection)
= E 1} (transmission) EE= =& (refraction)
0 =MZE 2Ce A2 FE2l 222 YA 9o ofd
o =X A2 23, X, 2HEX K, A =X 2
S50 ojof 2

rio
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o LEPH Ol 2R (light source)2 O 2 X Ri5H7| O{HLt o @0 Y =255(X = B 5718 29
QLIS Qo ZHE LI D E HIQ| i3t EtS -
oS Gag o ol thet S&S 0 ZE do H2E AN of2ig
L oicrst Thol (I o st oiofct A4 37)9] 97|12 7} .
0 CGOM= ZtEret &J (light source)2 ALEE Mo XEDE SO IAPHO2 Hof 7
etd &2 (Ambient light) - ZEHO| A Q1A O{CIAMLE 22 ZQ S TeTE ssrome T o
EE= ks
H&EH (Point light) — 2| X| (position)2t A (color)2 Z &
BisF M 2R (Directional light) — Btk (direction)2 2 & (parallel
light)
HEE ¥ (Spot light) — O] Xl HER0|A Ko wakE Ko

o Mol ghgkof| et At5H Hr|= YN £ o SHEEESE EHOAM A= 8
o HHE "Xl (Lambertian Law) O 7tE GEe HHEALE A|E (viewpoint)O| S1O| Bk
Dol g7l YARZES| FALQIO0| HH| . YAIZ0| 0 Y i 74 Fets| gtof ghekd Of M (F, alpha?t 0= & ()
TO[ BHALE|:D 90k Y [ HFAME[X| BES. LA} (specular reflection)= alphaZt & £=2 ZAS}HA|
2} AFZE: HE|, HAMHE ALO| 2t k|8t
gt o 99| 7| Z2E cos'(alpha)Z ZAE 2 A At
Incident A XHEO‘” III.El- n% 10.”A-| _)'\_H_h{ Al-oli Iljg-gl- Normal
ray n=10|H S SEA SO N7|7} o7 e I
nO| K| &1 MESLH Ho| A7| 7 5| SRl
Mormal ggElE 6'|-0| E|-0|E7|- xﬁl'}” LI'El'IEI'

ohe{sh FHUHAL 22 no| 23HfY




Fall off in Phong Shading
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Flat, Gouraud, and Phong Shading
0 Shading - 898 E£E= ®# ™ #lE & (surface rendering) -
25 Bio| Mg L0

. u

Gouraud shading  Phong shading

Flat Shading

=

ZICtShH

(L= N

- CizfEg PASLE Ci2iY HEe) 9jxE

=
(centroid)E 75t1, ZAM™O| M| HMH

Gouraud Shading

o YHO| M H7HY
« HHO WM WHE 9

« YO MOZLH LR

o M (specular highlight
= XAl F™Eo| HMHME ot
TS| LX|BIX| 47| WE
I1

b mjo
O

/ N ’ Raster
11,2 / 11,2,3,4 11, Scan line




()
-
©
G .
v *
m *
[ ]
- s
= b
[ ]
i : -
v L =
> (] =
7)) # E
2 o
©
£ (a4
(7))
o | G
E Re
x| =
o s
o
2 S o
o X
kﬂ”ﬂ ? I_m|M_._._
2 ol <
- 5 nJoT
ay 3 <K
mjn 8 Aem
i L 5 e
) g3 o il
l sy 2 © = 8o
) Y i
B 0] / 10 %
5 N ™ oo @
ol Z ﬁm — <
zO o e
MJ S r £
S| 2 oo &
% - M %OA M
" = ~ <k
S mm_ o oF ol n\ £
=l  [rof X
(a (m] m] ¢
-




Billboarding

0 =Xl defo] AX|LE 7HH 2t

view plane aligned

viewpoint oriented

view plane

Billboards

Normal Mapping

Eright
Dark
= Incident Ray

: =—— Reflected Ray :

/N

BEEEBE DDED
0On aflat surface, all areas On a bumpy surface, the sides

appear bright, of the bump appear darker than
the center

o 2ol HAIHE2 normal
bump mapgl.

o 7|2XM9Z bump mapit
ORSIR| 2 DS O E S
o0 e 9 HS
H#Ho5t=0 AFEE.
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Normal Mapping

o UM RGBAHEE &
g LIE
AHE MOl oloj A" B 20" F x, y
zo=9| 3tg EHGHE XY
o E2l2o| By 4

ool of H
18718 25 # Hle AY
OFOH

HAE C}S low-polygon 2 20| R &|0f At
HERAE 82 e
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Bump Mapping

o 20| /A7 M7

K=

(height field)E =35}

o HAGCHY2 B2 2o EH

-+ CO H-HOoO =
Sl O B2 =0

Perturbed normals

e

HHo| O|O| X| (greyscale

x| =
texture)& AFESA (510 22 220 I2f s%0|
= (b

unp map)g A&

HILY
A &2 FE22 FIOLI2A
PA &

)

Height field

Polygon surface
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a

=2/ mRe Zajzo)
QBIO| A B2 |31 BB}
20|& Eyo| Zxfe
C|AZ2o|ARIE Y

(displacement mapping)=
AHESHH 4| (mesh)2| &K
geometryE 20 A ELCH
=220 EOo[A & = US
ClAZO[AHE WOl =0
(height field)= 0| 2]
geometryE B HIE{ 0 2}
FASE O A

Displacement

Texture mapping

0 25 AN g 7|y
m Color (diffuse reflection coefficients) - Texture mapping
m Specular color - BFALEL (specular light)1t BEALA 4= (reflection
coefficients)& A|22|0|Mdt= HitH
Environment mapping2 =2 BtALE M(highly specular surface)&
doae = e M LY
» Normal vector — Xl & (material)2| 7% 7| (roughness)t =
(structure)E A|&5]|O|MSI= gt
Bump mapping/Normal mapping2 =2 E S matsto] AR 20|
2=t 2#HE 0HE0E. 2Lt 5HO| 7|5 £ X (surface
geometry itsel)E HHLX| Q5.
= Position - ZEHHO 2 BHOMEE S22 X[E HHE
Displacement mapping
Transparency - glass effects 2 (no refraction though)
FEQO0 M2l Bl AKX HEHE2 SHEYO{o|AM HAKN
HEO| YX|SH= 2to|E AlAHES S F of 7tse

b ow

a

oo

I8

Modeling

m]

Levels

m 2KtRl SEEQ O] - pixels

m 3XHRI SEEQ| O] - filled triangles with textures and Gouraud
shading

n N4 3K d2l= A 20| 2{2| - same plus Phong
shading, B2t (transformations), £& (projections), 22| &
(clipping)

m T2 AZ - levels of detail, curved primitives, etc

m DEE 0f7|X] =3 - solid modeling, CSG, fractals, parametric
surfaces, etc.
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Polygonal Representations

o Polygon
m Gouraud L} Phong shading & At23}0{ smoothdt ™
s AKX YIS ABOIM LR HH B Tts
o E2[2 2742 o=
= Manual
m KR AT
ofgA g52 9Z¢ X
= OIE{E|=3H M A
7182 24 (7, YK, S). extrusions, sweeping volumes
Mesh generation
Density dependent on curvature
Problems with crossing boundaries
B 02T 7|59 A MM

Constructive solid geometry (CSG), Extrusions, Curves and surfaces
56




Polygonal representations

o Level of Detail (LOD)
= AE3t= Ol
Q| Sh&3l (mesh simplification)
7{2|0of et CHE 258t 1R E A2 (level of detail approximation)
OlFullo 2 mZ AefA| 23t F& (progressive transmission)
= 25H
ofE HHS H{2{of & x|
o8 2E2 BH2Z THSX| (geomorph)
= 44 F0| 2 (morphing)2 A&
ofA XEE
2| YLE MYHOR MY X
= 7|
Resampling
Edge collapse/edge swaps

Vertex removal and retriangulation .

Landscape/Terrains

O Terrains2 E=5}A X 2|sl|of &
m AZAEl 74 (continuous)
= 02 AM =M S2|E0] BR5IX| Y=
= LOD7} & O ojg{e

o Height fields

40| =R0| §EQl 2XHA H|EY(bitmap) A&

=2A 2% = A=

A o4 BHO R HBEZE &= UAZ

%‘7ﬂ9_ A 72t (color map)O|Lt &=

>\1

4 (no object clipping)

O Fractal landscape generation
= R If7|X| XA
O Level of Detail (LOD)
m Triangle binary tree £ A&
u LODA| ZHAA A AtELX| = peaksLt valleyse| X7t Y&
CH2 LODO|Af 40| Zto| &7t0| W3t
= HOp L2 2o =2 Fa EJY0| 7|8t treeE 7

Additional issues

o 121X} (shadows)
= Slat =X StLp SHLEoff 2k
= X|HO|MBH AL (X|HZ StLt
= Shadow volumes
m Shadow z-buffers
o E9 (transparency)
m Back to front drawing order
O BEA} (reflections)
m HEALR (reflection maps)
n AHA HIHE ARSI £ #HEZ (double rendering)
O M|O| (shaders)
m HLSL, GLSL, Cg
« Z2IWOE H{EALL HHO| B2 B
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Efficiency

o OHYE AY defds 222 7= o=
o =0, =2 42 A7 27+ &

m Level of detail (LOD) techniques

m 22|E (clipping)

= ZEF 7| (portal techniques)

= ol C|X}2I (level design)

s =E AA} (collision detection)

60




Reference

O
O http://dis.dankook.ac kr/lectures/cgl4/
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