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Sprite-based graphics Basics of Isometric Games  [mm
N
O AIZIO|E A Y (sprite games) & YdtX o= o S= (isometric) A dn®,
= Top down (e.g. D|= &) = Zr =M= XE (xy) o fIX[otd /US
= Front facing (e.g. platform games) s 2 2= 2o et XIHeZEH (z) T2 22zt
o 7‘;*% 222 22|¥ (clipping) & = AYMAE S5 A2 B2z EoY

o SMA A (hidden surface removal) & 2|3}

s FOMEEH 2|0 &2 LtE0| 12! (drawn from back to front)
s FHO RHO SIS F

B (parallel) £
o H0| ofsf 45 =2 3[TE AY

[

Toes omE & FE-EE SNHIHE2 372 B THELE EI(0 £5.
0 JEIEE= 2H2|0| (overlay) siM 2O{F=7{Lt THE T E0A E0F CHY - 20| =g
o ZO|EE= 20|0]f (layers)E ALESHM & AEE ooz JHMAIZ £ AL
n DA AFEE (parallax scrolling) & AR - A SEI2|, ¥4 S5 ME 22l=0] Ci$t o= (distortion)0] Mat
= o N A =0 o
S RIS S B RS N M2 fe S22 252 SN0y = 3%peIbe Zal 2 7|50| X0 0lS0f%
=lB= 25 =y = 710 M= ingle olest
] ﬁEEl'Olg (SpriteS)9| 37'% _7|<_7<E+3|.oj| A}'% .= EATLl_”j-I;l__—é-:’:g'oJl_sdo-? (depth Sortlng)E O| i
o ==Z4A} (collision detection) m;’ ol ol E_;I
= H2 G EtA (bounding boxes) AHE = E2 YA AEE ) .
w DM 7|8 SEZAL- O|0|X| AHK|Q| 2ES TAMDICH HAFSHS Hi, gprr&(rt\angaEr\d Conquer (except Generals) , Diablo, Age of Empires ,
220 O{X| =2l action0| QT Mot AlE. s imCity, 55
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Sprites

o 2t QoM FH(sprite) M &5 MHEHL = A
" SOy
WK Qe A
J2n 2ol & glofop gt
o|O| X ol AFRE|X| QfOtoF Bt
0| EX| = 208
S| LE™H o 2 Ao A0|

I Z}0|E (sprite) 2t BE2&

| |
|> rlob >

= A (isometric games)2 E+Y (tiles)Of|
(@)

= A
= YTEYOE CIO[OIRENT KOl A2
S

m (perspectiveZ} QI0{A) 2= Zl0|0f Ct 22 ™=l 37| (fixed
size)E 73

Tiles

o EfQol #HEZ Zo= EfUS| #7F HO[X| QA H
Hi X| Sl OF =F
= FO| A CIXtQIE EFY
= Of7FO| B (H|xot terrainOiM H2 52%)
= 0|2 Xto|2to| HOY (HHZ A Yo
= FHSIX| fon ZE0|X = X

Tiles
m 3XHRO| 0| LIEE OHE (FR =0| A SO{LIEE)
aamolA LoLt ¥ S5

YA 7|HE (key mapping) Al
s 02 2EE =& o0, GO A B =2 /US
HiX| %! (alignment rules)0| Z Q¢
UstH oz N4FO| EHOZEE YNE - 2, 2, 4, Hirt

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

o X|Ho| n8E AE - 4R 49, &
2K+ X[HO|M 27 E X[ FHo f{X|g
53 2| E (grid)2 HiX| &
6P AEEfO|E (sprites)
OH'—|'31I0I“0| Zl 0 QU2
Aol M2 EHIEOIHLF E=H3 E=TE
o X[HO|AM &%0|=
= 2K 7(|D101|A1 2K 2 BEHE
= EtQY Qo n7EE A2 EHRIt S
= LELOHE RUE FIZ2 S5Y = US

=i A _
o X2 oM X0l FHE - &Y, 34,

= X|EH 2{0f o "*ﬂfioli HYE
o 2212 (movement)
= AREX} °|E1E1IOI (Off, 2tarttetal)
Aot EH’“.“J SR
o

u
« 23, 4o 2HY ZE2 12

o

SLIE (moving unit) -

AbE XS A

oln

!

Collision Detection

o 23K HAS DSz E 3
ATEO0|EE 3HO| 7ts¢ (EX= 580

o M2 % X[ of 2X|e| AEXE MY

T2 oF7to| [H2FXQl SA|L} Q2IK}o| MAE HES XS

a

u = — "1 o o
= ré_g_-('ﬂ.nq o| Ej(.||o| _L=o| 7|-7:15 x_lxl'ol-
o X|H FH2 convex2t 7°d gt (OtL|™, X|HZ 02 7|2
=22
o S=dA
n Xt ZSZSH=X| HA}
= Do Q2CtE, D0 £0| ZHAE S5t X| A
= DHOF JECHH, ZEE HY
= Jdefutohs BO 23 SEAAL 27 o 4
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Collision Detection

o HARIE A

l2 =40 CH2 50| ZHH0| EX3CHE, Ha|et

C o i
£ 50, 2F 7I2H, 2EF FE2z2 Y& UE0| ACHH
o =
e e
H

B SEHAE Q510 R E EX|Q AZEIO|E O 2IXI0|| CHBY

ofA3E x|x—|ol-
= 50| 142 Z R0 et X[gsof
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Hidden Surface Removal

SHHAHE 8t 12|7] =AM (drawing order)
m HfA (backgrounds)

m =X (objects)

m M4 (forgrounds)

= ZH (overlays)

o Zt 2H& XN XS 7MKL /U
|

KIS = XEoHoF & -0 E =
=HE XA 20

JEXtel 72 2o

o SE= Al A2|7| &AM (drawing order)

= JOIMFE Ot = /XIS SEAZ
= 203, 7o 2al A AZEEH HA O2|7] A%

> @
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Hidden Surface Removal

o Ly, 27| =M7t 2 &5 =
=H7t M2 7p7710] 2 -} S

O HLHE Al
= X|HO| YIX[O|M AZELO|ES| HY S e (AXEt0|EQ)
HHZRE 7tsd)
= 20| ES 2H5HA ot7| flof 2 SHADIC €0l -y2
Xge

13

Path Finding

O A AMAS MOl i (an array of cells)2 X Etat
o =X (E= 2Me €8)E Zadotn UCHH FX[= A=
HAlE

m

O A A Atz 220|= ZH 7| (path finding problem)oj|
7td gE8X0|1 =t ¢neg|EQl A* algorithm=

Atge

AV

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

Double Buffering

0§ 902 = K
O|O|X| (raster image)¥
ddst=0 East o
ZEA ojn|o JajmA

o A HIH (color buffer)

& H I (double buffer) — front buffer & back buffer

m AHZ L HIH (stereo buffer) — 2FF A|X} O|O| X|

m 2O} B I (alpha buffer) - & '3'5

70| Iy (depth buffer) - 2MH XA

AHIA HIH (stencil buffer) 2X}°J O||:||7(|9} %EIE,I

o =& HI§ (accumulation buffer) —
= HEO| 0|0|X| 5SS =3tEl 0|0k S

AFERHE A OfE|Fa| O AlTt 2 A

o Zd HIH (pixel buffer)

SHRI0) £ A2 BfAE

2t OfL|2} J2f8t O|0|X| S
S0 HEE HUFE
g 0225 =

r-HCHErr

0%

oo

0 O|0|X| 7} = HH I (back buffer)of|
CEIONN 1 o1 =) =oF MHH I (front buffer)=
Buffer  EIVSETRVISPNERV PN ES
Ct= EO:IE' otHS W HI0 0|2
dg{s2 CHE0l, A= X =230
o 20T T Q= M BEHe HHR X7
/ (swapplng buffer) Sl= 4t
%*“ O Swapping2 E& 2L[E(5
X Tl J|7F £QF 0|2

OHz)2|
og
o CHEE2Q| PCE J2fd ZEr
ZatollM O] S7|2tS AFEStES
MHEI= A0 98

Ho

o Double bufferlng% sLEe
ofL|mo|M0| FE8

Visibility and Depth Buffer

Depth Sorting of Polygons

o A HIH (color buffer)2t & Yot o &=

O Z0| I (z-buffer, depth buffer)= 12| DX} 8t=
MG 20| & (depth value)E 7+7

o Z-buffer algorithm2 A|22 TS T2 oot
M2 20| MEE 20| HI{ (z-buffer) QHof| Q=
Z10|(depth) ‘dE L} H[WSIN, I M Z40| Z 0] HIHO
NYE

O CtZ (polygons)2 OfIH S BISI M E D2 & 5

o WA 4 g

o PS1&= Z-Buffering SHX| 4.
h2tM, polygone FetaA
(back-to-front orden 2 &=
(depth sorting of polygons ) SHA

12{0f &t

o Z Buffer= 25 ~ 16- 5110 |10 R 10
32bits/pixel. ZIEL Z10| HEE (10 (10 SENN8N8N 10
XEot= B 310 | 4

o Z-buffer algorithm2 &/ 2(10] 4

|:|-0|§ o.||_ J.LIA-||0| |:|.§ Zqu. y 110l 4
Ol-o." OII— x| J.L|-|:|-o|.o:| XI-% Z

oj10 (10
e 7P‘| 40| 90| Y=X| AH ‘ -
O cHAE A polygonol Z210] X

JdE27 ER Gls




Alpha Buffer

Blending and Drawing Order

O RGBA - alphas 485 Mo 2 S5 WL (opacity of
Color X O-" Al-.9.0|'

» EEQHE (opacity)= QO B2 HIO| HZ ZESH=719
I-IEOI

» EQLT (transparency)= 1 - alphaZ F0{ %

[ Alpha 10-2Ms| 2E5H

m Alpha=05 - BtE&

= Alpha=0.0 - &t¥3| &9

o ot SAE - SH 2l ME RS LIEFLHA g
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oIXf 22|10 AtF Sh= X2 o| ™o 12

a2 J2|= ,_A1(drawing orden)7} =3t

& &t4=9] source color(# R 12| 0K} st= SH o AM)Qft
ination color (O|0] 12847 =3 Hmo| A2 =25t

Fot Xt =FHs SXHE £0| Ag|%}
,EEQSE HN 12 20| S8 A2 1Y A
Depth-buffer?t S&ld Mo A =&

oF of2 7ije| FHot EME Z0| 22[Xt SHCHH, Fet
M (back-to-front orden 2 12 Z

Ol &M= 7tH|2te| fIX|of o|iM FHEtE = JUS

el RS M E €0 A3 W, MZ2E 7IEl=

Al (occlusion)E 8t7| QoA depth maskE H|&Hd3tst
ZIO|HIHE read-onlyZ S

ol
r|o

O

= MO
2 oy X2
_||'|'| arx 1o

n
=

B Q2 = 2 = rotro
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Blending and Drawing Order

Stencil Buffer

1 2 3

Drawing order

Viewpoint Viewpoint
—p —
Alpha
blending

occurs

o E4ot 1S |t off-screen buffer

Back buffer, depth buffer@} & ot off & = 2

o Stencil bufferg AFE310] back buffere] 2 H20|
HEa g X A2 st - AHIA KX TF (reference
value)?} OfA 3 (mask)E H| W (comparison)sto] EH
Huo| ACY ofRE A

o OrAZ (masking) EE= Z 2l (culling)0f| =2 AR

[HEX S 2= 72 (mirror), 12| XK(shadow) T&10f| AL

o oS =0, 8B AHS0| J= B2 E—”ES M| 2|5t
HE0 °'t B A0l CHOHAM 2t BEALE|= =H| 2| drawingS

o1

Sz 2 3

a

a
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Coordinate Systems Vertex
Q& xE REZE IEA o g (vertex)2 SHY 9| A
Left-handed Right-handed o 2718 54
Coordinate System Coordinate System = EHO @i #HE (surface normal)
. AH
(DirectX) (OpenGL) m ;:J(f;|0r)
Y m i ZIHE (texture coordinate)
Y = 1 2/0f ClO|H MO|H =20 EHast HES.
o 3t AZE (triangle)2 M| 7H2| & (vertices)E AL
Z w Q1T AZtH (adjacent triangle)of CHet M2 S QE
25 26
Triangle Index
o 3X¥ 242 7|2 74 24 (fundamental primitive) o Index
= M AZEIOIEDH M QP E2l2 & ZE S m OFOF index list7} AF23SIX| %S AL, {2 Bk XM (vertices)O|
2 ™(Triangle) 22 THEO{E 5= US %%%!
= O S0, A2 F7le ez 5oig & US = SEE g8S "0|7I 218K vertex listet index listE At&gt
o k|| = QE _ﬂ' %E% -cg)g-g} Vertex liste= 2= vertexs
o Index listi= vertex ljst2 9| indexztS triang
o a2 HH2 HIAK (textures)2f A (colors) HEF HAE v3 ndex list= vertex jst=S] index@lS triangles v2
v3 v2 v3 v2
trianglel
triangleO v0 vl v0 vl
v vl v . |V1 Vertex vertexList[4] = { vO, v1, v2, v3}; // vertex list
Vertex rect[6] = { v0, v1, v2, ~ //triangle 0 int indexLIST[6] = {0, 1, 2, // index list
v0, v2, v3 }; // triangle 1 023
m VertexQ| LI A (winding orden& & X|7{0f gt » e 28




Polygons, Meshes

Transformations

0| = (Translate) A7|H=z} (Scale)

V1
Raster
S Scan line
V3
Transformation Order Matters Hierarchy of Coordinate Systems
o 23 224, -
m Scene graph - Group

Box centered at Rotate about Z 45;  Translate along X 1; = Parent and child entities [ Body
origin Translate along X 1 Rotate about Z 45 57 Group

Tuimet
Canon
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Camera - Parallel vs. Perspective
Projection

Camera - Perspective Projection

HMHE Y (Parallel Projection)

Near Clipping
Plane

Far Clipping

Projection Plane Plane

View Volume
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Camera Movement

ghting

o 191& A|™ Z+0 2} (First person camera)

View volume2 2540 o3

ZUE Fof AolHel ?X|of 2ofsf e

Aol 7t ZioetE 2F HMoigh (FHEIE0] 2fgt 40| Otd)
XHOZHH £0|= dutH o Z A|AHIO| 9|510] 0|20 %
Twist= QHIM O 2 A2 E|X| UL (Descent A YE A 25tD)

zoom-in EE = zoom-out2 EXAHA LM

AL =F
Al 702

_

(Third person camera)
oF H2lof |X[g
lago] RAO{OF Bt

a
w
S
2 0%
om
2

ne
0

r\l
X |0

o

m 7t 2Fe| up-vector (F, twist) of =MT A
n ZOH=Z0| US Al =T A

|
N ho
ojrim

m

N
ook 10 m

Ot
H

| 7Lt A0 7k Mjof”t W2t 2o
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=

] (lighting source)0f| Al &8¢

| EHO|A XY & (material)0f L2t
2= (absorption)

(reflection)

(transmission) tE= =4A (refraction)

2= A2 22 222 YAtSH= Hof ot
2 &3, =X, 2EX X, FA =KX 2
24

rdo

pS

JEaLE

4m rZ mot
>

=
[

JMMO M0 = = = Mo ok

ox = =
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o el ZJ (light source)2 O 2 X Aot7| O{EL} o F@0 MY 225X = B 571E 29
ofLtstH LYoz HE LI nE Blof Cfst E3HS
Ao S8 1 4 =0 o S22 o R Ho| Z2E FX5| ofzfg
oHOFot 7| = of . I0fe} 44 5712 9718 %) e
o CGO|l A= ZHERSE B (light source)S ALS 2t ot XY BIlE ANHOS Lo o
et 2 (Ambient light) - ZHO|AM QK| O{CIMLE 22 F2 - g
EE= N ko)
™22l (Point light) — 2| X| (position)2} A (color)& 2 &
Bisr M2 (Directional light) — B3k (direction)2 22 (parallel
light)
HHY & (Spot light) - O] &AM ol HERO|AM ol WakS Ho

o WOl ghgkof| el Xt5H o= AN £ o HtEEtASE EHOAM BHALE[=
o SHH E Xl (Lambertian Law) O 7t B2 HHALE A|H (viewpoint)O| B9 HISkO||
MOl 87| = YALZEO| TALQIOf HH|2|. YAtZ0] 0k Y mjf ZhE Hets| i 2tk W WA (F, alphaZt 0= Y [If)
WO| HFALE| D 90k & [ HFAFE|X| QEZ. kAL (specular reflection)= alphaZl HZ& & ZZs}HA|
QIALZE: HE, B MEIE ALO|Zf Lalg
FfiZi»TE' o "o| N7| &= cos(alpha)2 ZAE 2
i EoO| wat n 10A =8 Ato|2 X|F gt
oy n=101% 5 SE 2 e M|} ook i
nO| AX|H =1 MYSHA Ho| A1|7|7f ors] !
Norrral WY& SHO|2tO|ETt &EA| LIEHE

Reflected QtEHSE MH} ole B e
rays 2t ot FHEhAL 232 nO| 250 Y




Fall off in Phong Shading

41

Flat, Gouraud, and Phong Shading

O Shadlng - 29 E= ®HH #llH 2 (surface rendering) -
S5 Bo| Mg 20

Phong shading

- =

Gouraud shading

Flat Shading

o 0|7 StLto| Ci2Hs HAE SUsH Mo
ZICL&H
| M S m

w OIS S TMete Ch2tHs
(centroid)E 511, T4 :.01IA19| i'.* 1
J|Zo2 ZYDEO| 7pSiX|0 O At A

m A= M|O|E (constant shading), 7171*

Ciote Bl 9KE Badlol S
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Gouraud Shading

o HEQ ME w2t

» HEO| .J

- |:|.7|-o=l LH_'f'_E Nz EfE Mo
o ZHZ (specular highlight)2
. AII-"I'10| % o] tHMtHIEmf =A
AMS| UX|SIX| L7| 2

y

Raster
Scan line




Phong Shading Texture Maps Used in Tank Game

— 1 [

o el 4 A Yol HM HHE 27t

N1
Raster
N1,2 N13  Scan line

N3

N2

o =5MHo| 7|27|7F B/ E. EHE (specular highlight)=
H0ojsh & 9IS
T = T [=1
N
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Texture Mapping Multipass Rendering

a7
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Billboarding

Normal Mapping

0 X2 Yeko| AXL; Zho| 2t

view plane aligned viewpoint oriented

i
o2
ot
|.|-|
Ju
o
Ir
e

Billboards

Bright (m] il:”-l:"'l Ol I"Al% |% normal

Dark.
= [ncident Ray

—_— RaflectadRay bump mapocl.
4\\ o 7|2X89Z bump mapit

|.I)t_|-7|.x_|§ rLIA-IIEI- iEII-I:I_-I! E‘l%
AI—IO|.0:| XPO g_x4o

EEEE DDED __H__'é‘:]ol.l—[:-” Al._Q_EI
©On aflat surface, all arsas On a bumpy surface, the sides — — o o
appear bright. of the bump appear darker than
the center
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Normal Mapping

Bump Mapping

oYUM RGB MEZ £ O
H MOl tangent0]| 2t E EM H S L}E}LH
M= A0|= 90| "=X" "=H" "ZO0[" F x vy, 2z
Z=0=20| 7tS BHSI=E HQ
A

o 2229 2#H ¢o| ot 2 HTFH2E x y, z 52
718718 25 #A EIE A
m] 3
E

o X2 A= =2HO| high-polygon %%*EIOHM
Al 4=l CHZ low-polygon 20| BHEE[O MMSHA
MEEALE St JZ
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imnuo| 17| MIMK|= Z490| 0|0O|X| (greyscale
texture)E AF28IA OELD SH2 BHE0| w2} =X0|
(height fleld)g A2 St= HIZ (bunp map)S At

o M Z ZE2|2o HHOIM 2 222 FO{LtA

—
St OfF2 222 =07t &

NG

Height field

Polygon surface
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Displacement Mapping

bl TH

O YH/HEW2 Fe(2e
FHONM EA =™ HESHA
20| tH™o| Exfgt

o ClAZE0|AHE B
(displacement mapping)=
AHRSHH Of|4] (mesh)Q| AlK|
geometryE SZ/0{ A L}
=S=0M 2o|A & = US

o C|AZO|AHE WO| =40
(height field)= 4] 2
geometryE R4 HIE{0| et
sASE O ALg
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Texture mapping

o 24E gaH BT 7)Y

= Color (diffuse reflection coefficients) - Texture mapping
= Specular color - AL (specular light)1t BEAFA 4= (reflection
coefficients)Z A| 20| Md}= it
Environment mapping2 &2 HtAFE M(highly specular surface)2
B ae & 9l NS} g
= Normal vector — Xl & (material)2| 7{&! 7| (roughness)Q} 7+ &
(structure)& A|Z2]|0|45l= &H
Bump mapping/Normal mapping2 U EE DEH510] AXZ0|
25t 2#HE IS0 131'4 Mol 7|5kt H & (surface
geometry itself) & HHLX| Q3.
= Position - 28tH o= HHOMFE %22 {/X|Z Ht&
Displacement mapping
= Transparency - glass effects Bt (no refraction though)

o SHEYO{OINo] 2K YB SHEYo{o|A HAN
Ao AX|os 2H0|E A2 4T 0F 7Hs

Modeling

O Levels
m 2K SEEQIO - pixels
m 3XHR SEEQI O] - filled triangles with textures and Gouraud
shading
n NE=F: 3I}°J Jdefj= A 2to]E 22| - same plus Phong
shading, #2t (transformations), £& (projections), 22| &
(clipping)

m 2= AIFl - levels of detail, curved primitives, etc

m DEE I§F|X] =3 - solid modeling, CSG, fractals, parametric
surfaces, etc.
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Polygonal Representations

o Polygon
= Gouraud L} Phong shading £ A28 smoothst M
= AN YIS ABHN UK MM B Tt

o 22 2742 od=
= Manual

m 3XIR AT
ogH ¥ES AZE X
= QIE{RHEIESH 4Y
712 24 (7, YEHH|, S), extrusions, sweeping volumes
Mesh generation
Density dependent on curvature
Problems with crossing boundaries
n 05F J|5ta A MM

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




Polygonal representations

Landscape/Terrains

O Level of Detail (LOD)

= AE3t= 0|7
M4 2| 23} (mesh simplification)
z2loj| et CHE BEs TXE AFRY (level of detail approximation)
OlFHoz m2 O2jA|Est M (progressive transmission)

= =NHE
O-III-I X‘IK‘IO H-IE:‘OF [=13 Xl
O{®H HE2{ EHOZ IHEX| (geomorph)

= Zd +F9| 2% (morphing)g At&gt

oA Mgs 2L

DYo| ARE MEHOR J M X
= 7|

Resampling

Edge collapse/edge swaps

Vertex removal and retriangulation o

O Terrains& E45}A X Z2|slof &
s AAE 74 (continuous)
m 0|2 HA EM S2|E0| EQ3FX| 2= 2 (no object clipping)
= LOD7} & 4 0|2
o Height fields
A0 0| &l 2x+3 HEB(bitmap) AHE
g#A 38 = A2
A é.”—‘ﬁo HUQE HetAZH 5= UZ
HI§o| ML (color map)O|Lt =0
A
o Fractal landscape generation
= 2R If7|X] XA
o Level of Detail (LOD)
m Triangle binary tree £ At
» LODA| L&A At2HK| = peaksLt valleyso| 22X 7t 9l
C}2 LODO|A 40| 7ho| 270 HRst
= HCp L2 ez, F=a S0 7|8t treeE 7S

HMHE (height field)2

Additional issues

Efficiency

o 21X} (shadows)
= St =M StLt StLt
= X|HO|MEE AFE (K]
= Shadow volumes
= Shadow z-buffers
E & (transparency)
m Back to front drawing order
o HEA} (reflections)
m HEAMH (reflection maps)
n AHAM HEHE ARSI 2 #HEHE (double rendering)
O M|O| (shaders)
m HLSL, GLSL, Cg
B TEMWOE HEIALL TAMO| L

mjo

#
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o Ot AR dfH S g8z HE7[= o83
o M&0, F2| #2 247l 2+
m Level of detail (LOD) techniques
=2/ (clipping)
EF 7|8 (portal techniques)
I C|XtQl (level design)

|
|
|
= == AA} (collision detection)
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Reference

o
o http://dis.dankook.ac.kr/lectures/cg12/
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