difanedyanan nszaoundmAnsEIk

L% I~ v aa L)
szuvaiuayumsBaumsanduaamuialagldlomuduea
LEARNING SUPPORT SYSTEM FOR 3D MODEL CREATION

USING OPENGL

M

a d
I36 duniaing

WITHOON CHANSAWANG

d 1
1msanilSnun

A5.90ITIMU OUNUNHY

WX 0026l 2/:(
’ ) »
] -
1.1 ey N, . ‘ 19 L b 7
Y : ,.b-nwmnm
manziou....... 144?.4? | |
v oy WD 9 WE 2559 ererverssscessmstssnnsseses |

swanviiiliudumiisvedriasimsWanaszunam
nangaInemansumuna mvdvumaluladgmsaiuna
aazmalulagasaums
amumalulagnszoemnaudigaminsaanszii

MaBeun 1 msanu 2557



LEARNING SUPPORT SYSTEM FOR 3D MODEL CREATION

- USING OPENGL

WITHOON CHANSAWANG

A REPORT SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTSOF THE COURSE
INDEPENDENT STUDY 2
1/ 2014



COPYRIGHT 2014
FACULTY OF INFORMATION TECHNOLOGY
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



luSuseamsAnudase 2 (Independent Study 2 )

A
1303

£% = Vv an =
szuvaiuayunaBeumsa nlumamuiialaalilomuduea

Learning Support System for 3D model Creation Using OpenGL

w3t Juniang

stiasz0102 53660564

@ ' Y ‘g 9 v nm 9o =
vosusoanswnunlul S hilddaasnuainila
o 4 o S J é
enumivil Idsumseswaouuazeyinliidudimiive
MsANYIINMIANEIDAsE 2 nangasImemansuniaga (naluTadarsaume)

P= pai = =
mMalGeun 1 Umsany1 2557

SN & AL LAY S AT NITNNIIaDU

4

: Y/ g
/ o
(A3, VIUN AUT 1ANNTIA)

............................. N3NNI

(3.7 AIGY)



v

% o al k4 an 9 =
RLTE sevumiuayumaseumsai luaamuiia layld lomniuea

e K o ¢ o r'd 1
TNANHI WIYIT TUNTAIN
SHEINANE 53660564
Iyan Mmansumiude
TV wa TuTagasaums
HYHIIT MYINSAITAUNA
Umsanmn 2557
dd‘ @ o ]
2191383 ne A3.GNTIN DUUUNUY
[ ¥4 1
UNAAEID

Tudagiumsmswannaudmanauauid 3p) faslaanuiieyludmuaiee wu

¥ ~ 4 s 1 o 1 { o o
ﬁ@ﬂﬂllW’Jm@ﬁ mﬁ@’aﬂu‘mmuﬁﬁ ﬂ%@ﬂﬁﬂﬂ%uﬂ']'iﬂ@ﬁ%"muﬂﬂ"l]'mﬂ\Wl'N"'] miﬁuﬂwmuwz

¥

an ) o 4 an 1
afenumuiialdguamlaiy fanudududesFouiiugmidsvesnumuiinidenou

a3

A = o

4 ° L o g T 4 a Y 3
etz 1A lduszynaldnuaidugeldediesniu Inniinusatuiiveldsingiien
a & 2 F aa Yy A . =
madaNugIdLagngeuesnIsaieginseaniae 1fuensGounsaou uuy
awv @ do 4 = o o o 1 aa
UFuiusnugiden (nteractive) o IdgFouldinisFoud liwdeoududesisnuauiia
T 1] Y ,§’ t = 9 :s' d‘
upazgluuy wu MIadNgUnssiuguuany auagnisliuas aasasuaunsiaou 1y
¥ ¥ H
urlasldiioguns sivugnfimsnlaeunlasgluuyldandy TaedidounTed Tnsenuwau

v A o P = ! a a o = 9 < 1T A
seuuntuiseiludse lesidensiseuns aousieimaounines nsvia 1aitueg1e



Title Learning support system for 3D model creation using openGL

Student Mr. Withoon Chansawang

Student ID. 53660564

Degree Master of Science

Program Information Technology

Major Information System Technology

Academic Year 2014

Advisor Dr. Supawan Aunnunup
ABSTRACT
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2.2.1 3Un33nan (3D Sphere)

31]*7'; 2.2 Aod13ginsenay
mdai 1 lumsaieluaaamiia Idud
- void glutSolidSphere(GLdouble radius,GLint slices, GLint stacks):
- void glutWireSphere(GLdouble radius,GLint slices, GLint stacks);
nniimes
- GLdouble radius i fiﬁ'ﬁﬁmmgﬂmanéu
- GLint slices fio $1uauduialassouveszilnganan
- GLint stacks 1D Suduavesginsanany
A10019m 5 119 1wy glutWireSphiere(5,10,10); 130 glutSolidShpere(5,10,10); 3¢ 1@HATNT

JUnsenauaInIv



2.2.2 3UN39gAINARGD Cube)

4

d' s 1 4
3UM 2.3 drvthgginsegnunen

fdsildlumsatra lueasuiadun

- void glutSolidCube(GLdouble size);

- void glutWireCube(GLdouble size);

Wimes _

- GLdouble size 9 Y11Av8331/N35gNUAN

arog19m i 1U1d iU glutWireCube(1.0); ¥38 glutSolidCube(1.0); ﬂs'lﬁ'ﬂﬁﬁWﬁgﬂﬂN

J o
ANVIANAINTIN

2.2.3 31N530538(3D Cone)

W 1

31 2.4 dredggilnssnse

'
o &~

mdan i lumsadeTunamuia ldun

- void glutSolidCone(GLdouble base, GLdouble height,GLint slices, GLint stacks);
- void glutWireCone'(GLdoublé base, GLdouble height,GLint slices, GLint stacks);
winilnes

- GLdouble base fia vanuneuegIuiinsense

- GLdouble height fia AN gIUBIgINTINTE



- GLint slices fio Suduse19u0sUnIans e
¥ .
- GLint stacks 1D $113UdUUUIAYBI3NTINTE
a20819m51 [ 1% U glutWireCone(1,1,10,10); 3o glutSolidCone(1,1,10,10); 12l@

@ o [
NﬁﬁW‘ﬁgﬂﬂiﬂﬂi?ﬂﬂ\‘iﬂTW

2.2.4 315391a3M3D Torus)

silfi 25 RRIAN IR VY
fdan i lumseie luanmuialgud _
- void glutSolidTorus(GLdouble innerRadius,GLdouble outerRadius,GLint nsides, GLint rings);
- void glutWireTorus(GLdouble innerRadius,GLdouble outerRadius,GLint nsides, GLint rings);
wiiiwed
- GLdouble innerRadius fio szozveudusaiiuassnandm luvosgilnselain
- GLdouble outerRadius A0 szvziduafivesasnanduuenyesgiingslasin
- GLint nsides Ao 11421 N 21NaNLUIYIIBI3L NI Tarin

- GLint rings 19 $119ud U780 WLU1Iv033 M54 TAsiv

& 4

a1 lumsaa lueamufialdun
A20819m 311 119 Wy glutWireTorus(0.5,1.5,10,10); %30 glutSolidTorus(0.5,1.5,10,10) 9218

o @ w
HAANTIUns IainanIwn



2.2.5 Finssamaendidlsitin(3D Tetrahedron)
311 2.6 dredegUnssimRsd I i

AdefiliflumsadriTunasudaldud

- void glutSolidTetrahedron(void);

- void glutWireTetrahedron(void);

fa0819n51 1919 19 glutWireTetrahedron(); %30 giutSolidTetrahedron(); wldwadng

A4 A 9 1w
JUnsammaeuam linhdsnn

2.2.6 3unssutlauiden(3D Octahedron)

AdailPlumsat Tumamudia1dus

- void glutSolidOctahedron(void);

- void glutWireOctahedron(void);

areg1amsin ld wu glutWireOctahedron(); 30 glutSolidOctahedron(); 2z | dwagnt

sUnsunlamfoudgsnw
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v
Qs

ﬁmqﬁi%’iumsﬁ%’jﬂumaﬁmﬁa"lﬁ'ufi

- void glutSolidDodecahedron(void);

- void glutWireDodecahedron(void);

Mot1enai 1119 9 glutWireDodecahedron (; 138 glutSolidDodecahedron (508 1AHATNS

jUnssFuasuntonaInIwW

2.2.8 gﬂﬂi\‘lﬁa‘umaﬂuﬁD Icosahedrons)

o/ )

5171 2.9 freesgUnssiFumaen
Mdan 1l lumsadalueamuda ldun
void glutSolidicosahedron(void);
void glutWirelcosahedron(void);
as T ° 7] . A R 9 @
A1t lW1F @ glutWirelcosagedron (); 138 glutSolidIcosagedron (); 2 lanadnsg

‘ﬂlﬁ t:‘ o
JUnTRFUMRLUAIN N



2.2.9 3UN337131%1(3D Teapot)

31]‘7'; 2.10 fethegilnsenmn
mdai 1 lumsadre lmeasuia ldua
- void glutSolidTeapot(GLdouble size);
- void glutWireTeapot(GLdouble size);
WMl
- GLdouble size i® ﬂlmmmgﬂmaﬂnfvm
modumaih 119 5y glutWireTeapot(1.0); %30 glutSolidTeapot(1.0); vz IdHAGNT 31In39

v
MUIBIAININ

o d ' 3
2.3 mauasginsauuyaniiifuazm3ands ( 3D Transformation and Matrix )
malasginssluszvuamudiaianudaginnlunsaielueaniinnududon  lao
aa a a ¥ dy 9 ad o 1 d”
msutaslumamudd linetinusaniiazlsznoudionssuisasae 11
231 mamaeufedouidn (Translate Transformation) Ao Mapheudrodng lilaw
aa A' 9 o 9 (14 3 = [J
umIUENia X, Y nag Z e ldimsaiedeunavumnluszuy Tomulueaszyhms
g A an 4 1 ° 4 <3
ad1udeuidniigaoe3in wioyaiilial X=0,y=0 uaz z-0 fldazdosimantoududouin
o " oA o @ 4 3 o U o W
T3 ludumisndesmsdrems@oumduiontuaudouiadindn  TasmidavesTomu?
~ A Yy o A
weanl¥lumandoudiudouian Ao
- glTranslatef (Glfloat x, Glfloat y, Glfloat z);
{ ) @ "4
Tae  x AonsTua@TUINADS IUUNY x
y Aonsuaadunnaes luuuauny y
Y I'd
Z AONIUTATUINADS IULUUNY 2
~ 9 o a o A Yo dy
Tasnansouand ldaaning vosmsnaou'ldasae liil
Mvuali x Aemvesmanaeunnnlasunlasldamanu X

y Aomvesmsmaouniwasuudasldmuuuanu v



A A PRn .
z Aomvesmsmasunwaeuulas ldmuuuuny z

— - - — _
100 X x x+X.1
010 7Y ¥ B y+7.1
001 Z z - z+2Z.1
000 I 1 1

o ' ' ° A& Ao ' a o o I =
AIDUNIYU 1’11ﬂ’l§£ﬂa’au‘ﬂ’t)i’ml‘i]ﬂ]lﬂmmm’mﬂu X5 AU IUNTOY BUDIDDUIINILUNIT

widounlaslugewe 105

— R p— _
1005 5 ‘ rx+5

0100 0 ¢ y

0010 0 = z

000 1 0

2.3.2 Msdenazveasewdn (Seale Transformation) AD MUVUIAYS BEVYUIAUBISBY
[ an K 1 1 <y J A
Anldauunaunusdd - Hdldouannsadesnefeunamuuuannula wieveeuy
[ o 39 ¥ °o & a g 9 oA o A
ynIenduynunui 14 leemdsvetlomulueaii ¥ lumsdonsoversdovinn fe
glScalef (Glfloat x, Glfloat y, Glfloat z);
{ =y o
Taon x foanassunames LNy x
a 1 o
y Avsunanauslawes luuauny y
A a I'4
z fAoanadsudames luuuny z
. { @ o o’l ] @ 1 ¢
Taeaunsoudnas ldaaunmsnd uesmsdoves ldnane lail

fmualy sX Ao Mndonsovereaeuntlasldaumanny x

=

SY fe MgenIsveeasuulas ldaiumany Y

=1

S7 A MAgenssvenunlaeuutlas lUamuuaunu z

~ 1 ~

SX 0 0 0 x SX .x
0 SY 0 0 ¥ B SY.y
0 0 SZ 0 z h SZ.z
0O 0 0 1 1 1

10
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2.3.3 MINYuLUIA (Rotation Transformation) Ao MsUSuMUMHINI NSoUSAG Y
msvyu Teuunuaudid Sedldmmsonyy lWauunuiidesns H3BaZNUNS OUY
lunnunuild TessdsveslomiBueaiildlunstentevnedouen do
giRotatef (GLfloat angle, GLfloat x, GLfloat y, GLfloat z);

Taodl angle Aoyuideanms gy (fueewn)

x  fia hnualdvyuauunoun x

&

(]

y  fla inualdvyuauuuauny y

z Ao dvualinyuaunun z
{ (Y a  d o 1 g
Tagnaunsauaas ldauuming vesmanyu ldasde lus

G4
BNINGY MINYUMULUANY X

T 1 0 91N x z ’
0 cos@ sind 0 y | cosf.y=sinf.z
0 —sin@ cosf 0 z | sin@.y—cos&
0 0 0 1 1 1
W3NG MIAYUATUUMAY Y
_ AT 1 - -
cosd 0 sing 0 % cos@.y +sinf.z
0 1 0 0 y (s b
—sind 0 cosé 0 4 £ ~siné.z +cosb.z
B 0 ONND i J B 1 B | 1 |

G4
WININY NMINYUANLULUIIAU Z

cosd —sind cosf.z —sinf.y
sinf.z + cosé.y
0 0

0 0

z

0
sind cosf O
1
0 1

— O O O
— N e R

[+d 24

- (7] 9 1 =Y
2.3.4 M3tAeuBeIIA (Shere Transformation) Ao MsBousoun 11 igili1eda’ly
5 )

an K a 3 ¥ 1 a glv o a 1
ATUUUILAUTTINUR cmvﬂ%’mmiammmmmmuim% LLG]I@]fJ‘lJﬂGILLﬁ’Jllﬂi]X‘UULLﬂLLﬂuGlﬂ

U

ununise luflenda lilugnunumsizezasuguztns s Idonn maulasdiemafoues il
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gamasluTomituea uddldmmsoldumsnd dlumsunusmeoudaunuyaddad

o 1y 22
fage 1135

a J ) o1 I3
- BININY YDINITRNDUDDULAA

. - _ _
x' 1 0 a 0 X
y' B 015H 0 y
z' - 001 0 z
1 . 00 0 1_ 1
- Lllﬂ%ﬂ“];" ﬂ1sﬁumﬁuﬁmmﬂmﬁau'gam%ﬂ
7 = v o * S
X 1 0 —a 0 !
y 7 QXL '€ B0 '
z g a0 \T <t 2
213§ B | st O\C 1o 2 |

Y o - . A Y Y
2.3.5 mMigsnouesvian (Reflect Transformation) A9 ﬂ'li’ﬁ’i'lﬂﬂ@ljl"l]ﬂﬁluigu'mﬂ'mﬂi\‘]

Y a oW g A o v 2 o 9 v v =
VMUNUDDULIANTENDU AQIUARINUNITHENOUUUNTEINET mmﬂmmamiﬁzmufuzblmJ

]
o o

= 1 9 9 a o & i .. [} < o @ 9
gamdslulomuiuen uadldawsaldwnind dlumsunusvesdonifaunuyadideld

Q

Qs '

¥
faaIe 1960 111l

= 4 . 9 =3 < .
- NI UBINTTAENOUBDURATSUIUUNY x-axis (Y=0)

1 0 0
0 -1 0
0 0 1



a o [ ] v
- UN3NY YoIMIaERouBIUIIATLUIVINY y-axis(x=0)

|
o o |
o - o
- o o

-4 <
- N3N voIMIaERoudaUIRIATLUIVIAY xy-Plane

Q- ©
(= i
- O O

2.4 GLUI (Graphic Library User Interface) ‘

GLUI Lﬂumummﬁ’nﬁmmssnﬂﬂumm%umnn GLUT mad"zuﬂsuﬂamm
ulatiis1dadrathnn sﬁmnﬂmmmmuqumsu'cm«nnlumamwﬁﬂmnﬂum GNIRE
wlasginis aaoAsuMsEAsweWEAY  dis i GLUT ;'uanmﬁﬁi’fammm

Aaderuund uazAduesaldondas Tav GLUI 921)52neudae Control A1aA NN

3UM 2.11 AIAURNVRI GLUI
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kY
AIMIVAUULY GLUI 1ztlsenaudediniuguease i
- 1una(Button) |
- ANBININZLIA (Checkboxes) TMSUAMATUULYAY (boolean variables)
- JunALUIINY (Radio Buttons) dnfududenludnuaig mutually-exclusive
- napstonnuuuuud lv'lf (Editable text boxes)
(R . = o r o [ A a
- #21]u (Spinners) Taeiimssamsuuudaulssuruduvsensiioy
- woa 18 (Arcball) fanunudmiums iy
- ﬁﬁﬂ’J‘lJﬂMﬂ’liLﬁE]M (Translation) T X,y Uag z
- NABITIWAT (List boxes)
- AT OANNADA (Static text fields)
- WWUN3EAIN (Panel) v UsIuNguURIRIneL INnsa
9/ by Y 9 ! by
-nintavuudiwnduld (Rollouts (collapsible panels))
NEANBIN (Separator lines)
o q 9 = o A r . a
- danugunlslumsisennduiiemueuiniinisasuutag
A o A L= g9 A U a I - 1 1
diatsviimsaeudenuIuladnie GLUL leamvesiu Intimsasuutlasssvuazaen
[ v 1 [ A A n () . & o 1 A o 3 oA Y
AINAITENINNY H30(38N71 live Variable Fus1d101301 1810 18 llvimsdman vieads

]
Qs

madlumsuaginseld

2.5 @y

P} o @ 9 aa A a &l
patianudiagnnlumsadvaudsaanmwmuda  dlesnnluszutnouianesn

9 9 aa \ 1 a = an R =
wldudaswa aansosaas ldifiesaoalin ualuTanureanuesasio e Felianuanues
PR 1 v 2 a o o d &2 o Y a Y ‘ 3 an
TNVIUN AU UEIRnIENUAUBLDNI 1RINaK Az LaasHaoenu e uia

[~4 1 122 T o I~ Y]

nnglezruldn  dusuulifimsifuawntag  ssuvssuansginssnaududnyusves
1] ‘é (=3 p=:] 19 =1 £y T o 9
wriusoa g naude lullanudnuesginm uAt1sEUVAMS I ngnsanaud’

- =S = i o 9 o aa
ssUlzUaRIRanNUAnYRsaReanIN T IVjnswanuaamatlugUns s wia
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3N 2.12 nsenavingniuasmunguuesaaznssnauilngd

a a A o g a o aa
TagdnaudmguinernuuasiiluiiouuazFuluaumuiass Idnguiuasuoals

& s o 1 9 ] [~ a Y 1
Fangufaina1 laus uaseendlunaeyia ldun

Ambient + Diffuse + Specular = Phong Reflection

U 2.13 ssznnvesnsazdoummgufue sl

-d' I = H ] 1 H = 3 1
uaalaesey (Ambient Light) itaai 1 Idmamniismianuduoy uasaaninaduazang
] k'
NNz NNNANI
' Vv v H
UAUN3 (Diffuse Light) 1 1nfismsiuiveutnzdzfouoonnnfiuil insdiuiiga
o 9y v =) a
Fuuagaziiousen 11 msaziousziinnnannma
Y o Ada a ] 9 =\ o Y a
U@ (Specula Light) uaaniifismanuivoulunmsazidou gunmuasgs vildine
1 < dill a 7
ANvaNuilugauUNURI0aUITN
1 . = o U [ A o 9 P
uara1)as (Emissive Light) n151/anilasunasvedeiinn Ionvazadionasnuinizny
' " v o [ Y g‘/ ng a
Tulwaavesrsmisnsznevesueaalashildgnundaamsdanas dniuiuregiling
' = @ 9 A
WUIRLIN VLA ROUD U
o Y 1 a3 @ = 9 d o 1 dy
ensamuuanasliunsouamumanmingu)vesnsdls 4 suaouaae il
. a3 ) 1 o a 9 P U Ao <
1.Enable Light Source 1Junsmyvuaumnasmiiauasdunianezass lUndsuda s1amnsa
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mrua ldvatsduntsdromdeasas 11
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// Enable Lighting
glEnable(GL_LIGHTING);
glEnable(GL_LIGHTO);
glEnable(GL_LIGHT1);
glEnable(GL_LIGHT2);

glEnable(GL_LIGHT3);

gilﬁ 2.14 11563901 Enable Light Source

d (-] ~ A o =) ’
2.Setup Light Position and Intensity 110 15MAUANAAVBLHAIN UTHALTAL LAZANUITY

- 1 T P < o Vo ot ¥
youaanvzdsiada lndeuda wieusamvua lnelsanede lail

GLfloat lightIntensity[] = {1.0f,1.0£,1.0£,0.0f};
GLfloat light position[] = {1.0f,2.0f,1.50f,1.0f};
glLightfv(GL_LIGHTO,GL_POSITION,light position);

glLightfv(GL_LIGHTO,GL_DIFFUSE,lightIntensity);

$ & 1 3
517 2.15 N13A3A1 Setup Light Position and Intensity
" g ° 1 v =Y =
3.Setup Light Type for Object {{lumsmnuanvesaufnz silaaunguiveels
ay I o o [ < Y Qi @ Y Y T

wenni lemuiueadiansadmuadeuialntiguauiifanudun ldondie Taean

Y . A A 9 [y S Yy o < ) 9
ATNITUN (Shiness) Balinnnuesazazitenldun mindanteedouidnszgaduneaan 3

9
UNUMTTHSNDU
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float matl_Ambient[] = {0.1,0.0,0.0,1.0};
ﬂoaf matl_Diffuse[] = {0.8,0.0,0.0,1.0};

float matl_Specular[] = {0.3,0.9,0.1,1.0};
float matl_Emission[] = {0.0,0.0,0.0,1.0};

float matl_Shininess[] = {10};

] 9 .
g‘lj‘ﬁ 2.16 M3A9A1 Setup Light Type for Object

4
L Y

R o T oW y Y Iy g 9 i o a v 9o
4.Setup to Mate.rlal ﬂ'Wiuﬂﬂ"lﬂxiﬂﬁ']’ﬂﬁuﬂ’é]’ﬂ‘ﬂlﬂﬂﬂ’Jﬂ‘]gﬂﬂ']ﬁxi'ﬂﬂﬂﬂ'lbl’)

float matl_Ambient[] = {ambient r,ambient g,ambient_b,ambient o};
float matl_Diffuse[] = {diffuse_r,diffuse g diffuse_b,diffuse o};

float matl_Specular[] = {specula_r,specula_g,specula_b,specula o};

float matl_Emission[] = {emission r,emission_g,emission b,emission o};
float mat1_Shininess[] = {.shiness};
glMaterialfv(GL_FRONT,GL_EMISSION,mat1_Emission);
glMaterialfv(GL_FRONT,GL_AMBIENT,matl Ambient);
glMaterialfv(GL FRONT,GL DIFFUSE,matl. Diffuse);
glMaterialfv(GL_FRONT,GL_SPECULAR,matl_Specular);‘

glMaterialfv(GL_FRONT,GL SHININESS,mat] Shininess);

o .
31 2.18 N1369A1 Setup to Material

144242
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Parameter Name (pname)

Default Value

(param)

Meaing

GL_AMBIENT

{0.0, 0.0, 0.0, 1.0}

ambient RGBA intensity of light

GL_DIFFUSE

{1.0, 1.0, 1.0, 1.0}

diffuse RGBA intensity of light

GL_SPECULAR

{1.0, 1.0, 1.0, 1.0}

specular RGBA intensity of light

GL_POSITION

{0.0, 0.0, 1.0, 1.0}

X, ¥, z, w) position of light

GL_SPOT DIRECTION {0.0, 0.0, -1.0} (x, y, z) direction of spotlight
GL_SPOT_EXPONENT 0.0 spotlight exponent
GL_SPOT _CUTOFF 180.0 spotlight cutoff angle
GL_CONSTANT _ATTENUATION | 1.0 constant attenuation factor
GL_LINEAR_ATTENUATION 0.0 linear attenuation factor

0.0 quadratic attenuation factor

GL_QUADRATIC_ATTENUATION

2.6 M3AAAI OpenGL INBNATBLNMSINNIY

113 Setup GLUT #1434 Visual C++

1.l Ivanluld glutzip 919 https://www.opengl.org/

: ,
InSiilsenoudanidden 3 Idfe gluth, glut32.lib, 4ae glud2.dil

2. Anaen s gluth 14149 C:\Program Files\Microsoft Visual Studio\VC98\Include\GL

3. fimaen 1§ glut32.1ib 197149 C:\Program Files\Microsoft Visual Studio\VC98\Lib

4. faaen s glut32.d11 1130 C:\Windows\system32

5. naerounssu TUsunsuaielausis OpenGL
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The Prototyping: 3D Model Using OpenGL

szuumsaideudaania seuumMsudasginssaniia

‘(OpenGL Primitive Obiect) (Object Transformation)
TTUUAIURUIAQUULTILEay lo seUUAILgUMSs Idudradag
(GLUI User Interface (Light & Lighting Control)

4’ o Y] = 9} an 9
71 3.1 ssilsznovvesvesssunssuumivayumsBoumsad lneaauiia lneld

=~
Tomuduon
CONTEXT FLOW DIAGRAM
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3.2 MIMIUVBITSUD

3.2.1 sTUUMSAS 190 URAT NG
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OpenGL Create Primitive

Select Object b

Mhiart Cammand

Create Object

Display Object 4 Obiect

OpenGL Add

™ Select Attributed — N
User oy Add Attribute 5y System

e Display Object with =~ 44— Obje

Attributed

OpenGL Create
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ange New Object > . Change Object B Ak

Display New Object < Obiect
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OpenGL Translate

Select Translate > . U
Display Object TIVIl = Object
OpenGL Rotate Command
Select Rotate —
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d
Display Object P
OpenGL
A 3 A A
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< Display Object . < Object
A A A
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. Command
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Display Object Object
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510 3.7 Use Case Diagrams szuvasivayumsioumsadislinaasuiia lnoldlomuiuen

A15197 3.1 Use Case Diagram Y0989 Create 3D Objects.

Use Case:

Create 3D Objects

Triggering:

Description:

a9 uIamNla

Actor:

User

Precondition:

Post Condition:

Flow Of Events:

Actor

System

1.User ¥M5ta0noou1on

&‘ aa
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2.5zuuvhmsase lumasen
NNIOMNLUYAN LA
X=0,Y=0,Z=0 (Origin

Cooridinate)

Exception:




A191971 3.2 Use Case Diagrams UDIEIU Change Attribute.

Use Case: Change Attribute
Triggering:
e e o [ 1 Aaa o
Description: MmsUsuilgemveseanIiiog
Actor: User
. Yo Yy &
Precondition: Aldvhadsdeunaugiulussuy
o A 1 aa o ) 9/
Post Condition: viasulfeuulassueans SadvesBounn 1a
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M191991 3.3 Use Case Diagrams UBIEIU Translated Transformation

Use Case: Translated Transformation
Triggering:
" . o A 9/ [+ aa
Description: mmsinasudeoouen lmuuuiauauia
Actor: User
e Yo Y [~ Qaag ’
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A15197 3.4 Use Case Diagrams U99G9U Rotated Transformation

Use Case:

Rotate Transformation
Triggering:
Description: imsnyuseuna ldmuuuinuauiia
Actor: User
.y 9 o 9 [~ Qng
Precondition: Aldvhedeseunauuumuiiatumlussuy
Y ‘o ) PEVEN
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Flow Of Events: Actor System
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@1519% 3.5 Use Case Diagrams YDA Scaling Transformation

Use Case: Scaling Transformation
Triggering:
. . o 1 A [ an
Description: MMsdonIsvetedauma lilamuuuaunuauia
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og Y o Y 14 qng
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A1319% 3.6 Use Case Diagrams 9 296U Shearing Transformation

Use Case: Shearing Transformation
Triggering:
. e o | 73 an
Description: WinsiReudauan lUmuuuaunuauia
Actor: User
s Yo 9 o and
Precondition: Alavhassteunauuuaniiavumlussuy
oy 9 o A o '44
Post Condition: AldenunsoyhmsiReudouna lmuuuanuaiuida
Flow Of Events: Actor System
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A15197 3.7 Use Case Diagrams U9 IU Reflect Transformation
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Use Case: Reflect Transformation
Triggering:
. . o 9 (1) an
Description: mmsezRoussunn lUamuuuunuauia
Actor: User
oy Y o 4 3 nq‘g
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M131971 3.8 Use Case Diagrams U84 71 See Result of Matrix Transformation

Use Case:

See Result of Matrix Transformation
. . Y = = an
Triggering: saualimswasuutasldmuuunuaudia
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M19197 3.9 Use Case Diagrams UBITIU Render Light to Object

Use Case: Render Light to Object
Triggering:
. " ] 9 o £ 9 s
Description: mmslimnuaneelddeunnsiongufuesls
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GLUI Control

-GLUI I d _
- GLUI Name
- GLUI Type

+ clickButton()
+ spinSpinner()
+ spinArcball()
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Light

- Ambient Red

- Ambient Green

- Ambient Blue

- Ambient Opacity
- Diffuse Red

- Diffuse Green

- Diffuse Blue

- Diffuse Opacity

- Specula Red

- Specula Green

- Specula Blue

- Specula Opacity
- Emission Red

- Emission Green
- Emission Blue

- Emission Opacity
- Shiness Surface

+ renderEmissionLight()
+ renderSpeculalight()

+ renderDiffuselight()

+ renderEmissionLight()
+ renderShinessSurface()

LessonDetails

+moveTranslationPanel() Primitive Object
+ selectCheckbox() 1.+
. = Object ID
+ selectRadio() —< i
+ openRolloutMenu() - Object Type
' - Object Color
i + createNewObject()
+ createWireObject()
+ createSolidObject()
1 1 1
Object Transformation
- Transformation X axis
- Transformation Y axis
- Transformation z axis
- Transformation degree 0..x
- Matrix Position Values
- Matrix Values
+ scalingTransformation()
+ rotateTransformation()
+ translateTransformation()
+ reflectTransformation()
+ shearTransformation()
-

- Lesson Id
- Lessom Name
- Lesson Details

-+ showDetails()
+ openinteractiveLesson()

31/ 3.8 Class Diagram vesszaivaivayumsBoumsaieluaamuiia lasld lomuiuen
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3.3.2  Structure model
uuudneudilassadevesssuaivayumsGeumsadie luaamuiia lae 14 Toms
uea a13085110 IATeeri 19U 199 U895 VLAY Class Diagram Aagilit 3.9
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Class Diagram U845 1U152n0UA28 5 Aana A9l
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o e . s a4 @ Y o & 4
1.Primitive Object : L‘]_Iuﬂﬁ']’s"TVl‘V]'I‘ﬁu'l‘mﬂEJ'Jﬂ'Uﬂ'Iﬁﬁ'iN'P)’E]‘UL‘DﬂWNiTH‘U‘Nll'muig‘ll‘ll
. 14
U52NOURIW Attribute 1A Operation f3sa 11l
< @
1.1 Attribute - Object ID : U AVBISDLIIA
. . = 4
1.2 Attribute - Object Type : Lﬂ‘inglLLiJ‘lJ‘UENE]E]UL%ﬂ
g
1.3 Attribute - Object Color : INUFVDI0DULA

. . [ d‘ '3
1.4 Operation - createNewObject() : ‘VI’I‘Hﬁ1%ﬁ%}1ﬂgﬂmﬂﬂﬁlﬂSJ“UuiJﬂu‘iz‘U‘]J

Y d 9 o

1.5 Operation - createWireObject() : MAUINAS 190 0UNLUL 1ATIAA

1.6 Operation - createSolidObject() : nThias 198 v AU

A o s/

i < A [ L)) = 1 4
2.Lesson Details : L‘]J‘Llﬂﬁ'lﬁﬂ‘l/l'mu'mlﬂﬂilﬂ‘ﬂﬂ']'iﬁi'l\‘]‘U‘1/]LSEJH‘U’ENLLG]ﬁZﬂ"IiLLIIﬁ\‘ii’JfJ‘UL"l]ﬂGLL!
3¢1VU

<3 o
2.1 Attribute - Lesson ID : IALSHerU9unisey
' . 3 A& a
2.2 Attribute - Lesson Name : (AU¥DUDIUNITHU
< = =

2.3 Attribute - Lesson Details : INUI18DLIDEAUDILNITIU

. . o Y o = 9y 4
2.4 Operation - showDetails() : MAHNUTAIUNITVULUALUBYANIINA

. . “ ° Y A g =y =y o =3
2.5 Operation - openlInteractiveLesson() : MININNATNUNEIULLUD WA BT LLaATN

A o 9

3.0bject Transformation : (iunmiafimiifvasumulassounaluszuy Useneudae
3.1 Attribute - Transformation X axis : {iUA1N5uas8ou9nvBIUAY X

3.2 Attribute - Transformation Y axis : fivAimsuilassounnveny Y

3.3 Attribute - Transformation Z axis : UM 311/ a8 pURAVBILAY Z

3.4 Attribute - Transformation degree : Lﬁﬂﬁ?ﬁ]ﬁmﬂﬁﬁgu

3.5 Attribute - Matrix Position Values : (AUSLHAUUBUNAS A

<1 T a o
3.6 Attribute - Matrix Values : INUA1UDUNATNY



. . . [ Y A1 & o an
3.7 Operation — scalingTransformation() : MUK INYDVI T IVYIUDDULIANMUU AN UFINNA

H
= (14 an

3.8 Operation - rotateTransformation() : 1/71141?11’1mJ‘N?J’E]‘IJLi]ﬂGI’IilLLu’JLLﬂuﬁ U

9

& 9 (44 an

3.9 Operation - translate Transformation() : ﬁTﬂfﬁﬁLﬂﬂE]HEJ‘IEJE)E]‘UL%ﬂGl’liJLLu’JLLﬂuﬂ"liJiJﬂ

D.

3.10 Operation -reflectTransformation() : Mnihaious o LEAASITLLMAUEIUTA

3.11 Operation -shearTransformation() : ¥t eudaURAMNLLMAUENUTA

'
s o 9

I { & @ J a 1w
4.GLUI Control : Wiuaaaiihmihdheadumsadrdinaanenudlfuazdounaluszuy
) . <3 o )
4.1 Attribute - GLUI Id : i usHavesiuoay o
. 3 A a
4.2 Attribute - GLUI Name : (Au%031toag 1o

4.3 Attribute - GLUI Type : fuszilinivesiusagle

@

. . o { ¢ a 1 .
4.4 Operation - clickButton() : nthiitumemssindniuvesiueaylo

Qs

. . . [ sld' ¢ o T A 4 =
4.5 QOperation - spinSpinner() : ‘vnﬂum%‘um@mimﬂmmmﬁﬂumaﬁmmmmag"la

o

o 4 @ 7
4.6 Operation - spinArcball() : Vnthhitumamssinyueinueavesiueayleo

[

. f A 1 @ 3
4.7 Operation - moveTranslationPanel(): ¥imThs umgmssiindouthe lasmsuasnahuy

Translation Panel

[

o { o a
4.8 Operation - selectCheckbox(): NI VMAMslHONUYLLLISA

@

. > [ 9 A & A a
4.9 Operation - selectRadio() : MMM LmMgMsalio YLD A To

Y

o 4 o a
4.10 Operation - openRolloutMenu() : ¥uiATUHANs aldlamyuuLanaveiueayle

& o K

. I { A Y] LY
5.Light Control : fluamefvhwifineanunsfuasuning laeldmgugvesls
. =] T
5.1 Attribute - Ambient Red : INUATTLUAIVDY Ambient

< 1
5.2 Attribute - Ambient Green : INUATAIAEIVDI Ambient

ld%’q

5.3 Attribute - Ambient Blue : Lﬁ‘l_lmﬁ HINUUDI Ambient

5.4 Attribute - Ambient Opacity : wumanuTusalaves Ambient
5.5 Attribute - Diffuse Red : (AUA11IASYD4 Diffuse

5.6 Attribute - Diffuse Green : IAUAFA87UD4 Diffuse

5.7 Attribute - Diffuse Blue : Lﬁmh?rﬁwﬁmm Diffuse

5.8 Attribute - Diffuse Opacity : fiua1n 13 Tal5elerve9 Diffuse

5.9 Attribute - Specula Red : fuaFinauns Specula
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5.10 Attribute - Specula Green : LﬁUﬁW%Lf‘fJEJ’JSU’EN Specula

|dg¢=

5.11 Attribute - Specula Blue : Auma HIUIUUBY Specula
5.12 Attribute - Specula Opacity : Lﬁ'ﬂﬂlm’lmiﬂé SYGETRN Specula
5.13 Attribute - Emission Red : Lfd]‘iJﬂ"la’Lm\i‘UEN Emission

< =)
5.14 Attribute - Emission Green : AUATA8IUD Emission

£

] 1 o A
5.15 Attribute - Emission Blue : 1iUA1814 119404 Emission
] 1 1
5.16 Attribute - Emission Opacity : oA 1U591av09 Emission

<1 1 Ly 2{ a
5.17 Attribute - Shiness Surface : INUAAI NN UG TIUDINHH

-
[

g Y

0 o ..
5.18 Operation - renderEmissionLight() : Muthin e J9DULIALLUY Emission

9 2]

5.19 Operation - renderSpeculaLight() : i luesdouanuuy Specula
5.20 Operation - renderDiffuseLight() : 1 1 uers®oU@ALLY Diffuse
5.21 Operation - renderAmbientLight() : il uaeSounniuyy Ambient

5.22 Operation - renderShinessSurface() : i uaedo U@ ALY Shiness
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User <<Ui>>GLUI :System ) :Primitive Object
| i 1
1 ] 1
Create Object ! : !
Request New Object
» createNewObject()

:
1
1
]
[}
1
1
[}
1
:
t
¢
! Response New Object G L L LR LS
t
1
]
!
t
1
1
|
1
|
I
1
1
1
|
1

~

3 1139 Sequence Diagram Create New Object

o]

ser <<Ui>>GLUI :System :LessonDetail
‘ 0 J
1 1 !
Select Lesson L L L
| .
»
Request Lesson
> showDetails()
Return Lesson Details
) Response Lesson R e e
Select Interactive Mode e

Request Interactive Lesson
-

A 4

openlinteractiveLesson()

>

) Return Interactive Lesson
Response Cemmmm e

Interactive Lesson

gﬂﬁ 3.10 Sequence Diagram Select Lesson
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User <<Ui>>GLUI :System
' '
] ]
Select Translation Object 1 :
> Request Translation
Object N

Select Scaling Object

Select Rotate Object
Select Reflect Object
Select Shear Object

:Object Transformation

Response Translation

Request Scaling Object

'Y

Response Scaling Object
R

Request Rotated Object

'y
Ll

Response Rotate Object
- e ]
Request Reflect Object

'y

Response Reflect Object

Jrome | _ BN WIS
Request Shear Object

Y

Response Shear Object

Cmmmm e

translateTransformation()

Return Object Translation

scalingTransformation()

Return Object Scaling

rotateTransformation()

Return Object Rotated

reflectTransformation()

Return Object Reflect

shearTransformation()

A 4

Return Object Shear

gﬂﬁ 3.11 Sequence Diagram Transformation Object
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Select Emission Light

:System

42

Select Specula Light
Select Diffuse Light
Select Emission Light
Select Shiness Surface

Request Emission Light

[

Response Emission Light
P I ——
Request Specula Light

A 4

Response Specula Light
P S

Request Diffuse Light

»
Ll

Response Diffuse Light
AL SR VARV A

Reguest Emission Light

.

Response Emission Light

& Aodll [
Request Shiness Surface

i
»

Response Shiness
Surface

renderEmissionLight()

\ 4

Return Emission Light

renderSpeculalight()

A 4

Return Sepcula Light

renderDiffuseLight()

Return Diffuse Light

renderEmissionLight() |

Lol

Return Emission Light

renderShinessSurface();

Ll

Return Shiness Surface

jﬂjﬁ 3.12 Sequence Diagram Render Light for Object
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- Programming Languages: C/C++
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4.2.1 Input/ Output Specification
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2.‘1Jﬂl§U‘NLﬂtJ’Jf’I1J§ﬂ‘VIN (GLUT 3 D Models)
Yo [ 9 9 A’ Aaak & =~ G
’lwmsmsuugmiﬁsNimﬂa‘wuj1usmnamnmwﬂamummnmwn'l‘i’
v =3 o ' I =3 a I = 2 Yy A v
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GLUT 3D Models
* Two main categories
* Wireirame Models

* Solid Models

+ Two main categories

* Cube: ghutWireCube(). ghut SolidCube ()

' + Cone: haWireCane(). gkt SoidCone()

* Sphere, Torus, Tetrahedron

* Teapot (symbolic)

okt WireTeapot(1.0):

- oras o o oavrw - o

31 4.2 wiheedmSvuniounenugUns s (GLUT 3D Models)
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< Lesson1: 3D Basic Geometry in OpenGL

r 3D Model Properties ———
| ¥ GLUT SOLID
| P GLUT WIRE
‘ WV Draw 3D- Axis ‘

‘ Color Surface] Orange ;]

[_Select 3D Objects =
| € 3D GLUT Sphere |
| ¢ 3D GLUT Cube
| € 3D GLUT Cone ‘
€ 3D GLUT Torus \

¢* 3D GLUT Octahedron

¢ 3D GLUT Dodecahedron

¢ 3D GLUT Icosahedron [
| € 3D GLUT Tetrahedron

¢ 3D GLUT Teapot

¢ 3D Applied ChrismasTree

¢ 3D Applied FirePlace

¢ 3D Applied Satellite

¢ 3D Applied Satumn

¢ 3D Applied Railway

| | ¢ 3D Applied Train |
¢ 3D Applied Satun

Quit l

i Translate Transformation 1-rRotation Transformation | - Symmetry Scaling-— -
| \ { ey P 1
i r “ | §
\__}_>| @ [ Symmetry]l.o 24
N\

|
o L,\,”/.l A ¥z
Translation XY Translation Z || {Rotation } | |

a v e V3V 0 ) a = o !
31N 4.3 wihveauAasenud 1 Fuuiueag lenyanuginss (GLUT 3D Models)
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KING MONSXETS INSTITUTE OF TICHNOLOGY LADKRABANG

Scaling Transformation

3D Modeling Using OpenGL

A scale transformation scales each of a vector's components by a (different) scalar. It is commonly used to shrink
or stretch a vector and matrix that scales a given vector by (SX.5Y.5Z) as demonstrated below.

(2x, 2y. 2)
(x.y.2)
Scaling by (2,2, 1)

(0,0.0)

Scailing Vector

OpenGL Method : void giScaled(GLdouble x, GLdouble y.GlLdouble z)
Parameters : Specify scale factors along the x. y, and 2 axes, respectively.

" L} L A )

wIVIR ¥ -

0 0 0 T SX-zx
0 SY 0 O y SY -y
0 0 SZ o z SZ -z
0 0 0 1 1 1

Scailing Matrix Transformation

%

o =p-} \
Scailing Y-axis Scailing X and Y-axis
alScaled(1.2.1) olScaled(2.2.2)

S ANTTTTYNA RS o & SIS Fe . &=

31 4.4 wiheedmsuunGewnernumsdens everu3iinss (Scaling Transformation)
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< Lesson 2 : Scailing & Matrix Transformation

- 3D Model Properties —— S|
¥ GLUT SOLID
F [GLUT WIRE | w

[ Draw 3D- Axis [

Color Surfaceleey .' |

[ _Select 3D Objects |
| 3D GLUT Sphere
‘ ¢ 3D GLUT Cube
| € 3D GLUT Cone
| € 3D GLUT Torus
| € 3D GLUT Octahedron
| ¢ 3D GLUT Dodecahedron
| € 3D GLUT Icosahedron
| & 3D GLUT Tetrahedron
| | € 3D GLUT Teapot
| € 3D Applied ChrismasTree
| € 3D Applied FirePlace
\ 3D Applied Satellite
| € 3D Applied Satum
¢ 3D Applied Railway
¢ 3D Applied Train
¢ 3D Applied Satumn

Quit

Scaling Transformation

= Sca"ng Details e
] ScaleX l——z 5 2 ‘ Try to spin Arc ball and adjust Spinner for Scaling Objected

OpenGL Scaling Method
vold-.giScaled ( GLdouble ScaleX GLdouble ScaleY, GLdouble ScaleZ);
|'void_glScalef (( GLfloat ScaleX,GLAoat ScaleY,; Glfloat ScaleZ);

[ N
\ ¥ ScaleY |25 2
arcBal  Scalez[2s E|

Scalling’s Matrix Representation —

MiL1fes 8 M(tZ][W_j
Miza oo 8 MR2azs 1y
Migifoo saMEs2]foo. g
M[u]['no—g M[AZ]FJ—O——_}

gilﬁ 4.5 11111%’17311Qﬂﬂﬁﬂﬂm’mlll‘ll'ﬂlnﬂﬂ 1'1’TWH§]l‘UﬂlﬁfJulﬂfJﬂﬂ1IU’VH Jrﬂlfﬂfﬁﬂﬂﬁﬁ

'
=

5. UNiTEUNEINUMIasUA VY W0331M5 3011A (Translation Transformation)

M[1,a||’ﬁ_—;_j
mMizayfoo 9
M133F[z5 '3
M[aajfﬁ-—_]

MiT41{00 2|
M[221[00 2|
M[34][00 .|
M(44]|10 ﬂ

Y o v A ﬁl o ° d’ o ] aa
T¥dmivseudinvanumshmsilaoudumisesginssamiia
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KNG MONGKUT'S INSTITUTL OF TECHNSLOSY LADKRASANG 3D Mode'ing Using 0penGL
Translation Transformation
: Translation is a function that moves every point a i in 2 specified direction. These are matrix representation
~ and Translationmoves a vector a certain distance in a certain direction. ;
+1,y+42, 243
g6~ e 100 X] (2 z+X-1
010Y||y|_ |y+Y-1
Translation by (1, 2, 3) 001 2 2l 12421 i
(xy.2) 000 1) \1 1 :
Translation Vector Translation Matrix
i %
! A
- - =
ey
Translate X and Y Axis Rotate Then Translated Translate then Rotate
gl Translated(2.2.0) The Order Transformation - Scailing > Rotate > Translate
OpenGL Method : void glTranslated Gldouble y GLdouble 2): :
Yo Tt (sthom oty SRR
Parameters : Specifythe x, y, and z coordinates of a translation vector.
- - L S NN oo, YW s mstairmbeteeteton | Sl 2wy :.i

d' 9y o o a o v o o ' aa
31 4.6 milnedmsuunGuuneadumsuldeudumisvesginisauida

= - Y o ° 1 an a 14 =3 Yt
6. unissuineInuMInlasuduniisvesyUns sadauuudumesueniiv - oy
1 a I ar A o i ° ' aa
mwsnldnudn@adedudlFuuiueag lerievhnmsn/aoudmisginseaniia Taold
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#2151 Translation Panel tasnuhe lauunuanila uazifoyhmsdsnmnnimos g

seuvwasnan 1dvznldownlas el



< Lessond:T

& Matrix T

3D Model Properties ——

M GLUT SOLID
M GLUT WIRE
F Draw 3D-Axis
[Color SurfacelOrange |

Select 3D Objects

|
|
|
=

¢ 3D GLUT Sphere

| ¢ 3D GLUT Cube
| ¢ 3D GLUT Cone

¢ 3D GLUT Torus

| € 3D GLUT Octahedron
| € 3D GLUT Dodecahedron

¢ 3D GLUT Icosahedron

¢ 3D GLUT Tetrahedron
(‘] D GLUT Teapot |

| ¢ 3D Applied ChrismasTree
| € 3D Applied FirePlace

¢ 3D Applied Satellite

¢ 3D Applied Saturn

¢ 3D Applied Railway

¢ 3D Applied Train

(‘ 3D Applied Saturn

Quit I

Translate Transformation = . Translation Detalls ————

i

=

|

Try to moye Translation Panel for Translate Objected

OpenGL Transiation Method

2 o

X

void glTranslated { GLdouble x, GLdouble y,GLdouble z);

Translatlon XY | Transiation 2 |

“void giTransiatef ( GLfloat x, GLfloat y, GLfloat z); m|

ARt S b

Translation’s Matrix Representation - ; T

‘ Mia1o - 8 M(12]|T30—_d M(131|To__| M[T41[-0843 . |
| Mizagfoo 3 Mizelio s Mz3ifon s Mm[zajfoses | g

1 MI31[00 i mfs2ifos e wisn)[io g PMgsalfos e

} M[41][T—_] M|4z)[ﬁ_'_{ M[43][ﬁ~'—_; M[44]l10—_‘j

9]
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7. UNFEUNEINVMINYUMULUINUVD TN IT WA (Rotated Transformation)

9 o v 9/(:; @ ° Aan
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Rotation Transformation

A rotation transformation rotates a vector around the (0.0,0) using a given axis and angle.Let’s do a small experiment.
:\‘:mmwmmmmwmm around it

and matrix representation.

Rotation around X-axis

Rotation around Y-auis

cosf 0 sind 0 F cosf.z 4 sinf. 2
0 ) - i . v
~sinf 0 cos@ 0 3 ~8ind-r+cosf.z
o 0 0 1 1 1
Rotation around 2-axis

| cosf - ~sind '0/.0] o cosf.x —sinb-y
4 sing cosé 0 0f |y | [sinb-z+cosb-y
Lt Ly X Pl= '
Vs 0 0 Y. of % 3
3 \\,,.‘/‘
- 0 0 | 0. Ty 1

Rotated Z Rotation around Z-axis l
OpsnGLMdui : vod Ldouble xGldouble y.GLdouble 2);
M GlevﬁUbd )
Parameters
th.yu% -Mam 2 l
- o el & AWV v e st Nl W FETATATAY R N L

31 4.8 niheedmSunnBeunenun1s iz Ins s uia (Rotated Transformation)

=3 A o aa a 14 o Y v 1 a 1
8. UnissuneINUMINYUMUlAuLBUmesueann - fEsummsalsnudiuaade
9 Y ~ Ao A ° ' Aa ai o
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M GLUT SOLID
M GLUT WIRE |
[V Draw 3D- Axis ’
Color SuﬂacelOrange - ‘
Select 3D Objects —|

¢ 3D GLUT Sphere

¢ 3D GLUT Cube

| | € 3D GLUT Cone

l b 3D GLUT Torus ‘
3D GLUT Octahedron ‘

¢ 3D GLUT Dodecahedron |

¢ 3D GLUT Icosahedron ~‘

¢ 3D GLUT Tetrahedron !

¢ 3D GLUT Teapot

| ¢ 3D Applied ChrismasTree |

¢ 3D Applied FirePlace ‘

¢ 3D Applied Satellite

¢ 3D Applied Saturn

¢ 3D Applied Railway

¢ 3D Applied Train

¢ 3D Applied Saturn

Quit ]
Rotation Transformation Rotation Details — S o = Y

| Try to spin Arc-ball for Rotate Objected |

@ I | OpenGL Rotation Method [ |
J | | void giRotated (GLdouble-angle, GLdouble X, GLdouble'y,GLdouble z); |

- void giRotatef {(GLfloat angle, GLfloat  x, GLfloat y,GLfloat 2); |

Rotated’s Matrix Representation ——— e 3= 1 1
M[1,1][0457672  aj-M1(1,21[047065 |2 M[1,3][-0754191 s mTA1f00 s,
M(21][0734083 2| Mj22)[0276331 |2 M[2,3][0615355 g ‘Mlza]fo0 2
| M[3,1)[0501505 3 m(32){-00837227 3] M[3,3)[-0z1004s 2| m[34lf00 3
Miatdfoo o Pmiazifor o Mi43ifo0 e MiaAgfie gy |

d' Y ' a 1 ) N Y ~ U ) o =\ = [ an
3N 4.9 iiiwedauAadeiug s iueay ledwmivunGemnenumsvyuginseauia

(Rotated Transformation)

9. UNGFEUINIINUMI T2 NOUVDIFUNT 1WA (Reflection Transformation)

Yo v A ¥ A o ana
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Reflection

i In mathematics, 2 reflection (also spelled reflexion) is a mapping from a Euciidean space to tsef that is an isometry with a
hypemlane as a set of fixed points; this set is called the axis {n dmension 2) or plane (n X

x-axis (y = 0) | ,lr‘. xy-plane
1 00 5 -1 0 0
[o -1 o] [o -1 oJ T
o0 1 o 0y /

yoaxis (x = 0)
-1 00
I.0 1 (I.I

loolJ

| 0 0 x x
0o Y0 v
=
0 0 -1 0 z ~Z
0 0 0 1 1 1
Reflections thiough the xz and the yz planes are defined similady - ; Reflections in Y-axis

OpenGL Method : _ Use Shering Matrix

310 4.10 nihwedmSuumBsuneanumsasHousinssauiia (Reflect Transformation)
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<~ Lesson 6 Rd'lechon Techmque Tnnsformatmn

3D Model Properties ———

| P GLUT SOLID
| ¥ GLUT WIRE
| @ Draw 3D-Axis
‘ Color Suﬂace|Grey J
[ _Select 3D Objects —l

¢ 3D GLUT Sphere
¢ 3D GLUT Cube
| € 3D GLUT Cone
| € 3D GLUT Torus
¢ 3D GLUT Octahedron
| ¢ 3D GLUT Dodecahedron
| € 3D GLUT Icosahedron
| ¢ 3D GLUT Tetrahedron
¢ 3D GLUT Teapot
¢ 3D Applied ChrismasTree
¢ 3D Applied FirePlace
¢ 3D Applied Satellite
| € 3D Applied Saturn
¢ 3D Applied Railway
¢ 3D Applied Train
¢ 3D Applied Saturn

Quit |

Reflect Transformation ==

& ScaIeX|1 0 -
ScaIeYI\,O -
scalez[1.0 217

=1 1 Reflection Details = —————

i Notes =No Method on OpenGL

Rotation

Reflection’s Matrix Representation —-

M([1,1][0893695 3 M[1Z]Wd M[131m_]
M[2,1][-07070z %] M[2:21[0967089 2} M[2,3][0713085 ‘'3
M[3,1)[-0026903 3} mt3z2)[-0722612 2] M[33][095208 |3
M[411[W__| M[4Z]|0_U_—_J M1431|3'0——_]

Lo 5 ]

Try to $pin Arc ball and spinnerto-Reflect Objected | |

M|14]IOD—___]‘ |
M{24fo0" g
M[aufﬁo—_j
M[44)[T——_p

54
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KING MONGKUT'S INSTITUTE OF TICHNGLOGY LADKRASANG

3D Modeling Using OpenGL

Shearing

|
}
| In plane geometry, a shear mapping is a linear map that displaces each point in fixed direction, by an amount proportional
f to ts signed distance from a line that is parallel to that direction. An example is the mapping that takes any point with coordinates x.y)
bhpoﬂb&.y)hhmthM lhohdhululhoxou and the signed distance is the y coordinate.
- Note that points on opposte sides e ine are displaced in

|
|

original x - shear y - shear

| [NENE
—f
T 1

Shearing in X-axis Shearing in Y-axis Shearing in X and Y-axis

0 X 4 ay + b
x4y 4+ ods
e #F N+

S &>
-— e .

0
0
1

ona n -
SN = 8

3D Matrix  Shearing Matrix

4
- = R - [ ————— I A S B 0 A B SRS P A ———— ] - N —

31 4.12 whead mivunSeune R ouvesging sauiia (Shearing Transformation)

P :i @ A oA a 4 ~ Yt Y
12. unouineanumsouvesginssauiaunuduaesteaiivl - i euaanso ldau
daudadenug IFunuiueay lererindouginssaniia Taoldathunes Shearing
" - 3 aa Ao '
X,Shaering Y 110 Shearing Z vimsRouging e lmuunuawiia uazdieinisds

\ = 1 = { A
Amnsiiimes lgszunwas ndi ldvznlaounlastl



< Lesson 5 : 3D Shear Technique Transformation
r 3D Model Properties —— 1
M GLUT SOLID ‘

M GLUT WIRE
P‘ Draw 3D- Axls

Color Surfacel Orange _]

| [ Select 3D Objects —ﬂ

¢ 3D GLUT Sphere i

¢ 3D GLUT Cube

¢ 3D GLUT Cone '
1
\
|
i
|
[

¢ 3D GLUT Torus
¢ 3D GLUT Octahedron
¢ 3D GLUT Dodecahedron
¢ 3D GLUT Icosahedron
¢ 3D GLUT Tetrahedron
¢ 3D GLUT Teapot
¢ 3D Applied ChrismasTree
| € 3D Applied FirePlace

¢ 3D Applied Satellite

¢ 3D Applied Saturn

¢ 3D Applied Railway

¢ 3D Applied Train
| ¢ 3D Applied Saturn

Quit I

r Rotation Transformation

|

Details =—
Try to spin Arc ball and adjust splnter to shear object

1.0
|'No Method for Shear Ob}ect
@ ShearY|10 _J‘ BB W s L AN N S, PN
Y Shaeer] 0 _d |

= 39 i sl i
\
|

Shear’s Matrix Representation =~~~ ——— Tl Fs ab 1701

' M[1,1][-0755531 | & M3 21]0550257 _;
' M(21][0630887 2 M{2,2][0754932 &
M[3,1][-0176576 |3} M[3,.2][-0085110 2

M[13]|DU79611 8 M[14]]00 _]

M(2,3][-0179125 & M{24][00 2|
M{3,3)[-09606 |3} M{34][00 = |

| 2 F_BBE N D (ERORTORIE TT RSO D) 1 = &

M[41]|DD J M[42]l00 ﬂ M[43]|00 _I M[44]|1U __|

1]':; ) - o ' 2 0w ylal = 1f| s W ~ = o A
3 Nn4.13 111”"l]ﬂﬁlni]aﬁjuﬂﬂﬁaﬂ‘l”;! %!HJ]J%LLO?]Q DEIHIUUNSIUNYINVIRNDU
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Light and Lighting

OpmGLcmmamoedwdudnpwhlfnd.&phyodebhddhhmMuP-tdlﬂsoomp\.lltion
depends on what lighting is used in the scene and on how objects in the scene reflect or absorb that light.

(]

FLAT SHADNG PHONG SHADNG

Phonguha&sgrdmlamﬂupolaﬁontedﬂmeforuﬂmmdhghBDwnpaergrapHc-.lbdaocdedPhong
i n l-vector ir lation ing.

i lation or

shading
-

Ambient * Diffuse Specular = Phong Reflection

Specular highlight is the bright spot of light that appears on shiny objects when illuminated for example, see image at right).
Spmjuw:nvmonnhwoompulerm.uﬂwmwdea:mngvmduuiorvnmapedmobjedmdlxbcdon
with respect to light sources in the scene.(See Images 3 Specular)

Diffuse reflection is the reflection of from & surface such that an incident ray is reflected at many angles rather than
at just one angle as in the case of specular. ion. An fluminated ideal diffuse reflacting suface will have equal luminance from
al directions which lie in the half space adjacent to the suface (See images 2 Dffuse).
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<~ Lesson 7 : Light & Lighting
3D Model Properties ——

¥ GLUT SOLID
I~ GLUT WIRE
l_ Draw 3D- Axls
‘ Suﬂace Color| Grey _|
‘ Select 3D Objects —

| € 3D GLUT Sphere

| ¢ 3D GLUT Cube

| € 3D GLUT Cone

| € 3D GLUT Torus

¢ 3D GLUT Octahedron

¢ 3D GLUT Dodecahedron
¢ 3D GLUT Icosahedron
¢ 3D GLUT Tetrahedron

¢ 3D GLUT Teapot

| € 3D Applied ChrismasTree
¢ 3D Applied FirePlace

¢ 3D Applied Satellite

¢ 3D Applied Saturn

¢ 3D Applied Railway

¢ 3D Applied Train

| € 3D Applied Saturn

[ Translate Transformation

i 8

Translation XY | Translation Z

AMBIENT LIGHT ——

AMBENTR[10 2|
AMBIENT G[0.40160 | 2

AMBIENT B[0.0 | 2§
AMBIENTO[10 e}

HaRUeeznTIm

"

\ | |
ol o [ 2’ | i
\,-\}—) \ ' 111 &

Rotation Transformation

Rotation

r DIFFUSE LIGHT — -

|
{4-DIFFUSE R[0.0 4

| DIFFUSE G|0 812321 /3] i

DIFFUSE BIO 0 _J v
i lD_

IFFUSE o]1 0 3

r SHINESS - ——

@ scaex[io _j i SHINESS|125785 __]
Scalev [1.0 3| | SPECULAR LIGHT = —
ScaleZ|1 0 3 . | spEcuLar[0.0 2

|' SPECULAG[0D 2
||-sPECULA B]T0 a1
\| sPecuLa ©fT0 2
| EMISSION LiGHT — —

EMISSION R[0.33651 _1

EMISSION G[043216 |2
|| EMISSION 8054563 | 3.,
|| EmisSION 010 :j ‘

[
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