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[OpenGL:1] OpenGL & (&

1. OpenGL & (Il ?

X[E Silicon Graphics fL(SG)MNHF L 72> TR LT3 RTLT T 74 v I ATA
TI7VTHD. SCULIXT T T 4 v AR LT T — 27 AT —3 3 v (GWS) O Bi%E % Flifi
HINZATY, BAED GWS ETBENT 2777 4 v 7 AT 477 U IRIS GL ZBi%E L7273,
ZDH, ZOMHEEARLZZA4 77 Y & LT OpenGL 23Bi% &4, 1992 412, OpenGL
Architecture Review Board(ARB)IZE VEEsnD Z & L2 n. (BEITEE(LFIA
The Khronos Group, OpenGL ARB Working Group THEHL I TW5)

OpenGL (X 3 RLa v B a—2 757 4 v 7 AREERGITMEST L2 SN
S ThY, BERITNEALTO IRICCC OHFEEZEI L TWD. £7- Open 727 A
TIVELTRART Ty 74 —L ETOTA 7T UBRRMES TS, 2 OF FH#iFE
IZJA<, CAD, 3WILCC Y7 v =T, 3D 7 —4, HiffHREOFEULED & & S F e/
THHEA TV,

*0penGL IZBH3 5 A4~ http://www.opengl.org/

2. VBI[Z& % OpenGL MEAHIRE

(1) Windows kT OpenGL B# =1 7 Y

- opengl132._dl1 OpenGL A& %Windows [ ZAEYECHRAT

- glu32.dll OpenGL Utility Library Windows (ZFE%ECYsft

- glut32.dl1 OpenGL Programming Guide Auxiliary Library
F 7213 freeglut.dll Al I

(2)OpenGL D BHFE B ES

OpenGL /X API (Application Programming Interface) & L Ci#fi &, C, C++,
Fortran, Java s DOt x 2 S8 b OBRENRTIRETH H. Z D% TlE, VisualBasic
DEREEN 5 D OpenGL ZHfE+ 25 Z L #ikA 5.

723, VB D OpenGL ZHET 572012, IHIZTA T TV ENTHRLERDHY, 4lH
X The Tao Framework |(ZXk 27477V &FHT5.
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3. OpenGL ZzFIAT 5D EHEE

1) Tao Framework ## 7> r—RLTA VR =T 5.
http://sourceforge.net/projects/taoframework/
Files -> 2.1.0 ~&#L, taoframework-2.1.0-setup.exe %
ZFyra—RL, 377 5.
(TaoFramework 731 > A h—/L &5, )
FNOYATE, http://w3.campus.myu.ac. jp/~makanae/tao/ 76 T AIHE

2) PC®»0S (Windows) 32y hTH5h, 64y b THLINEHERTS.
avha—A Rl > VAT LALEEXF2UT 4 -> VAT A T
AT LADOFEEHER (XX By M ARL—F 4 VT RAT L)

) FATFV 7 rANDat—
AVAR=NVLTET 4o 27 MY (GEFEIX C:¥Program Files(x86)¥TaoFramework)
o H o b 7 4 v 27 U 256 freeglut.dll % =2 v — L T
C:¥Windows¥SysWOW64 (ZiL Y i+ %

2B —: C:¥Program Files(x86)¥TaoFramework¥lib¥freeglut.dll
050 £+

[0S 78 64 £y FDHEA] C:¥Windows¥SysWowe4

[0S 332 By FDIFEA] C:¥Windows¥System32
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4) VB2010 TOREFE FLWIr s 7 LE2ERT H5EE, BEITOLEND D)
a) rLnwrey= MafElkT 5.
b) 7uv =z b >> BROIBIN >> 28 T,
C:¥Program Files¥TaoFramework¥bin 7>5LLFd DLL %R L OK.

Tao.OpenGl.dll, Tao.FreeGlut.dll

X A TV TR (F2 ¥ —%#4) BT,

Tao.OpenGl, Tao.Freeglut

MERINTODIVUESRITIELBIMENTWS .

4. OpenGL 7455 L7055 A

Imports Tao.OpenGl.Gl
Imports Tao.OpenGl.Glu
Imports Tao.FreeGlut.Glut

Public Class Forml
Private Structure AXxis
Dim x As Double
Dim y As Double
Dim z As Double
End Structure

Dim tr As Axis
Dim rot As AXis
Dim sc As Axis

Private Sub Forml_Load(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles MyBase.lLoad

glutlnitDisplayMode(GLUT_RGB Or GLUT _DOUBLE Or GLUT_DEPTH)
glutlnitQ

glutlnitWindowPosition(200, 200)
glutlnitWindowSize(500, 500)
glutCreateWindow("'smallest')

glutDisplayFunc(New DisplayCal lback(AddressOf Display))
glutReshapeFunc(New ReshapeCal lback(AddressOf Reshape))
glutMotionFunc(New MotionCal Iback(AddressOf MotionEvent))
glutMainLoop()

End Sub

Sub Display()
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
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glTranslatef(0.0#, 0.0#, -5.0#)
glRotatef(rot.y, 0, 1, 0)
glRotatef(rot.x, 1, 0, 0)
glScalef(1.0#, 1.0#, 1.0#)
glutWireCube(1.0#)
glutSwapBuffers()

End Sub

Sub Reshape(ByVal nWidth As Integer, ByVal nHeight As Integer)
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
gluPerspective(60, nWidth / nHeight, 1, 100)
gIMatrixMode(GL_MODELVIEW)
glLoadldentity()
glViewport(0, 0, nWidth, nHeight)

End Sub

Sub MotionEvent(ByVal x As Integer, ByVal y As Integer)
Static old As Axis

rot.x = rot.x + (y - old.y)
rot.y = rot.y + (x - old.x)

Display()
old.x = x : old.y =y
End Sub
End Class
CEE)

O TNTOTSLEAAL BODPCTOpenGLAEEIZEMET A EEHR LTI
(BTHO->THLIET)
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OpenGL D#lfHI&E TRnT S04

1. Windows £ T® OpenGL Ol

GLUT

Toolkit)

(OpenGL Utility

GLU (OpenGL Utility)

OpenGL7 T4 —iay

GL(OpenGLa7)

Window AT L

0S (H—=IL)

Graphics Hardware/Driver

2.0penGL M 704 S5 LitgE

GLUTD #1431k

A N—TF

glutMainLoop

GLUTS /T3 DL

EREORELEARIVT

D4R LEDIEE
glutInitWindowPosition
glutlnitWindowSize

glClearColor, gIClear

v

B e

TARTUAE—FDHTE
glutlnitDisplayMode

(BTG -4

v

v

ORI ITFD ISV

HERBDORE
glutDisplayFunc

glFlush

v

4R IERK
glutCreateWindow
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3. OpenGL D@ FHELUVERIZDONT
DT ORI

gl OpenGL H kD4 %24 (opengl32.d11T)

glu: OpenGL ®=—7 ¢ U T 4 Ofsr %73 (glu32.dil)

glut: OpenGL Utilitiy Toolkit OfMa % T
(glut32._dil 5\ id freeglut.dll 2V > 7)

@t OHERT
FIBOEERZRTEREF 2T TS,

ub: unsigned char, s: short us: unsigned short

b: signed char,

i: In, ut: unsigned int, f:float, d: double

(3)0penGL D&
OpenGL ITIXEREADEHEZ > THE Y, T GL_ (& TKXTF) ThhED

(i) CER~OBIICET 225 EE

http://fly.cc.fer._hr/~unreal/theredbook/
http://www.exa-corp.co. jp/solutions/ubiquitous/ubiquitous-solution/
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4. OpenGL 7OV SV [BELATOTSI VY] (FTRE, ERIEE)
) T

Imports Tao.OpenGl.Gl
Imports Tao.OpenGl.Glu
Imports Tao.FreeGlut.Glut
Public Class Forml
Private Sub Forml_ Load(ByVal sender As System.Object, ByvVal e As _
System.EventArgs) Handles
MyBase.Load
glutlnitQ
glutlnitDisplayMode(GLUT _RGBA Or GLUT_DEPTH)
glutlnitWindowSize(500, 500)
glutlnitWindowPosition(100, 100)
glutCreateWindow(*'ortho")

glutDisplayFunc(New DisplayCal lback(AddressOf Draw))
glutReshapeFunc(New ReshapeCal lback(AddressOf ViewSet))
glutMainLoop(Q)

End Sub

Private Sub ViewSet()
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
glOrtho(-1, 1, -1, 1, -1, 1)
gIMatrixMode(GL_MODELVIEW)

End Sub

Public Sub Draw()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()

glBegin(GL_POLYGON)
glVertex2f(-0.5, -0.5)
glvVertex2f(-0.5, 0.5)
glVertex2f(0.5, 0.5)
glVertex2f(0.5, -0.5)

glEndQ

glFlushQ
End Sub
End Class

XVB DT 4 X DXE :

V= >F T a->TFARNTT 4 X AT Ty 7 IZERLTEL
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Imports Tao.OpenGlI .Gl
Imports Tao.OpenGl.Glu
Imports Tao.FreeGlut.Glut

Public Class Forml
Private Sub Forml_ Load(ByVal sender As System.Object, Byval e As _
System.EventArgs) Handles MyBase.lLoad
Dim width As Integer = 500
Dim height As Integer = 500

glutlnitQ
glutlnitDisplayMode(GLUT _RGBA Or GLUT_DEPTH)
glutlnitWindowSize(width, height)
glutlnitWindowPosition(100, 100)
glutCreateWindow("'perspective')
glutDisplayFunc(New DisplayCal lback(AddressOf Draw))
ViewSet(50, width / height, 1, 100)
glutMainLoop(Q)

End Sub

Private Sub ViewSet(ByVval fov As Single, ByVal aspect As Single,
ByVal near As Single, ByVval far As Single)
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
gluPerspective(fov, aspect, near, far)
gIMatrixMode(GL_MODELVIEW)
End Sub

Public Sub Draw()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glTranslatef(0.0#, 0.0#, -5.0#)
glScalef(1.0#, 1.0#, 1.0#)
glutWireCube(l)
glFlushQ

End Sub

End Class

(FRE)

1. 4.(1)%HEIZ, glBegin, glVertex, glEnd ZRAWTC, FED=AMEHET 5705 5 LE/EK
LA &Y. GL_POLYGON M4 YIZ GL_LINE_LOOP IZDWZWTHELTHB &

(#=3K) glRotatef  glscalef &7 .

2. DQIZEYEINDIAREZOROLTYBEYIC 30 ERESEDLIICTI—FEERELG S

3. QDIAAKDEEE2 L LIZEAKE glScalef [C&YBE LG I

4. FEOIRTEMEMERL, ERBEEEAVTHELAESL (VA4VYITL—LTELLY) .

LiE1, 2, 3, 4ATHERLETOTSLEHAEBRE PDF 77 A I)LIZEESH, Moodle i L TIRET
BT L.

glBegin..glVertex. .glEnd [C& HRBEEICEAL TIEX, TRREHNESEICTHI L.
http://www.glprogramming.com/red/chapter02.html
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[OpenGLI|HEEMEET) VI L

1. ZE#175I(Matrix) D % E
glMatrixMode Z & ET % >> HT 2178 2% ET 5.

YA A T O5G gIMatrixMode(GL_PROJECTION)
BTV BB T DA gIMatrixMode (GL_MODELVIEW)

2. B L
AT (IESTR
glortho(left, right, bottom, top, near, far)
%) glortho(-2,2,-2,2,-1,1)
BRI
glFrustum(left, right, bottom, top, near, far)
left,right,bottom,top (X7 V v &> 7' O JEFE
near,far |37 VU v © 2 7 OW R D O HEfE
gluPerspective(fovy, aspect,zNear,zFar)
fovy 1 B 0~180°
aspect - width /7 height
zNear, zFar: 7 U v B> ZHOAD z i - 7= B
Ea—R— hORE
ERINTT 4 RUICKTHE2—FR— hOREIEZERTD.
glViewport(x, y, width, height)
%) glViewport(0, 0, width, height)

3. ETVILM

) glTranslate{fd}(x, y, 2)
#) glTranslatef(0.0, 0.5, 0.5)
=8 glRotate{fd}(angle, x, y, 2)

#1) glRotatef(45.0, 0.0, 1.0, 0.0) “Y#hF vz 45 E[nldx

JEX - i/ glScale{fd}(x, y, 2)
%) glScalef(2.0, -0.5, 1.0)
HER)BHE) - Bl - M/ NONEFIC LY, SN KBITER DD CTEER
PR - BLEATE ORE & BRI, T X TOMKROBE) - Bl L E 2 X XK.



ComputerGraphics(Makanae)

4. T VITEBDOER

O)EXTOTS L

" Forml LkIZ ListBox1l, Buttonl #E &Y %
Imports Tao.OpenGl.Gl
Imports Tao.OpenGl.Glu
Imports Tao.FreeGlut.Glut
Public Class Forml
Private Sub ViewSet(ByVal width As Integer, ByVal height As Integer)
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
gluPerspective(60, width /7 height, 1, 100)
glViewport(0, O, width, height)
gIMatrixMode(GL_MODELVIEW)
End Sub

Public Sub Draw()
Draw0() " E{79 % Draw *Y v K%#iR (Draw0 - Draw8)
End Sub

Private Sub Forml_ Load(ByVal sender As System.Object,
ByvVal e As System.EventArgs) Handles MyBase.lLoad
Buttonl.Text = "Drawl™
Buttonl._Enabled = False

glutlnitQ

glutlnitDisplayMode(GLUT _RGBA Or GLUT_DEPTH)
glutlnitWindowSize(500, 500)
glutlnitWindowPosition(100, 100)
glutCreateWindow(*'gl04'™)

glutDisplayFunc(New DisplayCal lback(AddressOf Draw))
glutReshapeFunc(New ReshapeCal lback(AddressOf ViewSet))

Me .Show()
Buttonl.Enabled = True
glutMainLoop()

End Sub

" 0. ERXTRYS LA

Public Sub Draw0()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glTranslatef(0.0#, 0.0#, -3.0#)
glutWireCube(0.5)
glFlushQ

End Sub

End Class

10
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(D) ARV R VERT LK YYERERET S
Dim tz As Single

Public Sub Buttonl Click() Handles Buttonl.Click
tz += 0.5
Drawl()

End Sub

"1l aRVKRREAVERT ZEICEYMKRERET S

Public Sub Drawl()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glTranslatef(0.0#, 0.0#, -10 + tz)
glutWireCube(0.5)
glFlushQ

End Sub

O FRRTYRERET S

Public Sub Draw2()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glTranslatef(0.0#, 0.1, -5.0#%)
glutWireCube(0.5)

For n As Integer = 1 To 100
glTranslatef(0.3, 0.2, 0)
glutWireCube(0.5)

Next

glFlushQ

End Sub

QGYABLIZHMEZEET D

Public Sub Draw3()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glRotatef(10, 1, 0, 0)
glTranslatef(0.0#, -3, -5.0#)
glutWireCube(0.5)

For n As Integer = 1 To 100
glRotatef(2, 0, 1, 0)
glTranslatef(0, 0, -0.5)
glutWireCube(0.5)

Next

glFlushQ

End Sub

11
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@GR EEEDOEEZEEFDICEESES[1]

Public Sub Draw4()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glTranslatef(0.0#, 0, -5.0#)
glutWireCube(l)
glRotatef(45, 0, 0, 1)
glScalef (0.2, 2, 0.2)
glutWireCube(0.5)
glFlushQ

End Sub

GAMEEEDOEZZFDICEESE5[2]

Public Sub Draw5()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glTranslatef(0.0#, 0, -5.0#)
glutWireCube(l)
glTranslatef(0, -0.5, 0) "%k
glRotatef(45, 0, 0, 1)
glTranslatef(0, 0.5, 0)
glScalef (0.2, 2, 0.2)
glutWireCube(0.5)
glFlushQ

End Sub

5. Pushmatrix & Popmatrix

glPushMatrix HEODEEELBRTIIZREIES.
glPopMatrix IR L CUOVEEEBITIICRY.

(1) PushMatrix, PopMatrix #RAWEMEEDMER

Public Sub Draw6()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glRotatef(10, 1, 0, 0)
glTranslatef(0.0#, -3, -5.0#)
glScalef(0.2, 2, 0.2) "COBRTEEZERORT—) VIR Thbhd
glutWireCube(0.5)

12
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TR —IVERBRITE L-EEROFTOET) VIRMTHEOND Z &IT1 5.
For n As Integer = 1 To 100

glRotatef(2, 0, 1, 0)

glTranslatef(0, 0, -0.5)

glutWireCube(0.5)
Next

glFlushQ
End Sub

(2)glPushMatrix, glPopMatrix OFIE(2)

Public Sub Draw7()
glClearColor(0, 0, 0, 0)
glClear (GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glRotatef(10, 1, 0, 0)
glTranslatef(0.0#, -3, -5.0#)

glPushMatrix()
glScalef(0.2, 2, 0.2)
glutWireCube(0.5)

glPopMatrix()

For n As Integer = 1 To 100
glRotatef(2, 0, 1, 0)
glTranslatef(0, 0, -0.5)
glutWireCube(0.5)

Next

glFlushQ
End Sub

(3)glPushMatrix, glPopMatrix OF|A(3)

Public Sub Draw8()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glRotatef(10, 1, 0, 0)
glTranslatef(0.0#, -3, -5.0#)

glPushMatrix()
glScalef(0.2, 2, 0.2)
glutWireCube(0.5)

glPopMatrix()

For n As Integer = 1 To 100
glRotatef(2, 0, 1, 0)

13
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glTranslatef(0, 0, -0.5)

glPushMatrix()
glScalef (0.2, 2, 0.2)
glutWireCube(0.5)
glPopMatrix()
Next

glFlushQ
End Sub

[#2) DrawO M5 Draw8 2 & 6H1=705 S LDEY A
Forml [Z ListBox1l & Buttonl #i& <.

Public Class Forml
Delegate Sub DrawDelegate()

Dim Draws() As DrawDelegate = { _
AddressOf DrawO,
AddressOf Drawl,
AddressOf Draw2,
AddressOf Draw3,
AddressOf Draw4,
AddressOf Draw5s,
AddressOf Draw6,
AddressOf Draw7, _
AddressOf Draw8 _

}

Private Sub ViewSet(ByVal width As Integer, ByVal height As Integer)

(B&)
End Sub

Public Sub Draw()
IT ListBoxl.Selectedlndex >= 0 Then
Draws(ListBoxl.Selectedindex) ()
Else
Draws(0) O
End IFf
End Sub

Private Sub ListBox1l SelectedlndexChanged(ByVal sender As _
Windows.Forms.ListBox, ByVal e As System.EventArgs) _
Handles ListBox1.SelectedlndexChanged

IT ListBoxl.Selectedindex = 1 Then
Buttonl.Enabled = True

Else
Buttonl.Enabled = False

End IFf

Draw()
End Sub

14
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Private Sub Forml_ Load(ByVal sender As System.Object,
ByVal e As System.EventArgs) Handles MyBase.lLoad
Buttonl.Text = "Drawl™
Buttonl._Enabled = False

glutlnitQ

glutlnitDisplayMode(GLUT _RGBA Or GLUT_DEPTH)
glutlnitWindowSize(500, 500)
glutlnitWindowPosition(100, 100)
glutCreateWindow(*'gl04'™)

glutDisplayFunc(New DisplayCal lback(AddressOf Draw))
glutReshapeFunc(New ReshapeCal lback(AddressOf ViewSet))

Me .Show()
AddDrawList() “ZDiT%EM

glutMainLoop()
End Sub

Sub AddDrawList()
ListBox1l.BeginUpdate()

For 1 As Integer = 0 To Draws.Length - 1
ListBoxl. Items.Add("'Draw' + i.ToString())
Next

ListBox1l.EndUpdate()
End Sub

‘“Draw0( M 5 Draw8()ETIE 4. LR L1-HBE
Public Sub Draw0()
(B&)
End Sub
P (Hﬁ) ......
End Class

GCEEME)
glTranslatef, glRotatef &2 AL TREEDRBHZEE LGS

METEE & HEEHS Draw0QI<i%) Oa— FZHREIL, REZERTRE

(i FARSIRE)
OpenGL ZAWT TRV IalL— b3 37055 LEFEZLREL.
- KI5k
- Oy LDk

2E L5 A b
http://www.glprogramming.com/red/
Chapter3 Z& Example3-6 %= &M
Ry O Example 3-7 &M

15




ComputerGraphics(Makanae)

[OpenGL:A4IARY k7—L%EES

1. FRXIXTAVR &

X r~7 147 A(kinematics) & 1%, A7 EORHE b oWikodhx %, BEEMEEIC
L KT B HETHD. MERETNETNOEIERZ ST, MRG0 X2 EKBT 5.

Forward Kinematics (IE&#EShY) TI%, SBEERICHT DEEROEBOERICLY
WEOHIEZ1T 5. )7, Inverse Kinematics (G¥iE@H*:) T, HEOEEZ 2%
SRONLEN DB E 7= 80, WEREIEERESS.

4, Forward Kinematics ZfAWCRrAy N7 —A%2HI#lIT 25707 T LE1ERK
T5.

2. ORyY F7—LEHES

\

a—FK

Imports Tao.OpenGl .Gl
Imports Tao.OpenGl.Glu
Imports Tao.FreeGlut.Glut

Public Class Forml
Dim wWidth As Integer = 500
Dim wHeight As Integer = 500
Dim rz As Single

Private Sub ViewSet(ByVal w As Integer, ByVal h As Integer)
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
gluPerspective(60, w /7 h, 1, 100)
glViewport(0, 0, w, h)
gIMatrixMode(GL_MODELVIEW)
End Sub

16
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Public Sub Draw()
glClearColor(0, 0, 0, 0)
glClear(GL_COLOR_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()
glTranslatef(0.0#, 0.0#, -5.0#)
drawAxisGlobal )
glRotatef(rz, 0, 0, 1)
glPushMatrix()
glTranslatef(0, 0.5, 0)
glScalef(0.2, 1, 0.2)
glutWireCube(l)

glPopMatrix()

drawAxis(Q)

glTranslatef(0, 1, 0)

glRotatef(rz, 0, 0, 1)

drawAxis(Q)

glPushMatrix()
glTranslatef(0, 0.5, 0)
glScalef(0.2, 1, 0.2)
glutWireCube(l)
glPopMatrix()

glFlushQ

End Sub

Public Sub drawAxis()
glColor3f(1, 0, 0)
glBegin(GL_LINES)
glVertex3f(-1, 0, 0)
glVertex3f(l1, 0, 0)

glEnd(Q

glBegin(GL_LINES)
glVertex3f(0, -1, 0)
glvVertex3f(0, 1, 0)

glEnd(Q

glBegin(GL_LINES)
glVertex3f(0, 0, -1)
glVertex3f(0, 0, 1)

glEnd(Q

glColor3f(1, 1, 1)

End Sub

Public Sub drawAxisGlobal()

glBegin(GL_LINES)
glVertex3f(-10, 0, 0)
glVertex3f(10, 0, 0)

glEnd(Q

glBegin(GL_LINES)
glVertex3f(0, -10, 0)
glVertex3f(0, 10, 0)

glEnd(Q
End Sub

17
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Private Sub Forml Load(ByVal sender As System.Object, ByvVal e As _
System.EventArgs) Handles MyBase.load
" Timer settings
Timerl_.Enabled = False
Timerl.Interval = 10

glutlnitQ
glutlnitDisplayMode(GLUT _RGBA Or GLUT_DEPTH)
glutlnitWindowSize(wWidth, wHeight)
glutlnitWindowPosition(100, 100)
glutCreateWindow(*'gl05'™)
glutDisplayFunc(New DisplayCal lback(AddressOf Draw))
glutReshapeFunc(New ReshapeCal lback(AddressOf ViewSet))
Me .Show()
glutMainLoop()

End Sub

Private Sub Buttonl MouseDown(ByVal sender As Object, ByVal e As _
System.Windows.Forms.MouseEventArgs) Handles
Buttonl .MouseDown
Timerl_Enabled = True
End Sub

Private Sub Buttonl MouseUp(ByVal sender As Object, ByvVal e As _
System._Windows.Forms.MouseEventArgs) Handles
Buttonl.MouseUp
Timerl_.Enabled = False
End Sub

Private Sub Timerl Tick(ByVal sender As Object, Byval e As _
System.EventArgs) Handles Timerl.Tick
rz = rz + 2
Draw()
End Sub

End Class

(T8 E )

1. robotarm. frm ZXIZ, ARy FT7—AIZxf L, ROFENTEL LS 7w/ 7 05U E
L7pEWn

DA bEIC EE2RT) LoiT 5.

DYHHEDY OFEEENTEH L DITT S,

2. 450 EborARy N7 —AEER LS

3. BHEOEEbORAR Y NOFEIER LS.

ERE 2, BI22LVT, BEAOMNSLSICHEBOETEEEHEE S DI—K (LEBI—KR O Draw
[CEZE) ZERIL TIRE I S & (REFEZ THIR)
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[OpenGL:5]0penGL 2L 57 = A— 3 Y

1. FTWNYT7) VT DERE
1)#MEAERE
GLUT ##i{tFs o glutinitDisplayMode (& GLUT _DOUBLE %% &1 % .
T AT NNy T 7 R
T XTIy T 7 EHEDRVGE
"glutlnitDisplayMode(GLUT_RGBA Or GLUT_DEPTH)
T ATy T 7 B GE
glutlnitDisplayMode(GLUT_RGBA Or GLUT_DEPTH Or GLUT_DOUBLE)
2) Ny 770Kz
INETHALTWEZ gIFlush ITf 2T, U Foa<r REfW5S .
glutSwapBuffers(Q

2. Yx—Ta4Y, FAT4UTDREE

Nox—T14 VT DERE

@®Forml_Load HIZLAFDa<wy REMx 5.
glDepthFunc(GL_LEQUAL ) "[EmALELIC IS 1T % Depth O¥IE Fik
glEnable(GL_DEPTH_TEST) "DepthTest # ON (27 %.
glShadeModel (GL_FLAT) "TTy N a—T AT EITI L EES

@®Draw 1 d giClear Z#LLFO X S IZEET 5.
glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)

D54 T42VTDERE
@®Forml_Load 7' m v —U ¥ L OO LAERET L.
Private Sub Forml_Load(ByVal sender As System.Object, Byval e As _
System.EventArgs) Handles MyBase.Load
Timerl.Interval = 10
Timerl.Enabled = False
glutlnit(Q)
B GH))
makemodel ()
SetLight()
Me.Show()
glutMainLoop()
End Sub
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UTFoY77ar—Ux 2 EKT 5.
Private Sub SetLight()
glLightfv(GL_LIGHTO, GL_AMBIENT, _
New Single() {0.3!, 0.3!, 0.3!, 1.0}
glEnable(GL_LIGHTING)
glEnable(GL_LIGHTO)
End Sub

3. T4RTLAM YR}
BTV TSN EREEO 7 V—T b

BIZIEZ AT ERA—NDEITHIZ L L TELEBmE 7L —TkLL, HHLDH
OpenGL ETa XA L LTHEL ZEIChy, MEKREBEAE 24 &, 2 fim 2 £54
5.

gINewList(gluint, GL_COMPILE)
“ETNVEERT D avy RERRT 5
glEndList()
Cxgluint 1354 )

4. BEILEEHED

W glos e . - ol o1 i
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B#4 % Teapot

Imports Tao.OpenGl .Gl
Imports Tao.OpenGl.Glu
Imports Tao.FreeGlut.Glut

Public

Class Forml

Private Structure Point3D

End

Dim X As Single
Dim Y As Single
Dim Z As Single
Structure

wWidth As Integer = 500
wHeight As Integer = 500

r As Point3D "[ElERA

addr As Point3D "EIERADIEMS
pos As Point3D  "¥IADLIE
dist As Single "B IERE

ComputerGraphics(Makanae)

Private Sub ViewSet(ByVal w As Integer, ByVal h As Integer)

End

Pub

End

gIMatrixMode(GL_PROJECTION)
glLoadldentity()
gluPerspective(60, w /7 h, 1, 100)
glViewport(0, 0, w, h)

"HRADKRTE (SEIZHRAITFE LA LND T GL_PROJECTION TER)

glTranslatef(0.0#, 0.0#, -10.0#)
glRotatef(20, 1, 0, 0)
glRotatef(10, 0, 1, 0)

"Matrix QY&
gIMatrixMode(GL_MODELVIEW)
Sub

lic Sub Draw()
glClearColor(0.3, 0.3, 0.4, 0)

glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)

glColor3f(1.0#, 1.0#, 1.0#)

glLoadldentity()
drawAxisGlobal )

"R DEE

glTranslatef(pos.X, pos.Y, pos.Z)
glRotatef(r.Y, 0, 1, 0)
glutSolidTeapot(l)

" glFlush 24X T glutSwapBuffers #Ml\3%

glutSwapBuffers()
Sub
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TEREEREC
Public Sub drawAxisGlobal()
glBegin(GL_LINES)
glvVertex3f(-10, 0, 0)
glVertex3f(10, 0, 0)
glEnd(Q
glBegin(GL_LINES)
glVertex3f(0, 10, 0)
glvVertex3f(0, -10, 0)
glEnd(Q
glBegin(GL_LINES)
glvVertex3f(0, 0, -10)
glVertex3f(0, 0, 10)

glEnd(Q
End Sub

"1 FDERTE
Private Sub setLight()
glLightfv(GL_LIGHTO, GL_AMBIENT,
New Single() {0.3!, 0.3!, 0.3!,1.0'}p
glEnable(GL_LIGHTING)
glEnable(GL_LIGHTO)
End Sub

Private Sub Forml_ Loadl(ByVal sender As Object,
ByvVal e As System.EventArgs) Handles Me.Load
Timerl.Interval = 10
Timerl.Enabled = False
glutlnitQ

T HETUNYTTIYT
glutlnitDisplayMode(GLUT _RGBA Or GLUT_DEPTH Or GLUT_DOUBLE)

glutlnitWindowSize(wWidth, wHeight)
glutlnitWindowPosition(300, 100)
glutCreateWindow(*'gl06'™)
glutDisplayFunc(New DisplayCal lback(AddressOf Draw))
glutReshapeFunc(New ReshapeCal lback(AddressOf ViewSet))
"VI—T4VIDEE
glDepthFunc(GL_LEQUAL) "FEEALIRIZE [+ 5 Depth DHIEH X
glEnable(GL_DEPTH_TEST) "DepthTest % ON [ZF 5.
glShadeModel (GL_FLAT) ISV RV I—TAUIEFTSIEEES
setLight(
Me .Show()
glutMainLoop(Q)

End Sub

Private Sub Buttonl MouseDown(ByVal sender As Object,
ByVal e As System.Windows.Forms.MouseEventArgs) _
Handles Buttonl.MouseDown

dist = I1f(e.Button = Windows.Forms.MouseButtons.Left, 0.01, -0.01)

Timerl.Enabled = True
End Sub
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Private Sub Buttonl MouseUp(ByVal sender As Object,
ByVal e As System.Windows.Forms.MouseEventArgs) _
Handles Buttonl.MouseUp

Timerl.Enabled = False
dist = 0
End Sub

Private Sub Button2_ MouseDown(ByVal sender As Object,
ByvVal e As System.Windows.Forms.MouseEventArgs) _
Handles Button2._MouseDown

addr.Y = If(e.Button = Windows.Forms.MouseButtons.Left, 1, -1)
Timerl_Enabled = True
End Sub

Private Sub Button2_ MouseUp(ByVal sender As Object,
ByvVal e As System.Windows.Forms.MouseEventArgs) _
Handles Button2.MouseUp

Timerl.Enabled = False
addr.Y = 0
End Sub

Private Sub Timerl Tick(ByVal sender As Object,
ByVal e As System.EventArgs) _
Handles Timerl.Tick
r.Y = r.Y + addr.Y

pos.X = pos.X + dist * Math.Cos((r.Y) /7 180 * Math.PIl)
pos.Y = 0
pos.Z = pos.Z + dist * -Math.Sin((r.Y) / 180 * Math.Pl)
Draw()
End Sub
End Class

a—R2 BETLXAT (1#)
Public Sub Draw()
glClearColor(0.3, 0.3, 0.4, 0)
glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)

glLoadldentity()
drawAxisGlobal )

"R DEE
glTranslatef(pos.X, pos.Y, pos.Z)
glRotatef(r.Y, 0, 1, 0)
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glPushMatrix()
glRotatef(-r.zZ, 0, 0, 1)
glutSolidSphere(0.3, 10, 10)
glutWireTorus(0.1, 0.3, 10, 20)
glPopMatrix()

" glFlush 24X T glutSwapBuffers #Ml\3%
glutSwapBuffers()
End Sub

Private Sub Timerl Tick(ByVal sender As Object, ByVal e As
System.EventArgs) Handles Timerl.Tick

r.Y = (r.Y + addr.Y) Mod 360
r.Z = (dist * 100 + r.Z) Mod 360
pos.X = pos.X + dist * Math.Cos((r.Y) /7 180 * Math.PIl)
pos.Y = 0
pos.Z = pos.Z + dist * -Math.Sin((r.Y) /7 180 * Math.Pl)
Draw()

End Sub

a—F3 BE#doHE (XA Y414

Private Sub Forml Load(ByVal sender As System.Object,
ByVal e As System.EventArgs) Handles MyBase.lLoad
Timerl.Interval = 10
Timerl_.Enabled = False

glutlnitQ

T HTUNYTTIYT
glutlnitDisplayMode(GLUT_RGBA Or GLUT_DEPTH Or GLUT_DOUBLE)

glutlnitWindowSize(wWidth, wHeight)
glutlnitWindowPosition(300, 100)
glutCreateWindow(''gl06'™)

glutDisplayFunc(New DisplayCal lback(AddressOf Draw))
glutReshapeFunc(New ReshapeCal lback(AddressOf ViewSet))

VI—TAVIDEE
glDepthFunc(GL_LEQUAL) "[EEALIEIZE TS Depth DHIEH X
glEnable(GL_DEPTH_TEST) "DepthTest % ON [2F 5.
glShadeModel (GL_FLAT) ISV RNV I—TAUIEFTSIEEES
setLight(
makeModel ) ‘—ZDITEEM
Me .Show()
glutMainLoop()

End Sub

Private Sub makeModel ()
gINewList(1, GL _COMPILE)
glutSolidSphere(0.3, 10, 10)
glutWireTorus(0.1, 0.3, 10, 20)
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glEndList()
End Sub

Public Sub Draw()
glClearColor(0.3, 0.3, 0.4, 0)
glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)
glColor3f(1.0#, 1.0#, 1.0#)

glLoadldentity()
drawAxisGlobal )

"R DEE
glTranslatef(pos.X, pos.Y, pos.Z)
glRotatef(r.Y, 0, 1, 0)

glPushMatrix()
glPushMatrix()
glTranslatef(-0.5, 0, -0.3)
glRotatef(-r.Z, 0, 0, 1)
glCallList(l)
glPopMatrix()
glPushMatrix()
glTranslatef(0.5, 0, -0.3)
glRotatef(-r.Z, 0, 0, 1)
glCallList(l)
glPopMatrix()
glPushMatrix()
glTranslatef(-0.5, 0, 0.3)
glRotatef(-r.Z, 0, 0, 1)
glCallList(l)
glPopMatrix()
glPushMatrix()
glTranslatef(0.5, 0, 0.3)
glRotatef(-r.Z, 0, 0, 1)
glCallList(l)
glPopMatrix()
glPopMatrix()
" glFlush 24X T glutSwapBuffers #Ml\5%
glutSwapBuffers()
End Sub

(V85 )
a— K1, 2LAiEOEE ZHAGDYE, BHEICESTBEITLI Ry h T —2%1EkL
7 VN, HEEEER Sy (draw) O a2 — REERTEERZHRILTIRE T 4L (CREIZEZTEUR).
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[OpenGLBlY T —T 4 YT DETE

I—TAVTETIL

—
\'l

Q)77 v bv=—7 47 (Flat shading) :
DA RO AR — & L CTHim$ 5 (Lambert shading)
ODAL—Av =T 47 o OREE 217 9 .
J-va—x=—7 427 (Gouraud shading) :
THROERRZ MANGEOERAOEEZRD, ZAHiH L CrOEZ iy 5.
74 x—7 42 (Phong shading) :
THROERA T SV EEIZ, mREROERT bVERD, U X0 EO @A R
ETD.

OpenGL (2 &by =—F 4 V7 DRE
7Ty M E—T 4 VT DORE
glShadeModel (GL_FLAT)
A L—AY = —F 47 (Gouraud Shading) DT
glShadeModel (GL_SMOOTH)

2. HOEREEY DAL

H O ETEROMEICLVIRESND. EEROME TR OAICKREEETD.
(RIBDIEMBBRIETE D)

ERRORE
giNormal3f (X, vy, 2)
R IT—RORE
glPolygonMode(GL_FRONT_AND_ BACK, GL_FILL) "fEz%0 >57

glPolygonMode(GL_FRONT, GL_FILL) TREBYOST
glPolygonMode(GL_BACK, GL_LINE) " I 2 O
glPolygonMode(GL_BACK, GL_POINTS) "I & RUCHE T
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ComputerGraphics(Makanae)

WiEH D WNTEDEDRESE

LLF O & 91z gIMaterial fv RIS RS T T HER H 5.

i)

Dim MaterialDiffuse(4) As Single
Dim MaterialSpecular(4) As Single
MaterialDiffuse(0)=.4 "#(R)
MaterialDiffuse(1)=.3 "#(G)
MaterialDiffuse(2)=.3 "&(B)
MaterialDiffuse(3)=1 "7I 277 (A)
MaterialSpecular(0)=.2 "#(R)
MaterialSpecular(1)=.2 "#(G)
MaterialSpecular(2)=.2 “&(B)
MaterialSpecular(3)=1 "7 77 (A)

"EESDO0OEBERZITIET (RIEAKRUILELL)

giIMaterialfv(GL_FRONT, GL_AMBIENT_AND DIFFUSE,, MaterialDiffuse)
"BRINDOFBZETRITETS (R&H)

gIMaterialfv(GL_FRONT, GL_SPECULAR, MaterialSpecular)

a—F
Imports Tao.OpenGl .Gl

Imports Tao.OpenGl.Glu
Imports Tao.FreeGlut.Glut

Public Class Forml
Private Structure Point3D
Dim X As Single
Dim Y As Single
Dim Z As Single
End Structure

Dim wWidth As Integer = 500

Dim wHeight As Integer = 500

Dim r As Point3D

Dim addr As Point3D

Dim pnt(100) As Point3D "#H=IZEE (R4 > FEZ)

Private Sub ViewSet(Byval w As Integer, ByVal h As Integer)
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
gluPerspective(50, w /7 h, 1, 100)
glViewport(0, 0, w, h)
gIMatrixMode(GL_MODELVIEW)
End Sub

Public Sub Draw(Q)
Dim n As Integer
Dim normal As Point3D "LE#Ri&HNAZLZH

"ERBORE (RGBA)

glClearColor(0.2, 0.2, 0.3, 0)
glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)
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glColor3f(1.0#, 1.0#, 1.0#)
glLoadldentity()

"CIIZSA DR IVEEEEZL L
"WMIADTEE) - BlER & FEAFREL.
glLightfv(GL_LIGHTO, GL_POSITION, New Single() {0.0!,
1.01, _1.0!, 1.0!'})

glRotatef(10, 1, 0, 0) "R S ElER
glTranslatef(0.0#, -1.0#, -5.0#) "tHARTE
glPushMatrix()

glRotatef(r.Y, 0, 1, 0)

glRotatef(r.z, 0, 0, 1)

"CIIETAMDRD D AVEEEERAHEMADEELE EHIC

"Z4 FHLEERT S.

- FillArray4f positionLighto(), 0!, 1!, 11, 11

" glLightfv GL_LIGHTO, GL_POSITION, positionLight0(0)

"MARDEDEETE 1
gIMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE, _
New Single() {0.45, 0.3, 0.15, 1.0})
glMaterialfv(GL_FRONT, GL_SPECULAR, New Single() _
{0.2, 0.1, 0.1, 1.0}

glutSolidSphere(0.3, 20, 20)
glPushMatrix()
glTranslatef(l1, 0, 0)

"MARDOBEDETE 2
gIMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE, _
New Single() {0.2, 0.2, 0.2, 1.0})
giMaterialfv(GL_FRONT, GL_SPECULAR, New Single() _
{0.3, 0.4, 0.4, 1.0p)
glutSolidSphere(0.5, 20, 20)
glPopMatrix()

TEEOYEOEE
gIMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE, _
New Single() {0.5, 0.1, 0.1, 1.0!'})
gIMaterialfv(GL_FRONT, GL_SPECULAR, _
New Single() {0.2, 0.1, 0.1, 1.0})
glPolygonMode(GL_FRONT, GL_FILL)
glPolygonMode(GL_BACK, GL_LINE)
glBegin(GL_POLYGON)
gINormal3f(0, 0, 1) "ZEDIETE
glvertex3f(-1, -1, 2)
glvVertex3f(1, -1, 2)
glvertex3f(0, 1, 2)

glEnd(Q
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"B RV -EOEE

pnt(0).X = -2 : pnt(0).Y = -1 : pnt(0).Z = -4
pnt(1).X = -1 : pnt(1).Y = -1 : pnt(1).Z = -4
pnt(2).X = 2 : pnt(2).Y = 0 : pnt(2).Z = -4
pnt(3).X =1 : pnt(3).Y =1 : pnt(3).Z = -4
pnt(4).X = -2 - pnt(4).Y =0 : pnt(4).Z = -4

VEROFE, 3ROAGEZINEKL.
gIMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE, _
New Single() {0.1, 0.1, 0.4, 1.0})
glIMaterialfv(GL_FRONT, GL_SPECULAR, New Single() _
{0.1, 0.1, 0.4, 1.0}
normal = calcNormal(pnt(0), pnt(1), pnt(2))

glPolygonMode(GL_FRONT_AND BACK, GL_FILL)

glBegin(GL_POLYGON)
gINormal3f(normal . X, normal.Y, normal.Z)
For n = 0 To 4
glVertex3f(pnt(n).X, pnt(n).Y, pnt(n).z2)
Next
glEnd(Q

glPopMatrix()
glutSwapBuffers()
End Sub

RYUTUDEBREHET S IO Dy
Private Function calcNormal(ByVal P1 As Point3D, _
ByVal P2 As Point3D, ByVal P3 As Point3D) As Point3D
Dim n As Point3D
Dim length As Single

n.X = (P2.Y - P1.Y) * (P3.Z - P2.Z) - (P2.Z - P1.Z) * (P3.Y - P2.Y)
n.Y = (P2.Z - P1.2) * (P3.X - P2_X) - (P2.X - P1.X) * (P3.Z - P2.2)
n.Z = (P2.X - P1.X) * (P3.Y - P2_Y) - (P2.Y - P1.Y) * (P3.X - P2_X)

"REOFE

length = Math.Sqrt(n.X * n.X + n.Y * n.Y + n.Z * n.2)
TEEARY MLIZT S

IT length <> 0 Then

calcNormal .X = n.X / length
calcNormal.Y = n.Y / length
calcNormal.Z = n.Z / length

End IFf
End Function

Private Sub SetLight()
glLightfv(GL_LIGHTO,GL_AMBIENT,New Single(){0.3, 0.3, 0.3, 1.0})
glEnable(GL_LIGHTING)
glEnable(GL_LIGHTO)

End Sub
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Private Sub Forml_Load(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles MyBase.lLoad
Timerl.Interval = 10
Timerl_Enabled = False

glutlnitQ

glutlnitDisplayMode(GLUT _RGBA Or GLUT _DEPTH Or GLUT_DOUBLE)
glutlnitWindowSize(wWidth, wHeight)
glutlnitWindowPosition(100, 100)

glutCreateWindow(*'gl0o7'™)

glutDisplayFunc(New DisplayCal lback(AddressOf Draw))
glutReshapeFunc(New ReshapeCal lback(AddressOf ViewSet))

glDepthFunc(GL_LEQUAL)
glEnable(GL_DEPTH_TEST)

UI—TAVIERE
"glShadeModel (GL_SMOOTH) "RL—RL xz—FT 4 U5 DIFE
glShadeModel (GL_FLAT) "75v k> xz—T 4T DigE

SetLight()

Me.Show()

glutMainLoop()
End Sub

Private Sub Buttonl MouseDown(ByVal sender As Object, Byval e As _
System._Windows.Forms.MouseEventArgs) Handles Buttonl.MouseDown

Dim add As Integer=11f(e.Button = _
Windows.Forms._MouseButtons.Left, 1, -1)

addr.Y
addr.Z

0
add * 10

Timerl.Enabled = True
End Sub

Private Sub Buttonl MouseUp(ByVal sender As Object, ByVal e As
System._Windows.Forms.MouseEventArgs) Handles Buttonl.MouseUp
Timerl_Enabled = False
End Sub

Private Sub Button2 MouseDown(ByVal sender As Object, Byval e As _
System._Windows.Forms.MouseEventArgs) Handles Button2.MouseDown
Dim add As Integer = lIf(e.Button = _
Windows.Forms._MouseButtons.Left, 1, -1)

addr.Y = add * 10

addr.Z = 0

Timerl.Enabled = True
End Sub
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Private Sub Button2_ MouseUp(ByVal sender As Object, Byval e As
System.Windows.Forms.MouseEventArgs) Handles Button2.MouseUp
Timerl_Enabled = False

End Sub

Private Sub Timerl Tick(ByVal sender As Object, Byval _
e As System.EventArgs) Handles Timerl.Tick

r.Z = r.Z + addr.Z
r.Y = r.Y + addr.Y
Draw()
End Sub
End Class

EEDEEREZLOELAREEBER,
glBegin(GL_POLYGON)
glNormal3f(0, 0, 1) EIREIRE
glVertex3f(0, 0, 0) EEEEIETE
glvVertex3f(2, 3, 0)
glVertex3f(3, 3, 0)
...... (B&)

ZO/D glut DRFEEIT > K
glutSolidCube, glutSolidDodecahedron, glutSolidSphere
glutSolidTeapot, glutSolidTorus, glutSolidCone #¢&
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[OpenGL:7|BBHUNE (5S4 T4 2Y)

1. BAETLICEITSRDSEE

e emission
BRE L ambient
LI diffuse

gt (BEmK)  specular
PR D VIO FHE R OWIERDFFEIZ L W IRESND.

2. JSRDIERE

TR
ROETR
ARy b T A R
L RedBook £ http://www.glprogramming.com/red/

3. 74 FDEE
glLightfv(light, pname, param)
light |2 GL_LIGHTO, GL_LIGHT1, - , GL_LIGHT7 £T
pname [ X3% EH H GL_AMBIENT %
param (35X & L 72 By 5

#i)
glLightfv(GL_LIGHT1, GL_AMBIENT, ambientLightl1(0)) “EREIHE
glLightfv(GL_LIGHT1, GL_DIFFUSE, diffuseLightl1(0)) "fEH#ta%E
glLightfv(GL_LIGHT1, GL_SPECULAR, specularLightl1(0)) "&iifi/ i i%E
glLightfv(GL_LIGHT1, GL_POSITION, positionLight1(0)) "7 4 FDOLER

it

FIROFEEA DR E
GL_POSITION T E$ 2 RNLE O RRIEREX,Y,Z,W) D w OfEIZ LD B s,
w=1 : JSOETR

w=0 : AT
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B1)

positionLightl1(0)=1

positionLightl(1)=1

positionLightl1(2)=0

positionLightl(3)=0 *Z ZOfEMN 0 THIUTTFATHIE, 1 THIUXRLE.
glLightfv(GL_LIGHT1, GL_POSITION, positionLight1(0))

ROGIROGE TN EIIRERE L L TRETE 5. £6E3EET 5.
FATHIRO G A I X B MR IE <, MEMREIZH 2060 (KB &35 A D723

L7Ru.
4. MEDOBDOIEE
ZIENOYRITK L CTEREDE, 580, St Gail ko T 2&RET
5.
B
glMaterialfv GL_FRONT, GL_AMBIENT, MaterialAmbient
glMaterialfv GL_FRONT, GL_DIFFUSE, MaterialDiffuse
glMaterialfv GL_FRONT, GL_SPECULAR, MaterialSpecular
5. O—F
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Option Explicit On
Imports Tao.OpenGl
Imports Tao.OpenGl.Gl
Imports Tao.OpenGl.Glu
Imports Tao.FreeGlut.Glut

Public Class Forml
Dim m_hGLRC As Long

Private Structure point3D
Dim X As Single
Dim Y As Single
Dim Z As Single

End Structure

Dim Rot As point3D

Dim Tr As point3D

Dim AddR As point3D

Dim AddT As point3D

Dim LightPos As point3D

Dim wWidth As Integer = 500
Dim wHeight As Integer = 500
Dim Initialized As Boolean = False

Private Sub Initialize()
glutlnitQ
glutlnitDisplayMode(GLUT_RGBA Or GLUT_DEPTH Or GLUT_DOUBLE)
glutlnitWindowSize(300, 300)
glutlnitWindowPosition(400, 100)
glutCreateWindow("'Light')
glutDisplayFunc(New DisplayCal lback(AddressOf draw))
glutReshapeFunc(New ReshapeCal lback(AddressOf SetView))
glDepthFunc(GL_LEQUAL)
glEnable(GL_DEPTH_TEST)
glShadeModel (GL_FLAT)
glEnable(GL_BLEND)
glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
Me .Show()
Initialized = True
SetLight(
glutMainLoop(Q)

End Sub

" HIEARRTE
Private Sub Forml_ Load(ByVal sender As System.Object,
ByvVal e As System.EventArgs) Handles MyBase.lLoad

Buttonl.Text = "Ambient™
Button2.Text = "Diffuse™
Button3.Text = "Specular"
Button4.Text = "Emit"
Button5.Text = ""Back"
Button6.Text = "Flat/Smooth"
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Button7.Text = "Move/Stop"

CheckBox1.Text = "Parallel™
CheckBox2.Text = "Point"
GroupBox1l.Text = "Light"

Labell.Text = "Alpha"

PictureBoxl.BackColor
PictureBox2.BackColor
PictureBox3.BackColor
PictureBox4.BackColor
PictureBox5.BackColor

Color.FromArgb(&HFF002110)
Color.FromArgb(&HFFO0OBB10)
Color.FromArgb(&HFFBBBB20)
Color._Black
Color._Black

ColorDialogl.FullOpen = True

NumericUpDownl.TextAlign = HorizontalAlignment.Right
NumericUpDownl . Maximum 255

NumericUpDownl.Minimum 0

NumericUpDownl.Value = 255

LightPos.X = 2 : LightPos.Y = 2 : LightPos.Z = 0

Timerl.Interval = 1
Initialize()

End Sub

Private Sub Buttonl Click(ByVal sender As System.Object, _

ByVal e As System.EventArgs) Handles Buttonl.Click
ColorDialogl.Color = PictureBox1.BackColor
ColorDialogl.ShowDialog()

PictureBox1.BackColor = ColorDialogl.Color
draw()

End Sub

Private Sub Button2 Click(ByVal sender As System.Object, _

ByVal e As System.EventArgs) Handles Button2.Click
ColorDialogl.Color = PictureBox2.BackColor
ColorDialogl.ShowDialog()

PictureBox2.BackColor = ColorDialogl.Color
draw()

End Sub

Private Sub Button3 Click(ByVal sender As System.Object, _

ByVal e As System.EventArgs) Handles Button3.Click
ColorDialogl.Color = PictureBox3.BackColor
ColorDialogl.ShowDialog()

PictureBox3.BackColor = ColorDialogl.Color
draw()

End Sub

Private Sub Button4 Click(ByVal sender As System.Object, _

ByVal e As System.EventArgs) Handles Button4.Click
ColorDialogl.Color = PictureBox4.BackColor
ColorDialogl.ShowDialog()
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PictureBox4 .BackColor = ColorDialogl.Color
draw(Q)
End Sub

Private Sub Button5 Click(ByVal sender As System.Object, _
ByVal e As System.EventArgs) Handles Button5.Click
ColorDialogl.Color = PictureBox5.BackColor
ColorDialogl.ShowDialog()
PictureBox5.BackColor = ColorDialogl.Color
draw()
End Sub

Private Sub CheckBox1l CheckedChanged(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handles _
CheckBox1.CheckedChanged
IT CheckBoxl1.Checked Then

glEnable(GL_LIGHTO)
Else
glDisable(GL_LIGHTO)
End If
AR
draw(Q)
End Sub

Private Sub CheckBox2_ CheckedChanged(ByVal sender As
System.Object, ByVal e As System.EventArgs) _
Handles CheckBox2.CheckedChanged

IT CheckBox2.Checked Then
glEnable(GL_LIGHT1)
Else
glDisable(GL_LIGHT1)
End IFf

T ERE
draw()
End Sub

T LI—TaUIYER
Private Sub Button6 Click(ByVal sender As System.Object, _
ByVal e As System.EventArgs) Handles Button6.Click
Static smoothFlag As Boolean
smoothFlag = Not smoothFlag

IT smoothFlag Then
glShadeModel (GL_SMOOTH)
Else
glShadeModel (GL_FLAT)
End If
draw()
End Sub

"R AT —EE
Private Sub Button7_Click(ByVal sender As System.Object, _
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ByVal e As System.EventArgs) Handles Button7.Click
AddR.Y = 1
Timerl.Enabled = Not Timerl.Enabled
End Sub

Private Sub Timerl Tick(ByVal sender As Object, _
ByVal e As System.EventArgs) Handles Timerl.Tick
Rot.Y = Rot.Y + AddR.Y
draw(Q)
End Sub

Private Sub NumericUpDownl ValueChanged(ByVal sender As Object, _
ByvVal e As System.EventArgs) Handles NumericUpDownl.ValueChanged
IT Me.Initialized Then
draw()
End If
End Sub

Private Sub SetView(ByVal nWidth As Integer, ByVal nHeight As Integer)
glViewport(0, 0, nWidth, nHeight)
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
gluPerspective(50, nWidth / nHeight, 0.2, 100)
gIMatrixMode(GL_MODELVIEW)

End Sub

Private Sub SetLight(Q)
"J4 FOFRECETER)
glLightfv(GL_LIGHTO, GL_AMBIENT, _
New Single() {0.5!, 0.5!, 0.5!, 1.01}) "IRENHRTE
glLightfv(GL_LIGHTO, GL DIFFUSE, _
New Single() {0.5!, 0.51, 0.5!, 1.01}) “#LBUA®BE
glLightfv(GL_LIGHTO, GL_SPECULAR, New Single() _
{0.51, 0.5!, 0.51, 1.01}) “BERHNAEXE
glLightfv(GL_LIGHTO, GL_POSITION, New Single() _
{0.01, 1.0!', 1.0!, 0.0'}) "S54 FOLEHRTE

"SAT a2 EERTEEIC
glEnable(GL_LIGHTING)
glEnable(GL_LIGHTO)
glDisable(GL_LIGHT1)
CheckBox1.Checked
CheckBox2.Checked

True
False

"J4 FDEE (RAR)
glLightfv(GL_LIGHT1, GL_AMBIENT, _

New Single() {0.2!, 0.2!, 0.2!, 1.01}) “IRES
glLightfv(GL_LIGHT1, GL DIFFUSE, _

New Single() {0.6!, 0.6!, 0.6!, 1.01}) “HLRELEER T
glLightfv(GL_LIGHT1, GL_SPECULAR, _

New Single() {0.2!, 0.2!, 0.2!, 1.01}) T"HBERHIHTE

al

L
5

onh

End Sub
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Public Sub draw()
gIMatrixMode(GL_MODELVIEW)

TERBORE
Dim bgColor As Color = PictureBox5.BackColor
glClearColor(bgColor.R / 255, bgColor.G / 255, bgColor.B /7 255, 1)

glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)
glLoadldentity()

THREDERE

glTranslatef(0, 0, -5)
glRotatef(10, 1, 0, 0)
glRotatef(Rot.Y, 0, 1, 0)

glLightfv(GL_LIGHT1, GL_POSITION, New Single() _
{LightPos.X, LightPos.Y, LightPos.Z, 1.01}) "S54 FOLERTE

"EROREE
glPushMatrix()
glTranslatef(0.5, 1, -5)

"SetColor 47 7AL—U vy ZHANV-RBETE
SetColor(New Single() {0.3, 0.05, 0.05, 1}, _
New Single() {0.6, 0.5, 0.05, 1}, _
New Single() {0.35, 0.1, 0.1, 1})
glutSolidCube(3.0)
glPopMatrix()

gliMaterialfv(GL_FRONT, GL_AMBIENT, GetColor(PictureBoxl))
glIMaterialfv(GL_FRONT, GL DIFFUSE, GetColor(PictureBox2))
glIMaterial fv(GL_FRONT, GL_SPECULAR, GetColor(PictureBox3))
glIMaterial fv(GL_FRONT, GL_EMISSION, GetColor(PictureBox4))

glPushMatrix()
glRotatef(-90, 1, 0, 0)
glutSolidCone(0.7, 2, 10, 10)
glPopMatrix()
glPushMatrix()
glTranslatef(-1, 0, -1)
glutSolidSphere(0.7, 10, 10)
glPopMatrix()
giMaterialfv(GL_FRONT, GL_EMISSION, New Single() {0, 0, 0, 0}
glutSwapBuffers()
End Sub

Sub SetColor(ByVal amb() As Single, Byval dff() As Single, _
ByVal spc() As Single)
giMaterialfv(GL_FRONT, GL_AMBIENT, amb)
gIMaterialfv(GL_FRONT, GL_DIFFUSE, dff)
glIMaterialfv(GL_FRONT, GL_SPECULAR, spc)
End Sub
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Function GetColor(ByVal pBox As PictureBox) As Single()
Dim c As Color = pBox.BackColor
GetColor = New Single() {c.R / 255, c.G / 255, c.B / 255, _
NumericUpDownl.Value / 255}
End Function
End Class

(R&E])
CNETIZBALEILEZH LI, OpenGL #AW:=TRYV S LEER LGS, RIER, UT
DEEEZRTHILDTHA I L.

1. A—H—DEEZHH - TpTEEHLDTHLH L.

2. ORy b7—LZEGRALEBENEEA TSI L.

3. BABLUBEBLENGEIATNSI L.
KTZ—LECYEIAL—2avEMASLERE ITXEMASHI L.
1 A 10 B(K)12:50 £TITE-mail HFFFIT7ANICTIH NI ZEEMLTA—ILT
EETHI L.

A LOBAIF FEES (FA) KA

DA ILEFRIE FEES.zip

- EEXA—ILT FL R : makarepo@myu.ac. jp

SHROFE)

1A 108 (K) EELE (TJLoT12Y)
1R178 (K) T9RFaT7IVEYT Q)
1248 (K) T9RFaT7IVELT(2)
1A318 (K) £& - &R BREF VY
CRERBIREER :2A58 (K) )
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[OpenGL:8] BEWE (TLTa )

1. BEBICKYagELE
1)) S VART LY 1 (transparency ; BHARE)
TOVT 7 EE RS, WIRICK L CEPEEZRET D (U7 AR EDORE).
itF?VX&7V/V4k7X7%%wt77X%n77yt/&%ﬁﬁébﬁé
TNT 7=y 70X, FRCBARSEOKERY I 0% b OWERORELERIZ AN TH
5.
27 UF I A1) T Y (anti-aliasing)
ARG EE CEGREE L7288 AT 2 oA U 7 AZBRET 5 HIR.
F)alias & iX
AR CEB A FIR LSS IR ETHHRTHY, MEOT Y VIAETLHV v ¥
— (FHXH), 1&LT“TE@JT%’>%M§$A;B@ 28, © U BALLTFOKE SOMIERNIE
BT AEEO R, REEOHG Y — A LDET LR EBEOBERR S 5,
3)7 #+ Y (fog; &)
FOX4LDOHEY, BERBTHTFETHS. ZNICEY, BHFOET U TR ARELE R
VF—2amaPR<THILNRTEDLLLEBIL, RVEWBIERELBEDLZLNTED.

2. FSUARARTLIUY 4 DEE
1EEDOEKEEDS
glBlendFunc(sfactor, tfactor)
B glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
DEENEEZEMIZT S
glEnable(GL_BLEND)
HEYRT AT LY g %a&ﬁza‘%%% (2 LT, BATHE (GL_DEPTH_TEST)
BRI E 2556005, £OH, BWEELRET 2WIKE & ICHImT 2 X 512
THZENAETHS.

3. Fog MERTE
1)Fog ICEAT 2/854A—4% (B%, 747 D8, R, EHE) 28EITH
glFogfv(pname, param)
B
“fogclrQlI=—¥—DERHK L 7-ALd
glFogfv(GL_FOG_COLOR, fogclr)
glfogfv(GL_FOG_DENSITY, 0.3)
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2)Fog #EB#IZT B
glEnable(GL_FOG)

(8F) 7oFTAVT VT DERE
1)EEDOEKZEED D
glBlendFunc(sfactor, tfactor)
#1) glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
QRBNELZAMICT S
glEnalbe(GL_BLEND)
NZ7VFIANVTIUIDREERET D
glHint(target, hint)
%) glHint(GL_POLYGON_SMOOTH_HINT,GL_FASTEST)
T OFIA VT TEREMTS.
#)glEnable(GL_POLYGON_SMOOTH ) "& VU Z > DFH
glEnable(GL_LINE_SMOOTH) "HOBEA
") 7rFoA VT T ERWASEICITRITEHE (GL_DEPTH_TEST)IEff 2 72\ .
(gIDisable(GL_DEPTH_TEST) & L TR LENRHD.)

ZDH, BEMBMNDTWLRY T2 /B LRNE 91, UTOoREEZ L TEL.
glCul IFace(GL_BACK) "EHAMWTWDRY TUOERITEEZEIND.
glEnable(GL_CULL_FACE)

FlT o TF2AVT IR, HEEEE IV EL RS,

(BT = A —3 3 ZIERE)

4. A—F2 (S VARFLUY A = T4+ Y)
Imports Tao.OpenGl

Imports Tao.OpenGl .Gl

Imports Tao.OpenGl.Glu

Imports Tao.FreeGlut.Glut

Public Class Forml
Dim m_hGLRC As Long

Private Structure axis
Dim X As Single
Dim Y As Single
Dim Z As Single

End Structure

Private Structure Texture
Dim Tex() As Byte
Dim W As Integer
Dim H As Integer
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End Structure

Dim Rot As axis

Dim Tr As axis

Dim AddR As axis

Dim AddT As axis

Dim wWidth As Integer = 500
Dim wHeight As Integer = 500

" HIEARRTE

Private Sub Form Load() Handles MyBase.lLoad
Timerl.Interval = 100
Timerl.Enabled = False
Initialize()

End Sub

"R A I —FEE

Private Sub Buttonl Click() Handles Buttonl.Click
AddR.Y = 5
Timerl.Enabled = Not Timerl.Enabled

End Sub

Private Sub Timerl Tick() Handles Timerl.Tick
Rot.Y = Rot.Y + AddR.Y
display(Q

End Sub

Private Sub SetView()
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
Glu.gluPerspective(50, wWidth /7 wHeight, 0.2, 10000)
gIMatrixMode(GL_MODELVIEW)
glViewport(0, 0, wWidth, wHeight)
glTranslatef(0, -1, -3)
End Sub

Private Sub Initialize()
" GLUT Window
glutlnitQ
glutlnitDisplayMode(GLUT _RGBA Or GLUT_DEPTH Or GLUT_DOUBLE)
glutlnitWindowSize(wWidth, wHeight)
glutlnitWindowPosition(100, 100)
glutCreateWindow("'Antialias'™)
glutDisplayFunc(New DisplayCal lback(AddressOf display))
glutReshapeFunc(New ReshapeCal lback(AddressOf SetView))

glDepthFunc(GL_LEQUAL)
glEnable(GL_DEPTH_TEST)

glShadeModel (GL_SMOOTH)

CEEDMEBEIEET S,
glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
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TEREAEWICTS.
glEnable(GL_BLEND)

Dim fogclr(0O To 3) As Single

fogclr(0) = 0.8
fogclr(1) = 0.8
fogclr(2) = 0.7
fogclr(3) =1

"Fog ZE®IZT B
glFogfv(GL_FOG_COLOR, fogclr)
glFogfv(GL_FOG_DENSITY, 0.21)
glEnable(GL_FOG)

Me.Show() " Show Form

SetView()
SetLight(

glutMainLoop(Q)
End Sub

Private Sub SetLight(Q)
glLightfv(GL_LIGHTO, GL_AMBIENT,
New Single() {0.2!, 0.2!, 0.2!, 1.0!}) “IREBENHTE
glLightfv(GL_LIGHTO, GL_DIFFUSE,
New Single() {1.0!, 1.01, 1.0!, 1.01}) “HiBiAHRTE
glLightfv(GL_LIGHTO, GL_SPECULAR,
New Single() {1.0!, 1.0!, 1.0!, 1.01}) "SEERENLETE
glLightfv(GL_LIGHTO, GL_POSITION,
New Single() {0.0!, 1.0!, 1.0!, 0.0!}) "S54 FDOEIEESF
T (ETHRDEE, BHD4EFEBEO)

"SAT a2 EERTEEIC
glEnable(GL_LIGHTING)
glEnable(GL_LIGHTO)
"glEnable GL_LIGHT1

End Sub

Public Sub display(Q)
gIMatrixMode(GL_MODELVIEW)
TERBORE
glClearColor(0.8, 0.8, 0.9, 1)

glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)
glLoadldentity()

THRERDERE

glTranslatef(0, -1, -5)

glRotatef(10, 1, 0, 0)
glRotatef(rot.Y, 0, 1, 0)
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"EROREE

glPushMatrix()

glTranslatef(0.5, 1, -5)

SetColor(0.01, 0.01, 0.03, 0.1, 0.1, 0.3, 0.1, 0.1, 0.25, 1)
glutSolidCube(3)

glPopMatrix()

glPushMatrix()

glRotatef(-90, 1, 0, 0)

SetColor(0.01, 0.01, 0.01, 0.2, 0.2, 0.22, 0.2, 0.2, 0.22, 1)
glutSolidCone(0.7, 2, 10, 10)

glPopMatrix()

glPushMatrix()

glTranslatef(-1, 0, -1)

SetColor(0.3, 0.05, 0.05, 0.3, 0.05, 0.05, 0.35, 0.1, 0.1, 0.8)
glutSolidSphere(0.7, 10, 10)

glPopMatrix()

glutSwapBuffers()

End Sub

Private Sub SetColor(ByVal ambR!, Byval ambG!, Byval ambB!,

Byval difR!, Byval difG!, Byval difB!, ByVal specR!, _
ByvVal specG!, ByVal specB!, ByVval alphal)
Dim MaterialAmbient(3) As Single
Dim MaterialDiffuse(3) As Single
Dim MaterialSpecular(3) As Single

MaterialAmbient New Single() {ambR, ambG, ambB, alpha}
MaterialDiffuse New Single() {difR, difG, difB, alpha}
MaterialSpecular = New Single() {specR, specG, specB, alpha}
giMaterialfv(GL_FRONT, GL_AMBIENT, MaterialAmbient(0))
glIMaterialfv(GL_FRONT, GL _DIFFUSE, MaterialDiffuse(0))
giMaterialfv(GL_FRONT, GL_SPECULAR, MaterialSpecular(0))

End Sub

End Class

EE

CNETIHERLEZELDTAYFLITEERE (RS VART LUV ELUVT+T) OHR
EMAETOYSLEERL, ZOHAEBZREENM L TRE LG EL.  (REIZEZE TEYR)

44




ComputerGraphics(Makanae)

[OpenGL:9] T RFa1F7IVvELS

1. TORFaATF7IVEUT EIE

=

5. BIZITRIOBEZVED B EIT, AETHNIEL D1 OO ZET Y 74 D MLEN
BHAEW, TIAF 2T~ TE2HANDZ LX), BEPOHRTE DN 72 FR
BRAREL 72D,

BWIAT V=7 FORMEIIK L, BHERKRHADOTOOEGT —F 2850 (1172 FETH

XN T BT
BFHIZRAEE (A7 Y =7 FREDIERNZ MUK L TRLEXE X2 D) I[Tkb, Kifli

OMihZ RIS DL FETHD.
(0,17

(1,1

2. TORF1AT7IRVEVIDEERZR ' A

FUAF 2T <y LTIV A ITA

XD X 5 7 AR (UV) &2 6D,

MT I AF 2T OBV ET 7 B EES

00,00

3. TORFaATF7IRYEVTERAW:=T FHAF 27 R
mEyASFN

(V&)

texL.bmp & W9 A HITBMP EXOEIER Y 7 A VEIERT D Z L.
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(%)

Imports System.Drawing. Imaging
Imports Tao.OpenGl

Imports Tao.OpenGl .Gl

Imports Tao.OpenGl.Glu

Imports Tao.FreeGlut.Glut

Public Class Forml
Private Structure AXxis
Dim X As Single
Dim Y As Single
Dim Z As Single
End Structure

Dim texture() As Integer = New Integer() {1} "TOU9ARFa7IXvEVIH

DEF
Dim Rot As Axis
Dim Tr As Axis
Dim wWidth As Integer = 500
Dim wHeight As Integer = 500

Private Sub Commandl Click() Handles Buttonl.Click
Timerl.Enabled = Not Timerl.Enabled
End Sub

Private Sub Form Load() Handles MyBase.lLoad
Timerl.Interval = 10
Timerl.Enabled = False
Buttonl.Text = "[E#5"
Form_Initialize()
End Sub

Private Sub Form Initialize()
Initialize()
End Sub

Private Sub Timerl Tick() Handles Timerl.Tick
Rot.Y = Rot.Y + 5
display(Q

End Sub

Private Sub SetView()
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
glFrustum(-2, 2, -2, 2, 2, 100) " gluPerspective DRE
gIMatrixMode(GL_MODELVIEW)
glViewport(0, 0, wWidth, wHeight)
End Sub

Private Sub Initialize()
glutlnitQ
glutlnitDisplayMode(GLUT _RGBA Or GLUT_DEPTH Or GLUT_DOUBLE)
glutlnitWindowSize(wWidth, wHeight)
glutlnitWindowPosition(100, 100)
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glutCreateWindow("'Texture 1')
glutDisplayFunc(New DisplayCal lback(AddressOf display))

Me .Show()

glDepthFunc(GL_LEQUAL)
glEnable(GL_DEPTH_TEST)
glShadeModel (GL_FLAT)

"Fog

glFogfv(GL_FOG_COLOR, New Single(Q {1, 1, 1, 1}
glFogfv(GL_FOG_DENSITY, 0.11)

glDisable(GL_FOG) "fog # ON 23 %35&(ZI% glEnable GL_FOG

SetView()
SetLight(
LoadTexture()

glutMainLoop()
End Sub

T RF 1T ERDHRHAH
Private Sub LoadTexture()
T EBITAILDFEHAH
T EBRIFAIVEBESOERLET 7 AILA
" NRRBEBHRETED, ETTFAMILDHHETHITEL
([7e2xY DT 4 L% FYJ]\bin\Debug)
Dim image As Bitmap = New Bitmap(''texl.bmp'™)

T EREROIRG
image.RotateFlip(RotateFlipType.RotateNoneFlipY) " tTFXREx
Dim rectangle As Rectangle = New Rectangle(0, 0, _
image.Width, image.Height)
Dim data As BitmapData = image.LockBits(rectangle, _
ImageLockMode .ReadOnly, PixelFormat.Format24bppRgb)

"TORFATDER - BRE

glGenTextures(1, texture)

glBindTexture(GL_TEXTURE_2D, texture(0))

Gl.glTexImage2D(GI.GL_TEXTURE_2D, 0, GI.GL_RGB8, image.Width, _
image.Height, 0, GI.GL_BGR, GI.GL_UNSIGNED BYTE, _
data.Scan0)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST)

End Sub

Private Sub SetLight()
SETARR (EE)
Dim valueLight0(3) As Single
Dim positionLight0O(3) As Single

“fillarray4df 31— —EF%
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valueLightO = New Single() {0.7!', 0.7!, 0.7}, 1.0}
positionLight0 = New Single() {0.0!', 1.0!', 1.0!', 0.0}

glLightfv(GL_LIGHTO, GL_AMBIENT, valuelLightO)
glLightfv(GL_LIGHTO, GL_DIFFUSE, valuelLightO)
glLightfv(GL_LIGHTO, GL_SPECULAR, valueLightO)
glLightfv(GL_LIGHTO, GL_POSITION, positionLight0)

glEnable(GL_LIGHTING)
glEnable(GL_LIGHTO)
End Sub

Private Sub display()
Dim MaterialDiffuse(3) As Single
Dim MaterialSpecular(3) As Single

gIMatrixMode(GL_MODELVIEW)
glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)
glClearColor(0, 0, 0, 0)

glLoadldentity()

glTranslatef(0, 0, -5)

"TOAXF1T ON
glEnable(GL_TEXTURE_2D)
glRotatef(Rot.Y, 0, 1, 0)

MaterialDiffuse = New Single() {0.2, 0.2, 0.2, 1.0}
MaterialSpecular = New Single() {0.25, 0.25, 0.3, 1.0!'}
giMaterialfv(GL_FRONT, GL_AMBIENT_AND DIFFUSE, MaterialDiffuse)
gIMaterialfv(GL_FRONT, GL_SPECULAR, MaterialSpecular)

glBegin(GL_QUADS)

glNormal3f(0, 0, 1) “EBDHTE
"TORF X TERDHRTE  RUMEOER
glTexCoord2f(0, 0) : glVertex3f(-4, -4, 0)
glTexCoord2f(1, 0) : glVertex3f(4, -4, 0)
glTexCoord2f(1, 1) : glVertex3f(4, 4, 0)
glTexCoord2¥(0, 1) : glVertex3f(-4, 4, 0)
glEnd(Q

"TOARXF1T OFF
glDisable(GL_TEXTURE_2D)

"BREHC

glTranslatef(0, 0, 2)

MaterialDiffuse = New Single() {0.4, 0.4, 0.1, 1.0}

MaterialSpecular = New Single() {0.3, 0.3, 0.1, 1.0!'}

gIMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE, _
MaterialDiffuse(0))

glIMaterialfv(GL_FRONT, GL_SPECULAR, MaterialSpecular(0))

glutSolidSphere(0.5, 20, 20)

glutSwapBuffers()

End Sub
End Class
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4. TORF1LTEBDOEYERL

BlzE7 vy 7 BElR BT 256, YA XONSRT 7 AF 2 T i AV R L
VY BT T LN RINTHD. L, vy VTl E R 2B AT, ﬁﬁ
618 2 WITHET PR T E D L DT D EDRH 5.

O:RE A

TORFT7OREZEEZUTOELSICEZLDMNENHD. (FHEAEZHREBEHICTS)
glPixelStorei (GL_UNPACK_ALIGNMENT, 1)
glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_LINEAR)
glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_LINEAR)
glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MAP_FILTER, GL_LINEAR)
glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR)
gl TexEnvF(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL)
glEnable(GL_TEXTURE_2D)
glTexImage2D(GL_TEXTURE_2D, 0, 3, Tex(0).Width, Tex(0).Height,

0, GL_BGR, GL_UNSIGNED_BYTE, Tex(0).DataO)

MAELDT I RF 17 EEDHRE

glBegin(GL_QUADS)
ERDERE
gINormal3f(0, 0, 1)
"TORF N TERDHRE  RUYMIEDIER
glTexCoord2f(0, 0): glVertex3f(-1, -1, 0)
glTexCoord2f(2, 0): glVertex3f( 1, -1, 0)
glTexCoord2f(2, 2): glVertex3f( 1, 1, 0)
glTexCoord2f(0, 2): glVertex3f(-1, 1, 0)

glEndQ

KTV AF 2T <y BV TITHT 5 T A_T L g
~ v BT EITRSEMRICBELTYH, MROGREICB 2T V7 7 iz 1 LV/IhE
<FBHZLicky, RS ART LYY 4 DBENRARETH 5.

5. > F)La—FK

Imports System.Drawing. Imaging
Imports Tao.OpenGl

Imports Tao.OpenGl .Gl

Imports Tao.OpenGl.Glu

Imports Tao.FreeGlut.Glut

Public Class Forml

Private Structure axis
Dim X As Single
Dim Y As Single
Dim Z As Single

End Structure

T TFYHORFATT—AREAISR
Private Class Texture
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Public Tex() As Integer
Public Data As BitmapData

Public Image As Bitmap
Public Width As Integer
Public Height As Integer
Public Data0 As IntPtr

Public Sub New(ByVal bmpname As String)
Me.Tex = New Integer() {1}

BRI 7 A ILDEHAH

" (BRI FAIVEBRDERLI-T 714 IL%)
Me.Image = New Bitmap(bmpname)
Me.Width = Me.lImage.Width
Me.Height = Me.lImage.Height

T EREROIRG

Me. Image.RotateFlip(RotateFlipType.RotateNoneFlipY) " L TR¥x

Dim rect As Rectangle = New Rectangle(0, 0, Me.Width, Me.Height)

Me.Data = Me.lImage.LockBits(rect, ImageLockMode.ReadOnly,
PixelFormat.Format24bppRgb)

Me.DataO = Me.Data.ScanO

"TORFATDER - BRE
glGenTextures(1, Me.Tex)
glBindTexture(GL_TEXTURE 2D, Me.Tex(0))
End Sub
End Class

Dim Tex(10) As Texture "THRFaF7IvEVTRADES|

Dim Rot As axis

Dim Tr As axis

Dim AddT As axis

Dim AddR As axis

Dim wWidth As Integer = 500
Dim wHeight As Integer = 500

Private Sub Buttonl MouseDown(ByVal sender As Object,
ByVal e As System.Windows.Forms.MouseEventArgs) Handles
Buttonl.MouseDown
Dim onLeftButton As Boolean = (e.Button =
Windows.Forms.MouseButtons.Left)

AddT.Z
AddR.Z

0
0

0
0

AddT.Y
AddR.Y

I1f(onLeftButton, -1, 1)
0

AddT . X
AddR . X

Timerl.Enabled = Not Timerl.Enabled
End Sub

Private Sub Buttonl MouseUp() Handles Buttonl.MouseUp

Timerl.Enabled = Not Timerl.Enabled
End Sub
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Private Sub Button2_ MouseDown(ByVal sender As Object, _
ByVal e As System.Windows.Forms.MouseEventArgs) _
Handles Button2._MouseDown
Dim onLeftButton As Boolean = (e.Button =
Windows.Forms.MouseButtons. Left)

AddT . X
AddR . X

0 : AdAT.Y
0 : AddR.Y

0 : AAdT.Z = 0
11 f(onLeftButton, -1, 1) : AddR.Z = 0

Timerl.Enabled = Not Timerl.Enabled
End Sub

Private Sub Button2_ MouseUp() Handles Button2.MouseUp
Timerl_Enabled = Not Timerl.Enabled
End Sub

Private Sub Forml Load() Handles MyBase.Load
Timerl.Interval = 10
Timerl.Enabled = False

Buttonl.Text = "#F"
Button2.Text = “[E#5"
Tr.Z = 6
Initialize()

End Sub

Private Sub Timerl Tick() Handles Timerl.Tick
Rot.Y = Rot.Y + 1 * AddR.Y
Tr. X = Tr.X + 0.2 * Math.Sin((Rot.Y) / 180 * Math.Pl1) * AddT.Z
Tr.Z = Tr.Z + 0.2 * Math.Cos((Rot.Y) / 180 * Math.Pl) * AddT.Z
display(Q

End Sub

Private Sub SetView()
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
glFrustum(-2, 2, -2, 2, 2, 100) ‘“"BREFZEHRET (gluPerspective DLE)
glIMatrixMode(GL_MODELVIEW)
glViewport(0, 0, wWidth, wHeight)
End Sub

Private Sub Initialize()
glutlnitQ
glutlnitDisplayMode(GLUT _RGBA Or GLUT_DEPTH Or GLUT_DOUBLE)
glutlnitWindowSize(wWidth, wHeight)
glutlnitWindowPosition(100, 100)
glutCreateWindow("'Texture 2')
glutDisplayFunc(New DisplayCal lback(AddressOf display))
Me .Show()
glDepthFunc(GL_LEQUAL)
glEnable(GL_DEPTH_TEST)
glShadeModel (GL_FLAT)

"Fog
Dim fogclr(4) As Single
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fogclr(0) =1 : fogclr(1) =1 : fogclr(2) =1 : fogclr(3) =1
glFogfv(GL_FOG_COLOR, fogclr(0))

glFogfv(GL_FOG_DENSITY, 0.11)

glDisable(GL_FOG) "fog # ON 29 %354&(ZI& glEnable GL_FOG
glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
glEnable(GL_BLEND)

SetView()
SetLight(Q
Tex(0) = New Texture('texl.bmp')
Tex(1) = New Texture("brickl.bmp™)
Tex(2) = New Texture(*'cloudl.bmp™)
glutMainLoop()

End Sub

Private Sub SetLight(Q)
SETRR (EE)
Dim valueLightO() As Single = New Single() {0.7!, 0.7!, O.7!, 1.0}
glLightfv(GL_LIGHTO, GL_AMBIENT, valueLight0(0))
glLightfv(GL_LIGHTO, GL_DIFFUSE, valueLight0(0))
glLightfv(GL_LIGHTO, GL_SPECULAR, valueLight0(0))
glLightfv(GL_LIGHTO, GL_POSITION, New Single() {0.0!, 1.0!,1.0!, 0.0'}p
glEnable(GL_LIGHTING)
glEnable(GL_LIGHTO)

End Sub

Private Sub Display()
glIMatrixMode(GL_MODELVIEW)

glClearColor(0.3, 0.3, 0.4, 1)
glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)
glLoadldentity()

glTranslatef(-Tr.X, 0, -Tr.2)

glRotatef(Rot.Y, 0, 1, 0)

glPushMatrix()
glTranslatef(0, 0, 2)
gIMaterialfv(GL_FRONT, GL_AMBIENT, _
New Single() {0.17, 0.17, 0.17, 1})
gIMaterialfv(GL_FRONT, GL_DIFFUSE, _
New Single() {0.17, 0.17, 0.17, 1.0!'})
gIMaterialfv(GL_FRONT, GL_SPECULAR, _
New Single() {0.3, 0.3, 0.3, 1.0!'})
glutSolidSphere(0.5, 20, 20)
glPopMatrix()

glPushMatrix()
glTranslatef(-2, 0, 0)

gIMaterialfv(GL_FRONT, GL_AMBIENT, _
New Single() {0.17, 0.17, 0.17, 1})
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gIMaterial fv(GL_FRONT, GL_DIFFUSE, _

New Single() {0.17, 0.17, 0.17, 1.0'})
gIMaterial fv(GL_FRONT, GL_SPECULAR, _

New Single() {0.3, 0.3, 0.3, 1.0'})

"TOF AT OBERE

glPixelStorei (GL_UNPACK_ALIGNMENT, 1)
glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_LINEAR)
glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_LINEAR)
glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR)
glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR)
gl TexEnvF(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL)

"TORFaATERITAREICT S
glEnable(GL_TEXTURE_2D)

"TOARFaATAFA—DDEE
glTexImage2D(GL_TEXTURE_2D, 0, 3, Tex(0).Width, Tex(0).Height, 0, _
GL_BGR, GL_UNSIGNED_BYTE, Tex(0).DataO)

glBegin(GL_QUADS)

ERDERTE

gINormal3f(0, 0, 1)

"TORF N TERDHRE  RUYMIEDIER

glTexCoord2f(0, 0) : glVertex3f(-1, -1, 0)

glTexCoord2f(1, 0) : glVertex3f(l, -1, 0)

glTexCoord2f(1, 1) : glVertex3f(l, 1, 0)

glTexCoord2f(0, 1) : glVertex3f(-1, 1, 0)

glEndQ
glPopMatrix()

glPushMatrix()
glTranslatef(2, 0, 0)
gIMaterialfv(GL_FRONT, GL_AMBIENT, _
New Single() {0.17, 0.17, 0.17, 1})
gIMaterialfv(GL_FRONT, GL_DIFFUSE, _
New Single() {0.17, 0.17, 0.17, 1.0'}P
gIMaterialfv(GL_FRONT, GL_SPECULAR, _
New Single() {0.3, 0.3, 0.3, 1.0!'})
glTexImage2D(GL_TEXTURE_2D, 0, 3, Tex(1).Width, Tex(l).Height, _
0, GL_BGR, GL_UNSIGNED_BYTE, Tex(1).DataO)
glBegin(GL_QUADS)
ERDERTE
gINormal3f(0, 0, 1)
"TORF N TERDHRE  RUYMIEDIER
glTexCoord2f(0, 0) : glVertex3f(-1, -1, 0)
glTexCoord2f(2, 0) : glVertex3f(l, -1, 0)
glTexCoord2f(2, 2) : glVertex3f(l, 1, 0)
glTexCoord2f(0, 2) : glVertex3f(-1, 1, 0)
glEndQ
glPopMatrix()
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VEET APRIERERICHEE

glPushMatrix()
gIMaterialfv(GL_FRONT, GL_AMBIENT, New Single() {0.3,
glMaterialfv(GL_FRONT, GL_DIFFUSE, New Single() {0.2,
gIMaterial fv(GL_FRONT, GL_SPECULAR, _

New Single() {0.2, 0.2, 0.2, 0.5})
glTexImage2D(GL_TEXTURE_2D, 0, 3, Tex(2).Width, Tex(2).Height, _
0, GL_BGR, GL_UNSIGNED_BYTE, Tex(2).DataO)

0.3, 0.3, 0.5})
0.2,0.2,0.5})

glBegin(GL_QUADS)
ERDBERTE
gINormal3f(0, 0, 1)
"TORF N TERDERE  RUMIEDIER
glTexCoord2f(0, 0) : glVertex3f(-3, -3, 2)
glTexCoord2f(1, 0) : glVertex3f(3, -3, 2)
glTexCoord2f(1l, 1) : glVertex3f(3, 3, 2)
glTexCoord2f(0, 1) : glVertex3f(-3, 3, 2)

glEndQ
glPopMatrix()

"TORFaT OFF
glDisable(GL_TEXTURE_2D)
glutSwapBuffers()
End Sub
End Class
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3. ZILTD7RvEVIOTOYS A

F B
& AlphaMapping E@g

F5Eh

Imports System.Drawing. Imaging
Imports Tao.OpenGl

Imports Tao.OpenGl .Gl

Imports Tao.OpenGl.Glu

Imports Tao.FreeGlut.Glut

Public Class Forml
Private Structure axis
Dim X As Single
Dim Y As Single
Dim Z As Single
End Structure

T TUORFATT—ARAVIRA
Private Class Texture
Public Tex() As Integer
Public Data As BitmapData

Public Image As Bitmap
Public Width As Integer
Public Height As Integer
Public DataO As IntPtr

Public Sub New(ByVal bmpname As String)
Me.Tex = New Integer() {1}

BT 7 A ILDHEHAH

" (BRI 7AIVEBERDOER LT 7AILA)
Me.Image = New Bitmap(bmpname)
Me.Width = Me.lImage.Width
Me.Height = Me.lImage.Height

57



ComputerGraphics(Makanae)

" EREROIRG

Me. Image.RotateFlip(RotateFlipType.RotateNoneFlipY) " L TR¥x

Dim rect As Rectangle = New Rectangle(0, 0, Me.Width, Me.Height)

Me.Data = Me.Image.LockBits(rect, ImageLockMode.ReadOnly,
PixelFormat.Format32bppPArgb)

Me.DataO = Me.Data.ScanO

"TORFLTDER - HE
glGenTextures(1, Me.Tex)
glBindTexture(GL_TEXTURE_2D, Me.Tex(0))
End Sub
End Class

Dim Tex(10) As Texture "TURXRFa7<vEVYHADES|

Dim Rot As axis

Dim Tr As axis

Dim AddT As axis

Dim AddR As axis

Dim wWidth As Integer = 500
Dim wHeight As Integer = 300

Private Sub Buttonl MouseDown(ByVal sender As Object,
ByvVal e As System.Windows.Forms.MouseEventArgs) Handles
Buttonl.MouseDown

Dim onLeftButton As Boolean = _
(e.Button = Windows.Forms.MouseButtons.Left)

0
0

0 : AddT.Z
0 : AddR.Z

AddT.Y
AddR.Y

AddT . X
AddR.X

I1f(onLeftButton, -1, 1)
0

Timerl.Enabled = Not Timerl.Enabled
End Sub

Private Sub Buttonl MouseUp() Handles Buttonl.MouseUp
Timerl_Enabled = Not Timerl.Enabled
End Sub

Private Sub Button2_ MouseDown(ByVal sender As Object,
ByVal e As System.Windows.Forms.MouseEventArgs) _
Handles Button2._.MouseDown
Dim onLeftButton As Boolean = (e.Button = _
Windows.Forms._MouseButtons.Left)

0
0

0 : AddT.Z = 0
11 f(onLeftButton, -1, 1) : AddR.Z = 0

AddT.Y
AddR.Y

AddT . X
AddR.X

Timerl.Enabled = Not Timerl.Enabled
End Sub

Private Sub Button2_ MouseUp() Handles Button2.MouseUp

Timerl.Enabled = Not Timerl.Enabled
End Sub
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Private Sub Forml Load() Handles MyBase.Load
Timerl.Interval = 10
Timerl.Enabled = False
Buttonl.Text = """
Button2.Text = "[E#5"

Tr.Z = 6
Initialize()
End Sub

Private Sub Timerl Tick() Handles Timerl.Tick
Rot.Y = Rot Y + 1 * AddR.Y

Tr.X = Tr.X + 0.2 * Math.Sin((Rot.Y) / 180 * Math.Pl) * AddT.Z
Tr.Z = Tr + 0.2 * Math.Cos((Rot.Y) / 180 * Math.Pl) * AddT.Z
display(Q

End Sub

Private Sub Initialize()
glutlnitQ
glutlnitDisplayMode(GLUT _RGBA Or GLUT_DEPTH Or GLUT_DOUBLE)
glutlnitWindowSize(wWidth, wHeight)
glutlnitWindowPosition(100, 100)
glutCreateWindow(""AlphaMapping™™)
glutReshapeFunc(New ReshapeCal lback(AddressOf SetiewReshape))
glutDisplayFunc(New DisplayCal lback(AddressOf display))

Me .Show()

glDepthFunc(GL_LEQUAL)
glEnable(GL_DEPTH_TEST)
glShadeModel (GL_FLAT)

"Fog

Dim fogclr(4) As Single

fogclr(0) =1 : fogclr(1l) =1 : fogclr(2) = 1 : fogclr(3) =
glFogfv(GL_FOG_COLOR, fogclr(0))

glFogfv(GL_FOG_DENSITY, 0.11)

glDisable(GL_FOG) "fog # ON 29 %35&(ZI% glEnable GL_FOG
glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
glEnable(GL_BLEND)

—Setview
SetLight(

Tex(0) = New Texture(''Penguins.png'™)
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glutMainLoop(Q)
End Sub

Sub Reshape(ByVal nWidth As Integer, ByVal nHeight As Integer)
gIMatrixMode(GL_PROJECTION)
glLoadldentity()
gluPerspective(60, nWidth / nHeight, 1, 100)
gIMatrixMode(GL_MODELVIEW)
glLoadldentity()
glViewport(0, 0, nWidth, nHeight)

End Sub

Private Sub SetLight()
TETARR (EE)
Dim valueLightO() As Single = New Single() {0.7!, 0.7!, 0.7!, 1.0!}

glLightfv(GL_LIGHTO, GL_AMBIENT, valuelLight0(0))
glLightfv(GL_LIGHTO, GL_DIFFUSE, valuelLight0(0))
glLightfv(GL_LIGHTO, GL_SPECULAR, valueLight0(0))
glLightfv(GL_LIGHTO, GL_POSITION,

New Single() {0.0!', 1.0!', 1.0!', 0.0!'p

glEnable(GL_LIGHTING)
glEnable(GL_LIGHTO)
End Sub

Private Sub Display()
gIMatrixMode(GL_MODELVIEW)

glClearColor(0.3, 0.3, 0.4, 1)
glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)
glLoadldentity()

glTranslatef(-Tr.X, 0, -Tr.2)

glRotatef(Rot.Y, 0, 1, 0)

glPushMatrix()
glTranslatef(0, 0, 2)
glIMaterialfv(GL_FRONT, GL_AMBIENT,
New Single() {0.17, 0.17, 0.17, 1.0})
glIMaterialfv(GL_FRONT, GL_DIFFUSE,
New Single() {0.17, 0.17, 0.17, 1.0!'})
giIMaterialfv(GL_FRONT, GL_SPECULAR,
New Single() {0.3, 0.3, 0.3, 1.0!'})
glutSolidSphere(0.5, 20, 20)
glPopMatrix()

glPushMatrix()
glTranslatef(0, 0, -5)
glIMaterialfv(GL_FRONT, GL_AMBIENT,
New Single() {0.4, 0.4, 0.0, 1.0}
glIMaterialfv(GL_FRONT, GL_DIFFUSE,
New Single() {0.4, 0.4, 0.0, 1.0!'})
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glIMaterialfv(GL_FRONT, GL_SPECULAR,
New Single() {0.3, 0.3, 0.3, 1.0!'})
glutSolidSphere(2, 20, 20)
glPopMatrix()

glPushMatrix()
glTranslatef(0, 0, 0)

gIMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE,
New Single() {0.5, 0.5, 0.5, 1.0})
glIMaterialfv(GL_FRONT, GL_SPECULAR,
New Single() {0.2, 0.2, 0.2, 1.0}

"TOF AT DREHRTE

glPixelStorei (GL_UNPACK_ALIGNMENT, 4)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER,
GL_NEAREST)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER,
GL_NEAREST)

gl TexEnvF(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_MODULATE)
glAlphaFunc(GL_GREATER, 0.5)

"TORF AT ERITAREICT B
glEnable(GL_TEXTURE_2D)
glEnable(GL_ALPHA TEST)

"TORFATAA—DDEE

glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, Tex(0).Width,
Tex(0) .Height, 0,GL_BGRA, GL_UNSIGNED_BYTE, Tex(0).DataO)

glBegin(GL_QUADS)
ERDERE
giNormal3f(0, 0, 1)
"TORF X TERDOHRE  RUMIEDER
glTexCoord2f(0, 0) : glVertex3f(-3, -2, 0)
glTexCoord2f(1, 0) : glVertex3f(3, -2, 0)
glTexCoord2f(1, 1) : glVertex3f(3, 2, 0)
glTexCoord2f¥(0, 1) : glVertex3f(-3, 2, 0)

glEnd(Q

glPopMatrix()

"THORFT OFF
glDisable(GL_TEXTURE_2D)
glDisable(GL_ALPHA_TEST) *Z®MiT%3Ei (AlphaTest M T)

glutSwapBuffers()

End Sub
End Class
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4. BIE~ADTvELTTOTS L (EEHDDH)

T TUORFATT—RARAVIRA
Private Class Texture
Public Tex() As Integer
Public Data As BitmapData

Public Image As Bitmap
Public Width As Integer
Public Height As Integer
Public Data0 As IntPtr

Public Sub New(ByVal bmpname As String)
Me.Tex = New Integer() {1}

"EgR T 7 A ILDFEAAH

" (BRI FAIVEBRDERLI=T 714 IL%)
Me.Image = New Bitmap(bmpname)
Me.Width = Me.lImage.Width
Me.Height = Me.lImage.Height

" EREROIRG

Me. Image.RotateFlip(RotateFlipType.RotateNoneFlipY) " L TR¥x

Dim rect As Rectangle = New Rectangle(0, 0, Me.Width, Me.Height)

Me.Data = Me.Image.LockBits(rect, ImageLockMode.ReadOnly,
PixelFormat.Format32bppPArgb)

Me.DataO = Me.Data.ScanO

"TORFLTDER - HFE
glGenTextures(1, Me.Tex)
glBindTexture(GL_TEXTURE_2D, Me.Tex(0))
End Sub
End Class

Private Sub Initialize()
(B&)
Tex(0) = New Texture(''penguins.png'™)
Tex(1) = New Texture(*'PenguinsNon.png')
glutMainLoop()
End Sub

Private Sub Display()
gIMatrixMode(GL_MODELVIEW)

glClearColor(0.3, 0.3, 0.4, 1)
glClear(GL_COLOR_BUFFER_BIT Or GL_DEPTH_BUFFER_BIT)
glLoadldentity()

glTranslatef(-Tr.X, 0, -Tr.2)

glRotatef(Rot.Y, 0, 1, 0)

glPushMatrix()
glTranslatef(0, 0, 2)
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giIMaterialfv(GL_FRONT, GL_AMBIENT,

New Single() {0.17, 0.17, 0.17, 1.0})
glIMaterialfv(GL_FRONT, GL_DIFFUSE,

New Single() {0.17, 0.17, 0.17, 1.0!'})
glIMaterialfv(GL_FRONT, GL_SPECULAR,

New Single() {0.3, 0.3, 0.3, 1.0!'})
glutSolidSphere(0.5, 20, 20)

glPopMatrix()

glPushMatrix()
glTranslatef(0, 0, -5)
glIMaterialfv(GL_FRONT, GL_AMBIENT,
New Single() {0.4, 0.4, 0.0, 1.0}
glIMaterialfv(GL_FRONT, GL_DIFFUSE,
New Single() {0.4, 0.4, 0.0, 1.0!'})
glIMaterialfv(GL_FRONT, GL_SPECULAR,
New Single() {0.3, 0.3, 0.3, 1.0!'})
glutSolidSphere(2, 20, 20)
glPopMatrix()

glPushMatrix()
glTranslatef(0, 0, 0)

gIMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE,
New Single() {0.5, 0.5, 0.5, 1.0})
glIMaterialfv(GL_FRONT, GL_SPECULAR,
New Single() {0.2, 0.2, 0.2, 1.0}

"TUOF AT DREHRE

glPixelStorei (GL_UNPACK_ALIGNMENT, 4)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER,
GL_NEAREST)

glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER,
GL_NEAREST)

gl TexEnvF(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_MODULATE)

glAlphaFunc(GL_GREATER, 0.5)

"TORFAT ERITAREICT B
glEnable(GL_TEXTURE_2D)
glEnable(GL_ALPHA TEST)

"TA4—FRY FADT IV RAFLTERDIEY DIF
glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, Tex(l)-Width,

Tex(1) -Height, 0, GL_BGRA, GL_UNSIGNED_BYTE, Tex(1)-Data0O)
glutSolidTeapot(1)

glTranslatef(2, 0, 0)

glRotatef(Rot.Y * 2, 0, 1, 0)
glRotatef(-90, 1, 0, 0)
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"ERAANDERREY DT (GluSphere TOI v E Y JEZER)
Dim Sph As New GLUquadric

Sph = gluNewQuadric()

gluQuadricDrawStyle(Sph, GLU FILL)
gluQuadricNormals(Sph, GLU_SMOOTH)
gluQuadricTexture(Sph, GL_TRUE)

glTexImage2D(GL_TEXTURE 2D, 0, GL RGBA, Tex(0).Width,
Tex(0) .Height, 0, GL_BGRA, GL_UNSIGNED_BYTE, Tex(O0).Data0)

gluSphere(Sph, 1, 10, 10)
glPopMatrix()

"LITFEM, TORFaT, FILT7TAREOFF
glDisable(GL_TEXTURE_2D)
glDisable(GL_ALPHA_TEST)

End Sub

[ A&iiE]

ZHVETIZHFATE OpenGL OREEREZIEH L, A 2T 077 4 7RI AT H (ZhvE
TIHES TELLDOEIFE L2 HOTH L) ZEME L TR I ER I,
ESBIRDA 2T 77 « 7728RE, ERUE, A SFNLREGHICHHMET 5.

(T AF 2T~y B TOMEIILTHEHATLZ L))

HIR: 1H31H (K) 12:50%T

e85k 1H3 1 H (OK) SKRRICENCTF = v 7T 5.
(TTIEMECX 2 L) IcHfx LT 2L 1)

e B 7l I 2EOT — 2 IEE LI PCIZAND Z & (USB AV %5 H)

(ER L7 7 A& % Zip IBRETE & O Tt T 5.

Wf8 7 7 A4 /L% bin¥debug 7 A+ VX OHFIZANTEE, 7+ LVXHND exe 7 7 A /V%&

FE) L7- & XIS, BEMICHAIAD D LOICLTELZ L))
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AV a—HTTFT T4 T ADELD

BERL

[A13kka v Ba—H¥ 7T 7 4y 7 A (CC) DIMEHmZIFES S .
[RIBRILCCEH WA L H T I T 4 TV AT MMEED -0 O FBEHANT 26159 5.

[313 %ot CG D AN 2 #ifiR 35 .

EFRNA

[01]13 &t CC DIEME(L) —3 RILT — ¥ T N OIEF—

[02]3 kit CC DHEAHE(2) —3 RILET /LD 2 IRIL -1l ~DIFE —
[03]3 &t CG D HAH#(3) — FRARLIE D Tk —

[04]0penGL Dl & v 77 I 7
[O5] 4 A

[06]ET VU > /2

[07] =& > T — LD
[08]0penGL I L 5T = A — g3
[09]) =—TFT 4>

[10] HE AL

[111EE GEB@ - T F=A VT T« 7% )

[12]7 7V AF 2T~y s
[1317 77~y T
[1413 &t CG Dt HELAiT
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AV a—F T T T 4 v 7 ARG

€D) N=F ¥ VU7 U7 1 (VR) : RAEETFE ()
) Sy ZZARYTUT 4 (MR) - HAEEE ()
3) F—=T AT 4 FUTUT ¢ (AR) @ JRRBLE (&)

AR Toolkit
(1) AR TOOLKIT DA & kh—/L
a) Sourceforge 7°5 artoolkit OiHiEZ X Vv — T 5.
(Bl Release 2.72.1 W38T
http://sourceforge.net/projects/artoolkit/files/
ARToolKit-2.72.1-bin-win32.zip #¥ v u— KL,
EEOT7 AN (T 4 V7 FUICERMTS.
b) ARToolKit LW\ 7+ LENTEXLHDT, DT+ NV F% C R4 7THEFICBET
%o

(@QGLUT DA > & b —/L

a) Fitd¥ A o glut-3.7.6-bin.zip (117 KB)2 ¥ v u— K7 5.
http://www._xmission.com/~nate/glut.html

b)Y 77 + VAL, 74X NO glut-3.7.6-bin %
c:¥Program Files¥ARToolKit FIZBEI4 5.

c) glut32.dll % C:¥Windows¥System32 FIZBEIT 5.
(64bit0S DAL, C-¥Windows¥SysWOwe4)

(3) AR TOOLKIT DFEfT

C:¥Program Files¥ARToolkit¥bin FIZEITRIEEY 7 A LB A- TN 5.
21 SimpleLite.exe #FE{TLTH5.
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L2l P A 7 BN IEFICERE LeWiGs
OB AT + AX ¥ THOTNA RRERIMEL TN D & EFRICEE LRWEGERD
5.
DI A T EMERTD.
L hE— SR =>T AT KA=>TF N A7 F—T ¥y
ARV TTNA AT ER LT A T8 ERT.
KRINTWDLAHINRIATHTHD.
(2) ARToolKit¥bin¥Data ™ ® WDM_camera_flipV.xml 27 ¥ A h=7F ¢ & (A
M) T
fAE, TOITEHT.
<camera show_format_dialog=""true' friendly_name="PGR">

friendly_name QJEMEZ B3O A T4 XXX IZEHET 5.
<camera show_format_dialog=""true" friendly_name="XXX">
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