Input and Interaction

Overview
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0 Y%A (Input device)
» =24 )9 X (Physical input devices)
Mouse, Keyboard, Trackball
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String, Locator, Pick, Choice, Valuators, Stroke device
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m Request mode, Sample mode, Event mode
0 GLUT Devices & Event—driven programming
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O Vannevar Bush - MEMEX

O J.C.R. Licklider - Man-Computer Symbiosis
O Steve Russell - Spacewar

O Ivan Sutherland - Sketchpad

O Douglas Engelbart - NLS (oNLine System)

0 Xerox PARC - GUI (Graphical User Interface)




Graphical Input

Physical Input Devices
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Mouse, Keyboard
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E (Request mode)
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=HRE (Sample mode)
E .= (Event mode)

Threshold
detector Computer
Sl L

mouse trackball light pen

data tablet jotick

space ball

Physical Input Devices

Relative Positioning Device

o =24 ¥4 (Physical input devices)

= A Al =] (Pointing devices)
AREA7E BPE GO 3 1A 5 A AR ¢ oA o
2o - AFEAE HFEHO AlE F JHAES Bul7] 981
o] MES 7HA L itk
Mouse, trackball, tablet, lightpen, joystick, spaceball

= 7| HE= %2 (Keyboard devices)
gl wak AES Nhgkshs gA|
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o dlo]H H £ 2 (data tablet) -2 X &= %
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0 vhes, 288, o)~ ge B s
Asto] fIAA 7} Al .
= Rotation of cylinders in mouse
= Roll of trackball
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Logical Input Devices

O = AE A (String device) - keyboard
w A8} g2 19 o] ASCIIREAFE (strings of characters)& A| &
o 9% & =] (Locator device) - mouse, trackball
w AREA ' o] AAA 2 3E o] 93] (position)E A&
o A4 &3] (Pick device) - mouse button, gun
n AREAF ZZ ] A A o] A A(ID)E uhE
o A€ %] (Choice device) - widgets, function keys,
mouse button
s AREAZE A AN (menu) T SUE A EE S ¢
o ol o] ¥ %A (Valuators) - slide bars, ]oystlck dial
Abg A} L2 3 of) o 2 71 91 F (range of value) S Al &
} 2] (Stroke) - mouse drag

|
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» 91*]E9] vl ¥ (array of positions)S WH3F

X Window Input

0 X Window System 222 Sefo] A E 9} A1 22
(client-server model) U E9| A2 4.

m 2T 2 A HJ (Graphics Server)+«= @ =] T ~&H| o], 7| HE,
- A5 7 YA ~EH ol dolt, o] AW &= ‘:]i:h‘i'ﬂol"ﬂ =9
AR 25 7| R ES} npe-2 8 F3k g MY~ A3k

» F2}o] Y E (Client) - OpenGL T2 132 T~ W &
AHg-3he g—a}o] AEojr},

Prind sarver Grophics servar Worksiotion Workstation
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Compute server Grophics server

Input Modes
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CRE A= P = S VA U1

o A= EG7 A AFE A =9 (measure) T
WAFT A EE F 0 AR R U A 2 el
deo e}

n U]"‘?’Z}.\_t V78 Z]X‘]E’,E Z]—q_
m 7| BRE=+ “ASClIl code” & &

Request Mode

Fx = 0Sol] A& HU&= EA (trigger) & 7FA] 2L

O 872 E (Request mode)oll A= X7} E| A & w714
SAA 7 z2 oo 7 ukehE A okt
o EAYE S 2 ek AR e v 2l
TR RFE
w dE 59 CEZZ I Yscanf 571 AFEE w T2 13 0]
WU A EAE A 97k7) A\chel R A e 1] 1
A 7] (trigger) & TE7] 74A] Eho] g 3t a A o] 7}s 8ttt
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Event Mode

Sample Mode

0 MZXE (Sample mode)oll A &= S22 Q1 P8
Al g ek AR T2 el A o] 358 v
SA1 S A7F kg weks B2 77 a8k ot

O o] Al =E2 o 2] 7] 4
FAvig 2Ll o] EYA 2 SRS Aok o=
T3t

o Y9 FX7F E2]A(trigger) 2 vt} o] Ml E (event) 7}
< HE] , &A1 o] SAA7F A A A AH(ID) 2} H =

kil ?{'—(event queue)l| &7t

(o}

Sample O H4l(callback) $HrE 574 oMl E ¢} AAsto] A&
Measure
process Prog i - M E Await
rigger easure vent e S— Program
Measure process Trigiser process Measure. queve mﬁ- |
Event Types Programming Event-Driven Input

0 Window - €1 %=-9- resize, expose, iconify

O Keyboard - 7] & 75 (press) 2} 7] ol A (release)
O Mouse - "}~ HES T&

O Motion - "}F-§-2= =2 <)

o Idle - o] E7} §l&

o oWl E-7-&(Event-drive) 9 & Z 218" S 3l
ol Eof tf-g3st= FAl & (Callback function)<
gl ghet
o o|HIEZ} HAYA] 3]G T4l &4 (callback function)©]
&2 e
O 01] g 50, GLUTOI| A v}-9-22 oWl E o] @Al 8= main
T Weoll A glutMouseFunc(mouse) & &3l A A 4 &

:Lﬂ—’moused/\ o] YJHi+= ‘jrojjr 2o

void mouse(int button, int state, int x, int y)




GLUT Devices

GLUT Keyboard Functions

O Keyboard
= “normal” keys
= “special” keys
O Mouse
m Position
= buttons

O Joystick

O Tablet

o Dial/button box
O Spaceball

o glutKeyboardFunc(func)
= ACII ‘character’ 7|7} =& A& o =23
O glutSpecialFunc(func)
= 55 ‘special’ 717} 1A S W B2 F
O glutKeyboardUpFunc(func)
= ACII ‘character’ 7|7} wlo] & of £ 7
O glutSpecialUpFunc(func)
= 55 ‘special’ 7] 7} Wy A& wf £ A
O glutGetModifiers()
= oWl E A A] Shift, Control, Alt keys2] HHI S &+
O glutlgnoreKeyRepeat(val)
s GLUTONAl A5 7| W= wha& e A gt ar el 5

GLUT Keyboard Event Callback

GLUT Special Key

O void keyboard(unsigned char key, int x, int y)
= 7]EE QUE H A i3 A2 E A
» key 1A= ACII character code = A 4
wx, YA 7S B W] vk 91

void keyboard(unsigned char key, int x, int y)

{
switch (key): /* g-key exits the program */
{
case ‘q”:
exit(0);

o0 GLUT 55°7](special key) A 4
= GLUT_KEY_{F1,F2. F12}
= GLUT_KEY_{UP,DOWN,LEFT,RIGHT} - &7
» GLUT_KEY_{PAGE_UP,PAGE_DOWN,HOME,END,INSERT}

void specialkey(int key, int x, int y)
{
switch(key) {
case GLUT_KEY_F1:
red = 1.0; green = 0.0; blue = 0.0; break;
case GLUT_KEY_F2:




GLUT Modifier Key

GLUT Mouse Functions

o CTRL, ALT, SHIFT modifier key 7} =2 1 =% g<13l#™
int glutGetModifiers(void)AFH&-.
» GLUT_ACTIVE_SHIFT - SHIFT 7] (2 Caps Lock?] “JHl)
= GLUT_ACTIVE_CTRL
= GLUT_ACTIVE_ALT

void keyboard(unsigned char key, int x, int y)
{
if (key == 27) /* ESC-key exits the program */
exit(0);
else if (key ==1") {
int mod = glutGetModifier();
if (mod == GLUT_ACTIVE_CTRL)
red = 0.0;
else
red =1.0;
}
}

O glutMouseFunc(void(*func)(int button, int state, int x, int y))
w b AHEo] EE Al W B

O glutMotionFunc(void(*func)(int x, int y))
w vRS-27F W Eo] F X Aol =AY W =

O glutPassiveMotionFunc(void (*func)(int x, int y))
w VRS2 EO] EHAA 2 AEe A F L W =H A

GLUT Mouse Event Callback

GLUT Motion Event Callback

O void mouse(int button, int state, int x, int y)

= button 1A} = GLUT_LEFT_BUTTON, GLUT_MIDDLE_BUTTON,
GLUT_RIGHT_BUTTON

m state Q1A= GLUT_DOWN (P}-9-22 W E0] =8 A& o)
GLUT_UP (7}--2= ¥ =] w o A& o)

w x,y A v B Eo] ERAY Wl S o) vhe-29] $1A4] (in

GLUT window coordinates)

void mouse(int button, int state, int x, int y)

{

O void motion(int x, int y)
w x, y QUARE PR9-22 9] Af 28 9] A] (in GLUT window coordinates)

void motion(int x, int y)

{

}




GLUT Mouse Enter/Leave the Window

O void glutEntryFunc(void (*func)(int state));

O void entry(int state)
m state 1A= GLUT_LEFT, GLUT_ENTERED

0 X-windowol| A+ A 33| =39 v+ 7F Eo] o3 Yz
) £] ] H E S EAAZ] Windows OSSOl A = Pk--25 A A

YA =90 =23l oF window focus’} v} Al & 2 =2 0]
61—/‘\7} P ;Lo] 225 2] 9Fo

void entry(int state)
{

}

Mouse Positioning

0 GLUT screen coordinate<> ¢ 33 9% 9% (top-left
corner) O & 3}il x+= L EE, y+i= O}ﬂ]% © = 1 pixel
@e = S

0 OpenGL-> 2D drawing coordinate-> 1 7 o] 1% o} &) %
(bottom-left corner) & 2 3} 11, x++ 2L E%, y+—‘E
AHo 2 SR

o wEbA, v 22 dHE y ihe =59
(height)ll 4] Wl 5=0] o} OpenGL®] &} 9]

h

(0,0)

]
d= 1"

Ll MF

Drawing squares at cursor location

void mouse(int button, int state, int x, int y)

if(button==GLUT_RIGHT_BUTTON && state==GLUT_DOWN)
exit(0);

if (button==GLUT_LEFT_BUTTON && state==GLUT_DOWN)
drawSquare(x, y);

}
void drawSquare(int x, int y)

y = window_height - y; /* convert y position to screen drawing coordinates */
glColor3ub( (char) rand()%256, (char) rand ()%256, (char) rand()%256);
glBegin(GL_POLYGON);
glVertex2f(x+size, y+size);
glVertex2f(x-size, y+size);
glVertex2f(x-size, y-size);
glVertex2f(x+size, y-size);
glEnd();
}

If both a mouse button and ALT key are
pressed

void mouse(int button, int state, int x, int y)

specialKey = glutGetModifiers();
if((state==GLUT_DOWN)&&(specialKey == GLUT_ACTIVE_ALT))

{
if (button == GLUT_LEFT_BUTTON) |
red = 1.0; green = 0.0, blue = 0.0;

}

else if (button = GLUT_MIDDLE_BUTTON){
red = 0.0; green = 1.0, blue = 0.0;

}




GLUT Device Functions

m] glut]oystickFunc(funC)
w o]~ o] e & vl t milliseconds T = 5.&
0 glutTabletMotionFunc(func)
= HE pucko] 22U S W &&
O glutTabletButtonFunc(func)
 HERHEC] 3 AY HARE b 25
O glutDialsFunc(func)
w toldo] EHAS W 5F
O glutButtonBoxFunc(func)
w told/HENa HEo] ERAY Ho s Wl %

Widgets

o the) S A2 Lol A o).
(Graph1cal User Interface) 91 Al E (widgets)<= Al &
o 223 T aEeold] 47 S AT AT
I E 7 o] 2 (Higher-level mterface)
=214 JHAA 7 A E 8= 29 75e AlE
o $A1ES] o
= Menus
Push Buttons
Radio buttons
Sliders

Scroll bars
Dials

<

o},
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GLUT Menus Functions

ﬂi’i‘
m

TE A oalof 3
O < menus °} ] sub-menus& YH& F U T}
1d glutCreateMenu(func); /* starts defining a new menu */
glutAddMenuEntry(label, value); /* adds an entry to the menu */
glutAddSubMenu(label, id); /* adds a submenu to the menu */
glutAttachMenu(button); /* defines mouse buttons to pop-up the menu */
0 Menus+= 2 & Sofl ofgfj o} 22 o3 A A Hh 1= 3l
= glutSetMenu, glutRemoveMenultem, glutChangeToMenuEntry,
glutChangeToSubMenu

O Menus+ 2 8 Fof ofgfo} &2 5 A A M E9 attach
5 © detach’} 71531,
= glutDetachMenu

Defining a simple menu

O int glutCreateMenu(void (*func)(int value));

O void glutAddMenuEntry(char *name, int value);

= nameSl A= W57 o] e o] &

= valueQl A= vl5r AE L7 A HS wf A SHroll B A= gk
O void glutAttachMenu(int button);

= button¢] A}l = GLUT_LEFT _BUTTON,
GLUT_MIDDLE_BUTTON, GLUT_RIGHT_BUTTON

menu_id = glutCreateMenu(menu);

glutAddmenuEntry(“clear screen”, 1); clear screen

gluAddMenuEntry(“exit”, 2);

glutAttachMenu(GLUT_RIGHT_BUTTON); exit




Menu actions

Hierarchical Menus

® Menu callback

void menu(int id)

{
if(id ==1) glClear();
if(id == 2) exit(0);

}

= Z}7ho] Wi A4 A IDE 2

» glutAddSubMenu(char *submenu_name, submenu id)&

AF-&3}e] sub-menus F7}

sub_menu = glutCreateMenu(size_menu);
glutAddMenuEntry(“Increase Size”, 2);
glutAddMenuEntry(“Decrease Size”, 3);

glutCreateMenu(top_menu);
glutAddMenuEntry(“Quit”, 1);
glutAddSubMenu(“Resize”, sub_menuy);
glutAttachMenu(GLUT_RIGHT_BUTTON);

Quit

Resize —1

Increase Size

Decrease Size

Idle Callback

The display callback

glutIdleFunc(vmd (*func)(void))¢] HAIgHF= tHE
SME 7} g8 o A,
o Idle oY Uﬂ o] FA ol AE-T e.g. rotating square

void idle() {

/* change something */
t+=dt
glutPostRedisplay();

}

void display() {
glClear();
/* draw something that depends on t */
glutSwapBuffers();
}
O Idle®] default H4! 37 (callback function)+ NULL.

o tzEdo] §A154E GLUTH A =97 Al 2
Z12]7](window refresh)% Q3 o B¢ Ft
= AES7 AL OR IS )
s AE7L ATl B )
» AE 97} exposesl S
s AREA 22 oA T aZ o] rt vk A%

o glutDisplayFunc(display )T B GLUT Z 2 13 o) A]
HF=A] & 2] = display callbackO] =




glutPostRedisplay

O void glutPostRedisplay() 3+ o %=-5-7F Al = 12 4 of
AR e 498 HASE AL B,

e
T =

o ¥YRE4 o 2 display callback 35 213 S&3h= 2 K,

| g5 Abgshd taZ e o) 7k A 1] 7] A

Y 15 GLUT ¥ 1F2 yjof] A |3 A, #}r}e}”
=2 a3 3hd 9] s BA g

O glutPostRedisplay & AF&-3}H o] ZZZ 7o) o] HE

=3y =

o
T

[kl

0

22 A2 ¢ el faZeolrt & W AdE s d,

Animating a Display

0 Display callback 3=+ o] Al Tl =~ Edo] & A= 1Y wj
glClear()& At-&3to] WA A %E9-E cleardtTh.
o L2, 2 ‘ﬂ'ﬁoﬂ/ﬂJ O AR s Y e
2Z ol ek e ¥ Ut
o whepA B e A o= v aE el S A .
O single_double_buffer.cpp 33l - rotating cube | A

Double Buffering

o 2709} color bufferE A&
= Front Buffer - s} &5
m Back Buffer - 22|32~ A H o2 F2E o]n| x| A
o0 Double Buffer
- U2 uHE 278
glutInitDisplayMode(GLUT_DOUBLE | GLUT_RGB)
= display callbackol| Al 3 & ] &
glClear(GL_COLOR_BUFFER_BIT | ...)
= display callbackol| A P}A| 2o 2 ~ g W H & H-&
glutSwapBuffers()

T

The Reshape callback

O glutReshapeFunc(reshape)«= A7+ o|HE HAlg+E&
T =3
O void reshape(int w, int h)
w AE5-9] 5 o] (width)$} o] (height)& WHHSHTH
m O] FAEgFEATHORE redlsplay*“ A=
O Reshape callback &+ 9 =571 A5 51S o
sEYHER A5 E ”7101] 2 Jtolth




Example Reshape

void reshape(int w, int h)
{
glViewport(0, 0, w, h);
glMatrixMode(GL_PROJECTION); /* switch matrix mode */
glLoadIdentity();
if (w <=h)
gluOrtho2D(-2.0, 2.0,

-2.0 * (GLfloat) h / (GLfloat) w, 2.0 * (GLfloat) h / (GLfloat) w);

else

gluOrtho2D(-2.0 * (GLfloat) w / (GLfloat) h, 2.0 * (GLfloat) w / (GLfloat) h,

2.0, 2.0);
glMatrixMode(GL_MODELVIEW); /* return to modelview mode */

Display Lists

o 12 285 F7HA 717 HEiA HE A 49
SefolAES Am T22 /b ]2 E o] LA A e}
Ed= EF 54 AFHE A

o %237 :LEH'—’%i Al 2~El o] 4%
s UAE old 21 M5 7S 53] CRTO| <129 Hostoll 7] 42

= o
Tal g)\u

o t2=Z# o] X2 A4 (Display processor) -3

» 2~ E] 3H(Rasterization) = U] 2~ & 2] o] ZZA| Aol A] o] Fo] .

= DPU(Display processor unit) = | g ™ & o] 3§} (instruction
set)= 7HA1 AL Q. -4t o] CRTl| 7]+ gig :La 7] 93 A

w AREAF ZRIOWLS T AE HFE A FP o] bl H
Y RETLE o A o] ZrAME BjA| i, 2 WHEo]ee
o] ~Z 7 o] WX (display memory)oﬂ T~ Zgo] 3¢
(display file) B=+= t] = E# o] 2] = E (display list) = #|d-.

_4

OpenGL Display List

O OpenGLo|A H2=E#H o] g ~E&= t A& Yol S v
AF8517] 918 449 OpenGL % F ol o] 13,
= A% AGD 55
= 9 B EY 4S9 AAY
o g2aZgo] gl AE A9
= gINewList(list, mode)
list = vl2=E o] g =E 9 2E A} (ID)

mode = GL_COMPILE (Aol | A2EZ Bl A3k &S taZ o]
3}A] 2= %] A]), GL_COMPILE_AND_EXECUTE (54] 122 o))

= glEndList()
o s g2E A3
= glCallList(list)
o taZee] YAk o) F A4

= glGenLists(range)

OpenGL Display List

/* init 4= ol A . */
#define BOX 1
gINewList(BOX, GL_COMPILE);
glBegin(GL_POLYGON);
glColor3£(1.0, 0.0, 0.0);
glVertex2£(-1.0, -1.0);
glVertex2£(1.0, -1.0);
glVertex2f(1.0, 1.0);
glVertex2£(-1.0, 1.0);
glEnd();
glEndList();

/* display 3= ol A . */
glCallList(BOX);




Display List Functions

Display List

o Hasee] g AE B4
GLuint id;
void init()

id = glGenLists(1);
gINewList(id, GL_COMPILE );
/* other OpenGL routines */
glEndList();
o APE sy ol grE SF
void display()

glCallList(id );

O

a

g2 7)ol P aZeo] PrES Hat g
= glCallLists(GLsizei num, GLenum type, const GLvoid * lists_ptr)

» Type<> GL_BYTE, GL_UNSIGNED_BYTE, GL_SHORT,
GL_UNSIGNED_SHORT, GL_INT, GL_UNSIGNED_INT,
GL_FLOAT, GL_2_BYTES, GL_3_BYTES, GL_4_BYTES

Oz o] gl2=E QoA thE f=Eg o] gl 2ER
3% 7Fs
2Zd o] gl =E A2 W22 E (nested)HA] 53
= o] & 59°] glEndList() )l glNewList()7} 7 H A = &2 ¥
GL_INVALID_OPERATION#}= o]l & (error) 2AY
glFlush(), glGet*(), gllsEnabled() 4 & SA| A 2l & 2.5}=
e tlaEeol Pk ghol B 4 gl
txEdo] gl ~E+= g A4 =W glDeletelists() 7}
= 74 W8S vkE T ]l

Display Lists and State

Display Lists and State

2~ E Qbel] tf 7429 OpenGL 30|

o t2=Edo] F2E o A A E(State) & HSAI A
| MG o] HaFeo] g 2ETH A H Foll im
5384 X3t a9 E = T U
= o2 Sol, Wb YRS 29 vaZeo) gaEs) dad
wjnlc} 19 €] Ajo] 44 o 2 A o] =z 13e] A o] o
old 7B 8aE w3k A4S /A 1,

o wekA, OpenGLO| 3 d 7} & el o] AL8-& A3

> o

s Tazeo] g AE Qholl A2t 2ol A a} £ 28 AL
glPushAttrib(GL_ALL_ATTRIB_BITS);

glPushMatrix();

glPopMatrix();
glPopAttrib();

O

) aEeo] Bl AE qhol] A 23} o e} & 0
A

#define RED_SQUARE 1

gINewList(RED_SQUARE, GL_COMPILE);

glPushAttrib(GL_CURRENT_BIT); Stack: LIFO
glColor3f(1, 0, 0);

glRectf(-1, -1, 1, 1);

glPopAttrib();

glEndList();




Hierarchy and Display Lists

Picking

0 ApE 2k 2 oA
» AJA] (chassis) *E]]aAE@H

w 1} (wheel) T 2 E8 0] E2E A/

gINewList(CAR, GL_COMPILE);
glCallList(CHASSIS);
glTranslatef(...);

#) % (Picking) & Sl Aho] & AAZ ALE A7} A0 5

Kol
T T
_ =L O
NEF o dH AL

0 OpenGLol A A4 A4ks T+ 8t7] o o &=
= WA (object) A 2
Hagdo] g AE AL
Qa0 1BELS TASE B A AHS Ay
= A3 A 4 (picking an object)= 7 €]
7R85 vh AR Y of Y Thrte] Tk Ao ' s

glCallList(WHEEL);
glTranslatef(...); ol 2] 2 A 7} %3 (overlap) FIThH?
glCallList( WHEEL); CERE A
glEndList();
Picking Solutions Rendering Modes

o A ¥ EE (Selection mode) - pickl.cpp
2838 AR A 9S 2date] A2 F83 9 W] oW 72
8 i(primitive)ﬂ A (cursor)-+o] FH o2 T H F =4
4. AT g 2= E(hit list)ol] 7] o] 501] Apg2L T2 o R
ENEY ? 91%.

o 7d A ¥F2~ (Bounding box) - pick2.cpp
w 714 7hehak
&

%t ¥ ¥ (Back buffer) - pick3.cpp
= color-coded objects ¥} glReadPixel() A+-&

o0 OpenGL<9] glRenderMode(mode)ol| 4| 41 8 ¥ 37}%] L=
% stz A0,
= HC = (GL_RENDER): Z & 9] # 5o A4l A=

(default)

» Y =R E (GL_FEEDBACK): AICI® ¥ 7] Q40 2| 2ES
] A

n MY EE (GL_SELECTION): A8l == A 3elal FH-&
%ﬂﬂao}qu%?}Oﬂ °‘L747li *EZ—*.% g S (hit
record)E T A Fo] 5o AE-SHE 2~ (name

stack)o] 2k 3L 3= B ¥ ¢hell A x}g.




Selection Mode Functions

O void glSelectBuffer(GLsizei n, GLunint *buffer)
w vl e X, AR ol g 7E uf<E kel l=A] 217k
A8 Ho]HE Y-S v buffere] 7] & no= A4

O void glInitNames()

o U AEE 27]8

O void glPushName(GLuint name)
» name< U =E ol W= S

O void glPopName()
= F(top)oll A= names U =B o2 5H 7= g4

O void glLoadName(GLuint name)

w U289 TS name & & ) A|3}+= §H

O name> A & 2 s7] 93] & 2030 M =24 g

Using Selection Mode

1. Yld2="gs 273}
2 AEln==2 3%
o Awmor He R Sojrh] AN v
AHE B v 925 halo] £17] Aol el

3. AHEAZE AR IDE WS WY
4 A BRA A EER 3k
w o] B oA t}4=2] 3] E (number of hits)E @ 7 BES-.
5. WY 28 (name buffer)ol| 3] E # 3= (hit records) A}

= HE dmEi Do Ro] AR E T3

it <o

Selection Mode and Picking

o ARSAE A o7 AM el TS 2t 2N A ¢l
AU P e AR E A Qg b A o] 2] %)
A4 el At W A a A A DG e
34 gluPickMatrix & AF-&-.

= void gluPickMatrix(GLdouble x, GLdouble y, GLdouble width,
GLdouble height, GLint viewport[4])

Selection Mode

Hit list
Object id =3
Min, Max depths
Object id =2

Min, Max depths




Using Bounding Box

Bounding Box
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Using Back buffer Using Back buffer
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Front—buffer

Back—buffer
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For example,

Obj#1=100
Obj#2=010
Obj#3=00 1

glReadPixels()




Dithering
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glEnable(GL_DITHER)Qr glDisable(GL_DITHER) &
Ab-g-3ho] B4 3}/ u B4 3HE g

Default = D1ther1ngo] A gl E o] 9L




