Input and Interaction

Overview

o =X (Input device)
» =24 9 g 4] (Physical input devices)
Mouse, Keyboard, Trackball
w =Y A
String, Locator, Pick, Choice, Valuators, Stroke device
oY 2=

= Request mode, Sample mode, Event mode

321190 0 GLUT Devices & Event-driven programming
2008 =3t7] w TR, IR E, vy, 2o] 28, HEY, .
3/24/2007 o f2Z# o] 282~ E (Display lists)
17 Al w AR E 129 2 (Retained mode graphics) 2]
o A4 (Picking)
w Bpuide] 3 AA S AR AE A ¢ 9= ok ]t
Interaction Historical Highlights
0 A5 7|&9 52835 4d 7184 shvb= AR} O Vannevar Bush - MEMEX
AArE S o] gato] FadE8S & Atk Aot O J.C.R. Licklider - Man-Computer Symbiosis
0 %228 (Interaction) ) ) ] N O Steve Russell - Spacewar
= AREARE vhE gk 2 o X"P 15 Sotel 55 Adh 0 Ivan Sutherland - Sketchpad
= HFE7FAREARS] ) H S A _
. T2 o] 9o ukSaho] ALE 2 v} O Douglas Engelbart - NLS (oNLine System)
s T2 Ao o] Al 2L AHE U] A~ Z g o] s} O Xerox PARC - GUI (Graphical User Interface)
w AREAE Bk HAaE e ol &
m AR§AL7} o] Wistel] ThA] wk-E-8h= g S o) vbRE T




Graphical Input

Physical Input Devices

Mouse, Keyboard

2% 4

Bo]4 o] ohul A& L2 1l she] 49) Qe H o] 2o 9 3ol
R EEE:
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1247 g gz el 4 AT wa e

=4 9A (Measure)JJr 2] ET] A (Trigger) = A= = th
- E.= (Request mode)

A& K& (Sample mode)

o] ¥l E T = (Event mode)

Threshold
detector Computer

mouse trackball light pen

data tablet jotick

space ball

Physical Input Devices

Relative Positioning Device

o =24 Y ¥ %A (Physical input devices)
= A A] A (Pointing devices)
AR SRS @ AT AN T 5 A B
o 0] A9 A8t A A5
oo M ES 744 31 gk,
Mouse, trackball, tablet, lightpen, joystick, spaceball
71 .= %4A] (Keyboard devices)
22 el EAh S uHEksHE 33
Keyboard

t] o] B &2 (data tablet) &2 &= AU YA &
A 3w,
o g, B Fol g Le 4R Wa SES

2 5-3ho] 9] x4 17} Ak

= Rotation of cylinders in mouse

= Roll of trackball

= e AU AAE F8h7] o H =
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Logical Input Devices

o At A (String device) - keyboard
w ARRA} I 2 19 of] ASCIIRE A (strings of characters)& Al &
o 9% &= (Locator device) - mouse, trackball
w AREAF g o] AAA 2 3E 0] 913 (position)E AlE
o A4 =] (Pick device) - mouse button, gun
m AREAF R IR A o] A AH(ID)E e
o A€ %] (Choice device) - widgets, function keys,
mouse button
n AREA7E A BAEE (menu) T StUHE A= o
o 7ol o] %A (Valuators) - slide bars, ]oystlck dial
n A2 T2 Ao ol g R 71 9] # (range of value) S A&
o & %A (Stroke) - mouse drag
» 21X E2] vl < (array of positions)S WHEk

X Window Input

0 X Window System 222 Sefo] A E9} A1 22l
(client-server model) Y| E9| A2 T4,

1 A H](Graphms Server)= H2H HAEH o], 7| HE,
k-2 7E A sE ol d el o] ME= Eli#i'ﬂoloﬂéa—?
MU 25 7| R ES vk 5§33 9 ARl 2 Al d

» F2}o] A E (Client) - OpenGL ZZ 1382 I~ W &
Abgoh= E‘ro]o1 Eoltt.
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Input Modes

a
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B 00l m om ?:94119,

é%i] = Fﬂﬂ /\] AFE ol Al 4 %] (measure) &
AT AEE Ltﬂ /\}&%—)F A= A =24
ot

U]—‘—?—il— “ o x‘l;(.]iﬂi—z ZT;]—
m 7| R =& “ASCIl code” & T

Request Mode

O 875 E (Request mode)oll A= 4|7} E2] A @ w714
SAA L oo 2 ke ) ke
@ BAURE ATSH QYA v A3
Mg o]
s dE 59 C Jiila‘lvlscanf 7 A E W 22 0]
Sl A EAE A 7] ]‘jrﬂu“i R i A
ANE 7] (trigger) & —‘Fiﬂ 744 Ehol g 3t w A o] 7}s sttt
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Sample Mode

0 ME5E (Sample mode)oll &= 244 < &
A F ek AL A 2 o) A gm0 &S T
SA SAA 7 g E Y whebs EY A7) E o6k

Event Mode

O 9] A 2~8lE of 8] 7l e 48 A7} 9l om 7}
Aautth A4A Y] EYAR SARAS st s gow
T E

o 1= G 7F E] A (trigger) 2 Wi v} o] ¥l E (event) 7}
A a1, AR o S X 7F A] A E AH(ID) 9 T E-o
o|Hl E 7 (event queue)l| &7t}

Sample 0 92 (callback) 2 574 o] Wl E o} A ZAsto] AL-g-ghr},
Measure
process Progrom - M E Await
rigger easure vent -
Measure process W process W queve Program |
Event Types Programming Event-Driven Input

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

O Keyboard - 7] & 7% (press) 2} 7] ol A (release)
O Mouse - "} HES FT&

O Motion - P}-$-2~ =2 ¢

o Idle - oY1 E7} gl

F A A EF @Al & (callback function)©]

main

o}
= o], GLUTOI A #1922 oWl o] Al 3h4-
o s},

| 4 glutMouseFunc(mouse) & 314 #|
3l mouse Tl e=o] FH|= E]rc’lﬂr .

o rr

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




GLUT Devices

GLUT Keyboard Functions

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

O Joystick

O Tablet

o Dial/button box
O Spaceball

O glutKeyboardFunc(func)

= ACII ‘character’ 7|7} =8 A& o =23
O glutSpecialFunc(func)

» 57 ‘special’ 7|7} Ee1 A& o B2
O glutKeyboardUpFunc(func)

= ACII ‘character’ 7|7} wlo] & of £ 7
O glutSpecialUpFunc(func)

= 55 ‘special’ 7|7} W] A S o &7
O glutGetModifiers()

= o]l E 9k A] Shift, Control, Alt keys2] A EIE =
O glutlgnoreKeyRepeat(val)

= GLUTAl A4 71 5= vk A okl &

=
X

GLUT Keyboard Event Callback

GLUT Special Key

O void keyboard(unsigned char key, int x, int y)
w Z|HE QIE H A et A e E AA.
» key 1A} ACII character code® #| 4

o % yQ A 718 EHE W9 k2o 94

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

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

0 GLUT 57| (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

0 CTRL, ALT, SHIFT modifier key 7} =& #l=%] g<lst ¥
int glutGetModifiers(void)A}-&-.
» GLUT_ACTIVE_SHIFT - SHIFT 7] (- Caps Lock$] %}l
= 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))
= vk B Ee] FH S o B9

O glutMotionFunc(void(*func)(int x, int y))
w VRS2 HEo] Fe X el =4 Y W =

O glutPassiveMotionFunc(void (*func)(int x, int y))

B OS2 HEo] EH XA Fe Ao &3d uf B 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

u state 1A}ol| == GLUT_DOWN (VF9-2= B Eo] =8 A& o)
GLUT_UP (vh--2= W Eo] "o 1S5 )

= x y AR vhe-2 B Eo] ERAY W RS wf vhe-229] 914 (in
GLUT window coordinates)

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

{

O void motion(int x, int y)
w oy, y A= PRS- A 22 94| (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 Q1A= GLUT_LEFT, GLUT_ENTERED
0 X-windowol| A= A &3] =99l v}-27F 5] Yzt
) 1 | E = A7) Windows OSO| A = vk--2=5 A

YA =90 238l oF window focus”} B} Al & 22 0]
6L/\7} =] pj-o] AZn) x| ko

void entry(int state)
{

}

Mouse Positioning

0 GLUT screen coordinate-> ¢ S 9% 9% (top-left
corner) &= s} il x+ LB, y+ o} O = 1 pixel
@e = S

0 OpenGL-< 2D drawing coordinate> 173 o] 1% o} 2| %
(bottom-left corner) &= 3} 11, x++= Q&% y+i=
Ao 7 F7He

o b, k-2 lEE y S =59 o]
(height)ol| 4| wj =0 of OpenGLA el 2YS 1Y

AT y = height - y; /
h

(0,0)

" mr

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

o glut]oystickFunc(func)
n Zo| g9 HEE v t milliseconds &9 2 &
O glutTabletMotionFunc(func)
m HE= pucko] SAANS W T
O glutTabletButtonFunc(func)
w HERHEC] 3 AY HARE W 25
O glutDialsFunc(func)
= Goldo]l sH S W 2F
O glutButtonBoxFunc(func)
w told/HERal W Eo] ERAY HoH s u 2F

Widgets

O o] A= A|AES Zlﬂ]rﬂ AFE-A} QTE] 3| o] 2~
(Graphical User Interface) 914l E (widgets)< Al &
o 223 o s Zelolol] Q175 & AT AET
¢1E] = o] 2 (Higher-level mterface)
0 =24 YEAX7F Aget= g o] 7 e& AlE
o $AIES] o
= Menus
Push Buttons
Radio buttons
Sliders

Scroll bars
Dials

o

o},

GLUT Menus Functions

to=r ofr
i o
sE (w2
o, ol
2

GPE EEEES ﬂ%‘?g 2394‘8110? gt

O 5+ menus 0}1741 sub-menusE YHE AT
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 */

O Menust™ A8 Tof ofgf| ¢} &L k& A A vl =5 Qo)

= glutSetMenu, glutRemoveMenultem, glutChangeToMenuEntry,
glutChangeToSubMenu

O Menust A3 59 ofgfjo} &2 g5 # A HE attach
& detach?} 7155},
= glutDetachMenu

Defining a simple menu

o
ne

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

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

= nameSl A= o 57ol] e o] &

» valueI 2} Wl AEZ 7 RS off §AIgro] B = ¢t
O void glutAttachMenu(int button);

= button?l 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

m Menu callback

void menu(int id)

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

}

= Z17ke] Wi A4 A DS 2he
» glutAddSubMenu(char submenu _name, submenu id)&
AF-8-3to] sub-menus 57}

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

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

Quit

Resize —1

Increase Size

Decrease Size

Idle Callback

The display callback

rlu

glutIdleFunc(vm (*func) (void))e] Hal g4+ o
Sl =7} g8 ) A3
O Idle< <Y Uﬂ o] d 7‘—1 ]Oﬂ AH8-3, e.g. rotating square

void idle() {

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

}

void display() {
glClear();
/* draw something that depends on t */
glutSwapBuffers();
}
o Idle®] default ©4! 37 (callback function)+ NULL.

o t2aZg o] §AI8EE GLUT A 9297 Al =2
T12]7](window refresh)E 8.8 off &2 %It}
B ARV SR ARHS U
s AESTF ATl o
» X597} exposesl S
w AREAF Z 2O A vaF o7t uiid 4%
0 glutDisplayFunc(display )T EE GLUT Z= 15 0f A]
HEE A 2]+ display callbackO] =3




glutPostRedisplay

O void glutPostRedisplay() 3+ o =-5-7F Al = 18] 4 of
AR A2 A A B,
o YWkEA o = display callback &5 25 S&3h+= A H},

o

| §4-2 AL SHA T 22 eo] 7} ThA] ~1e]
Z Y22 GLUT " 91 F 3 ol A A8 A, Ze}sl At
%gg@ﬂ@:ﬂﬂ%%ﬂ@w

[l

e el B oo O A elol s} g A9 el

Animating a Display

o Display callback 3t ol A t=Zo] S A= 19 o
glClear() & AH-&-3to] WA 91 %=9-E clearsttt.
o c1eiu}, o) mslel M) 17 AR 1E e
2ol et el H o] At
o Wb REESRE TP H = Y agE el B H.
O single_double_buffer.cpp 33l - rotating cube | A

Double Buffering

o 271¢] color bufferg A&
= Front Buffer - 3ol &9
= Back Buffer - 123 2~ AP o2 g 2~H o|n| =] A
0 Double Buffer
= HE B E 2735}
glutInitDisplayMode(GLUT_DOUBLE | GLUT_RGB)
= display callbackell A W3 & A&
glClear(GL_COLOR_BUFFER_BIT | ...)
= display callbacke| A #}A| 2o 2 ~ g W I & H-&
glutSwapBuffers()

The Reshape callback

0 glutReshapeFunc(reshape)™ #7-4 o|HE HAI+&E
T =3t
O void reshape(int w, int h)

w X9 5o (width)$} 3= 0] (height)& WH3HSHT}
w O] PR E= A EH o7 redlsplay &t
0 Reshape callback 3+ A =9-7F H5 35S o

TEHER A5 E ”71011 T2 ot




Example Reshape Display Lists
3oL =9 o] = x E o PAXe)
void reshape(int w, int h) d iaﬁ T A E 7]-}\] z_] 7] ‘A 6“ 1 ]i_]'_‘ﬂ E_L‘ © 4
{ eﬂﬂﬂEﬂiﬂ F H2=E e o] 2 A A2}
glViewport(0, 0, w, h); Bd= EF B4 AT E1 = A
glMatrixMode(GL_PROJECTION); /* switch matrix mode */ - =
glLoadIdentity(); o 237 2= AlR" Y 2
if (w <=h) » YA opdE 1 W] & &3l CRTO 4% Hostoll 7] W&
gluOrtho2D(-2.0, 2.0, g w9
-2.0 * (GLfloat) h / (GLfloat) w, 2.0 * (GLfloat) h / (GLfloat) w); - .
else (GLloaty b/ (GLEoat w, 207 (GLloat) h/ (GLEloat w) Z# o] Z=AA (Display processor) T3
gluOrtho2D(-2.0 * (GLfloat) w / (GLfloat) h, 2.0 * (GLfloat) w / (GLfloat) h, - aH 2~ ﬂ(Rasterization)-‘E 2Z o] ZEZA| A A o] Fo] A,
-2.0,2.0); = DPU(Display processor unit)= A 3t & o] & (instruction
| glMatrixMode(GL_MODELVIEW); /* return to modelview mode */ set) .%( 7}% :g g}l o g o]) CRT®] 7] 2 §_ Sz :LF(J 7] %) A,
o AP ZROPE TAE AFEHAA FaEe] HAndd ¥
Y2=E7} 5101 HzEeel 4§"ﬂ/\1§ HulAar, 1 g E ol 5
t] 2~Z 7 o] W X ](display memory)°l] T =& o] 3
(display file) = t] =& o] 2] 2~ E (display list) = 4.
OpenGL Display List OpenGL Display List

O OpenGLoA H2=&do] g AEE fAaEHo|dd o
AH8-37] 913l #4174 OpenGL W & o] 9] 43
s A5 AgE ) 58
T age] S s AAE
o HaEe] 2l AE 4o
= glNewList(list, mode)
list = H2=E g o] gl 2=E9] 2¥ X} (ID)

mode = GL_COMPILE (A ¥l 2] ~E& B« vk | §-& ]~
314 %% A A]), GL_COMPILE_AND_EXECUTE (54] t] &

= glEndList()

o Y] gk 29
= glCallList(list)

o HaEd o] 2l AE o] & AA
= glGenList(range)

=40
=d o))

mlm m H

/* init 5= ol A . */
#define BOX 1
gINewList(BOX, GL_COMPILE);
glBegin(GL_POLYGON);
glColor3£(1.0, 0.0, 0.0);
glVertex2f(-1.0, -1.0);
glVertex2£(1.0, -1.0);
glVertex2f(1.0, 1.0);
glVertex2£(-1.0, 1.0);
glEnd();
glEndList();

/* display <= el A .. */
glCallList(BOX);




Display List Functions

Display List

o Hasee] g AE A4
GLuint id;
void init()

id = glGenLists( 1);
gINewList(id, GL_COMPILE );
/* other OpenGL routines */

glEndList();
}

o e Haseel B aE 5%
void display()

glCallList(id );

o oj& e HaEHe] gAES Fas 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
2EH o] YAE Qb M T E HAaE o] g AER
=7k
o g2aZdo] g AE A2 U 2~E(nested) st A &
= o] & 50°] glEndList() ) glNewList()7} 7 *A = &2 ¥
GL_INVALID_OPERATION = f| & (error) 24}
O glFlush(), glGet*(), gllsEnabled()x H SA| A 8] & 8.3+
e dasdo] dARE S 21 fr ol
1”4 /\ii’ﬂ o] YAE= 3 "@ g ﬂ ™ glDeletelists() 7}
d wj7h4] Y& vhE e

(m]

O

Display Lists and State

Display Lists and State

[>
ful
rO

of 2] OpenGL & ©]

O

O )\:Lgﬂ ]E]/\
UL, ol d WA o] s
o Sk 33 3342 =55 e

Oﬂ | (State) S W SIA| A 5
1]0 é ate) & T

*EﬂN%  Fol =

_

A o
AolE 7R Qs wE AM8 71 A %‘.

i

0 whebA], OpenGLS] W3} &4 28] AL§-2 143,

s T2Zeo] 2 ohol Aatut Lol W &4 28 ALg
glPushAttrib(GL_ALL_ATTRIB_BITS);
glPushMatrix();

glPopMatrix();
glPopAttrib();

0 O 2Zgo] 2] 2 oto) A2z} 2ol @z} 54 2l
A

#define RED_SQUARE

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

O A Ak B oA
u AJA] (chassis) T 2=Z& 2 o] g ~E A

w H}F (wheel) T =& 8 0] H2~E A4

glNewList(CAR, GL_COMPILE);

%) 4 (Picking) & 3} 4be] & A5 ALEAPE A 5
QL= 3= 9lel o Al

A=
0 OpenGLol| A 1341 ArE T oy =
= ZHA| (object) A 2
tj=Ee o] g H&

~E
NE220) TFS EAE B ASYS A

glCallList(CHASSIS);
glTranslatef(...); w AR A4 (plckmg an object)= 78 ©]
glCallList(WHEEL); 712845 vh2R Y of Y Th7te] 7k o' s
glTranslatef(...); o 2] Z1A 7} 23 (overlap) SATH?
glCallList(WHEEL); = 7 olar
glEndList();
Picking Solutions Rendering Modes

o A B X E (Selection mode) - pick.cpp
o 2 G} A G At 2 F2Y 4 e ojd 72
B.ﬁ:(prmmhve)ﬂ # A (cursor) F-++2] F Ao 2 A H =X
4. AT g 2= E(hit list)ol] 7] o] 601] AF-E-A} 4;?:1?JJ o7
A 9l
o A v (Bounding box) - pick2.cpp
= 7P ek

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

0 OpenGL*2] glRenderMode(mode)oll A A& ¥ 3714] ==
Z e Ao,

= dlH X (GL_RENDER): Z 2] ¢ H 3ol 734l It 9
(default)

» ¥|=Wl T = (GL_FEEDBACK): @t d® 7] 2
o k—tﬂ /‘}%

s AERE (GL_SELECTION): A ¥R =2 dgsla 3
%lﬂ Fotd, 75 bl 9l 7 71 84 AT dAE (hit
record)E WA ste] 5 —?401] /‘]-9- 3t %= v] 9] 2~ ¥ (name
stack)©] 2kaL 3k B H <bell A7,

b

E =
—_=

‘04

i)
[

)
o




Selection Mode Functions

Using Selection Mode

O void glSelectBuffer(GLsizei n, GLunint *buffer)
w vld e XL e ol E7E ufd kel l=A] Sl
= A8 delHE ¥s e buffer®] 7] & no = A7
O void glInitNames()
o HYAE S 27]8)
O void glPushName(GLuint name)
= names Y Lgol W o
O void glPopName()
= G (top)oll A+ nameS U Y2~ O 2 HE 7= o
O void glLoadName(GLuint name)
" Lﬂ"”\‘t’“«l =15 name . 2 ) A sl g
hvA

0 name= A & 2 ¥H3}7] 93] & T2 1o A %43

~
o

ly _IS&

N
g
> 18 o2
o>
kU o
2L BN

i

| E50]717] YA = v gAlS
o] 11511/}7] Aol ME R =2 ),

i)
=
Y

K [o
o,
orx
[z

oo
o
ol

>~
A
o
>
N
—_
O_|_4
j&
a1
o
lﬂl
_|_,
r&
O
gReo
nj
E

s THA] AAF 49_] 4l E13E§ ;ﬂzﬂr
» o] Aol A t}5=¢] 8] E (number of hits) S d A TS,

5. WY 28 (name buffer)ol| 3] E # 3= (hit records) A}
B SE HI=E= D9 4o xJHE ¥

Selection Mode and Picking

Selection Mode

7}3

o] =17
7]

U

ot

ot
7}

o AHEA7F B O3k A Mol TS 2k 2 ankA
ERIE R E R R R P
AA e HErtd FIPE A A Y=
34 gluPickMatrix& /\}

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

_

o gt

3L =
=]

off

Hit list
Objectid =3
Min, Max depths
Objectid =2

Min, Max depths




Using Bounding Box

Bounding Box

HJO

o A ¢] *H 9] (the extent of an object)= 7 ¢].
w Ao W= Al 2detal gl FH Sl AEE (axis-
aligned) 7} 2+ A7+
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Using Back buffer

Using Back buffer

o A& (objects)= 27t ThE Mo 2 T W oo Ay .

0 &IZEIYH= 2L ﬁﬂﬂzgz%gi g o]
wuiet ] A4S WS A A e Y ES 2

o SHHHE ALLS A4 A4 GA:

A= A A "“(ple color) & FHAM o] 17
H}§-2 W AR o §5Fe] ul9-2:2] $13] gh(mouse
position) S ¥
5. glReadPixels() 3H=5 o] &8} mp-9-2 9] A]of] g Fah= 22 <
3 2ho) 9131 23 o) 919] 48 24

PESY
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No=

Front=buffer

Back—buffer

i

For example,

Ob#1 =100
Ob#2=010
Obj#3=001

glReadPixels()




