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Overview

o YEEAK (Input device)

2| & Y= EX|(Physical input devices)
Mouse, Keyboard, Trackball
o =2 R
String, Locator, Pick, Choice, Valuators, Stroke device
o8 2t
m Request mode, Sample mode, Event mode

o GLUT Devices & Event-driven programming
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Interaction

o AFH 7|2 5% WM 7 = AFEAEIL
ZFH 22 0|85t 4=%582 & 5= QUCt= AO|CH
o &S 2 (Interaction)
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Mouse, Keyboard, Trackball
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Physical Input Devices Physical Input Devices

o =228 YHEXK| (Physical input devices)
= X|A| HX| (Pointing devices)

AR 2tHAO| B QX E XA = UA &
; 2o 22 AEX7L AFHO Mz & AHBEES 27| 2/l
1 0|¢el HES 7HX| 2 UL},
Threshald [~ Mouse, trackball, tablet, lightpen, joystick, spaceball
| Computer R, ;
trackball light pen lEEESLEE*!IOi(IK—;;TO;E;e;g;E 2N
Keyboard
data tablet joy stick space ball
Relative Positioning Device Logical Input Devices
o HIOIE HS2! (data tablet) €2 EX[= 2HRIXIE o 2XE A (String device) - keyboard
M-S etLt m ALEA 2O ASCIEAHE (strings of characters)& XS
o OFRA EE XO|AEl ZHE AKX = HISI= S E o 91X &X| (Locator device) — mouse, trackball
25t AX|HE7t A LHEl L. = AR Z2 IR0 MMA FHES| 9% (position)E S
= Rotation of cylinders in mouse o X[& &K (Pick device) — mouse button, gun
u Efgg‘: t;aé'kgajg = a0l oloie = AFEXF Z2IOM0| Ko AEXHID)E et
- SrE ;tﬂifoifgl;oifjf& . olo o ME &X| (Choice device) — widgets, function keys,
" edE AeraE BAs o= T ME mouse button

w AFEXI7F MEHALSS (menu)E StLHE MEHSIZ 2 ¢t

o HRO|O|E FX| (Valuators) - slide bars, joystick, dial
= AFEXF ZZIO0 o2 2 3(range of value)2 M

o 2 ZX| (Stroke) — mouse drag
= X|=2| B array of positions)S Htzt




X Window Input

o X Window System 222 SEtO|AERl MH ZH
(client-server model) HHEHIZE F4.
s J2§EA M (Graphics Server)= 2{AF CIAZ20], 7|2E,
OpRAE JHE QI3 AHO[MH0[CL O] MH & III =Zp0]0f =
MH|AE 7|2EQ OIRAE S5 Q13 MH|A x1|16+q

= Z2}0[E (Client) - OpenGL Z2 12 :LEH&;ﬁ M=
ArESI= E}O|01IEO||:|-
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Input Modes

o YHEK= OSo| M= E EU& E2[H(triggenE
ZEXR[ 2 QUL
= OpRA "HE"
= 7|HE0M “2|H/AE"7|

o YEAK= E2|A Al HAFHOA FEX|(measure)E
HAFLEL M2 E F “HI M%% = Ae X e 22[H
I
= OpRAE= "QIXHE"E ECL
= 7|2E= "ASCll code"& EL}

Request Mode

o 82 E (Request mode)f| A= HX[7t EB|AH &
7K E™EX|7F 2020 2 izt X| Y=C
o BAYES 275 HEHOl H1fHATl 28
2ol g&
m O|E 50/ Cc Z2MOlscanf 47} AFRE [ =2 O]
CHIE 7|0l M 2XF2 A D§7FK| 7|CHe| A ®X|Stc 22|10
QAE]7|(triggen & #zmm Eto[E 1t w7 ™O| 7ttt
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Event Mode

o 2 AI2EE of2f J§o| o3 &X|7} olonf 2t
SX|OiCt RIS B2 2 SEIEES Ase
sldoz FMEIC}

F

o 3 X7t E2|A(trigger)E MOFCH O E (event) 7}
M, ZXel Z-KX|7} ’é*xl AEIHID)RF HE
O|H E F(event queue)0f E0{ZtCt.
o Hl(callback) &+E E7 O|HIERL HASIO ALESICE

Await

Trigger Measure Event e
process . process I queve Program
Trigger Measure Event

Event Types

o Window — &= resize, expose, iconify

o Keyboard — 7|5 +E (press)2t 7|0 A H(release)
O Mouse — O A HES £&

o Motion — OtA S&

o Idle - O[HIET} Q1

Programming Event-Driven Input

o O|Hl E-T S (Event-drive) ¥ Z2I2A S <|sH
O|HIE Q| CHESt= Al Br4(callback function)=
HolgtLt,

o O|HIE 7L SHAAl S B4l 2h(callback function)O]
ST

o O S0, GLUTO|A O A O|MIES| EHAl gte&=

main &= LHOJA] glutMouseFunc(mouse

X732t 2] mouse T4l 20| HE
7|-|:|-
= .
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void mouse(int button, int state, int x, int y)

GLUT Devices

o Keyboard
= "normal” keys
= “special” keys
O Mouse
= Position
= buttons
o Joystick
o Tablet
o Dial/button box

o Spaceball




GLUT Keyboard Functions

GLUT Keyboard Event Callback

0 glutKeyboardFunc(func)
= ACIl ‘character 7|7t 22iXlE If 22{¥
o glutSpecialFunc(func)
= S5 ‘special' 7|17t SRNE I 2%
o glutkeyboardUpFunc(func)
= ACIl ‘character’ 7|7t HOI} S If 22{F
o glutSpecialUpFunc(func)
= 5% ‘special’ 7|7t HO{ /S I S
o glutGetModifiers()
= O|HIE S A| Shift, Control, Alt keys2| AE{E &

o glutignoreKeyRepeat(val)
= GLUTOIA Xt& 7|2 E BEHES FASIE D &

o
L

=
=

o void keyboard(unsigned char key, int x, int y)
= 7|2E QIEEA0 et M2l & X|FE.
= key ?1Xt= ACII character codeZ x|
= x RIKE 7IE =7E W2l 0tR22 9K

void keyboard(unsigned char key, int x, int y)
{
switch (key): /* q-key exits the program */
{
case ‘q":
exit(0);

GLUT Special Key

GLUT Modifier Key

o GLUT §==7|(special key) X|’8
= 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:

o CTRL, ALT, SHIFT modifier kgﬂ =R =X &Ql5te{H
int glutGetModifiers(void)At-&
m GLUT_ACTIVE_SHIFT — SHIFT 7| (22 Caps Lock?! 4fEH)
= GLUT_ACTIVE_CTRL
m 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 =="r") {
int mod = glutGetModifier();
if (mod == GLUT_ACTIVE_CTRL)
red = 0.0;
else
red = 1.0;
}
}




GLUT Mouse Functions

o glutMouseFunc(void(*func)(int button, int state, int x, int y))

» OPRA HEO| s2{XE I =22{F
o glutMotionFunc(void(*func)(int x, int y))
w OPRAZFHEO| =217 HEfoM S2IY I 227
o glutPassiveMotionFunc(void (*func)(int x, int y))
o ORRA HEO0| Z2{X|X| g2 HEfoN 2 I E2{F

GLUT Mouse Event Callback

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

= putton VA0 GLUT_LEFT_BUTTON, GLUT_MIDDLE_BUTTON,
GLUT_RIGHT_BUTTON

u state QX0 = GLUT_DOWN (Ot A HEO| =3RS )
GLUT_UP (O HE0]| [0/ )

m x y QXE OFRA HEO| R AL MO AS I OFRAL| X (in
GLUT window coordinates)

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

{

}

GLUT Motion Event Callback

o void motion(int x, int y)
w x y QXHE OFRA9 MZ2 K| (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)
n state QXH= GLUT_LEFT, GLUT_ENTERED

o X-windowO| M= H=5| =20 OpRAZF 0|0 L
[fo] O|HE S SHMA|Z. Windows OSOHME OFRAE
SN *I =20 22510k window focus?t HHY A &[22 O]
7t B2 A E[X] S

void entry(int state)

{

}




Mouse Positioning

Drawing geo at cursor location

o GLUT screen coordlnate HES AF AZE op—Ieft
cornenl & 5t1l x+= LEX, y++= Ol ZF2E 1 pixel
cro|2 =Jpotct.

o OpenGL2 2D drawing coordinate2 ®7&0| 21%

Ot2Z (bottom-left cornen2 2 3t1, x+= QLEZE,
y+= HEZLZE FIIe.
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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)
g_mousemove = true;
else if(button==GLUT_LEFT_BUTTON &@&: state==GLUT_UP)
g_mousemove = false;
}
void motion(int mx, int my) {
int w = glutGet(GLUT_WINDOW_WIDTH);
int h = glutGet(GLUT_WINDOW_HEIGHT);
float x = (float) 10 * (mx - w*0.5) / w; // 0~600(x+right) => -5~5(x+
right)
float y = (float) 10 * (h*0.5 - my) / h; // 0~600(y+down) => x -5~5(y+ up)
if (g_mousemove) {
geo->setPosition(gim:vec3(x, y, 0));
}
glutPostRedisplay();

If both a mouse button and ALT key are
pressed

GLUT Device Functions

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;

}

o glutjoystickFunc(func)
m ZO|AEO] 4EfE Of t milliseconds THRIZ &
o glutTabletMotionFunc(func)
s HE3 puckO| 282 If ==
O g|utTabIetButtonFunc(func)
= HE3 HEO EXAHL HOFS I =&
o glutDialsFunc(func)
= CIO|RO| ERiRE M =

o qutButtonBoxFunc(func)
= CHO|/H EHfA0l HEO| sRILI HOME I =&




Widgets

o EE29 A= AAEE 2T ALEAL QIE I 0]A
(Graphical User Interface) || E (widgets)2 XS

o 12 C|AZ ol fH7|s8 M35te 14T
QI I|O|A (Higher-level interface)

o =2/ YHEKX| 7} HS5t= EE2 7|52 MLt

o fMES o

Menus

Push Buttons

Radio buttons

Sliders

Scroll bars

Dials

o GLUTE ZtEtst MR (pop-up menus) 7| s= K& 8HCt

o BN OF ot et==3 Holot = O] M FE &8
OF@A B S oTAGoF oith (0] Bfea HES B2IE [
LHEFE 2= Qe =),

o 2 Ow 250 siEsts B 25 Folsof 3.

o 3 menus OF2H sub-menusE 2t= 4= QUCH
id = 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= & 0| ofgfet Z2 2f+S MA HE = ULt

= glutSetMenu, glutRemoveMenuItem, glutChangeToMenuEntry,
glutChangeToSubMenu

o Menust= 28 S0 ofe2fet 22 e+E MM HEO attach

=2 detach?t 7t SIL}
= glutDetachMenu

Defining a simple menu

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

o void glutAddMenuEntry(char *name, int value);
= name?lAtE O =0f LtEtLHE O|E
= value®At= Ol 7 ANEZ|7F MERSHS O} BHAlgt0| ELX|=
7t
HA
o void glutAttachMenu(int button);

= button@Xt0f|&= GLUT_LEFT_BUTTON, GLUT_MIDDLE_BUTTON,
GLUT_RIGHT_BUTTON

Menu actions

menu_id = glutCreateMenu(menu);

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

gluAddMenuEntry(“exit”, 2); exit

glutAttachMenu(GLUT_RIGHT_BUTTON);

= Menu callback

void menu(int id)
{
if(id
if(id

1) glClear();
2) exit(0);

}
= 429| Hwe ddAl IDE Z=Ct

= glutAddSubMenu(char *submenu_name, submenu id)E
AE3EHY sub-menus F7t




Hierarchical Menus

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 —l

Increase Size

Decrease Siz

D

Idle Callback

o glutldleFunc(void (*func)(void))2| B4l et& Ct

M

O|HIEZ} QIS I AlsH,

o Ildle2 Hl—|'31|0|)q %Elﬁ’:loﬂ AE8, eg. rotating square

void idle() {

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

}

void display() {
glClear();

/* draw something that depends on t */
glutSwapBuffers();

}

o Idle?| default & 412t=(callback function)&= NULL.

The display callback

o Cl|AEE 0] E M= GLUTOIAM |IZ27F A2
2| 7|(window refresh)S Q% [ £2{ZICt.
n RIERT MEoR ER2S I
n AER7F IfFE0] Eag o
=27} exposeH S I
AHEA T2 WO A CIAZY 0|7t HHYZ | Y

gI tDisplayFunc(display)& 2& GLUT Z2 1240 A
BIE Al 22|= display callbackO|LCt.

glutPostRedisplay

o void glutPostRedisplay() &4

a

-%L E|R7|. OIE 7:|o§ EM'OL 2
PM o 2 display callback &+E AH 2 &ts A ELt
er=& AL8otH I:|*“E|0|7|' CrA[ 22[7] X[A]
1S GLUT HIQIF = Lo BX[SHA, DpChotALE
Qs otH O2|7| & gbX|sHC},
utPostRedisplayE AME3IH O Z="1240| O[HIE
TE XNe| g morch CAE 0|7 of H AR
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Animating a Display

Double Buffering

o Display callbackgt= L0 A C|AE|0|E M2 28 Oj
glClear()& At&3t A AERF cleargtCt.

o 1L, =2 HEHoMe 08 HE= a8 &2
Cl2~Z20l2F =2 =0 AL

o MEfM BT J2|A &= ClAE2 0§ 24 &.

o single_double_buffer.cpp &1 - rotating cube Of|A|

o 27H2| color bufferE AtE
= Front Buffer — 3}H0|| &3
= Back Buffer - J2jEA HEH YO Z 2fAF O|0|X| 4-d
o Double Buffer
= 02 HIHE X735
glutinitDisplayMode(GLUT_DOUBLE| GLUT_RGB)
= display callbackOilA| HIHE X|&
glClear(GL_COLOR_BUFFER BIT | ...)
= display callbackO|A DtX|Ze 2 A2 HIHE £
glutSwapBuffers()

Ol

The Reshape callback

Example Reshape

o glutReshapeFunc(reshape)= X{+'d O|HIE EAE+=E
D EHC}

o void reshape(int w, int h)
» 2I=R9| H0| (width)?t &0](height)S HHatstCt,
» O] BHAStSE AHEHO 2 redisplayE B 2L}

O Reshape callback &= =7t M3 GRS If
SELE=z A5gr+F V[0 2 XO|C

void reshape(int w, int h)
{
g_aspectRatio = (float) (w/h);
g_Projection = glm::perspective(g_fovy, g_aspect, g_near, g_far);

glViewport(0, 0, w, h);
glutPostRedisplay();




