Sound Programming
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D‘_ Source®l Listener2 & (H %)
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D‘_ Source® Listenerl & (HX)

A listener at position 1 will not hear the sound. A listener at
position 2 will hear the sound at reduced volume. A listener

° _%I l:H )_I al (SOUf'Ce 0_" D,_l' ﬂE at position 3 will hear the sound at full volume.
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g‘_ Source® Listenerl & (HX)
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D‘_ Source®l Listener2 & (H %)

Sound Sphere

A listener at positions 2 or 3 will hear the sound at reduced volume,
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e AL_SOURCE_RELATIVE (SourcelfICt U= E4H)
Sourcel| ?|X|J} Listener Jl& & |IXIZ XNEE.
CIZE= AL_FALSE
¥
Head-relative
buffer
(-3,5,0) Listaner
(local to listener)
(7.3.0)
- x
In head-relative mode, buffer positions are given relative to
the listener. In this example, the final position of the buffer is (4,8,0),
Dept. of Multimedia Science, If the listener were at position (100,200,0), the final position would be (197,205,0). 10
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> 2 Doppler Shift
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e 2 Doppler Shift H&F Z4|

listener velocity (LV)
»
source velocity (SV) v

&

‘ISS. |s ............ ‘

3D Mathematical representation of vls and vss:

Mag(vector) = sqrt(vector.x * vector.x + vector.y * vector.y + vector.z * vector.z)
DotProduct(vl, v2) = (vI.x * v2x +vly *v2y +vl.z*v2.2)

SL = source to listener vector

SV = Source Velocity vector

LV = Listener Velocity vector

vls = DotProduct(SL, LV) / Mag(SL)
vss = DotProduct(SL, SV) / Mag(SL)

Dopper Calculation:

vss = min(vss, SS/DF)
vls = min(vls, SS/DF)
£=£*(SS - DF*vls) / (SS - DF*vss)
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e - Doppler Shift T=1ciY API
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e 2 Using a Listener
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> 2 Using a Listener (H=)

e alListener() HE &=
Listener S (RAXI2t & S)= HtE I AS
Listener 2 Xl 27|
e alListener3f(): 3912l floating point numberE (12 2'0IS &
e alListenerfv(): floating point numbers2| HHES 20

 parameters for the position are simply the x, y and
the listener.

OpenAL uses a left-handed coordinate system.
» Negative z values, in OpenAL, descend into the screen.
Listener 2t&f HH31J|
o OIXIIL6H ER
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up

CtS 3JH: vector leading straight
facing, = up BIE.

N —
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e 2 Programming 3D Sound

e main() in 3Dmain.cpp

#define TEST_WAVE_FILE "beep.wav" // HAEN AISE 2L S&
// Listener S48 =

AlLfloat ListenerPos[]={0.0,0.0,0.0};

AlLfloat ListenerVel[]={0.0,0.0,00};

// at#IE{(0,0,-1) == 812 OFS2 S0{Ib= 28 upE (0,1,0) == y& St £&

o=z =
ALfloat ListenerOri[]={0.0,0.0,-1.0, 0.0,10,00};
// Source 548 = XA T
ALfloat SourcePos[]={0.0,0.0,00};
AlLfloat SourceVel[]={0.0,0.0,0.0};

ALuint uiSource; // Source ID

ALuint uiBuffer; // Buffer ID

Alubyte ch="";

AlLfloat time_unit, rdistance, Idistance, maxPos; // Source =5 TZ2 0 AMEE = H

AlLfloat refDistance, deafult_ref_distance; /] EE el ZE S <l
ALfloat dopplerFactor, default_doppler_factor; /=2 21t
ALfloat soundSpeed, default_sound_speed:; /] Aell £ XES 2ol

ALfloat cone_outer_gain, cone_inner_angle, cone_outer_angle; // sound cone =&

A
AlLfloat rolloff, maxDistance, deafult_max_distance; // rolloff Z& 1 XHH2| X&

Sookmyung Women'’s University
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main() in 3Dmain.cpp (A=)

/7 Tnitialize Framework

ALFWInit();
ALFWprintf("3D Sound Sample Application Starts.\n");

if (!ALFWIniTOPenAL )N {
ALTFWp([)‘in‘rf('Faile to initialize OpenAL\n"); ALFW Shutdown();
return O;

alGenBuffers( 1, &uiBuffer%;
if (alGetError() I= AL_NO_ERROR) return AL_FALSE;

if (ALFWLoadWaveToBuffer((char*)ALFWaddMediaPath(TEST_WAVE_FILE), uiBuffergg
ALFWoprintf("Failed to load or attach %s\n", ALFWaddMediaPath(TEST_WAVE_FILE
alDeleteBuf er's(é, &uiBuffer); ALFWShutdownOpenAL(); ALFWShutdown();
return AL_FALSE;

.

// Generate source object
alGenSources( 1, &uiSour‘ceg:
if (aIGe’rErr‘or#) I= AL_NO_ERROR) {
ALFWprintf("Failed to generate a source.\n");
alDeleteBuf ers(é, &uiBuffer); ALFWShutdownOpenAL(); ALFW Shutdown();
return AL_FALSE;

{
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main() in 3Dmain.cpp (A=)

// 3D AIREE I8t )| AA S &4
alSourcei(uiSource, AL_BUFFER, uiBuffer);

alSourcef(uiSource, AL_PITCH, 10f )

alSourcef(uiSource, AL_GAIN, 10f ),

alSourcefv(uiSource, AL_POSITION, SourcePos); // =7\ Sourcell <Xl
alSourcefv(uiSource, AL_VELOCITY, SourceVel); // ZJ| Sourcel £&
alSourcei (uiSource, AL_LOOPING, AL_TRUE);

if (alGetError() |= AL_NO_ERROR) {
ALFWprintf("Failed to set the source attributes.\n");
alDeleteBuffers(1, &uiBuffer);
alDeleteSources(1, &uiSource);
ALFW ShutdownOpenAL();
ALFWShutdown();
return AL_FALSE;

Dept. of Multimedia Science,
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o  Mmain() in 3Dmain.cpp (A=)

[/ A2A B8 A SLUEE U2 NEWH=E 2RI Us A2 2 ELH

alGetSourcef (uiSource, AL_MAX_DISTANCE, &deafult_max_distance);
alGetSourcef (uiSource, AL_REFERENCE_DISTANCE, &deafult_ref_distance);
default_doppler_factor = alGetFloat (AL_DOPPLER_FACTOR);
default_sound_speed = alGetFloat (AL_SPEED_OF_SOUND);

alGetSourcef (uiSource, AL_CONE_OUTER_GAIN, &cone_outer_gain);
alGetSourcef (uiSource, AL_CONE_INNER_ANGLE, &cone_inner_angle);
alGetSourcef (uiSource, AL_CONE_OUTER_ANGLE, &cone_outer_angle);

// 3D AF2E=ZE 28t Listener & &%
alListenerfv (AL_POSITION, ListenerPos);
alListenerfv (AL_VELOCITY, ListenerVel);
alListenerfv (AL_ORIENTATION, ListenerOri);

time_unit = 40.0f; // 40 millisecond. 10002 & LI+™H = SH2(JF LIS 24,
rdistance = 0.4f; //40ms S°2t 040/ 22 0lsstC
Idistance = 0.2f; // 40 ms =2 0.20|E 2t2 0| S8tC
maxPos = 20.0f; // 20 0l Olsol LIE gsksS i et

// TH& A=
alSourcePlay(uiSource);

Dept. of Multimedia Science,
Sookmyung Women'’s University

20




| Programming 3D Sound |

main() in 3Dmain.cpp (A=)

ALFWprintf("OtR Lt =2 Al Sourcelt x= A2 01S S AIEEILICH");
ALFWGetKey();
while (1) {
/*
* Sourcedt x £2 AR 2 AL UCH 5= A2IE EUHUEX
* 0] M, Listener= 2 & (0,0, 0)0ll A= 2O 2 BHLY,
*/
/] x5 + BB AAOl T2 HABHTE 2 A2} time_uni F8E A2 S0t

rol o

oz

// rdls‘rance Ol & DJ% xE +8802 S2(0|= “%% AEdol&
SourceVel[0] = rdistance / (time_unit/1000);
alSourcefv (uiSource, AL_VELOCITY, SourceVel);
while (1) {
ALFWprintf("Source Pos: (%.1f %.1f %.1f), Source Vel: (%.1f %.1f %.1f)\r",
SourcePos[0], SourcePos[1], SourcePos[2],
SourceVel[0], SourceVel[1], SourceVel[2]);
Sleep((DWORD)time_unit); // &S A2t SO 4210 SE3
SourcePos[0] += rdistance; // &2 AI2H0] XIS 2™ Sour
alSourcefv (uiSource, AL_POSITION, SourcePos);
if %Sour;(cePos[O] >= maxPos) // 4R B2l 0|SStAl 2= MSt2 Itetlh.
reak;

Dept. of Multimedia Science,
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main() in 3Dmain.cpp (A=)

// x= - 88 AAO| =T 2 HASHC,
SourceVel[0] = -Idistance / (time_unit/1000);// x= - 20|22
alSourcefv (uiSource, AL_VELOCITY, SourceVel);
while (1) {
Sleep((DWORD)time_unit);

J
H
rlr
00
4
o
=)
[S)

alSourcefv (uiSource, AL_POSITION, SourcePos);
ALFWoprintf("Source Pos: (%.1f %.1f %.1f), Source Vel: (%.1f %.1f %.1f)\r",
SourcePos[0], SourcePos[1], SourcePos[2],
SourceVel[0], SourceVel[1], SourceVel[2]);
if (SourcePos[0] <= -maxPos)
break;

SourcePos[0] -= Idistance; // AEZEOZ2 0|SHOO 2 x= X 4SS 2LA12.

Dept. of Multimedia Science,
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| Programming 3D Sound |

o  Mmain() in 3Dmain.cpp (A=)

// =X I 1~6 220 Jls SFLEA Al
if (ALFWKeyPress()) {
static char nextDir = O;
static char nextRolloff = O;
static char nextMaxdistance = O;
static char nextRefdistance = O;
static char nextDoppler = O;
static char nextCone = O;

o

ol 2 XAt

ch = ALFWGetKey();

switch (ch) {

case '1": // Listener2| Orientation 7|
nextDir = (nextDir + 1) % 4;
switch (hextDir) {
case O: ListenerOri[0] = O; ListenerOri[1] = O; ListenerOri[2] = -1; break;
case 1: ListenerOri[0] = 1; ListenerOri[1] = O; ListenerOri[2] = O; break;
case 2: ListenerOri[0] = O; ListenerOri[1] = O; ListenerOri[2] = 1; break;
case 3: ListenerOri[0] = -1; ListenerOri[1] = O; ListenerOri[2] = O; break;

}

alListenerfv (AL_ORIENTATION, ListenerOri);

/] 220 2X|= (0,0,0)2= 2|AlStCh

SourcePos[0] = 0; SourcePos[1] = O; SourcePos[2] = O;

alSourcefv (uiSource, AL_POSITION, SourcePos);

ALFWprintf("\nListener Orientation: (%.1f %.1f %.1f)\n", ListenerOri[0], ListenerOri[1], ListenerOri[2]);
break;

Dept. of Multimedia Science, 23
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° ° ° A
2 main() in 3Dmain.cpp (H =)
case '2": // AL_ROLLOFF_FACTOR J|=s &°2l5}D|
nextRolloff = (nextRolloff + 1) % 4;
switch (nextRolloff) {
case O: rolloff = 1.5f; break; // Heldl 2 24101 50% O 20| 2O LIA
case 1: rolloff = 1.0f; break; // LIZE
case 2: rolloff = 0.5f; break; // Heloll (HE 2210 50% O EH L LA
case 3: rolloff = 1.0f; break; // CIZE
}
alSourcef (uiSource, AL_ROLLOFF_FACTOR, rolloff):
// ST rolloff factor 2t 2| =& St}
alGetSourcef (uiSource, AL_ROLLOFF_FACTOR, &rolloff);
ALFWoprintf("\nRoffoff factor: %.1f\n", rolloff):;
break;
Dept. of Multimedia Science, 24
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| Programming 3D Sound |

main() in 3Dmain.cpp (H =)

case '3":

}

break;

// AL_MAX_DISTANCE J|s =QI5t)]

// S8 max. distanceE & =Ct.

alGetSourcef (uiSource, AL_MAX_DISTANCE, &maxDistance);

ALFWprintf("\nAL_MAX_DISTANCE changed: %.1f -->", maxDistance);

nextMaxdistance = (nextMaxdistance + 1) % 4;

switch (nextMaxdistance) {

case 0: maxDistance = 1.0f; // 10/E{Jf ALt 4 Ol & =
break;

case 1: maxDistance = 3.0f; // 30[E{DJF XL Cf O] &
break;

case 2: maxDistance = 5.0f; // 50|16 I AILIH H 0|4 =8 2
break;

case 3: maxDistance = deafult_max_distance; break; //CEEZ &3

\Y)

F 2

ol
0

Ot LO{LEXT 22

I

ofi
i

PO O LERI &2
O

ﬁ

ot LEXT &l

e

4

alSourcef (uiSource, AL_MAX_DISTANCE, maxDistance);
ALFWprintf("%.1f\n", maxDistance);

Dept. of Multimedia Science,
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main() in 3Dmain.cpp (H =)

case '4':

}

break:

// AL_REFERENCE_DISTANCE J|=

Jon

HOIGHD]

// 2l ref. distanceE & =L},
alGetSourcef (uiSource, AL_REFERENCE_DISTANCE, &refDistance);
ALFWprintf("\nAL_REFERENCE_DISTANCE changed: %.1f --> ", refDistance);

nextRefdistance = (nextRefdistance + 1) % 4;

switch (nextRefdistance) {

// 30D XL 2X2H 80| & =852 HBtoz W XA

case 0: refDistance = 3.0f; break;

case 1: refDistance = 5.0f; break; // 50| €

case 2: refDistance = 7.0f; break; // 70| & 5

case 3: refDistance = deafult_ref_distance; break; // CIZE°lI 10/E 2 2H&.

alSourcef (uiSource, AL_REFERENCE_DISTANCE, refDistance);
ALFWprintf("%.1f\n", refDistance);

Dept. of Multimedia Science,
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| Programming 3D Sound |

2 main() in 3Dmain.cpp (H =)

case '5": // AL_DOPPLER_FACTOR J|= &QI5}D|
dopplerFactor = alGetFloat (AL_DOPPLER_FACTOR); // & doppler factor &t
soundSpeed = alGetFloat (AL_SPEED_OF_SOUND); // & sound speed &t
nextDoppler = (nextDoppler + 1) % 6;
switch (nextDoppler) {
case O: dopplerFactor = default_doppler_factor; break; // LCIZE°I102=2
case 1: dopplerFactor = default_doppler_factor * 3.0f; break; // ==c1 = It 304
case 2: dopplerFactor = default_doppler_factor * 4.0f; break; // 48{ <.
case 3: dopplerFactor = default_doppler_factor * 0.5f; break; // Z 2=,
case 4: dopplerFactor = default_doppler_factor;

soundSpeed = default_sound_speed / 2.0f; /] el S5 24
break;

case 5: dopplerFactor = default_doppler_factor;
soundSpeed = default_sound_speed * 2.0f; // Ael S5 SO}t
break;

}

alDopplerFactor (dopplerFactor);

alSpeedOf Sound (soundSpeed);

ALFWoprintf("\nAL_DOPPLER_FACTOR: %.1f", dopplerFactor);

ALFWprintf("\nAL_SPEED_OF_SOUND: %.1f\n", soundSpeed);

break;

Dept. of Multimedia Science, 27
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2 main() in 3Dmain.cpp (H =)

case '6': // SOUND CONE J|s &09lgt)]
ALFWprintf("\nAL_CONE_OUTER_GAIN: %.1f", cone_outer_gain);
ALFWprintf("\nAL_CONE_INNER_ANGLE: %.1f", cone_inner_angle);
ALFWprintf("\nAL_CONE_OUTER_ANGLE: %.1f\n", cone_outer_angle):
nextCone = (nextCone + 1) % 5;
switch (nextCone) {
case O: cone_outer_angle = 360.0f; break;
case 1: cone_outer_angle = 270.0f; break;
case 2: cone_outer_angle = 180.0f; break;
case 3: cone_outer_angle = 90.0f; break;
case 4: cone_outer_angle = 0.0f; break;
}
alSourcef (uiSource, AL_CONE_OUTER_ANGLE, cone_outer_angle);
ALFWprintf("\nAL_CONE_OUTER_ANGLE: %.1f\n", cone_outer_angle);
break;

} // end of switch(ch)

}// end of if (ALFWKeyPress())
}// end of while (1)
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