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- , 2 BtAt=S(Secondary Reflections)
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| Effects Extension | | Environmental Audio |
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e 2 Environmental Filtering

o HOILI J|S &2 HHZO0 Jt2Ysl A2l HES st
Il

JISOIL 50l 2212 E40)] 20 202 = Ac2ds &
ofHl XHOIDF /US
2 B 2] muffling effectsOll &
HO| FAIIL ZOoH=2 THE O et A2 24 FE2 2HE &
AlS XAESHIH s A2 Ql= 5124 T2l ol

o Bl TLE3Yo ==
Sound Obstruction(2 ol 2)
Sound Occlusion(H )
Sound Exclusion(Xl 2/)

Dept. of Multimedia Science, 13
Sookmyung Women'’s University

| Effects Extension | | Environmental Filtering |

> Sound Obstruction

r

[0
=

0= M 0l0
0z
=é

1t Listener ALO[0Il direct path
ofict= ZB0H20] U= R0 &

direct-path &0l A= HO0H=0| &2l &
S0 SIAIIII] M=,

BEALE A2t ZOH20 2lolf €8 2
S AZIBHE) Tl= SN

L O

e Muffled direct sound + normal
reflections and reverberation = 92l
2t9 2 Sto=a S0l E0E F ol
QUCHD =01 &

=0} L2 = direct sound2 2=0F 25
"muffled" 2t= HE

Al
>

Dept. of Multimedia Science, 14
Sookmyung Women'’s University




| Environmental Filtering

| Effects Extension |

> 2 Sound Occlusion
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e 2 OpenAlL's Architecture for 3D Audio

e Basic OpenAL architecture

Buffer P Source 0

Output
Mix
Buffer P Source 1 I

Sourcel| 24E M=
AN A== X0t AlZ2d 0|4 S,
o Interactive 3D Audio X2l S JXl J1Y

Per-source environmental filtering (occlusion, obstruction)
Auxiliary effect sends (e.g. environmental reverb)

Dept. of Multimedia Science,

ce. 17
Sookmyung Women'’s University
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| OpenAL's Architecture for 3D audio |

e . Effects Extension Architecture(J=)
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= 4 Effects Extension Objects
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| OpenAL's Architecture for 3D audio |

- .  Effects Extension Objects(J=)
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| OpenAL's Architecture for 3D audio |

e Effects Object
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| OpenAL's Architecture for 3D audio | | Effects Extension Objects |

= 2 Source Extensions for Effects Extensions

e Sourcelfl =Jt&l Jls
SourceJt Filter 28 M| 2t Effect 24Xl, Auxiliary Effect Slot 24
HE MEE = U
OpenAL2| 3D 22+ 22 g4t

e Enabling/Disable a Source Auxiliary Send
Aux. Effect Slot0ll ZTHE Effect 24 M0l Sourcedt CIOIEHE
S BY &= U2HE Source? auxiliary send(CI0IEH £&+)E
/\—| pS| 6HO|:D} 8|-|:|-

o Source®| aux. sendE &4 3t6tH 2 destination Auxiliar‘y Effect
Slot ID& Auxiliary Send B S, Filter ID(S®)E 200 BHCY.

BHHZ Source®! aux. sendE HI& 4 3totA S 1 sendE NULL
Auxiliary Effect Slot2 2 2 LHH =L}
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' Source Extensions for Effects Extensions (H%)
-

e Enabling/Disable a Source Filter
8t source®| direct-path (dry signal)0il filteringS Jtcted & Filter
A S 21 sourcelll €040k 8L,
sourceil JtStE filtering= ot MIGted 81 NULL Filter 24X E 201 &
& Ch.

o FJI&l 3D Spatialization Modeling Properties
S0 2et el Ha B2 £8E += U= IS0l source S 0l
=l
Cone parameter AIE Al sourcelt listener22H Z0HE [ &
s
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H &
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28 Jls
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e Listener Extensions for Effects Extensions

[ &

e OpenAL Listener 2iX0ll= % otLIS HH0l =13
"S &0l Effects Extension0l A EE )il & EE2E €3¢
2= U ot Air Absorption 22 JIS0| SHIZ 2 S6tE=E" of

OE‘EP.
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> LCon’rex‘r Extensions for Effects Extensions

o Context 2|0l =JI= =4 1: 2t OpenAL sourceOtCt
618 Jts& Auxiliary Send2 JH-.—
Context 24Xl éﬁ/\* Al 2} source0ll 51 E0tJ| &ot= Auxiliary
Send? =} H+=E NEE = US
ol ZolJ| &ol= aux. send?| = JH+=E K EJYCtD 1 I Bt
Z AMNE JIset A2 0tLIEZ SE2 AtE Jtset =8 Z0tE
W(alcGetIntergerv()) 22 1Y o OF &,
e Context 2X|0l FJt=l Jls 2: OpenALO| X|&dl= &
2l Effects Extension H& 20I2D| JIs

alcGetIntegerv()0l ALC_EFX_MAJOR_VERSION1t
ALC_EFX_MINOR_VERSION =4 = =M™ Effect Extension

o BHE=E E0t=E &= US.
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e .. Programming the Effects Extension

e Tutorial 1: OpenAL1l Effects Extension =J|3}

AlLCdevice *pDevice = NULL;
ALCcontext *pContext = NULL;
ALint attribs[4]={0};

ALCint iSends = O;

=4

pDevice = alcOpenDevice(NULL); // CIZE OpenAL deviceE 2Z &l
if (IpDevice) return;

Ct.

// Effect Extension 7| s0| X & &= &X| X &0OIStCE
if (alcIsExtensionPresent(pDevice, "ALC_EXT_EFX") == AL_FALSE) return;
printf("EFX Extension found!\n");

0
ol

// Context M &, 4453tHA source & = H 4J42] Auxiliary SendE 3ot CHD &
attribs[0] = ALC_MAX_AUXILIARY_SENDS;

attribs[1] = 4;

pContext = alcCreateContext(pDevice, attribs);

if (IpContext) return;
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k Tutorial 1: Initializing OpenAL and the Effects
Extension(H %)

alcMakeContextCurrent(pContext); // 4445t contextS &4 3t

// 2+ Source & &Ml AtE2 IS8t Aux. Send H+=E 2 =L
alcGetIntegerv(pDevice, ALC_MAX_AUXILIARY_SENDS, 1, &iSends);
printf("Device supports %d Aux Sends per Source\n", iSends);

// Effect Extension &= LQIHE 2 =L},

alGenEffects = (LPALGENEFFECTS) alGetProcAddress("alGenEffects");
alDeleteEffects = (LPALDELETEEFFECTS) alGetProcAddress("alDeleteEffects");
alIsEffect = (LPALISEFFECT) alGetProcAddress("alIsEffect");

...... // 228 2= Effect Extension & +==2| L2IHE 2 =C1.

// 22 function pointerS0| RS 8Xl &AL

if (/(alGenEffects && alDeleteEffects && alIsEffect)) return;

//EFX =J130F 220 OIMISEH EFX 22 i 20| Jtsoi &S
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| Programming the Effects Extension |

Tutorial 2: Auxiliary Effect Slots 24X,
Effects 2Xl, Filters 24Xl A4 A&3}D|

AlLuint uiEffectSlot[4]={0};
AlLuint uiEffect[2]={0};
ALuint uiFilter[1]1={0};
ALuint uiLoop;

// 4042l Auxiliary Effect Slot 24Xl &S A&
alGetError();
for (uiLoop = O; uiLoop < 4; uiLoop++) {
alGenAuxiliaryEffectSlots(1, &uiEffectSlot[uiLoop]);
if (alGe;rEr'r‘or'() I= AL_NO_ERROR)
break;

0ol

}
printf("Generated %d Aux Effect Slots\n", uiLoop);

// 2H2| Effect 28Xl M= A&
for (uiLoop = O; uiLoop < 2; uiLoop++) {
alGenEffects(l, &uiEffect[uiloop]):
if (alGetError() 1= AL_NO_ERROR)
break;

}
printf("Generated %d Effects\n", uiLoop);
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| Programming the Effects Extension |

Tutorial 2: Auxiliary Effect Slots 24X,
Effects 2 A, Fih‘er's 20| MASE| (HS)

// 3 S Effect 24X 2 Type= ReverbZ £ & Gt1), Decay TimesS ==& &tC}.
alGetError();
if (alIsEffect(uiEffect[0])) {
alEffecti(uiEffect[0], AL_EFFECT_TYPE, AL_EFFECT_REVERB);
if (alGetError() |= AL_NO_ERROR)
printf("Reverb Effect not supported\n");
else
alEffectf(uiEffect[0], AL_REVERB_DECAY_TIME, 5.0f);

}

// S B Effect 24X 2 Type=S Flanger2 Gt1), PhaseE =& &Lt
alGetError();
if (alIsEffect(uiEffect[1])) {
alEffecti(uiEffect[1],AL_EFFECT_TYPE,AL_EFFECT_FLANGER);
if (alGetError() 1= AL_NO_ERROR)
printf("Flanger effect not support\n");
else
alEffecti(uiEffect[1], AL_FLANGER_PHASE, 180);

}
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| Programming the Effects Extension |

Tutorial 2: Auxiliary Effect Slots 24X,
Effects 24X, Filters 24H| M 43tI| (JX)

A
(=]

A

st A

// Filter 28Xl &t
alGetError();
alGenFilters(1, &uiFilter[0]):
if (alGetError() == AL_NO_ERROR)
printf("Generated a Filter\n");
if (alIsFilter(uiFilter[0])){
// 856t Filterl R &S Low-PassZ ot1) & ol= parameters= £ &%
alFilteri(uiFilter[0],AL_FILTER_TYPE,AL_FILTER_LOWPASS):
if (alGetError() 1= AL_NO_ERROR)
printf("Low Pass Filter not supported\n");
else {
alFilterf(uiFilter[0], AL_LOWPASS_GAIN, 0.5f);
alFilterf(uiFilter[0], AL_LOWPASS_GAINHF, 0.5f);

N

1]
]

Ct.

3

—

Ct.

}
}
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| Programming the Effects Extension |
b Tutorial 3: Effect 24X E Auxiliary Effect Slot
2HXI0l 0121

// Attach Effect to Auxiliary Effect Slot

// uiEffectSlot[0]0| & Aux. Effect Slot2 IDE & 1 ULt It A
// uiEffect[0]2 &t Effect2 IDE &1 QUCILD ItA
alAuxiliaryEffectSloti(uiEffectSlot[0], AL_EFFECTSLOT_EFFECT, uiEffect[0]);
if (alGetError() == AL_NO_ERROR)

printf("Successfully loaded effect into effect slot\n");

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

34




| Programming the Effects Extension |

Tutorial 4: Configuring Source Auxiliary Sends

o Sourcelll Y%= Aux. Send FilterJt Aux. Effect Slot
O HACTEZ 610 UIOIEII I ot Y

/*
* Configure Source Auxiliary Effect Slot Sends
*/
// uiEffectSlot[0] and uiEffectSlot[1] are Auxiliary Effect Slot IDs
// uiEffect[0] is an Effect ID, uiFilter[0] is a Filter ID
// uiSource is a Source ID

// Set Source Send O to feed uiEffectSlot[0] without filtering
alSource3i(uiSource, AL_AUXILIARY_SEND_FILTER, uiEffectSlot[0], O, NULL);
if (alGetError() |= AL_NO_ERROR)

printf("Failed to configure Source Send 0\n");

// Set Source Send 1 to feed uiEffectSlot[1] with filter uiFilter[O]
alSource3i(uiSource, AL_AUXILIARY_SEND_FILTER, uiEffectSlot[1], 1, uiFilter[0]);
if (alGetError() |= AL_NO_ERROR)

printf("Failed to configure Source Send 1\n");
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| Programming the Effects Extension |
b Tutorial 4: Configuring Source Auxiliary Sends
(A=)

// Disable Send 0
alSource3i(uiSource, AL_AUXILIARY_SEND_FILTER, AL_EFFECTSLOT_NULL, O, NULL);
if (alGetError() |= AL_NO_ERROR)

printf("Failed to disable Source Send 0\n");

// Disable Send 1
alSource3i(uiSource, AL_AUXILIARY_SEND_FILTER, AL_EFFECTSLOT_NULL, 1, NULL);
if (alGetError() |= AL_NO_ERROR)

printf("Failed to disable Source Send 1\n");
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| Programming the Effects Extension |

Tutorial 5: Sourcelil Filter 284 &£0]J]

e Sourcei Filter 2iXIE HEol= 2H
 FilterE OIE3dll direct signal(dry path)il send signal
(wet path)E ZH&Eot= &E

// 'uiSource ' = ZHZ & source ID
alSourcei(uiSource, AL_DIRECT_FILTER, uiFilter[0]);
if (alGetError() == AL_NO_ERROR) {
printf("Successfully applied a direct path filter\n");
// Remove Filter from uiSource'
alSourcei(uiSource, AL_DIRECT_FILTER, AL_FILTER_NULL);
if (alGetError() == AL_NO_ERROR)
printf("Successfully removed direct filter\n");

// Source 'uiSource'0il Al Auxiliary Effect Slot uiEffectSlot[0]2 LIJH & & & U= SendE
// Filter uiFilter[0]Z Ol =Zdll 2 & & StCH.
alSource3i(uiSource, AL_AUXILIARY_SEND_FILTER, uiEffectSlot[0], O, uiFilter[0]);
if (alGetError() == AL_NO_ERROR) {
printf("Successfully applied aux send filter\n");
// Remove Filter from Source Auxiliary Send
alSource3i(uiSource, AL_AUXILIARY_SEND_FILTER, uiEffectSlot[0], O, AL_FILTER_NULL)
if (alGetError() == AL_NO_ERROR)
printf("Successfully removed filter\n");

| Programming the Effects Extension |

Tutorial 6,7: Source, Listener Properties

e How to set Effects Extension specific
Source/Listener properties

// Set Source Cone Outer Gain HF value

alSourcef(uiSource, AL_CONE_OUTER_GAINHF, 0.5f);

if (alGetError() == AL_NO_ERROR)
printf("Successfully set cone outside gain filter\n");

// Set distance units to be in feet

alListenerf(AL_METERS_PER_UNIT, 0.3f);

if (alGetError() == AL_NO_ERROR)
printf("Successfully set distance units\n");

Dept. of Multimedia Science, 38
Sookmyung Women'’s University




B ‘-Environmental Audio Programming Techniques

e Creating a single environment world with the
Effects Extension
otLESl aux. effect slotBt= AtEet & &HF 24 2 2tHHe
22 S sitsE 238 &= E<E 2 sound designerJt & H|
Obstruction & At

e using ray-casting to determine if any objects are in between the
Source and the Listener

Occlusion & At

e whenever the Source and Listener are in different environments
with no line-of-sight between them

Exclusion & Al
e when the Source and Listener are in different environments but
there is a line-of-sight between them
Sourcelt Listener2| parameter {0l s&H 2= Bt H
interactiveot Hl A &lof==J|0F 63 =
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™) Creating a multi-environment world with the
4 Effects Extension

[ ]
Xl &8
Listener2 =H 42| &3 = H &0
Listener =82 0 A2l 8 = & & S0t ot=
©Z =clH ofoF &,

rto

A
jo:'_u'__

2t Sourcelt 2| =8t aux. effect slot2 =2 H&0| HIOIEH I =2
JLOoF &

S0l HYUHA AIZECHH 2 HY AFZEX E2 Het A0 A
S8 21 2 =2 M35 0 0F St

2t S BE =2 2 Source?t Listener 20l CHol occlusion,
exclusion, obstruction2 AEHE QIG5 Filter S UE A AIZ}
2+ HAIGHOF & 24,
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‘ Environmental Audio Programming Techniques ‘ | Creating a multi-environment world with the Effects Extension

¥ = sstsy s A H2P= Ags

ad

o Environmental Zones
tal S0 M2 22 S8t 2 85 =
o Apertures between environmental zones
MZ CHE env. zone 20l doorLt portal 22 A& SZJt U=t
5
e Source to listener direct path
Source®t Listener 2t0ll 420t A E Scle 20t U=
* Low-detail models and shared systems

He Ao Z&te A= NE X2 A A SSE 8
U=
AT, collision detection and physics system S0| XI&XI= Hl &

Al SE B HAS 20| SIE= 510 50| BAE 20

o

!

A
L

Hy

[l
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‘ Environmental Audio Programming Techniques ‘ | Creating a multi-environment world with the Effects Extension

e Environmental Zones

ad

o Jtal BN A2 &2 S gt HE2Le= 99
Source? Listener2| ?X|= &2 MNEZ HE Jts
otLtel env. zoneO| 7 & ™ env. zone IDJ & 11, 2 zone
2= J=ct Seat parameters0| €83
2 env. zone 2= S = 1t parameter afS Z0tUH= 2
sound designerJt o OF & 2 &.

o JY AlLt2I2 O
H™ Sourcelt Listener?t CtE zonelll UH SIA}AS0| 2K & H

’

Qk2+O| occlusion ZEHE S AAIE #E...
22l M2 CHE zone 2t=2 0 H occlusion 22 = L 0HLt
ZotH(ZotH) =2 AolLleE S 2 HAFZ O 0F &,

JH ol
|O []J0||
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| Environmental Audio Programming Techniques | | Creating a multi-environment world with the Effects Extension |

> Apertures between environmental zones
ad

o OIE & SZF U A exclusion S1JF 2ELEHI}I?
env. zone 2t0il ‘apertures’ £= 'portals’Ol U =KXIJF 221
aperture: = env. zone AtO|0ll EMot= 20ILt H#E £ 0] S|
It Sot= gl B2t
He & S30A
ListenerJt = LE
3

= Btef S it= apertureE Sof
AN S S0k &

n
0z
Ol

]

r

NZ OE 5 S && ALOI0ll aperturedt S THH occlusion 2 H
S AISolioF g X
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‘ Environmental Audio Programming Techniques H Creating a multi-environment world with the Effects Extension

> Source to listener direct path
[ =]

o Source? Listener AIO|2| && R22H0 HOHS0| UsIH?
ZO0H=2 0] U2 ™ Obstruction 2 E & = ol OF &,
e Variable amounts of obstruction

o ZOHZ20] JtH & Sourcelt

I

\__Q, ﬁ;::l;eoistructed L|S1'enel” Al,OI_J }l\—-|0| xl_OH
A 20 Z22E0 IE2+F £
=2 highly obstructed 2 jl'_._l= S| }Il |=“'/\|'| o|-|:|..

Source®t ZOHE 22 =20| 0|2
Obstacle o jﬁ*cj} IFO#%
: Obstruction 2 1t= 7{0F &tC},

!
/
r

Listener
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\ Environmental Audio Programming Techniques ‘

> Multi-environment run-time management algorithm
(i

I-J

o S& S8 &4 Q.L} 2| &
(@)

P& S0 8o S
OI0I(HE =™ 4 on Sound BlasTe X-Fi, 2 on Sound Blaster
Audigy)

2t Q02 Zell S0l CHol:
Step 1: Update Environments

If (listener SIXIJF BIFH O O) {
Listener2 JINt2 &2 =2 n-1 42 S& 2SS X =CHSE listenerdt =0 U= S 32 &4
AclE WD A0 OF SHLH):
-2 12 S8 B zonel XIS 22 SHO| OIS YUY
- 2 2: Listener2t S &3 S Helol J|gHst 2
2 3: S& S#Z W ILE JIH2 aperturelf J|BHSH 2
2t & EE 2 I8 Aux. Effecf Slot &3 gt=2 BHStCH
FRE NS S EE S A2lS UAlG PE %l = Auxiliary Effect slotOl 0'9‘14,
Auxiliary slot gain Ooi(sdence) oh_J_ 2t S8 230 9= Reverb MIE S = XHStCt.

* 2t Auxiliary Effect - slot ol Ch off,
Llsfener~| U*?}ﬂ} Listenerdl 230 @O A 9= e

gain levelS £ & &tCH.

1cAot0d HZ & Panit Reverb

on
o

}
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\ Environmental Audio Programming Techniques ‘
I Multi-environment run-time management algorithm
4 (A=)

ooll

Else if (listener2 &
auxullary effe ‘_r
* Listener2| st
gain level S

fo rientation)O| Bt A A2 ™) {

ot Ofl i ol ) )
| Listenero} 8212 €OIM 2= 2] S2 2245101 XF et Pand Reverb

St
St

ﬂJI

Step 2: Update sources
For every source:

If (sourcel| =& 0| Ha3Y
If (sourceﬁif hs‘rene 7 t
-Listener 2 S =55f= aux. effect slo
2o a0 Yoo fl ering2 Z 948.
- source send 1 deactivate SFLF. _ _
}E. “'{O GtCHEH obstructio % |3/l listener2t source 2t direct pathOll 2E& S St
Ise
* Listener &3 = S & 56t= aux. ffecT slot2 2 &6t Hl B source send 0= &4 5+5tHCE 0] [
occlusionS %’—IE* filteringS = Jt5tCh.
+ If (source 2 LID™ U= A2lE WO
source sen
Else
source sen

HU |||sTenerTIiI PO ™) {
F e SHEN =0 A2 H
0= 4 3}5HC 0] mH

-+
o]
Hu
0%
Qj
=
0B
w0
o
=
3
(2]
[\
w0
o
S
o

a Q_OG

—

2 = aux. effect slot2l gains 1(ZI0H)=2 & F &Lt
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