Sound Programming
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o Sound Programming O|&f?
e 0101 EXHot= A2l GIOIHE Mdot= Jls
e Music Player
o OXNE SE=0 A2IE &5 O 8ddsE =0l= Jl=
Sound Effects for Games
e Sound Programming Platformit APIS
DirectX under Win32
e DirectSound + DirectMusic = DirectAudio
OpenAL
e OpenGlLe €2 =
ctol I A DL H 28 3rd party audio-libraries
* Miles Sound System (www.radgametools.com)

e FMOD (www.fmod.org)
e Sensaura (for PC, Xbox, PS2, Nintendo, ...)
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e Why OpenAL might be the correct
choice for you ?

e Cross-Platform Open Audio Library

e Multichannel Output of 3D Arrangements.

o MEE = ot=R010 2AAE&HO0IX L.

o M H&OI| CreativeLabs AtOIl 2IoHAl XISHCZ S A=
Ct.

o M H&O| EAIZ G CtE Backward compatibility Jb = X
=l Ct.

e 3D Game Audi

oL
e HIJIHES CHHEA

22090 P A & st
ol QCIL ct0lE 2|0l
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e OpenAL Audio Solution

iPhonel/iPad* Sound Effect
Sound

Programming

3D Sound

w

Wmdows
® Open Audio Library

Vorbis

MP3/MIDI
Playback2
2lls
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2 Anatomy of a Sound

e Visual Presentation of a basic sine wave

Wavelength

Amplitude

e Frequency, Pitch, and Tuning

Z1t==(frequency)2 2 =< 0l(pitch)= S Lot &
2 20|17t Otg
Pitch may be described as the perceived freguency of a
sound

o Pitch is perceived roughly as the logarithm of frequency
2 &(Tuning)

o UXE M2EUNM= Egual-Tempering 12 0] B2

o Every pair of adjacent notes has an identical frequency ratio

tH &

—

ol
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e Anatomy of a Sound (H =)

a

o Amplitude, Loudness, and the Decibel Scale
& Z(amplitude)2 22l Ml J|(loudness)2l =& XI 0l ofl &
Amplitude directly corresponds to its perceived loudness.
CIAIZ(dB) et 2 EEE,
o O 22 MIIIDHTHE 42l MIJISl & Bi2tE, 1010g,,(2) Y,
°r 3.01-dB 232 &Z0| ATt & == UL,
CIXE M2EllAds 2&0let M =2 ZUXID Ot ALI3 Al
s dUE /£ 2|01,
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2 Digital Storage of Audio
e Sound Programming Al OICI0 It2l HEH

e Digitally Sampled Representation of the Original Recorded
Sound

o PCM: MZ2E It ME= 2t UHEH
e Pulse Code Modulation
o WAV I UM AtS S
PCM &2

Sampled representation of a basic wave

o

H:I
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e Digital Storage of Audio (H=)

a

PCM &c| (H=)

CIXE AI2ES et = 082 & A M2E
22 & MY HIE +=: 4~ 24 bits
T2 8EE 214,000 ~ 96,0002/ (44.1KHz:  , 8KHz: ¢ )
Sampling Bit Depth2 gt
Bit Depth= &2 & Al y =(amplitude)2l o &t =5 2|0

Quantization Error

\W\

"bit depth gt &It = =5 M2 Al d=01Lt ZSO0|
ddis Jtsdol HEOT
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Digital Storage of Audio (H=)

Sampling Bit Depth2 &g (A=)

bit-depth resolutionS =0I% quantization errorJt £01 5.

Reduced Quantization Error

e

Sample Ratel| H&t
Digital sampling0l Ot 2] S& &=

= 25t
— X O.

i
0
Jow
ol
JiA
my
=
ke
il
9'£
P!

Orginal Analog Sample

AVAVAVAVAAVAVAVAVAATAVAVAVAVATAVAVAVAAVATAY
\/_/\_/_\_/_\_/\_/_\
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o Digital Storage of Audio (H =)

Sample Rate2 H&F (HX)
sample rateZ = = ZJ/AI1H OtEE2 As0ll 0 2&

B OIS 0l A 0|2
ANE Hels 8t = US

o

Cl

Original Analog Sample

VWWWWWWWWWWWWWWWWWWY
NANWVAVSAANAAAANAN

sample rate = /= S 7/N21H B= Otd21 S0l JHH=2 T
NE MEEE HEE = US.

Original Analog Sample

AVAVAVAAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
VIWAMNNVVVWNVVIAANVVVY
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Best to use
44.1 kHz




P " PN
o Digital Storage of Audio (=)

Why 44,100 Hertz ?

deal= VER HICI2 HIOIZ0 MEE HAIFH =i

HOIZ= X% 60 frame=2 MAME &= /U1, 2 frame= 245 =
PHEN JAD, 2 =22 342 M(rgb)2 2 4

60 * 245 * 3 = 44,100?

CDE 9 742 2| SAVIES &

A= H= = USIP?
21

Beethoven's Ninth Symphony & X2l 20|t 74= 0|} S!
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o Digital Storage of Audio (=)

e How your computer records audio

Spukr:af:l wavg;
picked up i
microphona Analog 1o Dlgltal Sound card §
P Converter (ADC) devtijce driver Windows OS
on Sound Card
The sound waves This number is read
cause the ADC to by the sound card
output a number device driver, and
WPRcIing o loud Jassed thiough
indows to your ;
Sound output from sound editiﬁ; SOl | eciting
device (line in) program. progam
The sound editing
program either stores Hard Drive or
the numbser in memory, Memory other (fast)
or writes it directly to storage device
disk (called streaming).
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e How your computer plays back audio

Digital Storage of Audio (H=)

The playback
Memory rogram sends
$ vbt_iedsamplaht.oh
Sound playback . Sound card indows, whic
program f,> Windowe 08 :> device driver | Passes it onto the
sound card
Hard Drive or devica driver. The
other (fasf) driver gives it to
storage device Numbers (samples) the DAC.
are read into
" baok or pliyed
ack, or playe!
directly from a Speakers
storage device
{called streaming). Digital to Analo
& converter (DAC,
Hoadphones The DAC creates
an electrical pulse
whose strength is
The elsctrical proportional to the
impulses are input number.
sent 1o your
headphones or
speakers.
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e MONO and STEREO Samples
AHY L MHEE : F IS S &l waveformsS &

=dott 2= 22 JHE0 LHEWI| A
typically interleaved in the audio data stream.
But, 3D At2E AIAEI0IA
L AHEEIE Al.ﬁ%l-

CDOll stereo S 1= 2= MEGHHAH?

e CD:44100Hz0Il 82 < 164 IE(Z bytes) AtE

o Stereo: 22 MHES MESIEZE,

e 44100*2*2=176,400 HIOIEJt 2R

o OIOFCD EE0| 650MBtY e 742 20| MEE
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Digital Storage of Audio (H=)

HEZ
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- Digital Storage of Audio (A=)

as)

e Dolby Surround Decoders

5.1 MES A5 =¥

AHQ MEC Sl H2t2S 2Dzl
ANASOIA Ol 2 4 US

o2 T O AMAOD.

Il

= AtE0tH 3D Mt2E

3D sound signal = two-channel audio output
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PC Audio Legacy

o« PC HEIH EEi2 AIRE JIE
o ISAE/PCIE/USB E
3D Audio Simulation
By simple panning & volume simulation
e HRTF (Head Relative Transfer Functions)
2Ch AHIH L ALIHBCZE UsS ME M2EE s UHe Jls
SHAHIE  ALIHS| RAXILE AFF S H 22801 et = Ut LS.

e Native Multi-Speaker Surround Support
A 4-point Speaker Arrangment A’5.1'Speaker Arrangment
(Typically with Subwoofer)
Subwoofer Subwoofer

I:\ I:\ Center
Left Right Left Fut Right
I o N T N
1y AR} Y fy

4 4
Left - ~ . Right Left - ~p Right
. X X Rsar [:]~. O :[>| Rear Rear Ej < O - Rear
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e PC Audio Legacy (H =)

as)

e Dolby Digital 5.1 Hardware Support
Hardware-based Dolby 5.1 Encoding JIS +
Dolby Digital Receiver J| =2 AlHAH

e Environmental Reverberation and Effects

Z& A2E JtEN= otERAN JIet Btef 2 S S0t 06l
=0l US
22 aclch EXicte &30l et Mz UE 21t E Eol0F &
2t StE T2 Y IHHO0IA

» I3DL2
« EAX 20
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CODEC

a

o Compressor/Decompressor2| 2kt

e (D SE= SFACHEME IE 2 AJIE =01J] RE AlE
o U= OFot= REOIH DE BF

PCM = ADPCM

. YES QFI=(EN DA

.mp3: MP3(MPEG Layer 3)
.09g9: Ogg Vorbis
wma: Windows A2 =

J

i
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Mixing Sound

o JI&E tt=8t "Simple Additive Sound Mixing”

Scream sound samples: [0 ] [0 ] [0 ][4 ][4 ] [«][8][s][2][7][7][7][7][7]

+
Growl soundsamples: [0 | [2 | [e [ [1][s][2]fof[1][1][o][o][o][2][1]

screamemu@@@@@

e Averaging them together?
2 AclE2 FEEH BHalAA Bele FAE0l

g0
0/0
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2 Synthesizing

e FM Synthesis ¢ F Synineat

wn —> 9

FM Synthesizer Speal

y=f(x) ﬁ

Mathematical
o})prommatlon
instruments

e Wave Table Synthesis wuenbiesmtess:
> > 9

Musical Notes
Wave Table

m Synthesizer Speakers

Wave samples
of instruments
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2 Music

e Musiclt EFH 2t2 QIHHOIAE= MIDIOIA Al%
Music Instrument Digital Interface
Combined with very poor-quality two-operator FM synthesis.

» Digital Audio Streams
CD/DVD
Player from the Streaming Server

e MIDI

2 IOl A Jbts
Dz MEE &= A W =

o
A= CXg S8 Z|
Xt
x

M2 IE = Ot==
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= MIDI

e 128 o S& EXIE XNEFE = US
Table 1.1: General MIDI Sound Set Categories.
Numeric Range Family

1-8 Pianos

9-16 Chromatic Percussion
17-24 Organs

25-32 Guitars

33-40 Basses

41-48 Strings

49-56 Ensembles

57-64 Brass Instruments
65-72 Reed Instruments
73-80 Pipe Instruments
81-88 Synth Leads

89-96 Synth Pads

97-104 Synth Effects

105-112 Ethnic Instruments
113-120 Percussion Instruments
121-128 Sound Effects and Special Effects

"Play a fifth octave B-flat at this volume using instrument
#AT"
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e DLS

as)

e DownlLoadable Sound
MIDI 2Ct MY 25t S T
Allowing each instrument to have up to 16 different samples

Z, MIDIU real wave-table synthesis JIs& FJt&t XAl

o &ll= DLS H& 27tXl HES.
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2 Audio Engines
o Commercial Audio Engines

BASS

MikMod

FMOD

ModPlug

Miles Sound System

e Buying or Building an Audio Engine ?
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o ‘_Con'rem's-embedded Sound Programming

o N S2 SH=0 &A2lF &egol)| fst E=04Y
o 0ll: Game Audio Programming (GAP)
e Game Audio ProgrammingS ¢/t API
Low-Level APT
o 2D MZ2E0 THE D12 =2 (play, pause, stop, pan, volume, ...)
o 3D AH2E0ll THEt JI=2 s& 1 MO (position, velocity, ...)
e 2D RXNZ AMIOHEON et J1=2 =2 (play, pause, stop, ...)
* Hardware J|s Abstraction
Mid-Level APT
PCM wave It 2= J|s
s e o A2
Sequential music segmentsS= 7 2 (queuing)ot= Jls
Sound Resource Management
Sound Load/Unload LHS 2te|
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= Contents-embedded Sound Programming(}l=)

e Game Audio Programming= ¢I8t APT (H %)
Mid-Level APT (H =)
* One-function loading and playback on demand

 Handle multiple compressed audio formats, including Ogg Vorbis,
MP3, WMA, ...

o UA3E & S t(environmental reverberation) X|& &=
High-Level APT

» Script parsing and loading Jl =

 Creating a high-level soundscape system

 Creating an advanced dynamic musical cueing and ftransition
system based on the audio scripting system.

=
=
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2 Multilayered Audio Engine

| oj =2 Alo] 4 ‘

|

| | 2%2d ez asn |

T

[
0%

| 27t +29 ¥ AS |

| APIA| 2 (DirectX Audio T THE APD) ‘
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